
3,4-Dihydropyrimidin-2(1H)-one derivatives have attracted
considerable interest in recent times because of their promis-
ing activities as calcium channel blockers, antihypertensive
agents and α–1a-antagonists.1 Moreover, several alkaloids
containing the dihydropyrimidine unit which also exhibit
interesting biological properties,2 have been isolated from
marine sources. Therefore, many synthetic methods for
preparing such compounds have been developed.3 The most
simple and straightforward procedure, reported by Biginelli in
1893, involves one-pot condensation of ethyl acetoacetate,
benzaldehyde and urea with catalytic amount of acid in a pro-
tic solvent.4 However, this one-pot, one-step protocol often
provides only low to moderate yields of the desired target
molecules, in particular when substituted aromatic or aliphatic
aldehydes are employed. Improvements in such synthesis have
been sought continually, especially in recent years. Lewis
acids (such as BF3

. OEt2) in combination with transition met-
als and a proper proton source are effective catalysts for this
reaction.5 A polyphosphate ester was claimed to greatly
improve the yield of the process.6 Recently, it was reported
that the acidic clay montmorillonite KSF could catalyse this
reaction.7 More recently, lanthanide triflate,8 lanthanum chlo-
ride,9 and indium chloride10 were also reported as catalysts for
one-pot syntheses of dihydropyrimidinones.

During recent years, the use of lanthanide(III) compounds
as catalysts or promoters in organic synthesis has attracted
great interest from many chemists.11 For example, lanthanide
trichloride was used in combination with NaBH4,12 LiAlH4,13

or Grignard reagent14 for selective reduction or alkylation of
carbonyl compounds. Fukuzawa reported that CeI3 or
CeCl3/NaI could promote the aldol type reaction of α-haloke-
tones and aldehydes to give enones.15 We found that a similar
reaction could be efficiently promoted by SmI3.16 We also

found that samarium(III) iodide could promote Michael addi-
tion of active methylene compounds to α, β-unsaturated esters
to form δ-carbonyl esters,17 and the condensation of 
α-diketones or a-ketoesters with aldehydes to form benzyli-
dene-substituted α-diketones or α-ketoesters in fair yields.18

Herein we wish to report that SmCl3.6H2O can be utilised as
a very efficient catalyst for three component coupling reac-
tions of β-keto ester (1), aldehyde (2) and urea or thiourea (3)
to afford 3,4-dihydropyrimidin-2(1H)-ones (4) in high yields
(Scheme 1).

In a typical experimental procedure, a solution of β-keto
ester, aldehyde and urea or thiourea in ethanol was heated
under reflux in the presence of a catalytic amount of
SmCl3.6H2O (20 mol%) and one drop of conc. HCl for a cer-
tain period of time as required to complete the reaction (TLC).
The reaction mixture was then poured onto crushed ice and
the solid product separated was filtered and recrystallised. The
results are listed in Table 1.

From Table 1, we can see that both ethyl acetoacetate and
methyl acetoacetate participated in this reaction readily. A
variety of substituted aromatic aldehydes have been subjected
to this condensation very efficiently. Thiourea has been used
with similar success to provide the corresponding 3,4-dihy-
dropyrimidin-2(1H)-thiones which are also of much interest
with regard to biological activity.3 Thus, variations in all three
components have been accommodated comfortably. As for the
amount of the catalyst, we found that about 20 mol % of
SmCl3.6H2O in reflux ethanol is sufficient to push the reaction
forward. Higher amounts of SmCl3.6H2O did not improve the
result to a great extent. The yields are high regardless of the
structural variations in β-keto ester, aldehyde and urea or
thiourea. 
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Although the detailed mechanism of the above reaction has
not been clarified yet, it is proposed that 3,4-dihydropyrim-
idin-2(1H)-one derivatives (4) may be formed through the
usual mechanism proposed in the literature5 (Scheme 2), in
which the first step, the acid-catalyzed formation of an acyl
imine intermediate (5) formed by reaction of the aldehyde (2)
with urea or thiourea (3), is the key rate-limiting step.
Interception of the iminium ion by ethyl or methyl acetoac-
etate (1) produces an open-chain ureide (6) which subse-
quently cyclises to the 3,4-dihydropyrimidin-2(1H)-one (4).
Due to the empty orbital in the samarium ion, a complex of 1
and 6 with samarium(III) may be formed through a coordina-
tive bond and so be stabilised by samarium.

