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Abstract:
The use of the new Fe3O4@Salicylic acid nanocatalyst (Fe3O4@SA) is described in the synthe-
sis of 3, 4 dihydropyrimidin-2(1H)-ones/thiones and benzylidenemalononitrile in a solvent-free
(SF) environment at 80◦C as a simple, effective, and environmentally friendly procedure. In the
present protocol, we have created new, simple chemical co-precipitation method for the synthesis
of efficient and magnetically recoverable Fe3O4 magnetic nanoparticles (MNPs) coated with a
layer of salicylic acid. The synthesized catalyst underwent thorough characterization successfully
by Infrared spectroscopy, Powder X-ray diffraction (XRD), Field emission scanning electron
microscopy (FESEM), Transmission electron microscopy (TEM), and FESEM-energy-dispersive
X-ray spectroscopy, Thermogravimetric analysis (TGA), Vibrating sample magnetometer (VSM)
respectively. This eco-friendly and green synthesis methodology has advantages, such as the ab-
sence of hazardous organic solvents, magnetic in nature, salicylic acid coated ferrite nanocatalysts
are easily separable and reusable, quick reaction time and large product yield(71-98%), making
this protocol superior and robust.

Keywords: Nanocatalyst; Biginelli; Dihydropyrimidine; Green synthesis; Multicomponent reaction; Solvent-free Fe3O4;
One-pot synthesis

1. Introduction

Nanocatalyst research has always been one of the most fasci-
nating areas of study in green chemistry and nanochemistry.
Over the past ten years, researchers have carried out a great

deal of study on nanocatalysts. By bridging the gap be-
tween homogeneous and heterogeneous catalysts, nanocat-
alysts can take advantage of both. In order to separate
and recover from the reaction mixture, chemists have tried
to develop high-activity and high-efficiency catalysts with
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good selectivity, low energy consumption, and extended
life [1–3]. Magnetic nanoparticles are used in a variety of
fields, including environmental remediation, biotechnology,
biomedicine, and catalysis [4]. They also offer a number
of benefits, including strong catalytic activity, reusability,
chemical stability in a range of organic solvents, and sim-
plicity of separation with the use of an external magnet
[5, 6]. These nanocatalyst’s magnetic properties have re-
sulted in their facile separation and recovery from the re-
action system [7]. Furthermore, magnetic nanoparticles
have garnered significant interest among researchers in re-
cent years, and iron nanoparticles are particularly important
among magnetic nanoparticles [8]. Nontoxic Lewis acids
such as iron nanoparticles (ions) have been used as cata-
lysts in many cases [9, 10]. Applications for magnetic iron
nanoparticles are not restricted to a single field but include
a wide range of fields, for instance, magnetic hyperthermia
[11, 12], culinary science [13], imaging using magnetic res-
onance (MRI) [14], fluid transfer, microbiology, and drug
delivery [15–19]. Multidisciplinary materials heavily rely
on functionalized magnetic metal nanoparticles. Numerous
other academic and professional domains, including chem-
istry, biology, pharmacology, optics, electronics, catalyst
sciences, and technologies [20].
Using urea or thiourea, aromatic aldehydes, b-dicarbonyl
compounds, and Fe3O4 in one-pot Biginelli reactions, an
appealing class of dihydropyrimidinone derivatives were
synthesized with high to exceptional yield [21]. For in-
stance, many acid coated magnetic particles, as well as
their application in the synthesis of heterocyclic compounds,
were investigated in Bigineli reactions such as nanoparti-
cles of phosphomolybdic acid on imidazole-functionalized
Fe3O4@SiO2 [22], Fe3O4-DOPA-Cu [23], isoniazid-
functionalized Fe3O4 (Fe3O4@SiO2-Pr-INH) [24], Fe3O4-
MWCNT [25], Fe3O4@silica sulfuric acid [26], sulfamic
acid supported magnetic Fe3O4 [27], mercaptopropanoic
acid coated Fe3O4 [28], sulfonated-phenylacetic acid coated
Fe3O4 [29], PTA@ZIF- 9(NH2)[30] etc. The synthesis
of bioactive chemicals has shown considerable interest
in multicomponent reactions [31–33]. The cycloconden-
sation of aldehydes, suitable C-H acidic carbonyl com-
pounds, and urea-type building blocks under acidic con-
ditions provides multifunctionalised dihydropyrimidine
derivatives [34]. The biological investigation of these vari-
ous molecules via molecular manipulation showed activities
such as antihypertensive drugs, calcium channel blockers,
a-1a antagonists, possible TLR4 antagonists, antiviral, an-
titumor, anti-inflammatory, antibacterial, antifungal, and
antitubercular activity[35–48].
In organic chemistry, derivatives of benzylidenemalononi-
trile (BMN) are widely employed as target and intermediate
molecules. Benzylidenemalononitrile compound’s special
qualities, namely their antifungal [49], anticancer [50], an-
timicrobial [51], and anti-corrosive capabilities [52], have
drawn the interest of numerous experts.
BMN compounds are employed in prostaglandin produc-
tion, photoconductive cell design, oxidative stress cell resis-
tance, and the inhibition or activation of specific enzymes
[53]. In literature, many catalysts such as Fe3O4@SiO2

