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ORIGINAL ARTICLE

A very high yielding and facile alkaline earth metals homogeneous catalysis of
Biginelli reaction: an improved protocol

Shahnaz Khaleghi, Majid M. Heravi*, Minou Khosroshahi, Farahnaz Kargar Behbahani and
Zohreh Daroogheha

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

(Received 09 March 2008; final form 10 July 2008)

A high yielding and facile Biginelli reaction for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones and thiones,
using inexpensive and available alkaline earth metal chlorides (MgCl,, CaCl,, SrCl, and BaCl,) and acetic acid as
the solvent in a homogeneous catalytic reaction, is reported.
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Introduction

In recent years, dihydropyrimidin-2(1H)-ones and
thiones have occupied an important place in synthetic
organic chemistry due to their pharmacological and
therapeutic properties (/). They have served as
integral backbones of several calcium channel block-
ers, antihypertensive agents, o-l-antagonists and
neuropeptideY (NPY) antagonists (2). Several iso-
lated marine alkaloids with biological activities have
also been found to contain the dihydropyrimidi-
nones-5-carboxylate core (3). Due to the importance
of these compounds as synthons in organic synthesis,
many methods for preparation of such compounds
have been developed, and the Biginelli reaction has
gained particular importance for ongoing research
programs (4).

Alkaline earth metals chloride have been utilized
for various organic reactions. MgCl, has been used
for aldol reaction of a-dimethylsilylesters with alde-
hydes, ketones and a-enones(5). Theoretical study on
dehydration process of MgCl,-6H,O (6) have also
been developed. CaCl, has been reported to be useful
in preservation of protective group in peptide synth-
esis, (7) and aldol type reaction of unprotected sugars
in methanol (8). The Biginelli reaction catalyzed by
calcium chlorides under microwave assisted (9a) and
reflux condition in ethanol (95) has also been
disclosed. SrCl, has been introduced accompanied

with HCI in the synthesis of dehydropyrimidinones
(10).

In continuation of our interest in catalytic reac-
tions, (/1) in this communication we wish to reveal
our studies in catalytic activity of some alkaline earth
metals chloride (MgCl,, CaCl,, SrCl, and BaCl,) in
the reaction of various aromatic and aliphatic alde-
hydes, ethyl and methyl acetoacetate, with urea and
thiourea in acetic acid for the known and useful
Biginelli reaction (Scheme 1).

Results and discussions

Homogeneous catalysts have been offered a number
of important advantages over their heterogeneous
counterparts. For example, in homogeneous catalysis
all catalytic sites for reactants are accessible. There-
fore, they are higher yielding, more selective, reactive
and casily studied from chemical mechanistic aspects
for a single product, and more easily modified for
optimizing selectivity. One of main disadvantage of
homogeneous catalysis is the problem of product/
catalyst separations. This drawback makes hetero-
geneous catalysis a better choice for chemical indus-
tries.

The original one pot three-component synthesis of
3,4-dihydropyrimidin-2(1H)-ones was first reported
by Peitro Biginelli in 1893 wusing homogeneous
Bronsted acid catalysis (/2).
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Scheme 1. The synthesis of dihydropyrimidinones and thiones using metal earth chlorides

A serious limitation of this protocol is that it
produces low yields of desired heterocycles when
substituted aromatic and aliphatic aldehydes were
used. Since then, many heterogeneous catalysis has
been revealed for this important reactions which have
their own merits and drawbacks (/3-16). Further-
more environmental and economical aspects must be
the prime consideration to redesign commercially
important processes.

Alkaline earth metal chlorides not only are readily
available and inexpensive, but also exhibit substantial
stability and solubility. The exceptional feature of
using MgCl,, CaCl,, SrCl, and BaCl, is solubility in
acetic acid, as ions M>" and Cl' ™, which is an
inexpensive and available solvent. However the
products of Biginelli reactions are insoluble in this
solvent. These chances and opportunities can circum-
vent the problem of separation of product/catalyst in
homogeneous catalysis while keeping all of the
reaction’s other advantages.

We used the aforementioned alkaline earth metal
halides in the Biginelli reactions in catalytic amounts.

