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Abstract: The Biginelli one-pot three-component cyclocondensation was
applied in this work to prepare 3,4-dihydropyrimidinone and its analogues
using the first derivative of lead, Pb(NO;),, as a recycling catalyst, from a
diversity of aromatic aldehydes, f-ketoesters and urea. The reaction was carried
out in refluxing acetonitrile and afforded the target molecules in good to
excellent yields. The method offers several advantages including high yields of
the products, short reaction times and easy experimental workup procedure.

Keywords: Biginelli reaction, multi-component reactions (MCRs), Dihydropyrimidinones (DHPMs),
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Introduction

Heterocyclic moiety is an important structure in many bioactive natural products and
therapeutic compounds. In view of the increasing interest for the preparation of large
heterocyclic compounds libraries and beside the usual multi-step syntheses, multicomponent
reactions (MCRs) are becoming increasingly prevalent due to their improved efficiency,
simple procedure, one-pot character, quantitative yields of the target molecules and the high
and ever increasing number of accessible backbones.
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3,4-Dihydropyrimidin-2-(1H)-one (DHPM) first synthesized by the original multi-
component one-pot Biginelli reaction' in 1893, and its derivatives show a diverse range of
therapeutical properties and pharmacological activities” such as antimitotic’, analgesic®,
antiviral’, anticancer’, anti-inflammatory>*’ and antihypertensive agents®. Noteworthy, they
have served as integral backbones of several calcium channel modulators’. DHPMs were
also screened as neuropeptide antagonists®, agents in treating anxiety’, optic nerve
dysfunction'® and recently as antioxydant agents''. Further, the DHPMs scaffold is
contained in a number of natural products including batzelladine alkaloids A and B which
are found to inhibit the binding of HIVgp-120-CD4 cells'*".

Due to the importance of MCRs in combinatorial chemistry and the interesting
pharmacological properties associated with DHPMs structures, the Biginelli reaction has
received increasing attention and its scope has now extended considerably by variation of all
three building blocks, thus, several modified and improved procedures have been reported'”.

Among the diversity of methodologies reported in the literature, special attention has
been dedicated to:

-Lewis acids, namely, Yb (OTf);"°, InCly'°, VCI;", CuCl, 2H,0", LiBr'’, LiCIO*,
RuCl;*!, SnCl,.2H,0*, BF;.0EL”, ZrClL*, Y(NO,);.6H,0”, Cu(OTf),*, Cul”,
InBr;*®, B(OH);?, In(OTf);*°, PhB(OH),!, Fe(OAc),, Fe(OTf);** and HBE,>.

-Bronsted acids such as p-toluenesulfonic acid™, silica sulphuric acid®, potassium
hydrogen sulphate®®, formic acid®’ and chloroacetic acid™.

-Heteropoly acids such as 12-molybdophosphoric acid H;PMo,,04> and 11-molybdo-
1-vanadophosphoric acid H4PM011VO4040.
Even bakers’ yeast has been used as an efficient catalyst in Biginelli reaction®'.

Moreover, asymmetric syntheses of DHPMs using CeCl3/InCl; or Yb(OTT); as catalysts
in the presence of chiral ligands have been reported*”. These reactions can be carried out in
jonic liquids®, under solid or fluorous phase**, under microwave with polyphosphate
ester*® or ultrasound irradiations in the presence of NHZSO\;H47 or Mg(ClO4)248.

