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Abstract:
A novel iron oxide nanoparticle (Fe3O4@C – SO3H) fabricated with carbon and sulfonic acid
was prepared using the concept of green chemistry protocol. The usage of agro-waste extract
for core-shell Fe3O4 preparation and its biochar powder as a carbon source for the fabrication
of the catalyst was the dual benefit. This prepared catalyst was employed for the synthesis of
4H-chromene derivative via a three-component one-pot reaction of resorcinol, aryl aldehyde, and
malononitrile in ethanol under microwave irradiation. The method was found to be nontoxic,
inexpensive, faster, and simple work-up with greener solvent, and gave excellent product isolation
with about 91 % yield in 4 min microwave irradiation in the presence of 25 mg catalyst. The
catalyst could be recovered after the reaction by an external magnet and reused for up to four runs
without any considerable loss in its catalytic activity. The prepared catalyst was characterized by
FT-IR, and prominent bands were observed for surface functionalization. The XRD data revealed
prominent peaks for the formation of Fe3O4@C – SO3H, and the results are comparable with the
reported literature; the VSM data gives a clear idea about the magnetic nature of the catalyst and
respective surface-modified core shells, the surface morphology, and the required elements present
are confirmed by FE-SEM and EDX. TGA admits that the thermal stability of the catalyst is up
to 600 ◦C under a nitrogen atmosphere. The 1H- & 13C-NMR and LC-MS analysis are explored
for the analysis of the formation of final 2-amino-4H-chromene derivatives. Further antimicrobial
activities of the selected compounds were performed, and the results are promising and comparable
with the reference.
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1. Introduction

Numerous organic reactions have been catalyzed with ho-
mogeneous and heterogeneous catalysts [1–4]. In the case
of homogeneous catalysts, the researchers have encoun-
tered disadvantages like separation, recyclability, harsh re-
action conditions, and low stability [5–7]. However, the
heterogeneous catalysts exhibit advantages like high stabil-
ity [8], catalyst recovery, eco-friendliness, and inexpensive-

ness [9–11]. Nanoparticles (NPs) have emerged as one of
the best choices of recent materials for the development
of heterogeneous catalysts due to their additional proper-
ties like increased surface area, easy preparation, and size
[12]. Their increased surface area to volume ratio leads to
high dispersion and availability of more catalytic activity
sites, making the reactant interactions more effective [13–
17]. Additionally, these catalysts can be easily separated
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from the reaction mixture and reused after the reaction.
Hence, NPs have emerged as a choice of both homoge-
neous and heterogeneous catalysts [18]. In recent years,
magnetic nanoparticles (MNPs) have taken considerable
attention from researchers in the heterogeneous catalysts
development [19] due to their unique properties of high
dispersion rate, high activity [20], and easy separation by
using an external magnet. Bare Fe3O4 NPs are vulnerable
to agglomeration easily, making their surface less active.
Consequently, researchers have developed fabrication on the
surface of the MNPs to overcome some of these vulnerable
properties [21]. In addition, the modification of the core-
shell to different inorganic and organic shells has resulted
in a wide range of heterogeneous acid/base catalysts being
employed in various organic transformations [22–27]. Car-
bon is one of the superior protecting shells, which is stable
to the action of acid-base, high pressure, and temperature
[28–30]. The presence of C –– O and O – H functional groups
on the carbon simplifies the attachment of another catalytic
functional group on the carbon surface, while the magnetic
properties of the core give easy separation of the catalysts
by an external magnet. Multicomponent reactions (MCRs),
where three or more reactants are reacted in a single pot to
give a complex heterocycle structure, are a promising route
for the chemists for the synthesis [31]. The use of green
solvent for the MCRs [32] is advantageous to the chemistry
[33]. MCRs have emerged as superior routes in the construc-
tion of complex molecules due to their faster reaction rate
[34–36], atom economy [37], simplicity, inexpensiveness
[38–40], and high isolated yield. This has attracted chemists
to consider MCRs for the synthesis of valuable bioactive
heterocycle molecules [41]. 4H-Chromene, also named
Benzo[b]dihydro-pyrone, is an important class of synthetic
as well as naturally abundant oxygen-containing hetero-
cyclic skeleton [42]. Its derivatives show various biological
activities such as antimicrobial, anticancer, antiprolifera-
tion, and antimutagenic activities [43]. Hence, chemists
are very much interested to construct various 4H-chromene
derivatives, especially employing heterogeneous catalysts
[44]. Numerous reported synthetic routes for the synthesis
of chromene derivatives by the condensation reaction of
resorcinol, aryl aldehyde, and malononitrile in the presence
of catalysts such as Cu@MNPs [45], Ionic liquids [46],
Ca(OH)2 [47], (γ-Fe2O3-Im-Py)2WO4 [48], SiO2@Fe3O4
[49], Potassium phthalimide [50], Na2CO3 [51], potas-
sium phthalimide-N-oxyl (POPINO) [52], Pd@GO [53],
hexadecyltrimethyl ammonium bromide (HTMAB) [54],
Triazine based porous organic polymer [55], NaBr [56],
Tungstic acid functionalized mesoporous SBA-15 [57],
Functionalization of magnetic nanoparticles by creatine
[58], Cu(OAc)2[59], K2CO3/cyanuric acid catalyzed [60],
Ionic liquid [61], Silica gel supported polyamine [62], and
p-Dimethylaminopyridine (DMAP) [63]. These homoge-
neous and heterogeneous catalysts involved in the synthesis
suffer from some disadvantages, such as toxicity, lengthy
procedures, low yield isolation, harsh conditions, and te-
dious catalyst isolation. To overcome some of these de-
merits, synthetic methods that allow the easy separation
of the catalysts by an external magnet have emerged as

