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Abstract
A green and highly efficient approach for the synthesis of 3,4-dihydropyrimidine-2(1H)-one/thione derivatives is de-
scribed. In this approach, the three-component Biginelli reaction between (thio)urea, methyl acetoacetate and aldehydes 
under solvent-free condition in the presence of chitosan-silica sulfate nano hybrid (CSSNH) as a green and heterogene-
ous nano catalyst affords the corresponding products in good to excellent yields and in short reaction times. CSSNH is 
a cheap, eco-friendly, and non-toxic nano catalyst that could be easily prepared, handled, and reused for many reaction 
runs without significant loss of its activity.

Keywords: Chitosan-silica sulfate nano hybrid; 3,4-Dihydropyrimidines; green chemistry; heterogeneous catalysis; mul-
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1. Introduction
In recent decades, the status of environmental issues 

has dramatically directed the main goal of science and 
technology towards environmentally benign processes. 
Among different tasks to achieve this target, replacing the 
harmful solvents/catalysts with the green solvents/cata-

lysts and even performing the reactions in the absence of 
solvent are of high significance.1,2 Meanwhile, multi-com-
ponent reactions (MCRs) have gained tremendous atten-
tion in comparison with established stepwise synthesis 
since MCRs exhibit various significant advantages which 
are in accordance with the green chemistry guidelines and 
protocols.2,3 MCRs afford desirable benefits such as at-

Figure 1. Structure and activity of some DHPMs.
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om-efficiency, minimizing the waste and pollution, low-
cost and green transformations, simple operation, and 
high yields.2,3 MCRs prove to be an ideal strategy for easy 
and quick access to numerous heterocyclic compounds 
among which 3,4-dihydropyrimidine-2(1H)-ones (DH-
PMs) derivatives have gained noticeable attention due to 
their unique and promising biological profiles.4,5 DHPMs 
display a wide spectrum of biological activities such as an-
tidiabetic, anti-inflammatory, anticancer, antimalarial, an-
tiviral, antiproliferative, antileishmanial, antihypertensive, 
calcium channel modulators and antibacterial in particu-
lar antitubercular.4,6 In addition, DHPMs have been wide-
ly used in polymer industries, fabric dyes, and adhesives.4 
They are also found as natural alkaloids in marine crea-
tures.7,8 The structure and the activity of several bioactive 
DHPMs are shown in Figure 1.4,6

The rapid and straightforward method to access 
3,4-dihydropyrimidine-2(1H)-ones/thiones involves the 
three-component cyclocondensation of aldehyde, β-ke-
toester, and (thio)urea under acidic condition namely 
known as Biginelli reaction.4,9 Due to the problems associ-
ated with the classical Biginelli reaction such as harsh reac-
tion conditions, low yields, and long reaction times and 
also regarding to the significance of DHPMs, hence the 
numerous reaction conditions using various Lewis and 
Brønsted acid catalysts have been developed so far.5 To 
date, a plenty of homogeneous and heterogeneous cata-
lysts such as nano BF3∙SiO2,10 Bi(III) supported on sili-
ca-coated Fe3O4 nanoparticles,11 TiCl3OTf-[bmim]Cl,12 
[TEAPS]H2PMo12O40,13 CuCl2/HCl,14 sulfated silica tung-
stic acid,15 ErCl3∙6H2O,16 SnCl2/nano SiO2,17 L-proline ni-
trate,18 D-xylonic acid,19 Fe(OTs)3∙6H2O,20 NiCl2∙6H2O/
HCl,21 Co@imine-Na+-montmorillonite,22 dendrimer-at-
tached phosphotungstic acid nanoparticles immobilized 
on nanosilica,23 Ce(LS)3,24 bentonite/PS-SO3H,25 silica 
sulfuric acid,26 HClO4∙SiO2,27 and the exchanged cations 
in an Algerian montmorillonite28 under conventional 
heating, ultrasound and microwave irradiations as well as 
solvent-free conditions have been reported to achieve DH-
PMs synthesis.5 Although these protocols are accompa-

nied with several advantages; however, they suffer from 
several defects such as the use of metal-based, corrosive, 
toxic, expensive, non-reusable, and moisture sensitive cat-
alysts, tedious work-up and purification processes, envi-
ronmental contaminations, the use of harmful organic 
solvents, inadequate yields, and also long reaction times. 
Hence, their exploitation causes both economic and envi-
ronmental concerns. In addition, the use of strongly acidic 
conditions has no compatibility with acid-sensitive moi-
eties. Consequently, developing an alternative, mild and 
green protocol for synthesis of DHPMs which overcomes 
those limitations is still a challenging issue in organic 
chemistry.

Undoubtedly, catalysts play a crucial role in count-
less chemical processes. Taking the numerous advantages 
of heterogeneous catalysts from both environmental and 
economic points of view, the use of heterogeneous cata-
lysts has attracted a massive attention in comparison with 
homogeneous catalysts from both academic and industrial 
aspects. Currently, the application of natural biopolymers 
is growing tremendously in different research areas espe-
cially for preparation of green heterogeneous catalysts ow-
ing to their biodegradable, biocompatible, non-toxic, and 
cheap materials. To this end, polysaccharides have found 
increasing applications since these biomolecules exhibit 
unique chelating power and ease of chemical modifica-
tions and also due to their abundancy in the nature.29 
Along this line, utilizing the natural biopolymer-based cat-
alysts for synthesis of DHPMs is an attractive strategy. In 
this context, the use of acidic heterogeneous catalysts in-
cluding cellulose sulfuric acid30 and starch sulfuric acid31 
has been reported in refluxing water and EtOH, respec-
tively. Lal et al. reported the synthesis of DHPM deriva-
tives of curcumin using chitosan/AcOH/H2O.32 From 
both economic and ecological perspectives, utilizing the 
green nano heterogeneous catalysts under solvent-free 
condition is in demand. To the best of our knowledge, only 
one solvent-free synthesis of DHPMs using chitosan/
graphene oxide nanocomposite has been established.33 
Hence, developing an efficient solvent-free protocol for 

Figure 2. The structure of chitosan (CS), silica sulfuric acid (SSA) and CSSNH.
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synthesis of DHPMs in the presence of biopolymer-based 
nano heterogeneous catalysts is still quite appealing.

