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Abstract:
This work describes the environmentally friendly preparation of Fe3O4 utilizing agro-waste orange peel ash
aqueous extract as a solvent medium, and then it functionalized to SiO2@Mg-Al-LDH under ultrasonication.
Further, these prepared materials were characterized by FT-IR, XRD, FE-SEM, EDX, and VSM. Furthermore,
it demonstrated the application of this functionalized iron oxide for the synthesis of 2-amino-4H-chromene
derivatives. The synthesis routed via a one-pot three-component reaction (3CRs) of aryl/heterocyclic aldehyde,
malononitrile, and resorcinol under MWI at 180W using EtOH as a solvent gave excellent product isolation
achieved in a short reaction time. The catalyst is very efficient towards both electron-withdrawing and
electron-donating groups present on aryl or heterocyclic aldehydes. The magnetic nature of this catalyst
allows it to be easily separated by a permanent magnetic field, and catalysts can be reused several times
without losing significant catalytic activity. Additionally, selected synthesized chromene derivatives were
tested for their antimicrobial properties using agar media. The compounds 4b, 4c, and 4d showed comparable
activity tested against bacteria and fungi.
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1. Introduction

Numerous applications of heterocyclic compounds have
been explored in pharmaceuticals, chemical industries, agro-
chemicals, and pesticides, and they emerged as valuable
molecules [1]. Heterocyclic compounds are widely used in
various research areas due to their ability to construct com-
plex structural skeletons to achieve desired functions [2].
Hence, large numbers of organic chemists are interested
in the construction of heterocyclic molecules, especially
oxygen-containing heterocycles [3] such as 4H-pyrans and
4H-pyran-annulated heterocyclic scaffolds [4], due to their
ubiquitous presence in the nature, and they also provide
appropriate biological activities [5]. Presence of certain sub-
stituents present in the molecules [6], and these functional
derivatives can develop anti-HIV [7], anti-tumor [8], antimi-
crobial [9], anti-inflammatory [10], antifungal [11], and anti-
allergenic properties [12]. In addition, pyran-containing

heterocyclic compounds are prevalent in nature and are
increasingly used in pharmaceuticals [13], biodegradable
agrochemicals [14], pigments [15], and cosmetics [16]. In
most cases [17], these compounds are isolated and puri-
fied through a difficult process that uses limited natural
resources [18]. It has, therefore, been a priority to inves-
tigate the progress of the derivatives and their potential
therapeutic properties in order to synthesize compounds
[19]. Several synthetic procedures have been developed for
the one-pot Knoevenagel condensation of C–H activated
acids [20], aldehydes, and malononitrile to prepare func-
tionalized 2-amino-4H-chromene derivatives using various
catalyst such as SDS [21], DAHP [22], MNP@AVOPc [23],
[Sipim]HSO4 [24], nano-Al2O3 [25], POPINO [26–30],
CuO NPs [31] and TBBDA [32]. However, several limita-
tions/drawbacks are associated with these methods, such as
lower yields, prolonged reaction time, toxicity, poor catalyst
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recovery, and tedious work-up [33]. Due to this, there still
exists a high demand for modest, versatile, and environmen-
tally friendly processes to synthesize 2-amino-4H-chromene
derivatives [34]. As part of green chemistry trends, scien-
tists strive to prevent the use of hazardous substances or
generate chemical waste and are concerned with developing
novel and efficient greener methodologies [35]. In most
cases, solvent-free conditions in chemical processes play a
crucial role in solving these problems, even if innovative
processes with environmentally friendly solvents are used
[36]. In recent years, various simple synthetic routes were
developed; among these, magnetic nanoparticles (MNPs)
served as catalysts that provide solvent-free separation pro-
cedures, thereby eliminating most of the tedious separa-
tion procedures associated with the use of organic solvents
[37]. In the industrial sector, metal-catalysis is playing a
significant role [38]. It is definitive that transition-metal
nanoparticles can be used for catalysis due to their abil-
ity to activate metal surfaces at the nanoscale, thereby en-
hancing heterogeneous catalysis efficiency and selectivity
[39]. In the preparation of MNPs and their modifications
achieved, since they are stable, low toxic, easy to synthe-
size and functionalize, and have large surface area, they
are an effective catalytic material. The anisotropic dipo-
lar attraction of Fe3O4 nanoparticles leads to loss of dis-
persibility and catalytic activities. Therefore, this type of
uncoated nanoparticles can easily aggregate into large clus-
ters, and their magnetic properties are also lost due to the
acidic environment [40]. But, when exposed to biological
systems, Fe3O4 nanoparticles are likely to undergo rapid
biodegradation, even if they are relatively small [41]. To
overcome some of these limitations, it is essential to func-
tionalize the core with a protective layer of silica or any
other coating materials that are well-reported [42]. In or-
der to prepare heterogeneous catalysis, it is of paramount
importance to present magnetic-coated nanoparticles as a
suitable alternative support [43]. In this study, we have
synthesized 2-amino-4H-chromene derivatives catalyzed
by Fe3O4@SiO2@Al-Mg-LDH. The required catalyst core