[54], MgO/ZrO2 [55], MIL-53(Fe) @SiO2@NiFe2O4 [56],
Fe3O4–cysteamine [57], Fe3O4@GO@PAMAM (G2) [58],
Fe3O4@SiO2@PAMAM-G2 [59] etc., have been employed
in the synthesis of BMN.
Because organic solvents are toxic, researchers are increas-
ingly interested in organic reactions in solvent-free me-
dia. In the absence of solvents, the desired products were
obtained with high yields within relatively brief reaction
periods [60]. In a green manner, the procedure is not only
environmentally friendly, but it also has a higher rate, higher
yields, and takes less time. This protocol is both economical
and environmentally friendly for organic synthesis. Further-
more, our approach supports the practical application of
Fe3O4@SA nanocomposites as catalysts.
Here, we created a very effective functional magnetic acid
catalyst by examining the impact of immobilizing sali-
cylic acids -OH and -COOH groups on Fe3O4 nanomag-
netic particles as a substrate. In order to synthesize 3,
4-dihydropyrimidine-2(1H)-ones/thiones and benzylidene-
malononitrile (BMN) under mild circumstances, this article
has attempted to present a useful and practical approach
for the Biginelli and Knoevenagel condensation processes,
respectively.

2. Experimental

2.1 Materials and reagents
All chemicals were procured from Avra Lab. and utilized
without additional purification. The reaction’s progression
was tracked through thin-layer chromatography (TLC), em-
ploying Merck’s analytical and preparative thin-layer chro-
matography plates with 0.2 mm and 0.5 mm Kieselgel GF
254 pre-coated aluminium plates, respectively. UV light
chambers were utilized for visualizing the spots. Proton
(1H) and carbon (13C) nuclear magnetic resonance (NMR)
spectra were acquired on a Bruker Avance 500 MHz spec-
trometer using DMSO-d6 and CDCl3 as solvents, with
tetramethylsilane (TMS) serving as an internal reference
standard. Chemical shifts are reported in δ (parts per mil-
lion). Infrared (IR) spectra were obtained using a Perkin
Elmer spectrophotometer with potassium bromide (KBR)
discs. The particle morphology, size, elemental composi-
tion, thermal stability, and magnetic property of the syn-
thesized catalyst nanomaterial were characterized using a
Field Emission Scanning Electron Microscope (FESEM)
- Hitachi High-Tech SU8000, and Single Crystal-X-Ray
Diffractometer (SC-XRD) - Bruker (D8 Venture). Energy-
dispersive X-ray spectroscopy (EDS) analysis was con-
ducted using FESEM, TGA- Hitachi NEXTA STA300, and
MICROSENSE EZ-9, respectively.

2.2 Synthesis of Fe3O4@salicylic acid catalyst
Iron sulfate heptahydrate (FeSO4.7H2O) 2.78 g and ferric
chloride (FeCl3) 3.24 g were combined with a molar ratio
of 1:2, with 10 mL of each solution added. A sodium
hydroxide (NaOH) solution was prepared by dissolving 14.4
g (1.8 mol) of NaOH solid in 200 mL of distilled water and
preheating it to approximately 80 ◦C. The mixed solution
of FeSO4.7H2O and FeCl3 was then added dropwise to
the preheated NaOH solution under continuous stirring,
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maintaining the temperature at 80 ◦C for 15 minutes. The
resulting reaction mixture was stirred for an additional 15
minutes, yielding a black precipitate consisting of iron oxide
nanoparticles. Subsequently, a coating agent comprising
12 wt. % (0.227 g) salicylic acid was added dropwise to
the solution under vigorous stirring at 90 ◦C for 1 hour.
Once the stirring stopped, the solution was subjected to
sonication for 2 hours. Upon cooling, the precipitate settled
at the bottom and was filtered using whatman No. 42 filter
paper. The obtained precipitate was washed several times
with aqueous alcohol to remove impurities, followed by
drying of the catalyst in an oven at 100 ◦C.

2.3 Synthesis of 3, 4 dihydropyrimidin-2(1H)-ones/
thiones by using Fe3O4@SA nanocatalyst

The mixture of 1a:0.106 g; 1b:0.140 g; 1c:0.124 g; 1d:
0.122 g, 1e:0.151 g, 1f:0.166 g (1 mmol) of aromatic alde-
hyde, 0.130 g (1 mmol) of ethyl acetoacetate, 0.072 g /0.091
g (1.2 mmol) of urea/thiourea and 0.050 g of Fe3O4@SA
magnetic nanoparticles in round bottom flask was stirred at
80 ◦C in oil bath on magnetic stirrer without the use of sol-
vents. After TLC, the reaction mixture was allowed to cool
to room temperature using an eluent ratio of petroleum ether
to ethyl acetate of 8:2. The resultant solid was dissolved
in ethyl acetate, and an external magnet was used to aid in
separating the magnetic nanocatalyst. On a rota evaporator,
the mixture was concentrated under low pressure. The re-
sulting solid was then water-washed and recrystallized from
ethanol.

