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Abstract. Dicalcium phosphate dihydrate (DCPD) was used as a
green and reusable catalyst in order to synthesized two important cat-
egories of heterocycles, 3,4-dihydropyrimidin-2-ones and 3,4-dihy-
dropyrimidin-2-thiones. The advantages of our method are as follow:
short reaction times, green process, reduced environmental hazards
and high isolated yield of products.
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Resumen. Se empled el fosfato dicélcico dihidratado (DCPD) como
catalizador verde y reusable para sintetizar dos importantes catego-
rias de heterociclos, 3,4-dihidropirimidin-2-onas y 3,4-dihidropirimi-
din-2-tionas. Nuestro método presenta las siguientes ventajas: tiempos
de reaccion cortos, proceso verde, peligros ambientales reducidos y
altos rendimientos de los productos aislados.

Palabras clave: Catalizador heterogéneo; Proceso verde; Fosfato di-
calcico; 3,4-Dihidropirimidin-2-onas; 3,4-Dihidropirimidin-2-tionas.

Introduction

Multicomponent reactions (MCRs) are of great importance in
both organic and medicinal chemistry for various reasons [1].
They offer significant advantages compared to conventional
synthesis. Thus, MCR condensations involve three or more
compounds that react in a one-pot reaction to form a new prod-
uct. The Biginelli reaction is one of the most important multi-
component reactions for the synthesis of dihydropyrimidinones,
consisting in the acid catalyzed cyclocondensation reaction of
an aldehyde, a B-ketoester and a urea (or thiourea) [2]. Over the
past decade, dihydropyrimidin-2-ones (DHPMs) and deriva-
tives have attracted considerable attention in organic and me-
dicinal chemistry because of their pharmacological and
therapeutic properties [3]. Some derivatives have emerged due
to their potential antiviral, antitumor, antibacterial and anti-in-
flammatory activities [3-5]. More recently, functionalized DH-
PMs are considered potent calcium channel blockers [6],
antihypertensive agents [7], adrenergic antagonists [8] and neu-
ropeptide Y (NPY) antagonists [9]. The original Biginelli proto-
col for the DHMPs preparation consisted of heating a mixture
of the three components (lequiv of an aldehyde 1, 1 equiv of
B-keto ester 2, and 1.5 equiv of urea 3), in ethanol with a cata-
lytic amount of HCI1 [2,4]. This procedure leads in one-pot reac-
tion to the desired DHMPs, but in low yields, particularly for
substituted aromatic and aliphatic aldehydes [7].

The Biginelli condensation is also performed using Lewis
acids such as BF;OEt,, polyphosphate esters, and reagents like
InCl;, Mn(OAc),, trimethylsilyltriflate, LaCl;-7H,0, Ce-
Cl;-7H,0, LiClO,, Yb(OTf);, ZrCly, or ZrOCl,, among others
[8,10-24], STO/AI-P [25]. FeCly/Nanopore silica [26],
PhB(OH), [27], Cu(NH,SO;), [28], Fe;0, nanoparticles [29],
sulfonated carbon materials (SCMs) [30], N-acetyl glycine
(NAG) [31-32], Yb(OTY); [33], 3-[(3-(trimethoxysilyl)propyl)
thio]propane-1-oxy-sulfonic acid (TMSPTPOSA) [34],
Fe(OTs);-6H,0 [35], 3-(2-carboxybenzoyl)-1-methyl-1H-im-
idazolium chloride [Cbmim]Cl [36], Boehmite nanoparticles
[37], TiO,-CNTs [38] and HPW,,V,0,,/Pip-SBA-15 [39].
However, many of these methods use longer reaction times,
strong acidic conditions and stoichiometric amounts of cata-
lysts.

In the present study, we report a green and valid procedure
for the synthesis of 3,4-dihydro pyrimidin-2-ones via one-pot
condensation of aromatic aldehydes, acetylacetone or ethyl ac-
etoacetate and urea or thiourea in the presence of dicalcium
phosphate dihydrate (DCPD) [40] as a heterogeneous catalyst.

Results and Discussion

Dicalcium phosphate dihydrate (DCPD) was synthesized by
double decomposition of calcium nitrate tetrahydrate and
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ammonium dihydrogenophosphate. After 2 h of maturation, the
suspension was filtered, washed and freeze dried. The appropri-
ate physical methods which should be used to confirm the iden-
tity of the product are IR absorption spectroscopy, XRD,
elemental analyses of calcium and phosphate concentrations,
scanning electron microscopy, and specific surface by BET [40].

