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is of 3,4-dihydropyrimidin-2(1H)-
ones catalyzed by SO3H@imineZCMNPs as a novel,
efficient and reusable acidic nanocatalyst under
solvent-free conditions

Esmayeel Abbaspour-Gilandeh, *a Asieh Yahyazadeh*a and Mehraneh Aghaei-
Hashjinb

The synthesis of 3,4-dihydropyrimidin-2(1H)-one derivatives was accomplished efficiently via a three-

component reaction between ethyl acetoacetate, various types of aldehydes, and urea in the presence

of 10 mg SO3H@imineZCMNPs as a novel, environment friendly, and reusable heterogeneous magnetic

nanocatalyst under solvent-free conditions at 90 �C. The desired products were obtained with high

quantitative yields. The catalyst was separated by simple isolation from the reaction mixture using

a permanent magnet and reused several times without any significant loss of catalytic activity. The

synthesized catalyst was fully characterized through various techniques including thermogravimetric

analysis, Fourier transform infrared spectroscopy, scanning electron microscopy, transmission electron

microscopy, X-ray diffraction, and the Hammett acidity test. This methodology tolerates most substrates

and has the salient features of green reaction conditions, lower catalyst loading, high quantitative yields,

low cost, the absence of solvents, and easy isolation and reusability of the catalyst.
Introduction

Energy and stability are challenging and vital issues from
universal economic and social viewpoints. These issues are
connected to the concept of green chemistry and make the
science of catalysts more creative. The philosophy behind green
chemistry deals with encouraging chemical and engineering
researchers to design products and processes with minimum
usage and production of harmful materials.1–6 Therefore, green
catalysts are considered as an important subset of green
chemistry. In recent years, green and environment-friendly
syntheses have played a central role in increasing efficiency,
preventing the use of volatile solvents and toxic reactants, and
reducing reaction times.7–9 In the dissimilation process, the
catalysts are trapped by the surface or pores of a solid bed such
as silica or alumina.10 The connection of the catalyst to the
intended surface can occur by simple absorption of the active
molecules of the catalyst and/or covalent bonds as the covalent
bond of the catalyst and the surface is of utmost importance.
The formation of such bonds results in the connection of the
catalyst to the surface. This connection will be tight enough,
and washing the catalyst from the surface reaches its minimum
ilan, 41335-1914 Rasht, Iran. E-mail:

Branch, Islamic Azad University, Ardabil,

hemistry 2018
in harsh reaction conditions. However, a limited access to the
active centers of heterogeneous catalysts leads to the reduction
of their activity compared to homogeneous catalysts.11–13 To
resolve this issue, all the centers of the porous solid bed should
be activated, as in most cases, only the active centers on the
external surface of the porous solid bed are available for reac-
tion. A homogeneous system and a heterogeneous one are
similar in terms of higher number of active centers and a facile
recovery in the catalyst system. Achieving this dual purpose is
possible only by using nanocatalysts. The benet of nano-
catalysts is that it allows for the favorable properties of both
catalysts by lling the gap between homogeneous and hetero-
geneous catalysts.14–17 Heterogeneous nanocatalysts, which are
prepared by specic methods in nanoscale, have many appli-
cations in different industries because of the multiplicity of
active surfaces and the selectivity, high stability, and extensive
use of the heterogeneous catalyst.18–21 Although nanocatalysts
have many benets compared to typical catalyst systems, the
separation and recovery of small nanocatalysts from the reac-
tion mixture does not appear to be an easy task. Moreover,
typical methods of ltration do not show good efficacy because
of the small size of the nanocatalyst particles.22,23 To solve this
problem, a suitable solution is to employ magnetic nano-
particles. The paramagnetic and insoluble natures of nano-
particles make their recovery possible by an external magnet;
consequently, the catalyst could be used in another cycle.24–32
RSC Adv., 2018, 8, 40243–40251 | 40243
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The compounds containing dihydropyrimidinone (DHPM)
moiety have wide pharmaceutical and biological activities such
as anti-bacterial, anti-oxidant, anti-HIV, and anti-cancer activi-
ties.33,34 In this regard, 3,4-dihydropyrimidin-2(1H)-ones are
a common type of these heterocyclic compounds that can be
prepared by one-pot condensation of ethyl acetoacetate, urea
and an aldehyde under strongly acidic conditions.35 Previously,
different derivatives of 3,4-dihydropyrimidine-2-(1H)-one have
exhibited calcium channel modulators for the treatment of
cardiovascular diseases.36 Some of the reported catalysts for the
preparation of these types of heterocyclic molecules are:
Ln(OTf)3,37 p-dodecylbenzenesulfonic acid,38 chiral phosphoric
acid,39 sulfated tungstate,40 FeCl3$6H2O,41 Mn(OAc)3$2H2O,42