Chitosan is a biodegradable, non-toxic, and cheap 
natural biopolymer which can easily undergo chemical 
modifications through its amine and hydroxyl functional 
groups.34 Accordingly, chitosan has found considerable re-
search interest in numerous fields of science and indus-
try.35–38 Recently, we have reported the synthesis, charac-
terization, and application of chitosan-silica sulfate 
nanohybrid (CSSNH) as a new, green, highly proficient, 
and cheap heterogeneous nano-catalyst (Figure 2). The 
high efficacy and potency of CSSNH was confirmed by its 
successful applications in many organic transforma-
tions.39–41 Inspired by the unique biological profile of DH-
PMs and our interest in multi-component reactions42–46 as 
well as discovering another new application for CSSNH, 
hereby we report a facile and efficient protocol for synthe-
sis of 3,4-dihydropyrimidine-2(1H)-one/thione deriva-
tives via three-component reaction (3CR) of commercial 
and synthetic aldehydes, (thio)urea, and methyl acetoace-
tate in the presence of CSSNH as an eco-friendly and het-
erogeneous nano catalyst at 100 °C under the solvent-free 
condition (Scheme 1).

2. Experimental
All chemicals were purchased from Merck or Sig-

ma-Aldrich. CSSNH was prepared according to the re-
ported procedure.40 Solvents were purified by standard 
procedures, and stored over 3 Å molecular sieves. Reac-
tions were followed by TLC using SILG/UV 254 silica-gel 
plates. Column chromatography was performed on silica 
gel 60 (0.063–0.200 mm, 70–230 mesh; ASTM). 1H and 
13C NMR spectra were recorded on Bruker Avance-
DPX-300 spectrometer operating at 300 MHz or 75 MHz, 
respectively. Chemical shifts are given in δ (on ppm scale) 
relative to tetramethylsilane (TMS) as an internal stan-
dard, coupling constants J are given in Hz. HRMS and IR 
spectra were obtained using a Bruker micrOTOF-Q 134 
apparatus and a Shimadzu FT-IR-8300 spectrophotome-
ter, respectively. Melting points were measured using Elec-
trothermal IA 9000 melting point apparatus in open capil-
lary tubes and are uncorrected.

Preparation of 3,4-Dihydropyrimidine-2(1H)-(thio)ones 
4a–s

In a round bottom flask (25 mL), a mixture of 
thio(urea) (6 mmol), methyl acetoacetate (5 mmol), ap-
propriate aldehyde (5 mmol), and CSSNH (0.04 g) under 
solvent free condition was heated at 100 °C in a paraffin 
bath. When no further improvement was observed on the 
reaction progress (TLC monitoring, Table 4), the reaction 
mixture was diluted with EtOH (10 mL). Subsequently, the 
crude mixture was filtered off to separate the catalyst. The 
catalyst was then washed with EtOH (2 × 5 mL) to remove 
any substrate from CSSNH. The pure DHPM derivatives 
were obtained via recrystallization from the ethanolic 
solution of the reaction mixture.

Recovery of CSSNH
After accomplishment of the reaction and separation 

of CSSNH, the catalyst was washed with EtOH (2 × 5 mL). 
CSSNH was then dried in a vacuum oven at 50 °C for 2 h 
and kept in a closed vessel in the refrigerator.

Methyl 6-Methyl-2-oxo-4-phenyl-1,2,3,4-tetrahydropy-
rimidine-5-carboxylate (4a) C13H14N2O3

Recrystallization from ethanol afforded 1.18 g (96%) 
4a as a white solid. Mp 208‒210 °C (Lit.26 210‒212 °C); 1H 
NMR (300 MHz, DMSO-d6): δ 2.24 (s, 3H, CH3), 3.51 (s, 
3H, OCH3), 5.12 (s, 1H, PhCH), 7.21–7.33 (m, 5H, ArH), 
7.76 (s, 1H, NH), 9.23 (s, 1H, NH); 13C NMR (75 MHz, 
DMSO-d6): δ 17.89, 50.87, 53.85, 99.03, 126.04, 127.22, 
128.42, 144.67, 148.58, 152.14, 165.88; IR (KBr): νmax 3350, 
3180, 2950, 1700, 1640, 1470, 1250, 1172 cm–1; HRMS: 
m/z (M + H)+ calculated for C13H14N2O3: 247.1083, found: 
247.1097.

Methyl 6-Methyl-2-oxo-4-para-tolyl-1,2,3,4-tetrahy-
dropyrimidine-5-carboxylate (4b) C14H16N2O3

Recrystallization from ethanol afforded 1.22 g (94%) 
4b as a white solid. Mp 199‒201 °C (Lit.49 198‒200 °C); 1H 
NMR (300 MHz, DMSO-d6): δ 2.23–2.24 (Complex, 6H, 
CH3, PhCH3), 3.50 (s, 3H, OCH3), 5.08 (s, 1H, PhCH), 
7.10 (br s, 4H, ArH), 7.71 (s, 1H, NH), 9.19 (s, 1H, NH); 
13C NMR (75 MHz, DMSO-d6): δ 17.84, 20.62, 50.74, 
53.45, 99.05, 126.02, 128.86, 136.41, 144.63, 148.45, 152.05, 
165.79; IR (KBr): νmax 3250, 3125, 2964, 1698, 1629, 1438, 

Scheme 1. Synthesis of DHPMs using CSSNH.
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1257, 1172 cm–1; HRMS: m/z (M + H)+ calculated for 
C14H16N2O3: 261.1239, found: 261.1252.

