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Abstract:
In this work, an efficient method for the construction of N-amino-2-pyridone analogs was per-
formed using the condensation of aldehyde, malononitrile and cyanoacetohydrazide through
Fe3O4@aminopropyltriethoxysilane-terephthaldehyde-melamine (Fe3O4@APTES-TA-MA) as an
efficient recyclable magnetic covalent organic framework nanocatalyst in ethanol at reflux condi-
tions. Fe3O4@APTES-TA-MA was characterized via FT-IR, EDS, SEM, TEM, VSM, and TGA
methods. The average size of the nanoparticles was found between 40-90 nm. Clean procedure,
short reaction time, and high efficiency are some benefits of this protocol. Also, the nanomagnetic
catalyst can be reused five times without significant loss of its activity.
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1. Introduction

Covalent organic frameworks (COFs) are novel crystalline
polymers with well-defined frameworks and nanopores
mainly composed of lightweight elements (H, B, C, N, and
O) linked by dynamic covalent bonds that were first reported
by Yaghi et al.[1, 2] COFs possess attractive features, such
as large surface area, predesignable pore geometry, inherent
adaptability, high crystallinity, and good flexibility. Their
tunable porosity, large surface area, and π conjugation, with
unique photoelectronic properties, enable COFs to serve as
a promising platform for various applications.
Recently, magnetic nanoparticles-supported catalysts have
increased attention in catalytic reactions and separation
technologies due to high specific surface areas, highly dis-
persible in solvents, and superparamagnetic properties. Fur-
thermore, catalysts immobilized on magnetic nanoparticles
can be reused many times by simple magnetic attraction
without considerable loss in their catalytic activity [3–16].
An additional interesting improvement is the poly(ionic liq-
uids) stabilized magnetic nanoparticles as a new group of

heterogeneous nanocatalysts that is mainly attractive in or-
ganic synthesis practiced in an ecologically friendly way
[17–19]. 2-Pyridone as a six-membered heterocyclic ring
due to strong biological activities such as anti-bacterial [20],
anti-tumor [21], anti-inflammatory [22], anti-proliferative
[23], anti-hepatitis B virus [24], SARS-CoV-2 protease in-
hibitor [25], and analgesic [26] have attracted the attention
of researchers. Also, 2-pyridone building blocks in the
synthesis of alkaloids were reported as an essential class
of natural organic compounds [27]. Figure 1 shows some
2-pyridone derivatives with significant antimicrobial prop-
erties [28].
Because of cyanoacetohydrazide chemical reactivity,
cyanoacetohydrazide forms valuable synthetic units that
give rise to many useful groups of organic compounds
[29]. The construction of 2-pyridones has been reported
via K2CO3 [30], bipyridinium chlorochromate [31], MgO
and Bi(NO3)3.5H2O [32], piperidine [33], Et3N [34], nano-
CdZr4(PO4)6 [35], KF-Al2O3 [36], and ZnO NPs [37].
However, some of the reported methods have disadvantages,
including the use of toxic and non-reusable catalysts, harsh

https://doi.org/10.57647/j.ijc.2024.1401.08
https://orcid.org/0009-0009-9540-190X
https://orcid.org/0000-0003-3763-7139
https://orcid.org/0000-0002-9692-6849
mailto:mmokhtary@iaurasht.ac.ir


2/13 IJC14 (2024) -142408 Mosaffaeirad et al.

Figure 1. 2-Pyridone derivatives with significant antimicrobial agents.

reaction conditions, and long reaction times. Therefore,
to overcome these restrictions, the discovery of a reusable
and efficient catalyst with good catalytic activity for the
production of 2-pyridones is still of interest. Following our
research interest in the synthesis of cyanoacetohydrazide
analogs and the desire to new methods for use in multicom-
ponent reactions [38, 39], herein, an effective method for
the production of N-amino-2-pyridone analogs has been de-
veloped by the one-step condensation of arylaldehyde, mal-
ononitrile and cyanoacetohydrazide using Fe3O4@APTES-
TA-MA as an efficient basic recyclable magnetic covalent
organic framework nanocatalyst in EtOH at reflux condi-
tions (Scheme 1). It should be mentioned that the three
derivatives 4e, 4h, and 4i were reported for the first time in
this research.

