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Abstract: Nano-magnetic ferrite ZnFe2O4 among other magnetic 

nanoparticles include Fe2O3, Fe3O4, Ni(0.7)Zn(0.3)Fe2O4 and 

Mn(0.7)Zn(0.3)Fe2O4 was explored as an efficient catalyst for the 

synthesis of various 4H-Chromenes and 4H-Pyrano[2,3-c]pyrazoles in 

EtOH/H2O (2:1) via an easy and green procedure. The desired products 

were obtained in high yields via a three-component reaction between 

aromatic aldehydes with malononitrile and 5,5-dimethyl-cyclohexane-

1,3-dione or 3-methyl-1-phenyl-2-pyrazolin-5-one at room temperature. 

The structure of this catalyst was fully characterized via Fourier 

transform infrared spectroscopy, XRD, SEM, TEM, EDAX, and VSM. 

The employed nanocatalyst was easily recovered using a magnetic field 

and reused ten times (in subsequent runs) without observation a 

significant decrease in activity.  
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1. INTRODUCTION 
Metal nano-oxides have been well-documented during the 

last few years as versatile heterogeneous catalysts in 

various organic transformations owing to their high ratios 

of surface area to volume.1,2 Among these, magnetic metal 

nanoparticles have been the focus of much research 

interests for their unique properties and potential 

applications such as catalytic activities for epoxidation,3 

benzylation,4 drug delivery, as magnetic resonance 

imaging (MRI) contrast agents, hypothermia, and 

magnetic separation of biomolecules.5,6 Moreover, the 

magnetic property of these catalysts enables them to be 

completely separated simply by means of an external 

magnetic field and re-used without considerable loss of 

their catalytic activities.7-21  

Since the spinel ferrites crystallize in a face-centered 

cubic (FCC) lattice containing eight formula units in the 

cubic unit cell, they can be distinguished as two basic 

types, i.e. normal and inverse spinels.22 The composition 

of the spinel ferrites can be described by the general 

formula M2+[Fe3+Fe3+]O4 which exhibits applications in 

both technological and catalytical fields.23 In spinel 

ferrites, the oxygen anions from an FCC lattice, and the 

cations occupy the interstitial positions. There are two 

interstitial sites, one is tetrahedral (T) surrounded by four 

oxygen anions and  the other is octahedral (O) surrounded  

 

by six oxygen anions. In the spinel ferrites of the formula 

MFe2O4, the metal cations M2+ and Fe3+ can occupy both 

the octahedral and tetrahedral sites. The spinel lattice will 

be a normal spinel when the M2+ cations occupy the 

tetrahedral sublattices in the cubic closed-packed O2- 

lattice, otherwise, the ferrite will be of an inverse spinel-

type. If both of the sublattices contain M2+ and Fe3+ 

cations, the ferrite will exist as mixed spinel. Occupations 

by the cations at these sites have an important effect on 

the properties of the spinels including the magnetic 

behavior, conductivity and catalytic activity.24-26  

Zinc ferrites have normal spinel structures, whereas Fe3O4 

has an inverse spinel structure in which all the Fe2+ ions 

occupy half of the octahedral sites and the Fe3+ ions are 

split evenly across the remaining octahedral and 

tetrahedral sites. Both the Ni/Zn and Mn/Zn ferrites have 

mixed spinel structure with the unit cell consisting eight 

units of the forms [Znx
2+Fe1-x

3+]tet[Ni1-x
2+Fe1+x

3+]octO4
2- and 

[Znx
2+Fe1-x

3+]tet[Mn1-x
2+Fe1+x

3+]octO4
2-. The Zn2+ cations 

preferably occupy the tetrahedral sites, whereas the Ni2+ 

and Mn2+ cations always occupy the octahedral sites.27, 28  

In addition, the growing number of reports throughout the 

literature reveals the importance of one-pot 

multicomponent reactions (MCRs) as a useful strategy in 

synthetic organic and bioorganic chemistry.29-31 

Moreover, the synthesis of 4H-chromene derivatives 
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constitutes an important class of heterocyclic compounds 

which are present in a number of biologically and 

pharmacologically active products.32-34 In addition, the 

fused pyrazolones including pyrano derivatives represent 

another important class of heterocyclic compounds since 

they exhibit vital biological and pharmacological 

properties. Recently, several methods appeared describing 

the facile synthesis of these heterocycles.35-40 

 

3. RESULTS AND DISCUSSION  
As part of our current studies on the development of new 

and efficient approaches to the synthesis of biologically 

important heterocyclic compounds,41-44 herein, we 

describe a three-component synthesis of highly 

functionalized 4H-chromenes and 4H-pyrano[2,3-

c]pyrazoles. Thus, a mixture of aromatic aldehyde (1), 

malononitrile (2), and 5,5-dimethylcyclohexane-1,3-dione 

(dimedone) (3) or 3-methyl-1-phenyl-2-pyrazolin-5-one 

(4) under the catalytic effect of various magnetic oxide 

nanoparticles such as Fe2O3, Fe3O4, ZnFe2O4, 

Ni0.7Zn0.3Fe2O4 and Mn0.7Zn0.3Fe2O4 undergo one-pot 

reactions in EtOH/H2O (2:1) at room temperature to 

afford the corresponding 4H-chromenes 5 and 4H-

pyrano[2,3-c]pyrazoles (6) respectively (Scheme 1). 