However, in spite of their potential utility, many of these methods generally require
strong acidic conditions, stoichiometric amount of the catalysts, expensive reagents,
prolonged reaction times and high temperatures. Thus, to avoid these limitations, we
describe in this report an effective and rapid method for the preparation of DHPMs using a

new catalytic agent Pb(NO;), in refluxed acetonitrile, (Scheme 1)
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Scheme 1
Experimental
Maretials and methods
Melting points were measured using a fine control Electro thermal capillary apparatus and are
uncorrected. 'H and “C NMR spectra were recorded on a BRUKER AVANCE DPX
spectrometer at 250 and 62.9 MHz, respectively. NMR spectra were obtained on solutions in
DMSO-dg. Chemical shifts are reported in parts of million (§ ppm) relative to TMS (3§ 0.0) as
internal standard and coupling constant (J) is reported in hertz (Hz). IR spectra were obtained
as potassium bromide (KBr) pellets with a Shimadzu FT IR-8201 PC spectrometer.
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General procedure

A mixture of aldehyde (1.0 mmol), S-ketoester (1.0 mmol), urea (1.5 mmol) and a catalytic
amount of Pb(NO;), (5 mol%) was refluxed in acetonitrile (3 mL) under magnetic stirring
for the appropriate time as indicated in Table 1. Upon completion of the reaction, as
indicated by TLC, the reaction mixture was cooled to room temperature, poured onto
crushed ice and additionally stirred for several minutes.

The resulting solid was filtered under suction, washed with cold ethanol (4 mL) and
recrystallized from hot ethanol to afford the pure product. In most cases, the crude product
was dried under vacuum pump and shown essentially the same purity as the recrystallized
sample. Finally, the aqueous phase was evaporated, and the catalyst Pb(NO;), was
recovered.

All compounds obtained according to this protocol were characterized and identified by their
melting points and NMR spectra in comparison to those reported in the literature. The
results are summarised in Table 1.

Physical and spectral data for all the compounds
5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-one: 4a

M.p. 206-207°C, 'H NMR (DMSO-dg): & (ppm)= 9.20 (s, 1H, NH), 7.78 (s, 1H, NH), 7.28
(s, SH, C4Hs), 5.14 (s, 1H, CH), 3.97 (q, J = 7.06 Hz, 2H, OCH,CH3), 2.25 (s, 3H, CH;),
1.09 (t, J = 7.06 Hz, 3H, OCH,CH;); *C NMR (DMSO-dq):  (ppm)= 165.7, 152.6, 148.8,
145.3, 128.8, 127.7, 126.7, 106,4, 59.6, 54.4, 18.2, 14.5; IR (KBr) (vya cm’) 3242, 3117,
2980, 1721, 1637, 1522, 1462, 1288, 1092, 770.

5-Ethoxycarbonyl-6-methyl-4-(2-methylphenyl)-3,4-dihydropyrimidin-2(1H)-one: 4b
M.p. 202-204°C, "H NMR (DMSO-de): & (ppm)= 9.18 (s, 1H, NH), 7.82 (s, 1H, NH), 7.15-
7.11 (m, 4H, C¢H,), 5.39 (s, 1H, CH), 3.97 (q, J = 7.06 Hz, 2H, OCH,CH3), 2.40 (s, 3H,
C¢H,-CH3), 2.28 (s, 3H, CH3), 0.98 (t, J= 7.06 Hz, 3H, OCH,CH;); °*C NMR (DMSO-dg) &
(ppm)= 165.3, 151.6, 148.4, 143.3, 134.7, 130.1, 127.2, 126.6, 93.3, 59.1, 50.6, 18.7, 17.7,
13.9; IR (KBr) (Ve cm™) 3248, 3117, 2975, 1722, 1630, 1532, 1462, 1283, 1092, 768.

5-Ethoxycarbonyl-4-(2-methoxyphenyl)-6-methyl-3,4-dihydropyrimidin-2(1H )-one: 4c
M.p. 258-259°C, 'H NMR (DMSO-dg): & (ppm)= 9.12 (s, 1H, NH), 7.56 (s, 1H, NH), 7.33-
7.24 (m, 1H, CH,yy), 7.07-7.01(m, 2H, CH,,,,), 6.93-6.57(m, 1H, CH,om), 5.58 (s, 1H, CH),
4.04 (g, J = 7.04 Hz, 2H, OCH,CH; ), 3.87(s, 3H, OCH3), 2.07 (s, 3H, CHs), 1.06 (t, J =
7.04 Hz, 3H, OCH,CH;); °C NMR (DMSO-d¢): & (ppm)= 165.6, 156.6, 152.6, 148.5,
131.8, 129.3, 127.1, 120.3, 111.0, 108.2, 65.0, 55.2, 49.1, 14.8, 14.3; IR (KBr) (Ve cm’™)
3224,3109, 2928, 2848, 1721, 1677, 1522, 1432, 1274, 759.

