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Abstract
In this work, a novel water-soluble Salen type Cu(II) Schiff base complex functional-
ized silica-coated magnetite nanoparticles  [Fe3O4@SiO2/Schiff base of Cu(II)] was 
synthesized and characterized. First, an immobilized water-soluble Schiff base was 
synthesized from the condensation reaction between 3-amino propyl triethoxy silane 
(APTES) functionalized silica-coated magnetite nanoparticles and a water-soluble 
aldehyde (sodium salicylaldehyde-5-sulfonate monohydrate). After that, function-
alized Schiff base was converted to functionalized Cu(II) Schiff base complex as 
the result of reaction with Cu(II) acetate tetrahydrate. The structural and magnetic 
properties of the prepared compounds were identified by FT-IR, XRD, SEM, EDX, 
TEM, VSM, and TGA. The catalytic activity of the novel nanocatalyst was investi-
gated for the preparation of 2-amino-4H-chromene derivatives through an one-pot, 
three-component reaction of dimedone, aromatic aldehydes, and malononitrile, in 
the presence of catalytic amounts of the  Fe3O4@SiO2/Schiff base of Cu(II) nanocat-
alyst in water and at room temperature. The 2-amino-4H-chromene derivatives were 
obtained in good to excellent yields. Furthermore, because of the solubility of metal 
Schiff base complexes in water, the nanocatalyst dispersed in water easily without 
using ultrasonic or shaker.
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Introduction

Heterocyclic compounds with the chromene moiety, widely present in edible 
fruits and vegetables, have demonstrated interesting characteristics, rendering 
them attractive targets for chemical synthesis [1]. Among various derivatives of 
chromene, 2-amino-4H-chromene derivatives have attracted great attention, as 
they present wide range of biological and pharmacological functions such as anti-
microbial [2], antitumor [3], antifungal [4], anticancer [5], antileishmanial [6], 
antioxidant [7], inhibitors [8], and hypotensive activities [9]. Thus, the introduc-
tion of efficient procedures with easily separable, eco-friendly, and reusable cata-
lysts for the synthesis of these derivatives is highly demanded.

Catalyst plays a crucial role in chemical processes, industrial and academic lab-
oratories and various organic transformations. Recently, the applications of homo-
geneous catalysts in organic reactions have been limited due to difficulties in their 
reusability and recovery. For these reasons, the heterogeneous versions of catalysts 
have been developed [10, 11]. However, the activity of heterogeneous catalysts is 
less than their homogeneous counterparts. The solution to overcome this problem is 
the use of nanomaterials [12, 13]. Nowadays, the nanomaterials are widely used in 
sciences such as chemistry, physics, biology, biomedicine, biotechnology environ-
mental areas, and material science [14–20]. In this context, magnetic nanoparticles 
(MNPs) have been prominent because of their unique properties including super-
paramagnetism, high magnetic susceptibility, and low curie temperature [21, 22]. 
Among MNPs,  Fe3O4 nanoparticles are a good candidate as a support material due 
to their exclusive properties such as the abundance of unique activities, low price 
and toxicity, simple synthesis and functionalization, large surface area, biocompat-
ibility, and easy separation with a magnetic field [23–27]. However, in order to pre-
vent  Fe3O4 nanoparticles from self-aggregation and oxidation, they are shielded by a 
suitable coating through surface functionalization. Silica is one of the most promis-
ing candidates for surface coating of nanoparticles [28]. The shell of silica protects 
the inner magnetite core from oxidation and provides the sites for surface function-
alization with various functional groups [29].

In recent decades, the Schiff base ligands have been played the prominent roles 
in organic and inorganic chemistry and in transition metal coordination chemistry 
[30–32]. The advantages of these ligands are that they make the stable complexes 
with the most transition metals and have great efficiency as catalysts [33–35]. Schiff 
base transition metal complexes are also used extensively for industrial purposes and 
have broad biological applications [36, 37]. Various structures with the desired shell 
such as metal Schiff base complexes and magnetic core can be prepared and used for 
catalytic applications. Recently, magnetic nanoparticles functionalized with metal 
Schiff base complexes have been developed as an efficient and highly recyclable cat-
alyst [38–40]. Synthesis of various materials supported on magnetic nanoparticles 
and their use as catalysts for the synthesis of 2-amino-4H-chromene derivatives have 
been the subject of several kinds of literature [41–46]

