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ABSTRACT

Maleic acid catalyzed 3,4-Dihydropyrimidin-2-(1H)-ones and their thione analogues have been synthesized by
condensation of aromatic aldehydes, s-dicarbonyl compound and urea or thiourea in the presence of alcohol-water
(2:1; v/v) under mild reaction conditions. The yields obtained were excellent. The use of very cheap non-hazardous

catalyst, environmentally benign solvent and easy work-up are the perspectives advantageous aspects of the present
method.
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INTRODUCTION

The interest of dihydropyrimidines (DHPMs) and théerivatives have gained great deal of attentioa tb its
widespread activities like calcium channel blockerda-antagonists and neuropeptide-Y (NPY) antagerist
Recently, some alkaloids are being reported coimgidihydropyrimidines, which are potent HIV inhidis [2].
DHPMs and their sulphur analogues are pharmacatgionportant because of their antibacterial, tamtior and
anti-inflammatory properties [3]. The biologicaltiaity of some recently isolated alkaloids has be#tnibuted to
the presence of dihydropyrimidinone moiety in tberesponding molecule [4].

Literature provides a number of methods for thetlsgsis of DHPMs and their derivatives. Biginellpogted the
first synthesis of dihydropyrimidine by a simpleespot condensation reaction of ethyl acetoacebestezaldehyde
and urea. Later on, different modifications areorégd for the synthesis of an array of substitidetPMs. The use
of different Lewis acid has been attempted, suclkreSk, BFRs-ethrate, LaGl ZnCh, ZrCl,, BiCl; etc [5]. Some
metal-triflates like Yb (OTH Bi (OTf); La (OTf); are equally reported [6]. We have recently regmbtulphamic
acid as a catalyst for preparing DHPMs [7]. Oxald is a versatile catalyst for one pot synthesi8, 4 —
dihydropyrimidine has been also reported [8].

Most literature examples of Biginelli variants wsmplep ketoester such as methyl acetoacetate in the nsatien
reactions. The efficacy of Bigineli reaction is substrate dependent with the useooé tighly functionalized or
sterically encumbered ketoester leading to seveezlyced yields. Existing synthetic strategies rehvavn a great
deal of variability in yield depending upon the lamidehyde used. However, most of these methodasseciated
with expensive and toxic reagents or catalysts.s&hmethods produce unsatisfactory output and inatility
with other functional groups results into tediowsrk-up. Some of these methods are applicable fomatic
aldehydes only [9]. Thus there is a need for a Erapd general procedure for one-pot synthesisHtfPlds and for
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their thione analogues under mild conditions. Imtowing with our research for the developmentiofge and
novel methods for synthesis of different heterocyderivatives [10]we have developed a convenient method for
the synthesis of DHPMs and their thione analogsésgul0-mol% maleic acid as a catalyst in ethanatiew In our
present research, maleic acid catalyzes three coempaeaction which afforded uniform high yieldgaedless of
ketoester or an aldehyde substituents. Maleic asid catalyst is very cheap and non-hazardous .viéry easy to
handle. The reaction conditions are very simplearfrom its simplicity, use of maleic acid in theaction of one
pot synthesis it has an ability to tolerate a ugrad substituted3-ketoesters and arylaldehyde. Maleic acid or (2)-
butenedioic acid or cis-butenedioic acid or oxal@d is an organic compound which is a dicarboxgliid (a
molecule with two carboxyl groups). It consistsaof ethylene group flanked by two carboxylic acidugs. Maleic
acid is the cis isomer of butenedioic acid, whereasaric acid is the trans isomer. Maleic acid ikss stable
molecule than fumaric acid, e.g: the differenceh@at of combustion is 22.7kJ/mol. The physical prips of
maleic acid are very different from those of fumacid. Maleic acid is soluble in water, which igraener feature,
whereas fumaric acid is insoluble in water. Thetimglpoint of maleic acid (13€) is also much lower than that of
fumaric acid (29%C). Both properties of maleic acid can be explainrdaccount of the inter-molecular hydrogen
bonding [11], that takes place at the expensetefrimolecular interactions. Maleic acid is commdlgiavailable as

a crystalline solid or as an aqueous solution #h4@ater. It is mainly used for making maleate saft8Pls such as
cholrpheniramine and pheniramine maleate. It is afsed to prevent vancidity of oils.

