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Abstract: Background: Heterogeneous synthesis of nitrogen containing heterocyclic
compounds such as dihydropyri hidin-2(1H)-one/thione derivatives is an important
research. Use of nanocrystallineEnO has demonstrated for heterocyclic compounds
which are routinely used in medidinal chemistry due to their therapeutic and pharma-
cological properties. In this context the solvent free synthesis of pyrimidine deriva-
tives are reported.

[ Methods: Synthesis of ZnO nanjomaterials is carried out by precipitation method,
ARTLC UL | STO RV which is further used for synthegis of dihydropyrimidin-Ql(lH)-onc:s/thiones deriva-

Reckived: Desetnlier 17, 2015 tives. Stoichiometric amount of aromatic aldehydes (1 ), urea (2) and ethy! acetoacetate | K.G. K4nade

."ic»if.od.i.-\pn': ih'uzg‘élﬁ (3) were taken in beaker. Then, '10 mmol percent nanocrystalline ZnO powder was §
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il added as a catalyst in the reaction mixture which was subjected to heated at S5°C in microwave oven.

pol
1020 7472405465§01 66616060112 Results: Microwave assisted synthesis of 3,4-Dih)-'drop)-'rimidin-—l(1H}—mnes.-"thianes has been succgss-

= fully carried out using eco-friendly ZnO nanoparticles as catalysts. Nanocrystalline Zn0 of particle kize
in the range 60-80nm was prepared by decomposing the Zinc Oxalate intermediate at 500°C XRD
analysis indicates the formation of highly crystalline hexagonal phase of ZnO. Sojvent free synthesis
using reported method have confcr 95% yield which is grzater than organic solvents such as DMF, [Di-
oxane, THF, Toluene for heterogeneous synthesis.

. \
Conclusion: Successfully accomplished ‘green’ synthesis of dihvdropyrimidone/thiones derivatives pvas
demonstrated. Use of nanocrystalline ZnO is found to be an efficient catalyst for heter(‘)gcneo% Bigi-
nelli reaction. Solvent free reactions gave the better yield compared to the use of organic s‘;olvems.

Keywords: Biginelli reaction, green synthesis, heterogeneous catalysis, nanocrystalline ZnO.

1. INTRODUCTION are very important; since, they behave %ls a calciym channel
blocker, such as antihypertensive agenta‘ (R-SQ 32 926) [2],
a,-adrenrgic antagonists, inhibitors of fatty acid transporters,
and in mitotic kinesin inhibition [3-6] (Monastrol, Fig. 1B).
Batzelladine (Fig. 1C 1D 1E) alkaloid$ contain|a dihydro-
pyrimidine core, which has been found|to possegs anti-HIV
activity [7, 8]. DHPMs moiety exhibits gmiviral [P], antibac-
terial and antifungal [10], anticancer [1]1, 12] (S{Monastrol)
*Address cormespondence to this author at the Post Graduate Department of activity. They are also used as starting |material for the syn-
Chemistry, Radhabai Kale Mahila Mahavidyalaya, Ahmednagar-414001, thesis of Rosuvastatin (Fig. 2), selective and Jgrrlpetitive

India: Tel: 491-2162-234392; Fax: +91-2162-234392; imhibi i ] 3 1
I e e @yanbioco inhibitor of HMG-CoA reductase [13], Ehe enzynje responsi-

Dihydro‘,)yrimidin-Z(1H)-ones/thiones derivatives form
an important class of heterocyclic compounds due to their
therapeutic and pharmacological properties [1]. Dihydro-
pyrimidinones (DHPMs Fig. 1A) moiety occurs in many
drugs and synthetic products. DHPMs and their derivatives
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2. EXPERIMENTAL
2.1. Synthesis of ZnO Catalyst

For the syathesis of nanostructured ZnO, zinc sulphate
(99.9%, sd-five chemicals) and oxalic acid (99%, sd-fine
chemicals) have been used as precursor material. The inter-
mediate zinc oxalate was obtained by adding oxalic acid
(0.1N) solution drop wise into zinc sulphate (0.1N) with con-
stant stirring. The precipitate of intermediate zinc oxalate
complex was washed with distilled water (~1 lif) and dried at
80 °C in heating oven. Further, intermediate powder material
was decomposed at 500°C in order to obtain nanostructured
zing joxide.