The choice of appropriate reaction conditions is important
for a successful synthesis. To study the effect of catalyst on the
reaction, the one-pot condensation of benzaldehyde 1la
(1 mmol), acetylacetone 2 (1 mmol) and urea 3 (1.5 mmol) was
chosen as a model reaction in the presence of 5 mol% dicalcium
phosphate dihydrate (DCPD) at reflux conditions in EtOH
(Scheme 1). The efficiency of the condensations was mainly
affected by the amount of the catalyst. Biginelli reaction in the
absence of catalyst (Table 1, entry 1) was found to be very slow
and gave a poor yield of DHPM (39 % isolated) after a longer
reaction time (45 min), while good results were obtained in the
presence of DCPD. The optimal amount of the catalyst was 7
mol% (Table 1, entry 6), whereas a higher amount of the cata-
lyst did not increase the yield noticeably (Table 1, entry 7).

In order to optimize the reaction conditions, various sol-
vents such as EtOH, MeOH, butanol, isopropanol, CH;CN,
AcOEt, THF and solvent-free conditions in the presence of
DCPD as the catalyst were used (Table 1). Reaction in CH;CN
and AcOEt gave low product yields even after 35 min (Table 1,
entries 11 and 13). The yields were moderate in case of metha-
nol, butanol, isopropanol, THF and solvent-free condition. The
best results were obtained when the reaction was carried out in
ethanol at reflux for 35 min in the presence of 7 mol% of cata-
lyst (Table 1, entry 6).

After the condensation, the DCPD catalyst was filtered,
washed with EtOH and dried in vacuum oven at 100 °C. The
activity of the recovered catalyst did not decrease appreciably
even after six consecutive runs, and no significant loss of con-
version was observed, depicting the high stability of the cata-
lyst under the reaction conditions (Table 2).

The generality of reaction was studied under optimal con-
ditions by varying the structure of aldehyde (Scheme 2). As the
data in Table 3 show, the catalyst was highly efficient for the
reaction and all aromatic aldehydes (containing electron-with-
drawing substituents or electron-donating substituents) afford-
ed the corresponding products in high yields within short
reaction times.

The efficiency of our newly synthesized catalyst for the
synthesis of 3,4-dihydropyrimidin-2-ones and 3,4-dihydro-

1 2 3

H,N~ “NH,
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Table 1. Optimization of the reaction conditions.?

DCPD Solvent Yield"
Entry (mol %) (10 mL) Time (min) (%)
1 -- EtOH 45 39
2 1 EtOH 35 67
3 4 EtOH 35 91
4 5 EtOH 35 91
5 6 EtOH 35 92
6 7 EtOH 25 98
7 8 EtOH 35 97
8 7 MeOH 35 64
9 7 Butanol 35 65
10 7 Isopropanol 35 63
11 7 CH;CN 35 51
12 7 THF 35 71
13 7 AcOEt 35 60
14 7 Solvent-free 35 64

# Reaction conditions: benzaldehyde (1a) (1 mmol), acetylacetone
(2a) (1 mmol), urea (3a) (1.5 mmol), DCPD, 10 mL solvent at reflux.
b Isolated yield.

Table 2. Reusability of the catalyst in the synthesis of 3,4-dihydropy-
rimidin-2-one 4a.

Run Yield (%)*
1 98
2 97
3 96
4 96
5 94
6 94

 Tsolated yields.

CH;

7 mol % (DCPD) _ HN l o
10 mL EtOH, reflux

OJ\H CH;

4a

Scheme 1. Synthesis of 3,4-dihydropyrimidin-2(1H)-one 4a catalyzed by dicalcium phosphate dihydrate (DCPD).
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1 2 3 4a-h
Scheme 2. Synthesis of 3,4-dihydropyrimidin-2(1H)-ones/thiones derivatives catalyzed by DCPD.
Table 3. Synthesis of pyrimidin-2-ones/thiones in the presence of DCPD catalyst.
Entry R, R, X Time (min) Yield® %

4a H Me o 25 98

4b H OEt (0] 68

4c Cl OEt (0] 71

4d Cl OEt S 96

4e NO, OEt (0] 89

4f MeO OEt (0] 15 88

4g MeO OEt S 10 90

4h N(Me), OEt (0] 5 97
 Isolated yields.

Table 4. Comparison of the catalytic efficiency of DCPD with other catalysts in the preparation of 3,4-dihydropyrimidin-2-ones via Biginelli

reaction.