As part of our ongoing research program on the development of efficient meth-
ods for the preparation of biologically active compounds [47–49], in this work, a 
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water-soluble Schiff base complex of Cu(II) functionalized silica-coated magnet-
ite nanoparticles  (Fe3O4@SiO2/Schiff base of Cu(II)) was synthesized and fully 
characterized. It is noticeable that, because of the solubility of the Schiff base 
complex in water, this nanocatalyst is dispersed in water easily without using 
ultrasonic or shaker. This structure was used as an efficient catalyst for green and 
one-pot synthesis of 2-amino-4H-chromene derivatives. To the best of our knowl-
edge, there are no examples that a water-soluble Schiff base supported on MNPs 
has been used as a catalyst for the synthesis of 2-amino-4H-chromene derivatives 
in water at room temperature (Scheme 1).

Experimental

Materials and instrumentation

All starting materials, solutions and reagents were purchased from commercial 
sources (Merck, Sigma Aldrich and fluka) and were used without further purifica-
tion. Melting points were measured by the Electro thermal 9100 and reported uncor-
rected. Fourier transform infrared (FT-IR) spectra from 250 to 4000  cm−1 were reg-
istered using a Perkin-Elmer 781 FT-IR Spectrometer, using KBr pellets. 1H NMR 
spectra were recorded with a Bruker Avance DPX 400 MHz spectrometer in  CDCl3 
as solvent in the presence of TMS as the internal standard. X-ray powder diffraction 
analysis (XRD) measurements were obtained on a STADI P diffractometer (STOE, 
Germany) using Cu Kα radiation with a scanning rate of 3°  min−1 in the 2θ range 
between 10° and 80°. The morphology and size of the nanoparticles were observed 
on a Zeiss-XL-30 field emission scanning electron microscope (FE SEM). Trans-
mission electron microscopy (TEM) images were obtained on a Zeiss EM10C with 
an accelerating voltage of 100 kV. Magnetic susceptibility measurements were car-
ried out using a vibrating sample magnetometer (VSM, Meghnatis Daghigh Kavir 
Company, Iran) in the magnetic field at room temperature. The TGA curves were 
recorded by a Rheometric Scientific Inc. 1998 thermal analysis apparatus under an 
 N2 atmosphere.

Preparations of  Fe3O4 nanoparticles (MNPs) and  Fe3O4@SiO2

Magnetite nanoparticles (MNPs) were prepared according to the previous report 
[25]. Briefly,  FeCl3.6H2O (2.70 g, 10 mmol) and  FeCl2.4H2O (1.0 g, 5 mmol) were 

Scheme 1  General method for preparation 2-amino-4H-chromene derivatives 2 
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dissolved in 30 mL of deionized water, degassed with nitrogen gas for 15 min. The 
resultant solution was left to be stirred for 0.5 h at 80 °C. Then 25% ammonia solu-
tion was added dropwise until reaction media reached pH 10. After 15 min, the solid 
was separated by a magnet and washed three times with deionized water and ethanol 
and then dried under vacuum at 70 °C for 12 h. The product is black.

The  SiO2 layer was prepared through a modified Stober method [25]. Briefly, 
(1.5 g, 6.3 mmol) MNPs were dispersed in a mixture of deionized water (10 mL), 
and ethanol (50 mL). Then Tetraethoxysilane (TEOS) (0.60 mL) was added and fol-
lowed by the addition of 15.0 mL of NaOH (10 wt%) under stirring. The mixture 
was stirred mechanically for 45 min at 35 °C temperature. Afterward, the obtained 
product was separated by applying an external magnet, washed three times with 
deionized water and ethanol and dried under vacuum at 60 °C for 24 h. the product 
is brown at this stage.

Functionalizing of silica‑coated MNPs with APTES  (Fe3O4@SiO2‑APTES)

Fe3O4@SiO2–APTES was prepared according to the previous report [50]. Briefly, 
0.5  g of  Fe3O4@SiO2 was suspended in 5  mL (3-aminopropyl)triethoxysilane 
(APTES) solution (10% v/v in dry toluene) by ultrasonication for 15  min. The 
mixture was stirred under reflux condition at 110 °C for 24 h. Then it was cooled 
to room temperature, the sample was separated by applying an external magnet, 
washed three times with toluene and deionized water to remove unreacted APTES. 
Finally, the sample was dried under vacuum at 80 °C for 24 h. The schematic dia-
gram for the synthesis of products is shown in Scheme 2.