a superior choice, and their application in organic reac-
tions is well documented [64]. In this work, we report for
the first time the preparation of a core shell and fabrica-
tion of magnetic nanoparticles of Fe3O4 using the agro-
waste lemon peel. The developed method has dual benefits,
where the lemon peel ash extract provides a green medium
for the preparation of the core Fe3O4 starting from FeCl3
and FeSO4, and the left-over ash powder can be employed
for the carbon coating on prepared Fe3O4. Further, it is
functionalized by chlorosulfonic acid to sulfonic acid to
give a Fe3O4@C – SO3H heterogeneous catalyst. The one-
pot MCRs of resorcinol, aryl aldehyde, and malononitrile
in ethanol under MWI to yield 4H-chromene derivatives
catalyzed by Fe3O4@C – SO3H demonstrates an efficient
method and recyclability. The catalyst shows efficient catal-
ysis for the reaction and can be easily recovered by an
external magnet.

2. Experimental
The required chemicals for this work were purchased from
Avra and sd-fine chemicals and used directly as received
without further purification. The custom-made microwave
reactor model BM-12574-066 was used for the reaction.
FT-IR spectra were collected by the KBr disk method using
a Perkin Elmer Spectrum GX spectrometer. The XRD data
was recorded using PANalytical (X-pert PRO). The surface
morphology and elemental mapping, EDS, was analyzed
by TESCAN and Bruker [MIRA 3 (FESEM) and Quantax
200 (EDS), Evactron XEI (plasma cleaner)]. TG-DTA was
recorded by NETZSCH (STA 2000). The magnetic proper-
ties were determined by a Vibrating Sample Magnetometer
(VSM). 1H- and 13C-NMR were recorded on a 400 MHz
Bruker spectrometer using TMS as an internal standard and
solvent CDCl3 or DMSO-d6. Waters: SynaptG2 was used
for LC-MS recording. The melting points of the deriva-
tives prepared were determined using a capillary and are
uncorrected.

2.1 Preparation of Water Extract of Lemon Fruit Shell
(WELFSA)

The ash medium was extracted by a previously reported
procedure [65]. Briefly, lemon peel collected from the local
market was washed with water and dried in open sunlight.
The dried peel was burnt aerobic environment on Bunsen
flame rather than the muffle furnace, this will helps to form
the oxides and carbonates of respective ions like K, Ca,
Na present in the lemon peel and causes basic nature to the
extract. 10 g of the resultant ash was weighed and suspended
in 100 mL of double distilled water (dd water) and stirred for
1 h at room temperature. The mixture was filtered, and the
brown-colored filtrate was named Water Extract of Lemon
Fruit Shell (WELFSA).

2.2 Preparation of Fe3O4 using WELFSA
3.0 g of FeSO4 ·7H2O and 3.2 g of FeCl3 ·6H2O were
weighed and taken in a 250 mL beaker, dissolved in 50 mL
of dd water, and then 10 mL of WELFSA was added. The
mixture was heated to 90 ◦C for about 45 min with stirring,
and then cooled to room temperature, added NH4OH drop-

2252-0236[https://doi.org/10.57647/j.ijc.2024.1403.22]

https://doi.org/10.57647/j.ijc.2024.1403.22


Shekhanavar et al. IJC14 (2024) -142422 3/16

wise till the formation of black precipitate stopped, and
then it was allowed to settle down. The black precipitate
was held by an external magnet and washed several times
with dd water, followed by ethanol. The resultant residue
was calcinated in a muffle furnace at 700 ◦C for about 5 h,
stored in an air-tight container, and kept in a desiccator until
further use.

2.3 Synthesis of Fe3O4@C
10 g of lemon peel ash residue after the extraction of the
filtrate was taken in a 250 mL beaker, and 100 mL dd wa-
ter was added and stirred at room temperature for 1 h. To
this, 3 g of the above-prepared Fe3O4 NPs were added, and
the resultant mixture was dispersed in an ultrasonic bath
for about 30 min. Then the whole mixture was transferred
to a 100 mL Teflon-lined stainless-steel autoclave and kept
at 180 ◦C in an oven for 10 h. The carbon intermediate
was magnetically attracted, and washed with dd water, and
ethanol thoroughly, and dried at 70 ◦C in an oven under vac-
uum for 10 h to give free-flowing powder, and was denoted
as Fe3O4@C.

2.4 Synthesis of Fe3O4@C – SO3H
1.5 g of Fe3O4@C was weighed in a 100 mL beaker and
con. H2SO4 (9 mL) was added to this slowly and stirred at
room temperature. After stirring for 45 min, the resultant
mixture was transferred into a 100 mL sealed Teflon-lined
autoclave and kept at 160 ◦C in an oven for 12 h. After
cooling to room temperature, the resulting black solid was
held by an external magnet and washed with hot dd water
and ethanol 2–3 times to remove any physically adsorbed
species until the sulfate ions were no longer detected. Then,
it was dried at 60 ◦C in an oven under vacuum for 12 h, and
the catalyst was denoted as Fe3O4@C – SO3H.

