RESEARCH ARTICLE Am. J. PharmTech Res. 2015; 5(6) ISSN: 2249-3387

AMERICAN JOURNAL OF
PHARMTECH RESEARCH

Journal home page: http://www.ajptr.com/

Synthesis and Characterization of 3,4-Dihydropyrimidin-2-(1H)-
ones: Development of Efficient Protocol for Biginelli Reaction using
Gel,

Chandra Mouleswararao Jillepalli*, Madhukar Jeripothula**
1. Department of Chemistry, Kakatiya University, Warangal, Telangana-506009, India.

ABSTRACT
A simple and efficient methodology for the synthesis of 3,4-dihydropyrimidin-2-(1H)-one

derivatives has been developed by the condensation of aldehydes, ethyl acetoacetate and urea

using Germanium (IV) iodide as catalyst. All the reactions were carried out at acetonitrile reflux
and completed within 2 to 5 hours of reaction with good yields. All the products were very clear
and confirmed by spectroscopy analysis.
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INTRODUCTION

Multicomponent condensation strategies offer significant advantages over conventional synthesis.

In 1893, Pietro Biginelli, Italian chemist reported a cyclocondensation between aldehydes, ethyl
acetoacetate and urea under strongly acidic conditions to obtain a heterocyclic system of
dihydropyrimidinone (DHPM), since then it become familiar as Biginelli reaction.! The DHPM
derivatives exhibits wide range of biological activities such as antibacterial, antiviral, antitumor,
anti-epileptic, anti-malarial, anti-tubercular and anti-inflammatory activities. Some of them have
been successfully used as calcium channel blockers, antihypertensive agents,? o-1a-antagonists and
neuropeptide antagonists. Moreover several alkaloids containing the DHPM core unit have been
isolated from marine source, which also shows interesting biological properties. Among the most
notable are the Batzelladine and Crambine alkaloids, which have been found to be potent HIV
gp-120-CD4 inhibitors.?
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Figure-1.Biologically active 3,4-dihydropyrimidinones
The biological importance of DHPMs attracted many researchers and academicians. Hence,

several attempts have been made to synthesize DHPM derivatives using various protocols of non-
conventional,” conventional methods by using various catalysts such as metal halides,>® metal
oxyhalides,” metal triflates,® polymer catalysts,® acid catalysts,’® base catalysts,** Borates,'? and
Proline.® But many of the methods suffer some drawbacks such as long reaction time, low yields,
tedious workup, procedures use of expensive catalysts. Therefore, the development of efficient,
inexpensive protocol is still in demand. As part of our research program, we have demonstrated a
simple and efficient methodology for the preparation of 3,4-dihydropyrimidi none derivatives by
the condensation of aldehydes, ethyl acetoacetate and urea in presence of Germanium (IV) iodide
at acetonitrile reflux.

MATERIALS AND METHOD:

Melting points were recorded on Buchi R-535 apparatus. IR spectra were recorded on Perkin-
Elmar (FT-IR 240-c) spectrophotometer using KBr disk. *H NMR-Spectra were recorded on

Gemini spectrometer in CDClI3 using TMS as internal standard and teta-values are expressed in
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ppm. Mass- spectra were recorded on a Finnegan MAT 1020 mass spectrometer operating at 70
eVv.

General procedure for the preparation of 5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-di hydro
pyrimidin-2-(1H)-one:

To a stirred mixture of aldehyde (1mmol), ethyl acetoacetate (1 mmol) and urea (1.5 mmol) in
acetonitrile (5 mL) was added Gel, (0.1mmol) and refluxed for a specified period (2-5 h)
mentioned in the table-1. The progress of the reaction was monitored by thin layer chromatography
(TLC). After completion of the reaction, the solvent was removed under reduced pressure and
crushed ice was added to the residue and stirred for some time. The solid was filtered and
recrystallized from methanol to get pure product of corresponding derivative. All the products
were confirmed by their spectral data.