was prepared using eco-friendly and non-toxic novel. The
coated SiO2-LDH on MNPs was found to be efficient and
easily recyclable using an external magnet.

2. Experimental

For this work, the reagent was used as it was received di-
rectly from vendors (AVRA). An XRD sample was collected
through X-pert PRO, an analytical spectrum was collected
through Lambda-750, and an SEM-EDX sample was col-
lected by EVOLS15 Germany Model Zeiss. With a Perkin
Elmer FT-IR, the KBr pellet method.

2.1 Preparation of orange peel water extract
The required orange peels were collected from the local
juice center. To remove any physical impurities on the
surface washed with tap water, and then dried in sunlight.
A Bunsen burner is used to convert the orange peel into
ash. Obtained 10 grams of ash added in 100 mL of dou-
ble distilled water in a beaker and stirred for one hour at
room temperature. After stirring, the filtered mixture was
removed from the suspension, which resulted in a light
brown filtrate named Water Extract of Orange Fruit Peel
Ash (WEOFPA), which was used for the preparation of
MNPs.

2.2 Preparation of Fe3O4 using WEOFPA
In a 100 mL beaker, 50 mL of double distilled water and 10
mL of WEOFPA were mixed with 3.2 g of FeSO4. 7H2O
and 3.4g of FeCl3.6H2O. A black precipitate was formed
after heating the mixture to 85 °C for 45 min, then cooling
it to room temperature, and adding NaOH dropwise until
a black precipitate formation cease. A strong magnet was
used to collect the precipitate after the 1-hour precipitation
settlement. It was washed several times with double dis-
tilled water, followed by ethanol. A muffle furnace with
a temperature of 700 °C was used to dry and calcin the
residue, and then materials were kept in the desiccator for
further use (Fig. 1).

Figure 1. Preparation of Fe3O4 using WEOFPA.
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2.3 Preparation of MNPs coated silica (Fe3O4@SiO2)
A method for preparing Fe3O4@SiO2 nanoparticles has
been described previously [44]. Briefly, the prepared 1.5
g Fe3O4 above procedure was dispersed in ethanol (6 mL)
and water (4 mL) under ultrasonication, and then slowly
added NaOH solution (4 mL, 25 weight%), continued ultra-
sonication till black precipitate formation stopped. In the
next step, the reaction mixture was stirred under magnetic
stirring. To this, we slowly added tetraethyl orthosilicate
(TEOS) in ethanol (1 mL/10 mL) dropwise and dispersed.
After the reaction, cooled to rt, using an external magnet,
held coated materials, and washed with distilled water one
time, followed by two times ethanol solvent. The obtained
precipitate dried @ 60 °C under a vacuum oven for 8 h and
stored in an airtight container in a desiccator.

2.4 Preparation of Fe3O4@SiO2@Mg-Al LDH
Taken 1.6 g NaOH and 1.28 g Na2CO3 in 100 mL of 1:1
(v:v) methanol-water solution to prepare a pH buffered solu-
tion for pH adjustment of 1.5 g Fe3O4@SiO2 microsphere
particles. To this 20 mL mixture containing 1.44 mmol of
Mg (NO3)2. 6H2O and 0.48 mmol of Al (NO3)3. 9H2O
were added at a rate of 1 mL/min drop-wise, and the pH of
the solution was maintained at 10, and the suspension was
stirred vigorously and then transferred to ultrasonication for
product dispersion about 1 h, and then collected product fur-
ther ultrasound dispersed for an additional 1 h in deionized
water. Finally, an external magnet was used to collect the
product (Fe3O4@SiO2@Mg-Al LDH) from the solution,
washed with water and ethanol, then dried at 60 °C under a
vacuum oven (Fig. 2).