2.4 Synthesiss of benzylidenemalononitrile by using
Fe3O4@SA nanocatalyst

4a:0.184 g; 4b:0.197 g; 4c:0.362; 4d: 0.310 g; 4e:0.296 g
(1 mmol) of the aldehyde derivative was combined with (1
mmol) 0.66 g of malononitrile in a reaction vessel. 0.050 g
Fe3O4@SA catalyst was added, and the mixture underwent
stirring in an oil bath at 80 ◦C under solvent free condition
for 10-15 minutes. The resulting solid was dissolved using
ethyl acetate, and using an external magnet, the magnetic
nanoparticle catalyst was separated.The weight of the crude
product was measured, and subsequently, its percentage
yield and melting point were determined.

2.4.1 Spectral data of as-synthesized compounds
2.4.1.1 Ethyl 6-methyl-4-phenyl-2-thioxo-1, 2, 3, 4-
tetrahydropyrimidine5-carboxylate (2a)
(Table 4, entry 1): 1H NMR (DMSO-d6, 500 MHz): δ

10.58 (1H, NH), 9.91 (1H, NH), 7.40-7.50 (m, 5H, H-2’,
H-3’, H-4, H-5’& H- 6’), 5.42 (s, 1H, H-4), 4.22 (q, J = 7.1
Hz, 2H, CH2-CH3), 2.41 (s, 3H, CH3), 1.32 (t, J = 7.1 Hz,
3H, CH2-CH3).
2.4.1.2 Ethyl4-(4-chlorophenyl)-6-methyl-2-thioxo-
1,2,3,4-tetrahydropyrimidine 5carboxylate (2b)
Table 4, entry 2): 1H NMR (DMSO-d6, 500 MHz): δ

10.61 (s, 1H, NH), 9.96 (s, 1H, NH), 7.71 ( d, J = 8.0 Hz,
2H, H-3’& H-5’), 7.52 (d, J = 8.0 Hz, 2H, H-2’ & H-6’
), 5.41 (s, 1H, H-4), 4.24 (q, J = 7.1 Hz, 2H, CH2-CH3),
2.82 (s, 3H, CH3), 1.25 (t, J = 7.1 Hz, 3H, CH2-CH3).
2.4.1.3 Ethyl4-(4-fluorophenyl)-6-methyl-2-thioxo-1, 2,
3, 4-tetrahydropyrimidine-5 carboxylate (2c)