Application of maleic acid as a weak acid (dicargmxacid) in chemical synthesis promoted us to itiss catalyst
for dihydropyrimidine, which is commonly known asgBielli cyclo-condensation and its application faarious
dihydropyrimidines. Surprisingly the results wereeuraging in terms of reaction time, yield andifguHence we
reported a simple, cost effective and efficient hodt for synthesis of dihydropyrimidines using Maleicid as a
catalytic promoter, 1, 3- dicarbonyl compound, useghiourea in Ethanol: water and aromatic / aijphaldehyde
reacted well in a short time to result into desidéaydropyrimidine with an excellent yield. The rhetlology has
been extended for a series of substituted dihydnmpgines and their analogues.

MATERIALSAND METHODS

2.1 General method for Maleic acid mediated synthesis of dihydropyrimidine (4a-r)

A reaction mixture of alcohol: water 30ml (2:) ketoester. (0.01mole), aldehyde aromatic/aliph@@i©lmole),
urea (0.02 mol), maleic acid (0.01 mol) was heate@0-85C for 100 min. Reaction completion was checked on
TLC. After completion of the reaction, alcohol wasstilled off below 56C and allowed to cool at room
temperature. A solution of sodium carbonate 30wat added to the reaction mixture to afford thestadline
product which was further collected by filtratiainsed with ethyl acetate and dried in vacuum fordfthe desired
product (4a-r) as a crystalline solid (Scheme 1).

0O R
M N )(J)\ N X 10 mol % of (I)VIaleic Acid R,O | NH
OR, R{” H H,;N” 'NH, 70-85"C NSX
X=0,S H

Scheme 1: Synthesis of dihydropyrimidin

2.2 Spectral evaluation of compounds (4a-r)

Ethyl 6-methyl-2-ox0-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4a)

IR (KBr cm™): 3300 (N-H), 3045 (=CH), 1270 (C-N), 1705 (C=0), 0§&€=0) cn"; *H-NMR (DM SO-d;): 8.25
(s, 1H, NH), 7.6 (s, 1H, NH), 7.10-7.30 (m, 5H, i); 5.12 (s, 1H), 4.20 (2H, OGH 2.29 (s, 3H, Ch), 1.30 (s,
3H, CHy); Mass (ESM S): 261 (m+1).

Ethyl 4-(4-chlorophenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydr opyrimidine-5-carboxylate (4b)

IR (KBr cm™): 3300 (N-H), 3045 (=CH), 1350 (C-N), 1700 (C=0), 06@=0), 600 (C-Cl) ci; *H-NMR
(DM SO-dg): 6 (s, 1H, NH), 6 (s, 1H, NH), 7.33-7.36 (m, 4H, HA); 5.12 (s, 1H), 4.20 (2H, OGH 2.25 (s, 3H,
CHsy), 1.27 (s, 3H, Ck); Mass (ES/IM S): 293 (m+1).
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Ethyl 4-(4-hydroxyphenyl)-6-methyl-2-ox0-1,2,3,4-tetrahydr opyrimidine-5-carboxyl ate (4c)

IR (KBr cm™): 3360 (N-H), 3300 (O-H), 3010 (=CH), 1270 (C-N), D78C=0), 1645 (C=0) ciy 'H-NMR
(DM SO-dg): 6 (s, 1H, NH), 6 (s, 1H, NH), 6.60-7.03 (m, 4H, W); 5.11 (s, 1H), 4.1 (2H, OGH 2.24 (s, 3H,
CHa), 1.27 (s, 3H, CH); Mass (ES/M S): 275.09 (m+1).

Ethyl 4-butyl-6-mehyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4d)

IR (KBr cm™): 3500 (N-H), 3080(=CH), 1260 (C-N), 1730 (C=0), 06C=0) cn"; *H-NMR (DM SO-d): 7.06
(s, 1H, NH), 7.2 (s, 1H, NH), 1.50 (2H, G}1.20 (2H, CH), 1.35 (2H, CH), 0.8 (3H, CH), 4.25 (s, 1H), 4.1 (2H,
OCH,), 2.26 (s, 3H, Ch), 1.28 (s, 3H, Ck); Mass (ESM S): 239.01 (m+1).