2.2. Characterization of Powdered ZnO Catalyst

The thermal study of as-synthesized zinc oxalate was
carried out using Thermo Gravimetric Analyzer (TGA-DTA,
Metler-Toledo Star System) up to 1000°C in air at the heat-
ing rate of 10°C/min. Powder X-ray Diffractograms (XRD)
were recorded on X-ray diffractometer (Rigaku-D8/MaX-
2200V) using CuKo-radiation with Ni filter. The surface
morphology and particle size were determined using a field
emission scenning electron microscope (FESEM HITACHI
S-4800).

2.3, Measurement of Catalytic Activity to Biginelli Reac-
tion

Stoichiometric amount of aromatic aldehydes (1) (0.5g.
471 mmo)), urea (2) (0.28g, 4.71 mmol) and ethyl acetoace-
wte (3) (0.61g, 4.71mmol) were taken in beaker (Scheme 1).
Then. 10 mmol percent nanocrystalline ZnO powder was
added as a catalyst in the reaction mixture which was sub-
jected to heating at §5°C in microwave oven. Reaction was
monitored by TLC technique. After completion of the reac-
tign. the resultant mixture was allowed to cool and then 10ml
of ethyl acctate was added to it in order to separate the prod-
uct. The cacalyst was recovered by filtration using whatman-
42 filter paper. Subsequently, catalyst was dried in an oven
and recycled. Meanwhile, the filtrate was washed first with
sodium bicarbonate followed by water, concentrated to get
solidified compound and then recrystallized to get pure
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product. The structural purity of compounds was c%;nﬁnned
by 'H-NMR & '*C-NMR spectral techniques. |

|
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3. RESULTS AND DISCUSSION .
Biginelli reaction is well known homogenous acid cata-
lyzed reaction: 1t 18 also found that Lewis acids aré superior
over Brensted acids due to better selectivity and higher
yields having less reaction time require for complefion [46).
Various Lewis acids, LiBr [34], AICly [35], InBr; [37],
BF;.0Et, [47], FeCl; and LaCl; [48] were reported for the

synthesis of dihydropyrim1din-2(1H)-ones/thion es.

In view of this, the synthesis of dihydropyrimidin-?.(lH)-
ones/thiones was carried out using nano sized Zn( catalyst.
The synthesis of ZnO catalyst was carried out by solution
based precipitation technique in accordance with th protocol
of our earlier report [49]. We also reported thaj effect of
morphology of catalyst is further useful for alfering the
photo-catalytic activity [44]. Hence, the synthesfs of pro-
posed catalyst 1s carried out using precipitation teghnique as
described in the experimental section.

3.1. Thermal Study of Zinc Oxalate

The intermediate sample prepared was dried af 120°C for
3 hours before they were subjected to thermo gravimetric
analysis (TGA). Figure 2 depicts the TGA/DTA |curves for
decomposition of zinc oxalate synthesized in aqueaus sol-
vent. TGA showed a weight loss in two steps at|140°C and
380°C and DTA displayed two endothermic pgaks corre-
sponding to these temperatures.

Hence the decompositions of intermediate were carried
out at 500°C to obtain nanocrystalline ZnO ci talyst. The
phase purity of ZnO catalyst was checked by usirtg XRD and
nano scale micro structure was as certained with FE-SEM.

3.2. Structural Study by XRD

Figure 3 shows the typical X-ray diffraction fjattern of as-
synthesized nanocrystalline ZnO material. XRI) pattern re-
veals formation of highly phase-pure wurlzite stpucture. The
lattice constant values obtained from the XRD patterns were
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Fig. (2). TGA/DTA/DTG of intermediate zinc oxalate
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Reaction Scheme (1)

In the pro
is used for s
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Befo ¢ us

posed work, as synthesized nano ZnO catalyst
nthesis of dihydropyrimidin-2(1H)-ones as per

ng the Zn0O catalyst for this reaction, we have

checked the feasibility of reaction without catalyst and found
trace amount of product (Table 1, entry 1). This clearly indi-

cates that this
tion of the
using differen
Table 1. |

With mer
sively er hanc
catalyst amouy
94% entvy 4-
centratjoa ran
maximun 92
study, we hav

reaction requires catalyst. Hence for optimiza-
calalyst amount, we performed the reaction
t mole % of ZnO and reésults are summarized in

ase in the amount of catalyst, yield is progres-
ed up to certain value. Above 10 mol% of the
nt, the reaction yield remained constant (92-
5). Among the chosen amount of catalyst con-
ge for this study, 10 mol% catalyst exhibits
%o yield (Table 1, Entry 4). Hence, for further
¢ ysed 10 mol% catalysts.

