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One-Pot Synthesis of 3,4-Dihydropyrimidin-2(1H)-ones
and Their Sulfur Derivatives with H2SO4 Supported on
Silica Gel or Alumina

Karim Akbari Dilmaghani, Behzad Zeynizadeh,
and Mahdi Yari
Department of Chemistry, Faculty of Sciences, Urmia University,
Urmia, Iran

The one-pot condensation of aromatic aldehydes, β-dicarbonyl compounds, and
urea or thiourea in the presence of H2SO4 supported on silica gel or alumina (80%
m/m) in refluxing n-hexane produces 3,4-dihydropyrimidin-2(1H)-ones and their
sulfur derivatives in high to excellent yields.

Keywords Alumina; Biginelli reaction; 3,4-dihydropyrimidin-2(1H)-one; H2SO4;
silica gel

INTRODUCTION

3,4-Dihydropyrimidin-2-(1H)-ones and their sulfur analogs have re-
cently attracted considerable interest due to their therapeutic and
pharmacological activities, including antiviral, antitumoral, and an-
tihypertensive activity as well as their ability to act as potent calcium
channel modulators.1 Dihydropyrimidines have also been found in nat-
ural marine alkaloids such as batzelladine A and B, which are the
potent HIV gp-120-CD4 inhibitors.2

Synthetic strategies for the synthesis of the dihydropyrimidine nu-
cleus involve one-pot and multistep approaches. The one-pot synthesis
of 3,4-dihydropyrimidones (DHPMs) was first reported by Biginelli in
1893, using hydrochloric acid as catalyst for a three-component conden-
sation reaction of aldehydes, ethyl acetoacetate, and urea or thiourea
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in ethanol.3 However, this reaction suffers from the harsh reaction con-
ditions and long reaction times. Furthermore, the reaction of substi-
tuted aromatic or aliphatic aldehydes results in low to moderate yields
of products (20–60% and 10%, respectively). In this context, several
new methods have been reported in the literature, involving either the
modification of the classical one-pot condensation approach or the de-
velopment of novel multistep strategies. Most of the reported methods
have been devoted to one-pot approach because of the simplicity and
high yields.

FeCl3 · 6H2O,4 SnCl2 · 2H2O,5 CoCl2 · 6H2O,6 ZrCl4,
7 LaCl3 · 7H2O,8

BF3 · OEt2,
9 CeCl3 · 7H2O,10 CuCl2,

11 LiClO4,
12 Mn(OAc)3 · 2H2O,13

Zn(OTf)2,
14 Cu(OTf)2,

15 La(OTf)3,
16 Bi(OTf)3,

17 KHSO4,
18 p-TsOH,19

Montmorillonite KSF,20 Envirocat EPZ10,21 and silica sulfuric acid22

are the catalysts or promoters, which have been recently used for the
synthesis of 3,4-dihydropyrimi-din-2(1H)-ones. Although most of the
reported reagents are efficient for the Biginelli synthesis, the difficult
or expensive preparation of some of the reagents, their availability, and
ecological concerns encourage chemists to develop new protocols for
this transformation.

On the other hand, over the last two decades, inorganic solid sup-
ports, especially silica gel and alumina, have become popular and have
been used for supporting various reagents due to their characteristic
properties such as ease of manipulation, the ability to support moisture-
sensitive reagents, to enhance the selectivity of reactions, to require
milder reaction conditions, and finally due to straightforward work-
up procedures. Numerous reviews and articles have demonstrated the
importance of these solid supports and their applications in organic
synthesis.23 We are interested in developing strategies for the synthe-
sis of biologically important 3,4-dihydropyrimidin-2(1H)-ones. Here we
report a general and practical methodology to effectively promote Big-
inelli synthesis using sulfuric acid supported on readily available silica
gel or alumina in refluxing n-hexane (Scheme 1).
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13-4321

(R, R', X: see Table II)

SCHEME 1
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TABLE I Synthesis of 3,4-Dihydropyrimidone (4) with H2SO4

Supported on SiO2 or A12O3 Under Different Conditionsa

Support
SiO2/Al2O3

(g)
H2S04

(g)
H2SO4/SiO2 or Al2O3

(% m/m) Solvent
Time
(h)

Conversion
(%)

a) SiO2 — 0.3 — n-Hexane 10 45
0.2 0.16 80 C2H5OH 5 15
0.2 0.16 80 CH3CN 5 40
0.2 0.16 80 THF 5 30
0.2 0.16 80 n-Hexane 7 85
0.5 0.25 50 n-Hexane 7 55
0.5 0.4 80 n-Hexane 7 100
0.5 0.4 80 C6H6 10 100

b) Al2O3 0.5 0.4 80 n-Hexane 2 100
0.5 0.4 80 C6H6 3 100

aAll reactions were carried out with 1 mmol of benzaldehyde in 5 mL of solvent
under reflux conditions.