2.5 Spectral data of some selected derivatives
2-Amino-4-(4-(dimethylamino) phenyl)-7-hydroxy-4H-
chromene-3-carbonitrile (4a)
Yellow; FT-IR (cm−1, KBr): 3490 (OH), 3292 (NH2),
3063 (CH), 2212.06 (CN), 1719 (C=O); 1H NMR (400
MHz, 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); 13C-NMR (100 MHz, DMSO-d6): δ

22.99, 39.88, 40.50, 42.56, 127.70, 128.73, 140.02, 169.77;
LC-MS: m/z (Cal. C18H17N3O2) = 307.1374 [M]+; m/z
(Obs.) = 308.2482 (M+H)+.

2-Amino-4-(5-bromo-2-hydroxyphenyl)-7-hydroxy-
4H-chromene-3-carbonitrile (4b)

Solid; Light yellow; FT-IR: 3336, (NH2), 2973 (OH), 2886
(CN), 1380 (C=C), 1086; 1H-NMR (400 MHz, DMSO-d6)
δ 6.95-6.98 (m, 1H), 7.45-7.47(m, 2H), 7.61-7.70 (m, 2H),
7.90-8.03 (m, 3H), 8.82 (s, 2H), 10.19 (s, 1H) ; 13C-NMR
(100 MHz, DMSO-d6): δ 39.23, 40.28, 40.49, 103.86,
103.861, 111.16, 114.74, 115.978, 117.37, 119.50, 119.656,
120.342, 142.42, 131.78, 132.16, 137.97, 152.48, 153.55,
156.86, 160.29, 190.27; MS: m/z (Cal.C16H12N2O2) =
358.00 [M]+; m/z (Obs.) = 359.17(M+H)+.

2-Amino-7-hydroxy-4-(pyridine-2-yl)-4H-chromene-
3-carbonitrile (4c)
Solid; Yellow; FT-IR (cm−1): 3148 (NH2), 2825 (CH),
2213 (CN), 1627, 1547 (C=O); 1H-NMR (400 MHz,
DMSO-d6) δ 6.17-6.19 (m, 1H), 6.89-7.21(m, 2H),
7.50-7.59 (m, 2H), 7.99-8.84 (m, 5H), 9.21 (s, 1H) ;
13C-NMR (100 MHz, DMSO-d6): δ102.95, 106.69,
115.44, 121.83, 123.62, 128.91, 130.18, 137.61, 138.18,
150.71, 154.80, 158.86; LC-MS: m/z (Cal. C18H16N2O4)
= 265.09 [M]+; m/z (Obs.) = 267.00 (M+H)+

2-Amino-4-(2-chloroquinolin-3-yl)-7-hydroxy-4H-
chromene-3-carbonitrile (4d)
Solid; Light Yellow; FT-IR (cm−1): ν 3065 (NH2), 2228
(C=N), 1564 (C=C), 1486, (C-Cl), cm−1; 1H-NMR (400
MHz, DMSO-d6): 3.47 (s, H, CH), 7.75-7.79 (m, 2H,
Ar), 7.96-8.03 (m, 4H), 8.16-8.18 (d, 1H, Ar), 7.26-7.45
(d, J = 8.8 Hz, 2H, Ar), 8.94-8.95 (s, 1H, OH), 9.02 (s,
NH2), 10.36 (s, OH); 13C-NMR (100 MHz, DMSO-d6): δ

128.32, 128.72, 129.10, 130.62, 134.24, 134.35, 140.76,
141.86, 148.26, 148.99, 149.41, 157.53, and 189.84 ppm;
HR-MS (ESI): m/z (Cal.): 349.06, m/z (Obs.): 349.30 Da
(M+H)+.