For the effect of solvent on product yield, we performed

this reaction
THF anc 1.4+
Table 2. How
tions product

in different solvents such as DMF, Toluene.
dipxane. The results obtained are tabulated in
ever, we observed that for solvent free condi-
vield was 92% (entry5), which is far better as

compared to that of reported solvents (Table 2, entries 1-4).
The solv:nt free synthesis is green approach it will become,

an alternative
synthesis of p

|to overcome the environmental issue. Hence,
roposed further reaction is carried out for sol-

vent f'relc conditipn and also various substitutions.

Depending

on this optimized results; we performed this

reaction using warious substituted aromatic aldehydes as

given below a

‘e shown in Table 3.

(0] Ar
z 9 A, ik
po, 55°C E07 ~7 "NH
MW/ Conventional heating B
Solvent/ Solvent Free ' }?1
4(a-j)

Table 3 shows in the proposed Biginelli reaction
plane benzaldehyde pives almost 90-92% yield (en

nde et al.

for the
ries 4a

and 4g)) due to aromdtic substitution. Also, the reaction car-

ried oyt in presence! of any electron donating or
withdragwing group on aromatic aldehyde affects the
yield of reaction due to resonance and inductive effed

lectron
ate and
t. Pres-

ence of OH and OMe group on aromatic aldehyde giyes less

than 90% yield, (entries 4d, 4e and 4i) due to electro

donat-

ing effect. While, presence of electron withdrawing groups,

chloring, fluorine and nitro group on aromatic aldehyd

e gives

almost 90 to 95% yicld (entrics 4b, 4c, 41, 4h and 4j). Elec-

tron withdrawing group on benzaldehyde increases

he rate

and yield due to carbonyl carbon of ‘aldehydes which are

more electron deficiept and attack of nucleophile takg
more easily.

s place

Abdve spectroscopic data of all proposed organic fnateri-
als synthesized by Biginelli reactions are well match¢d with
desired’ product material. Nanocrystalline ZnO catglyst is
separated using Whatman no. 42 at the end of reactiops, For

recycling, catalyst is activated at 120°C for two hours
of desired product for recirculation of catalyst is
same. Qur overall methodology showed recycling of |
is feasible, economical, environmental friendly than t
tine homogenous Biginelli reaction.

In nutshell, we hgve performed the facile and el
mental friendly .Bigin;&lli reaction using nanocrystallir
catalyst. The catalystjused can be recycled while th
reaction yield is still retained. We believe our metho
is alternative to homogenous Biginelli reaction and
scale up from the end application point of view.

. Yield
almost
atalyst
1€ 1ou-

viron-
e Zn0o
b same
dology
Fasy 1o
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|
db:-Ethyl 4-( 4-chlorophenyl)-6-methyl-2-ox0-1,25.3,4-
tetrah ydm#yrimidine-5-carboxylate

(Table 3, entry 2): Mp 218 °C (lit. [52] mp217-218 @)
' NVR (CDCls, 400 MH2): 8 7.78 (s, 1H, NH), 7.26~7.32
(m, 44, H2', H-3, B-5& H-6"), 5.71 (s, 1H, NH), 5.40 (d,
J=40 Hg, 1H, H-4), 410 (q, J =8.0 Hz, 2H, CH,-CHj),
237 (s, 3H,CHy), 1.20 (t, J = 8.0 Hz, 3H, CH,-CHy); °C
NME. (DMSO-dg, 100 MHz): 8 164.46 (EtOC=0), 151.75
(G2, 147.20 (C-6), 142.4 (C-4"), 131.4 (C-1’), 127.18 (C-3
& €57, [127.08 (C-2” & C-67), 98.46 (C-5), 58.37 (CHy-
OHy . 52.99 (C-4), 17.08 (CHs), 13.09 (CH-CHy)-

dei-Sthyl 6-methyl-4—(4-nitrophenyl)-2—oxo-1,2,3,4-
tetra hydropyrimidine-5 -carboxylate
|

(Table 3, entry 3): Mp 204°C (lit. [52] mp201-202 °C);
'H NMR| (DMSO-dg, 400 MHz): & 9.38 (bs, [H.NH), 8.19
@l /T 7!,{’\ Hz. 2H, H-3'& H-5"), 7.89 (bs. 1H, NH), 7.48 (d.
J= 1.6 Hz, 2H, H-2'. & H-6"), 5.44 (s, 1H, H-4), 3.96 (q./ =
1.0 Hz, l:H CH,-CHy), 2.48 (s, 3H, CH3), 1.07 (L J=1.1 Hz,
3H, CHy-CHy); °C NMR (DMSO-dg, 100 MHz): & 161.56
(Er0C=0). 159.86(C-2), 151.89(C-6),149.28(C-1"), 146.64
(C-3& C-57), 127.56(C-4"), 123.75(C-2" & C-6"), 98.10(C-
5). 39.30(CHy-CHy), 53.58(C-4), 17.77(CHy), 13.96(CHa-
CH3). |

du.-Ethyl 4-(4-11ydroxyphenyl)-6-methyl—2-0xar-1,2,3,4--
tetrahydropyrimidine-3 -carboxylate

