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Shahnaz Khaleghi, Fatemeh Derikvand, Majid M Heravi*

Department of Chemistry, School of Sciences, Azzahra University, Vanak, Tehran, Iran

Abstract: An efficient catalytic method for synthesis of S5-alkoxycarbonyl-4-aryl-3,4-dihydropyrimidin-2(1H)-ones using

kaolin as an inexpensive and reusable catalyst is reported.
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Introduction

The multicomponent reactions (MCRs) are one of the
most important protocols in organic synthesis and
medicinal chemistry [1,2]. The diversity, efficiency and
rapid access to small and highly functionalized organic
molecules makes this approach of central current
interest in the construction of combinatorial libraries
and optimization in drug discovery process [3-5]. The
dihydropyrimidinone core and its derivatives form an
important class of compounds, as it is present in along
family of natural products with broad biological
activities. They generally possess intriguing therapeutic
and pharmacologic properties [6-8]. Several of their
functionalized derivatives are used as calcium channel
modulators and antihypertensive a,,-antagonist [9-12].

The original one-pot synthesis of 3,4-dihydropyrimidin-
2(1H)-one was firstly reported by Pietro Biginelli in
1893 performing the three component
cyclocondensation reaction of ethyl acetoacetate,
benzaldehyde and urea under Bronsted acid catalysis
[13]. A serious limitation of this protocol is that it

produced low yields of the desired heterocycle when
substituted aromatic and aliphatic aldehydes were used.
This has led to the recent disclosure of several improved
reaction  protocols for  the  synthesis  of
dihydropyrimidinones (DHPMs), either by modification
of the classical one pot Biginelli approach itself [14-17],
or by the development of novel, but more complex
multistep strategies [18,19], or by using clays or
montmorilonit and long reaction times [20,21].

In this paper, we describe a new methodology for
synthesis of Biginelli type compounds using kaolin as
catalyst. Kaolin is a soft, white clay mineral with
aluminosilicate structure and acidic nature. Kaolin has
been employed in organic synthesis [22-24]. Herein, we
wish to disclose that it can be used as a catalyst in
Biginelli type reaction. In fact, treatment of B-
dicarbonyl compound, aryl aldehyde and urea or
thiourea in the presence of a catalytic amount of kaolin
in acetic acid affords (dihydropyrimidinones) DHPMs
in good yields. (Schemel)
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Table 1: Biginelli type reaction using kaolin as catalyst

M. M. Heravi et al.

Entry R, R, X Time (h) Yield (%) m.p.

Found Reported™®
1 Ph- OEt 0 25 82 205 205-206"
2 2-MeO Ph OEt 0 3.0 80 259 257-259%
3 4-MeO Ph OEt 0 3.0 75 203 201-203"
4 4-C1 Ph OEt 0 2.7 75 216 214-215"
5 2-NO, Ph OEt ¢} 2.7 82 220 218-220"
6 3-NO, Ph OEt 0 2.5 80 230 227-229%
7 4-NO, Ph OEt 0 2.6 80 211 209-211"
8 2-furyl OEt 0 2.7 60 205 203-205"
9 Tiophene OEt 0 2.6 75 211 209-210%*
10 Ph OMe 0 2.2 75 210 207-210"
11 4-chloro Ph OMe 0 2 73 208 204-207"
12 Ph OEt S 1.7 55 207 205-206"
13 4-MeO Ph OEt S 60 152 152-153%
14 Ph Me 0 35 237 234-235%

*Yields refer to the isolated pure products

Result and Discussion

In recent years considerable emphasis has been placed
on improvement in environmental impact of industrial
chemical processes. It is well recognized that solids can
play a significant role in the development of cleaner
technologies through their abilities to act as catalysts,
support reagents, avoid aqueous work-up and influence
product selectivity [32,33]. Aluminosilicate clays are
well characterized by their surface acidities, which
render them efficient, versatile supports or catalysts
[34,35]. While montmorilonit (bentonites) have
achieved very wide use, kaolin-based reagents or kaolin
assisted reactions appear to be extremely limited [36].
Kaolin due to its acidic nature can be suitable
replacement for various homogenous acid catalysts. It
has been used in protection reaction of carbonyl
compounds [22], alkylation of benzene [23] and
bromination and chlorination of aromatic compounds
[24]. Along with these waves of interest we investigated
further use of kaolin as solid catalyst in organic
reactions. We used kaolin as an efficient catalyst for
Biginelli reaction. Our approaches not only preserved
the simplicity of Biginelli’s one-pot reaction, but also
consistently provide good yields of
dihydropyrimidinones. In order to show the merit of the