Ce(LS)3,43 and SnCl2-nano SiO2.44 Although numerous strategies
have been reported for the production of 3,4-dihydropyrimidin-
2(1H)-ones, some of these protocols suffer from disadvantages
such as the need for excess amounts of the catalyst, the need for
microwave or ultrasound irradiation, the use of high tempera-
tures, the use of a toxic solvent, require multiple steps, and long
reaction times. Therefore, it is essential to develop an improved
procedure for the synthesis of 3,4-dihydropyrimidin-2(1H)-ones
under mild reaction conditions.

Herein, we decided to investigate the synthesis of 3,4-dihy-
dropyrimidin-2(1H)-ones with various substituents from the
reaction of ethyl acetoacetate, aldehyde and urea under solvent-
free conditions using SO3H@imineZCMNPs as a novel, eco-
friendly, reusable and promising nanocatalyst.
Experimental
General

All reagents and solvents were obtained from Fluka or Merck
chemical companies. The purity determination of the
substrates and reaction monitoring were carried out with TLC
on silica gel 60 F254 (0.25 mm thick). FTIR spectra were recor-
ded using KBr pellets in the range of 400–4000 cm�1 with
a PerkinElmer PXI spectrometer. The powder XRD patterns of
samples were carried out in the 2q range of 10–80� at room
temperature on a Philips X-pert diffractometer (Holland), using
Ni-ltered Co-Ka radiation (l ¼ 1.54 Å). Scanning electron
microphotography (SEM) was performed on an LEO 1430VP
instrument. TEM images were obtained with a Zeiss-EM10C
transmission electron microscope with an acceleration voltage
of 80 kV (Oberkochen, Germany). Thermogravimetric analyses
(TGA) were performed from room temperature to 700 �C at
a ramp of 10 �Cmin�1 under N2 atmosphere using a Linseis STA
PT 1000 instrument.
Catalyst synthesis

Preparation of the magnetic Fe3O4 nanoparticles (MNPs).
The magnetite nanoparticles were synthesized according to the
method reported in ref. 45. Briey, 7.0 g of FeCl3$6H2O and 2.4 g
of FeCl2$4H2O were dissolved in 40 mL of distilled water in
a three-necked round-bottom ask (250 mL) under stirring at
90 �C and a continuous ow of Ar atmosphere. Thereaer,
under intense mechanical stirring, 10 mL of ammonia (25%)
40244 | RSC Adv., 2018, 8, 40243–40251
was added to the reaction mixture. The resulting nanoparticles
were magnetically separated and subsequently washed three
times with deionized water and then dried under vacuum at
60 �C for 12 h.

Preparation of zirconia coated magnetic nanoparticles
(ZCMNPs). The Fe3O4@ZrO2 core–shell nanoparticles were
prepared according to the method proposed by Wu with slight
modications.46 Briey, 1 g of ZrOCl$8H2O was dissolved in
20 mL of a 5 : 3 (v/v) mixture of ethanol and water and heated at
70 �C for 2 h. Then, under continuous mechanical stirring, 5.0 g
of Fe3O4 nanoparticles was added into the zirconia sol. The
suspension was homogenized under ultrasonication for 1 h.
Aer 12 h, the coated particles were nally separated from the
liquid by magnetic decantation and dried under vacuum at
300 �C for 2 h.

