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In this research, we present an effective method for synthesizing new derivatives of ethyl cyanoacetate through
base-free Knoevenagel condensation using ellagic acid-bonded magnetic nanoparticles (nano-Fe;04@EA) as
a catalyst. This method offers several advantages, including high yield, short reaction time, and simplicity,
making it an attractive and efficient option in the emerging field of Knoevenagel condensation.
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1. Introduction

Ethyl 2-cyano-3-phenyl acrylates are considered important
organic compounds with various applications in pharma-
ceutical and chemical industries. The synthesis of these
compounds through the Novenagle reaction is an efficient
and common method for their production. The unique prop-
erties of these compounds make them valuable interme-
diates in the synthesis of more complex compounds and
active substances in various industries [1-3]. Tyrphostins
are tyrosine phosphorylation inhibitors that can inhibit the
catalytic activity of epidermal growth factor (EGF) recep-
tors. One of these compounds, cyanothiocinamide, not only
has anti-proliferative properties on human keratinocytes but
also inhibits EGF receptor autophosphorylation (figure 1)
[4].

Some derivatives of ethyl 2-cyano-3-phenyl acrylates have
shown potential as anti-cancer agents. These compounds
may work through various mechanisms, such as inducing
apoptosis, inhibiting cell proliferation, and interfering with
cell signaling pathways that support the growth and survival

of cancer cells. Similarly, some derivatives of methyl 2-
cyanoacrylates and methyl 2-cyano-3-phenyl acrylates have
the potential for bacterial mutagenesis. These findings could
serve as a basis for additional research on the safety and
environmental impact of these compounds [5]. Additionally,
some derivatives of ethyl 2-cyano-3-phenyl acrylates exhibit
significant antimicrobial properties. These compounds can
be used as antibacterial and antifungal agents to treating mi-
crobial infections. The mechanism of action often involves
disrupting the cell wall of microbes or inhibiting essential
enzymes for their survival [6].

2-Cyano-3-phenyl acrylates have been used in photosensi-
tive compounds due to the distinctive properties of alpha-
cyano and nitro groups. The presence of these groups in the
molecule’s structure can lead to unique optical properties,
making it ideal for applications like light-sensitive materials
(photoresists), photochromics, and other materials utilized
in the electronics and optoelectronic industry [7]. Due to
their chemical structure, 2-cyano-3-phenyl acrylates can
serve as an intermediate in the synthesis of various com-
pounds, including plant growth regulators. Plant growth
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Figure 1. Some tyrphostin compounds with inhibitory properties.

regulators are substances used in small amounts to regu-
late or modify physiological processes in plants and can
have multiple effects on plant growth and development [8].
2-Cyano-3-phenyl acrylates with alkoxy or hydroxyl substi-
tution are employed as ultraviolet (UV) filters due to their
chemical and optical properties. These compounds can ef-
fectively absorb ultraviolet light and protect photosensitive
materials from photodegradation [9]. In 2015, Schneider
and his colleagues reported the Novnagel condensation for
the first time using copper as a catalyst with high activity
and excellent efficiency. Inexpensive and readily available
copper powder was utilized to catalyze the condensation
of cyanoacetate and benzaldehyde under mild conditions
[10]. In 2012, a report utilized L-proline as an environ-
mentally friendly catalyst for the Knoevenagel condensa-
tion reaction between indole-3-carboxaldehydes, N-methyl
derivatives, and ethyl cyanoacetate as an active methylene
combination [11]. In 1994, Kada and his colleagues suc-
cessfully synthesized ethyl 2-cyano-3-furyl)acrylate by re-
acting formaldehyde with ethyl cyanoacetate in the presence
of sodium ethoxide [12]. In 2020, Xu and his colleagues
achieved the Knoevenagel condensation between benzalde-
hyde and ethyl cyanoacetate using three polyoxomolyb-
dates with new organophosphonate functional groups that
they synthesized [13]. Almeida and Cardoso investigated
the reaction between n-butyraldehyde and ethyl cyanoac-
etate using Y zeolite containing trimethyl-, tetramethyl-
, propyl-, and butylammonium cations [14]. The cat-
alytic activity of a magnetic cored amino group termi-
nated dendrimer ( Fez04@SiO, @PAMAM-G; ) and ionic
liquid—triethanolammonium bicarbonate ( [ FezO4@Si-
(CH,)3-TEA ][ HCO3 ] ) were studied for the Knoevenagel
condensation reaction of aldehydes with malononitrile un-
der mild and solvent-free conditions [15, 16]. Furthermore,
the study investigated the use of potassium natural asphalt
sulfonate (K-NAS) and UiO-66 @schiff-base-Cu(Il) metal-
organic framework as recyclable solid nanocatalysts in Kno-
evenagel condensations [17, 18]. Magnetic nanocatalysts
have garnered attention for their easy manipulation, large
surface area, and ability to be targeted by a magnetic field.
This makes their isolation from the reaction environment
remarkably simple [19-32].