RESULTS AND DISCUSSION

We first studied the promotion of a three-component Biginelli synthesis
with H2SO4/SiO2 or H2SO4/Al2O3 to examine the conditions for the
reaction of benzaldehyde, ethyl acetoacetate, and urea to afford 3,4-
dihydropyrimidone (4). A summary of the optimization experiments is
provided in Table I. The effect of various solvents, sulfuric acid alone,
and its supported form on silica gel or alumina was investigated. The
results show that when using sulfuric acid alone, the reaction remains
incomplete under the defined conditions with only 45% conversion after
10 h (Table I). However, the supported form of sulfuric acid on silica
gel or alumina accelerated the rate of reaction, which was complete
within 2–10 h in refluxing n-hexane or benzene. It is noteworthy that
the reaction in n-hexane was more efficient than in benzene. Thus using
80% m/m (mass ratio) of H2SO4/SiO2 or H2SO4/Al2O3 (SiO2 or Al2O3,
0.5 g, H2SO4 98%, 0.4 g) in refluxing n-hexane affords the best yield of
3,4-dihydropyrimidone (4) from the reaction of benzaldehyde (1 mmol),
ethyl acetoacetate (1 mmol), and urea (1.2 mmol) (Table I).

To explore the further utility of this protocol, a variety of substi-
tuted aromatic aldehydes and β-dicarbonyl compounds, such as ethyl
or methyl acetoacetate and acetylacetone together with urea, were
subjected to H2SO4/SiO2 (80% m/m) to give the corresponding 3,4-
dihydropyrimidin-2(1H)-ones (4–23) in refluxing n-hexane (Table II).
The reactions were completed within 1–8 h with high to excellent
yields. The important aspect of this protocol is the tolerance of a vari-
ety of functional groups, including NO2, Cl, OH, OMe, and C=C, under
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TABLE II Synthesis of 3,4-Dihydropyrimidones and 2-Thioxo
Derivatives with H2SO4 Supported on SiO2 or Al2Oa

3

M.p.(◦C)
H2SO4/SiO2 H2SO4/A12O3

R R′ X DHPMs
Time
(h)

Yield
(%)b

Time
(h)