3. Result and discussion

3.1 Preparation and characterization of the catalyst
Reported procedure adopted for the preparation of the
iron oxide (Zhao et al.) [45]. Briefly, FeCl3.6H2O and
FeSO4.7H2O in the presence of basic agro-waste WEOFPA
as a new eco-friendly protocol employed for Fe3O4 NPs
synthesis. This free-flowing MNPs powder was obtained us-
ing an inexpensive and chemical-free method. Further, the
surface MNPs were functionalized by TEOS to increase
their catalytic activity and stability (Fe3O4@SiO2). Fi-
nally, obtained nanoflakes of Mg–Al-LDH were deposited
onto Fe3O4@SiO2 microspheres via ultrasonication (Fig. 2).

Figure 2. Pictorial representation of Fe3O4@SiO2@Mg-Al-LDH preparation.
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In addition to spectroscopic analysis, other microscopic
methods were used to characterize materials, including
scanning electron microscopes (SEM), X-ray diffraction
(XRD), Fourier-transform infrared spectra (FT-IR), and vi-
brating sample magnetometers (VSM). The comparative
IR spectra collected for the Fe3O4, Fe3O4@SiO2, and
Fe3O4@SiO2@Mg-Al LDH were recorded between 400 to
4000 cm−1 (Fig. 3). The FT-IR band at 599 cm−1 represents
Fe-O stretching of magnetic nanoparticles for all the materi-
als. The IR band at 599 cm−1 represents the Fe-O stretching
of all the materials. Two bands around 3401 cm−1 and 1633
cm−1 were observed due to O-H and C-O Stretching. In
addition, the Si-O-Si asymmetric stretching vibration pro-
duces a wide and intense signal at 1096 cm−1. At 802 cm−1,
symmetric stretching vibrations were observed for Si-OH
bonds. Mg-O and Al-O vibrations are strongly correlated
with the strong band at the lower wavenumber at 484 cm−1.
An XRD analysis was performed on free-flowing Fe3O4
powder, and diffraction showed clear 2θ peaks at 22.05◦,
31.29◦, 36.80◦, 54.57◦, 58.47◦, and 63.84◦; these data ob-
tained are very much matching with JCPDS card no. 85-
1436 [46–48]. Fe3O4@SiO2 showed a peak at 13.87◦, sig-
nifying silica on the surface of the shell, as well as a peak at
23.72◦, 32.26◦, 37.84◦, 44.16◦, 54.74◦, 58.28◦, and 63.83◦

indicating MNPs within the core. Additionally, the sur-
face functionalization with Al-Mg-LDH the crystallinity
of the material was lost, and peak at 26.5◦, 39.75◦, 43.0◦

and 76.52◦ are due to the Al, and peaks at 33.46◦, 47.11◦

are due to the Mg present (figure S24), 16.68◦ and 18.62◦

attributable to silica, and peaks at 28.69◦, 46.76◦, 48.66◦,
and 63.84◦ attributable to Fe3O4 (Fig. 4).
SEM was used to investigate particle size and sur-
face morphology of the Fe3O4, Fe3O4@SiO2, and
Fe3O4@SiO2@Al-Mg-LDH. Using elemental mapping, the
existence of Fe and O in Fe3O4 was confirmed (Fig. 5 (a)
and 5 (d)). The surface morphology was altered when sil-
ica was applied on to the iron oxide surface, resulting in
outer shell grooves (Fig. 5 (b)). In Fig. 5 (e) demonstrates
elemental mapping, which clearly states the presence of
Fe, Si, and O elements present in it. The FE-SEM images

Figure 3. Comparative IR spectra of: (a) Fe3O4, (b) Fe3O4@SiO2, and
(c) Fe3O4@SiO2@Mg-Al LDH.

Figure 4. Comparative XRD spectra of: (a) Fe3O4, (b) Fe3O4@SiO2 and
(c) Fe3O4@SiO2@Mg-Al LDH.

