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bstract
A novel covalently anchored sulfonic acid onto the surface of silica was prepared and investigated for the Biginelli reaction. The catalyst is
ighly stable, completely heterogeneous and recyclable for several times. The work-up procedure is very simple and Biginelli compounds were
btained in good to excellent yields.

2006 Elsevier B.V. All rights reserved.

teroge

a
i
a
p
a
1
d
w
f
i
s
t
o
i
p
e
b

a

eywords: Sulfonic acid functionalized silica; Biginelli reaction; Re-usable he

. Introduction

In recent years, there has been an increasing interest in
eveloping greener processes [1]. In this context, heterogeneous
atalysis [2] is emerging as an alternative to homogeneous pro-
esses since catalysts can be recovered after the reaction and
e-used several times to achieve very high turn-over numbers.
ne strategy to transform a homogeneous into heterogeneous
rocess is to anchor the active site onto a large surface solid
arrier provided that the anchoring methodology maintains the
ntrinsic activity and selectivity of the catalytic center [3].
mong various solid supports, silica is usually preferred since

t displays many advantageous properties-excellent stability
chemical and thermal), high surface area, good accessibility,
nd organic groups can be robustly anchored to the surface, to
rovide catalytic centers [3,4].

In recent years, attention has turned towards solid acid cat-
lysts for catalyzing organic reactions [2c,5]. Recently, silica
unctionalized sulfonic acid as heterogeneous solid acid catalyst

as been used to carry out variety of reactions [6].

Nowadays, there has been renewed interest in the three-
omponent cyclocondensation of ethyl acetoacetate with
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romatic aldehydes and urea (or thiourea) discovered by Big-
nelli in 1893 [7]. 3,4-Dihydropyrimidinones and their sulfur
nalogs have been reported to possess diverse pharmacological
roperties such as antiviral, antibacterial, and antihypertensive,
s well as efficacy as calcium channel modulators, and �-
a-antagonists [8]. The batzelladine alkaloids containing the
ihydropyrimidine unit are particularly notable, as they recently
ere found to be potent HIV gp-120-CD4 inhibitors [9]. There-

ore, the preparation of this heterocyclic core unit is under active
nvestigation [10]. However, many of these reported methods
uffer from drawbacks such as low yield of products, harsh reac-
ion conditions, cumbersome experimental procedures, and use
f moisture sensitive, toxic and costly catalysts. Therefore, there
s a need to develop new catalysts which are easily available or
repared, cost-effective, recoverable and hence re-usable and
nvironment-friendly. Moreover, the work-up procedure should
e simpler.

Keeping in view the importance of Biginelli compounds
nd heterogeneous catalysis, we wish to report a mild
nd efficient method for the one-pot synthesis of 3,4-
ihydropyrimidinones/thiones in the presence of catalytic

mount of covalently anchored sulfonic acid onto silica gel under
eterogeneous conditions. The preparation procedure for cata-
yst 1 is outlined in Scheme 1 with slight modification than the
lready reported method [6a].

mailto:paul7@rediffmail.com
dx.doi.org/10.1016/j.molcata.2006.10.039
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Scheme 1.

. Experimental

.1. General remarks

Silica gel (K100, 0.063–0.200 mm) was purchased from
erck (Germany) and 3-mercaptopropyltrimethoxy silane from
ldrich Chemical Company. All melting points were determined
n a Perfit melting point apparatus and are uncorrected. 1H
MR spectra were registered on a Brucker DPX-200 NMR spec-

rometer (200 MHz) in CDCl3 + DMSO-d6/DMSO-d6 using
etramethylsilane as an internal standard and IR spectra were
ecorded on Perkin-Elmer FTIR spectrophotometer using KBr
iscs. Mass spectral data was recorded on Jeol JMS D-300

ass spectrometer at 70 eV. Thermal analysis was carried out

n DTG-60 Shimadzu make thermal analyzer. All yields refer
o the isolated yields.