Entry Catalyst Solvent Time Yield% Ref.
1 Calix arene sulfonic Acid Ethanol 20-48 min 46-93 [41]
2 (AL,(SO,),)-18H,0 PEG-400 3-150 min 35-96 [42]
3 Nano-YALOy:Eu** Ethanol 1,5-3h 71-92 [43]
4 N, N-diethyl-N-sulfo ethanammonium chloride Ethanol 15 min 84 [44]
5 [Et;N-SO;HJHSO, Solvent-free 15-100 min 81-96 [45]
6 SBA@BiPy Solvent-free 30-45 min 82-90 [46]
7 DCPD Ethanol 4-35 min 68-98 Present work

pyrimidin-2-thiones 4 was further evaluated by comparing its
performance with several other catalysts reported in the litera-
ture [41-46]. The results revealed that DCPD catalyst per-
formed much more effectively than others in terms of providing
a very short reaction time, mild conditions and a high yield of
the product (Table 4).

Conclusions
In summary, we have developed a convenient and highly effi-

cient method for the synthesis of 3,4-dihydropyrimidin-2-ones
and 3,4-dihydropyrimidin-2-thiones derivatives. The mild

reaction conditions, experimental simplicity, straight forward
purification procedures, excellent yields with short reaction
times, as well as the application of green chemistry principles,
are the advantages of this methodology.

Experimental Section

General procedure for the synthesis of catalyst (DCPD)

Dicalcium phosphate dihydrate (DCPD) was prepared by mix-
ing 50 mL of a 0.3 M solution of ammonium dihydrogenophos-
phate (NH,)H,PO,) with 50 mL of a 0.5 M solution of calcium
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nitrate tetrahydrate (Ca(NO;), 4H,0) at room temperature. Af-
ter 2 h of maturation, the precipitate was collected by vacuum
filtration, washed with deionized water and freeze dried over-
night.

Typical experimental procedure for the synthesis of
compounds 4a-h

A mixture of urea or thiourea (1.5 mmol), substituted benzalde-
hyde (1 mmol), B-ketoester (1 mmol) and dicalcium phosphate
dihydrate (DCPD) (7 mol %) in ethanol (10 ml) was heated to
reflux for a specified time (TLC monitoring). Solid precipitated
out from the reaction mixture was filtered, and recrystallized
from methanol to afford pure 3,4-dihydropyrimidin-2(1H)-ones/
thiones as yellow/white solids. The catalyst was recovered by
vacuum filtration during recrystallization and treated by the
procedure mentioned below.

The products prepared 4 are known compounds [22-28]
and were confirmed by comparing the 'H NMR and *C NMR
data with authentic samples reported in the literature.

5-Acetyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2-one
(4a). Mp 237-239°C (lit.[26] 238-239°C). 'H NMR (300 MHz,
DMSO-dg): 6 9.16 (s, IH,NH), 7.71 (s, 1H, NH), 7.20-7.30 (m,
5H, ArH), 5.12 (d, 1H, J = 3 Hz, CH), 2.22 (s, 3H, CH;); 1*C
NMR (75 MHz, DMSO-dy): 6 165.1, 152.6, 148.8, 145.3,
128.8,126.7,99.7, 54.4, 28.3, 14.5.

Ethyl 6-methyl-2-0x0-4-phenyl-1,2,3,4-tetrahydropyrimidine-
5-carboxylate (4b). Mp 208-210°C (lit.[23] 207-208°C). 'H
NMR (300 MHz, DMSO-d,): 69.16 (s, 1H, NH),7.71 (s, 1H,
NH), 7.21-7.32 (m, 5H, ArH), 5.12 (s, 1H, CH), 3.97 (q, J=7.4
Hz, 2H, OCH,), 2.22 (s, 3H, CH,), 1.10 (t, J = 7.4 Hz, 3H,
OCH,CH,); *C NMR (75MHz, DMSO-d): 6 165.8, 152.6,
148.8, 145.4,128.8, 127.7, 126.8, 99.7, 59.6 54.4, 18.2, 14.5.

Ethyl 4-(4-chlorophenyl)-6-methyl-2-o0xo0-1,2,3,4-tetrahydro-
pyrimidine-5-carboxylate (4¢). Mp 212-214°C (lit.[22] 212-
214°C). "H NMR (300 MHz, DMSO-d,): 4 9.28 (s, 1H, NH),
7.73 (s, 1H, NH), 7.09-7.55 (m, 4H, ArH), 5.57 (s, 1H, CH),
3.89 (q,J=7.3 Hz, 2H, OCH,), 2.27 (s, 3H, CH;), 0.98 (t, J =
7.3 Hz, 3H, OCH,CH;); *C NMR (75 MHz, DMSO-d¢): ¢
161.6, 150.0, 141.3, 133.0, 130.7, 129.2, 128.4, 97,9, 59.6,
51.6,18.1, 14.3.