present work in comparison with some reported
protocols, we compared the results of the synthesis of 5-
ethoxycarbonyl-4-phenyl-6-Methyl-3, 4-
dihydropyrimidin-2(1H)-one (entryl in tablel) in the
presence of montmorilonit KSF, sulfuric acid, zeolit,
Haulendite, Silica sulfuric acid, BF;.OEt,/CuCl and
kaolin with respect to the reaction times and yields of
products (Table2). The results show that kaolin
promotes the reaction more effectively than sulfuric
acid. Reaction in the presence of montmorilonit KSF,
Silica sulfuric acid, Haulendite, BF;.OEt,/CuCl and
zeolit required longer reaction times. We have found
that kaolin is a reusable catalyst and even after 5 runs
for the Biginelli reaction, the catalytic activity of kaolin
was almost the same as that of the freshly used catalyst.
Catalyst could be separated by a simple filtration and
washed with diethylether and reused in the same
reaction. Results of the first experiment and subsequent
were the same in the course of the reaction of
benzaldehyde ethylacetoacetate and urea.

The efficiency of acetic acid without catalyst was
studied for this reaction, but reaction did not go to
complete when benzaldehyde was reacted with urea and
ethylacetoacetate.
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Table 2: Comparison the results of the synthesis of 5-ethoxycarbonyl-4-phenyl-6-
Methyl-3,4-dihydropyrimidin-2(1H)-one using different catalysts

Entry Catalyst Time(h) Yield(%) Ref.
1 Montmorilonit KSF 48 82 36
2 Sulfuric acid 18 71 13
3 Zeolit 12 80 37
4 Silica sulfuric acid 6 91 38
5 Haulendite 4-5 75 21
6 BF;.0OEt,/CuCl 18 71 14
7 Kaolin 2.5 82 This work
Conclusion References

In conclusion we have developed an eco-friendly
method using inexpensive, reusable and available
catalyst for the direct synthesis of dihydropyrimidinones
with good yields. We believed that this methodology
can find usefulness in industry.

Experimental

All products are known compounds and were
characterized by their physical and spectra data [14,15],
[25-31].

Synthesis of 4-aryl-3, 4-dihydropyrimidin-2(1H)-ones:
General procedure:

A mixture of aldehyde (10 mmol), B-dicarbonyl
compound (10mmol), urea or thiourea (15mmol) and
kaolin (0.5 g) was refluxed in glacial acetic acid (20
mL) for 1.7-3 h. after completion of reaction (monitored
by TLC) the catalyst was separated by a simple
filtration and the mixture was cooled to room
temperature. The filtrate poured on to ice-water (60
mL). The resulting solid product was filtered and
recrystalized from ethanol to give the pure products
(Tablel). The products are identified via comparison
with authentic samples. The filtered catalyst was
washed with diethyl ether and reused.

Acknowledgments
We like to express our sincerest appreciation for partial

financial support from Azzahra University research
council.

[1] Weber, L.Drug. Disc. Today, 2002, 7, 143.
[2] Domling, A. Curr. Opin. Chem. Biol. 2002, 6, 306.
[3] Dolle, R. E.; Nelson, K. H. J. Comb. Chem. 1999, 1,
235.

[4] Thompson, L. A.; Ellman, J. A. Chem. Rev. 1996,
96, 555.

[5] Gordon, E. M.; Gallop, M. A.; Patel, D. V. Acc.
Chem. Res. 1996, 29, 144.

[6] Rovnyak, G. C.; Kimball, S. D.; Beyer, B.;
Cucinotta, G.; DiMarco, J. D.; Gougoutas, A.;
Hedberg, A.; Malley, M.; McCarthy, J. P.; Zhang,
R.; Moreland, S. J. Med. Chem. 1995, 38, 119.

[7] Atwal, K. S.; Rovnyak, G. C.; Kimball, S. D.; Floyd,

D. M.; Moreland, S.; Swanson, B. N.; Gougouta, J.
Z.; Schwartz, J.; Smillie, K. M.; Malley, M. F. J.
Med. Chem. 1990, 33, 2629.