Methyl 4-(2-Chlorophenyl)-6-methyl-2-oxo-1,2,3,4-tet-
rahydropyrimidine-5-carboxylate (4c) C13H13ClN2O3

Recrystallization from ethanol afforded 1.23 g (88%) 
4c as a white solid. Mp 257‒259 °C (Lit.49 256‒259 °C); 1H 
NMR (300 MHz, DMSO-d6): δ 2.28 (s, 3H, CH3), 3.43 (s, 
3H, OCH3), 5.43 (s, 1H, PhCH), 7.26‒7.40 (m, 4H, ArH), 
7.72 (s, 1H, NH), 9.32 (s, 1H, NH); 13C NMR (75 MHz, 
DMSO-d6): δ 17.86, 51.97, 59.58, 98.40, 128.16, 129.09, 
129.23, 129.87, 132.14, 142.25, 149.83, 151.79, 165.55; IR 
(KBr): νmax 3240, 3163, 2975, 1696, 1620, 1468, 1225, 1145, 
748 cm–1; HRMS: m/z (M + H)+ calculated for C13H13Cl-
N2O3: 281.0693, found: 281.0715.

Methyl 4-(2,4-Dichlorophenyl)-6-methyl-2-thioxo-1,2, 
3,4-tetrahydropyrimidine-5-carboxylate (4d) C13H12- 
Cl2N2O2S

Recrystallization from ethanol afforded 1.42 g (86%) 
4d as a white solid. Mp 252‒254 °C; 1H NMR (300 MHz, 
DMSO-d6): δ 2.49 (s, 3H, CH3), 3.35 (s, 3H, OCH3), 5.43 
(s, 1H, PhCH), 6.99 (br s, 2H, ArH), 7.17 (s, 1H, ArH), 
7.29 (s, 1H, NH), 9.00 (s, 1H, NH); 13C NMR (75 MHz, 
DMSO-d6): δ 17.78, 50.77, 51.52, 97.36, 128.09, 128.86, 
130.02, 132.46, 132.62, 140.90, 149.63, 151.25, 165.30; IR 
(KBr): νmax 3340, 3150, 2961, 1680, 1459, 1225, 1190, 1145, 
752 cm–1; HRMS: m/z (M + H)+ calculated for C13H12Cl-
2N2O2S: 329.9997, found: 330.0018.

Methyl 4-(4-Methoxyphenyl)-6-methyl-2-oxo-1,2,3,4- 
tetrahydropyrimidine-5-carboxylate (4e) C14H16N2O4

Recrystallization from ethanol afforded 1.28 g (93%) 
4e as a white solid. Mp 186‒188 °C (Lit.49 187‒190 °C); 1H 
NMR (300 MHz, DMSO-d6): δ 2.21 (s, 3H, CH3), 3.50 (s, 
3H, OCH3), 3.69 (s, 3H, OCH3), 5.05 (s, 1H, PhCH), 6.85 
(br s, 2H, ArH), 7.11 (br s, 2H, ArH), 7.68 (s, 1H, NH), 
9.17 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): δ 17.86, 
50.64, 53.13, 54.99, 99.33, 113.73, 127.26, 136.83, 148.39, 
152.19, 158.48, 165.84; IR (KBr): νmax 3300, 3170, 2981, 
1693, 1618, 1455, 1237, 1148 cm–1; HRMS: m/z (M + H)+ 
calculated for C14H16N2O4: 277.1188, found: 277.1213.

Methyl 4-(4-Methoxyphenyl)-6-methyl-2-thioxo-1,2,3, 
4-tetrahydropyrimidine-5-carboxylate (4f) C14H16N2O3S

Recrystallization from ethanol afforded 1.33 g (91%) 
4f as a yellow solid. Mp 178‒180 °C (Lit.18 181‒183 °C); 1H 
NMR (300 MHz, DMSO-d6): δ 2.27 (s, 3H, CH3), 3.53 (s, 
3H, OCH3), 3.71 (s, 3H, OCH3), 5.09 (s, 1H, PhCH), 6.87 
(d, 2H, J = 6.0 Hz, ArH), 7.10 (d, 2H, J = 6.0 Hz, ArH), 9.63 
(s, 1H, NH), 10.33 (s, 1H, NH); 13C NMR (75 MHz,  
DMSO-d6): δ 17.13, 51.15, 53.32, 55.16, 100.69, 114.03, 
127.66, 135.51, 145.01, 158.79, 165.69, 174.12; IR (KBr): 
νmax 3310, 3175, 2943, 1682, 1439, 1225, 1190, 1153 cm–1; 
HRMS: m/z (M + H)+ calculated for C14H16N2O3S: 
293.0960, found: 293.0974.

Methyl 4-(3,5-Dimethoxyphenyl)-6-methyl-2-thioxo-1, 
2,3,4-tetrahydropyrimidine-5-carboxylate (4g) C15H18- 
N2O4S

Recrystallization from ethanol afforded 1.43 g (89%) 
4g as a yellow solid. Mp 195‒197 °C; 1H NMR (300 MHz, 
DMSO-d6): δ 2.30 (s, 3H, CH3), 3.57 (s, 3H, OCH3), 3.73 
(s, 6H, 2 OCH3), 5.14 (s, 1H, PhCH), 6.69‒6.72 (m, 1H, 
ArH), 6.86‒6.92 (m, 1H, ArH), 9.63 (s, 1H, NH), 10.34 (s, 
1H, NH); 13C NMR (75 MHz, DMSO-d6): δ 17.26, 51.15, 
53.45, 55.34, 100.11, 101.11, 113.96, 136.21, 145.63, 159.08, 
165.83, 173.99; IR (KBr): νmax 3300, 3193, 2971, 1685, 
1467, 1229, 1182, 1138 cm–1; HRMS: m/z (M + H)+ calcu-
lated for C15H18N2O4S: 323.1066, found: 323.1085.