2. Experimental

2.1 General
The chemical materials were prepared by Merck. The
products were characterized by NMR spectra on a Bruker
(Avance DRX-300 MHz) instrument. FT-IR spectra were
determined by Shimadzu, SP-1100, P-UV-Com as KBr disk.
TGA analysis was measured at a heating rate of 5 ◦C/min in
the temperature range of 25 to 600 ◦C in the N2 aerosphere
by a Mettler Toledo apparatus. SEM image was obtained on
a VEGA microscope. TEM micrograph was performed by

a Philips CM120 analyzer at 100 kV. XRD was run using a
Philips, PW1730 diffractometer with Cu-Kα radiation (λ =
1.54 Å).

2.2 Preparation of Fe3O4@APTES
0.3 g of Fe3O4 was dispersed into a mixture of 4 mL deion-
ized water and 600 mL absolute EtOH by ultrasonic vibra-
tion for 30 min. Then, APTES (1.2 mL) was added into the
mixture under mechanical stirring for 7 h. The resulting
Fe3O4 functionalized APTES nanoparticles were isolated
by a magnet, then washed with EtOH and dried at 70 ◦C
under vacuum for 24 h.

2.3 Preparation of Fe3O4@APTES-TA-MA
To a mixture of dioxane and toluene (1:1 v/v, 6 mL) were
added Fe3O4@APTES (0.08 g), melamine (0.05 g), and
terephthaldehyde (0.04 g), and the mixture was ultrasoni-
cated for 15 min. Subsequently, acetic acid (1.6 mL) was
slowly added with sonication, and the resulting solution
was placed in a 150 mL Teflone-lined autoclave and heated
at 180 ◦C for 12h. After cooling down to room tempera-
ture, The Fe3O4@APTES-TA-MA precipitates were sepa-
rated from the solution by an external magnetic field, fol-
lowed by washing with ethanol several times. Finally, the
Fe3O4@APTES-TA-MA were dried at 70 ◦C for further
use.

Scheme 1. Production of N-amino-2-pyridone analogs catalyzed by Fe3O4@APTES-TA-MA.
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Scheme 2. Schematic illustration of the Fe3O4@APTES-TA-MA.

2.4 General procedure for the construction of N-amino-
2-pyridone analogs

A mixture of malononitrile (1.1 mmol), cyanoace-
tohydrazide (1 mmol), arylaldehyde (1 mmol), and
Fe3O4@APTES-TA-MA (0.04 g) was stirred at reflux
conditions in EtOH (5 mL) for the 25-50 minutes. After
completion of the reaction, the mixture was cooled to 25
◦C, and the catalyst was separated by an external magnet.
The crude product was recrystallized by EtOH to get
pure products in 87-97% yields. All compounds were
characterized by FT-IR, NMR, and melting point.

The spectroscopic data for product 4a
1,6-Diamino-4-(4-chlorophenyl)-2-oxo-1,2-
dihydropyridine-3,5-dicarbonitrile (4a). Light yellow solid,
yield (97%), FT-IR (KBr, cm−1): vmax = 3407, 2164, 1620,
1483, 1398, 1166, 1085, 819; 1H NMR (DMSO d6, 300
MHz): δ 5.40 (s, 2H, N–NH2), 7.59 (d, J= 8.1 Hz, 2H,
ArH), 7.91 (d, J= 8.1 Hz, 2H), 8.74 (s, 2H, NH2); 13C NMR
(DMSO d6, 75 MHz): δ 75.8 (C-CN), 85.2 (C-CN), 115.2
(CN), 116.5 (CN), 117.2, 129.5, 130.5, 133.0, 136.5, 157.5,
159.4, 159.8, 161.1 (C=O).
Full experimental detail, 1H, and 13C NMR spectra of all
products can be found via the “Supplementary Information”
section of this article’s webpage.