Yield
(%)b Found Reported

C6H5 OEt O 4 7.2 93 2 95 202–203 200–20215

2-OHC6H4 OEt O 5 3.4 94 3 94 200–202 200–20215

3-OHC6H4 OEt O 6 1.2 92 0.9 91 164–165 164–16622a

4-OHC6H4 OEt O 7 2 95 1.5 94 200–201 199–20015

3-OH-4-MeO-C6H3 OEt O 8 1 90 0.8 90 185–187 185–18715

2-furyl OEt O 9 2.4 89 1.8 91 204–206 203–20515

4-ClC6H4 OEt O 10 2.5 96 2.3 97 213–214 212–21315

4-NO2C6H4 OEt O 11 2.3 93 1.8 94 208–210 207–20915

Ph-CH=CH OEt O 12 1.3 93 1 92 232–234 232–23522a

4-MeC6H4 OEt O 13 5.3 94 4 96 213–214 214–21624

4-MeOC6H4 OEt O 14 2.3 92 1.3 93 201–202 200–201 15

C6H5 OMe O 15 8 94 5 94 210–212 209–21222a

4-ClC6H4 OMe O 16 2.6 96 2 98 205–207 204–20722a

4-NO2C6H4 OMe O 17 2.3 95 1.6 95 236–238 235–23722a

4-MeC6H4 OMe O 18 3 90 4.3 93 202–204 204–20625

4-MeOC6H4 OMe O 19 1.6 95 1 97 192–194 192–19422a

C6H5 Me O 20 5.3 92 3.3 92 234–236 233–23622a

2-furyl Me O 21 2.6 90 1.3 89 211–213 210–21226

4-NO2C6H4 Me O 22 1.9 93 1.3 95 231 (dec) 230 (dec)22a

4-MeOC6H4 Me O 23 2 93 0.7 92 168–170 168–17022a

C6H5 OEt S 24 6.3 96 1.8 96 208–210 208–21022a

3-OHC6H4 OEt S 25 0.9 93 0.8 93 185–187 184–18622a

4-OHC6H4 OEt S 26 1.9 95 1.2 92 192–193 193–1947

4-ClC6H4 OEt S 27 2.6 96 2.5 97 192–194 192–19425

4-NO2C6H4 OEt S 28 2.2 93 1.7 94 108–110 109–11125

4-MeC6H4 OEt S 29 4.7 96 3.7 95 193–195 192–19425

4-MeOC6H4 OEt S 30 1.8 92 0.9 93 149–151 150–15222a

C6H5 Me S 31 4.5 90 5.5 90 185 (dec) 185 (dec)22a

aAll reactions were carried out with a molar ratio of aldehyde/β-dicarbonyl/urea
(thiourea) of 1:1:1.2 in refluxing n-hexane.

bYields refer to isolated pure products.

the experimental conditions. Thiourea has also been used to provide
the corresponding sulfur analogs of 3,4-dihydropyrimidones (24–31),
which are also of much interest because of their biological activities1

(Table II). The reactions were completed within 0.9–6.3 h with 90–
96% yields of the thiocarbonyl products. The Biginelli synthesis of
3,4-dihydropyrimidones and their sulfur analogs was also promoted
by H2SO4/Al2O3 (80% m/m) in refluxing n-hexane (Table II). Compar-
ison of the results shows that reactions were generally faster using
H2SO4/Al2O3 compared to H2SO4/SiO2. However, the efficiency of both
solid supported systems is high and nearly the same.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



1726 K. A. Dilmaghani et al.

TABLE III Comparison of Synthesis of 3,4-Dihydropyrimidones and
2-Thioxo Derivatives with H2SO4 Supported on SiO2/Al2O3 and Silica
Sulfuric Acida

H2SO4/SiO2 H2SO4/A12O3

Silica sulfuric
acid[22a]

R R′ X DHPMs
Time
(h)

Yield
(%)

Time
(h)

Yield
(%)

Time
(h)

Yield
(%)

C6H5 OEt O 4 7.2 93 2 95 6 91
4-MeOC6H4 OEt O 14 2.3 92 1.3 93 6 95
C6H5 OMe O 15 8 94 5 94 6 96
4-ClC6H4 OMe O 16 2.6 96 2 98 6 94
C6H5 Me O 20 5.3 92 3.3 92 6 87
4-NO2C6H4 Me O 22 1.9 93 1.3 95 6 92
C6H5 OEt S 24 6.3 96 1.8 96 6 93
C6H5 Me S 31 4.5 90 5.5 90 6 93

aThe reactions with H2SO4/SiO2 or Al2O3 and silica sulfuric acid were carried out in
refluxing n-hexane and ethanol, respectively.

In order to highlight the advantages of H2SO4/SiO2 or Al2O3, we
compared some of our results with the reported silica sulfuric acid
(SiO-SO3H)22a (Table III). It becomes evident that, from the point of
view of rate enhancement, efficiency, and the use of nonpolar solvents,
our promoters and especially H2SO4/Al2O3 show the best results.

In conclusion, we have presented a new protocol for the promotion
of the Biginelli synthesis of 3,4-dihydropyrimidin-2(1H)-ones and their
sulfur analogs by one-pot cyclocondensation reaction of aromatic alde-
hydes, β-dicarbonyl compounds, and urea/thiourea using H2SO4/SiO2
and H2SO4/Al2O3 (80% m/m) in refluxing n-hexane. Supporting of sul-
furic acid on Al2O3 resulted in higher reaction rates than supporting on
SiO2. Mild reaction conditions, the use of available low-cost reagents
to afford high to excellent yields as compared to the classical Biginelli
reaction, tolerance of various functional groups, and a simple experi-
mental procedure are the advantages, which could make this protocol
a useful addition to the present methodologies.