5-Ethoxycarbonyl-6-methyl-4-(3-hydroxy-4-methoxyphenyl)-3,4-dihydropyrimidin-
2(1H)-one: 4d

M.p. 186-188°C. 'H NMR (DMSO-dq): & (ppm) = 9.12, (s, 1H, OH), 8.92 (s, 1H, NH), 7.61
(s, 1H, NH), 6.77-6.65 (m, 3H, C¢H;), 5.04 (s, 1H, CH), 4.05 (q, J = 7.04 Hz, 2H,
OCH,CH,) 3.72 (s, 3H, OCH}), 2.24 (s, 3H, CH;), 1.12 (t, J = 7.04 Hz, 3H, OCH,CH,); °C
NMR (DMSO-dg): 6 (ppm)= 165.8, 152.7, 148.2, 147.3, 146.7, 138.0, 117.3, 114.1, 112.4,
100.1, 59.6, 56.1, 53.8, 18.2, 14.5; IR (KBr) (Vs cm™) 3242, 3117, 2980, 2906, 1728, 1639,
1532, 1460, 1278, 1092, 767.
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5-Ethoxycarbonyl-4-(3-methylphenyl)6-methyl-3,4-dihydropyrimidin-2(1H)-one: 4e
M.p. 228-230°C, 'H NMR (DMSO-de): & (ppm) = 9.18 (s, 1H, NH), 7.82 (s, 1H, NH), 7.12-7.00
(m, 1H, CH,), 5.25 (s, 1H, CH), 3.97 (q, J = 7.06 Hz, 2H, OCH,CHj), 2.30 (s, 3H, C¢H,-
CH3), 2.20 (s, 3H, CH3), 1.09 (t, J = 7.06 Hz, 3H, OCH,CH;); *C NMR (DMSO-dq): § (ppm) =
165.6, 153.9, 148.4, 144.6, 137.9, 128.9, 128.4, 127.4, 123.9, 114.8, 62.0, 54.6, 24.8, 17.1, 14.9;
IR (KBr) (Ve cm’') 3252, 3117, 2980, 2880, 1725, 1639, 1520, 1472, 1285, 1072, 775.

5-Ethoxycarbonyl-4-(4-methoxyphenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 4f
M.p. 200-202°C, 'H NMR (DMSO-dg): § (ppm)= 9.17 (s, 1H, NH), 7.68 (s, 1H, NH), 7.14
(d, J = 8.7 Hz, 2H, CH,,,,), 6.83 (d, J = 8.7 Hz, 2H, CH,,.,,n), 5.07 (s, IH, CH), 4.01 (g, J =
7.1 Hz, 2H, OCH,CHy), 3.70 (s, 3H, OCH;), 2.23 (s, 3H, CH;), 1.20 (t, J = 7.1 Hz, 3H,
OCH,CH;); °C NMR (DMSO-dg): & (ppm)= 165.2, 158.2, 152.0, 147.4, 136.9, 127.1,
113.2,99.5, 58.6, 54.6, 53.3, 17.5, 13.8; IR (KBr) (Via cm’) 3242, 3109, 2980, 2848, 1721,
1677, 1532, 1472, 1268, 1112, 759.