2. Experiments

The chemicals used were obtained from Merck, Germany,
and were used without the need for purification. To monitor
the progress of the reactions, thin-layer chromatography
(TLC) technique was employed using aluminum sheets
coated with silica gel 60, F256. Various spectroscopic
techniques were utilized to analyze the molecular struc-

tures of the products. Infrared spectrometry (FT-IR) was
conducted on the samples using a Shimadzu model 8900
device. Nuclear magnetic resonance spectroscopy (NMR)
was performed using 300 MHz and 75 MHz Bruker devices
in DMSO-d6 solvent, with TMS serving as the internal
reference. The melting temperatures of the samples were
determined using a 9200 model electrothermal device. The
crystalline structure of the nanocatalyst was determined by
a Philips (PW1730), XRD instrument at A = 1.54056 °A.
LC-MS was performed using a Shimadzu UFLC LC-AD20
system (Japan)-3200 QTRAP mass spectrometer instrument
(AB Sciex, MA, USA). The LC conditions were as follows
: Mobile phase : CH30H + 0.1%, HCOOH : H,O + 0.1%
HCOOH 95 : 5, Column: Kromasil 100-5 C18 column
(150 mm x4.6 mm), column temperature: 30 °C, flow rate:
0.25 ml/min. The MASS conditions were as follows:Mode:
ESI+, capillary voltage: 4.5 kV, gas nebulizer: N, (grade
5), desolvation temperature: 450 °C, declustering potential
(DP): 10V, ion source gas 1 : 40 psi, ion source gas 2: 50
psi.

2.1 Synthesis of nano-Fe; 0, @EA nanoparticles

First, nano-Fe304 (1 g) were dispersed in toluene (50
mL) using an ultrasound bath for 15 minutes. Then, (3-
chloropropyl) triethoxysilane (2 mL) was added to the mix-
ture and refluxed for 1 hour. The resulting powder was
separated from the filter paper and dried in an oven for 24
hours at 80 °C. To synthesize nano-Fe;O4@EA, ellagic
acid (0.3 g) was dissolved in DMSO (30 mL). Then, nano-
Fe304@Si(CH)3Cl1 (0.15 g), KI (0.17 g), and NaOH (2 mL,
0.08 M) were added to the mixture and dispersed using an
ultrasound bath for 2 hours. Finally, the nano-Fe;O4 @EA
was isolated using filter paper and dried in an oven at 80 °C.

2.2 General method for the synthesis of formylarylsul-
fonates

In a 50 mL round bottom flask, 10 mmol of hydroxy alde-
hydes, 10 mmol (1.12 g) of DABCO and 10 mmol (1.90
g) of benzenesulfonylchloride or toluenesulfonylchloride in
10 mL of acetonitrile solvent were dissolved. The reaction
was stirred under reflux conditions for 3 hours with a mag-
netic stirrer. The progress of the reaction was monitored by
TLC. After the completion of the reaction, the product was
extracted from the reaction mixture with CH,Cl, and 10%
sodium chloride, and the organic phase was dried with 0.5
g of sodium sulfate. The resulting product was crystallized
in ethanol for further purification.

The melting points of known compounds were compared
to those of the authentic samples reported in the literature.
mpla: 65-67 °C, mplb: 73-74, reported: 72-73 °C [33];
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mple: 63-64 °C, reported 64-65 °C [34]; mpld: 54-56
OC, reported: 53-56 °C [36]; mple: 66-68 °C, reported:
64-66 °C [35]; mplf: 126-129, reported: 126-128 °C [38];
mplg: 104-106 °C, mplh: 94-96 °C, reported: 97-98 °C
[36], mpli: 90-92 °C.

2.3 General method for the synthesis of 2-cyano-3-
phenyl acrylate analogs

Synthetic aldehyde (1 mmol), ethyl cyanoacetate (2 mmol),
and nano-Fe;04 @EA catalyst (0.05 g) were added to a 10
mL round bottom flask under reflux conditions with ethanol
(5 mL). The progress of the reaction was monitored using
thin layer chromatography (EtOAc/n-hexane/MeOH, 4 :
6 : 1). After the reaction was complete (2-3 hours), the
mixture was cooled, filtered to remove any sediment, and
the products were separated using filter paper. The structure
of the product was identified using FT-IR, 'H-NMR, and
I3C-NMR spectroscopy.