(Table 4, entry 3): 1H NMR (DMSO-d6, 500 MHz) : δ

10.61 (s, 1H, NH), 9.91 (s, 1H, NH), 7.42 (m, 4H, H-2’,
H-3’, H-5’ & H-6’), 5.22 (s, 1H, H-4), 4.22 (q, J = 7.1 Hz,
2H, CH2-CH3), 2.54 (s, 3H, CH3), 1.24 (t, J = 7.1 Hz, 3H,
CH2-CH3).
2.4.1.4 Ethyl 4-(4-hydroxyphenyl)-6-methyl-2-thioxo -1,
2, 3, 4 tetrahydropyrimidine-5-carboxylate (2d)
(Table 4, entry 4): 1H NMR (DMSO-d6, 500 MHz): δ 9.12
(s, 1H, NH), 9.00 (s, 1H, NH), 7.52 ( br s, 1H, OH), 7.21
(d, J = 7.91 Hz, 2H, H-2’ & H-6’), 6.76 (d, J = 7.9 Hz, 2H,
H-3’ & H-5’), 5.22 (s, 1H, H-4), 4.12 (q, J = 6.7 Hz, 2H,
CH2-CH3), 2.32 (s, 3H, CH3 ), 1.12 (t, J = 6.7 Hz, 3H,
CH2-CH3).
2.4.1.5 Ethyl 6-methyl-4-(4-nitrophenyl)-2-oxo-1, 2, 3,
4-tetrahydropyrimidine-5-carboxylate (2e)
(Table 4, entry 5): 1H NMR (DMSO-d6, 500 MHz): δ 9.36
(bs, 1H,NH), 8.17 (d, J = 7.6 Hz, 2H, H-3’& H-5’), 7.88
(bs, 1H, NH), 7.47 (d, J = 7.60 Hz, 2H, H-2’, & H-6’), 5.42
(s, 1H, H-4), 3.97 (q, J = 7.1 Hz, 2H, CH2-CH3), 2.47 (s,
3H, CH3), 1.08 (t, J = 7.1 Hz, 3H, CH2-CH3).
2.4.1.6 Ethyl 4-(3, 4-dimethoxyphenyl)-6-methyl-2-oxo-
1, 2, 3, 4- tetrahydropyrimidine-5-carboxylate (2f)
(Table 4, entry 6): 1H NMR (CDCl3, 500 MHz): δ 8.40
(s,1H, NH), 7.24 (d, J = 8 Hz, 2H, H-5’ & H-6’), 6.79(s,
1H, H-2’), 5.93 (s, 1H, NH), 5.35 (s, 1H, H-4), 4.04 (q, J =
8.0 Hz, 2H, CH2-CH3), 2.30(s, 3H, CH3), 1.17 (t, J = 8.0
Hz, 3H, CH2-CH3).
2.4.1.7 Ethyl 6-methyl-2-oxo-4-phenyl-1, 2, 3, 4-
tetrahydro- pyrimidine-5-carboxylate (2g)
(Table 4, entry 7): 1H NMR (DMSO-d6, 500 MHz): δ 9.26
(s, 1H, NH), 7.79(s, 1H, NH), 7.32 (m, 5H, H-2’, H-3’,
H-4’, H-5’& H-6’), 5.11(d, J = 3.4 Hz, 1H, H-4), 4.00 (q, J
= 6.7 Hz, 2H, CH2-CH3), 2.31 (s, 3H, CH3), 1.10 (t, J = 6.7
Hz, 3H, CH2-CH3).
2.4.1.8 Ethyl 4-(4-chlorophenyl)-6-methyl-2-oxo-1, 2, 3,
4- tetrahydropyrimidine-5-carboxylate (2h)
(Table 4, entry 8): 1H NMR (CDCl3, 500 MHz): δ 9.35
(s, 1H, NH), 7.27∼ 7.83 (m, 4H, H-2’, H-3’, H-5’& H-6’),
5.20 (s, 1H, NH), 5.41 (d, J = 4.0 Hz, 1H, H-4), 4.11 (q, J
=8.0 Hz, 2H, CH2-CH3), 2.38 (s, 3H,CH3), 1.22 (t, J = 8.0
Hz, 3H, CH2-CH3).
2.4.1.9 Ethyl (4-fluorophenyl)-6-methyl-2-oxo-1, 2, 3, 4-
tetrahydropyrimidine-5-carboxylate (2i)
(Table 4, entry 9): 1H NMR (CDCl3, 500 MHz) : δ 9.20 (s,
1H, NH), 7.79 (t, J = 8.0 Hz & 4.0 Hz 2H, H-2’ & H-6’),
7.25(t, J = 12 Hz & 8.0 Hz 2H, H-3’ & H-5’), 7.20 (s, 1H,
NH), 5.19 (s, 1H, H-4), 3.96 (q, J = 7.1 Hz, 2H, CH2-CH3),
2.26 (s, 3H, CH3), 1.08 (t, J= 7.1 Hz, 3H, CH -CH ).
2.4.1.10 Ethyl 4-(4-hydroxyphenyl)-6-methyl-2-oxo-1, 2,
3, 4- tetrahydropyrimidine-5-carboxylate (2j)
(Table 4, entry 10): 1H NMR (DMSO-d6, 500 MHz): δ

8.61 ( br s, 1H, NH), 7.14(d, J = 8Hz, 2H, H-2’ & 6-H’),
6.80 (d, J = 8Hz 2H, H-3’ & H-5’), 6.62 (s, 1H, NH) 5.12
( s, 1H, H-4), 4.21 (br s, 1H, OH), 4.03 (q, J = 7.2 Hz,
2H, CH2-CH3), 2.21 (s, 3H, CH3), 1.11 (t, J = 7.2 Hz, 3H,
CH2-CH3).
2.4.1.11 2-(4-methoxybenzylidene) malononitrile (4a)
(Table 5, entry 11) : 1H-NMR (500MHz, CDCl3): δ

(ppm):7.98 (d, J = 8.8 Hz, 2H), 8.38 (s, 1H), 7.19 (d, J =
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Scheme 1. Schematic representation of the synthesis of Fe3O4@SA nanocatalyst.