EXPERIMENTAL

All reagents and substrates were purchased from commercial sources
with the best quality and used without further purification. SiO2 and
Al2O3 were used in a grade for column chromatography and were
obtained from Merck. The products were characterized by their 1H,
13C NMR, or IR spectra, which were recorded with a 300 MHz Bruker
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spectrometer and a Thermo Nicolet Nexus 670 FT-IR spectrophotome-
ter, respectively. All yields refer to isolated pure products. TLC was
applied for the purity determination of the substrates, products, and
for monitoring the reactions, using silica gel 60 F254 aluminum sheets.

Supporting of H2SO4 on Alumina or Silica Gel

In a round-bottomed flask (10 mL) charged with Al2O3 or SiO2 (0.5 g),
H2SO4 (98%, 0.4 g) was added, and the mixture was stirred magneti-
cally for 2 min to afford H2SO4/Al2O3 or H2SO4/SiO2 (80% m/m).

Synthesis of 3,4-Dihydropyrimidin-2(1H)-ones (4–23) and
2-Thioxo Derivatives (24–31) with H2SO4/Al2O3 or H2SO4/SiO2:
General Procedure

In a round-bottomed flask (10 mL) charged with freshly prepared
H2SO4/Al2O3 or H2SO4/SiO2 (0.9 g, 80% m/m), n-hexane (5 mL) was
added, and the reaction mixture was stirred magnetically at room tem-
perature for 2 min. To the resulting mixture, the aldehyde (1 mmol),
ethyl or methyl acetoacetate (1 mmol), and urea or thiourea (1.2 mmol)
were added, and the mixture was stirred under reflux conditions for the
appropriate time (Table II). The progress of the reaction was monitored
by TLC (eluent CCl4:Et2O 5:3). After completion of the reaction, the so-
lution was cooled to the room temperature and cold sodium bicarbonate
(5%, 10 mL) was added. The mixture was stirred for 10 min and then
filtered. The filtrate was extracted with CH2Cl2 (3 × 10 mL) and dried
over anhydrous Na2SO4. Evaporation of the solvent and short column
chromatography of the resulting crude material over silica gel (elu-
ent CCl4:Et2O 5:3) affords the pure 3,4-dihydropyrimidone or 2-thioxo
derivative in high to excellent yield (Table II).

REFERENCES

[1] (a) C. O. Kappe, Eur. J. Med. Chem., 35, 1043 (2000); (b) C. O. Kappe, W. M. F. Fabian,
and M. A. Semones, Tetrahedron, 53, 2803 (1997); (c) C. O. Kappe, Tetrahedron, 49,
6937 (1993); (d) K. S. Atwal, G. C. Rovnyak, B. C. O’Reilly, and J. Schwartz, J. Org.
Chem., 54, 5898 (1989).

[2] (a) B. Snider, J. Chen, A. D. Patial, and A. Freyer, Tetrahedron Lett., 37, 6977 (1996);
(b) B. B. Snider and Z. Shi, J. Org. Chem., 58, 3828 (1993).

[3] P. Biginelli, Gazz. Chim. Ital., 23, 360 (1893).
[4] (a) J. Lu and H. Ma, Synlett, 63 (2000); (b) J. Lu and Y. Bai, Synthesis, 466 (2002).
[5] D. Russowsky, F. A. Lopes, V. S. S. Da Silva, K. F. S. Canto, M. G. M. D’Oca, and M.

N. Godoi, J. Braz. Chem. Soc.,15, 165 (2004).
[6] J. Lu, Y-J. Bai, Y-H. Guo, Z.-J. Wang, and H.-R. Ma, Chinese J. Chem., 20, 681 (2002).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



1728 K. A. Dilmaghani et al.

[7] C. V. Reddy, M. Mahesh, P. V. K. Raju, T. R. Babu, and V. V. N. Reddy, Tetrahedron
Lett., 43, 2657 (2002).

[8] J. Lu, Y. Bay, Z. Wang, B. Yang, and H. Ma, Tetrahedron Lett., 41, 9075 (2000).
[9] E. H. Hu, D. R. Sidler, and U. H. Dolling, J. Org. Chem., 63, 3454 (1998).

