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Abstract

A simple method for the one-pot, three-component Biginelli condensation reaction of 5-chloro/phenoxyl-3-methyl-1-phenyl-4-formylpyrazole,
a 1,3-dicarbonyl compound and urea or thiourea is described, employing Magnesium perchlorate [Mg(ClO4)2] as an efficient catalyst under
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ltrasound irradiation. A novel series of 4-substituted pyrazolyl-3,4-dihydropyrimidin-2(1H)-(thio)ones have been synthesized in moderate yields.
he catalyst exhibited remarkable reactivity and can be recycled.
2006 Elsevier B.V. All rights reserved.
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. Introduction

3,4-Dihydropyrimidin-2(1H)-ones are well known hetero-
yclic units in the realm of natural and synthetic organic
hemistry due to their therapeutic and pharmacological prop-
rties including antiviral, antitumor, antibacterial and anti-
nflammatory activities [1,2] and are medicinally important
s calcium channel blockers, antihypertensive agents, �-1a-
ntagonists and neuropeptide Y (NPY) antagonists [3].

The Biginelli reaction was first reported by the Italian chemist
ietro Biginelli in 1893 and recently reviewed [4,5], and involves

he synthesis of 3,4-dihydropyrimidin-2(1H)-ones by a very sim-
le one-pot condensation reaction of an aldehyde, �-ketoester
nd urea in the presence of a strongly acid catalyst. However,
his reaction suffers from the harsh conditions, long reaction
ime and frequently low yields of the desired target molecules,
n particular when substituted aromatic or aliphatic aldehydes
re employed.

In recent years, new methods for preparation of dihydropy-
imidinones have been the subject of research for organic

chemists. Consequently, several improved procedures have been
reported, either by modification of the classical one-pot Biginelli
approach itself [6], such as the use of a number of Lewis acid cat-
alysts as well as protic acids including FeCl3 [7], ZnCl2, CuCl2
and NiCl2 [8], ZnI2 [9], VCl3 [10], Indium(III) halides [11],
NH4Cl [12], ZrCl4 [13], H3BO3 [14], Mn(OAc)3·2H2O [15],
silica sulfuric acid [16], LiClO4 [17], Sr(OTf)2 [18], In(OTf)3
[19], SiO2–NaHSO4 [20], NH2SO3H [21]. In addition, ionic liq-
uids [22], polymer-supported reagents [23] and polymer–metal
complexes [24] have also been utilized as catalyts.

As increasing environmental consciousness in chemical
research and industry, the challenge for a sustainable environ-
ment calls for clean procedures. Ultrasound as a green synthetic
approach has gradually been used in organic synthesis over the
last three decades. Compared with the traditional methods, it
is more convenient, easier to be controlled, and consumes less
power. With use of ultrasound irradiation, a large number of
organic reactions can be carried out in milder conditions with
shorter reaction time and higher product yields [25].

In the past works, some other groups used conventional
substituted aliphatic and aromatic aldehydes as substrates.
∗ Corresponding author. Tel.: +86 991 8603157; fax: +86 991 8582809.
E-mail address: pxylcj@126.com (C. Liu).

Due to the biological properties of pyrazole derivatives
[26], in this work, we studied the possibility to synthesize
4-substituted pyrazolyl-3,4-dihydropyrimidin-2(1H)-(thio)ones
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Scheme 1.

by the Biginelli reaction under ultrasound irradiation using
5-chloro/phenoxyl-3-methyl-1-phenyl-4-formylpyrazole
instead of the ordinary aldehydes as substrates and employing
Mg(ClO4)2 as the catalyst. Here, an efficient and practical
method for the synthesis of target compounds is described and
none of them has yet been reported in the literature.