2.5 Solid acid titration
The acid-functionalized sulfonic acid group
(Fe3O4@C – SO3H) was titrated by a common acid-
base titration method. Briefly, 30 mg of the acid catalyst
was taken in 50 mL of (0.01 M) NaOH in a conical
flask (100 mL) kept at room temperature for about 3 h.

Then, the catalyst was filtered by a magnetic rotator
and washed with dd water (5 mL) two times. After that,
the filtrate was titrated to neutrality using a 0.01 M HCl
using phenolphthalein indicator. The total acid group
on Fe3O4@C MNPs, and in turn, the number of carbon
functionalized sulphonic acid (C – SO3H), was found to be
0.47 mmol/g.

2.6 General procedure for the synthesis of 2-amino-4H-
chromene derivatives under microwave irradiation

The targeted 2-amino-4H-chromene derivatives are synthe-
sized by using the custom-made microwave reactor having
a stirring, reflux, and power control facility. The reactants
aldehyde, malononitrile, and resorcinol were taken into the
round-bottomed flask, and then the optimized amount of
catalyst, i.e., 25 mg, was added. Then, the magnetic bead
was inserted to avoid bumping the reaction mixture, and for
stirring purposes, the reaction mixture was irradiated with
a microwave for completion of the reaction. The reaction
completion was monitored by thin-layer chromatography;
the catalyst was separated by using a strong magnet, and
the product was isolated (the detailed synthetic procedure
is explained in Scheme 1).

2.7 General procedure for antimicrobial assay
The antimicrobial activities of selected synthesized 2-amino-
4H-chromene derivatives were evaluated by standard disc
diffusion method. The antimicrobial inhibition assay was
carried out in vitro using agar media at 37 ◦C incubation
using gram positive and gram negative bacteria, fungi and
compared with known antimicrobial agents.

2.8 Spectral data of some selected derivatives
2-Amino-3-cyano-7-hydroxy-4-phenyl-4H-chromene
(4a): Solid; Light yellow; FT-IR: 3495.88, 3425.59
(NH2), 3334.61 (OH), 2189.75 (CN), 1650.17 (C –– C), 1H
NMR(DMSO-d6): (δ ppm) 4.60 (CH, s, 1H), 6.41 (CH,
s, 1H), 6.47 (CH, d, 1H, J = 8.4Hz, ArH), 6.79 (CH, d,
1H, J = 8.1Hz, ArH), 6.86 (NH2, s, 2H,), 7.14–7.21 (ArH,
m, 3H), 7.27–7.32 (ArH, m, 2H), 9.81 (OH,s, 1H); MS:
m/z (Cal. C16H12N2O2) = 264.2786 [M]+; m/z (Obs.) =

Scheme 1. General reaction of 2-amino-4H-chromene synthesis.
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265.1500 (M+H)+.
2-Amino-4-(2,3-dimethoxyphenyl)-7-hydroxy-4H-
chromene-3-carbonitrile (4e): Solid; Yellow; FT-IR
(cm−1, KBr): 3466.24 (OH), 3340.57, 3248.18 (NH2),
2925.15 (CH), 2191.40 (CN), 1641.72 (C –– O); 1H NMR
(DMSO-d6): (δ ppm) 2.10 (3H, s, CH3), 2.45 (CH3, s,
3H), 3.38 (CH, s, 1H), 4.92 (OH, s, 1H), 6.69 (CH, s,
1H), 6.80 (CH, s, 1H), 6.95 (C, s, 1H), 7.08–7.88 (Ar – H,
m, 4H, J = 6.6), 8.01 (NH, s, 1H); LC-MS: m/z (Cal.
C18H16N2O4) = 324.1254 [M]+; m/z (Obs.) = 325.1989
(M+H)+.
2-Amino-4-(4-(dimethylamino)phenyl)-7-hydroxy-4H-
chromene-3-carbonitrile (4g): Solid; Yellow; FT-IR
(cm−1, KBr): 3809.28 (OH), 3490.36 (NH2), 3327.80
(NH2), 2938.75 (CH), 2212.06 (CN), 1567.28 (C –– O); 1H
NMR (DMSO-d6): (δ ppm) 2.45 (CH3, s, 3H), 2.45 (CH3,
s, 3H), 4.46 (CH, s, 1H), 6.00 (CH, d, 1H), 6.10 (CH,
s, 1H), 6.48–6.80 (Ar – H, m, 4H, J = 6.4), 7.78 (NH, s,
1H), 8.02 (OH, s, 1H); LC-MS: m/z (Cal. C18H17N3O2) =
307.1374 [M]+; m/z (Obs.) = 308.2482 (M+H)+.