Ethyl 6- methyl-4-(3-nitrophenyl)-2-oxo-1,2,3,4-tetrahydr opyrimidine-5-carboxylate (4€)

IR (KBr cm™): 3400 (N-H), 3045 (=CH), 1305 (C-N), 1710 (C=0)3%6(C=0) cni; '"H-NMR (DM SO-d):
8.25 (s, 1H, NH), 7.5 (s, 1H, NH), 7.45-8.07 (m,,44-H), 5.14 (s, 1H), 4.29 (2H, OGN 2.25 (s, 3H, Ch), 1.29
(s, 3H, CH); Mass (ES/M S): 304.79(m+1).

Ethyl 6-methyl-2-oxo-4-(pyridin-4-y1)-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4f)

IR (KBr cm™): 3400 (N-H), 3100 (=CH), 1280 (C-N),, 1700 (C=0)45§C=0) cni; *"H-NMR (DM SO-dg): 9.38
(s, 1H, NH), 7.2-8.50 (m, 4H, Ar-H) , 7.85 (s, 1NH), 5.15 (s, 1H), 4.00 (2H, OGN 2.27 (s, 3H, Ch), 1.09 (s,
3H, CH); Mass (ESIM S): 262 (m-1).

Ethyl 4-(2-chlorophenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxyl ate (4g)

IR (KBr cm™): 3420 (N-H), 3045 (=CH), 1260 (C-N), 1730 (C=0), 56@=0), 630 (C-Cl) ci; H-NMR
(DM SO-dg): 7.6 (s, 1H, NH), 6 (s, 1H, NH), 7.10-7.39 (m, 4H:), 5.14 (s, 1H), 4.18 (2H, OGH 2.25 (s, 3H,
CHs), 1.31 (s, 3H, CK); Mass (ES/M S): 293.2 (m+1).

Ethyl 4-(furan-2-yl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-car boxyl ate (4h)

IR (KBr cm™): 3300 (N-H), 3100 (=CH), 1260 (C-N),, 1700 (C=0)30§C=0) cn; '"H-NMR (DM SO-dy): 6 (s,
1H, NH), 7.2 (s, 1H, NH), 6.28-7.60 (t, 3H), 5.} 1H), 4.1 (2H, OCH), 2.27 (s, 3H, Ch), 1.33 (s, 3H, CH);
Mass (ESM S): 249.2 (m+1).

Methyl 6-methyl-2-oxo-4-phenyl-1,2,3,4-tetrahydropyrimidine-5-carboxyl ate (4i)

IR (KBR cm™): 3360 (N-H), 1310 (C-N), 3090 (=CH), 1715 (C=0), 5§&=0) cn; '"H-NMR (DM SO-dg): 9.15
(s, 1H, NH), 7.2-7.31 (m, 5H, Ar-H), 5.9 (s, 1H, NH.12 (s, 1H), 3.6 (s, 3H, OGH 2.20 (s, 3H, Ck); Mass
(ESIMYS): 247 (m+1).

Methyl 6-methyi-4-(4-nitrophenyl)-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4))

IR (KBR cm™): 3310 (N-H), 1270 (C-N), 3100 (=CH), 1730 (C=0), 06€=0) cn; '"H-NMR (DM SO-d¢): 8.25
(s, 1H, NH), 7.5-8.1 (m, 4H, Ar-H), 7.5 (s, 1H, NF.14 (s, 1H), 3.75 (s, 3H, OGH 2.28 (s, 3H, Ch); Mass
(ESIM S): 290.01 (m+1).