[8] Cho, H.; Ueda, M.; Shima, K.; Mizuno, A,
Hayashimatsu, M.; Ohnaka, Y.; Takeuchi, Y.;
Hamaguchi, M.; Aisaka, K.; Hidaka, T.; Kawai,
M.; Takeda, M.; Ishihara, T.; Funahashi, K.
Satoh, F.; Morita, M.; Noguchi, T. J. Med. Chem.
1989, 32, 2399.

[9] Baldwin, J. J.; Claremon, D. A.; McClure, D. E. US

Pat. 1986, 4 609 494.
[10] Baldwin, J. J.; Ptizenberger, S. M.; McClure, D. E.
US Pat. 1987, 4 675 321.

] Atwal, K. S. US Pat. 1987, 4 684 655.

] Atwal, K. S. US Pat. 1987, 4 684 656.

] Biginelli, P. Gazz. Chim. Ital. 1893, 23, 360.

] Hu, E. H.; Sidler, D. R.; Dolling, U. H. J. Org.

Chem. 1998, 63, 3454.

[15] Kappe, C. O.; Falsone, F. S. Synlett, 1998,718.

[16] Kappe, C. O.; Kumar, D.; Varma, R. S. Synthesis,
1999, 10, 1799.

[17] J. Lu, H. Ma, Synlett, 2000, 1, 63.

[11
[12
[13
[14

196



Iranian Journal of Organic Chemistry 3 (2009) 194-197

[18] Brain, C. O.; Karnail, S. A. Heterocycles, 1987, 26,
1185.
[19] Shutalev, A. D.; Kishko, E. A.; Sivova, N,
Kuznetsov, A. Y. Molecules, 1998, 3, 100.
[20] Lin, H.; Ding, J.; Chen, X.; Zhang, Z. Molecules,
2000, 5, 1240.
[21] Tajbakhsh, M.; Mohajerani, B.; Heravi, M. M.;
Ahmadi, A. N. J. Mol. Cata. 2005, 236(1-2), 216.
Ponde, D Borate, H. B.; Sudalai, A
Ravindranathan, T.; Deshpande, V. H.
Tetrahedron Lett. 1996, 37, 4605.
[23] Sabu, K. R.; Sukumar, R.; Lalithambika, M. Bull.
Chem. Soc. Jpn. 1993, 66, 3535.
[24] Hirano, M.; Monobe, H.; Yakabe, S.; Morimoto, T.
J. Chem. Research (s), 1998, 662.
[25] Russowsky, D.; Lopes, F. A.; da Silva, V. S. S.;
Canto, K. F. S.; D’Oca, M. G. M.; Godoi, M. N. J.
Brz. Chem. Soc. 2004, 15(2), 165.
[26] Jin, T.; Zhang, S.; Li, T. Synth. Commun. 2002, 33,
1847.
[27] Reddy, C. V.; Mahesh, M.; Raju, P. V. K.; Babu,
T. R.; Reddy, V. V. N. Tetrahedron Lett. 2002, 43,
2657.

[22]

M. M. Heravi et al.

[28] Sabathia, G.; Reddy, G. S. K. K.; Reddy, Ch. S;
Yadav, J. S. synlett 2000, 858.

[29] Ma, Y.; Qian, C.; Wang, L.; Yang, M. J. Org.
Chem. 2000, 65, 3864.

[30] Kappe, C. O. J. Org. Chem. 1997, 62, 7201.

[31] Yarim, M.; Sarac, S.; Ertan, M.; Batu, O.; Erol, K.
Farmaco, 1999, 54, 359.

[32] Smith, K. Solids Supports and Catalysts in Organic
Synthesis, ed. Ellis Horwood, Chichester, 1992.

[33] Laszlo, P. Preparative Chemistry Using Supported
Reagents, ed. Academic Press, San Diego, 1987.

[34] Balogh, M.; Laszlo, P. Organic Chemistry Using
Clays, Springer, Berlin, 1993.

[35] Cornelis, A.; Laszlo, P. Synthesis, 1985, 9009.

[36] Bigi, F.; Carloni, S.; Frullanti, B.; Maggi, R.;
Sartori, G. Tetrahedron Lett. 1999, 40, 3465.

[37] Rani, V. R.; Srinivas, N.; Kishan, M. R.; Kulkarni,
S. J.; Raghavan, K. V. Green Chemistry, 2001, 3,
305.

[38] Salehi, P.; Dabiri, M.; Zolfigol, M. A.; Bodaghi
Fard, M. A. Tetrahedron Lett. 2003, 44 (14), 2889.

197