3. Result and discussion

3.1 Preparation and characterization of the catalyst
The synthesis of Fe3O4@C – SO3H by chemical method
has been previously demonstrated for catalytic application
in biodiesel production [66]. Hong et al. [67] employed
the same catalyst in the hydrolysis of cellulose, and Zhang
et al. [68] described the synthesis of O-2,3-unsaturated
glycopyranosides[69]. Herein, we describe a green protocol
synthesis of Fe3O4 NPs starting with FeCl3 and FeSO4 in
the presence of agro-waste WELFSA as a catalytic solvent
medium. The method developed was a chemical-free syn-
thesis to give free-flowing magnetic Fe3O4 particles. Fur-
ther, the mesoporous carbon was fabricated onto the surface
of iron oxide, where it stabilized Fe3O4 against aggrega-
tion and also prevented its oxidation. It was grafted with
SO3H (Fe3O4@C – SO3H), where it acts as a Bronsted acid.
Lemon peel ash biomass waste was used as a carbon source
for the synthesis of novel iron oxide carbon-based solid
acid by a hydrothermal method. The surface functionaliza-
tion increased the catalytic activity and stability by using

lemon peel ash carbon followed by sulphuric acid (H2SO4)
to give Fe3O4@C – SO3H (Fig. 1). Fe3O4@C – SO3H cat-
alyst was characterized by various analytical techniques
such as SEM-EDX, XRD, FT-IR, VSM, TGA, and XRF.
The amorphous nature of the carbon shell on Fe3O4 was
confirmed by the XRD pattern. The pattern for Fe3O4,
Fe3O4@C, and Fe3O4@C – SO3H in the wavelength range
400–4000 cm−1 is appended in (Fig. 2).
The presence of a strong absorption peak at 599 cm−1 is
due to the presence of iron oxide of the Fe – O stretching
vibration of the tetrahedral and C –– C site of the spinel struc-
ture. The strong absorption band at 1635 cm−1 is due to
the OH bending of physically held water molecules. The
strong peak at 3400 cm−1 is due to the O – H stretching of
water adsorbed on the surface of Fe3O4 (Fig. 2a). The weak
bands at 866 and 1067 cm−1 are due to the C – O stretching
of the surface carbon layer (Fig. 2b). The prominent peak
at 3500 cm−1 is due to the surface – OH stretching of the
– SO3H, and 1117 cm−1 & 1151 cm−1 due to SO2 symmet-
ric and asymmetric stretching, respectively (Fig. 2c). The
XRD pattern of the prepared MNPs are appended in Fig. 3,
which shows the surface functionalized magnetic catalyst
with diffraction peaks at 31.4, 36.7, 44.3, 52.5, 58.6 and
63.8, which are attributed to the (221), (310), (401), (421),
(510) and (441) planes of Fe3O4, respectively (JCPDS No.
39-1346). These peaks indicate that the magnetic nature
of Fe3O4 is kept in solid acid. This further confirms the
sulfonation fabrication is not affected by the magnetic cores.
For the amorphous carbonaceous shell, the XRD pattern
shows many glitches in the baseline and the broad diffrac-
tion peak. The XRD pattern was collected for Fe3O4 from
0 to 60 degrees. Peaks at 21.02, 30.04, 35.66, 42.97, and
53.19 degrees are due to Fe of Fe3O4, and the peak at 23.23
degrees is due to the carbon layer present on the Fe3O4@C.
The extra peak at 25.45 degrees is due to the SO3H func-
tionalization corresponding to Fe3O4 and Fe3O4@C (Fig. 3)
[66–69].
Further, FE-SEM was recorded to check surface morphol-
ogy and elements present in the prepared iron oxide deriva-
tive. The Fe3O4 showed fine particle size distribution rang-
ing from 73–117 nm (determined by use of the Scherrer

Figure 1. Pictorial representation of Fe3O4@C – SO3H preparation.
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equation) (Fig. 4a), with the presence of Fe as a major el-
ement. After surface modification with lemon fruit shell
ash, the formation of carbon coating on Fe3O4 with a cav-
ity was observed (Fig. 4b). The distribution of the car-
bon on the surface of the Fe3O4 was clearly observed by
the elemental mapping (Fig. 4f). Further on carbon func-
tionalized by the – SO3H, the cavities with neatly formed
small grove layered structures were observed (Fig. 4c, inset
Fig. 4d). The elements present in a) Fe3O4, b) Fe3O4@C,
and c)Fe3O4@C – SO3H were confirmed by EDS. The Fe
peak was prominent in all EDS spectra along with the Au
peak due to the gold-sputtered sample. After the surface

modification by lemon fruit shell ash, new peaks in the
spectra at 0.1 and 3.9, due to the C and Ca present in the
ash, respectively, were observed (Fig. 5a). To increase the
catalytic activity of the prepared material, it was further
functionalized with – SO3H on carbon layer. Due to this,
a new peak was observed around 2.9 for sulfur, and the
remaining peaks observed were consistent for C, Fe, Au,
and Ca (Fig. 5b & 5c). The correlation study of all these
analytical techniques revealed the successful formation of
the Fe3O4@C – SO3H material. The thermal stability of
the surface of the functionalized catalyst was analyzed by
TG-DTA. The thermogravimetric analysis was performed at

Figure 4. Comparative SEM image of: a) Crystaline Fe3O4 particles, b) Surface modified with carbon afforded porous
Fe3O4@C, and c) Further functionalization with – SO3H gives groves on the top of the carbon layer; Elemental mapping
of: e) Fe3O4, f) Fe3O4@C, and g) Fe3O4@C – SO3H.