Spectral data for compounds:

5-Ethoxycarbonl-6-methyl-4-(4-phenyl)-3,4-dihydropyrimidin- 2(1H)-one (3a):

Solid; Mp. 201-203 °C. IR (KBr): v 3416, 3231, 3108, 2936, 2867, 1701, 1646, 1552, 1241, 1129,
1036, 951, 834, 764 cm™.; 'H NMR (200 MHz, DMSO-dg): & 1.15 (t, 3H, J = 7.0 Hz), 2.26 (s,
3H), 4.10 (g, 2H, J = 7.0 Hz), 5.20 (s, 1H), 7.36-7.24 (m, 5H), 7.43 (s, 1H), 9.00 (s, 1H).; EIMS
m/z (%): 260 (m™ 20), 232 (42), 184 (100), 156 (32), 138 (51), 91 (60), 43 (27).
5-Ethoxycarbonyl-6-methyl-4-(3,4,5-trimethoxy-phenyl)-3,4-dihydropyrimidin-2(1H)-
one(3b):

Solid; Mp. 214-215 °C. IR (KBr): v 3418, 3241, 3129, 3072, 2943, 1714, 1678, 1608, 1513, 1452,
1305, 1213, 1011, 947, 862, 740 cm™.; *H NMR (200 MHz, DMSO-dg): & 1.20 (t, 3H, J = 7.1 Hz),
2.30 (s, 3H), 3.80 (s, 9H), 4.10 (q, 2H, J = 7.1 Hz), 5.20 (s, 1H), 5.68 (s, 1H), 6.55 (s, 2H), 9.12 (s,
1H).; EIMS m/z (%): 350 (m*100), 321 (25), 277 (38), 234 (12), 183 (50), 176 (22), 161 (18), 148
(20), 130 (15), 99 (42), 61 (15).
5-Ethoxycarbonyl-6-methyl-4-(4-nitro-phenyl)-3,4-dihydropyrimidin-2(1H)-one (3c):

Solid; Mp. 206-207 °C. IR (KBr): v 3415, 3237, 3110, 3084, 2941, 2876, 1706, 1641, 1604, 1522,
1420, 1363, 1229, 1123, 961, 734 cm™.; *H NMR (200 MHz, DMSO-dg): & 1.10 (t, 3H, J = 6.0
Hz), 2.30 (s, 3H), 3.99 (g, 2H, J = 6.0 Hz), 5.20 (s, 1H), 7.48-7.66 (m, 4H), 7.86 (s, 1H), 9.32 (s,
1H).; *C NMR (50 MHz, DMSO-ds): & 163.4, 152.7, 152.0, 149.1, 146.7, 127.3, 124.2, 98.2, 59.7,
53.2, 18.3, 14.1.; EIMS m/z (%): 306 (m* 20), 276 (38), 232 (50), 201 (15), 183 (100), 155 (42),
137 (22).

5-Ethoxycarbonyl-6-methyl-4-(4-chloro-phenyl)-3,4-dihydropyrimidin-2(1H)-one (3d):
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Solid; Mp. 209-210 °C. IR (KBr): v 3230, 3107, 3068, 2907, 1707, 1646, 1292, 1215, 1092, 784
cm™.; *H NMR (200 MHz, DMSO-dg): § 1.12 (t, 3H, J = 7.1 Hz), 2.22 (s, 3H), 3.98 (q, 2H, J = 7.1
Hz), 5.18 (d, 1H, J = 5.0 Hz), 7.36 (d, 2H, J = 8.4 Hz), 7.44 (d, 1H), 7.86 (d, 2H, J = 8.4 Hz).;
EIMS m/z (%): 295 (m*100), 277 (25), 183 (26), 148 (37), 130 (31).
5-Ethoxycarbonyl-6-methyl-4-(4-Styral)-3,4-dihydropyrimidin-2(1H)-one (3e):