3

2

able 1
ovalently anchored sulfonic acid onto silica gel catalyzed synthesis of Biginelli com

ompounda R

a C6H5

b 4-MeOC6H4

c 4-ClC6H4

d 4-NO2C6H4

e 4-HO-3-MeOC6H3

f 2-Furfuryl
g Ph-CH CH

h

i

j C6H5

k 4-MeOC6H4

l 4-ClC6H4

m 4-NO2C6H4

n 4-(OH)-3-MeOC6H4

o 2-Furfuryl
p Ph-CH CH

q

r

a Structures of the products were confirmed by 1H NMR, IR, mass spectral data and c
b Isolated yield from three experimental runs.
lysis A: Chemical 266 (2007) 50–54 51

.2. Synthesis of 3-mercaptopropylsilica (MPS)

Silica (K100, 0.063–0.200 mm) was activated by refluxing
n a mixture of conc. HCl and distilled water (1:1) for 24 h and
hen washed thoroughly with distilled water and dried at 110 ◦C
or 12 h. The activated silica (10 g) was added to a solution of
-mercaptopropyl(trimethoxy)silane (10 mmol) in dry toluene
nd refluxed for 24 h. The 3-mercaptopropyl silica (MPS) was
ltered off, washed with hot toluene and dried at 110 ◦C for 5 h

o give the surface bound thiol (MPS) groups.

.3. Synthesis of covalently anchored sulfonic acid onto
ilica gel (catalyst 1)

The mixture of 3-mercaptopropyl silica (MPS, 5 g), 30%
2O2 solution (50 mL) and conc. H2SO4 (0.078 g, 0.8 mmol)
as stirred at room temperature for 20 h. The solid was filtered
ff at pump and washed with excess distilled water till the wash-
ng were neutral. In order to confirm that all the sulfonic acid
roups are protonated, the solid material was further suspended
n 0.05 M H2SO4 (30 mL) for 5 h. The solid was then filtered
ff and washed with excess distilled water till washings were
eutral. Finally it was dried in air at 110 ◦C for 5 h.

.4. General procedure for the synthesis of

,4-dihydropyrimidinones/thiones

To a mixture of aldehyde 1 (2.5 mmol), ethyl acetoacetate
(2.5 mmol) and urea or thiourea 3 (2.5 mmol) in a round-

pounds under heterogeneous conditions

X Time (h) Yield (%)b

O 8 90
O 7 92
O 7 93
O 7 93
O 9.5 90
O 7.5 89
O 9.5 87

O 10 75

O 12 62

S 7.5 88
S 8 91
S 8 95
S 8.5 92
S 10 88
S 8.5 90
S 9 92

S 10.5 77

S 12 65

omparison with authentic samples prepared according to the known procedures.
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ottomed flask (100 mL), acetonitrile (15 mL) was added. The
eaction mixture was stirred at RT for 5 min and then cata-
yst 1 (0.2 g, 2.4 mol% of SO3H) was added and the stirring
as continued at 80 ◦C in an oil-bath for an appropriate time

Table 1). After completion of the reaction (monitored by TLC),
he reaction mixture was filtered off. The product was obtained
fter removal of the solvent under reduced pressure followed by
reatment with water and finally crystallization from EtOH or
tOAc:pet. ether. The residue was washed with acetonitrile and
istilled water, dried at 110 ◦C for 3 h and re-used for eight times
ithout loss of significant activity.

. Results and discussion

The presence of covalently anchored organic functionality
nto the surface of silica gel was determined by thermogravi-
etric analysis (TGA). The TGA curve shows the initial weight

oss below 100 ◦C, which was attributed to residual solvent or
ater molecules trapped into the silica gel framework, then the

ubsequent weight loss occurs between 240 and 550 ◦C, which

as because of the loss of organic functionalities covalently

nchored onto the surface of silica gel. Typically, a loading of
.3 mmol/g was obtained, which is based on the determination of
ulfur content by the elemental analysis and acid–base titrations.

9
w
d
7

Scheme 3
.

In order to achieve the optimum conditions, the reaction of
-anisaldehyde, ethyl acetoacetate and urea was selected as the
odel to examine the effects of catalyst 1 (1–5 mol%), differ-

nt solvents (methylene chloride, toluene and acetonitrile) and
eagents at different temperatures (RT: 60, 80 and 100 ◦C). The
esults were evaluated qualitatively through TLC. The best con-
itions employ 0.024:1:1:1 mole ratios of catalyst (2.4 mol% of
O3H, 0.2 g of the catalyst), p-anisaldehyde, ethylacetoacetate
nd urea at 80 ◦C for 7 h using acetonitrile as solvent.