Scheme 2  A schematic diagram for the synthesis of  Fe3O4@SiO2-APTES
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Synthesis of sodium salicylaldehyde‑5‑ sulfonate monohydrate (Sals)

Aldehyde used in this work is sodium salicylaldehyde-5-sulfonate monohydrate 
(Sals) which is a water-soluble aldehyde. This aldehyde was synthesized and 
characterized according to the modified previous report [51]. Briefly, a mixture 
of salicylaldehyde (0.9 g, 7.37 mmol) and aniline (0.86 g, 9.21 mmol) in metha-
nol (25 mL) is heated at reflux for 3 h. During this time a yellow precipitate of 
N-Phenylsalicylaldimine is formed. The product is isolated and recrystallized in 
methanol. At the next step, 1.0 g of N-phenylsalicylicaldimine is added to 2.4 mL 
of concentrated sulfuric acid and heated at 100 °C for 2 h under stirring. After 
heating, the solution is cooled to room temperature and then is poured into the 
ice water while continuously stirring. Yellow precipitate (N-phenylsalideneimine-
5-sulfonic acid) is formed and recrystallized in dilute sulfuric acid. To convert 
sulfonic acid substitution to sodium sulfonate, the product of the previous step 
(N-phenylsalideneimine-5-sulfonic acid) is dissolved in an aqueous solution 
of sodium carbonate and boiled in an open flask for 2.5 h. Acetic acid is added 
slowly to the cooled solution until the pH reached 5. At the last step of this syn-
thesis, ethanol is added and the mixture is cooled to 0 °C. The yellow precipitate, 
sodium salicylaldehyde-5-sulfonate, was obtained and filtered off. The synthe-
sized aldehyde (Sals) is a water-soluble product. The product was characterized 
by 1H NMR and FT-IR spectrometry.

Synthesis of  Fe3O4@SiO2/Schiff base

0.5  g of  Fe3O4@SiO2-APTES was suspended in a solution of sodium salicyla-
ldehyde-5-sulfonate monohydrate (Sals) (0.28  g (1  mmol) in 35  mL hot etha-
nol) by ultrasonication for 15 min. The mixture was stirred under reflux condi-
tion at 110 °C for 24 h. After it was cooled to room temperature, the sample was 
separated by an external magnet and washed three times with 5 mL ethanol and 
2.5 mL deionized water to remove unreacted Sals. Finally, the sample was dried 
under vacuum at 80 °C for 12 h. The product is  Fe3O4@SiO2 nanoparticles func-
tionalized by a water-soluble Schiff base ligand. FT-IR spectrum of the product 
showed the expected bands, including a distinctive band due to –C=N stretching.

Synthesis of  Fe3O4@SiO2/Cu Schiff base complexes

1.2  g of  Fe3O4@SiO2/Schiff base was suspended in 60  mL ethanol by ultra-
sonic for 20 min. Then, 0.6 g of Cu  (CH3COO)2·H2O was added dropwise to it. 
The mixture was refluxed 24  h. After this time, the product (a dark solid) was 
removed from the solvent by a strong external magnet, washed with deionized 
water and ethanol and subsequently dried under vacuum at 80  °C for 12  h. A 
schematic diagram for the synthesis of  Fe3O4@SiO2/Schiff base of Cu (II) is 
shown in Scheme 3.
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General procedure for the synthesis of 2‐amino‐4H‐chromene derivatives 
by using  Fe3O4@SiO2/Schiff base of Cu (II) nanocatalyst

A stoichiometric mixture of an aromatic aldehyde (1.0  mmol), malononitrile 
(1.0 mmol), dimedone (1.0 mmol), and 5 mL  H2O in the presence of 10 mg of 
the  Fe3O4@SiO2/Schiff base of Cu (II) nanocatalyst were mixed thoroughly. The 
mixture was stirred at room temperature for an appropriate time (Table 3). After 
completion of the reaction confirmed by TLC, solid catalyst was separated by an 
external magnet and the solution was filtered and washed with ethanol and dried 
under vacuum. The precipitate was purified by recrystallization with ethanol, 
gave the pure products in 87–98% yields based on the starting aromatic alde-
hyde. The products were characterized by IR, 1H NMR and via comparison of 
their melting points with the previously reported.