showed slight crystalline and porous shell structure after
surface functionalization with Mg-Al-LDH. It was possi-
ble to determine the composition of Fe3O4@SiO2@Mg-
Al-LDH by elemental mapping (Figs. 5 (c) and 5 (f), and
Fig. 6). We further validated the presence of elements in
each modified MNPs by plotting counts versus energy in
keV using Energy Dispersive X-ray Spectroscopy (EDS).
Fe and O peak at 0.9, 6.18, 0.7, and 6.5 in the EDS plot
of Fe3O4 confirmed composition. In Fig. 7, the EDS plot
for Fe3O4@SiO2 demonstrated the presence of a Si, con-
firmed the surface modification. Further, the EDS plot also
revealed the presence of a peak at 1.2 Kev and 1.5 keV due
to Mg and Al presence, respectively. Hence, the formation
of Fe3O4@SiO2@Mg-Al-LDH confirms the presence of
Mg-Al-LDH in the modified MNPs, including other com-
parative peaks. A successful surface modification of MNPs
was demonstrated in this study. The EDS spectra exhibited a
Fe peak, with the Au peak consistently found as well due to
the gold-sputtering. After MNPs were prepared using WE-
OFPA, the spectral peaks at 0.1 and 3.9 reflect the presence
of C and Ca, respectively. The EDS spectrum shows char-
acteristic peaks corresponding to Si-33.84, Fe-2.56 wt%,
and the presence of less quantity of elements Mg and Al,
also confirmed the presence of these by qualitative analysis
(Fig. 8).

3.2 Qualitative analysis of Mg and Al

Further to confirm presence of micro quantity of Al
and Mg in LDH examined by qualitative analysis.
Briefly, taken HCl: HNO3 (1:3 mL) solution to dissolve
Fe3O4@SiO2@Mg-Al-LDH, and noticed clear solution
(CS), the details of test is outlined in Table 1.
An applied field of 15 KG to −15 KG at room tempera-
ture used in a Vibrating Sample Magnetometer (VSM) to
examine magnetic behaviour of Fe3O4, Fe3O4@SiO2 and
Fe3O4@SiO2@Mg-Al LDH samples, as shown in the Fig. 9.
From the M-H plot, can estimate the residual magnetiza-
tion (Mr) and coercively (Hc) to expose the ferromagnetic
nature (Table 2). Table 2 clearly shows the Mr values for
Fe3O4 higher, and LDH values are considerably reduced
after the substitution of SiO2 and Mg-Al up to 12.65 emu/g.
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Figure 5. FE-SEM and elemental mapping of: Fe3O4 (a & d), Fe3O4@SiO2 (b & e), and Fe3O4@SiO2@LDH (c & f).

Based on this, it can be concluded that, for upper dopants
there is reduction in magnetic saturation with increase in
coercive force from 347.03 (Oe) to 360.53 (Oe) indicating
gradual increase in the hardness as a substituent increases.
It appears that, it is acting as a catalyst in the reaction based

on the variation of magnetic behaviour. VSMs at RT and
−1T to +1T fields were used to assess magnetic properties
of the sample. Based on the magnetic properties: magnetic
saturation/remainder magnetization, coercivity/hypersensi-
tivity, and magnetic susceptibility/absorption, the results of

Figure 6. Elemental mapping of surface modified catalyst Fe3O4@SiO2@LDH.
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Figure 7. EDS analysis of Fe3O4@SiO2@Mg-Al-LDH.

these properties are summarized in Table 2. In this case, Mr
shows a significant difference from 36.11 emu/g to 12.65
emu/g since SiO2 and Mg-Al LDH are neither magnetic
nor antimagnetic in nature. However eventually, it exhibits
magnetic saturation as Fe+3 ions replace SiO2 and Mg-Al
LDH creating free Fe+2. In Table 2, Mr and Hc values
measure the same level of support. According to Table 2, it
also confirmed their magnetic susceptibilities are reduced
when both SiO2 and Mg-Al LDH are blended.
To explore the application of the prepared heterogeneous cat-
alysts (Fe3O4@SiO2@Al-Mg-LDH), herein demonstrated
the catalytic activity towards Multicomponent Reactions
(MCRs) of benzaldehyde (1), malononitrile (2), and resorci-
nol (3) as a model reaction for the synthesis of chromene
derivatives at room temperature in ethanol solvent. The
product isolated in solid, and completion of the reaction
was monitored by TLC. The obtained crude product was
dissolved in ethanol, and separated catalyst by external
magnet gave low yield product isolation. This trail reaction
taught us to use thermal energy to speed up the reaction
as well improves product formation. Hence, in our labo-
ratory extensively employed microwave-irradiation (MWI)
technique to speed up the reaction rate in a model reaction
resulted high yield isolation (Scheme 1).
A model reaction was used to optimize the reaction condi-
tions. As a starting point 0, 5, 10, 20, 25, 30 and 35 mg
of increasing catalyst loading taken in a series of model
reaction under 300 W MWI power in ethanol solvent (5