Using optimized conditions, the reaction of various aro-
atic/heterocyclic aldehydes, ethyl acetoacetate and urea or

hiourea were investigated (Scheme 2). It was found that all the
eactions proceeded smoothly to give the corresponding 3,4-
ihydropyrimidin-2-(1H)-ones/thiones in high yields (Table 1).
innamaldehyde, which showed poor yield in the absence of cat-
lyst and 81% yield in the presence of very expensive lanthanide
riflate [11], gave the corresponding pyrimidinones/thiones 4g
nd 4p in 87 and 92% yields, respectively. Both aromatic alde-
ydes bearing electron-donating groups such as 4-OMe (4b,
2%) and electron-withdrawing groups such as 4-NO2 (4d,

3%) gave excellent yields. More importantly, 2-furfuraldehyde,
hich normally give low yield of products [12,13] afforded the
esired products in 89 (4f) and 90% (4o) yields, respectively, in
.5 and 8.5 h. 2-Chloro-3-formylquinoline also gave good yield

.
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f products (4i, 62% and 4r, 65%). The mildness of the proce-
ure makes this procedure very selective as chlorine atoms in
h, i, q and r remain unaffected under the reaction conditions.
he results are summarized in Table 1, which clearly indicates

he generality and scope of the reaction with respect to various
romatic, heterocyclic and unsaturated aldehydes.

With catalyst 1, the proposed mechanism for the Big-
nelli reaction involves the acid catalyzed formation of an
-acyliminium ion intermediate of the type A from aldehyde and
rea component. Interception of the iminium ion A by ethyl ace-
oacetate produces an open chain ureide B, which subsquently
yclizes to dihydropyrimidinone C (Scheme 3).

When using a supported metal catalyst, two important issues
eed to be addressed to qualify this to be purely heterogeneous
atalyst. One is the possibility that some active species migrates
rom the solid to the liquid phase and that this leached species
ould become responsible for a significant part of the catalytic

ctivity. To rule out the contribution of the homogeneous cataly-
is in the results shown in Table 1, the reaction of p-anisaldehyde,
thyl acetoacetate and urea was carried out in the presence of
atalyst 1 until the conversion was 40% (after 1 h) and at that
oint, the solid was filtered off at the reaction temperature. The
iquid was then transferred to another flask and the reaction was
ontinued for rest of the time, but no further significant for-
ation of product was observed (Fig. 1). This indicates that

o active species was present in the supernatant and that the
bserved catalysis is purely heterogeneous. The second impor-
ant point concerning heterogeneous catalysis is the deactivation
nd re-usability of the catalyst. To test this, a series of eight
onsecutive runs of the reaction of p-anisaldehyde, ethyl ace-
oacetate and urea with catalyst 1 were carried out (Fig. 2). These
esults demonstrate that there is almost no significant change in
he activity of the catalyst, so it can be used for eight times

uccessfully leading to high turn-over numbers (TONs).

In order to verify that whether the reaction was catalyzed by
atalyst 1 or with silica gel used for preparing the catalyst or no

ig. 1. Hot filtration test for catalyst 1 for the synthesis of 4b from 4-methoxy
enzaldehyde, ethyl acetoacetate and urea at 80 ◦C using acetonitrile as solvent.

(
2
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ig. 2. Recyclability of catalyst 1 for the one-pot synthesis of 4b from 4-
ethoxybenzaldehyde, ethyl acetoacetate and urea at 80 ◦C using acetonitrile

s solvent.

atalyst was required, we have carried out the reaction (in case of
roduct 4b) without using any catalyst as well as using activated
ilica gel (0.2 g) under similar conditions as with catalyst 1. It
as found that 4b was formed in traces when no catalyst was
sed (as observed on TLC) and 23% yield (based on 1H NMR)
hen silica gel (0.2 g) was used as catalyst in 7 h.

.1. Spectral data of ethyl 6-methyl-4-(4-methoxyphenyl)-
,4-dihydropyrimidin-2(1H)-one-5-carboxylate
4b)

1H NMR (DMSO-d6): δ 1.01–1.20 (t, 3H, J = 7 Hz,
H2CH3), 2.30 (s, 3H, CH3), 3.80 (s, 3H, OCH3), 3.90–4.20

q, 2H, J = 7 Hz, CH2CH3), 5.60 (s, 1H, C4-H), 6.80–6.90 (d,
H, J = 7.2 Hz, ArH), 7.15–7.25 (d, 2H, J = 7.2 Hz, ArH), 7.65
bs, 1H, NH), 9.17 (bs, 1H, NH).