8.8 Hz, 2H), 3.89 (s, 3H); 13C-NMR (500 MHz, CDCl3)
δ (ppm): 158.9, 154.4, 136.4, 128.9, 121.2, 120.2, 114.3,
112.9, 111.5, 81.5, 55.9.
2.4.1.12 2-(4-di methyl aminobenzylidene) malononitrile
(4b)
(Table 5, entry 12): 1H-NMR (500MHz, CDCl3): δ 3.14 (s,
6H), 6.68 (d, 2H, J 9.3 Hz), 7.43 (s, 1H), 7.79 (d, 2H, J 9.3
Hz); 13C-NMR (500 MHz, CDCl3) δ (ppm): 40.02, 71.72,
111.54, 114.87, 115.94, 119.21, 133.72, 154.20, 157.98.
2.4.1.13 2-((3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-
4-yl) methylene) malononitrile (4c)
(Table 5, entry 13): 1H NMR (500 MHz, CDCl3, δ , ppm):
3.88 (3H, s, O-CH3), 7.05-7.81 (10H, m, HAr), 9.01 (1H,
s, -CH=C (CN)2). 13C NMR (500 MHz, CDCl3): 160.98,
156.24, 151.27, 138.63, 130.51, 129.81, 129.21, 128.58,
122.49, 120.07, 114.97, 114.72, 114.02, 113.94, 55.48
2.4.1.14 2-((1-phenyl-3-p-tolyl-1H-pyrazol-4-yl) methy-
lene) malononitrile (4d)
(Table 5, entry 14): 1H NMR (500 MHz, CDCl3, δ , ppm):
2.44 (3H, s, -CH3), 7.27-7.81 (10H, m, HAr), 9.02 (1H,
s, -CH=C (CN)2).13C NMR (500 MHz, CDCl3): 156.48,
151.25, 140.05, 138.63, 129.90, 129.80, 129.07, 129.22,
128.59, 127.24, 120.07, 115.02, 113.97, 113.92, 21.39.

3. Results and discussion
The process employed to construct the potent and magnet-
ically recoverable catalyst Fe3O4@SA, which we synthe-

sized in this work, is schematically depicted in Scheme 1.
For the preparation of Fe3O4@SA nanocatalyst, we have
developed a new method other than which was previously
described by Unal et. al. in their research work.
The synthesized Fe3O4@SA was described, and its per-
formance as a catalyst to produce dihydropyrimidinones
was assessed in the Biginelli reaction. At a temperature of
80◦C, the research entailed examining the Biginelli reaction
model using urea, ethyl acetoacetate, and benzaldehyde as
substrates (Scheme 2).
To maximize the reaction conditions and yield the highest
catalytic activity, this process was conducted with different
reaction parameters, including solvent and catalyst amount.
The model reaction was carried out in a range of solvents
as well as solvent-free conditions to assess the catalyst’s ef-
ficacy (Table 1). As can be observed, the reaction produced
the maximum yield (51%), even though it was conducted
without the use of a solvent. Furthermore, various catalyst
quantities were used to examine the influence of catalyst
amount on the Biginelli reaction (Table 1). The product
yield rose dramatically from 54% to 97% even though the
amount of catalyst increased from 0.025 to 0.055 g. This
is probably because there were more acid sites accessible.
Since then, the yield percentage has stayed consistent be-
tween 0.050 and 0.055 g (Table 1, entries 1-10). The cat-
alyst exhibits an average turnover number (TON) of 6860
mol and a turnover frequency (TOF) of 335 min−1, both of

Scheme 2. Fe3O4@Salicylic acid catalyzed solvent-free one-pot synthesis of 3, 4 dihydropyrimidin-2(1H)-ones/thiones.

2252-0236[https://doi.org/10.57647/j.ijc.2024.1403.28]

https://doi.org/10.57647/j.ijc.2024.1403.28


Gaikwad et al. IJC14 (2024) -142428 5/14

Table 1. The Biginelli reaction in the presence of Fe3O4@SA is affected by varying solvent concentrations and catalyst
amounts.

Entry Solvent Catalyst (g) Yield (%)

1 Water (0.025) Trace
2 Toluene (0.025) Trace
3 Ethanol (0.025) 37
4 Acetonitrile (0.025) 41
5 Solvent -free No Catalyst Trace
6 Solvent-free (0.025) 51
7 Solvent-free 0.035 70
8 Solvent-free 0.040 87
9 Solvent-free 0.050 97

10 Solvent-free 0.055 97
Reaction condition: benzaldehyde (1a) (1 mmol, 0.106 g), ethyl acetoacetate (E)(1 mmol, 0.130 g), urea (U) (1.2 mmol, 0.072 g), catalyst(0.025-0.055 g),

reaction time 60 min, reaction temperature 80 ◦C.

which demonstrate the catalyst’s favorable efficiency.
We examined the viability of the reaction without a catalyst
before utilizing it for a solvent-free reaction and discovered
a trace amount of product. This demonstrates unequivocally
that catalysts are needed for this process.
The catalyst’s capacity to be reused is essential for indus-
trial applications. To verify the catalyst’s reusability in the
model reaction, the reaction was run multiple times using
the same batch of catalyst. Under optimal circumstances
for the synthesis of the model compound 1a, as shown in
Fig. 1, the catalyst’s recyclability was investigated. Four
times through the recycling process, no discernible decrease
in activity was found. The four cycle’s yields were noted
as follows: 95%, 95%, 93%, and 90%, in that order. The
catalyst was repeatedly washed in ethanol and magnetically
separated after each cycle and deionized water to regenerate
it. It was then utilized in the Biginelli reaction after being
dried in a 60 ◦C oven.
Additionally, a comparison of the solvent and solvent-free
catalytic activity of a few heterogeneous catalysts employed
in Biginelli condensation was made. Fe3O4@SA was intro-
duced as one of the most efficient heterogeneous catalysts
for Biginelli condensation in a solvent-free environment.
According to data, this Fe3O4@SA magnetic nano-catalyst
formed the intended products quite efficiently when used
under mild conditions and for a brief length of time (Table 2,