mL). The isolated product yield with increasing catalysts
loading from 5 to 25 mg noticed gradual increase of the
isolated yield (entries 1-4, Table 3). Despite this, no change
in the product isolation observed, when 30 and 35 mg of
the catalyst loaded reaction (entries 5 & 6, Table 3). This
optimization studies revealed that, 25 mg of catalysts is re-
quired to create one mmol of reaction with high yield in five
minutes of irradiation gave (entry 4, Table 3). Surprisingly,
no product formation noticed without catalysts under MWI,
this confirms reaction required catalytic medium for the
product formation (entry 1, Table 3).
To optimize required microwave power for the reaction
screened using optimized catalysts amount (25 mg) in a
model reaction in ethanol (5 mL). The series of variation of
the MW power performed in a model reaction starting with
100 W to 600 W available in MW oven. This optimization
experimental data is outlined in the Table 4. After MW
power optimization, it was discovered reaction conducted
at 300 W in five minutes achieved high product isolation. In
light of this reaction, it was determined that MW power of
300 W and reaction duration of 5 min ideal for this reaction

Figure 8. Confirmative test for Al and Mg elements.

Table 1. Qualitative analysis of Mg and Al.

Test Observation Inference

Test for Mg+2

CS + Magneson solution +
NaOH

Red ppt obtained Mg+2 present and confirmed

Test for Al+3

CS + NaOH on a plate +
Alizarin red acetic acid till vi-
olet just disappear

Red colouration Al+3 present and confirmed
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Figure 9. VSM of: Fe3O4 (a), Fe3O4@SiO2 (b) and Fe3O4@SiO2@Mg-Al LDH (c).

for excellent product isolation (entry 3, Table 4).
Further to check reaction rate with other techniques avail-
able in the author laboratory, including room temperature
stirring, ultrasonic irradiation, mechanical and microwave ir-
radiation performed set of reaction in a model optimized re-
action condition for the synthesis of 2-amino-4H-chromene
derivatives (Table 5). Based on our optimization study, stir-
ring, ultrasonication, and mechanochemistry resulted in less

product isolation, and long reaction times (entries 1-3, Ta-
ble 5). On the other hand, MWI method gave high product
isolation in a shorter reaction time (entry 4, Table 5).
To check compatibility of this method for various sub-
stituent present on aryl aldehyde examined for chromene
derivative synthesis. The aryl aldehyde containing electron
withdrawing groups (EWG) or electron donating groups
(EDG) not showed accountable changes in the reaction

Table 2. Data of Ms, Mr, Hc and χ .

Sample Ms (emu/g) Mr (emu/g) Hc (Oe) χ (emu/g.Oe)

Fe3O4 36.11 5.79 347.03 0.00415

Fe3O4@SiO2 28.63 3.53 355.60 0.00234

Fe3O4@SiO2@Mg-Al-LDH 12.65 1.23 360.53 0.000187

Scheme 1. General reaction of 2-amino-4H-chromene synthesis .
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Table 3. Optimization of reaction conditions.

Entry Catalyst (mg) Time (min) Yielda

1 0 5 Nil

2 5 5 Nil

2 10 5 30

3 20 5 40

4 25 5 90

5 30 5 90

6 35 5 90

∗ 1 mmol of each Aryl aldehyde, malononitrile, and
resorcinol, in ethanol, MW@300W.

a The conversion was monitored by TLC, and isolated
product represented in % of yield.

Table 4. Microwave power optimization rate of the reaction.

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

1 MWI 100 5 78

2 MWI 180 5 81

3 MWI 300 5 90

4 MWI 450 5 90

5 MWI 600 5 90

∗ 1 mmol of each aryl aldehyde, malononitrile, & resorcinol in ethanol.

time as well as final product isolation (Table 6). Hence, the
present developed method and catalysts is compatible with
wide range of aryl aldehyde substituents gave high product
yield, faster reaction rate and reusable catalysts.