In conclusion, the present procedure of the synthesis of 3,4-
dihydropyrimidin-2(1H)-ones by SmCl3.6H2O catalysed con-
densation of β-keto ester, aldehyde and urea or thiourea
provides an efficient and much improved modification of
Biginelli’s reaction. With its simplicity and milder reaction
conditions, this procedure will offer an easy access to substi-
tuted dihydropyrimidin-2(1H)-ones and thiones with varied
substitution patterns in very high yields.

Experimental 

General experimental details: Melting points were obtained on an
electrothermal melting point apparatus and were uncorrected.

Infrared spectra were recorded on a Bruker Vector 22 spectrometer
using KBr pellets. 1H NMR spectra were recorded on a Bruker AC-
400 (400 MHz) spectrometer using DMSO-d6 solutions. J values are
in Hz. Chemical shifts are expressed in ppm downfield from internal
TMS. Mass spectra were recorded on a HP 5989B MS spectrometer.
Elemental analyses were performed on an EA-1110 instrument.

General procedure for the preparation of 3,4-dihydropyrimidin-
2(1H)-ones (4): A solution of β–keto ester (1, 5mmol), aldehyde (2,
5 mmol), urea or thiourea (3, 10 mmol), SmCl3.6H2O (1mmol) and
conc. HCl (one drop) in EtOH (15 ml) was heated under reflux for 6h.
After cooling, the reaction mixture was poured onto crushed ice. The
solid products were filtered off, washed with cold water and subse-
quently dried. All the products were characterised by their IR, 1H
NMR and MS spectral data (elemental analysis results are also pro-
vided for all the new compounds). 

5-(Ethoxycarbonyl)-6-methyl-4-phenyl-3,4-dihydropyrimidin-
2(1H)-one (4a): m.p. 201–203°C (lit.5, 202–204°C); IR 3248, 3147,
1718, 1697, 1611 cm–1; 1H NMR δ 9.19 (br s, 1H), 7.73 (br s, 1H),
7.23–7.34 (m, 5H), 5.14 (d, J = 2.8 Hz, 1H), 3.98 (q, J = 7.2 Hz, 2H),
2.25 (s, 3H), 1.09 (t, J = 7.2, 3H).

5-(Ethoxycarbonyl)-6-methyl-4-(4-methylphenyl)-3,4-dihydropy-
rimidin-2(1H)-one (4b): m.p. 214–216°C; IR 3269, 3172, 1708,
1687, 1638cm–1; 1H NMR δ 9.16 (br s, 1H), 7.69 (br s, 1H), 7.12 (m,
4H), 5.10 (d, J = 2.8 Hz, 1H), 3.98 (q, J = 7.2 Hz, 2H), 2.25 (s, 3H),
2.23 (s, 3H), 1.10 (t, J = 7.2, 3H); MS: m/z (%): 274 (M, 19), 245
(88), 201 (60), 183 (100), 137(54). Anal. Calcd. for C15H18N2O3: C,
65.68; H, 6.61; N, 10.21. Found: C, 65.54; H, 6.68; N, 10.30%.

5-(Ethoxycarbonyl)-6-methyl-4-(4-methoxyphenyl)-3,4-dihydropy-
rimidin-2(1H)-one (4c): m.p. 198–200°C (lit.5, 201–203°C); IR 3239,
3124, 1710, 1704, 1647cm–1; 1H NMR δ 9.12 (br s, 1H), 7.98 (br s,
1H), 7.12–6.93 (m, 4H), 5.11 (d, J = 2.8 Hz, 1H), 3.97 (q, J = 7.2 Hz,
2H), 3.65 (s, 3H), 2.25 (s, 3H), 1.09 (t, J = 7.2, 3H).

5-(Ethoxycarbonyl)-6-methyl-4-(4-nitrophenyl)-3,4-dihydropyrim-
idin-2(1H)-one (4d): m.p. 207–209°C (lit.5, 208–211°C); IR 3244,
3018, 1712, 1690, 1635 cm–1; 1H NMR δ 9.35 (br s, 1H), 8.23 (d, J =
8.5 Hz), 7.86 (br s, 1H), 7.52 (d, J = 8.5 Hz, 2H), 5.24 (d, J = 2.8 Hz,
1H), 3.99 (q, J = 7.2 Hz, 2H), 2.26 (s, 3H), 1.10 (t, J = 7.2, 3H).