2.4 Characterization of nano-Fe;0,@EA

The fabrication stages of nano-Fe;O4@EA are shown in
figure 2. The ellagic acid functionalization on the surface
of nano-Fe304 was achieved using the layer-by-layer con-
struction method. Initially, the nano-FezO4 was reacted
with (3-chloropropyl) triethoxysilane to generate nano-
Fe;04@Si(CH;)3Cl particles. Later, ellagic acid was added
to react with the nano-Fe3;04@Si(CH,)3Cl. Subsequently,
the nano-Fe3O4 @EA was prepared.

The functionalization of nano-Fe;O4 using ellagic acid
was confirmed through FT-IR analysis. The FT-IR anal-
ysis of nano-Fe;O4 @EA showed stretching vibrations of
OH at 3194 cm™!, C=0 at 1713 ecm~!, C = C at 1621
cm~!, and C-O at 1025 cm™!. Additionally, Fe-O stretch-
ing vibrations were find at 550 cm™! (refer to figure 3).
A comparison of the FT-IR spectra of ellagic acid, nano-
Fe;04 @EA @Si(CH;);Cl, and nano-FezO4 @EA particles
showed that ellagic acid was successfully connected to the
nano-Fe3;04 @EA @Si(CH;)3Cl particles.

The XRD patterns of nano-Fe;O4 @EA @Si(CH>)3Cl and
nano-Fe3;04@EA particles are presented in figure 4. The
XRD analysis of the nano-Fe3;O4 @EA sample demonstrated
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Figure 2. Schematic illustration of the nano-Fe;O4 @EA.
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Figure 3. FT-IR spectra of: nano-Fe;O4 @ EA@Si(CH;)3Cl, ellagic acid
(EA), and nano-Fe304 @EA.

that the diffraction peaks matched the expected pattern for
nano-Fe3zO4 [37]. The XRD pattern of the nano-Fe304 @EA
particles exhibited six peaks at 30.5 ©, 35.8 ©,43.4°,53.6
©,57.3°, and 62.9 ©, corresponding to the (220), (311),
(400), (422), (511), and (440) reflection planes of Fe3O4
(JCPDS NO. 75-1609), respectively. These characteristic
peaks were also observed in the XRD patterns of the nano-
Fe;04 @EA, stating that the primary crystal phase structure
of nano-Fe3;04 @Si(CH;)3Cl remained intact after ellagic
acid conjugation.

The magnetic properties of nano-Fe304 @Si(CH,);Cl and
nano-Fe3;04 @EA particles were investigated using VSM at
25 ©C (see figure 5). The saturation magnetization of nano-
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Figure 4. XRD diffraction patterns: A) nano-FezO4 @Si(CH;)3Cl, and B)
nano-Fe;O4 @EA particles.
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Figure 5. VSM image of nano-Fe304@Si(CH;);Cl (A) and nano-
Fe;04 @EA (B)particles.
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Figure 6. TEM image of nano-Fe304 @EA (A) and histogram diagram of the nano-Fe;O4 @EA (B).

Fe304@Si(CH;)3Cl and nano-Fe;04@EA particles was
22.5emu g ! and 5.9 emu g~ !, respectively. In comparison
to nano-Fe304 @Si(CH;)3;Cl, the saturation magnetization
of nano-Fe304 @EA particles noticeably reduced due to the
diamagnetic contribution of the thick SiO; and ellagic acid
compounds.

The TEM micrograph of nano-Fe;O4@EA was character-
ized to examine its particle topology, distribution, and size.
The TEM image of nano-Fe3;O4 @EA reveals a quasi-cube
structure with minimal aggregation (figure 6 A). The his-
togram diagram of the nano-Fe3;O4 @EA (figure 6 B) shows
particles ranging from approximately 5 to 8 nm with good
dispersion.

3. Results and discussion

3.1 Investigating the effect of the solvent and tempera-
ture on the progress of the reaction

The reaction between ethyl-2-cyanoacetate and 4-
formylphenylbenzenesulfonate was selected as the model
reaction. Thin-layer chromatography was used to monitor
the reaction. The impact of solvents on the synthesis of
compound 3a was examined by testing various solvents
along with 0.05 g of nano-Fe;O4 @EA catalyst. The find-
ings are presented in Table 1. The research demonstrated
that utilizing ethanol under reflux conditions yielded the
most favorable outcomes.

The reaction between 1 mmol of ethyl cyanoacetate and
1 mmol of 4-formyl phenylbenzenesulfonate in ethanol,
using 0.05 g of catalyst, was conducted at temperatures of

Table 1. Effects of various solvents on the preparation of compound 3a“.