Functionalization of Fe3O4@ZrO2 with
3-aminopropyltriethoxysilane (AmpZCMNPs). Core–shell Fe3-
O4@ZrO2 nanoparticles (1 g) were dispersed in dry toluene (20
mL) for 20 min using ultrasound. Then, 3-amino-
propyltriethoxysilane (Amp, 2 mL) was added to the resulting
mixture. The mixture was reuxed for 24 h under argon atmo-
sphere. Aer 24 h, the functionalized magnetite nanoparticles
(AmpZCMNPs) were separated from the reaction mixture using
a permanent magnet, washed several times with ethanol and
distilled water, and dried in a vacuum oven.

Immobilization of anthranilic acid on the surface of
zirconia-coated magnetite nanoparticles (anthZCMNPs). For
the preparation of anthZCMNPs, AmpZCMNPs (2 g) was
dispersed in ethanol (100 mL) for 30 min using ultrasonication.
About 4 mmol of excess glutaraldehyde was added to the
mixture and reuxed for 24 h. Aer this period of time, the
resultant solid (named as gluZCMNPs) was separated by an
external magnet and washed with ethanol several times; the
unreacted glutaraldehyde residue was removed, and the solid
was then dried in a vacuum oven. Aerward, the prepared
gluZCMNPs (2 g) were suspended in 100 mL of ethanol.
Anthranilic acid (4 mmol) was added to this solution under dry
nitrogen atmosphere, and the mixture was reuxed for 24 h.
Aer 24 h, the resultant solid, named as anthZCMNPs, was
ltered, and 500 mL ethanol was added to it in order to remove
the unreacted reagents. The resultant material was then dried
in a vacuum oven.

Immobilization of SO3H on the surface of magnetite nano-
particles (SO3H@imineZCMNPs). For the preparation of SO3-
H@imineZCMNPs, 2 g of anthZCMNPs was suspended in 50mL
dry dichloromethane; 10 mmol chlorosulfonic acid was added
dropwise to the vessel, and the reaction mixture was stirred for
8 h. Aer separation with an external magnet, the product was
washed with dry dichloromethane to remove the unreacted
chlorosulfonic acid. The resultant SO3H@imineZCMNPs
material was then dried under vacuum at 80 �C. All stages of the
SO3H@imineZCMNPs synthesis are shown in Scheme 1.

General procedure for the synthesis of 3,4-dihydropyr-
imidine-2-(1H)-one. A mixture of ethyl acetoacetate (1 mmol),
aldehyde (1 mmol), urea (1.2 mmol), and SO3H@imineZCMNPs
(10 mg) was stirred under solvent-free conditions at 90 �C for
the required period of time (Table 3). Aer completion of the
This journal is © The Royal Society of Chemistry 2018
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Scheme 1 All stages of the SO3H@imineZCMNPs synthesis.

Fig. 2 TGA curves of ZCMNPS and SO3H@imineZCMNPs.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

3 
D

ec
em

be
r 

20
18

. D
ow

nl
oa

de
d 

on
 7

/8
/2

02
5 

8:
29

:1
6 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
reaction (monitored by TLC), it was observed that most of the
nanoparticles were adsorbed onto the magnetic stirring bar
when themagnetic stirring was turned off. Aer cooling to room
temperature, the catalyst was separated using a permanent
magnet and reused for the next experiment. The pure product
was obtained via recrystallization from ethanol.
Results and discussion
Catalyst characterization

IR analysis of SO3H@imineZCMNPs. The infrared spectra of
the ZCMNPs, AmpZCMNPs, gluZCMNPs, anthZCMNPs, and
SO3H@imineZCMNPs samples in the region of 400–4000 cm�1

are presented in Fig. 1. In the ZCMNPs spectrum, the absorp-
tion peaks at 479 cm�1 and 582 cm�1 can be indexed to the Fe–O
bonds in the crystalline lattice of Fe3O4. The peak observed at
635 cm�1 is ascribed to the Zr–O groups. The peak observed at
1616 cm�1 is related to the H–OH bending vibrations of the
physically adsorbed water, while the peaks appearing in the
3100–3500 cm�1 region can be attributed to the stretching
vibrations of the OH bonds in water molecules. In the case of
the AmpZCMNPs, the bands at 1034 cm�1 can be attributed to
Fig. 1 FT-IR spectra of SO3H@imineZCMNPs.