entry 1-11).
Biginelli reactions of several aldehydes with urea (or
thiourea) and ethyl acetoacetate were studied using
Fe3O4@SA as the catalyst. The appropriate 3, 4-
dihydropyrimidin-2(1H)-ones/thiones were produced in
good to exceptional yields by the three-component reac-
tion, which ran smoothly in all cases. Purity and high
yields of the intended products were obtained through the
reaction with aromatic aldehydes bearing electron-donating
or electron-withdrawing groups. For Biginelli products,
thiourea also offered acceptable yields (Table 3, entry 1-
10).
Fig. 2 shows a probable mechanism for the synthesis of 3,

Figure 1. Recyclability of the catalyst.

Table 2. Catalytic activities of different catalysts for the synthesis of 3, 4-dihydropyrimidinone.

Entry Catalyst Temp (◦C) Time(min) Yield (%) Solvent Ref.

1 Fe3O4@silica sulfuric acid 60 90 94 Solvent free [30]
2 Sulfamic acid supported magnetic Fe3O4 100 60 89 Solvent free [31]
3 Mercaptopropanoic acid coated Fe3O4 RT 120 95 Solvent free [32]
4 Sulfonated-phenylacetic acid coated Fe3O4 RT 120 90 Solvent free [33]
5 Phetalimid-N-sulfonic acid 120 120 94 Solvent free [39]
6 Fe(III)/bentonite 80 420 95 Acetonitrile [40]
7 Fe3O4@mesoporous SBA-15 90 360 85 Ethanol [19]
8 Fe3O4@Nb2O5 80 720 99 Ethanol [41]
9 PFAMPS Reflux 300 87 Ethanol [42]

10 p-Sulfonic acid calixarenes Reflux 480 69 Ethanol [43]
11 Fe3O4@SA 80 60 95 Solvent free This work

The synthesis of 3, 4-dihydropyrimidinone is achieved by Biginelli condensation of urea (U), ethyl acetoacetate (E), and benzaldehyde (1a). The catalytic
act of certain heterogeneous solid acid catalysts is compared in solvent and solvent-free conditions.
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Table 3. Synthesis of 3, 4-dihydropyrimidin-2(1H)-ones/thiones (2a-2j) by Fe3O4@SA catalyst at solvent-free condition
(Scheme 2).

Entry Sr. No. Reactant X= O/S Time (min) Product aYield % M.P.

1 2a S 60 95 206 ◦C

2 2b S 60 98 191 ◦C

3 2c S 60 96 182 ◦C

4 2d S 60 95 202 ◦C

5 2e O 60 86 203 ◦C

6 2f O 60 93 175 ◦C

7 2g O 60 97 203 ◦C
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Continue of Table 3.

Entry Sr. No. Reactant X= O/S Time (min) Product aYield % M.P.

8 2h O 60 88 217 ◦C

9 2i O 60 96 184 ◦C

10 2j O 60 71 245 ◦C

Reaction condition: aromatic aldehyde (1 mmol), ethyl acetoacetate (1 mmol, 0.130 g), urea/thiourea (1.2 mmol, 0.072 g/ 0.091 g),
catalyst (0.050 g), reaction time 60 min, reaction temperature 80 ◦C. a isolated yield.

Figure 2. Proposed mechanism of synthesis of 3, 4-dihydropyrimidin-2(1H)-ones/thiones.
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Scheme 3. Synthesis of benzylidenemalononitrile (4a-4e) by Fe3O4@SA catalyst at solvent-free condition.

4-dihydropyrimidin-2(1H)-ones/thiones. The first probable
stage likely involves the rate-controlling nucleophilic addi-
tion of urea to an aldehyde activated by a catalyst, resulting
in the formation of the N-alkylidene urea intermediate (A)
through dehydration. The intermediate imine (A) was inter-
cepted by the enolized acetoacetate, leading to the forma-
tion of intermediate (B). This intermediate then underwent
consecutive cyclization and dehydration catalyzed by the
reaction environment, ultimately yielding the anticipated
dihydropyrimidinones/thiones 5.
To explore the catalytic activity and versatility of
Fe3O4@SA magnetic nanocatalyst, it was tested for the
synthesis of benzylidenemalononitrile. The synthesis of
benzylidenemalononitrile using a nanocatalyst resulted in
the formation of the corresponding condensation product
(4a-4e) in 91-96% yield within 10-15 minutes of stirring
(scheme 3) (Table 4, entry 1-5).
To assess the appropriateness of this synthetic approach, the
Knoevenagel condensation of a model reaction was eval-

uated against other methods documented in the literature
(Table 5, entry 1-8). This study offers benefits such as
simplicity, similar reusability, eco-friendly and green condi-
tions, a reasonable amount of catalyst, and brief reaction
times.