Entry Solvent Time (h) Yield(% )b
1 MeCN 3 60
2 EtOAc 3 45
3 MeOH 3 70
4 - 3 35
5 EtOH 1 95

¢ Reaction conditions: 4-Formyl phenylbenzenesulfonate(1 mmol), ethyl
cyanoacetate (1 mmol), and catalyst (0.05 g) in EtOH (5 mL) under reflux
conditions.

b All yields refer to isolated products.

25 °C, 40 °C, and 78 °C. The results indicate that under
reflux conditions (78 °C), product 3a was obtained with the
highest efficiency and in the shortest amount of time.

3.2 Effect of the catalyst amount in the reaction

To investigate the effect of the amount of nano-Fe;04@EA
catalyst, we conducted the model reaction using varying
quantities of the catalyst (see Table 2). The results of our
study indicate that employing 0.5 g of nano-Fe;04@EA
catalyst resulted in the production of 3a product with opti-
mal timing and efficiency.

This study demonstrated that in the presence of 0.05 g of
nano-Fe3; 04 @EA as a catalyst in ethanol under reflux con-
ditions, the desired products were efficiently formed in a
timely manner. Therefore, all 2-cyano-3-phenylacrylate
analogs considered in this study were prepared using the
same conditions. The details of yield, reaction time, and
their physical properties are reported in Table 3. To explore
the scope of this reaction, various formylarylsulfonates were
examined under the specified conditions (figure 7).

3.3 Proposed reaction mechanism

First, the nano-Fe3;O4 @EA catalyst activates the carbonyl
aldehyde group through hydrogen bonding. Next, the methy-
lene carbon of ethyl cyanoacetate forms intermediate I via
a nucleophilic addition reaction. Finally, after removing
water, the final product is synthesized (figure 8).

To assess the recyclability of the catalyst, it was utilized
in the production of 3a for five cycles under optimal con-

Table 2. Effect of the amount of the catalyst on the preparation of com-
pound 3a“.

Entry Amount of the catalyst (g) Time (h) Yield(%)b
1 - 4 30
2 0.01 3 48
3 0.03 2 72
4 0.05 2 95
5 0.06 2 95

¢ Reaction conditions: 4-Formyl phenylbenzenesulfonate(1 mmol), ethyl
cyanoacetate (1 mmol), and catalyst(0.05 g) in EtOH (5 mL) under reflux
conditions.

b All yields refer to isolated products.

2008-8868[https://doi.org/10.57647/j.ijnd.2025.1602.11]


https://doi.org/10.57647/j.ijnd.2025.1602.11

Moradhosseini et al.

IJND16 (2025) -162511

Table 3. Synthesis of new ethyl cyanoacetate derivatives using nano-Fe;O4 @EA catalyst®.

Entry Product Time (h) Yield(%)? Mp (°C)
% a. . _
Cre T o
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@ Reaction conditions: Arylaldehyde (1 mmol), ethyl cyanoacetate(1 mmol), and catalyst(0.05 g) in EtOH (5 mL) under reflux conditions

b All yields refer to isolated products.
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Figure 7. Synthesis of new ethyl cyanoacetate analogs.
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Figure 9. Reusability of nano-Fe304 @EA in the synthesis of product 3a.

ditions. It was then reused through magnetic isolation
and washed with CH,Cl,. Following this, the required
amount of fresh 4-formyl phenylbenzenesulfonate (1 mmol)
and ethyl-cyanoacetate (1 mmol) were added based on the
catalyst quantity. The findings indicated that the nano-
Fe;04@EA catalyst can be reused up to five times without
a significant decrease in its catalytic efficiency (figure 9).

The stability of the catalyst was explored through FT-IR and
TEM analysis. The FT-IR spectrum of the reused catalyst is
shown in Fig. 10, indicating no change after 5 uses. Addi-
tionally, SEM analysis results revealed that the morphology
of the catalyst remained unchanged after 5 reuses (Fig. 11).

4. Conclusion

This research presents an effective method for synthesizing
new derivatives of Knoevenagel ethyl cyanoacetate using
nano-Fe;04@EA as a magnetic catalyst. The unique
characteristics of nano-Fe3;04@EA catalyst, such as high
yield and simplicity of the process, make this method
an attractive option for synthesizing Knoevenagel ethyl
cyanoacetate. In this study, compounds of 2-cyano-3-
phenyl acrylates were successfully synthesized. The use
of nano-Fe3;04@EA as a catalyst yielded very favorable
results due to its nanoparticle structure and the ability
to adjust its functional groups.The attractive features of
this work include easy process work-up, mild reaction
conditions, absence of by-products, and the reusability of
the nanocatalyst. The method presented is highly suitable
for the synthesis of Knoevenagel adducts with high yields.
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Figure 10. FT-IR spectra of nano-Fe;O4 @EA after 5 runs.
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Figure 11. TEM image of nano-Fe;O4 @EA after 5 runs.
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