4-(3-Chlorophenyl)-5-ethoxycarbonyl-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 4g
M.p. 190-193°C, 'H NMR (DMSO-dy): & (ppm) = 9.24 (s, 1H, NH), 7.77 (s, 1H, NH), 7.36-
7.17 (m, 4H, CgH,), 5.14 (s, 1H, CH), 3.98 (q, J = 7.0 Hz, 2H, OCH,CHy), 2.24 (s, 3H,
CH;), 1.08 (t, J = 7.0 Hz, 3H, OCH,CH;); *C NMR (DMSO-dg): & (ppm)= 165.2, 151.9,
148.9, 147.2, 132.9, 130.4, 127.2, 126.2, 124.9, 98.7, 59.3, 53.6, 17.8, 14.0; IR (KBr) (Vyax
em™) 32753167, 2990, 1781, 1687, 1572, 1492, 1300, 1192, 778.

5-Ethoxycarbonyl-6-methyl-4-(4-methylphenyl)-3,4-dihydropyrimidin-2(1H)-one: 4h
M.p. 213-215°C, '"H NMR (DMSO-d6): § (ppm)= 9.15 (s, 1H, NH), 7.80 (s, IH, NH), 7.10
(s, 4H, CH,), 5.09 (s, 1H, CH), 3.96 (q, J =7.1 Hz, 2H, OCH,CHs), 2.33 (s, 3H, C¢H,-CH),
2.23 (s, 3H, CH;), 1.08 (t, J =7.1 Hz, 3H, OCH,CHj;); °C NMR (DMSO-dy): & (ppm) =
165.3, 152.2, 148.1, 141.9, 136.3, 128.8, 126.1, 99.5, 59.1, 53.7, 20.6, 17.7, 14.1; IR (KBr)
(Vmax cm’) 3252, 3117, 2980, 1702, 164 7, 1522, 1462, 1228, 1092, 780.

5-Ethoxycarbonyl-4-(3-fluorophenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 4i
M.p. 208-210°C, 'H NMR (DMSO-dq): & (ppm)= 9.31 (s, 1H, NH), 7.80 (s, 1H, NH), 7.34-
7.10 (m, 4H, C4H,), 5.20 (s, 1H, CH), 4.10 (q, J = 6.9 Hz, 2H, OCH,CHj), 2.25 (s, 3H,
CH3), 1.15 (t, J = 6.9 Hz, 3H, OCH,CH;); *C NMR (DMSO-dq): § (ppm) = 165.6, 164.5,
160.6, 152.4, 149.3, 148.0, 130.9, 122.6, 114.0, 113.5,99.1, 59.7, 18.2, 14.5; IR (KBI) (Vg cm’)
3348, 3228, 2935, 2815, 1721, 1637, 1522, 1462,1400, 1288, 1092, 1000, 770.

5-Ethoxycarbonyl-4-(4-hydroxyphenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 4j
M.p. 228-230 °C, 'H NMR (DMSO-d): & (ppm)= 9.18, (s, 1H, OH), 8.91(s, 1H, NH), 7.79
(s, 1H, NH), 7.19-6.89 (m, 4H, C4H,), 5.37 (s, 1H, CH), 3.99 (q, J = 7.0 Hz, 2H, OCH,CHs),
2.41 (s, 3H, CH;), 1.05 (t, J =7.0 Hz, 3H, OCH,CH;); *C NMR (DMSO-de): & (ppm)=
168.5, 158.9, 152.5, 148.3, 136.7, 128.1, 114.3, 110.1, 63.7, 55.5, 15.6, 13.7.

5-Ethoxycarbonyl-4-(2-furyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 4k

M.p. 205-206°C, 'H NMR (DMSO-dy): & (ppm)=9.26 (s, 1H, NH), 7.77 (s, 1H, NH), 7.64 (s,
1H, CHyom), 6.36 (s, 1H, CHyom), 6.11 (s, 1H, CHyom), 5.22 (s, 1H, CH), 4.02 (q, J = 7.04 Hz,
2H, OCH,CHjy), 2.43 (s, 3H, CH;), 1.09 (t, J = 7.04 Hz, 3H, OCH,CH;); "*C NMR (DMSO-
de): & (ppm)= 165.9, 156.2, 152.8, 150.0, 142.6, 110.7, 105.7, 97.0, 58.0, 51.3, 20.9, 18.1; IR
(KBr) (vimax cm™) 3317, 3116, 2925, 1725, 1639, 1431, 1342, 1238, 1087, 761.
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5-Acetyl-4-(2-methoxyphenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 41