Figure 5. EDS Profile of: a) Fe3O4, b) Fe3O4@C, and c) Fe3O4@C – SO3H.
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room temperature under a nitrogen atmosphere up to 600 ◦C
with a heating rate of 10 ◦C/min to know the decomposi-
tion behavior. The loss of physically bounded water led
to a slight dip in the TG profile from 80 ◦C–140 ◦C. Later
there was a slow decomposition induced due to the surface
functionalized – SO3H layer, and the molecular weight de-
creased (Fig. 6). In DTA a broad curve was observed due to
the physical change in the catalyst, and loss of physically
bound water molecules. Further dip in the DTA profile

represented physical change due to slow decomposition of
the surface functionalized – SO3H. The magnetic behav-
ior of Fe3O4, Fe3O4@C, and Fe3O4@C – SO3H samples
was examined by Vibrating Sample Magnetometer (VSM)
with an applied field of 15 KG to −15 KG at room tempera-
ture Fig. 7, and its exposure to ferromagnetic nature. The
detailed magnetic saturation (Ms), coercivity (Hc), and rem-
nant magnetization (Mr) were estimated from the M-H plot
outlined in Table 1. From Table 1, it is clearly indicated

Figure 6. TG-DTA Profile of Fe3O4@C – SO3H.

Figure 7. VSM Profile of Fe3O4, Fe3O4@C and Fe3O4@C – SO3H.

2252-0236[https://doi.org/10.57647/j.ijc.2024.1403.22]

https://doi.org/10.57647/j.ijc.2024.1403.22


8/16 IJC14 (2024) -142422 Shekhanavar et al.

Table 1. Data of magnetic saturation (Ms), remnant magnetization (Mr), coercivity (Hc), and magnetic susceptibility (X).

Sample Ms (emu/g) Mr (emu/g) Hc (Oe) X (emu/g ·Oe)

Fe3O4 36.11 0.23 347.03 0.00415

Fe3O4@C 4.24 0.12 349.59 0.000487

Fe3O4@C – SO3H 1.63 0.06 360.53 0.000187

that for pure Fe3O4, the Ms values are higher, and further
substitution with carbon and SO3H significantly reduces up
to 40.17 emu/g. This suggests that, for higher dopant mag-
netic saturation decreases with increasing coercivity from
5.04 G to 6.85 G. Such nature points out that the hardness
of the magnet slowly increases with a substituent. Obser-
vation of variation in magnetic behavior implies that it acts
as a catalyst in the reaction. The magnetic properties of the
derived sample were examined by VSM at room tempera-
ture with an applied field of −1 T to +1 T. The results from
magnetic properties, including Magnetic saturation (Ms),
remnant magnetization (Mr), coercivity (Hc), and magnetic
susceptibility (X), were estimated and summarized in Ta-
ble 1. Ms significantly changes from 36.11 to 1.63 emu/g.
Such typical nature was observed because carbon and sul-
fonic acid, which were not magnetic in nature eventually
showed certain magnetic saturation because of Fe3+ ions
being replaced with carbon and sulfonic acid and creating
free Fe2+ ions. The same was supported by Mr and Hc
values evaluated in Table 1. We also cross-examined their
magnetic susceptibility for each carbon and sulfonic acid
blend, which was also strongly evidenced by the reduced
magnetic properties as described in Table 1.
The application of this novel prepared heterogeneous cat-
alyst (Fe3O4@C – SO3H) was explored by demonstrating
synthesis of 2-amino-4H-chromene derivatives by the re-
action of aromatic aldehyde (1), malononitrile (2) and re-
sorcinol (3) in 1 mmol scale and 25 mg of the catalyst as a
model reaction in 2 mL of EtOH at room temperature stir-
ring condition (Scheme 1). After 1 h stirring, solid product

separation was noticed in the reaction vessel (TLC moni-
tored). It was filtered, washed with dd water, and gave a
low yield of the product. To accelerate the reaction, the
model reaction was subjected to microwave irradiation. Sur-
prisingly, under MW irradiation, the reaction was faster,
and yield isolation was improved. In order to optimize the
reaction, the model reaction was carried out with a series of
different amounts of catalyst starting from 0 and followed
by 5, 20, 25, and 30 mg of the catalyst under microwave
irradiation at 300 W power, and the results are tabulated in
Table 2. The experimental data revealed that the quantity of
catalyst starting from 5–25 mg gave a gradual increase of
the product yield isolation (entries 2–5, Table 2). Further
increase of the quantity to 30 mg resulted in no change in
the product isolation in 4 min microwave irradiation. This
optimization reaction revealed that, for 1 mmol scale reac-
tion (entry 5, Table 2) 25 mg of Fe3O4@C – SO3H catalysts
required 4 min MW irradiation time, gave highest yield
of the product. Furthermore, to fix the microwave power,
300 W was found to be suitable for this reaction in terms of
reaction acceleration and high product yield isolation.
To determine the optimum MW power required for the
reaction, the model reaction was carried out at different
MW power (entries 4–7, Table 3). The experimental data
revealed that a decrease of the MW power to 100 W and
180 W leads to longer reaction time and decreased yield
isolation (entries 4 & 5, Table 3). On the other hand, an in-
crease in MW power above 300 W did not increase any prod-
uct yield or decrease the reaction time. Thus, the presently
developed approach demonstrated the faster, cleaner, and

Table 2. Optimization of the volume of catalyst in a model reactiona.

Entry Substrate
in mmol

Catalyst
in mmol

Quantity of
catalyst (mg) Time (min) Isolated Yield (%)

1 1 0 0 4 Nill

2 1 0.015 5 4 25

3 1 0.031 10 4 32

4 1 0.046 20 4 68

5 1 0.077 25 4 91

6 1 0.092 30 4 91

a) Aldehyde (1 mmol), malononitrile (1 mmol), resorcinol (1 mmol), 25 mg of
Fe3O4@C – SO3H catalysts, microwave irradiation at 300 W power. The reaction com-
pletion was monitored by TLC, the catalyst was separated by a strong magnet, and the product
was isolated.
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Table 3. Effect of optimization of reaction rate and microwave power on reaction rate.