[10] D. S. Bose, L. Fatima, and H. B. Mereyala, J. Org. Chem., 68, 587 (2003).
[11] M. Gohain, D. Prajapati, and J. S. Sandhu, Synlett, 235 (2004).
[12] J. S. Yadav, B. V. Subba Reddy, R. Srinivas, C. Venugopal, and T. Ramalingam,

Synthesis, 1341 (2001).
[13] K. A. Kumar, M. Kasthuraiah, C. S. Reddy, and C. D. Reddy, Tetrahedron Lett., 42,

7873 (2001).
[14] H. Xu and Y.-G. Wang, Chinese J. Chem., 21, 327 (2003).
[15] A. S. Paraskar, G. K. Dewkar, and A. Sudalai, Tetrahedron Lett., 44, 3305 (2003).
[16] R.-F. Chen and C.-T. Qian, Chinese J. Chem., 20, 427 (2002).
[17] R. Varala, M. M. Alam, and S. R. Adapa, Synlett, 67 (2003).
[18] S. Tu, F. Fang, S. Zhu, T. Li, X. Zhang, and Q. Zhuang, Synlett, 537 (2004).
[19] T. Jin, S. Zhang, and T. Li, Synth. Commun., 32, 1847 (2002).
[20] F. Bigi, S. Carloni, B. Frullanti, R. Maggi, and G. Sartori, Tetrahedron Lett., 40,

3465 (1999).
[21] K. Y. Lee and K. Y. Ko, Bull. Korean Chem. Soc., 25, 1929 (2004).
[22] (a) P. Salehi, M. Dabiri, M. A. Zolfigol, and M. A. Bodaghi Fard, Tetrahedron Lett.,

44, 2889 (2003); (b) P. Salehi, M. Dabiri, M. A. Zolfigol, and M. A. Bodaghi Fard,
Heterocycles, 60, 2435 (2003); (c) W.-Y. Chen, S.-D. Qin, and J.-R. Jin, Synth. Com-
mun., 37, 47 (2007); (d) A. Shaabani, A. Sarvary, A. Rahmati, and A. H. Rezayan,
Lett. Org. Chem., 4, 68 (2007).

[23] (a) J. H. Clark and C. N. Rhodes, Clean Synthesis Using Porous Inorganic Solid Cat-
alysts and Supported Reagents (The Royal Society of Chemistry, Cambridge, UK,
2000); (b) A. K. Banerjee, M. S. Laya Mimo, and W. J. Vera Vegas, Russ. Chem. Rev.,
70, 971 (2001); (c) M. Heravi, N. Ramezanian, M. Sadeghi, and M.Ghassemzadeh,
Phosphorus, Sulfur, and Silicon, 179, 1469 (2004); (d) M. A. Bigdeli, M. M. Alavi
Nikje, B. Gorji, and A. Moghimi, J. Chem. Res., 800 (2005); (e) M. Heravi, N. Mon-
tazeri, M. Rahimizadeh, M. Bakavoli, and M. Ghassemzadeh, J. Chem. Res., 464
(2000); (f) M. Heravi, N. Farhangi, Y. S. Beheshtiha, M. Ghassemzadeh, and K.
Tabar-Hydar, Indian J. Chem., 43B, 430 (2004); (g) M. M. Lakouraj, and A. Akbari,
Indian J. Chem., 42B, 1165 (2003); (h) J. M. Riego, Z. Sedin, J. M. Zaldı́var, N. C.
Marziano, and C. Tortato, Tetrahedron Lett., 37, 513 (1996); (i) A. Matsuda, T. Kan-
zaki, K. Tadanaga, T. Kogure, M. Tatsumisago, and T. Minami, J. Electrochem. Soc.,
149, E292 (2002); (j) M. Heravi, M. Bakherad, M. Rahimzadeh, and M. Bakavoli,
Phosphorus, Sulfur, and Silicon, 177, 2403 (2002).

[24] M. A. Chari, D. Shobha, T. K. Kumar, and P. K. Dubey, Arkivoc, xv, 74 (2005).
[25] N.-Y. Fu, Y.-F. Yuan, Z. Cao, S.-W. Wang, J.-T. Wang, and C. Peppe, Tetrahedron, 58,

4801 (2002).
[26] B. C. Ranu, A. Hajra, and U. Jana, J. Org. Chem., 65, 6270 (2000).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
1
1
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