M.p. 252-254°C, "H NMR (DMSO-de): & (ppm)= 9.17 (s, 1H, NH), 7.38 (s, 1H, NH), 6.88-
7.25 (m, 4H, C¢H,), 5.50 (s, 1H, CH), 3.80 (s, 3H, OCHj3), 2.26 (s, 3H, COCHj3), 2.02 (s, 3H,
CH;). °C NMR (DMSO-d): § (ppm)= 195.0, 156.7, 152.6, 148.6, 131.5, 129.4, 127.2,
120.8, 111.7, 108.2, 55.8, 49.1, 30.1, 19.1; IR (KBr) (Vmax cm™) 3224, 3109, 2929, 2848,
1679, 1602, 1461, 1436, 1384, 1321, 1278, 1092, 759.
5-Acetyl-6-methyl-4-(3-methyphenyl)-3,4-dihydropyrimidin-2(1H)-one: 4m

M.p. 256-258°C, '"H NMR (DMSO-dy): & (ppm) = 9.18 (s, 1H, NH), 7.82 (s, 1H, NH), 7.25-
7.10 (m, 4H, CeH,), 5.25 (s, 1H, CH), 2.30 (s, 6H, C¢H,-CH;, COCHj), 2.15 (s, 3H, CH,);
3C NMR (DMSO-de): 8 (ppm) = 195.0, 152.5, 148.0, 145.0, 137.5, 130.0, 129.5, 127.5,

125.0, 110.0, 54.0, 30.0, 22.0, 18.5; IR (KBr) (Vi cm’") 3368, 3122, 2931, 2734, 1706,
1595, 1382, 1330, 786.

5-Acetyl-6-methyl-4-(2-nitrophenyl)-3,4-dihydropyrimidin-2(1H)-one: 4n
M.p. 235-237°C, 'H NMR (DMSO-d¢): § (ppm)= 9.38 (s, 1H, NH), 8.13-8.11 (m, 2H,
CHgom), 7191 (s, 1H, NH), 7.66-7.61 (m, 2H, CH,,,), 529 (s, 1H, CH), 2.26 (s, 3H,

COCH3), 2.15 (s, 3H, CH;); C NMR (DMSO-dg): & (ppm)= 196.5, 156.8, 147.0, 137.5,
137.0, 134.4, 128.0, 127.4, 123.4, 115.4, 39.1, 22.6, 17.3.

5-Acetyl-4-(4-methoxylphenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 40

M.p. 182-183 °C, 'H NMR (DMSO-dg): 8 (ppm)= 9.17 (s, 1H, NH), 7.78 (s, 1H, NH), 7.19-
7.13 (m, 2H, CH,,,,), 6.91-6.85 (m, 2H, CH,,,, ), 5.21 (s, 1H, CH), 3.74 (s, 3H, COCH),
2.29 (s, 3H, OCH;), 2.09 (s, 3H, CH;); °C NMR (DMSO-d¢): & (ppm) = 195.0, 158.9,
152.6, 148.4, 136.7, 128.1, 114.3, 110.1, 55.5, 53.7, 30.6, 19.3.
5-Acetyl-6-methyl-4-(2-thienyl)-3,4-dihydropyrimidin-2(1H)-one: 4p

M.p. 223-224°C, 'H NMR (DMSO-dg): & (ppm) = 9.36 (s, IH, NH), 8.01 (d, 1H, NH), 7.37-
7.35 (m, 1H, CH,,,,), 7.01-6.93 (m, 2H, CH,,,,,), 5.54 (d, 1H, CH), 2.35 (s, 3H, COCH),

2.13 (s, 3H, CH;); °C NMR (DMSO-de): & (ppm) = 194.3, 152.7, 149.0, 148.7, 127.2,
125.3, 124.4, 110.9, 49.6, 30.6, 19.3.