Ethyl 4-(4-chlorophenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahy-
dropyrimidine-5-carboxylate (4d). Mp 186-188°C (lit.[25]
186-188°C). 'H NMR (300 MHz, DMSO-dg): 6 9.22 (s, 1H,
NH), 7.75 (s, 1H, NH), 7.21-7.38 (m, 4H, ArH), 5.12 (s, 1H,
CH), 3.97 (q,J=7.2 Hz, 2H, OCH,), 2.22 (s, 3H, CHj;), 1.07 (t,
J=17.2 Hz, 3H, OCH,CH,); *C NMR (75 MHz, DMSO-dy): §
165.6, 152.4, 149.1, 144.2, 132.2, 128.8, 128.6, 99.3, 59.7,
53.8,18.2, 14.5.

Ethyl 6-methyl-4-(4-nitrophenyl)-2-o0xo0-1,2,3,4-tetrahydro-
pyrimidine-5-carboxylate (4e). Mp 210-212°C (lit.[22]
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211-212°C). 'H NMR (300 MHz, DMSO-d¢):  9.32 (s, 1H,
NH), 8.20 (d, /=9 Hz, 2H),7.86 (s, 1H, NH), 7.47-7.56 (m, 4H,
ArH), 5.26 (s, 1H, CH), 3.97 (q,J = 7.4 Hz, 2H, OCH,), 2.24 (s,
3H, CH;), 1.09 (t, J = 7.4 Hz, 3H, OCH,CH,); '*C NMR (75
MHz, DMSO-dg): § 165.5, 158.1, 152.44, 149.8, 147.2, 139.6,
130.7, 128.1, 124.6, 98.7, 62.0, 59.9, 54.2, 18.3, 14.5.

Ethyl 4-(4-methoxyphenyl)-6-methyl-2-o0xo0-1,2,3,4-tetrahy-
dropyrimidine-5-carboxylate (4f). Mp 200-202°C (lit.[27]
200-202°C). 'H NMR (300 MHz, DMSO-d): 4 9.10 (s, 1H,
NH), 7,64 (s, 1H, NH), 6.83-7.13 (m, 4H, ArH ), 5.07 (s, 1H,
CH), 3.96 (q, J=7.5 Hz, 2H, OCH,), 3.69 (s, 3H, OCHj;), 2.21
(s, 3H, CH,), 1.07 (t, J = 7.5 Hz, 3H, OCH,CH;); *C NMR (75
MHz, DMSO-dg): 0 165.9, 158.9, 152.6, 148.5, 137.5, 127.9,
114.2, 100.0, 59.6, 55.5, 53.8, 18.2, 14.6.

Ethyl 4-(4-methoxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tet-
rahydropyrimidine-5 carboxyl -ate (4g). Mp 153-155°C (lit.
[27] 153°C). 'H NMR (300 MHz, DMSO-d): §9.12 (s, 1H,
NH), 7.63 (s, 1H, NH), 6.83-7.14 (m, 4H, ArH), 5,07 (s, 1H,
CH), 3.96 (q,J= 7.3 Hz, 2H, OCH,), 3.69 (s, 3H, OCH;), 2.21
(s, 3H, CH3), 1.10 (t,J= 7.2 Hz, 3H, OCH,CHj,); *C NMR (75
MHz, DMSO-d¢): 6 165.9, 158.9, 152.6, 148.5, 137.5, 137.5,
127.8, 114.2, 100.1, 59.6, 55.5, 53.8, 18.2, 14.5.

Ethyl 4-(4-(dimethylamino) phenyl)-6-methyl-2-oxo0-1,2,3,
4-tetrahydropyrimidine-5-car-boxylate (4h). Mp 228-230°C
(1it.[28] 228-230°C). 'H NMR (300 MHz, DMSO-dy): §9.06 (s,
1H, NH), 7.68 (s, 1H, NH), 6.61-7.56 (m, 4H, ArH), 5.01 (s,
1H, CH), 3.97 (q, J = 7.3 Hz, 2H, OCH,), 3.02 (s, 3H, NCH,),
3.02 (s, 3H, NCH;), 2.20 (s, 3H, CHy), 1.11 (t,J = 7.3 Hz, 3H,
OCH,CHj,); *C NMR (75 MHz, DMSO-d,): 6 190.4, 165.9,
152.8, 150.2, 147.9, 133.0, 127.4, 112.7, 111.5, 100.4, 59.6,
53.8, 18.2, 14.6.
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