Entry Methods Power (W) Time (min) Isolated Yield (%)

1 Stirring@rt – 60 65

2 Grindstone@rt – 25 52

3 Ultrasound@rt – 65 68

4 MWI 100 5 62

5 MWI 180 5 79

6 MWI 300 4 91

7 MWI 450 5 88

more efficient synthesis of 2-amino-4H-chromene using
Fe3O4@C – SO3H. Further, to compare the other methods
available in the laboratory, the model reaction was per-
formed using grindstone, ultrasound, and room temperature
stirring methods. All these three methods gave poor prod-
uct isolation with longer reaction time, and the observed
experimental data is appended in Table 3, entries 1–3.
The diversity and tolerance of the developed protocol on
substituents was checked by reaction of various substituents
present on the aromatic aldehyde containing electron-
withdrawing (EWG) and electron-donating group (EDG).
It was observed that, the substituents containing EWG and
EDG on aldehyde did not give any measurable effect on the
rate of the reaction (Table 4).

3.2 Antimicrobial activities evaluation
The antimicrobial activities of some selected synthesized
2-amino-4H-chromene derivatives (4a, 4e, and 4g) were
evaluated by standard disc diffusion method at the Clinical
and Laboratory Standards Institute [70]. The antimicrobial
inhibition assay was carried out in vitro using agar media at
37 ◦C incubation. The compounds (4a, 4e, and 4g) showed
comparable activity tested against bacteria and fungi. The
derivatives 4e and 4g showed activity against Escherichia
coli and Bacillus subtlis, and the derivatives (4a, 4e, and
4g) showed activity against Candida albicans. 4a inhibited
Aspergillus niger, while the other compounds showed less
activity. The detailed evaluation of the antibacterial and
antifungal activities of the compounds examined is tabulated
in Table 5, where R represents the resistance.

3.3 Reusability of catalysts
Synthesis of 2-amino-4H-chromene from benzaldehyde,
malononitrile, and resorcinol in the presence of the catalyst
under optimized reaction conditions in a model reaction
was performed. After the completion of the reaction, ethyl
acetate was added to the reaction mixture, and the catalyst
was separated by an external magnet. The separated catalyst
was washed with dd water and ethanol twice, dried under
vacuum at 80 for 5 h, and then reused for the consecutive
cycles. The efficiency of the catalyst was observed up to
four cycles without any significant loss in its activity, but in
the fifth cycle, a comparatively low yield was isolated, as de-
picted in Fig. 8. Due to the chemisorption of certain species

Figure 8. Reusability of the catalysts.

on the active sites and the vapor compound formation and/or
leaching accompanied by molecular transport from the cat-
alyst surface, it leads to a decrease in the catalytic activity
after certain cycles (Fig. ?? and ??). The TON of catalyst
calculated with the no of mmol of the reactant with catalyst
used to isolate 91 % of product yield was 12.98sec−1.

3.4 Comparison of the reported protocol with the
present method

In this paper, we have compared the advantages of this de-
veloped method with selected reported procedures for the
synthesis of chromene derivatives (Table 6). The reported
methods (Table 6, serial no. 3, 6, 8, 9, 12) employed haz-
ardous solvents and required a long reaction time for the
chromene derivative synthesis. Overall, several methods
reported in Table 6 used expensive catalysts, harsh reac-
tion conditions, solvents harmful to the environment, and
long reaction times, as well as low-yield product isolation.
All these reported methods inspired us to develop an eco-
friendly, recyclable, inexpensive approach for chromene
scaffold synthesis.
The present developed protocol will reduce the effort in
the separation of the catalyst from the reaction mixture;
the agrowaste-derived carbon powder makes the shell on
the nanoparticles very effective compared to other catalysts
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Table 4. Substrate scope and physical parameters of 2-amino-4H-chromene.

Entry Benzaldehyde Product Time (min) Yield (%)
m.p. (◦C)

Obs. Rep.

1 H

4a

4 94 233–235 233–235
[65]

2 4-OCH3

4b

4 90 110–112 112–113
[65]

3 4-CH3

4c

5 88 183–185 184–186
[65]

4 4-Cl

4d

4 91 160–161 162–163
[71]

5 2,3-OCH3

4e

4 89 184–186 New

Continued on next page
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Table 4. Substrate scope and physical parameters of 2-amino-4H-chromene. (Continued)

Entry Benzaldehyde Product Time (min) Yield (%)
m.p. (◦C)

Obs. Rep.

6 4-OH

4f

5 90 247–249 247–249
[72]

7 4-N(CH3)2

4g

4 90 206–207 New

8 3-NO2

4h

4 90 171–172 170–171
[72]

9 4-CN

4i

4 87 179–181 180–182
[72]

10 4-Br

4j

4 86 186–188 185–187
[73]
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Table 5. Antimicrobial activity of the 2-amino-4H-chromene derivatives.