5-(Ethoxycarbonyl)-6-methyl-4-(3-bromophenyl)-3,4-dihydropy-
rimidin-2(1H)-one (4e): m.p. 183–185°C (lit.19, 185–186°C); IR
3241, 3122, 1711, 1673, 1621 cm–1; 1H NMR δ 9.25 (br s, 1H), 7.78
(br s, 1H), 7.25–7.36 (m, 4H), 5.16 (d, J = 2.8 Hz, 1H), 3.98 (q, J =
7.2 Hz, 2H), 2.27 (s, 3H), 1.09 (t, J = 7.2, 3H). 

5-(Ethoxycarbonyl)-6-methyl-4-(4-chlorophenyl)-3,4-dihydropy-
rimidin-2(1H)-one (4f): m.p. 211–214°C (lit.5, 213–215°C); IR 3243,
3092, 1709, 1668, 1615 cm–1; 1H NMR δ 9.21 (br s, 1H), 7.76 (br s,
1H), 7.26–7.41 (m, 4H), 5.15 (d, J = 2.8 Hz, 1H), 3.98 (q, J = 7.2 Hz,
2H), 2.25 (s, 3H), 1.09 (t, J = 7.2, 3H).

5-(Methoxycarbonyl)-6-methyl-4-phenym-3,4-dihydropyrimidin-
2(1H)-one (4g): m.p. 206–209°C (lit.5, 209–212°C); IR 3328, 3015,
1702, 1684, 1621 cm–1; 1H NMR δ 9.22 (br s, 1H), 7.75 (br s, 1H),
7.26–7.37 (m, 5H), 5.15 (d, J = 2.8 Hz, 1H), 3.58 (s, 3H), 2.25 (s, 3H).

5-(Methoxycarbonyl)-6-methyl-4-(4-methylphenyl)-3,4-dihydropy-
rimidin-2(1H)-one (4h): m.p. 202–204°C; IR 3228, 2980, 1705,
1650, 1610 cm–1; 1H NMR δ 9.18 (br s, 1H), 7.70 (br s, 1H), 7.11 (m,
4H), 5.10 (d, J = 2.8 Hz, 1H), 3.52 (s, 3H), 2.26 (s, 3H), 2.24 (s, 3H);
MS: m/z (%): 260 (M, 18), 245 (44), 169 (100), 137 (71). Anal. Calcd.
for C14H16N2O3: C, 64.60; H, 6.20; N, 10.76. Found: C, 64.74; H,
6.34; N, 10.58%.

Table 1 Dihydropyrimidinones synthesized using new condi-
tion versus classical Biginelli conditions

Product X R1 R2 Isolated yield (%)

Aa Bb

4a O Et C6H5 91 789
4b O Et 4-(CH3)-C6H4 89 69c

4c O Et 4-(CH3O)-C6H4 90 619
4d O Et 4-(NO2)-C6H4 78 589
4e O Et 3-(Br)-C6H4 75 58c

4f O Et 4-(Cl)-C6H4 84 569
4g O Me C6H5 93 429
4h O Me 4-(CH3)-C6H4 87 40c

4I O Me 4-(CH3O)-C6H4 85 289
4j O Me 4-(NO2)-C6H4 72 419
4k O Me 3-(Br)-C6H4 75 49c

4l O Me 4-(Cl)-C6H4 85 569
4m S Et C6H5 78 709
4n S Me 4-(CH3)-C6H4 74 57c

4o S Me 3-(Br)-C6H4 70 51c

aMethod A: new reaction conditions (20mol% SmCl3.6H2O/HCl
in EtOH, reflux 6h).
bMethod B: classical Biginelli conditions (cat. HCl in EtOH
reflux 18h).9
cThis work.

Scheme 2

R2 N

H

X

NH2

Sm(III)

OR1

O O

H3C
1+R2 CHO

2 3

H2N

X

NH2

H
+

H2O
_

O

NH

R2
R1O2C

H3C
NH2

O

H2O
_

4

N

N H
R2

H

R1O2C

XH3C

5

6

Sm(III)



5-(Methoxycarbonyl)-6-methyl-4-(4-methoxyphenyl)-3,4-dihy-
dropyrimidin-2(1H)-one (4i): m.p. 190–193°C (lit.5, 192–194°C); IR
3234, 3100, 1698, 1657, 1608 cm–1; 1H NMR δ 9.16 (br s, 1H), 7.71
(br s, 1H), 7.13–6.87 (m, 4H), 5.10 (d, J = 2.8 Hz, 1H), 3.78 (s, 3H),
3.48 (s, 3H), 2.28 (s, 3H).