Methyl 6-methyl-4-(3-nitrophenyl)-2-oxo-1,2,3,4-tetrahydr opyrimidine-5-carboxyl ate (4k)

IR (KBR cm™): 3300 (N-H), 1260 (C-N), 3010 (=CH), 1730 (C=0), 06€=0) cnt; '"H-NMR (DM SO-dg): 9.15
(s, 1H, NH), 7.4-8.1 (m, 4H, Ar-H), 7.5 (s, 1H, NHFB.14 (s, 1H), 3.77 (s, 3H, OGH 2.28 (s, 3H, Ck); Mass
(ESIMS): 290 (m+1).

Methyl 4-(2-chlorophenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxyl ate (41)

IR (KBR cm™): 3500 (N-H), 1270 (C-N), 3090 (=CH), 1700 (C=0), 068=0), 750 (C-Cl) ci};, 'H-NMR
(DM SO-dg): 6 (s, 1H, NH), 7.19-7.62 (m, 4H, Ar-H), 7.2 (s, I8H), 5.12 (s, 1H), 3.70 (s, 3H, OGHZ2.29 (s, 3H,
CHs); Mass (ESIMS): 279.62 (m+1).

Methyl 4-(4-chlorophenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydr opyrimidine-5-carboxyl ate (4m)

IR (KBR cm™): 3045 (N-H), 1270 (C-N), 3100 (=CH), 1730 (C=0),306(C=0), 620 (C-Cl) cify 'H-NMR
(DM SO-dg): 7.5 (s, 1H, NH), 7.32-7.36 (m, 4H, Ar-H), 6 (s, I8H), 5.13 (s, 1H), 3.75 (s, 3H, OGH2.25 (s, 3H,
CHz); Mass (ES/IM S): 279.9 (m+1).

206



Aniket P. Sarkate et al Der Pharma Chemica, 2016, 8 (2):204-209

Ethyl 6-methyl-4-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4n)

IR (KBR cm™): 3500 (N-H), 3086 (=CH), 1310 (C-N), 1710 (C=0), 86(C=0) cm; ‘H-NMR (DM SO-d):
12.25 (s, 1H, NH), 7.20-7.32 (m, 5H, Ar-H), 6.9 {${, NH), 5.1 (s, 1H), 4.1 (2H, OGH 2.20 (3H, CH)), 1.25
(3H, CHy); Mass (ESIMS): m/z 277 (m+1).

Methyl 6-methyl-4-phenyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (40)

IR (KBR cm™): 3440 (N-H), 3010 (=CH), 1260 (C-N), 1730 (C=0), 5§€=0) cnt; '"H-NMR (DM SO-d¢):13.1
(s, 1H, NH), 7.2-7.32 (m, 5H, Ar-H), 5.8 (s, 1H, NF.2 (s, 1H), 3.70 (s, 3H, OGH 2.2 (s, 3H, CH); Mass
(ESIMS): 263 (m+1).

Methyl 6-methyl-4-(3-nitrophenyl)-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-car boxylate (4p)

IR (KBR cm™): 3420 (N-H), 3045 (=CH), 1305 (C-N), 1710 (C=0), 068C=0) cm’; 'H-NMR (DM SO-
de):12.75 (s, 1H, NH), 7.4-8.01 (m, 4H, Ar-H), 6 (s,,2NH), 5.3 (s, 1H), 3.75 (s, 3H, OGH 2.24 (s, 3H, Ch);
Mass (ES/IM S): 309.01 (m-1).

Methyl 4-(4-hydroxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-car boxylate (4q)

IR (KBR cm™): 3360 (N-H), 3300 (OH), 3010 (=CH), 1250 (C-N), 17(D=0), 1678 (C=0) cth H-NMR
(DM SO-dg):13.5 (s, 1H, NH), 5.2-7.4 (m, 5H, Ar-H), 5.9 (s, ,INH), 5.1 (s, 1H), 3.70 (s, 3H, OGK 2.28 (s, 3H,
CHs); Mass (ESIM S): 277.3 (m+1).

Ethyl-6-methyl-2-oxo-4-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydropyrimidine-5-car boxylate (4r)

IR (KBR cm™): 3500 (N-H), 3100 (=CH), 1350 (C-N), 1705 (C=0), 0§&=0) cnt; '"H-NMR (DM SO-d¢):6 (s,
1H, NH), 7.1-7.5 (m, 4H, Ar-H), 5.9 (s, 1H, NH),15. (s, 1H), 4.2 (s, 3H, OGH 1.27 (s, 3H, Ch), 2.24 (S, 3H,
CHs); Mass (ESIM S): 228.1 (m+1).