Organisms Comp. 75µL/mL 50µL/mL 25µL/mL 10µL/mL 5µL/mL
A

nt
ib

ac
te

ri
al

ac
tiv

ity

Escherichia coli

4a 15 mm R R R R

4e 10 mm 10 mm R R R

4g 10 mm 10 mm R R R

Ciprofloxacin – – – – 25 mm

Bacillus subtilis

4a 18 mm R 20 mm R R

4e 20 mm 15 mm 12 mm R R

4g 12 mm 18 mm R R R

Ciprofloxacin – – – 30 mm 35 mm

Pseudomonas

4a 12 mm R R R R

4e 18 mm 15 mm R R R

4g 10 mm 15 mm R R R

Ciprofloxacin – – 45 mm – –

A
nt

ifu
ng

al
ac

tiv
ity

Candida albicans

4a 12 mm 10 mm R R R

4e 20 mm 15 mm R R R

4g 18 mm 15 mm 13 mm R R

Fluconazole – – 30 mm – –

Aspergillus niger

4a 10 mm 15 mm 10 mm R R

4e 13 mm 12 mm R R R

4g 15 mm 18 mm R R R

Fluconazole – – 23 mm – –

Table 6. Comparison of reported with the present method.

Entry Catalyst Condition Time (min) Yield (%) [Ref]

1 Nanocrystalline MgO Rt 180 62 [74]

2 MNPs-Fe3O4/PCL– 80 ◦C/EtOAc 45 94 [75]

3 [bmim][BF4] Nill 240 84 [76]

4 t-ZrO2 NPs 80 ◦C/H2O 38 89 [77]

5 ZnO NPs Reflux/EtOH 10 80 [78]

6 KF/Al2O3 rt/DMF 80–100 81 [79]

7 MNPs@Cu 90 ◦C/Solvent 8 95 [80]

8 Rochella salt Reflux/EtOH 120–180 90 [54]

9 Triazine-based porous organic polymer Solvent-free 300–360 87 [55]

10 Magnetic UiO-66 functionalized with
4,4′-diamino-2,2′-stilbened isulfonic H2O:EtOH (5:1) 360 73 [81]

11 Glycine Hexane, DCM,
DMF/EtOH 60 94 [82]

12 Cetyltrimethylammonium bromide (CTABr) Solvent-free 300–480 60 [83]

13 Ionic liquid ([bmim]-OH) Solvent-free 15–30 85 [84]

14 NaBr EtOH 60–80 58 [56]

15 Fe3O4@C – SO3H MW/EtOH 4 90 This work
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developed. Microwave irradiation adds another advantage,
in which the energy synergistically aids in the increased
isolation of the product yield.

4. Conclusion
MCRs of aryl aldehyde, malononitrile, and resorcinol to
give 2-amino-4H-chromene in a single step using green
method catalyzed Fe3O4@C – SO3H as a novel heteroge-
neous catalyst has been described. The advantage of this
approach is that the agro-waste derived solvent media has
been employed for the core shell iron oxide preparation.
Further, its surface modification is achieved with lemon ash
(after filtration of the extraction medium), which gives a
dual functional advantage. The prepared novel catalyst is
characterized by various techniques. The synthetic method
described is rapid, simple isolation of the product by crys-
tallization, eliminating the use of chromatographic purifica-
tion, inexpensive, recyclability of the catalyst, and a green
synthetic protocol for the synthesis of valuable heterocyclic
compounds. All the synthesized compounds were charac-
terized by FT-IR, 1H- & 13C-NMR and LC-MS. Further an-
timicrobial activities of the selected 2-amino-4H-chromene
derivatives (4a, 4e, and 4g) were evaluated by a disc diffu-
sion method, and these derivatives showed moderate activi-
ties compared to standard drugs used as reference.
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M. Zborowski, J.J. Chalmers, and I. Ortiz. Ind.
Eng. Chem. Res., 60(2021):16780–16790. DOI:
https://doi.org/10.1021/acs.iecr.1c03474.

[65] K. Kantharaju and S.Y. Khatavi. Chem-
istry Select, 18(2018):5016–5024. DOI:
https://doi.org/10.1002/slct.201800096.

[66] N. Yadav, G. Yadav, and Md. Ahmaruz-
zaman. Sci. Rep., 13(2023):9074. DOI:
https://doi.org/10.1038/s41598-023-36380-1.

[67] C. Zhang, H. Wang, F. Liu, L. Wang, and
H. He. Cellulose, 20(2013):127–134. DOI:
https://doi.org/10.1007/s10570-012-9839-5.

[68] G. Sun, S. Qiu, Z. Ding, H. Chen, J. Zhou, Z. Wang,
and J. Zhang. Synlett, 28(2016):347–350. DOI:
https://doi.org/10.1055/s-0036-1588891.

[69] F. Kalantari, H. Esmailipour, H. Ahankar, A. Ra-
mazani, H. Aghahosseini, O. Kaszubowski, and K. Sle-
pokura. ACS Omega, 8(2023):25780–25798. DOI:
https://doi.org/10.1021/acsomega.3c01068.

[70] P.B. Hiremath and K. Kantharaju. Curr.
Microw. Chem., 1(2019):30–43, . DOI:
https://doi.org/10.2174/2213335606666190820091029.

[71] S. Shinde, S. Damate, S. Morbale, M. Patil, and S.S.
Patil. RSC Advances, 12(2017):7315–7328. DOI:
https://doi.org/10.1039/C6RA28779D.

[72] M. Sarmah, A. Dewan, A.J. Thakur, and U. Bora.
Chemistry Select, 24(2017):7091–7095. DOI:
https://doi.org/10.1002/slct.201701057.