Methyl 4-(4-(5-(Methoxycarbonyl)-6-methyl-2-oxo-1,2, 
3,4-tetrahydropyrimidin-4-yl)phenyl)-6-methyl-2- 
oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4h) 
C20H22N4O6

Recrystallization from ethanol afforded 1.80 g (87%) 
4h as a white solid. Mp >245 °C (dec.); 1H NMR (300 
MHz, DMSO-d6): δ 2.51 (s, 6H, 2 CH3), 3.36 (s, 6H, 2 
OCH3), 5.65 (s, 2H, 2 PhCH), 7.18 (br s, 4H, ArH), 7.71 (s, 
2H, 2 NH), 9.24 (s, 2H, 2 NH); 13C NMR (75 MHz,  
DMSO-d6): δ 18.01, 51.04, 54.08, 99.29, 127.70, 144.53, 
148.50, 152.12, 165.92; IR (KBr): νmax 3350, 3240, 3056, 
1700, 1645, 1472, 1250, 1140 cm–1; HRMS: m/z (M + H)+ 
calculated for C20H22N4O6: 415.1618, found: 415.1641.

Methyl 4-(4-Butoxyphenyl)-6-methyl-2-oxo-1,2,3,4-tet-
rahydropyrimidine-5-carboxylate (4i) C17H22N2O4

Recrystallization from ethanol afforded 1.46 g (92%) 
4i as a white solid. Mp 173‒175 °C; 1H NMR (300 MHz, 
DMSO-d6): δ 0.88 (t, 3H, J = 6.0 Hz, CH2CH3), 1.39‒1.41 
(m, 2H, CH2CH3), 1.65 (br s, 2H, OCH2CH2), 2.22 (s, 3H, 
CH3), 3.51 (s, 3H, OCH3), 3.91 (s, 2H, OCH2), 5.06 (s, 1H, 
PhCH), 6.84 (d, 2H, J = 3.0 Hz, ArH), 7.09 (d, 2H, J = 6.0 
Hz, ArH), 7.68 (s, 1H, NH), 9.18 (s, 1H, NH); 13C NMR 
(75 MHz, DMSO-d6): δ 13.93, 17.73, 19.89, 31.79, 50.71, 
53.12, 66.35, 99.32, 113.64, 127.43, 136.88, 148.22, 152.00, 
158.49, 165.78; IR (KBr): νmax 3342, 3225, 3080, 1694, 
1627, 1459, 1241, 1126 cm–1; HRMS: m/z (M + H)+ calcu-
lated for C17H22N2O4: 319.1658, found: 319.1679.

Methyl 4-(4-(Isopentyloxy)phenyl)-6-methyl-2-oxo-1,2, 
3,4-tetrahydropyrimidine-5-carboxylate (4j) C18H24N2O4

Recrystallization from ethanol afforded 1.49 g 
(90%) 4j as a white solid. Mp 171‒173 °C; 1H NMR (300 
MHz, DMSO-d6): δ 0.94 (d, 6H, J = 6.0 Hz, CH(CH3)2), 
1.62‒1.68 (m, 2H OCH2CH2), 1.78‒1.87 (m, 1H, CH2CH), 
2.32 (s, 3H, CH3), 3.62 (s, 3H, OCH3), 3.62 (t, 2H, J = 6.0 
Hz, OCH2), 5.35 (s, 1H, PhCH), 6.22 (s, 1H, NH), 
6.77‒6.88 (m, 3H, ArH), 7.18‒7.26 (m, 1H, ArH), 8.82 (s, 
1H, NH); 13C NMR (75 MHz, DMSO-d6): δ 17.48, 23.79, 
24.91, 40.09, 50.60, 53.96, 66.41, 100.17, 113.41, 127.46, 
136.51, 148.77, 152.16, 158.29, 165.73; IR (KBr): νmax 340, 
3231, 3076, 1699, 1620, 1455, 1228, 1139 cm–1; HRMS: 
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m/z (M + H)+ calculated for C18H24N2O4: 333.1814, 
found: 333.1823.

Methyl 6-Methyl-4-(4-((4-methylbenzyl)oxy)phenyl)- 
2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (4k) 
C21H22N2O4

Recrystallization from ethanol afforded 1.66 g (91%) 
4k as a white solid. Mp 250‒252 °C; 1H NMR (300 MHz, 
DMSO-d6): δ 2.25 (s, 3H, CH3), 2.30 (s, 3H, PhCH3), 3.53 
(s, 3H, OCH3), 5.01 (s, 2H, OCH2), 5.12 (s, 1H, PhCH), 
6.80‒6.90 (m, 4H, ArH), 7.18‒7.31 (m, 4H, ArH), 7.76 (s, 
1H, NH), 9.24 (s, 1H, NH); 13C NMR (75 MHz, DM-
SO-d6): δ 17.29, 20.37, 50.67, 53.72, 70.29, 100.09, 115.26, 
127.70, 128.70, 129.71, 134.81, 135.94, 136.78, 148.92, 
152.50, 158.28, 165.49; IR (KBr): νmax 3337, 3250, 3041, 
1693, 1617, 1469, 1240, 1125 cm–1; HRMS: m/z (M + H)+ 
calculated for C21H22N2O4: 367.1658, found: 367.1679.

Methyl 4-(3-(Benzyloxy)phenyl)-6-methyl-2-oxo-1,2, 
3,4-tetrahydropyrimidine-5-carboxylate (4l) C20H20N2O4

Recrystallization from ethanol afforded 1.56 g (89%) 
4l as a white solid. Mp 196‒198 °C; 1H NMR (300 MHz, 
DMSO-d6): δ 2.26 (s, 3H, CH3), 3.52 (s, 3H, OCH3), 5.07 
(s, 2H, OCH2), 5.10 (s, 1H, PhCH), 6.95 (d, 2H, J = 6.0 Hz, 
ArH), 7.14 (d, 2H, J = 9.0 Hz, ArH), 7.32‒7.42 (m, 5H, 
ArH), 7.73 (s, 1H, NH), 9.23 (s, 1H, NH); 13C NMR (75 
MHz, DMSO-d6): δ 17.20, 50.41, 53.67, 69.87, 100.66, 
111.47, 112.57, 118.49, 127.16, 127.70, 128.76, 129.57, 
136.58, 147.13, 149.32, 152.56, 159.31, 165.25; IR (KBr): 
νmax 3300, 3227, 3065, 1700, 1626, 1453, 1250, 1129 cm–1; 
HRMS: m/z (M + H)+ calculated for C20H20N2O4: 
353.1501, found: 353.1512.