RESULTSAND DISCUSSION

Synthesis of the dihydropyrimidine analogous hagnbg@erformed initially by using benzaldehyde, ethyl
acetoacetate, urea & 20%, 10%, 5% (entry 5-7, TBhteole of maleic acid. Synthesis of the same ayad (4a)
was checked with different solvents (Table I). Amgdhe results obtained, use of 10 % mol maleic aciethanol:
water gave better yield (90%Jable 1) To study this aspect, the reaction was carriedfaut synthesis of (4a)
using 10 mol% maleic acid and corresponding sutestria water. The reaction was found to be sluggighit may
be due to the less solubility of substrates. Tadhtiis problem, the ethanol-water (2:1, v/v) wasd as solvent and
found to be effective for synthesis of 4a i.e (95&100minutes). The methodology was extended yottesis of
series of DHPMs using different aliphatic, aromatic heterocyclic aldehydes and results are sumethin Table
Il. Better yields were obtained for synthesis of tde DHPM derivatives. All synthesized derivativesre
characterized using mass dttINMR. The present method was found to be effedtvédoth electron-donating and
electron-withdrawing substituted aromatic aldehyded as well as aliphatic aldehydes. Using thelainnéaction
conditions, the thione analogues of DHPMs were agothesized from thioured-dicarbonyl compound and
aromatic or aliphatic aldehydes. The easy work4uhe reaction was also the advantageous aspébisofnethod.
It includes the quenching the reaction mass in b#tusn carbonate ice-water with stirring to preafst the solid,
which was collected by filtration to give the capending DHPM with better yield and quality. We ciply want
to note that, no further purification was requieeiwell as no side product was observed.

Tablel: Optimization of reaction conditions and quantity of maleic acid for the synthesis of Ethyl 6-methyl-2-oxo-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (4a)

Entry Solvent Mol % of maleic acid Reaction time (min) Yield (%)
1 THF 10 150 81
2 Acetonitrile 10 120 84
3 Ethanol 10 12C 85
4 Ethanol: Wate (2:1) 1C 10C 90
5 THF: Water (1:2) 20 120 80
6 THF: Water (1:2) 10 120 82
7  THF: Water (1:5) 05 120 84
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Tablell: Physical data of 3,4-dihydropyrimidin-2-(1H)-Ones and Analogues

0O R
R,O | NH
N X
H
Entry R R X (Tn'n’:‘n‘i (%)Yield

4a GHs CHs O 100 95
4b 4-CIGH4 CGHs O 100 90
4c 4-OHGH, CHs O 105 91
4d CH;CH,CH,CH,- GHs O 11F 78
4e 3-NO,CgH., CoHs (@] 12C 92
4f 4-Pyridine GHs O 100 84
49 2-CIGH, CHs O 110 87
4h 2-furyl GHs O 115 89
4i CsHs CH; O 90 92
4 4-NO,CgH4 CH; O 85 88
4k 3-NO,CsH4 CH; O 10C 9C
4l 2-CIGH4 CH; O 90 84
4m 4-CIGH,4 CHs O 100 93
4n GHs CHs S 100 94
40 GHs CH; S 100 88
4p 3-NQCeH4 CH; S 95 90
4q 4-OHGH. CH; S 100 93
ar 4-CRCsH4 CHs O 95 92

CONCLUSION

In summary, we have disclosed a new and simple fination of the Biginelli dihydropyrimidine synthiss
DHPMs and their thione derivatives were efficiergiynthesized with better yields using 10-mol% Makgid. For
all the presented reactions, the ethanol-wateresblwas used which is relatively environmentallyiga and
supporting to Green Chemistry. Use of cheap nomduazis catalyst with easy work-up, and better gielte the
perspective advantages of this reported methodcéithe use of maleic acid asatalyst, for synthesis DHPMs and
their thione derivatives is a precious additiotht® available methods.
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