IR (KBr, νmax in cm−1): 3390, 3243, 3106, 2958, 1706, 1651,
278, 1088. m/z (%) = 290 (M+).

.2. Spectral data of ethyl 6-methyl-4-(4-nitrophenyl)-3,4-
ihydropyrimidin-2(1H)-one-5-carboxylate
4d)

1H NMR (DMSO-d6): δ 1.05–1.20 (t, 3H, J = 7 Hz,
H2CH3), 2.35 (s, 3H, CH3), 4.00–4.20 (q, 2H, J = 7 Hz,
H2CH3), 5.45 (s, 1H, C4-H), 7.40–7.60 (d, 2H, J = 7.2 Hz,
rH), 8.10–8.25 (d, 2H, J = 7.2 Hz, ArH), 7.69 (bs, 1H, NH),
.27 (bs, 1H, NH).

IR (KBr, νmax in cm−1): 3449, 3258, 3184, 3015, 1686, 1648,
582. m/z (%) = 305 (M+).

.3. Spectral data of ethyl 4-(2-chloro-3-quinolinyl)-6-
ethyl-3,4-dihydropyrimidin-2(1H)-one-5-carboxylate
4i)

1H NMR (DMSO-d6): δ 0.95–1.15 (t, 3H, J = 7.1 Hz,
H2CH3), 2.36 (s, 3H, CH3), 3.95–4.15 (q, 2H, J = 7.1 Hz,



5 Cata

C
(

1

3
d
(

C
C
(

1

4

c
3
a
c
t
w
e
u
t

R

4 R. Gupta et al. / Journal of Molecular

H2CH3), 5.70 (s, 1H, C4-H), 7.60–7.90 (m, 3H, ArH), 8.04
s, 1H, ArH), 8.30 (bs, 1H, NH), 9.35 (bs, 1H, NH).

IR (KBr, νmax in cm−1): 3438, 3312, 3227, 2973, 1704, 1648,
562, 1446. m/z (%) = 344 (M+).

.4. Spectral data of ethyl 6-methyl-4-phenyl-3,4-
ihydropyrimidin-2(1H)-thione-5-carboxylate
4j)

1H NMR (DMSO-d6): δ 1.02–1.18 (t, 3H, J = 7.1 Hz,
H2CH3), 2.32 (s, 3H, CH3), 4.02–4.21 (q, 2H, J = 7.1 Hz,
H2CH3), 5.50 (s, 1H, C4-H), 7.15–7.35 (m, 5H, ArH), 8.90

bs, 1H, NH), 9.95 (bs, 1H, NH).
IR (KBr, νmax in cm−1): 3412, 3312, 3174, 3096, 2967, 1667,

610, 1575. m/z (%) = 276 (M+).

. Conclusion

In conclusion, we have developed a mild, simple,
ost-effective and green procedure for the synthesis of
,4-dihydropyrimidinones/thiones using re-usable covalently
nchored sulfonic acid onto the surface of silica gel solid acid
atalyst under heterogeneous catalysis conditions. Moreover,
he mild reaction conditions, high yield of products, ease of
ork-up, compatibility with various functional groups, and the

cologically clean procedure, will make the present method a
seful and important addition to the present methodologies for
he Biginelli synthesis.

eferences
[1] (a) J.H. Clark, Green Chem. 8 (2006) 17 and 1 (1999) 1;
(b) P.T. Anastas, J.C. Warner, Green Chemistry: Theory and Practice,
Oxford University Press, Oxford, 1998;
(c) P.T. Anastas, M.M. Kirchhoff, Acc. Chem. Res. 35 (2002) 686.

[

[
[
[

lysis A: Chemical 266 (2007) 50–54

[2] (a) D. Choudhary, S. Paul, R. Gupta, J.H. Clark, Green Chem. 8 (2006)
479;
(b) B. Karimi, A. Zamani, J.H. Clark, Organometallics 24 (2005) 4695;
(c) K. Wilson, J.H. Clark, Pure Appl. Chem. 72 (2000) 1313;
(d) D.J. Macquarrie, B. Gotov, S. Toma, Platinum Met. Rev. 45 (2001) 102.