Scheme 3  Schematic diagram for the synthesis of  Fe3O4@SiO2/Schiff base of Cu (II)
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Result and discussions

Structural characterization of  Fe3O4@SiO2/Schiff base of Cu(II) nanocatalyst

The FT-IR spectra of  Fe3O4,  Fe3O4@SiO2,  Fe3O4@SiO2/APTES, Sals,  Fe3O4@
SiO2/Schiff base and  Fe3O4@SiO2/Schiff base of Cu(II) are shown in Fig. 1. The 
vibration bands at 579–635  cm−1 are assigned to (Fe–O) stretching [52] Fig. 1a, b, 
c, e, f. The weak vibration band at around 1629  cm−1 in the spectra of  Fe3O4 and 
 Fe3O4@SiO2 is assigned to –OH bending of  H2O molecule. The strong band near 
1100  cm−1 (Fig. 1b, c, e, f) is assigned to Si–O–Si stretching vibration and dem-
onstrates the formation of silica layer on the surface of MNPs [50]. The presence 
of a band with medium intensity at around 1624  cm−1 in the spectrum of  Fe3O4@
SiO2/APTES is assigned to the bending of the  NH2 group of APTES which over-
laps with the vibration at 1629  cm−1 related to the bending of  H2O molecule and 
increases its intensity. Furthermore, the vibration bands at 2857 and 2923   cm−1 
which are assigned to symmetrical and asymmetrical stretching of –CH2-groups 
respectively, beside the vibration band at 1445  cm−1 which is assigned to scissor-
ing vibration of –CH2-groups of APTES, demonstrate –NH2 group functionalized 
MNPs silica layer. Therefore, these FT-IR spectra (Fig. 1a–c) prove the formation 
of silica layer on MNPs. The FT-IR spectrum of Sals (Fig. 1d) shows important 
and specified bands at 1106–1221   cm−1 which are caused by symmetrical and 
asymmetrical stretching of S–O at –SO3

− substitution and a band at 1661   cm−1 
which is caused by stretching of C=O group of aldehyde, the band at 3432  cm−1 
can be assigned to the stretching of –OH in Sals [53]. Successful functionaliza-
tion of  Fe3O4@SiO2 with water-soluble Schiff base and its complex are proven 
by the vibration bands at 1033–1037, 1109–1112, and 1166–1175  cm−1 related to 
symmetrical and asymmetrical stretching of S–O at –SO3

− substitution; In addi-
tion, the Schiff base functionalized magnetite silica layer exhibits ν (C=N) stretch 
at 1642   cm−1 (Fig. 1e). This band shifts to lower frequencies by about 13   cm−1 
as a result of coordination of the azomethine Schiff base nitrogen atoms to the 
metal ion[54], The –C=N band at the spectrum of  Fe3O4@SiO2/Schiff base of 
Cu(II) is seen at 1629   cm−1 (Fig. 1f). This shift proves successful coordination 
of Cu(II) metal ion to functionalized Schiff base ligand. Furthermore, the vibra-
tion band which is seen as a shoulder near to Fe–O stretching band at spectrum of 
metal Schiff base complexes is assigned to Cu–O stretching of Cu(II) Schiff base. 
The presence of vibration bands at 1456 and 1523  cm−1 are assigned to ν (C=C). 
Therefore, these FT-IR spectra prove the formation of silica layer on MNPs and 
also functionalization of magnetite silica layer with water-soluble Schiff base and 
metal Schiff base complex.

The crystalline structures of the  Fe3O4 nanoparticles and magnetic hybrids 
were determined by powder X-ray diffraction (XRD). As it can be seen in 
Fig. 2, all patterns show diffraction peaks at 2θ = 30.35°, 35.72°, 43.36°, 53.70°, 
57.24°, 62.86°, 71.29° and 73.34°, which correspond to diffractions of (220), 
(311), (400), (422), (511), (440), (620) and (533) crystallographic faces of mag-
netite and is consistent with Joint Committee on Powder Diffraction Standards 
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(JCPDS): 750,033. These patterns confirm that the  Fe3O4 structure has remained 
intact after functionalization by Schiff base ligand and metal Schiff base complex 
on  Fe3O4@SiO2. The average crystallite size of MNPs were also estimated from 

Fig. 1  FT-IR spectra: a  Fe3O4, b  Fe3O4@SiO2, c  Fe3O4@SiO2 /APTES, and d Sals e Schiff base ligand 
functionalized MNPs, and f  Fe3O4@SiO2 /Schiff base of Cu(II)
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X-ray line broadening using the Scherrer equation (D = 0.9λ/βcosθ, where D is 
the average crystalline size, λ is the X-ray wavelength used (0.15406  nm), β is 
the angular line width at half maximum intensity, and θ is the Bragg’s angle). For 
the (311) reflection the average crystalline size of the MNPs was obtained to be 
around 21 nm.