This journal is © The Royal Society of Chemistry 2018
Si–O stretching vibration mode. The absorption bands appear-
ing at 2937 cm�1 (aliphatic C–H group) demonstrate the
successful modication of the magnetite nanoparticles. In the
gluZCMNPs spectrum, the stretching vibration of the imine
C]N group appears at 1637 cm�1, which conrms the
successful modication of the surface of the AmpZCMNPs. In
the case of the anthZCMNPs, the absorption peaks at 1419 and
1452 cm�1 can be assigned to the stretching vibration of the
C]C bond. The presence of the SO3H groups was conrmed by
the stretching vibrations appearing at 1045 and 1131 cm�1 in
the FTIR spectrum of the compound named SO3-
H@imineZCMNPs. Also, the increase in the intensities of the
peaks at 2700–3600 cm�1 suggests that there were more OH
functional groups under the magnetic nanoparticle surface
aer sulfonation. It should be noted that the spectrum of
recovered SO3H@imineZCMNPs aer the rst recovery and
reuse did not show any change.

Thermal studies of SO3H@imineZCMNPs. TGA analyses
were carried out to characterize the ZCMNPs and SO3-
H@imineZCMNPs samples toward each other. The results of
these analyses are presented in Fig. 2. In the TGA curve of
RSC Adv., 2018, 8, 40243–40251 | 40245
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Fig. 3 SEM images of ZCMNPs (a), anthZCMNPs (b), and SO3H@imineZCMNPs (c).

Fig. 4 TEM images of SO3H@imineZCMNPs.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

3 
D

ec
em

be
r 

20
18

. D
ow

nl
oa

de
d 

on
 7

/8
/2

02
5 

8:
29

:1
6 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
ZCMNPs, the weight loss observed at temperatures below 320 �C
is related to water desorption from the surface of the zirconia
layer while weight loss appearing above 600 �C can be attributed
to the release of the water structure. The TGA of SO3-
H@imineZCMNPs illustrates an approximately 9% weight loss
Fig. 5 XRD patterns of ZCMNPs (a), anthZCMNPs (b), SO3H@imineZCM

40246 | RSC Adv., 2018, 8, 40243–40251
in the temperature range from 200 to 600 �C apart from two
water loss events, resulting from the decomposition of the
organic groups graed to the zirconia surface and the degra-
dation of the sulfonic acid parts.

SEM analysis of SO3H@imineZCMNPs. The surface
morphology, particle shape and size distribution of the SO3-
H@imineZCMNPs were examined by SEM (scanning electron
microscopy) as shown in Fig. 3. The SEM image of the SO3-
H@imineZCMNPs clearly demonstrates variations in the
surfaces of these nanoparticles. The SEM images illustrate that
these nanoparticles are of nearly spherical morphology with
a mean diameter of about 45 nm.

TEM analysis of SO3H@imineZCMNPs. The transmission
electron micrograph of the prepared SO3H@imineZCMNPs
determined that they appear to have an almost spherical shape
with a narrow size distribution (the average particle size is
35 nm, Fig. 4), thereby retaining a nanocrystalline appearance.
Therefore, the major active sites of the SO3H@imineZCMNPs
may allow for high activity in organic transformations, even
with a low catalyst loading.
NPs (c) and recovered SO3H@imineZCMNPs (d).

This journal is © The Royal Society of Chemistry 2018
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Table 1 Calculation of the Hammett acidity function (H0) of
SO3H@imineZCMNPsa

Entry Catalyst [I]s (%) [IH+]s (%) H0

1 — 100.0 0.0 —
2 SO3H@imineZCMNPs 75.0 25.0 1.47

a Conditions for UV-visible spectrum measurement: solvent, CCl4;
indicator, p-nitroaniline (pK(I)aq ¼ 0.99), 1.44 � 10�4 mol L�1; catalyst
(10 mg) 25 �C.