All of them nearly catalyzed this reaction at the same
conditions (Table 1). Our approaches preserved the
simplicity of heterogeneous catalyzed Biginelli reac-
tion not only from simple separation processes but
also consistently provide excellent yields (with an
error +/—2%).

It is noteworthy to mention that the boiling of the
reactants in acetic acid at reflux temperature without
catalysts resulted in poor yields of products even in
prolonged reaction times.

The reactions were examined in ethanol and
tetrahydrofuran under reflux conditions (Table 2).
The results in Table 2, showed that when we used
acetic acid as a solvent, the reactions proceeded under
milder conditions and with shorter reaction times in
comparison with using other solvents including
ethanol and THF. Using DMSO as a higher boiling
point solvent did not improve the yields and reaction
times. It is also noteworthy to mention that the
reactions are heterogenous in the presence of BaCl,,
SrCl,, MgCl, in THF, EtOH, and DMSO but
homogenous in acetic acid. We observed MgCl, as

Table 1. Metal earth alkaline chloride catalyzed synthesis of dihydropyrimidinones and thiones.

Time(min)/Yield% M. P. (°C)
MgC12 CaClz. SrClz. BaClz.

Entry R, R, X 6H,0 6H,0 6H,0 6H,0 Observed Reported

1 CeHs— OEt (0] 45/90 65/90 75/84 30/90 201-204 200202 (32)

2 4-Cl-C¢H4— " (0) 50/87 90/91 45/81 214-217 215-216 (32)

3 3-Nitro—-CgHy— " (0] 45/91 60/89 30/92 225-228 226-227 (28)

4 4-MeO-C¢Hy4— " (0] 60/86 60/83 60/89 60/86 202-204 201-202 (39)

5 C¢Hs CH =CH- " (0) 90/85 230-235 238-239 (39)

6 CH;CH,CH»— " (0] 90/88 152-154 153-155 (31)

7 CH;CH,— " (0] 75/93 171-174 170-172 (31)

8 (CH3),CH- " (0) 90/85 170-173 170-172 (31)

9 CgHs— " S 90/84 120/83 209-211 208-210 (39)
10 4-Cl-C¢Hy4— " S 60/82 120/78 191-195 192-195 (39)
11 4-MeO-C¢Hy4— " S 75/88 90/86 155-156 153-155 (37)
12 4-Me-CgH,4— OEt (0] 65/90 60/88 60/93 215-217 214-216 (37)
13 4-MeO-C¢Hy4— OMe (0] 60/87 60/91 60/85 191-193 192-194 (21)
14 CeHy4— " (0) 60/81 75/93 60/90 209-211 209-212 (31)
15 4-CI-C¢Hy4— " (0] 75/96 45/88 204-205 204-207 (21)
16 3-Br-C¢Hy4— OEt (0] 90/93 185-186 185-186 (31)
17 4-Nitro-CgH4— OMe (0) 60/87 236-238 235-237 (21)
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Table 2. Synthesis of 5-ethoxy carbonyl-4-phenyl-6-methyl-3,4-dihydropyrimidin-2(1H) one using solvents of lower and
higher boiling points than acetic acid in the presence of MCl, under reflux condition.

MgCl, Time/Yield

CaCl, Time/Yield

SrCl, Time/Yield BaCl, Time/Yield

Entry  Solvent (%) (%) (%) (%)

1 AcOH 45 min/90 60min/81 75min/93 60min/90
2 THF 9h/60 8h/70 10h/82 12.5h/75
3 EtOH 8h/50 7h/84 9h/91 12h/75

4 DMSO 2h/82 2h/75 3h/80 3/85

a heterogenous catalyst in THF and ethanol was
much more inferior than the other salts. However we
do not have reasonable comment for such a case.

The plausible mechanism is given below. In this
mechanism, (37) the first step of the reaction between
aldehyde 1 and urea (thiourea) 2 includes the forma-
tion of Schiffs base on the a-olefinic carbon of
tautomer followed by B-carbonyl carbon attack on
imine-carbon to give a six-member heterocyclic
compound, which on dehydration leads to our target
dihydropyrimidinones 4. By considering the alkaline
earth metal chlorides as Lewis acid, a tautomer 5 can
be formed and stabilized by an alkaline earth metal
chloride (Scheme 2).