Results and Discussion

We would like to disclose here our preliminary results using the inexpensive, easily available
and recovered catalyst, Pb(NOs), for the preparation of 3,4-dihydropyrimidin-2(1H)-ones.

It is noted that this catalyst is the first derivative of lead employed to promote the
Biginelli reaction. Therefore, it will be the leader file of other lead derivatives which have
never been the subject of investigation up to now.

In order to improve yields, some experimentation with respect to the molar ratio of reactants
and the nature of the solvent were examined. The best results to produce good to excellent yields
(70-96%) of dihydropyrimidinone 4, were achieved on using a 1/1.5/1 molar ratio of
aldehyde 1, urea 2 and 1,3-dicarbonyl compound 3 in the presence of 5 mol% of Pb(NOs), in
one-pot condensation employing refluxing CH;CN (Scheme 1). The results are summarized in
Table 1. Apparently, under these conditions, the nature of the substituent in the aromatic moiety
does not affect significantly the yield of the reactions. As can be seen from data in Table 1, in all
cases studied, the three-component reaction with both aromatic aldehydes carrying either
electron-donating or electron-withdrawing substituents, heteroaromatic aldehydes and even alkyl-
substituted aromatic  aldehydes, proceeded smoothly giving the corresponding
dihydropyrimidinones in high yields.
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Further, instead of ethyl acetoacetate, acetyl acetone was used as the 1,3-dicarbonyl
compound without loss of efficiency (Table 1, products: 4/-p).

Table 1. Pb(NO;), catalysed synthesis of Biginelli 3,4-dihydropyrimidinones.

. . . Yield, % M.P, °C
DHPM 4 R R, Time, min A B Found® Reported
4a CeHs OEt 30 9 787  206-207 206-207"
4b 2-Me-C¢H, OEt 95 89 202-204 208-210*
4c 2-MeO-CgH, OEt 30 84 258-259  257-259%7
4d (3-HO, 4-MeO)-C¢H; OEt 60 60 186-188  185-187%
4° 3-Me-C¢H, OEt 10 75 228-230 :
4f 4-MeO-CgH, OEt 180 89 61 200-202 200-201%
4g 3-Cl-C¢H, OEt 08 70 56 190-193 193-195%
4h 4-Me-CgH, OEt 10 69 213-215  215-216%
4i 3-F-C4H, OEt 140 96 208-210 :
4j 4-HO-CgH, OEt 40 70 67 230-232  228-230%
4k 2-Furyl OEt 90 70 36%  205-207 203-205%
4] 2-MeO-CgH, Me 60 72 252-254 :
4m 3-Me-C¢H, Me 22 70 256-258
4n 2-NO,-C¢H, Me 15 70 234-236 -
40 4-MeO-CgH, Me 90 88 182-184 178-180"
4p 2-Thienyl Me 120 72 223-224 :

“All products were characterized by 'H, >C NMR and IR spectroscopy.
*Method A: using our new conditions (cat. Pb(NO3), in CH;CN, Reflux).
“Method B: Classical Biginelli conditions (cat. HCI in EtOH, reflux 18h)
Melting points are uncorrected.

For comparison purposes, yields obtained for 4a, 4f, 4g, 4j and 4k using the traditional
Biginelli conditions (EtOH/HCI, reflux, method B) are given in Table 1. As can be seen,
the present method (PbN(O3),/CH;CN, reflux, method A) produced higher yields in shorter
reaction times than the classical Biginelli method.

Conclusions

In conclusion, we have developed an efficient and simple method for the direct preparation
of substituted 3,4-dihydropyrimidin-2-(1H)-ones via the Biginelli reaction using Pb(NO;),
as a recovered catalyst in good yields and short reaction times from readily available starting
materials.
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