The size and morphology details of the  Fe3O4@SiO2/Schiff base of Cu(II) were 
achieved by Field Emission Scanning Electron Microscopy (FE-SEM). As shown 

Fig. 2  XRD patterns: a MNPs, b  Fe3O4@SiO2, c  Fe3O4@SiO2/Schiff base and d  Fe3O4@SiO2 Schiff 
base of Cu(II)
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in Fig.  3,  Fe3O4@SiO2/Schiff base of Cu(II) nanocatalyst don’t have uniform 
shape. This nanocomposite exhibits a mixture of particles with relatively spheri-
cal and rod. The size of the sample is approximately in the range of 50–90 nm 
and the aggregation of particles is seen because of the magnetic properties of the 
structure. Figure  3 also shows Energy-dispersive X-ray spectroscopy (EDX) of 
 Fe3O4@SiO2/Schiff base of Cu(II). As shown in Fig. 3, the nanocomposite dem-
onstrates N, C, Na, S atoms related to Schiff Base, besides Fe, Si and O related to 
 Fe3O4@SiO2. Furthermore, the Cu element has been detected which proves the 
existence of metal Schiff base complexes on the magnetite silica layer.

Figure 4 displays the TEM image of  Fe3O4@SiO2/Schiff base of Cu (II). As 
shown in this Fig. the structure of core–shell is obvious here. Additionally, the 
aggregation of particles is seen because of the magnetic properties of the struc-
ture. Due to the aggregation of the particles, it is hard to evaluate the approximate 

Fig. 3  SEM image a and EDX spectroscopy b of  Fe3O4@SiO2/Schiff base of Cu(II)

Fig. 4  TEM image of  Fe3O4@SiO2/Schiff base of Cu(II)
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size of all particles, however, several particles, it could be estimated that the nan-
oparticle size distribution is in the range of 20–30 nm.

The magnetic properties of the nanocomposites that have a magnetic core were 
demonstrated using a vibrating sample magnetometer (VSM) at 300  K as seen 
in Fig.  5. The nanocomposites are superparamagnetic at room temperature due 
to the absence of hysteresis loop in their VSM curves. The magnetic saturation 
(Ms) values for  Fe3O4,  Fe3O4@SiO2/APTES and  Fe3O4@SiO2/Schiff base of Cu 
(II) are about 64.87, 54.80 and 31.73 emu/g, respectively. Based on these results 
the magnetizations are decreased considerably when the coated groups of surface 
of the  Fe3O4 are increased. Nevertheless, the products have still enough magnetic 
properties to be separated easily from the solution by an external magnet.

TGA analysis of  Fe3O4@SiO2/Schiff base of Cu (II) was used to estimate the 
thickness of organic layer coating magnetite silica and the amount of metal Schiff 
base complex attached onto the surface of  Fe3O4@SiO2 (Fig.  6). As shown in 
Fig. 6, the weight loss of the nanocomposite up to about 270 ˚C is less than 0.5%, 
which can be related to the loss of trapped water in the sample or maybe even 
the small amount of water coordinated to metal center. The weight loss is quite 
small in this step. The weight loss in the next step is in the range of 270–510 °C. 

Fig. 5  VSM curves for the pre-
pared a  Fe3O4, b  Fe3O4@SiO2/
APTES, and c  Fe3O4@SiO2/
Schiff base of Cu(II)

Fig. 6  TGA curve of  Fe3O4@
SiO2/Schiff base of Cu(II)
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In this step, the sample loses 5% of its weight and this weight loss can be attrib-
uted to the decomposition of some part of the organic layer attached onto the 
surface of the magnetite silica layer  (Fe3O4@SiO2). The last step of weight loss 
is in the range of 600–790 °C. In this step, the nanocomposite loses about 4.5% 
of its weight. This step, which occurs at high temperatures, can be attributed to 
the thermal oxidation of carbonaceous residue left on the magnetite silica layer. 
From the temperature about 780 °C onwards, no weight loss occurs. In this way, 
the results of TGA show that the total lost weight in this heating process is about 
10% of the nanocomposite and it turns out that the Cu(II) Schiff base complex 
supported on magnetite silica is a thin layer.