3.1 Characterization of the Fe3O4@SA nanocatalyst

Various techniques were used to characterise the synthe-
sized catalyst, such as FTIR, FE-SEM, TEM, SEM–EDS,
XRD, TGA and VSM, etc.
Fourier-transform infrared spectroscopy (FTIR) is partic-
ularly effective for characterizing the functionalization
and modification of magnetite nanoparticles. Infrared ab-
sorption spectra were obtained in the range from 3778
to 500 cm–1. To authenticate the modification of the
magnetite surface with salicylic acid and metal ions,
nanocomposites were analyzed using FTIR spectra of mag-
netite, Fe3O4@SA, and salicylic acid. Fig. 3 shows the
typical FTIR spectrum of (a) Fe3O4 nanoparticles (b1)

Table 4. Synthesis of benzylidenemalononitrile (4a-4e) by Fe3O4@SA catalyst at solvent-free condition (Scheme 3).

Entry Sr. No. Reactant Time (min) Product bYield % M.P.

1 4a 10 94 115 ◦C

2 4b 10 96 180 ◦C

3 4c 15 91 177-178 ◦C

4 4d 15 95 235-237 ◦C

5 4e 15 96 159-162 ◦C

Reaction condition: aromatic aldehyde (1 mmol), malononitirile (1 mmol), catalyst (0.050 g), reaction time 10-15 min, reaction temp 80
◦C. b isolated yield.
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Table 5. Catalytic activities of different catalysts for the synthesis of benzylidenemalononitrile.

Entry Catalyst Temp (◦C) Time (min) Yield (%) Solvent Ref.

1 Fe3O4@APTMS@Zr-Sb-Ni-Zn Reflux 25 93 Water [61]
2 ZnO RT 90 85 SF [62]
3 Fe3O4-cysteamine hydrochloride 50 55 98 EtOH-H2O [63]
4 [Fe3O4@SiO2@(CH2)3-caffein]OH 60 7 85 H2O [64]
5 CaFe2O4 Reflux 30 85 MeOH [65]
6 Fe3O4@SiO2@CuO-Fe2O3 Reflux 20 95 H2O [66]
7 CSC-Star-Glu-IL2 60 30 95 H2O [67]
8 Fe3O4@SA 80 10 94 SF This work

The synthesis of benzylidenemalononitrile is achieved by Knoevenagel condensation of malononitrile, and 4-methoxy benzaldehyde
(3a). The catalytic activity of certain heterogeneous solid acid catalysts is compared in solvent and solvent-free conditions.

Reused Fe3O4@Salicylic acid nanocomposite (b) Fresh
Fe3O4@Salicylic acid nanocomposite and (c) Salicylic acid.
The FT-IR spectrum of salicylic acid revealed asymmet-
ric and symmetric vibrational peaks at wavenumbers 2980
cm−1 and 2850 cm−1, respectively, which were attributed
to C-H stretching presented in Fig. 3 (c). The presence
of the C=O stretching band resulted in the acute peak at
1653 cm−1 (COO-). Notably, the peak at 3230 cm−1 was
attributed to the -OH stretching frequency, a common fea-
ture in compounds with hydroxyl groups. The asymmetric
and symmetric C-H stretching vibrations changed very little
in the spectrum of salicylic acid-coated Fe3O4, as shown
in Fig. 3(b). It is apparent that the IR spectra Fe3O4 &
Fe3O4@SA nanoparticles show a sharp broad peak charac-
teristic magnetite absorption for Fe-O stretching vibration,
at 560 cm−1 are shown in Fig. 3.
It’s noteworthy that the C=O stretching band of the car-
boxyl group, typically present at 1653 cm−1 in the pure
salicylic acid spectrum, was absent in the nanocomposite
spectrum. Two binding modes for surface carboxylate bond-
ing have been proposed. However, only one peak at 1400
cm−1 corresponding to symmetric stretching was observed.
Consequently, we conclude that salicylic acid adsorbs on
the surface of Fe3O4 symmetrically through two oxygen
atoms of the carboxylate group, indicating the linkage of
salicylic acid to the Fe3O4 nanoparticle surface [68–71].
There was no notable change in the IR spectra between the

fresh catalyst and the catalyst reused four times, indicating
its stability Fig. 3(b1).
Primarily, the size, structure, and morphology of
Fe3O4@Salicylic acid nanocomposite were investigated
by FESEM images (Fig. 4). A typical FESEM image of
salicylic acid Fe3O4 nanocomposite is shown in Fig. 4. The
morphology of the nanocomposite was observed through
FESEM images. The images clearly indicate that these
nanoparticles have appeared as spherical shape structures
with average grain size of 10 to 25 nm are shown in Fig. 4.
The round surface of MNP’s is obvious, which provides the
active surface area for adsorption of the reactant molecule.
Transmission electron microscopy (TEM) examination
was used to examine the shape and microstructure of the
nanoscale particles. The TEM images presented in Fig.
5 demonstrate spherical Fe3O4@SA nano sized particles,
with an average size ranging from 10 to 25 nm.
Furthermore, energy X-ray spectroscopy (FESEM–EDS)
was used to ascertain the chemical composition of the
Fe3O4@SA nanomaterial. Images from elemental mapping
verified the existence of C, O, and Fe in the nanomaterial
(Fig. 6). Energy dispersive X-ray spectra were used to
compute the percentages of each element contained in the
nanocatalyst, and the results were in good agreement with
the catalyst composition that was suggested. An alternate
name for the stoichiometric magnetite Fe3O4 is FeO•Fe2O3.
As a result, it has salicylic acid and iron ions Fe2+ and Fe3+