3. Results and discussion
In this work, Fe3O4@APTES-TA-MA was prepared by the
reaction Fe3O4@APTES, terephthaldehyde, and melamine
as depicted in Scheme 2. This organic modification on
the surface of magnetic nanoparticles was realized by ap-

plying the layer-by-layer fabrication method depicted in
Scheme 1. The Fe3O4 nanoparticles were initially reacted
with (3-aminopropyl)triethoxysilane (APTES) to produce
Fe3O4@APTES nanoparticles. Later, the terephthaldehyde,
and melamine were added to react with the amino groups
of Fe3O4@APTES. Subsequently, the Fe3O4@APTES-TA-
MA was fabricated as a basic magnetic covalent organic
framework nanocatalyst.
Analysis functional groups of Fe3O4@APTES-TA-MA
were accomplished by FT-IR spectrum. According to the FT-
IR characterization of Fe3O4@APTES-TA-MA, the stretch-
ing vibrations of NH and aromatic C-H were observed at
3340 and 3105 cm−1 respectively. The C=N and C=C
stretching vibrations were observed at 1615 cm−1 and 1506
cm−1 respectively [40]. The C-N stretching vibration were
observed at 1367 cm−1. The Fe-O-Fe stretching vibrations
were detected at 580 cm−1 (Figure 2(B)). These results
provided evidence that terephthaldehyde-melamine is suc-
cessfully attached to Fe3O4@APTES.
The thermal analysis of Fe3O4@APTES-TA-MA illustrated
two main decreasing peaks (Fig. 3). The first reducing peak
at a temperature of about 80-135 ◦C is related to the elimina-
tion of water from the surface of Fe3O4@APTES-TA-MA.
The second reducing peak takes place at temperature up
to 327 ◦C due to the degradation of the TA-MA from the
catalyst. Thermal characterization data of Fe3O4@APTES-
TA-MA showed that the catalyst is stable to 300 ◦C.
Morphological study of the Fe3O4@APTES-TA-MA sur-
face was investigated by SEM (Fig. 4). The scanning
electron microscopy image of the Fe3O4@APTES-TA-MA
displays a porous microstructure with cauliflower shapes
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Figure 2. FT-IR spectra of: (A) Fe3O4@APTES, (B)
Fe3O4@APTES-TA-MA.

with an average particle size of about 100 nm.
The elemental composition of the SEM of Fe3O4@APTES-
TA-MA image is shown in Fig. 5(a). The EDS spec-
trum shows the presence of C, N, O, Si and Fe atoms in
Fe3O4@APTES-TA-MA. Furdermore, the results of FE-
SEM/mapping are presented in Fig. 5(b). As seen in Fig. 5,
C, N, O, Si and Fe elements are uniformly disperded in the
catalyst structure.
The TEM micrograph of Fe3O4@APTES-TA-MA was in-
vestigated to study its particle topology, distribution and size.
TEM image of Fe3O4@APTES-TA-MA shows a quasi-cube
structure with low aggregation (Fig.6). The particles of
Fe3O4@APTES-TA-MA were observed approximately 40-
90 nm with good dispersion (Fig.6(b)).
The magnetic property of Fe3O4 NPs, Fe3O4@APTES
NPs and Fe3O4@APTES-TA-MA nanocatalyst was studied
by VSM at ambient temperature (Fig. 7). According to
the vibrating sample magnetometer spectrum of the cata-
lyst, it can be seen that the magnetic property of the cat-
alyst by increasing the magnetic strength of the external
field, has increased and reached the saturation level in the
field of about 5000. Saturation magnetization of Fe3O4
NPs, Fe3O4@APTES NPs and Fe3O4@APTES-TA-MA

Figure 3. Thermal analysis diagram of Fe3O4@APTES-TA-
MA.

Figure 4. SEM image of Fe3O4@APTES-TA-MA.

nanocatalyst was 48.9 emu g−1, 42.9 emu g−1, and 19.40
emu g−1 respectively. Compared with the Fe3O4 nanoparti-
cles, the saturation magnetization of the Fe3O4@APTES-
TA-MA nanocatalyst obviously decreased due to the dia-
magnetic contribution of the thick SiO2 and organic com-
pounds. But, the magnetic saturation of Fe3O4@APTES-
TA-MA is a good number and shows that the nanocat-
alyst has good magnetic properties. The XRD patterns
of Fe3O4@APTES and Fe3O4@APTES-TA-MA are pre-
sented in Fig. 8. The XRD model of the Fe3O4@APTES-
TA-MA demonstrated that the diffraction peaks were in
match with the harmonic model of Fe3O4@APTES [41].