Solid; Mp. 227-230 °C. IR (KBr): v 3354, 3262, 2983, 2854, 1698, 16056, 1493, 1371, 1223,
1167, 785 cm™.; *H NMR (200 MHz, DMSO- dg): & 1.25 (t, 3H, J = 7.0 Hz), 2.25 (s, 3H), 4.18 (q,
2H, J = 7.0 Hz), 4.80 (d, 1H, J = 4.0 Hz), 6.10 (d, 1H, J = 14.0, 5.0 Hz), 6.35 (d, 1H, J = 14.5 Hz),
7.15-7.40 (m, 5H), 7.45 (s, 1H), 8.96 (s, 1H).; EIMS m/z (%): 286 (m* 17), 259 (100), 224 (28),
196 (80), 149 (34), 84 (72).
5-Ethoxycarbonyl-6-methyl-4-(decyl)-3,4-dihydropyrimidin-2(1H)-one (3f):

Solid; Mp. 220-222 °C. IR (KBr): umax 3377, 3241, 2926, 2855, 1728, 1568, 1461, 1376, 1282,
1233, 1104, 1041, 862, 722 cm™.; *H NMR (200 MHz, DMSO-ds): & 0.90 (t, 3H, J = 6.0 Hz), 1.20-
1.36 (m, 16H), 1.40 (m, 2H), 2.15 (s, 3H), 3.95-4.10 (brs, 2H), 5.15 (s, 1H).
5-Ethoxycarbonyl-6-methyl-4-(2-naphthyl)-3,4-dihydropyrimidin-2(1H)-one (3g):

Solid; Mp. 245-247 °C. IR (KBr): v 3241, 3229, 3118, 2973, 1704, 1658, 1549, 1452, 1432, 1234,
1082, 967, 872, 750 cm™.; *H NMR (200 MHz, DMSO-ds): & 1.18 (t, 3H, J = 7.0 Hz), 2.38 (s, 3H),
4.05 (g, 2H, J = 7.0 Hz), 5.80 (d, 1H, J = 3.1 Hz), 7.30-7.45 (m, 5H), 7.75 (t, 1H, J = 8.0 Hz), 7.80
(d, 1H, J = 8.0 Hz), 8.28 (d, 1H, J = 8.0 Hz), 9.14 (s, 1H).; EIMS; m/z (%): 310 (m" 20), 217 (38),
176 (100), 133 (18), 119 (40), 91 (32), 84 (15), 69 (50).
5-Ethoxycarbonyl-6-methyl-4-(pyridine-2-yl)-3,4-dihydropyrimidin-2(1H)-one (3h):

Solid; Mp. 223-224 °C. IR (KBr): v 3295, 1714, 1705, 1680, 15185, 1072 cm™.; 'H NMR (200
MHz, DMSO-dg): 6 2.22 (s, 3H), 2.14 (s, 3H), 5.30 (d, 1H, J = 2.9 Hz), 7.23-7.40 (m, 2H), 7.80 (s,
1H), 8.44-8.54 (m, 2H), 9.14 (s, 1H).; *C NMR (50 MHz, DMSO-dg): & 194.6, 162.7, 152.8,
149.5, 148.4, 137.3, 122.9, 121.0, 109.4, 30.8, 19.3.; EIMS m/z (%): 261 (m" 47), 216 (18), 188
(19), 183 (100), 173 (17), 155 (64), 110 (12), 78 (71), 67 (36), 52 (37).
5-Ethoxycarbonyl-6-methyl-4-(furan-2-yl)-3,4-dihydropyrimidin-2(1H)-one (3i):