Fig. 6 Absorption spectra of (a) 4-nitroaniline (indicator) and (b)
SO3H@imineZCMNPs (catalyst) in CCl4.
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XRD analysis of SO3H@imineZCMNPs. The X-ray diffraction
patterns (XRD) for ZCMNPs, anthZCMNPs, and SO3-
H@imineZCMNPs are given in Fig. 5. As can be seen, the XRD
patterns of anthZCMNPs and SO3H@imineZCMNPs are similar
to those of ZCMNPs, suggesting that the modication does not
have any considerable effect on the phase of ZCMNPs. Also, the
XRD patterns of recovered SO3H@imineZCMNPs aer the rst
recovery and reuse do not show any change.

The acidity strength of our catalyst can be expressed by the
Hammett acidity function (H0). It can be obtained from the
following equation:

H0 ¼ pK(I)aq + log([I]s/[IH
+]s)

where ‘I’ is the indicator base and [I]s and [IH+]s are the
unprotonated and protonated indicator molar concentrations,
respectively. The pK(I)aq value of 4-nitroaniline as a basic indi-
cator to abstract proton is 0.99. Also, the value of [I]s/[IH

+]s
according to the Lambert–Beer's law could be determined using
the UV-visible spectrum. In our experiment, an unprotonated
Scheme 2 One-pot three-component reaction of ethyl acetoacetate (1)
solvent-free conditions.

This journal is © The Royal Society of Chemistry 2018
form of the 4-nitroaniline in CCl4 showed an absorbance
maximum at 330 nm.

As can be seen from Fig. 6, the absorbance of the unproto-
nated form of the indicator in SO3H@imineZCMNPs was weak
compared with the indicator sample in CCl4, suggesting that
the indicator was partially in the [IH+] form. The obtained
results of the acidity strength of SO3H@imineZCMNPs are lis-
ted in Table 1.

In continuation of our efforts on the synthesis of novel
catalysts in performing organic transformations,47–49 we decided
to investigate the synthesis of 3,4-dihydropyrimidin-2(1H)-one
derivatives from the reaction of ethyl acetoacetate, various
aldehyde, and urea under solvent-free conditions using SO3-
H@imineZCMNPs as a new, environment friendly, and reusable
heterogeneous magnetic nanocatalyst (Scheme 2).

Solvents are widely applied in a myriad of applications as
reactants, reaction mediums or carriers in chemical trans-
formations.2,50 In order to screen the reaction conditions for the
synthesis of 3,4-dihydro-5-etoxycarbonyl-4-(4-chlorophenyl)-6-
methylpyrimidine-2(1H)-one (4g), the reaction of ethyl acetoa-
cetate (1), 4-chlorobenzaldehyde (2g) and urea (3) (molar ratio
1.0 : 1.0 : 1.2) toward the corresponding product was consid-
ered as a model reaction. Next, different variables affecting the
reaction yield, including the amount of the catalyst, solvent,
and temperature were investigated. The results are summarized
in Table 2. To obtain the optimal reaction media, different
solvents such as H2O, CH2Cl2, CHCl3, DMSO, DMF, EtOH,
toluene, and solvent-free conditions in the presence of a cata-
lytic amount (10 mg) of SO3H@imineZCMNPs were used.
Surprisingly, a short reaction time and the highest yield of the
product (98%) was achieved when the same reaction was carried
out while utilizing the same amount of catalysts at 90 �C under
solvent-free conditions (entry 8). The initial optimization
experiments revealed that low yields of the desired products
were obtained in the presence of DMSO and DMF as coordi-
nating solvents even aer 1 h under reux conditions (entries 3
and 4). Moderate to good yields were obtained when the same
reaction was performed while utilizing H2O and EtOH, respec-
tively, instead of coordinating solvents (entries 1 and 2). It is
also remarkable that with EtOH, a lower reaction time was
required compared to H2O. These solvents play a negative role
by retarding the multi-component pathway. This might be due
to the solvent adsorption on the acidic catalyst surface or the
solvent–reactant interactions. In contrast, using CH2Cl2 and
CHCl3 gave the desired product in lower yields (entries 5 and 6).
A closer examination indicated that when toluene was replaced
, arylaldehyde (2) and urea (3) catalyzed by SO3H@imineZCMNPs under