Catalytic activity

In this study, we have synthesized 2-amino-4H-chromene derivatives 2 via one-pot, 
three-component reaction of dimedone, aromatic aldehydes, and malononitrile, in 
the presence of catalytic amounts of the  Fe3O4@SiO2/Schiff base of Cu(II) nano-
catalyst in water at room temperature (Scheme 4).

At the outset of our study, to optimize the reaction conditions, a model reaction 
was carried out by starting from dimedone (1  mmol), 4-methylbenzaldehyde 1b 
(1  mmol), and malononitrile (1  mmol) at room temperature (Scheme  2). Various 
solvents such as acetonitrile, ethanol, mixture of ethanol and water, were investi-
gated for the model reaction in the presence of 10 mg of  Fe3O4@SiO2/Schiff base of 
Cu(II) nanocatalyst to find the optimum reaction media (Table 1). It was found that 
the best result was obtained in the  H2O as a green solvent (Table 1, entry 4).

Next, the catalytic efficiency of the  Fe3O4@SiO2/Schiff base of Cu(II) nano-
catalyst was investigated for the model reaction with different amounts of cata-
lyst (Table 2). To establish the real effectiveness of the catalyst, we studied the 

Scheme 4  Model reaction for the synthesis of 2-amino-4H-chromene 2b 

Table 1  Effect of different 
solvents on the synthesis of 
2-amino-4H-chromene 2b in the 
presence of  Fe3O4@SiO2/Schiff 
base of Cu(II) nanocatalyst a

a Reaction conditions: dimedone (1 mmol), 4-methylbenzaldehyde 1b 
(1 mmol), malononitrile (1 mmol), solvent (5 mL), r.t
b Isolated yield based on 1b

Entry Solvent Temperature Time (min) Yield (%)b

1 MeCN r.t 60 65
2 EtOH r.t 60 71
3 EtoH-H2O (1:1) r.t 50 79
4 H2O r.t 50 88
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model reaction by using 5–15  mg of  Fe3O4@SiO2/Schiff base of Cu(II) nano-
catalyst. These results showed that the higher yield was obtained with 10  mg 
of  Fe3O4@SiO2/Schiff base of Cu(II) as a catalyst (Table  2, entry 2). There-
fore, 10  mg of catalyst was found to be the optimal amount and sufficient to 
produce the best yield of products. As can be seen from Table  2, by increas-
ing and decreasing the amount of nanocatalyst, the yield of the product was not 
improved (Table 2, entry 1 and 3).

To evaluate the generality of the present protocol for the synthesis of 
2-amino-4H-chromene, we investigated the reaction by using a wide range of 
aromatic aldehydes with various substitutions contains electron-withdrawing, 
electron-donating, and halogen groups on their aromatic rings under optimized 
conditions (Table 3). For this aim, aryl benzaldehyde 1 (1.0 mmol) was reacted 
with dimedone (1 mmol), and malononitrile (1 mmol), in the presence of cata-
lytic amount of the  Fe3O4@SiO2/Schiff base of Cu(II) (10 mg) nanocatalyst in 
water at room temperature. The structures of all the products were characterized 
by FT-IR and 1H NMR spectral analysis and their melting points.

Recyclability of the catalyst

Since catalyst recovery is one of the important goals in organic reactions that 
reduce waste, and prevents the production of useless and harmful substances for 
the environment, the recovery and reusability of catalysts must be attended to in 
catalyst design. For evaluation of recovery catalyst, we use the model reaction, 
4-methyl benzaldehyde, malononitrile, and dimedone (molar ratio: 1:1:1). After 
the completion of the reaction, the catalyst was simply separated from the reac-
tion medium by an external magnet and washed several times with ethanol and 
acetone. Then it placed in an oven at 70 °C to dry and used in the next reaction. 
At the end of each reaction, the resulting product was purified and the yield was 
calculated to compare the catalyst activity each time the reaction was repeated. 
As can be seen in Fig. 7, the reaction yield did not decrease significantly during 
five uses of the catalyst. These results showed that the catalyst could be a satis-
factory catalyst for this reaction with good reusability and high activity.