3.3 A possible route for the product formation
Scheme 2 shows the probable mechanism of the syn-
thesis of 2-amino-4H-chromene derivatives catalyzed by
Fe3O4@SiO2-Mg-Al-LDH. The reaction is initially pre-
ceded by the Knoevenagel condensation reaction between
aryl aldehyde (1) and ethyl cyanoacetate or malononitrile
(2). In the subsequent step, the Knoevenagel adduct formed
in the previous step reacted with resorcinol (3) to lead to
an intermediate compound followed by aromatization and
then intramolecular cyclization in the existence of WEOFPA
which gave us of the 2-amino-4H-chromene product (5).

3.4 Biological activity
Furthermore evaluated antimicrobial activities of some of
the selected 2-amino-4H-chromene derivatives (4b, 4c &
4d) employing the disk method by clinical and laboratory
standards institute [57]. The antimicrobial inhibition assay
was carried out in vitro agar media at incubation of 37 °C.
The compounds 4b, 4c, and 4d showed comparable activity
tested against bacteria and fungi. The derivatives 4c and
4d showed activity of Bacillus, and other derivatives 4b,
4c and 4d showed average activity against Candida. But

Table 5. Various optimized techniques in a model reaction.

Entry Methods Time (min) Yield (%)

1 rt 70 61

2 Ultrasonication 80 55

3 Mechanical 35 30

4 MWI 5 90

compound 4b inhibited against A. niger while other com-
pounds showed less activity. The detailed evaluation of
the antibacterial and antifungal activities of the compounds
tested is tabulated in Table 7.
The Structure Activity Relationship (SAR) between molec-
ular structure and its biological activity is discussed based
on the above outcomes. Several key factors of structural
aspects of the derivatives (4b, 4c, and 4d) are considered.
The biological effects of a chemical compound can often
be predicted from its molecular structure due to similar
or isosteres compounds having similar physical and bio-
logical properties. From the obtained in vitro results of
antimicrobial activities, 2-amino-4H-chromene derivatives
4b showed less activity compared to derivatives 4c & 4d
for E. coli. This is due to the presence of structural dif-
ference in aryl aldehyde, where 4c & 4d contain pyridine
ring systems, and such type of environment is not present
in 4b. Similar trends were also noticed for Bacillus subtilis
and Pseudomonas strains. However, in the case of Candida,
more sensitive activity trends were noticed compared to the
above two types of microbes. In the case of A. niger, com-
pound 4b showed better activity compared to the other two
derivatives, 4c and 4d, due to the presence of hydroxy and
bromo groups in the benzene ring and not containing such
kind of substituent environment in the other two derivatives.

3.5 Reusability of the catalysts

To check prepared heterogeneous catalysts reusability prop-
erties examined in a model reaction under optimized above
reaction condition, and catalysts quantity. After the reac-
tion completion monitored by TLC, the catalysts separated
from the reaction, adding ethanol followed by filtration, and
washed catalysts with a sequence of water, and ethanol, and
dried on an oven 2 h at about 80 °C. Then, the catalyst was
reused for the next cycle in a model reaction and followed
the procedure of the first cycle. Up to five cycles of reaction
performed on a model reaction using same catalysts reused
and isolated yields 93, 90, 89, 87 and 80% for first to fifth
cycles, respectively. In case of fifth cycle of reused catal-
ysed reaction gave 13% loss in the final product isolation
across the 5 cycles, this revealed up to fourth cycle catalysts
can be reused without noticeable product isolation (Fig. 10).
The recycled catalyst morphology and composition exam-
ined using XRD, FT-IR, FE-SEM and EDS (Fig. S21, S22,
S24 & S25). These data revealed that, slight change in the
morphology and diffraction pattern of the catalysts, but ele-
ment composition intact. An external magnet helping easy
separation of the catalyst in this study, since it is heteroge-
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Table 6. Structure and physical constant of 2-amino-4H-chromene derivatives.

Entry Benzaldehyde Product Reaction time (min) Yieldb (%)
m.p (◦C)

Obs. Rep.

1 5 89 233-235 New

2 5 95 280-282 New

3 5 96 290-292 New

4 5 94 285-286 New

5 5 90 184-186 185-187 [49]
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Table 6. Continued of Table 6.

Entry Benzaldehyde Product Reaction time (min) Yieldb (%)
m.p (◦C)

Obs. Rep.