Methyl 4-(2-Methoxy-4-phenethoxyphenyl)-6-methyl- 
2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate 
(4m) C22H24N2O5

Recrystallization from ethanol afforded 1.68 g (85%) 
4m as a white solid. Mp 193‒195 °C; 1H NMR (300 MHz, 
DMSO-d6): δ 2.24 (s, 3H, CH3), 3.03 (t, 2H, J = 6.0 Hz, 
PhCH2), 3.54 (s, 3H, OCH3), 3.74 (s, 3H, PhOCH3), 4.07 
(t, 2H, J = 6.0 Hz, OCH2), 5.26 (s, 1H, PhCH), 5.99 (s, 1H, 
NH), 6.68‒6.75 (m, 3H, ArH), 7.13‒7.28 (m, 5H, ArH), 
8.52 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): δ 17.45, 
34.98, 50.25, 53.30, 54.07, 69.96, 100.56, 101.25, 115.20, 
126.56, 127.66, 128.51, 128.62, 135.47, 137.174, 148.96, 
152.88, 157.07, 158.08, 164.93; IR (KBr): νmax 3350, 3215, 
3027, 1698, 1635, 1477, 1241, 1117 cm–1; HRMS: m/z (M + 
H)+ calculated for C22H24N2O5: 397.1763, found: 397.1775.

Methyl 4-(4-(4-(1,3-Dioxoisoindolin-2-yl)butoxy)phe-
nyl)- 6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5- 
carboxylate (4n) C25H25N3O6

Recrystallization from ethanol afforded 2.17 g (94%) 
4n as a white solid. Mp 134‒136 °C; 1H NMR (300 MHz, 
DMSO-d6): δ 1.82 (br s, 4H, OCH2CH2CH2), 2.31 (s, 3H, 
CH3), 3.64 (s, 3H, OCH3), 3.73‒3.75 (m, 2H, NCH2), 

3.93‒3.95 (m, 2H, OCH2), 4.94 (s, 1H, PhCH), 6.34 (s, 1H, 
NH), 6.71 (d, 2H, J = 9.0 Hz, ArH), 7.15 (d, 2H, J = 9.0 Hz, 
ArH), 7.70‒7.83 (m, 4H, ArH), 8.70 (s, 1H, NH); 13C NMR 
(75 MHz, DMSO-d6): δ 17.63, 29.41, 32.46, 37.77, 50.37, 
52.95, 67.00, 100.05, 113.32, 123.13, 127.30, 132.33, 133.92, 
135.05, 148.76, 152.37, 158.44, 165.72, 168.15; IR (KBr): 
νmax 3346, 3229, 3050, 1700, 1642, 1466, 1240, 1124 cm–1; 
HRMS: m/z (M + H)+ calculated for C25H25N3O6: 
464.1822, found: 464.1850.

Methyl 4-(4-(4-(1,3-Dioxoisoindolin-2-yl)butoxy)phe- 
nyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidi- 
ne-5-carboxylate (4o) C25H25N3O5S

Recrystallization from ethanol afforded 2.20 g (92%) 
4o as a white solid. Mp 130‒132 °C; 1H NMR (300 MHz, 
DMSO-d6): δ 1.89‒1.96 (m, 2H, NCH2CH2), 2.22 (s, 3H, 
CH3), 2.40‒2.44 (m, 2H, OCH2CH2), 3.50 (s, 3H, OCH3), 
3.91‒3.94 (m, 2H, NCH2), 4.01‒4.07 (m, 2H, OCH2), 5.06 
(s, 1H, PhCH), 6.56 (d, 2H, J = 6.0 Hz, ArH), 6.83 (d, 2H, J 
= 6.0 Hz, ArH), 7.10 (d, 2H, J = 6.0 Hz, ArH), 7.33 (d, 2H, 
J = 6.0 Hz, ArH), 7.69 (s, 1H, NH), 9.18 (s, 1H, NH); 13C 
NMR (75 MHz, DMSO-d6): δ 17.88, 30.23, 32.89, 37.93, 
50.54, 53.21, 67.25, 100.34, 113.80, 123.36, 127.41, 132.62, 
134.02, 135.12, 147.88, 158.54, 156.69, 168.24, 174.10; IR 
(KBr): νmax 3380, 3260, 3029, 1647, 1452, 1185, 1137 cm–1; 
HRMS: m/z (M + H)+ calculated for C25H25N3O5S: 
480.1593, found: 480.1620.

Methyl 4-(4-(4-(4-Allyl-2-methoxyphenoxy)butoxy)
phenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine- 
5-carboxylate (4p) C27H32N2O6

Recrystallization from ethanol afforded 2.18 g (91%) 
4p as a white solid. Mp 145‒147 °C; 1H NMR (300 MHz, 
DMSO-d6): δ 1.91 (br s, 4H, OCH2CH2CH2), 2.27 (s, 3H, 
CH3), 3.25 (d, 2H, J = 6.0 Hz, PhCH2), 3.55 (s, 3H, OCH3), 
3.76 (s, 3H, OCH3), 3.92‒4.01 (m, 4H, 2 OCH2), 4.97‒5.04 
(m, 2H, =CH2), 5.27 (s, 1H, PhCH), 5.82‒5.95 (m, 1H, 
=CH), 6.62 (d, 2H, J = 6.0 Hz, ArH), 6.73‒6.76 (m, 3H, 
ArH), 7.13‒7.19 (m, 3H, NH, ArH), 8.11 (s, 1H, NH); 13C 
NMR (75 MHz, DMSO-d6): δ 17.83, 30.01, 32.56, 39.91, 
50.72, 53.28, 55.83, 67.09, 68.83, 100.08, 111.97, 112.58, 
113.78, 115.57, 120.68, 127.25, 132.67, 136.89, 137.92, 
148.00, 148.31, 149.64, 152.06, 158.50, 165.85; IR (KBr): 
νmax 3350, 3200, 3046, 1694, 1625, 1448, 1223, 1165 cm–1; 
HRMS: m/z (M + H)+ calculated for C27H32N2O6: 
481.2339, found: 481.2365.