In order to show the merits of this homogeneous
catalysis in comparison with some reported proto-
cols, using heterogeneous catalysis, we compared the
results of the formation of 5-ethoxy carbonyl-
4-phenyl-6-methyl-3,4-dihydropyrimidin-2(1H) one

PN

2
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OH X X
H
M — LN L
nor TN NH R! H/ NH, -Hx0 Rl/\\N/

(Entry 1, Table 1) in the presence of montmorillo-
nit-KSF, sulfuric acid, zeolite, heulandite, silica
sulfuric acid, BF3.0OEt,/CuCl, kaolin, and two het-
eropolyacids (Table 3). From the results given in
Table 3, the advantages of our method are evident,
regarding the yields of the reactions which are very
important in chemical industry especially when it is
combined with easy separation. Also, our protocol
has developed the synthesis of 5-ethoxy carbonyl-4-
phenyl-6-methyl-3,4-dihydropyrimidin-2(1H) one in
term of reaction times (Table 3).

It is worthwhile to mention the superior role of
acetic acid in these reactions as a solvent. It provides
a homogenous media for the reaction as it dissolves
both reagents and catalyst and makes the homoge-
nous conditions ready. In addition, after completion
of the reaction it can be neutralized, to dissolve the
inorganic salts and leave the organic materials more
separable by organic solvents. Another merit of this

NH,
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Scheme 2. The suggested mechanism for earth alkaline metals chloride homogeneous catalyzed Biginelli reaction.
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Table 3. The various catalysts, were used in one-pot three component synthesis of 5-ethoxy carbonyl-4-phenyl-6-methyl-3, 4-

dihydropyrimidin-2(1H) one.

Entry Catalyst Reference Yield (%) Condition Time(h)/6°C/Solvent
1 Montmorillonite-KSF 18 38 48 /100/H,O
2 Zeolite 17 21 12/reflux/toluene
3 Heulandite 4a 75 4-5/100/AcOH
4 12-tungestanphosphoric acid 4b 75 6-7/reflux/AcOH
5 12-Molybdophosphoric acid 20 80 5/reflux/AcOH
6 Silica Sulfuric acid 19 91 6/reflux/EtOH
7 BF;.0Et,/CuCl 21 71 18/reflux/THF
8 FAP? 22 18 70/reflux/toluene
9 ZnCl,/FAP " 90 "
10 CuCl,/FAP " 76 "
11 NiCl,/FAP " 73 "
12 p-Toluenesulfonic acid 23 90 0.25/r.t/water
13 I, 24 95 4/reflux/toluene
14 InBr; 25 98 7/reflux/THF
15 ZnCly 26 90 4/reflux/EtOH
16 RuCl, 27 91 0.5/100°C/—
17 NBS 28 94 10/reflux/EtOH
18 LaCl; 29 95 5/reflux/EtOH
19 LiClO, 30 89 5/reflux/MeCN
20 NiCl, 31 94 4/reflux/EtOH
21 CuCl,/CuSOy4 32 98 1/100°C/-
22 Bi(OTf); 33 90 1/r.t/MeCN
23 BiCl; 34 95 5/reflux/MeCN
24 FeCl3-6H,O 35 93.8 4/reflux/EtOH
25 KHSO, 36 95 0.5-2/100°C/Glycol
26 CdcCl, 37 83 4/reflux/MeCN
27 InCl; 38 75 7/reflux/THF
“Fluorapatite.

neutralization and separation from the environmental
point of view is to convert acetic acid to less
hazardous acetates.

Conclusion

In summary we have developed a high yielding and
relatively eco-friendly homogeneous catalysis of the
Biginelli reaction for the synthesis of dihydropyrimi-
dinones in excellent yields. The easy separation of
product/catalyst is the key factor of this methodology.

Experimental section

Melting points were read using Barenstead Electro-
thermal apparatus. IR spectra were recorded on
Bruker Tensor 27. IR spectrometer did scanning
between 4000-400cm~'. 'H NMR spectra were
obtained on Bruker AQS AVANCE-300MHZ
NMR instrument.