Figure 3. FT-IR spectra of (a) Fe3O4 nanoparticles (b1) Reused Fe3O4@Salicylic acid nanocomposite (b) Fresh
Fe3O4@Salicylic acid nanocomposite and (c) Salicylic acid.
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Figure 4. FE-SEM images of Fe3O4@SA nanocatalyst.

Figure 5. TEM images of Fe3O4@SA nanocatalyst sample.

in its structure. In the EDS spectra of Fe3O4@SA (Fig. 6),
it is observed that the binding energies of C, O, Fe2+, and
Fe3+ are associated with the peaks that emerge at 0.27, 0.51,
0.70, and 6.39 keV, respectively (Fig. 6).
To investigate the crystal composition of the generated
nanoparticles X-ray diffraction was performed. The X-ray
diffraction (XRD) patterns of (X1) Fe3O4 and (X2) Fresh
Fe3O4@SA are shown in Fig. 7. In the XRD spectra diffrac-
tion peaks with 2θ at 30.52◦, 35.78◦, 43.67◦, 54.35◦, 57.34◦,
63.07◦ are observed, which indicate that the Fe3O4 particles
have a crystalline structure (Fig. 7) . Curve X2, representing
Fe3O4@SA, exhibits a similar XRD pattern to curve X1,
indicating that the structure of Fe3O4 nanoparticles remains
unchanged after the addition of the salicylic acid layer. The
XRD patterns (X3) revealed no significant changes in the
crystallographic structure of the catalyst after four reuse
cycles, indicating the preservation of its crystalline phase.
The average crystallite size of the catalysts, determined us-
ing the Debye-Scherrer equation, was found to be 22.48
nm, which is consistent with the range observed in the TEM
results of 10 to 25 nm.
Within the measurement temperature range, Fe3O4 exhibits
no weight loss. This shows that within the studied temper- Figure 6. EDS profile of Fe3O4@SA nanocatalyst sample.
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Figure 7. XRD of Fe3O4 and nanocatalyst Fe3O4@SA.

ature range, Fe3O4 is stable and does not significantly de-
compose or change weight. Between ambient temperature
and 400◦C, the weight of the nanocomposite is seen to de-
crease by approximately ∼2.5 weight percent. This weight
loss is attributed to the evaporation of both physisorbed and
loosely coordinated water from the interlayer. In the 400-
1000◦C temperature range, a secondary weight loss of ∼8
wt% is ascribed to salicylic acid decomposition (as shown
in Fig. 8).
VSM analysis was performed to verify the magnetic
property of the produced nanocatalyst. The Fe3O4 and
Fe3O4@SA magnetization curves are displayed in Fig. 9.
The absence of hysteresis in the graph indicates that the
sample is superparamagnetic. Fe3O4@SA (MNC) Mag-
netic nanocomposites saturation magnetic moment (Ms)
was measured and found to be 51.90 emu/g (Fig. 9). The
high of this value indicates that Fe oxidation is either low
or absent. It was noticed that the saturation magnetization
(Ms) of uncoated Fe3O4 decreases upon being coated with
salicylic acid.

Figure 8. TGA of Fe3O4 and nanocatalyst Fe3O4@SA.

Figure 9. VSM of Fe3O4 and nanocatalyst Fe3O4@SA.

4. Conclusion

In summary, we successfully synthesized and characterized
salicylic acid supported on crystalline Fe3O4 using
various techniques, including infrared spectroscopy,
powder X-ray diffraction, field emission scanning electron
microscopy (FESEM), transmission electron microscopy
(TEM), FESEM-energy-dispersive X-ray spectroscopy,
thermogravimetric analysis (TGA), and vibrating sample
magnetometry (VSM). This novel nanocatalyst proved to
be an effective heterogeneous catalyst for synthesizing 3,
4-dihydropyrimidin-2(1H)-ones and benzylidenemalononi-
trile in a solvent-free environment at 80◦C. The Fe3O4@SA
nanocatalyst retained its catalytic performance over multiple
uses without significant activity loss. Thus, the Fe3O4@SA
nanocatalyst presents itself as a strong alternative to
conventional solid catalysts for Biginelli and Knoevenagel
condensation reactions. Its beneficial properties, such as
non-toxicity, ease of separation, and recyclability, make it
a highly attractive option for chemical industry applications.
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