[3] (a) S. Paul, J.H. Clark, Green Chem. 5 (2003) 635;
(b) M.J. Gronnow, R. Luque, D.J. Macquarrie, J.H. Clark, Green Chem. 7
(2005) 552;
(c) M. Campanati, G. Fornasari, A. Vaccari, Catal. Today 77 (2003) 299.

[4] (a) O. Vassylyev, J. Chen, A.P. Panarello, J.G. Khinast, Tetrahedron Lett.
46 (2005) 6865;
(b) M. Lagasi, P. Moggi, J. Mol. Catal. A: Chem. 182–183 (2002) 61;
(c) C. Baleizao, A. Corma, H. Garcia, A. Leyva, Chem. Commun. (2003)
606.

[5] (a) J.H. Clark, C.N. Rhodes, Clean Synthesis Using Porous Inorganic Solid
Catalysts and Supported Reagents, RSC, Thomas Graham House, UK,
2000;
(b) J.K. Shorrock, J.H. Clark, K. Wilson, J. Chisem, Org. Proc. Res. Dev.
5 (2001) 249;
(c) J.H. Clark, Acc. Chem. Res. 35 (2002) 791;
(d) S. Doi, J.H. Clark, D.J. Macquarrie, K. Milkowski, Chem. Commun.
(2002) 2632.

[6] (a) B. Das, K. Venkateswarlu, H. Holla, M. Krishnaiah, J. Mol. Catal. A:
Chem. 253 (2006) 107;
(b) B. Karimi, M. Khalkhali, J. Mol. Catal. A: Chem. 232 (2005) 113;
(c) S. Shylesh, S. Sharma, S.P. Mirajkar, A.P. Singh, J. Mol. Catal. A: Chem.
212 (2004) 219;
(d) K. Wilson, A.F. Lee, D.J. Macquarrie, J.H. Clark, Appl. Catal. A: Gen.
228 (2002) 127;
(e) D. Das, J.-F. Lee, S. Cheng, Chem. Commun. (2001) 2178;
(f) W.M. Van Rhijn, D.E. De Vos, B.F. Sels, W.D. Bossaert, P.A. Jacobs,
Chem. Commun. (1998) 317.

[7] P. Biginelli, Gazz. Chim. Ital. 23 (1893) 360.
[8] C.O. Kappe, Eur. J. Med. Chem. 35 (2000) 1043.
[9] L.E. Overman, M.H. Rabinowitz, P.A. Renhowe, J. Am. Chem. Soc. 117

(1995) 2657.

10] M. Zhang, Y.-Q. Li, Synth. Commun. 36 (2006) 835, and references cited

therein.
11] Y. Ma, C. Qian, L. Wang, M. Yang, J. Org. Chem. 65 (2000) 3864.
12] J. Lu, Y. Bai, L. Wang, B. Yang, H. Ma, Tetrahedron Lett. 41 (2000) 9075.
13] A.S. Praskar, G.K. Dewkar, A. Sudalai, Tetrahedron Lett. 44 (2003) 3305.


	Covalently anchored sulfonic acid onto silica as an efficient and recoverable interphase catalyst for the synthesis of 3,4-dihydropyrimidinones/thiones
	Introduction
	Experimental
	General remarks
	Synthesis of 3-mercaptopropylsilica (MPS)
	Synthesis of covalently anchored sulfonic acid onto silica gel (catalyst 1)
	General procedure for the synthesis of 3,4-dihydropyrimidinones/thiones

	Results and discussion
	Spectral data of ethyl 6-methyl-4-(4-methoxyphenyl)-3,4-dihydropyrimidin-2(1H)-one-5-carboxylate (4b)
	Spectral data of ethyl 6-methyl-4-(4-nitrophenyl)-3,4-dihydropyrimidin-2(1H)-one-5-carboxylate (4d)
	Spectral data of ethyl 4-(2-chloro-3-quinolinyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one-5-carboxylate (4i)
	Spectral data of ethyl 6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-thione-5-carboxylate (4j)

	Conclusion
	References