All starting materials purchased from Aldrich
Company and are used without more purification.
Also acetic acid was in reagent grade.

Preparation of 3,4-dihydropyrimidin-2(1H )-ones and
thiones: A typical procedure

In a three-neck round bottomed flask, equipped
with condenser and thermometer, an appropriate
aldehyde (1 mmol), ethyl acetoacetate or methyl
acetoacetate (1 mmol), urea or thiourea (1.2 mmol),
MgCl, (0.1 mmol), in acetic acid (5 mL) were stirred
at reflux temperature for 45-120 minutes (Table 1).
Upon completion of the reaction, monitored by
TLC (eluent: n-hexane: ethyl acetate, 4:1), the
reaction mixture was neutralized with 10% sodium
bicarbonate (15 mL). The residue was poured onto
crushed ice and was filtered to give the crude
product, which was further purified by recrystalliza-
tion from MeOH.

Physical and spectral data

5-Ethoxycarbonyl-4-phenyl-6-methyl-3,4-dihydro-
pyrimidin-2(1H)-one (entry 1). Solid: mp 201-204°C
(lit. (22) 200-202); IR (KBr disc) Vpay/cm ' 3414,
3230, 3109, 2936, 1702, 1649,1599; 'H NMR (300
MHz, DMSO-d6) &(Hz) 9.17(s, 1H), 7.72(s, 1H),
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7.21-7.32(m, 5H), 5.14(s, 1H), 3.98(q, 2H), 2.24
(S, 3H), 1.08(t, 3H).
5-Ethoxycarbonyl-4-(4-chlorophenyl)-6-methyl-3,
4-dihydropyrimidin-2(1H)-one (entry 2). Solid; mp
214-217°C (Lit. (I18) mp 215-216°C); IR(KBr disc)
Viax/cm 11 3419, 3246, 3112, 2980, 1708, 1646, 1487;
"H NMR (300 MHz, DMSO-d6) & (Hz) 9.23 (s, 1H),
7.75 (s, 1H), 7.38 (d, 2H), 7.24 (d, 2H), 5.14 (d, 1H),
3.97 (q, 2H), 2.24 (s, 3H), 1.08 (t, 3H).
5-Ethoxycarbonyl-4-(3-nitrophenyl)-6-methyl-3,
4-dihydropyrimidin-2(1H)-one (entry 3). Solid; mp
225-228°C (Lit. (28) mp 226-227°C); IR (KBr disc)
Vmax/cm ~ 113270, 1691, 1676, 1615, 1513; 'H NMR
(300 MHz, DMSO-d6) 6 (Hz) 9.37 (s, 1H), 7.9 (s, 1H),
8.09-7.64 (m, 4H), 5.29 (s, 1H), 3.98 (q, 2H), 2.26
(s, 3H), 1.07 (t, 3H).
5-Ethoxycarbonyl-4-(4-methoxylphenyl)-6-methyl-
3,4-dihydropyrimidin-2(1H)-one (entry 4). Solid;
mp 202-204°C (lit. (27)201-202); IR(KBr disc)
Vmax/CM ~ ' 3415, 3241, 3114, 2954, 1708, 1646,
1512; '"H NMR (300 MHz, DMSO-d6) & (Hz)
9.14(s, 1H), 7.66(s,1H), 7.14(d, 2H), 6.86(d, 2H),
5.08(d, 1H), 3.97(q, 2H), 3.71(s, 3H), 2.23 (s, 3H),
1.09 (t, 3H).
5-Ethoxycarbonyl-4-(cinnamyl)-6-methyl-3,4-di-
hydropyrimidin-2(1H)-one (entry 5). Solid; mp 230—