[73] P.B. Hiremath and K. Kantharaju. Chem-
istry Select, 6(2020):1896–1906, . DOI:
https://doi.org/10.1080/10406638.2020.1830129.

[74] J. Safari, Z. Zarnegar, and M. Heydarian.
J. Taibah Univ. Sci., 7(2013):17–25. DOI:
https://doi.org/10.1016/j.jtusci.2013.03.001.

[75] M. Keshavarz, M. Abdoli-Senejani, S.F. Hojati, and
S. Askari. Reac Kinet Mech Cat, 124(2018):757–766.
DOI: https://doi.org/10.1007/s11144-018-1361-9.

[76] X. Fan, X. Hu, X. Zhang, and J. Wang.
Aust. J. Chem., 57(2004):1067–1071. DOI:
https://doi.org/10.1071/CH04060.

[77] A. Saha, S. Payra, and S. Banerjee. RSC Adv., 5(2015):
101664. DOI: https://doi.org/10.1039/c5ra19290k.

2252-0236[https://doi.org/10.57647/j.ijc.2024.1403.22]

https://doi.org/10.1007/s10562-020-03332-7
https://doi.org/10.1016/j.tet.2011.08.086
https://doi.org/10.1038/s41598-022-06759-7
https://doi.org/10.1021/acsomega.9b04117
https://doi.org/10.1080/10426507.2018.1424161
https://doi.org/10.1080/00397911.2015.1031249
https://doi.org/10.1016/j.tet.2012.11.068
https://doi.org/10.1007/s41061-019-0238-3
https://doi.org/10.1039/C5RA00951K
https://doi.org/10.1016/j.tetlet.2008.10.006
https://doi.org/10.1039/C3DT50947H
https://doi.org/10.1038/s41598-022-14844-0
https://doi.org/10.1039/d1ob01906f
https://doi.org/10.1007/s11164-017-2900-0
https://doi.org/10.1039/C6RA06523F
https://doi.org/10.1016/j.molcata.2013.03.022
https://doi.org/10.1021/acs.iecr.1c03474
https://doi.org/10.1002/slct.201800096
https://doi.org/10.1038/s41598-023-36380-1
https://doi.org/10.1007/s10570-012-9839-5
https://doi.org/10.1055/s-0036-1588891
https://doi.org/10.1021/acsomega.3c01068
https://doi.org/10.2174/2213335606666190820091029
https://doi.org/10.1039/C6RA28779D
https://doi.org/10.1002/slct.201701057
https://doi.org/10.1080/10406638.2020.1830129
https://doi.org/10.1016/j.jtusci.2013.03.001
https://doi.org/10.1007/s11144-018-1361-9
https://doi.org/10.1071/CH04060
https://doi.org/10.1039/c5ra19290k
https://doi.org/10.57647/j.ijc.2024.1403.22


16/16 IJC14 (2024) -142422 Shekhanavar et al.

[78] S. Zavar. Arab. J. Chem., 10(2017):S67–S70. DOI:
https://doi.org/10.1016/j.arabjc.2012.07.011.

[79] W. Xiang-Shan, S. Da-Qing, and T. Shu-Jiang. Chi-
nese J. Chem., 21(2003):1114–1117.

[80] W. MA, A.G. Ebadi, M.S. Sabil, R. Javahershenas,
and G. Jimenez. RSC Adv., 9(2019):12801–12812.
DOI: https://doi.org/10.1039/c9ra01679a.

[81] M.R. Khodabakhshi and M.H. Baghersad. Sci. Rep.,
12(2022):5531. DOI: https://doi.org/10.1038/s41598-
022-09337-z.

[82] B. Datta and M.A. Pasha. Ultrason
Sonochem, 19(2012):725–728. DOI:
https://doi.org/10.1016/j.ultsonch.2012.01.006.

[83] T.-S. Jin, J.-C. Xiao, S.-J. Wang, and T.-S. Li.
Ultrason Sonochem, 11(2004):393–397, . DOI:
https://doi.org/10.1016/j.ultsonch.2003.10.002.

[84] N. Surneni, N.C. Barua, and B. Saikia. Tetra-
hedron Lett., 25(2016):2814–2817. DOI:
https://doi.org/10.1016/j.tetlet.2016.05.048.

2252-0236[https://doi.org/10.57647/j.ijc.2024.1403.22]

https://doi.org/10.1016/j.arabjc.2012.07.011
https://doi.org/10.1039/c9ra01679a
https://doi.org/10.1038/s41598-022-09337-z
https://doi.org/10.1038/s41598-022-09337-z
https://doi.org/10.1016/j.ultsonch.2012.01.006
https://doi.org/10.1016/j.ultsonch.2003.10.002
https://doi.org/10.1016/j.tetlet.2016.05.048
https://doi.org/10.57647/j.ijc.2024.1403.22

	Introduction
	Experimental
	Preparation of Water Extract of Lemon Fruit Shell (WELFSA)
	Preparation of Fe3O4 using WELFSA
	Synthesis of Fe3O4@C
	Synthesis of Fe3O4@C-SO3H
	Solid acid titration
	General procedure for the synthesis of 2-amino-4H-chromene derivatives under microwave irradiation
	General procedure for antimicrobial assay
	Spectral data of some selected derivatives

	Result and discussion
	Preparation and characterization of the catalyst
	Antimicrobial activities evaluation
	Reusability of catalysts
	Comparison of the reported protocol with the present method

	Conclusion