(Tab!le 3, entry 4): Mp 246°C (lit. [52] mp245-247 °C);
'H NMkl (DMSO-ds, 300 MHz): & 8.62 ( brs, 1H, NH),
7.15(d, Il == 8Hz, 2H, H.2’ & 6-H"), 6.8 (d,] = 8Hz 2H, H-3
& H-5°), 6.60 (s, 1H, NH) 5.15 (s, 1H, H-4), 4,20 (brs, 1H,
01), 402 (q, /=72 Hz, 2H, CH,-CHs), 220 (s, 3H, CHa),
1.0 (t,|J’ = 7.2 Hz, 3H, CH,-CH;); 13C NMR (DMSO-dg, 75
MElz): B 167.3(EtOC=0), 158.1(C-2), 154.9(C-6), 146.1(C-
4%y, 136.8(C-17), 1273(C-2" & C-6°), 114.9(C-3 & C-5),
100.7(C-5), 59.3(CH,-CH3), 54.4(C-4), 18.1(CH;3). 13.9
(CH,-CHs).

|

di '.'-EI.’llyl" 4-(3, 4-dimethoxyph enyl)-6-methyl--2-0x0—1,2,3,4‘-
tetrahydropyrimidine-5 ~carboxylate

(Tdble 3, entry 5): Mp174°C (lit. [52] mp 174-176 °Cy;
'11 NMR (CDCly, 400 MHz): 8 8.81 (s,1H, NH), 6.83 (d, J =
8 Hz, 2H, H-5’ & H-6), 6.78(s, 1H, H-2"), 6.42 (s, 1H, NH),
534 (5, LH, H-4), 4.05 (¢, J = 8.0 Hz, 2H, CH,-CHy), 2.31
(5. 3H, CHy), 1.16 (1, J = 8.0 Hz, 3H, CH,-CH3); 'C NMR
(2DCls, 100 MHz): 8 165.84(EtOC=0), 154.11(C-2), 149.00
(C-6), 148.69(C-3"), 146.34(C-4"), 136.54(C-1°), 118.67(C-
€. 111.19(C-5"), 109.98(C-2"). 101.43(C-5), 60.05(CHo-
(Hs), 55.19(C-4), 18.55(CHy), 14.28(CHy-Chy).

df:-Ethyl (4-ﬂuor0phenyl)-6-methyl-2-oxo-1,2,3,4—
1etraﬁ_m'ropyrimidine-5-carb0xylate

(Table 3, entry 6): Mp 182°C (lit. [52] mp 182-184 °C);
11 NMR (CDCl3, 400 MHz) : § 8.5 (s, IH, NH), 7.18 (t,J =
3.0 Hz & 4.0 Hz 2H, H-2" & H-6"), 6.88(t, J = 12 Hz & 8.0
Hz 2H, H-3° & H-57), 6.17 (s, 1H, NH), 5.29 (s, 1H, H-4),
199 (q, ./ = 7.1 Hz, 2H, CHy-CHy), 2.25 (5, 3H, CHj), 1.07
(t,J= 7.1 Hz, 3H, CH;-CH,); BC NMR (CDCls, 100 MHz)
5 165.7(Et0C=0), 163.7(C-4), 161.21(C-2), 153.82(C-6),

146.56(C-1"), 139.78(C-6"), 128.46(C-3"),
115.75(C-2"),

18.7(CHy), 14.3(CH,-CH).

4g:-Ethyl 6-methyl-4-phenyl-2-thio;co-1,2,3,4-

tetrahydropyrimidine-5 -carboxylate

Shinde et al.