235°C (Lit. (39) mp 238-239°C); IR(KBr disc) vax/
cm 1 3383, 3215, 3105, 3012, 1700, 1646; 'H NMR
(300 MHz, DMSO-d6) 6 (Hz) 8.55 (s, 1H), 6.30 (s,
1H), 7.30-7.014 (m, 5H), 6.38(dd, 1H), 6.02(dd, 1H),
4.31 (s, 1H), 4.15(q, 2H), 2.28 (s, 3H), (t, 3H).
5-Ethoxycarbonyl-4-(n-propyl)-6-methyl-3,4-di-
hydropyrimidin-2(1H)-one (entry 6). Solid; mp 152—
154°C (Lit. (17) mp 153-155°C); IR(KBr disc) vax/
cm~': 3414, 3247, 3119, 1709, 1676, 1646; '"H NMR
(300 MHz, DMSO-d6) & (Hz) 8.55 (s, 1H), 6.30
(s, 1H), 4.31 (s, 1H), 4.15(q, 2H), 2.28 (s, 3H), 1.40-
1.59 (m, 4H), 1.28 (t, 3H), 0.90 (t, 3H).
5-Ethoxycarbonyl-4-(ethyl)-6-methyl-3,4-dihy-
dropyrimidin-2(1H)-one (entry 7). Solid; mp 209—
211°C (Lit. (31) mp 208-210°C),; IR(KBr disc)
Vpaxlcm ™~ 1: 3248, 3120, 2464, 1717, 1646, 1471; 'H
NMR (300 MHz, DMSO-d6) & (Hz) 8.24 (s, 1 H),
6.04 (s, 1 H), 4.19 (m, 1H), 4.08 (q, 2H), 2.20 (s, 3H),
1.52 (m, 2H), 1.19 (t, 3H), 0.83 (t, 3H).
5-Ethoxycarbonyl-4-(iso propyl)-6-methyl-3,4-di-
hydropyrimidin-2(1H)-one (entry 8). Solid; mp 170—
173°C (Lit. (17) mp 170-172°C); IR(KBr disc) Vipax/
cm ' 3413, 3237, 3106, 1700, 1646; "H NMR (300
MHz, DMSO-d6) 6 (Hz) 8.61 (s, 1 H), 6.31 (s, 1H),
4.23 (s, 1H), 4.16(q, 2H), 2.29 (s, 3H), 1.85 (m, 1H),
1.28 (t, 3H), 0.91 (d, 3H), 0.86 (d, 3H).
5-Ethoxycarbonyl-4-(phenyl)-6-methyl-3,4-dihy-
dropyrimidin-2(1H)-thione (entry 9). Solid; mp 209—
211°C (Lit. (35) mp 208-210°C); IR(KBr disc) vax/
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em~': 3416, 3229, 3104, 2939, 1701, 1650,1589; 'H
NMR (300 MHz, DMSO-d6) & (Hz) 8.89 (s, 1H),
7.72(s,1H), 7.21-7.32(m, 5H), 5.14( s, 1H), 3.98
(q, 2H), 2.24(S, 3H), 1.08(t, 3H).
5-Ethoxycarbonyl-4-(4-chlorophenyl)-6-methyl-3,
4-dihydropyrimidin-2(1H)-thione (entry 10). Solid;
mp 191-195°C (Lit. (35) mp 192-195°C); IR(KBr
disc) Vmax/cm ~ ' 3415, 3256, 3111, 2988, 1701, 1649,
1487; '"H NMR (300 MHz, DMSO-d6) & (Hz) 9.1
(s, 1H), 8.68(s, 1H), 7.38 (d, 2H), 7.24 (d, 2H), 5.14
(d, 1H),3.97 (q, 2H), 2.24 (s, 3H), 1.08 (t, 3H).
5-Ethoxycarbonyl-4-(4-methoxyphenyl)-6-methyl-
3,4-dihydropyrimidin-2(1H)-thione (entry 11). Solid;
mp 155-156°C (Lit. (37) mp 153-155°C); IR(KBr
disc) Vmax/cm ' 3157, 3122, 1710, 1651, 1596; 'H
NMR (300 MHz, DMSO-d6) & (Hz) 10.37 (s, 1H),
9.71(s, 1H), 7.27 (dd, 2H), 6.84 (dd, 2H), 5.90 (s, 1H),