Table 2  Effect of the catalyst amount for the synthesis of 2-amino-4H-chromene 2b a

a Reaction conditions: dimedone (1 mmol), 4-methylbenzaldehyde 1b (1 mmol), malononitrile (1 mmol), 
 H2O (5 mL), r.t, 50 min
b Isolated yield based on 1b

Entry Catalyst Amount (mg) Yield (%)b

1 Fe3O4@SiO2/Schiff base of Cu(II) 5 62
2 Fe3O4@SiO2/Schiff base of Cu(II) 10 88
3 Fe3O4@SiO2/Schiff base of Cu(II) 15 88
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Comparison of the catalytic efficiency of 2‑amino‑4H‑chromene with other 
literature reported catalysts

In order to explore the merit of the our method in comparison with other lit-
erature methods for the synthesis of the 2-amino-4H-chromene compounds, the 
reaction of 4-methyl benzaldehyde 1b with malononitrile, and dimedone for the 
synthesis of the corresponding product were selected as model reaction. The 
comparison was in terms of solvent, temperature, reaction time, and percent-
age yields (Table 4). Obviously, the  Fe3O4/SiO2-Schiff base of Cu(II) is a more 
efficient catalyst with respect to yield, time, solvent and temperature than other 
literature reported catalysts.

Proposed reaction pathway for the catalytic system

A plausible mechanism for the synthesis of 2-amino-4H-chromene derivatives cata-
lyzed by  Fe3O4/SiO2-Schiff base of Cu (II) is shown in Scheme 5. Initially, malo-
nonitrile and aryl aldehyde 1 react with each other via a Knoevenagel condensa-
tion reaction.  Fe3O4/SiO2-Schiff base of Cu (II) coordinates with the N and O atoms 
of malononitrile and aldehyde, respectively, thus increasing the activity of these 
groups. After passing the dewatering step, it creates alkylidene malononitrile 3. 

Fig. 7  Reusability of  Fe3O4@
SiO2/Schiff base of Cu(II) 
nanocatalyst in the synthesis of 
2-amino-4H-chromene 2b 

Table 4  Comparison of the catalytic efficiency of  Fe3O4/SiO2-Schiff base of Cu (II) nanocatalyst with 
reported different catalytic systems for the synthesis of 2-amino-4H-chromene 2b 

Entry Catalyst Solvent Temp Time (min) Yield (%) References

1 MMWCNTs-D-(CH2)4-SO3H EtOH reflux 15 94 [59]
2 Horsetail solvent free 80 °C 35 86 [60]
3 MCM-41@Schiff base-Co(OAc)2 H2O 50 °C 180 94 [61]
4 Fe3O4@DNH2-HPA EtOH reflux 12 82 [62]
5 POPINO H2O reflux 20 94 [63]
6 NiFe2O4@SiO2–H3PW12O40 EtOH reflux 15 89 [64]
7 Fe3O4/SiO2-Schiff base of Cu (II) H2O r.t 50 88 This work
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The C-H-activated acid 4 has enol-keto equilibrium with 5. The Michael addition of 
intermediate 3 which is activated by  Fe3O4/SiO2-Schiff base of Cu (II) creates inter-
mediate 6. This compound is converted to product 2 through a cyclization reaction.

Scheme 5  a plausible mechanism for the synthesis of 2-amino-4H-chromene derivatives 2 in the pres-
ence of  Fe3O4@SiO2/Schiff base of Cu(II) as the catalyst
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Conclusions

Cu(II) immobilized on  Fe3O4 nanoparticles coated with Schiff base was prepared 
as a novel water-soluble, green, inexpensive, and efficient magnetic nanocatalyst. 
The nanocatalyst was characterized using FT-IR, XRD, SEM, EDX, TEM, VSM, 
and TGA. The catalytic activity of the catalyst was investigated for the preparation 
of 2-amino-4H-chromene derivatives through one-pot, three-component reaction 
of dimedone,   aromatic aldehydes, and malononitrile, in the presence of catalytic 
amounts of the  Fe3O4@SiO2/Schiff base of Cu(II) nanocatalyst in water at room 
temperature. The 2-amino-4H-chromene derivatives were obtained in good to excel-
lent yields and the catalyst was recovered for several runs with little loss in its cata-
lytic performance. Furthermore, because of the solubility of metal Schiff base com-
plexes in water, the nanocatalyst dispersed in water easily without using ultrasonic 
or shaker. In addition, it can be separated easily with an external magnet from the 
reaction mixture.
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org/ 10. 1007/ s11164- 022- 04732-7.
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