Methyl 4-(3-(4-(4-Allyl-2-methoxyphenoxy)butoxy)
phenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimi-
dine-5-carboxylate (4q) C27H32N2O6

Recrystallization from ethanol afforded 2.09 g (87%) 
4q as a white solid. Mp 141‒143 °C; 1H NMR (300 MHz, 
DMSO-d6): δ 1.84 (br s, 4H, OCH2CH2CH2), 2.24 (s, 3H, 
CH3), 3.29 (m, 2H, PhCH2), 3.53 (s, 3H, OCH3), 3.72 (s, 
3H, OCH3), 3.96‒3.99 (m, 4H, 2 OCH2), 5.00‒5.11 (Com-
plex, 3H, PhCH, = CH2), 5.90‒5.96 (m, 1H, =CH), 
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6.67‒6.87 (m, 6H, ArH), 7.22 (s, 1H, ArH), 7.74 (s, 1H, 
NH), 9.22 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): δ 
17.78, 30.06, 32.51, 39.87, 50.73, 53.37, 55.82, 67.04, 68.79, 
100.16, 111.75, 111.80, 112.44, 112.61, 115.59, 118.77, 
120.67, 129.71, 132.62, 138.03, 146.91, 148.03, 148.35, 
149.61, 152.05, 159.40, 165.72; IR (KBr): νmax 3347, 3215, 
3081, 1697, 1613, 1463, 1228, 1170 cm–1; HRMS: m/z (M + 
H)+ calculated for C27H32N2O6: 481.2339, found: 481.2370.

Methyl 4-(3-(4-(4-Chlorophenoxy)butoxy)phenyl)- 
6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-car-
boxylate (4r) C23H25ClN2O5

Recrystallization from ethanol afforded 1.97 g (89%) 
4r as a white solid. Mp 162‒164 °C; 1H NMR (300 MHz, 
DMSO-d6): δ 1.83 (br s, 4H, OCH2CH2CH2), 2.22 (s, 3H, 
CH3), 3.51 (s, 3H, OCH3), 3.99 (m, 4H, 2 OCH2), 5.08 (s, 
1H, PhCH), 6.75‒6.81 (m, 3H, ArH), 6.93 (d, 2H, J = 6.0 
Hz, ArH), 7.20 (d, 1H, J = 5.4 Hz, ArH), 7.28 (d, 2H, J = 6.0 
Hz, ArH), 7.73 (s, 1H, NH), 9.21 (s, 1H, NH); 13C NMR 
(75 MHz, DMSO-d6): δ 17.85, 28.54, 29.64, 50.60, 53.20, 
65.50, 66.86, 100.13, 111.65, 112.43, 116.10, 118.46, 125.52, 
129.38, 129.72, 147.06, 148.36, 152.28, 157.98, 159.37, 
165.72; IR (KBr): νmax 3360, 3200, 3044, 1700, 1625, 1450, 
1231, 1164, 758 cm–1; HRMS: m/z (M + H)+ calculated for 
C23H25ClN2O5: 445.1530, found: 445.1549.

Methyl 4-(3-(4-(4-Chloro-3-methylphenoxy)butoxy)
phenyl)-6-methyl-2-oxo-1,2,3,4-tetrahydropyrimidine- 
5-carboxylate (4s) C24H27ClN2O5

Recrystallization from ethanol afforded 1.99 g (87%) 
4s as a white solid. Mp 170‒172 °C; 1H NMR (300 MHz, 
DMSO-d6): δ 1.84 (br s, 4H, OCH2CH2CH2), 2.24 (s, 3H, 

CH3), 2.27 (s, 3H, PhCH3), 3.52 (s, 3H, OCH3), 3.99 (m, 
4H, 2 OCH2), 5.10 (s, 1H, PhCH), 6.77‒6.82 (m, 4H, ArH), 
6.94 (s, 1H, ArH), 7.20‒7.28 (m, 2H, ArH), 7.75 (s, 1H, 
NH), 9.23 (s, 1H, NH); 13C NMR (75 MHz, DMSO-d6): δ 
17.88, 19.87, 28.48, 30.00, 50.74, 53.39, 65.51, 67.20, 
100.00, 111.40, 112.57, 114.32, 114.47, 118.69, 129.23, 
129.70, 130.68, 133.32, 147.06, 148.38, 152.30, 155.52, 
159.19, 165.61; IR (KBr): νmax 3400, 3250, 3083, 1697, 
1618, 1472, 1230, 1169, 750 cm–1; HRMS: m/z (M + H)+ 
calculated for C24H27ClN2O5: 459.1687, found: 459.1708.

3. Results and Discussion
To perform the efficient synthesis of DHPMs, our ini-

tial effort was focused on finding the optimized reaction 
conditions. Thus, the three-component reaction of urea, 
methyl acetoacetate and benzaldehyde in the presence of 
CSSNH was selected as the sample reaction to afford meth-
yl 6-methyl-2-oxo-4-phenyl-1,2,3,4-tetrahydropyrimi-
dine-5-carboxylate (4a). Then, the effects of diverse param-
eters like type of solvent and temperature were studied on 
the reaction progress (Table 1). Performing the reaction in 
the absence of solvent is one of the significant aspects of 
green chemistry. In this regard, the synthesis of DHPM 4a 
was studied under solvent-free condition. As shown in Ta-
ble 1, when the reaction was carried out at room tempera-
ture, only 57% of 4a was obtained after prolonging the reac-
tion time up to 12 h (entry 1). Regarding to imperative role 
of the temperature on the reaction progress, we examined 
the solvent-free synthesis of 4a at different temperatures 
(Table 1, entries 1–7). Remarkably, raising the reaction tem-

Table 1. The effect of solvents and temperature for synthesis of 4a.a

Entry	 Solvent	 Temperature (°C)	 Time (h)	 Yield b (%)

  1	 solvent-free	 r.t.	 12	 57	
  2	 solvent-free	 70	 7	 83	
  3	 solvent-free	 80	 4.5	 86
  4	 solvent-free	 90	 3	 91
  5	 solvent-free	 100	 2	 96
  6	 solvent-free	 110	 2	 96
  7	 solvent-free	 120	 2	 94
  8	 MeCN	 reflux	 8	 50
  9	 DMF	 100	 8	 45
10	 toluene	 reflux	 10	 36
11	 H2O	 reflux	 5	 82
12	 PEG 400	 100	 5	 84
13	 EtOH	 reflux	 5	 87

a Reaction condition: benzaldehyde (5 mmol), methyl acetoacetate (5 mmol), urea (6 mmol), CSSNH 
(0.04 g). b Isolated yield.