2. Experiments

All compounds were characterized by IR, 1H NMR spectra
and elemental analysis. The IR spectra were obtained as potas-
sium bromide pellets with a FTS-40 spectrometer (BIO-RAD,
U.S.A). The 1H NMR spectra were obtained on a Varian Inova-
400 spectrometer using CDCl3 or DMSO-d6 as solvent (shown
in details in data part) and TMS as an internal standard, chem-
ical shifts are given in ppm. Elemental analysis (C, H, N) was
performed on a Perkin-Elmer Analyzer 2400. Melting points
were determined using a Büchi B-540 instrument. All melting
points are uncorrected. Sonication was performed in a Kunshan
ultrasonic cleaner with a frequency of 40 K Hz and a nomi-

nal power of 200 W (KQ5200B, Kunshan ultrasonic instrument
Co. Ltd.).

2.1. General procedure for the synthesis of 4-substituted
pyrazolyl-3,4-dihydropyrimidin-2(1H)-(thio)ones

General procedure for one-pot preparation of 4-substituted
pyrazolyl-3,4-dihydronpyrimidin-2(1H)-(thio)ones 4 using
Mg(ClO4)2 as a catalyst is that a mixture of 5-chloro/phenoxyl-
3-methyl-1-phenyl-4-formylpyrazole (1 mmol), 1,3-dicarbonyl
compound (1 mmol), urea or thiourea (1.2 mmol) and
Mg(ClO4)2 (0.1 mmol) was refluxing at 80 ◦C in EtOH
(Scheme 1) for a few hours (Table 1) without stirring. After
the completion of the reaction (indicated by TLC on sil-
ica gel), most products crystallized spontaneously at room
temperature, while products 4k and 4p crystallized after
ethyl acetate was introduced to the reaction mixture and
the mixture was concentrated. After filtration, the collected
solid was washed with a little amount of ethanol, and then
dried. The products were pure enough and were analyzed

Table 1
Magnesium perchlorate catalyzed one-pot synthesis of 4-substituted pyrazolyl-3,4-dihydropyrimidin-2(1H)-(thio)ones

Entry R1 R2 R3 X Yields (%) Time (h)a Mp (◦C)

A

4 8
4 9
4 8
4 7
4 6
4 8
4 8
4 7
4 7
4 8
4 7
4 6
4 5
4 7
4 7
4 5
4 5

ared.
ound.

i

a Cl OEt CH3 O
a Cl OEt CH3 O
b Cl OEt CH3 S
c Cl OEt Ph O
d Cl OEt Ph S
e Cl CH3 CH3 O
f Cl CH3 CH3 S
g Cl Ph CH3 O
h Cl Ph CH3 S
i OPh OEt CH3 O
j OPh OEt CH3 S
k OPh OEt Ph O
l OPh OEt Ph S
m OPh CH3 CH3 O
n OPh CH3 CH3 S
o OPh Ph CH3 O
p OPh Ph CH3 S

a Reactions were finished until the TLC shown the starting materials disappe
b Method A: Mg(ClO4)2 as catalyst in EtOH refluxing at 80 ◦C without ultras

rradiation.
c Yield of 4a in CH3CN for the first use of Mg(ClO4)2.
d Charring point of 4d, which did not melt at 380 ◦C.
b Bb Ab Bb

6.5 87.2 4.0 2.0 242–243
2.5c 4.0 242–243
9.5 91.2 4.5 2.5 238–240
2.1 75.4 5.5 3.0 233–235
9.8 73.2 6.0 3.0 245–247
3.4 86.4 4.0 2.0 236–240
4.2 87.5 4.5 2.5 220.4d

3.0 76.4 6.0 3.0 242–244
4.8 77.1 5.0 2.5 208–210
0.2 82.8 5.0 2.5 209–211
8.4 80.2 6.5 3.0 245–246
0.7 63.5 8.0 3.5 172–173
8.4 60.4 8.0 3.5 147–149
6.4 79.5 5.0 2.5 259–260
3.6 75.0 6.5 3.0 242–243
9.2 60.5 8.0 3.5 204–206
7.3 59.7 8.5 3.5 200–202

Method B: Mg(ClO4)2 as catalyst in EtOH refluxing at 80 ◦C under ultrasound
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by 1H NMR, IR and elemental analysis without further
purificaton.