Figure 5. EDX (a) spectrum and Elemental mapping (b) of
the C, N, O, Si and Fe elements of Fe3O4@APTES-TA-
MA.
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Figure 6. TEM images at different scale bars: (a) 50 nm, (b) 100 nm, of Fe3O4@APTES-TA-MA.

The XRD patern of the Fe3O4@APTES nanoparticles
shows six peaks at 30.04◦, 35.5◦, 43.1◦, 53.4◦, 57.0◦, and
62.6◦, which are related to the (220), (311), (400), (422),
(511) and (440) reflection planes of Fe3O4 (JCPDS NO.75-
1609), respectively. These six typical peaks could be also
found in the XRD patterns of the Fe3O4@APTES-TA-
MA, indicating that the main crystal phase structure of
Fe3O4@APTES is maintained after covalent organic frame-
work conjugation.
To receive the best reaction conditions, the reaction of 4-
Cl-benzaldehyde, malononitrile and cyanoacetohydrazide
was studied as a sample reaction in different solvents. The
results illustrated that Fe3O4@APTES-TA-MA is more ef-
fective in EtOH as a polar protic solvent at reflux condition
than the yield and the reaction time of received product
(Table 1). The high catalytic performance of the catalyst in
EtOH (96%) can be ascribed to the better deprotonation of
the malononitrile by Fe3O4@APTES-TA-MA in the polar
protic solvent. To study of the efficiency of the catalyst, the
sample reaction was also applied with different amounts
of Fe3O4@APTES-TA-MA. The result showed that the
best amount of Fe3O4@APTES-TA-MA was 0.04 g, which
provided the needed product with high efficiency (Table 1,
entry 3).
After obtaining the best reaction conditions, a vari-
ety of N-amino-2-pyridone analogs was produced by
Fe3O4@APTES-TA-MA with high yield (Table 2, entries
1-12). As can be seen from Table 2, electron withdraw-
ing groups in aldehyde derivatives can improve the activity

of the reactants (Table 2, entries 1-6). Also, we tested n-
butanal as an aliphatic aldehyde and furfural as a hetero
aldehyde in the reaction. Due to low reactivity of aliphatic
aldehyde and side reactions of furfural, the results were
unsuccessful.
The possible mechanism with Fe3O4@APTES-TA-MA as
an magnetic COF nanocatalyst is presented in Scheme 3.
The reaction maybe proceeds via the initial Knoevenagel
condensation between malononitrile and arylaldehyde in
the presence of Fe3O4@APTES-TA-MA to generate the in-
termediate I by dehydration. The intermediate I then under-
goes Michael addition with activated cyanoacetichydrazide,
and the intermediate II is produced. Then, intramolecular
cyclization of intermediate II underwent totomerization of
the resulting intermediate III which undergoes dehydration
to form N-amino-2-pyridones V.

To investigate the efficiency of the present method for
the production of N-amino-2-pyridones, the construction
of compound 4a was compared with some cases reported
in the literature (Table 2). It is evident from the results
that Fe3O4@APTES-TA-MA provides excellent yield in
reducing the reaction time.
Furthermore, the leaching of the nanocatalyst was inves-
tigated with the hot filtration test. The reaction of 4-Cl-
benzaldehyde, malononitrile, and cyanoacetohydrazide at
the presence of nanocatalyst was stopped after 5 min and
the nanocatalyst filtered from the reaction mixture. The fil-
trate was heated and the reaction followed and checked with
thin layer chromatography. The reaction did not progress

Table 1. Construction of 4a in different solvents and different amounts of the catalysta.

entry solvent yield (%)b catalyst (g) yield (%)b

1 EtOAc 45 0.02 85
2 EtOH (96%) 97 0.03 90
3 MeOH 86 0.04 97
5 MeCN 70 0.05 97
6 CHCl3 40 - -
a Reaction conditions: 4-Cl-benzaldehyde (1 mmol), malononitrile
(1 mmol), and cyanoacetohydrazide (1 mmol), at reflux tempera-
ture after 25 min.
b Separeted yields.