Solid; Mp. 209-210 °C. IR (KBr): v 3327, 3226, 3143, 3083, 2978, 2841, 1704, 1611, 1546, 1322,
1261, 1203, 1019, 871, 761cm™.; *H NMR (200 MHz, DMSO- dg): 5 1.10 (t, 3H, J = 6.0 Hz), 2.10
(s, 3H), 4.00 (g, 2H, J = 6.0 Hz), 5.15 (d, 1H, J = 3.0 Hz), 6.10 (d,1H, J = 3.5 Hz), 7.10 (d, 1H, J =
3.5 Hz), 7.15 (s, 1H), 7.83 (s, 1H), 9.00 (s, 1H).; EIMS m/z (%): 250 (m" 42), 221 (63), 177 (100),
110 (31), 71 (28), 57 (49), 42 (12).
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5-Ethoxycarbonyl-6-methyl-4-(4-methyl-phenyl)-3,4-dihydropyrimidin-2(1H)-one(3j): Solid,
Mp. 214-215 °C. IR (KBr): v 3325, 3151, 3058, 2973, 2847, 1691, 1654, 1563, 1232, 1132, 1051,
947, 880, 754 cm™.; *H NMR (200 MHz, DMSO-dg):  1.20 (t, 3H, J = 7.0 Hz), 2.30 (s, 3H), 3.85
(s, 3H), 4.10 (g, 2H, J = 7.0 Hz), 5.20 (s, 1H), 6.80 (d, 2H, J = 7.5 Hz), 7.20 (d, 2H, J = 7.5 Hz),
7.35 (s, 1H), 8.95 (s, 1H).; *C NMR (50 MHz, DMSO-dg): & 165.3, 158.2, 158.5, 148.3, 137.6,
127.4, 113.9, 99.7, 59.8, 54.9, 53.1, 17.5, 14.1.; EIMS; m/z (%): 274 (m" 28), 245 (31), 229 (42),
201 (49), 183 (100), 155 (40), 138 (28), 91 (35).
5-Ethoxycarbonyl-6-methyl-4-(2,4-dichlorophenyl)-3,4-dihydropyrimidin-2(1H)-one (3k):
Solid; Mp. 238-240 °C. IR (KBr): v 3413, 3356, 3218, 3105, 2963, 2847, 1704, 1634, 1581, 1462,
1403, 1320, 1227, 1098, 1031, 931, 852, 735 cm™.; *H NMR (200 MHz, DMSO-de): 5 1.18 (t, 3H,
J=7.0 Hz), 2.30 (s, 3H), 4.05 (q, 2H, J = 7.0 Hz), 5.45 (q, 1H, J = 2.8 Hz), 7.30 (d, 1H, J = 8.0
Hz), 7.40 (d, 1H, J = 8.0 Hz), 7.54 (s, 1H), 7.76 (s, 1H).; EIMS m/z (%): 329 (m" 35), 299 (45),
293 (60), 183 (100), 155 (30), 137 (45), 91 (10), 84 (12), 69 (28).
5-Ethoxycarbonyl-6-methyl-4-(4-hydroxyphenyl)-3,4-dihydropyrimidin-2(1H)-one(3l): Solid,;
Mp. 230-231 °C. IR (KBr): v 3476, 3323, 3215, 3107, 2963, 1704, 1638, 1461, 1215, 1092, 830,
784 cm™.; *H NMR (200 MHz, DMSO-dg):  1.08 (t, 3H, J = 7.0 Hz), 2.21 (s, 3H), 3.96 (q, 2H, J =
7.0 Hz), 5.02 (s, 1H), 6.85-7.03 (m, 4H), 7.64 (s, 1H), 9.14 (s, 1H), 9.34 (s, 1H).; **C NMR (50
MHz, DMSO-dg): 6 165.3, 155.4, 152.1, 147.6, 135.3, 127.3, 114.9, 99.7, 59.0, 53.3, 17.6, 14.0.;
EIMS m/z (%): 276 (m* 100), 248 (100), 231 (28), 204 (80), 168 (87), 136 (48).
3.1.13.5-Ethoxycarbonyl-6-methyl-4-(2-thienyl)-3,4-dihydropyrimidin-2(1H)-one(3m): Solid;
Mp. 206-208 °C. IR (KBr): v 3245, 3231, 3164, 3120, 3043, 2979, 2946, 1718, 1688, 1632, 1535,
1462, 1251, 1065, 851, 740 cm™.; *H NMR (200 MHz, DMSO-dg): & 1.22 (t, J = 7.0 Hz, 3H), 2.03
(s, 3H), 4.05 (q, 2H, J = 7.0 Hz), 5.40 (s, 1H), 6.80-6.90 (m, 2H), 7.10 (d, 1H, J = 5.0 Hz), 7.58 (s,
1H), 9.10 (s, 1H).; EIMS m/z (%): 266 (m"* 80), 237 (100), 221 (22), 193 (65), 145 (30), 117 (15),
110 (24), 83 (42).