To investigate the generality of the catalyst, 5-chloro/
phenoxyl-3-methyl-1-phenyl-4-formylpyrazole, a various of
1,3-dicarbonyl compounds and urea or thiourea were used to
prepare the corresponding Biginelli products in moderate yields
under both conventional condition and ultrasound irradiation
condition. The results are showed in Table 1.

2.2. Physical and spectroscopic data of products

Compound 4a: white powder. 1H NMR (CDCl3, 400 MHz):
δ 1.19 (t, J = 7.2 Hz, 3H, CH3

*CH2O), 2.30 (s, 3H, CH3 on dihy-
dropyrimidione ring), 2.41 (s, 3H, CH3 on pyrazole ring), 4.13
(q, J = 7.2 Hz, 2H, OCH2), 5.40 (s, 1H, CH), 5.58 (bs, 1H, NH),
7.26–7.48 (m, 5H, arom CH), 7.74 (bs, 1H, NH). IR (KBr):
3317, 3257, 3114, 2963, 2916, 1964, 1682, 1589, 1262, 1168,
756, 693 cm−1. Anal. calcd. for C18H19N4O3Cl: C, 57.74; H,
5.12; N, 14.97. Found: C, 57.81; H, 5.05; N, 14.86.

Compound 4b: light yellow powder. 1H NMR (DMSO-d6,
400 MHz): δ 1.12 (t, J = 7.2 Hz, 3H, CH3

*CH2O), 2.09 (s, 3H,
CH3 on dihydropyrimidithione ring), 2.27 (s, 3H, CH3 on pyra-
zole ring), 3.98 (q, J = 7.2 Hz, 2H, OCH2), 5.28 (s, 1H, CH),
5.47 (bs, 1H, NH), 7.44–7.56 (m, 5H, arom CH), 7.79 (bs, 1H,
NH). IR (KBr): 3378, 3233, 3181, 2988, 2902, 1949, 1686, 1574,
1219, 1206, 764, 696 cm−1. Anal. calcd. for C H N O SCl:
C

4
C
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7
1
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H

4
d
(
7
1
C
H

δ

i
1
7
1

C17H17N4OSCl: C, 56.65; H, 4.76; N, 15.56. Found: C, 56.76;
H, 4.81; N, 15.47.

Compound 4g: yellow powder. 1H NMR (CDCl3, 400 MHz):
δ 1.83 (s, 3H, CH3 on dihydropyrimidione ring), 2.33 (s, 3H,
CH3 on pyrazole ring), 5.37 (bs, 1H, CH), 5.84 (s, 1H, NH),
7.39–7.67 (m, 10H, arom CH), 7.72 (bs, 1H, NH). IR (KBr):
3367, 3227, 3198, 2951, 2918, 1963, 1689, 1592, 1296, 1134,
743, 698 cm−1. Anal. calcd. for C22H19N4O2Cl: C, 65.01; H,
4.72; N, 13.79. Found: C, 65.12; H, 4.65; N, 13.87.

Compound 4h: brown powder. 1H NMR (CDCl3, 400 MHz):
δ 1.80 (s, 3H, CH3 on dihydropyrimidithione ring), 2.29 (s, 3H,
CH3 on pyrazole ring), 5.33 (bs, 1H, CH), 5.78 (s, 1H, NH),
7.37–7.62 (m, 10H, arom CH), 7.69 (bs, 1H, NH). IR (KBr):
3373, 3252, 3136, 2962, 2907, 1952, 1687, 1582, 1238, 1208,
761, 692 cm−1. Anal. calcd. for C22H19N4OSCl: C, 62.54; H,
4.54; N, 13.27. Found: C, 62.67; H, 4.59; N, 13.38.

Compound 4i: yellow powder. 1H NMR (CDCl3, 400 MHz):
δ 1.24 (t, J = 7.2 Hz, 3H, CH3

*CH2O), 1.87 (s, 3H, CH3 on dihy-
dropyrimidione ring), 2.42 (s, 3H, CH3 on pyrazole ring), 4.14
(q, J = 7.2 Hz, 2H, OCH2), 5.38 (s, 1H, CH), 5.47 (bs, 1H, NH),
6.79–7.58 (m, 10H, arom CH), 7.68 (bs, 1H, NH). IR (KBr):
3386, 3265, 3197, 2972, 2913, 1927, 1683, 1584, 1221, 1149,
749, 692 cm−1. Anal. calcd. for C24H24N4O4: C, 66.64; H, 5.60;
N, 12.96. Found: C, 66.81; H, 5.53; N, 12.85.