RSC Adv., 2018, 8, 40243–40251 | 40247
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Table 2 Optimization of the three-component reaction of ethyl acetoacetate (1), 4-chlorobenzaldehyde (2g) and urea (3) under various
conditionsa

Entry Solvent Amount of catalyst (mg) Temperature (�C) Reaction time (min) Yieldb (%)

1 H2O 10 Reux/100 �C 30 52
2 EtOH 10 Reux/78 �C 20 86
3 DMSO 10 Reux/189 �C 60 41
4 DMF 10 Reux/153 �C 60 37
5 CH2Cl2 10 Reux/40 �C 60 31
6 CHCl3 10 Reux/61 �C 60 25
7 Toluene 10 Reux/110 �C 30 74
8 — 10 90 �C 8 98
9 — 5 90 �C 8 81
10 — 15 90 �C 8 92
11 — 10 25 �C 8 21
12 — 10 80 �C 8 92
13 — 10 100 �C 8 90

a Reaction conditions: a mixture of ethyl acetoacetate (1), 4-chlorobenzaldehyde (2g), urea (3) (molar ratio 1 : 1 : 1.2) and SO3H@imineZCMNPs (10
mg). b Isolated yield.
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with the above-mentioned chlorinated solvents, the yield was
markedly improved (entry 7). In the next phase of the survey, the
effect of different catalyst amounts on the completion of the
Table 3 The SO3H@imineZCMNPs catalyzed three-component Biginell

Entry Product R Yieldb (%)

1 4a C6H5– 93
2 4b 2-(NO2)–C6H4– 95
3 4c 3-(NO2)–C6H4– 95
4 4d 4-(NO2)–C6H4– 98
5 4e 2-(Cl)–C6H4– 97
6 4f 3-(Cl)–C6H4– 96
7 4g 4-(Cl)–C6H4– 98
8 4h 2,4-(Cl)2–C6H3– 98
9 4i 3,4-(Cl)2–C6H3– 97
10 4j 4-(F)–C6H4– 95
11 4k 4-(CF3)–C6H4– 98
12 4l 3-(Br)–C6H4– 94
13 4m 2-(OH)–C6H4– 94
14 4n 4-(OH)–C6H4– 95
15 4o 2-(OCH3)–C6H4– 93
16 4p 3-(OCH3)–C6H4– 91
17 4q 4-(OCH3)–C6H4– 95

a Reaction conditions: ethyl acetoacetate (1), aldehyde (2), urea (3) (molar r
c Melting points are uncorrected.

40248 | RSC Adv., 2018, 8, 40243–40251
reaction was evaluated (entries 8–10). As noted above, the best
result was obtained for 10 mg loading (entry 8). Decreasing the
amount of catalyst required for the reaction produced a lower
i couplinga

Time (min) Mpc (�C) found Mp (�C) (Lit.)

8 202–204 202–203 (57)
8 218–220 220–222 (42)
8 226–228 226–228 (57)
8 211–213 208–211 (63)
8 217–219 215–218 (44)
8 192–195 192–193 (56)
8 211–214 212–214 (51)
8 252–255 251–252 (60)
8 222–225 222–223 (62)
8 178–180 175–177 (35)
8 177–179 173–175 (58)
8 186–189 185–186 (61)
8 198–201 199–201 (59)
8 229–231 231–233 (57)
8 258–260 259–260 (53)
8 208–210 207–208 (52)
8 203–205 203–204 (57)

atio 1 : 1 : 1.2) and SO3H@imineZCMNPs (10 mg), 90 �C. b Isolated yield.

This journal is © The Royal Society of Chemistry 2018
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Scheme 3 A plausible mechanism for the one-pot three-component
reaction of ethyl acetoacetate (1), aldehyde (2), urea (3) catalyzed by
the SO3H@imineZCMNPs under solvent-free conditions.