380 Acta Chim. Slov. 2021, 68, 374–386

Behrouz et al.:   Chitosan-silica Sulfate Nano Hybrid:    ...

perature resulted in higher yields of 4a in shorter reaction 
times. The best result was gained when the synthesis of 4a 
was achieved at 100 °C (entry 5). Practically, further incre-
ment of the reaction temperature up to 120 °C afforded no 
more considerable improvement in reaction efficacy (en-
tries 6, 7). To demonstrate the efficiency of CSSNH under 
solvent-free condition, the synthesis of 4a was also achieved 
using different solvents (Table 1, entries 8–13). Using 
MeCN, DMF, and toluene as the solvent affords low to 
moderate yields of 4a (entries 8–10). As the results in Table 
1 indicate, H2O, PEG 400, and EtOH led to the synthesis of 
4a in 82–87% yields in longer reaction times (entries 11–
13). These results confirm the remarkable efficiency of 
CSSNH for green and solvent-free synthesis of DHPMs.

The catalyst has undeniable role for progress of 3CR 
synthesis of DHPMs. Accordingly, the effect of different 
loaded amounts of CSSNH was evaluated on the progress 
of the sample reaction (Table 2). As shown in Table 2, in 
the absence of CSSNH, only 15% of 4a was produced even 
after prolonging the reaction time up to 24 h (Table 2, en-
try 1). However, increasing the amount of CSSNH consid-
erably affects the reaction progress (entries 2 and 3). The 
desired DHPM 4a was efficiently obtained when the reac-

tion was carried out using 0.04 g of the catalyst (entry 4). 
No distinguishable improvement was observed when the 
amount of CSSNH was enhanced from 0.04 g up to 0.06 g 
(entries 5 and 6). Hence, 0.04 g of the catalyst was success-
fully used for synthesis of various DHPMs using CSSNH.

To realize the efficiency and limitations of the pres-
ent protocol, we compared our obtained data with some 
previously reported results for synthesis of DHPM 4a (Ta-
ble 3). As the results in Table 3 demonstrate, the reactions 
were performed in the presence or absence of solvent at 
different temperatures. In most methods, the lower yields 
of 4a were obtained except entry 7 which uses acidic cata-
lyst in refluxing EtOH. In general, the present method 
proved to be a smart choice for synthesis of DHPM deriv-
atives. The activity of SSA, and chitosan alone was also 
compared with that of CSSNH using optimized reaction 
conditions (Table 3, entries 8–10). Practically neither pa-
rental SSA nor chitosan are as efficient as CSSNH for sol-
vent-free 3CR synthesis of DHPMs.

After optimizing the reaction conditions, we ex-
plored the versatility and generality of the present method 
for synthesis of structurally diverse 3,4-dihydropyrimi-
dine-2(1H)-one/thione derivatives. Accordingly, 3CRs be-

Table 2. The effect of catalyst amount for synthesis of 4a.a

Entry	 CSSNH (X g)	 Time (h)	 Yield b (%)

   1	 ‒	 24	 15
   2	 0.02	 7	 61
   3	 0.03	 4	 83
   4	 0.04	 2	 96
   5	 0.05	 2	 96
   6	 0.06	 1.8	 93

a Reaction conditions: benzaldehyde (5 mmol), methyl acetoacetate (5 mmol), urea (6 
mmol), CSSNH (X g). b Isolated yield.

Table 3. Synthesis of 4a under various conditions.

Entry Ref.	 Catalyst and conditions	 Time (min)	 Yield a (%)

  1 33	 GO-Chitosan, solvent-free, 110 °C	   10	 86
  2 47	 [Btto][p-TSA], solvent-free, 90 °C 	   30	 89
  3 24	 Dendrimer-PWAn, solvent-free, 80 °C	   40	 91
  4 24	 Dendrimer-PWAn, EtOH, 50 °C, ultrasound irradiation	   10	 90
  5 48	 Isopolyoxomolybdate, solvent-free, 110 °C 	   19	 92
  6 13	 [TEAPS]H2PMo12O40, solvent-free, 105 °C 	   15	 91
  7 26	 SSA, EtOH, reflux	 360	 96
  8 -	 SSA, solvent-free, 100 °C	 120	 83
  9 -	 Chitosan, solvent-free, 100 °C	 120	 79
10 This work	 CSSNH, solvent-free, 100 °C	 120	 96 

a Isolated yield.
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Table 4. Synthesis of 4a–s using CSSNH.a     Continued on next page

Entry Ref.	 Product b	 Product Number	 Time (h)	 Yield c (%)

1 26	 	 4a	 2	 96

2 49	 	 4b	 2	 94

3 49		  4c	 2.5	 88

4		  4d	 2.5	 86

5 49		  4e	 2	 93

6 18		  4f	 2	 91

7		  4g	 2	 89

8		  4h	 2.5	 87

9		  4i	 2	 92

10		  4j	 2	 90

11		  4k	 2.5	 91
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Continued

Entry Ref.	 Product b	 Product Number	 Time (h)	 Yield c (%)

12		  4l	 2.5	 89

13		  4m	 2.5	 85

14		  4n	 2.5	 94

15		  4o	 2.5	 92

16		  4p	 2.5	 91

17		  4q	 2.5	 87

18		  4r	 2.5	 89

19		  4s	 2.5	 87		
		

a Reaction condition: benzaldehyde (5 mmol), methyl acetoacetate (5 mmol), urea (6 mmol), CSSNH (0.04 g), 100 °C. b All 
products were characterized by different techniques. c Isolated yield. d Two equivalents of urea and methyl acetoacetate were 
used.

tween (thio)urea, methyl acetoacetate and different alde-
hydes were carried out in the presence of CSSNH under 
the solvent-free condition at 100 °C to produce the desired 
products 4a–s in good to excellent yields and also in short 
reaction times (Table 4).