5-(Methoxycarbonyl)-6-methyl-4-(4-nitrophenyl)-3,4-dihydropy-
rimidin-2(1H)-one (4j): m.p. 233–236°C (lit.5, 235–237°C); IR 3250,
2980, 1715, 1670, 1626 cm–1; 1H NMR δ 9.35 (br s, 1H), 8.20 (d, J
= 8.7 Hz, 2H), 7.88 (br s, 1H), 7.47 (d, J = 8.7 Hz, 2H), 5.28 (d, J =
2.8 Hz, 1H), 3.49 (s, 1H), 2.25 (s, 3H).

5-(Methoxycarbonyl)-6-methyl-4-(3-bromophenyl)-3,4-dihydropy-
rimidin-2(1H)-one (4k): m.p. 229–231°C; IR 3230, 33026, 1701,
1650, 1610 cm–1; 1H NMR δ 9.30 (br s, 1H), 7.81 (br s, 1H),
7.21–7.46 (m, 4H), 5.14 (d, J = 2.8 Hz, 1H), 3.54 (s, 3H), 2.26 (s,
3H); MS: m/z (%): 326 (M+2, 3), 324 (M, 3), 169 (100), 137(51).
Anal. Calcd. for C13H13BrN2O3: C, 48.02; H, 4.03; N, 8.62. Found:
C, 48.15; H, 3.98; N, 8.54%.

5-(Methoxycarbonyl)-6-methyl-4-(4-chlorophenyl)-3,4-dihydropy-
rimidin-2(1H)-one (4l): m.p. 202–205°C (lit.5, 204–207°C); IR 3238,
3117, 1708, 1648, 1601 cm–1; 1H NMR δ 9.28 (br s, 1H), 7.78 (br s,
1H), 7.23–7.36 (m, 5H), 5.14 (d, J = 2.8 Hz, 1H), 3.54 (s, 3H), 2.25
(s, 3H).

5-(Ethoxycarbonyl)-6-methyl-4-phenyl-3,4-dihydropyrimidin-
2(1H)-thione (4m): m.p. 197–199°C (lit.20, 199–200°C); IR 3280,
3010, 1700, 1660, 1600 cm–1; 1H NMR δ 10.22 (br s, 1H), 9.41 (br s,
1H), 7.12–7.25 (m, 5H), 5.24 (d, J = 2.8 Hz, 1H), 4.00 (q, J = 7.2 Hz,
2H), 2.30 (s, 3H), 1.12 (t, J = 7.2, 3H).

5-(Methoxycarbonyl)-6-methyl-4-(4-methylphenyl)-3,4-dihydropy-
rimidin-2(1H)-thione (4n): m.p. 158–161°C; IR 3250, 2997, 1700,
1638, 1612 cm–1; 1H NMR δ 10.32 (br s, 1H), 9.63 (br s, 1H),
7.08–7.15 (m, 4H), 5.13 (d, J = 3.2 Hz, 1H), 3.55 (s, 1H), 2.28 (s,
3H), 2.26 (s, 3H); MS: m/z (%): 276 (M, 82), 261 (53), 217(46), 185
(100), 153(21). Anal. Calcd. for C14H16N2O2S: C, 60.85; H, 5.84; N,
10.14. Found: C, 60.66; H, 6.02; N, 10.15%.

5-(Methoxycarbonyl)-6-methyl-4-(3-bromophenyl)-3,4-dihydropy-
rimidin-2(1H)-thione (4o): m.p. 232–236°C; IR 3268, 3052, 1702,
1670, 1621 cm–1; 1H NMR δ 10.44 (br s, 1H), 9.70 (br s, 1H),
7.20–7.50 (m, 4H), 5.18 (d, J = 3.2 Hz, 1H), 3.56 (s, 3H), 2.30 (s,
3H); MS: m/z (%): 342 (M+2, 20), 340 (M, 20), 185 (100), 153(32).
Anal. Calcd. for C13H13BrN2O2S: C, 45.76; H, 3.84; N, 8.21. Found:
C, 45.64; H, 3.79; N, 8.24%.
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