128138(C-5"),

10139(C-5), 60.21(CHy-CHy), 55.08(C-4),

(Table 3, entry 7): Mp 206°C (lit. [52] mp208-210 °C);

111 NMR (DMSO-d, 300 MHz): 810.58 (bs,

(bs, 1H, NH), 7.40-7.50 (m, 5H, H-2°, H-3", H-4’

1H,[NH), 9.90
H-5'& H-

6'), 5.40 (s, 1H, H-4), 420 (q, J = 7.1 Hz, 2H, CH,-CHy),

2.40 (s, 3H, CHs), 1.32 (t, / = 7.1 Hz, 3H,

NMR (DMSO-dg, 75 MHz): 8 176 2(E10C=0);

CH4#:CHs); °C
65.2(C-2),

143.0(C-6), 141.90(C-1), 129.2(C-3" & C-57), 128.3(C-2’ &

C-6), 126.4(C-47), 100.8(C-5), 60.0(CH,-CHs),

28.0(CHs), 14.2(CHy-CHy).

54.3(C-4),

4h:-Eth yl4-v(4-chIorophenyl)-6-methy1-2-th ioxo-J,2,3,4-

tetrahydropyrimidine-5 carboxylate

(Table 3, entry &): Mp 190°C (lit. [52] mpl1p2-194 $C);

' NMR (DMSO-ds, 300 MHz): 5 10.62 (s,
(s, 1H, NH), 7.70 (d, J = 8.0 Hz, 2H, H-3'&

7~ 8.0 Hz, 2H, H-2> & H-6"), 5.40 (s, 1H, H-4)

1H, NH), 9.95
H45), 7.50 (d.
4.25(q,J=

7.1 Hz, 2H, CH,-CHs), 2.80 (s, 3H, CH3), 1.25 (l,/=1.1 Hz,

1H, CHp-CHs); PC-NMR (DMSO-de,

75 MHz): & 174.1

(Et0C=0), 165.20(C-2), 145.20(C-4"), 143.29((-6), 132.00

(C-17), 128.50(C-3’

& C-57), 128.20(C-2" & (-6"), 100.10

(C-5), 60.00(CH;-CH), 53.40(C-4), 17.10(CHy, 13.9(CH,-

CHy).

4i:-Ethyl 4-(4-hydr0xyphenyl)-6-methyl—.2-th ioxo -1,2,3,4-

tetrahydropyrimid‘ine—5-carboxylate ‘

(Table 3, entry 9): Mp 202°C (lit. [52] mpl02-203 °C);

4 NMR (DMSO-ds, 300 MHz): 8 9.10 (br

s, 1H, NH),

9.00 ( brs, 1H, NH), 7.50 ( br s, 1H, OH), 720(d,J=179
Hz, 2H, H-2* & H-6), 6.75 (d, J = 7.9 Hz, 2H, H-3* & H-
5%, 5.20 (s, 1H, H-4), 410 (q, J = 6.7 Hz, 2H. CH,-CH; ),

2.30 (s, 3H, CHs ), 110 (1, J = 6.7 Hz, 3H,

(JH,-CHs); °C

NMR (DMSO-ds, 75 MHZ): & 166.8(EtOC=0), 154.6(C-2),

147.0(C-6), 146.5(C-4"),

146.0(C-1"), 138.7(C2°), 120.7(C-

67), 109.3(C-37), 108.0( C-5), 101.0(C-3), 59.6(CH,-CHs),

55.3(C-4), 17.1(CHs), 13.1(CH-CH).

4j:-EthyM-(4-ﬂuorophenyl)-6-methyl-.2--u'u'a.\' y-1,2,3,4-

tetrahydropyrimi'dine-S-carboxylate

(Table 3, entry 10): Mp 182°C (lit. [52] mp 182-184 °C);

'"H NMR (DMSO-dg, 300 MHz) : 3 10.60 (s,
(s, IH, NH), 7.40 (m, 4H, H-2", H-3", H-5" &
11, H-4), 4.20 (g, J = 7.1 Hz, 2H, CH-CH
CHy), 1.25 (1, J = 7.1 Hz, 3H, CH,-CHy); 5@
dq, 75 MHz) 1 3 174.2(E1OC=0), 165.0(C-2
160.0(C-6), 139.77(C-2"), 139.73(C-67),
128.38(C-5"), 115.4(C-1"), 100.6(C-5),
53.39(C-4), 17.14(CHs), 13.92(CHy-CH).

Above spectroscopic data of all proposed
als synthesized by Biginelli reactions are we

IH, NH), 9.90
k1-67), 5.20 (s,
), 2.55 (s, 3H,
NMR (DMSO-
L 163.1 (C-4),

128.49(C-3"),

39.6(CH,-CHs),

organic materi-
| matched with

desired product material. Nanocrystalline #nQ catalyst is

separated using Whatman no. 42 at the end ¢
recycling, catalyst is activated at 120°C for t
of desired product for recirculation of ca

f reactions. For
‘o hours. Yield

alyst is almost
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