Obviously, CSSNH proved to be a suitable, green, 
and heterogeneous nano catalyst that effectively catalyzes 
the synthesis of dihydropyrimidine derivatives 4. As 
shown in Table 4, current protocol also works well with 
different functional groups present in the structure of al-

dehydes. In addition, the sterically hindered ortho-substi-
tuted aldehydes were successfully converted to the corre-
sponding dihydropyrimidine derivatives in short reaction 
times and with satisfactory yields (Table 4, entries 3, 4, and 
13). The reaction of terephthalaldehyde with 2 equivalents 
of urea and methyl acetoacetate afforded the desired prod-
uct 4h in 87% yield (Table 4, entry 8). In addition to com-
mercially available aldehydes, several synthetic aldehydes 
were also employed to synthesize functionalized DHPMs 
as potential chemotherapeutic agents. These aldehydes 
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were pre-synthesized via SN2-type reaction of the appro-
priate hydroxybenzaldehydes with proper alkyl halides. 
The biological activities of the synthesized compounds are 
currently under investigation and will be reported in due 
course.

The recyclability and reusability of the catalyst is an-
other important feature of a green and environmentally 
friendly method for organic transformations. Thus, the re-
usability of CSSNH was investigated by its application in 
five consecutive reactions of model substrates under opti-
mized conditions. To this end, after achieving the first run 
of 4a synthesis, CSSNH was separated from the reaction 
mixture using a sintered glass funnel, washed continuous-
ly with EtOH (2 × 5 mL), and dried in a vacuum oven at 50 
°C for 2 h. The recycled and recovered catalyst was then 
applied for the next run while no fresh CSSNH was added 
to the reaction flask. The result of this study is presented in 
Figure 3.

CSSNH effectively catalyzes at least five sequential reac-
tion runs while no substantial decline of its catalytic was 
observed. Moreover, the IR spectrum of reused catalyst 
after five successive reaction runs is very similar to that 
of the fresh CSSNH (Figure 4). Apparently, the function-
ality and nature of CSSNH remain intact which in turn 
proves the stability of this sustainable and eco-friendly 
catalyst. 

Eventually after elucidating the optimized condition, 
we were interested to investigate the applicability of this 
green protocol on a large scale. Consequently, the 3CR of 
model substrates was conducted on a 70 mmol scale under 
the optimized conditions which furnished the correspond-
ing DHPM 4a in 90% yield.

A plausible mechanism for synthesis of DHPMs us-
ing CSSNH as catalyst is outlined in Scheme 2. Hence, the 
treatment of CSSNH with aldehyde 1 affords the activat-
ed intermediate I which undergoes the nucleophilic addi-
tion of (thio)urea to form intermediate II, followed by 
dehydration and formation of the acyl imine intermedi-
ate III.50 Simultaneously, activation of β-ketoester 3 using 
CSSNH affords the enol tautomer 3’ as the nucleophilic 
species to attack the acyl imine intermediate III which 
results in the ureide intermediate IV. Subsequent intra-
molecular cyclization of intermediate IV followed by de-
hydration of intermediate V in the presence of CSSNH 
affords the corresponding DHPM 4. It is worth mention-
ing that, beside the presence of numerous active ammo-
nium residues in the structure of catalyst, there are plenty 
of other distributed functional groups such as amine and 
hydroxyl on the surface of CSSNH that can activate the 
substrates and intermediates through the hydrogen 
bonding interactions. This unique property makes 
CSSNH as a good candidate for achieving various organic 
reactions in the presence of a green and efficient hetero-
geneous nano catalyst.

Figure 3. The reusability of CSSNH for synthesis of 4a.

Practically, the ease of recovery and stability of 
CSSNH enable its adequate reusability potential. Thus, 

Figure 4. FTIR spectra of fresh CSSNH and recycled CSSNH after five consecutive runs. 
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4. Conclusion
In summary, we have described a green and facile pro-

tocol based on Biginelli reaction for synthesis of 3,4-dihy-
dropyrimidine-2(1H)-one/thione derivatives. In this proto-
col, three-component reaction of commercial and synthetic 
aldehydes with (thio)urea and methyl acetoacetate under 
the solvent-free condition in the presence of CSSNH affords 
the corresponding dihydropyrimidine derivatives in good to 
excellent yields. The use of a green and heterogeneous nano 
catalyst, simple operation, cheapness, feasibility on large 
scale synthesis, elimination of organic solvents and avoid-
ance of strong acidic conditions as well as no need to use 
toxic transition metals make this method attractive to devel-
op structurally divers DHPMs which are important building 
blocks in medicinal chemistry and industry.
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Povzetek
V prispevku opisujemo zelen in visoko učinkovit pristop k sintezi 3,4-dihidropirimidin-2(1H)-onskih oz. -tionskih de-
rivatov. Naša strategija vključuje trokomponentno Biginellijevo reakcijo med (tio)sečnino, metil acetoacetatom in al-
dehidi pod pogoji brez prisotnosti topil ob dodatku hitosan-silikatno sulfatnega nano hibrida (CSSNH) kot zelenega, 
heterogenega nano katalizatorja. Optimizirani pogoji omogočajo tvorbo ustreznih produktov v kratkih reakcijskih časih 
z dobrimi do odličnimi izkoristki. CSSNH je cenen, okolju prijazen in nestrupen nano katalizator, ki ga lahko enostavno 
pripravimo in z njim rokujemo, možna pa je tudi ponovna uporaba brez bistvene izgube aktivnosti.
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