4.03 (q, 2H), 3.73 (s, 3H), 2.30 (s, 3), 1.12 (t, 3H)
5-Ethoxycarbonyl-4-(p-tolyl)-6-methyl-3,4-dihy-
dropyrimidin-2(1H)-one (entry 12). Solid; mp 215—
217°C (Lit. (33) mp 214-216°C); IR(KBr disc) viax/
cm ™~ ': 3415, 3241, 3114, 2954, 1708, 1646,1512; 'H
NMR (300 MHz, DMSO-d6) & (Hz) 9.14(s, 1H),
7.66(s,1H), 7.14(d, 2H), 6.86( d, 2H), 5.08(d, 1H),
3.97(q, 2H), 3.71(s, 3H), 2.23 (s, 3H), 1.09 (t, 3H).
5-Methoxycarbonyl-4-(4-methoxyphenyl)-6-meth-
yl-3,4-dihydropyrimidin-2(1H)-one (entry 13). Solid;
mp 192-194°C (Lit. (17) mp 192-194°C); IR(KBr
disc) Vimax/cm ' 3415, 3247, 3111, 2953, 1719, 1683,
1512; "H NMR (300 MHz, DMSO-d6) & (Hz) 9.20 (s,
1H), 7.70 (s, 1H), 7.14 (d, J=8.4 Hz, 2H), 6.87 (d,
J=8.4Hz, 2H), 5.08 (d, / =2.8 Hz, 1H), 3.72 (s, 3H),
3.52 (s, 3H), 2.24 (s, 3H).
5-Methoxycarbonyl-4-phenyl-6-methyl-3,4-dihy-
dropyrimidin-2(1H)-one (entry 14). Solid; mp 209-
211°C (Lit. (17) mp 209-211°C); IR(KBr disc) viax/
em 't 3332, 3223, 3105, 2948, 1697, 1666; '"H NMR
(300 MHz, DMSO-d6) 6 (Hz) 9.24 (s, 1H), 7.70 (s,
1H), 7.34-7.22 (m,5H), 5.14 (d, J =2.8 Hz, 1H), 3.53
(s, 3H), 2.25 (s, 3H).
5-Methoxycarbonyl-4-(4-chlorophenyl)-6-methyl-
3,4-dihydropyrimidin-2(1H)-one (entry 15). Solid; mp
204-205°C (Lit. (I7) mp 205-207°C); IR(KBr disc)
Vimax/Cm 11 3364, 3221, 3103, 2947, 1712, 1636, 1494;
'H NMR (300 MHz, DMSO-d6) § (Hz) 9.30 (s, 1H),
7.82 (s, 1H), 7.40 (d, J =8.4 Hz, 2H), 7.25 (d, /=8.4
Hz, 2H), 5.14 (d, J=2.8 Hz, 1H), 3.53 (s, 3H), 2.25
(s, 3H).
5-Methoxycarbonyl-4-(3-bromophenyl)-6-methyl-
3,4-dihydropyrimidin-2(1H)-one (entry 16). Solid; mp
185-186°C (Lit. (37) mp 185-186°C); IR(KBr disc)
Vmax/cm 1 3416, 3228, 3113, 2976, 2932, 1705, 1654,
1613,1589; "H NMR (300 MHz, CDCI3) & (Hz) 9.26
(s, 1H), 7.78 (s, 1H), 7.22-7.45 (m, 4H), 5.14 (d, J =
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3.2 Hz, 1H), 3.95 (q, J=7.2 Hz, 2H), 2.25 (s, 3H),
1.09 (t, J=7.2 Hz, 3H).

5-Methoxycarbonyl-4-(4-nitrophenyl)-6-methyl-3,
4-dihydropyrimidin-2(1H)-one (entry 17). Solid; mp
236-238°C (Lit. (I17) mp 235-237°C); IR(KBr disc)
Vimax/cm 11 3364, 3222, 3113, 2949, 1717, 1640, 1516;
"H NMR (300 MHz, DMSO-d6) & (Hz) 9.41 (s, 1H),
8.22 (d, J=8.4 Hz, 2H), 7.93 (s, 1H), 7.51 (d, J=8.4
Hz, 2H), 5.27 (d, /=2.8 Hz, 1H), 3.54 (s, 3H), 2.27
(s, 3H).
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