2252-0236[https://doi.org/10.57647/j.ijc.2024.1401.08]

https://doi.org/10.57647/j.ijc.2024.1401.08


6/13 IJC14 (2024) -142408 Mosaffaeirad et al.

Table 2. Synthesis of N-amino-2-pyridone analogs by Fe3O4@APTES-TA-MAa.

entry X product time (min) yield (%)b mp (◦C) ref.

1 4-Cl 25 97 243-245 242-243 [35]

2 4-Br 25 96 236-238 234-236 [35]

3 2-Cl 30 94 302-304 305-307 [33]

4 2-NO2 30 95 232-234 234-236 [35]

a Reaction conditions: malononitrile (1 mmol), cyanoacetohydrazide (1 mmol), aldehyde (1 mmol), Fe3O4@APTES-
TA-MA (0.04 g), ethanol (5 ml) at reflux temperature.
b All yields refer to isolated products. Continued on next page
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Table 2. Synthesis of N-amino-2-pyridone analogs by Fe3O4@APTES-TA-MAa. (Continued)

entry product time (min) yield (%) mp (◦C) mp [Lit] (◦C)

5 3-NO2 30 94 240-242 -

6 4-NO2 25 98 228-230 226-228 [35]

7 4-OH 45 89 >300 325-327 [41]

8 3-OH 45 90 256-258 -

Continued on next page
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Table 2. Synthesis of N-amino-2-pyridone analogs by Fe3O4@APTES-TA-MAa. (Continued)

entry product time (min) yield (%) mp (◦C) mp [Lit] (◦C)

9 2,4-
(OH)2

50 87 261-263 -

10 3-MeO 45 89 263-265 265-267 [33]

11 4-MeO 45 90 222-224 222-224 [35]

12 4-Me 45 88 239-240 238-240 [35]
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Figure 7. VSM image of Fe3O4 NPs (A), Fe3O4@APTES NPs (B) and Fe3O4@APTES-TA-MA (C) nanocatalyst.

after filtration, so the negative consequences of hot filtra-
tion test show that the leaching of nanocatalyst is insignifi-
cant. To evaluate the recyclability of Fe3O4@APTES-TA-
MA, it was used in the production of 4a, five cycles under
the optimal conditions. The Fe3O4@APTES-TA-MA cata-
lyst was reused through simple filtration and washed with
CH2Cl2. Then, according to the amount of the catalyst,
the required amount of fresh cyanoacetohydrazide, 4-Cl-
benzaldehyde and malononitrile was added. The results

showed that Fe3O4@APTES-TA-MA can be recycled five
times without decreasing its catalytic activity efficiency (Fig.
9).

4. Conclusion

In conclusion, the conjugation of covalent organic frame-
work on Fe3O4@APTES gives a heterogeneous, green and
recyclable magnetic covalent organic framework nanocata-
lyst for the one-pot production of N-amino-2-pyridones via

Figure 8. XRD diffraction patterns: A) Fe3O4@APTES, B) Fe3O4@APTES-TA-MA nanocatalyst.
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Scheme 3. Reaction pathway proposed for the production of N-amino-2-pyridone analogs by Fe3O4@APTES-TA-MA.

Figure 9. Reusability of Fe3O4@APTES-TA-MA in the synthesis of product 4a.

the reacation of arylaldehyde, malononitrile and cyanoaceto-
hydrazide in EtOH at reflux conditions. High yields, simple
work-up procedure and no side reactions are some benefits
of this method. It is clear that the unique magnetic proper-
ties of the superparamagnetic particles lead to recyclable
magnetic nanoparticles immobilized with covalent organic
framework for several times using a suitable magnet with
no significant loss in their catalytic activity. The sustain-
able synthesis of magnetically retrievable covalent organic
framework using readily available reactants will also make
this field of research green. Additional interesting develop-
ment is the covalent organic framework stabilized magnetic
nanoparticles as a new group of heterogeneous nanocatalyst
that is mainly attractive in organic synthesis practiced in
an environmentally friendly approach. In the end, future
efforts for more efficient protocols will continue to focus
on the stability, sustainability, environmental impact and
significant cost and energy savings due to growing needs of
industry. These efforts enable a wide variety of industrial ap-
plications for the covalent organic framework immobilized
on magnetic nanoparticles in the future.
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