Compound 4j: light yellow powder. 1H NMR (CDCl3,
400 MHz): δ 1.24 (t, J = 7.2 Hz, 3H, CH *CH O), 1.84 (s, 3H,
C
z
5
N
1
6
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18 19 4 2
, 55.37; H, 4.91; N, 14.36. Found: C, 55.48; H, 4.87; N, 14.44.

Compound 4c: light yellow powder. 1H NMR (CDCl3,
00 MHz): δ 0.82 (t, J = 7.2 Hz, 3H, CH3

*CH2O), 2.35 (s, 3H,
H3 on pyrazole ring), 3.75 (q, J = 7.2 Hz, 2H, OCH2), 5.43 (s,
H, CH), 5.56 (bs, 1H, NH), 7.32–7.63 (m, 10H, arom CH),
.81 (bs, 1H, NH). IR (KBr): 3389, 3279, 3137, 2975, 2912,
962, 1671, 1590, 1229, 1158, 768, 698 cm−1. Anal. calcd. for
23H21N4O3Cl: C, 63.28; H, 4.85; N, 12.84. Found: C, 63.39;
, 4.78; N, 12.94.
Compound 4d: yellow powder. 1H NMR (DMSO-d6,

00 MHz): δ 0.73 (t, J = 7.2 Hz, 3H, CH3
*CH2O), 2.32 (s, 3H,

H3 on pyrazole ring), 3.74 (q, J = 7.2 Hz, 2H, OCH2), 5.38 (s,
H, CH), 5.53 (bs, 1H, NH), 7.29–7.58 (m, 10H, arom CH),
.76 (bs, 1H, NH). IR (KBr): 3384, 3262, 3123, 2958, 2912,
927, 1682, 1596, 1256, 1204, 757, 691 cm−1. Anal. calcd. for
23H21N4O2SCl: C, 61.05; H, 4.68; N, 12.39. Found: C, 61.17;
, 4.62; N, 12.49.
Compound 4e: light brown powder. 1H NMR (CDCl3,

00 MHz): δ 1.83 (s, 3H, CH3CO), 2.11 (s, 3H, CH3 on dihy-
ropyrimidione ring), 2.48 (s, 3H, CH3 on pyrazole ring), 5.42
s, 1H, CH), 5.54 (bs, 1H, NH), 6.79–7.58 (m, 5H, arom CH),
.98 (bs, 1H, NH). IR (KBr): 3329, 3208, 3112, 2946, 2919,
953, 1693, 1595, 1274, 1198, 748, 697 cm−1. Anal. calcd. for
17H17N4O2Cl: C, 59.28; H, 4.98; N, 16.28. Found: C, 59.37;
, 5.06; N, 16.35.
Compound 4f: red powder. 1H NMR (DMSO-d6, 400 MHz):

1.82 (s, 3H, CH3CO), 2.08 (s, 3H, CH3 on dihydropyrim-
dithione ring), 2.46 (s, 3H, CH3 on pyrazole ring), 5.39 (s,
H, CH), 5.48 (bs, 1H, NH), 6.72–7.53 (m, 5H, arom CH),
.92 (bs, 1H, NH). IR (KBr): 3351, 3220, 3109, 2937, 2906,
953, 1693, 1585, 1224, 1204, 759, 703 cm−1. Anal. calcd. for
3 2
H3 on dihydropyrimidithione ring), 2.38 (s, 3H, CH3 on pyra-
ole ring), 4.12 (q, J = 7.2 Hz, 2H, OCH2), 5.34 (s, 1H, CH),
.42 (bs, 1H, NH), 6.77–7.55 (m, 10H, arom CH), 7.64 (bs, 1H,
H). IR (KBr): 3385, 3221, 3178, 2983, 2914, 1943, 1686, 1582,
236, 1206, 761, 694 cm−1. Anal. calcd. for C24H24N4O3S: C,
4.26; H, 5.40; N, 12.50. Found: C, 64.37; H, 5.44; N, 12.61.