6 5 91 206-207 205-206 [50]

7 5 91 171-172 170-171 [51]

8 5 88 179-181 180-182 [52]

9 5 87 186-188 185-187 [53]

10 5 90 110-112 112-113 [54]
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Table 6. Continued of Table 6.

Entry Benzaldehyde Product Reaction time (min) Yieldb (%)
m.p (◦C)

Obs. Rep.

11 5 91 183-185 184-186 [55]

12 5 89 160-161 162-163 [56]

neous and hold catalysts externally and separate catalysts.
In addition, with only a small quantity of material required

for the reaction and the ability to reuse it for four cycles,
gave minimal waste production.

Scheme 2. Mechanism of Formation of 2-amino-4H-chromene derivative.
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Table 7. Antimicrobial activity of 2-amino-4H-chromene derivatives.

Organisms Compounds 75 µl/mL 50 µl/mL 25 µl/mL 10 µl/mL 5 µl/mL

A
nt

ib
ac

te
ri

al
ac

tiv
ity

E. coli

4b 20 mm R R R R

4c 15 mm 15 mm R R R

4d 15 mm 15 mm R R R

Ciprofloxacin - - - - 30 mm

Bacillus subtilis

4b 23 mm R R R R

4c 25 mm 20 mm R R R

4d 17 mm 23 mm R R R

Ciprofloxacn - - - 32 mm 35 mm

Pseudomonas

4b 17 mm R R R R

4c 23 mm 20 mm R R R

4d 15 mm 15 mm R R R

Ciprofloxacin - - 45 mm - -

A
nt

if
un

ga
la

ct
iv

ity

Candida

4b 17 mm 15 mm R R R

4c 25 mm 20 mm 15 mm R R

4d 23 mm 20 mm 18 mm R R

Fluconazole - - 35 mm - -

A. niger

4b 15 mm 20 mm 15 mm R R

4c 18 mm 17 mm R R R

4d 20 mm 23 mm R R R

Fluconazole - - 28 mm - -

The catalytic efficiency of the present method for the 2-

Figure 10. Reusability of the catalysts.

amino-4H-chromene derivatives synthesis was compared
with the previously reported methods (Table 8). In Table 8,
some of the catalysts previously reported are expensive,
use of hazardous organic solvent, high temperature, excess
reagent and long reaction time (entries 1, 4 & 6, Table 8).
Hence, the present developed method showed added ad-
vantages like faster reaction rate, inexpensive, high yield,
eco-friendly, and not required chromatographic purification
compared to other reported methods.

4. Conclusion
The present study demonstrates required MNPs core
shell is prepared by agro-waste extract medium, and then
functionalized further to achieve better stability and activity.
The application of the prepared heterogeneous catalysts
described for the synthesis of 2-amino-4H-chromene
derivatives via MCRs of aryl/heterocyclic aldehydes (1),
malononitrile (2) and resorcinol (3). The developed method
showed several advantages such as non-toxic, eco-friendly,
recycle and being affordable, simple, and recyclable.
Moreover, it is simple to separate isolated products from
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Table 8. Comparison of reported with present method.

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

1 Fe3O4 Ethylene glycol 60 93 [58]

2 MNP@AVOPc rt/Solvent free 116 94 [59]

3 Nano Al2O3 rt/EtOH 280 89 [60]

4 α-Fe2O3 80 ◦C/H2O 40 89 [61]

5 Mg(ClO4)2 Ethanol solvent free 60 80 [62]

6 KF/Al2O3 rt/DMF 120-140 81 [63]

7 MNPs@Cu 90 ◦C/Solvent free 10 95 [64]

8 Pbo NPs Neat, grinding 20 91 [65]

9 APTES@Fe3O4 Water 90 92 [66]

10 Nanocrystalline MgO Rt 180 62 [67]

11 MNPs-Fe3O4/PCL 80 ◦C/EtOAc free 45 94 [68]

12 ZnO NPs Reflux/EtOH 10 80 [69]

13 Fe3O4@SiO2@Mg-Al-LDH MWI/EtOH 5 95 [present work]

catalysts by filtration, and recrystallization in ethanol
provides pure derivatives without requirement of column
chromatographic purification. The obtained products
were analysed through FT-IR, LC-MS, 1H & 13C-NMR
spectroscopy. Further, the selected derivatives tested for
their biological activities and showed comparable activity
with reference used.
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