RESULTS AND DISCUSSION:

In a typical experiment, benzaldehyde (1), ethyl acetoacetate (2) and urea (3) were reacted in
presence of the catalyst Gel, at acetonitrile reflux. The condensation was completed within 3 hours
to afford the corresponding product, 5-ethoxycarbonyl-4-(4-phenyl)-6-methyl-3,4-dihydro
pyrimidin-2-(1H)-one (3a) in very good yields, as shown in the scheme-1. To optimize the reaction
conditions, we have studied the role of the catalyst Germanium (IV) iodide using in different mole

ratios at room temperature as well as reflux. The observation shows that 10% mole catalyst and
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reflux temperature were found to be as suitable reaction condition.

O R
o) O O i Gel
4 EtO NH
R)J\H + Moa + HyNT TNH, > | Y
CH3CN N
H
1 2 3 4
Scheme-1.

Encouraged by the result obtained with benzaldehyde, ethyl acetoacetate and urea, we have
extended this methodology to various aldehydes such as aromatic aldehydes containing electron
withdrawing and electron donating groups, hetero aromatic and aliphatic systems, which were
reacted smoothly with ethylacetoacetate and urea to give corresponding 3,4-dihydropyrimidi none
derivatives in very good to excellent yields. All the reactions were carried out using the catalyst
Germanium (1V) iodide in catalytic amount (10 mol %) only. In general, aromatic aldehydes
exhibit modest increase in reaction rate relative to aliphatic aldehydes. Electron withdrawing
containing aldehydes react at a relatively slower rate than electron donating groups containing
aldehydes. All the reactions were completed within 2 to 5 hours of reaction time at acetonitrile
reflux. The product, 3,4-dihydropyrimidinone derivatives were obtained in 75-90% yields (table-
1). All the products were confirmed by their ‘H NMR, *C NMR, IR and Mass spectral analysis.
Table-1: Gel,-Catalyzed rapid synthesis of 3,4-dihydropyrimidinones (3a-m).

Entry Aldehyde Product Reaction Yield
Time (h) (%)

CHO
o :
1 3.0 82
MeO CHO
, Meo]@ 3b 25 85

NS CHO 3f 5.0 77
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X

. B 3h 3.0 76
N CHO

. g — 3i 2.0 90

CHO
r 3 30 85
10
CHO
J O 3K 4.0 82
11 cl cl

12 CHO
O 3| 5.0 80
HO

13 @CHO 3m 3.0 79

CONCLUSION:

In summary, we have demonstrated a simple and efficient methodology for the synthesis of 3,4-

dihydropyrimidinones using Gel, as catalyst at acetonitrile reflux, via smooth cyclo condensation
of aldehydes, ethyl acetoacetate and urea successfully. All the reactions were completed within 2-5
hours of reaction time and yields were 75-90%. This method is applicable to aliphatic,
heteroaromatic and aromatic aldehydes containing electron donating as well as electron with-
drawing groups successfully.
ACKNOWLEDGMENTS:
The authors are thankful to the Head, Department of Chemistry, Kakatiya University, Warangal
for necessary facilities and to the Director, CSIR-11CT, Hyderabad for helping *H NMR and Mass
spectra and the author CMJR gratefully acknowledges the financial support from UGC, BSR-
RFSMS, New Delhi.
REFERENCES:
1. Biginelli P. Aldehyde - urea derivatives of aceto- and oxaloacetic acids. Gazz Chem Ital.
1893; 23: 360-413.
2. Atwal KS, Rovnyak GC, Kimball SD, Floyd DM, Moreland S, Swanson BN, Gougoutas
DZ, Schewartz J, Smillie KM, Malley MF. Dihydropyrimidine Calcium channel blockers.

WWW.ajptr.com 216



http://www.ajptr.com/

Jeripothula et. al., Am. J. PharmTech Res. 2015; 5(6) ISSN: 2249-3387

10.