Compound 4k: white powder. 1H NMR (DMSO-d6,
00 MHz): δ 1.16 (t, J = 7.2 Hz, 3H, CH3

*CH2O), 2.29 (s, 3H,
H3 on pyrazole ring), 3.69 (q, J = 7.2 Hz, 2H, OCH2), 5.27 (s,
H, CH), 5.41 (bs, 1H, NH), 6.66–7.52 (m, 15H, arom CH),
.59 (bs, 1H, NH). IR (KBr): 3396, 3218, 3126, 2976, 2924,
938, 1692, 1592, 1242, 1142, 764, 689 cm−1. Anal. calcd. for
29H26N4O4: C, 70.42; H, 5.30; N, 11.33. Found: C, 70.59; H,
.37; N, 11.42.

Compound 4l: yellow powder. 1H NMR (CDCl3, 400 MHz):
1.24 (t, J = 7.2 Hz, 3H, CH3

*CH2O), 2.50 (s, 3H, CH3 on pyra-
ole ring), 3.88 (q, J = 7.2 Hz, 2H, OCH2), 5.51 (s, 1H, CH), 6.78
bs, 1H, NH), 6.86–7.41 (m, 15H, arom CH), 7.58 (bs, 1H, NH).
R (KBr): 3312, 3234, 3114, 2987, 2907, 1956, 1697, 1595,
249, 1203, 768, 697 cm−1. Anal. calcd. for C29H26N4O3S: C,
8.21; H, 5.14; N, 10.98. Found: C, 68.37; H, 5.08; N, 11.12.

Compound 4m: yellow powder. 1H NMR (CDCl3,
00 MHz): δ 1.85 (s, 3H, CH3CO), 2.05 (s, 3H, CH3 on dihy-
ropyrimidione ring), 2.41 (s, 3H, CH3 on pyrazole ring), 5.37
s, 1H, CH), 5.44 (bs, 1H, NH), 6.77–7.55 (m, 10H, arom CH),
.94 (bs, 1H, NH). IR (KBr): 3395, 3232, 3117, 2976, 2932,
938, 1699, 1596, 1240, 1172, 752, 691 cm−1. Anal. calcd. for
23H22N4O3: C, 68.63; H, 5.51; N, 13.93. Found: C, 68.79; H,
.46; N, 13.84.

Compound 4n: yellow powder. 1H NMR (CDCl3, 400 MHz):
1.80 (s, 3H, CH3CO), 2.08 (s, 3H, CH3 on dihydropyrim-



210 X. Zhang et al. / Journal of Molecular Catalysis A: Chemical 253 (2006) 207–211

idithione ring), 2.43 (s, 3H, CH3 on pyrazole ring), 5.41 (s,
1H, CH), 5.53 (s, 1H, NH), 6.77–7.55 (m, 10H, arom CH),
7.78 (bs, 1H, NH). IR (KBr): 3312, 3230, 3118, 2967, 2912,
1928, 1694, 1593, 1247, 1207, 762, 692 cm−1. Anal. calcd. for
C23H22N4O2S: C, 66.01; H, 5.30; N, 13.40. Found: C, 66.17;
H, 5.38; N, 13.51.

Compound 4o: yellow powder. 1H NMR (CDCl3, 400 MHz):
δ 2.07 (s, 3H, CH3 on dihydropyrimidione ring), 2.47 (s, 3H,
CH3 on pyrazole ring), 5.48 (s, 1H, CH), 5.92 (bs, 1H, NH),
6.94–7.67 (m, 15H, arom CH), 8.22 (bs, 1H, NH). IR (KBr):
3384, 3224, 3117, 2956, 2917, 1962, 1695, 1592, 1235, 1173,
759, 693 cm−1. Anal. calcd. for C28H24N4O3: C, 72.38; H, 5.21;
N, 12.07. Found: C, 72.55; H, 5.17; N, 12.16.