Fig. 7 Reusability of the catalyst.
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yield of the product, while higher catalyst loading did not
considerably affect the duration of the reaction or the product
yield (entries 9 and 10). To explore the effect of temperature
with the same amount of catalyst (10 mg) under solvent-free
conditions, different temperatures (25, 80, 90, and 100 �C)
were used to compare the reaction efficiency (entries 8 and 11–
13). It was observed that room temperature was not suitable for
the formation of the desired product 4g under solvent-free
conditions (entry 11). It is noteworthy that the use of heat
Table 4 Comparison of the results of the synthesis of compound 4a us

Entry Catalyst and conditions Amoun

1 BF3$OEt2/CuCl/THF/reux 10 mol
2 PPA-SiO2/CH3CN/reux 0.3 g
3 Zeolite/toluene/reux 15 mol
4 CD-SO3H/solvent-free/100 �C 0.04 g
5 FeCl3$6H2O/solvent-free/reux 0.16 g
6 Silica sulfuric acid/EtOH/heat 0.23 g
7 SnCl2-nano SiO2/EtOH/reux 0.45 m
8 Sulfated tungstate/solvent-free/80 �C 10 mol
9 SO3H@imineZCMNPs/solvent-free/90 �C 10 mg

This journal is © The Royal Society of Chemistry 2018
with the same conditions leads to a faster reaction and a higher
yield (entries 8, 12 and 13). Increasing the temperature beyond
this point (90 �C) led to no substantial improvement in the yield
(entry 13).

Using the optimized reaction conditions (Table 2, entry 8) in
order to generalize the effectiveness and acceptability of the
strategy, a variety of aryl aldehydes containing electron-
withdrawing as well as electron-donating groups in the ortho-,
meta-, and para- positions of the benzene ring (2a–q) were
selected for the reaction with ethyl acetoacetate (1) and urea (3),
furnishing the desired products with high to excellent isolated
yields (Table 3, entries 1–17). It is observed that with electron-
withdrawing substituents, a relatively higher reaction yield of
the products was achieved compared to electron-donating
substituents.

A reasonable pathway for the synthesis of 3,4-dihydropyr-
imidin-2(1H)-one derivatives is presented in Scheme 3. Initially,
aldehyde 2 and urea 3 as the reactant components react with
each other by nucleophilic addition. Aer forming the acyli-
mine intermediate 5, it creates an open-chain ureide 6 aer
a dehydration step. The intermediate 6 may further undergo
nucleophilic addition with ethyl acetoacetate 1 to give the
intermediate 7. The nal product 4 was then formed by the
intramolecular cyclization and dehydration of the intermediate
7.

In the next phase of the study, the feasibility of the recovery
and reuse cycle of the catalyst was checked by performing the
reaction of ethyl acetoacetate, 4-chlorobenzaldehyde, and urea
in the presence of SO3H@imineZCMNPs under solvent-free
conditions. Aer reaction completion, as monitored by TLC,
the catalyst was separated from the reaction mixture using
a permanent magnet, and the mixture was washed with ethanol
(2 � 15 mL). As shown in Fig. 7, SO3H@imineZCMNPs can be
recycled ve times with a negligible change in terms of the
reaction time and with a yield range of 98 to 93%.

Furthermore, to investigate and compare the presented
method for the synthesis of 3,4-dihydro-5-etoxycarbonyl-4-(4-
phenyl)-6-methylpyrimidine-2(1H)-one (4a), a comparison was
made with some of the other earlier reported homogeneous and
heterogeneous catalysts. The obtained results are shown in
Table 4. The collected data demonstrate our reported protocol
in terms of using solvent-free conditions, product yield, and
reaction time.
ing different catalysts

t of catalyst
Reaction
time Yield (%) Ref.

% 18 h 94 52
30 min 85 55

% 12 h 80 65
2 h 83 54
4 h 94 56
6 h 91 53

ol% 40 min 92 64
% 1 h 92 40

8 min 93 This work
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Conclusion

In conclusion, we described a simple, efficient, and green
methodology for the one-pot preparation of a wide range of
biologically and pharmacologically important 3,4-dihydropyr-
imidin-2(1H)-one derivatives in the presence of an eco-friendly
and reusable nanocatalyst (SO3H@imineZCMNPs). The most
important advantages of this procedure are green reaction
conditions, low catalyst loading, high quantitative yields, low
cost, the absence of solvents, and facile isolation and reusability
of the catalyst.
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