11.

217

Il. 3-Substituted-4-aryl-1,4-dihydro-6-methyl-5-pyrimidinecarboxylic acid esters as potent
mimics of dihydropyridines. J Med Chem.1990; 33: 2629-2635.

Patil AD, Kumar NV, Kolle WC, Bean MF, Freyer AJ, De Brosse C, Mai S, Truneh A,
Faulkaer DJ, Carte B, Breen AL, Hertzverg RP, Johenson RK, Westley JW, Ports BCM.
Novel Alkaloids from the Sponge Batzella sp.: Inhibitors of HIV gpl120 Human CD4
Binding. J Org Chem.1995; 60: 1182-1188.

Debache A, Boulcina R, Khodja IA. Copper(ll) acetate promoted facile synthesis of
Dihydropyrimidinone derivatives via a solvent free Biginelli multicomponent reaction. J
Chem Pharm Res. 2014; 6: 1040-1045.

Chitra S, Pandiarajan K. Calcium fluoride: an efficient and reusable catalyst for the
synthesis of 3,4-dihydropyrimidin-2-(1H)-ones and their corresponding 2(1H) thione: an
improved high yielding protocol for the Biginelli reaction. Tetrahedron Lett. 2009; 50:
2222-2224.

Sabitha G, Reddy GSKK, Reddy KB, Yadav JS. Vanadium(I1l) chloride catalyzed Biginelli
condition: solution phase library generation of dihydropyridin-(2H)-ones. Tetrahedron Lett.
2003; 44: 6497-6499

Rodriguez DJC, Bernardi D, Kirsch G. ZrClyor ZrOCl, under neat conditions:
optimized green alternatives for the Biginelli reaction. Tetrahedron Lett. 2007; 48:
5777-5780.

Ma Y, Qian C, Wang L, Yang M. Lanthanide Triflate catalyzed Biginelli Reaction. One-
pot synthesis of dihydropyrimidinones under solvent-free conditions. J Org Chem. 2000;
65: 3864.

Shobha D, Chari MA, Mano A, Selvan ST, Mukkanti K, Vinu A. Synthesis of 3,4-
dihydropyrimidin-2-ones (DHPMs) using mesoporous alumino silicate (AIKIT-5) catalyst
with cage type pore structure. Tetrahedron. 2009; 65: 10608-10611.

Matache M, Dobrota C, Bogdan ND, Dumitru I, Ruta LL, Paraschivescu CC, Farcasanu
IC, Baciu I, Funeriu DP. Synthesis of fused dihydro-pyrimido(4,3-d) coumarins using
Biginelli multicomponent reaction as key step. Tetrahedron. 2009; 65: 5949-5957.

Shen ZL, Xu XP, Ji SJ. Brgnsted Base-Catalyzed One-Pot Three-Component Biginelli-
Type Reaction: An Efficient Synthesis of 4,5,6-Triaryl-3,4-dihydropyrimidin-2(1H)-one
and Mechanistic Study. J Org Chem. 2010; 75: 1162-1167.

WWW.ajptr.com



http://www.ajptr.com/

Jeripothula et. al., Am. J. PharmTech Res. 2015; 5(6) ISSN: 2249-3387

12.Chen W, Qin S, Jin. , HBF-catalyzed Biginelli reaction: One-pot synthesis of
dihydropyrimidin-2-(1H)-ones under solvent-free conditions. J. Catal Commun. 2007; 8:
123-126.

13. Debache A, Amimour M, Belfaitah A, Rhouati S, Carboni B. A one-pot Biginelli synthesis
of 3,4-dihydropyrimidin-2-(1H)-ones/ thiones catalyzed by triphenylphosphine as Lewis
base. Tetrahedron Lett. 2008; 49: 6119-6121.

/ AJPTR is
e Peer-reviewed
e bimonthly
e Rapid publication
Cubmit your manuscript at: editor@ajptr.com

WWW.ajptr.com



http://www.ajptr.com/
mailto:editor@ajptr.com