Compound 4p: light yellow powder. 1H NMR (CDCl3,
400 MHz): δ 2.05 (s, 3H, CH3 on dihydropyrimidithione ring),
2.55 (s, 3H, CH3 on pyrazole ring), 5.47 (s, 1H, CH), 5.86 (bs,
1H, NH), 6.97–7.62 (m, 15H, arom CH), 8.17 (bs, 1H, NH). IR
(KBr): 3398, 3227, 3119, 2974, 2921, 1960, 1685, 1594, 1257,
1202, 762, 694 cm-1. Anal. calcd. for C28H24N4O2S: C, 69.98;
H, 5.04; N, 11.67. Found: C, 70.14; H, 5.11; N, 11.78.

3. Results and discussion

Data in Table 1 clearly shows that the condensation of
5-chloro/phenoxyl-3-methyl-1-phenyl-4-formylpyrazole with a
1,3-dicarbonyl compound and urea or thiourea employing
M
d
u
A

both methods. Comparing to the conventional heating method,
the achieved yields under ultrasound irradiation increase two or
three percent with only half reaction time needed.

In order to get the best molar ratio of reaction materials,
we also did the experiment with different ratios of 5-chloro/
phenoxyl-3-methyl-1-phenyl-4-formylpyrazole, 1,3-dicarbonyl
compounds, urea or thiourea and Mg(ClO4)2. We found that the
reaction gave the best results when the molar ratio of reactants
was 1:1:1.2:0.1, respectively.

Through all the experiments, we found that when
PhCOCH2COCH3 or PhCOCH2COOEt was used as 1,3-
dicarbonyl compounds, especially when R1 = −Oph, it was dif-
ficult to get the target compounds and the yields were lower than
others. This may be because of the steric hindrance between the
aromatics.

As a model reaction, the condensation reaction of 5-chloro-3-
methyl-1-phenyl-4-formylpyrazole, ethyl acetoacetate and urea
in thermal conditions was repeated three times through the reuse
of filter liquor containing the used catalyst. To study reusability
of the catalyst, we did the same reaction in ethanol and ace-
tonitrile. When ethanol was used as solvent, the yields were
86.5%, 80.8%, 76.4%, respectively, indicating that the catalyst
was recyclable. While, when we did this reaction in acetonitrile,
the yields were 92.5%, 87.8%, 85.5%, respectively. It is appar-
ent that the yields were higher using CH3CN than using EtOH
as solvent. This is an obvious solvent effect. Developing a polar
a

v
i

g(ClO4)2 as a catalyst leading to 4-substituted pyrazolyl-3,4-
ihydropyrimidin-2(1H)-(thio)ones was carried out smoothly
nder both conventional and ultrasound irradiation conditions.
s a catalyst, Mg(ClO4)2 exhibited a remarkable reactivity in
Scheme 2
proter solvent provides higher reactivity.
A proposed reaction mechanism of Biginelli condensation

ia acyl imine intermediate 5 is presented in Scheme 2, this
ntermediate is formed by the reaction of the 5-chloro/phenoxyl-
.



X. Zhang et al. / Journal of Molecular Catalysis A: Chemical 253 (2006) 207–211 211

3-methyl-1-phenyl-4-formylpyrazole 1 and urea or thiourea 2
and then stabilized by Mg(ClO4)2. Subsequent addition of a
1,3-dicarbonyl compound enolate to the acyl imine, followed
by cyclization and dehydration, producing the corresponding 4-
substituted pyrazolyl-3,4-dihydropyrimidin-2(1H)-(thio)ones.

4. Conclusion

Here, we reported a catalytic method for synthesis of a
series of novel 4-substituted pyrazolyl-3,4-dihydropyrimidin-
2(1H)-(thio)ones using 5-chloro/phenoxyl-3-methyl-1-phenyl-
4-formylpyrazole instead of conventional aldehydes, employing
Mg(ClO4)2 as an efficient and reusable catalyst in ultrasound
irradiation compared with the conventional refluxing method.
It is an important supplement to the existing methods for the
synthesis of dihydroprimidiones and their thio-derivatives.
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