 

 
Scheme 1. Schematic representation of the synthesis of 4H-chromenes 
5 and 4H-pyrano[2,3-c]pyrazoles 6 in the present of ZnFe2O4 as catalyst 

 
To establish the reaction conditions, we initially studied 

the reaction between benzaldehyde, malononitrile and 

dimedone as the model reaction. The effects of the 

catalyst and solvent on the reaction were investigated 

using different magnetic oxide nanoparticles such as 

Fe2O3, Fe3O4, ZnFe2O4, Ni0.7Zn0.3Fe2O4 and 

Mn0.7Zn0.3Fe2O4 under various catalytic loadings in 

different solvents including H2O, EtOH, CH3CN (Table 

1). As shown in Table 1, the reaction worked out best in 

terms of the reaction time (10 min), and the yield (90%) 

in the presence of zinc ferrite (ZnFe2O4) nanoparticles (5 

mol%) in the mixed EtOH/H2O (2:1) as the solvent of 

choice at room temperature (entry 5). 

The results in Figure 1 suggest that among the catalysts 

examined in this reaction, the nano-zinc ferrite ZnFe2O4 

appears as the most effective catalyst. After completion of 

the reaction, hot absolute ethanol was added and the 

catalyst was absorbed on the magnetic stirring bar. The 

separated catalyst was washed with hot ethanol, dried in 

an oven at 120 ºC for 2 h, and reused directly with fresh 

substrates under the optimized conditions. As shown in 

Figure 1, it was noticed that the recovered catalyst was 

recycled in subsequent runs without observation a 

significant decrease in activity even after ten runs. 

 
Table 1. Screening the reaction parameters on the synthesis of 2-amino-

5-oxo-5,6,7,8-tetrahydro-4H-chromene 5aa 

 

Entry Conditions Catalyst (mol%) Time (min) Yield 

(%)b 

1 H2O ZnFe2O4 (5) 10 78 

2 EtOH ZnFe2O4 (5) 10 82 

3 CH3CN ZnFe2O4 (5) 10 68 

4 EtOH/H2O (1:1) ZnFe2O4 (5) 10 87 

5 EtOH/H2O (2:1) ZnFe2O4 (5) 10 90 

6 EtOH/H2O (2:1) ZnFe2O4 (8) 10 91 

7 EtOH/H2O (2:1) ZnFe2O4 (3) 10 68 

8 EtOH/H2O (2:1) No catalyst 10 28 

9 EtOH/H2O (2:1) Fe2O3 (5) 10 61 

10 EtOH/H2O (2:1) Fe3O4 (5) 10 54 

11 EtOH/H2O (2:1) Ni0.7Zn0.3Fe2O4 (5) 10 71 

12 EtOH/H2O (2:1) Mn0.7Zn0.3Fe2O4 (5) 10 68 

aConditions: benzaldehyde (1 mmol), malononitrile (1 mmol), dimedone 
(1 mmol), rt. bIsolated Yield. 

 
Figure 1. Recycling of ZnFe2O4 nanoparticles as the catalyst in the 

synthesis of 2-amino-5-oxo-5,6,7,8-tetrahydro-4H-chromene 5a. 

 

This achievement encouraged us to explore the generality 

of the magnetic ZnFe2O4 nanoparticles as a catalyst and 

extend the scope of the reaction to a series of variously 

substituted aromatic aldehydes under optimized 

conditions. All the reactions went to completion within a 

few minutes to furnish the respective 4H-chromenes 5a-j 

in high to excellent yields (Table 2). Likewise, magnetic 

nano-ZnFe2O4 was found quite suitable to catalyze the 

synthesis of 4H-pyrano [2, 3-c] pyrazoles 6 in high yields 

from the one-pot reaction between the aromatic 

aldehydes, malononitrile and 3-methyl-1-phenyl-2-
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pyrazolin-5-one under the same optimized conditions. The 

experimental results are summarized in Table 2. 

The superiority of the zinc ferrite ZnFe2O4 nanoparticles 

as a catalyst can be ascribed to the presence of Zn2+ 

cations and its structural isotropy as well. The Zn2+ 

cations present in the structure of ZnFe2O4 ferrite can 

significantly enhance the catalytic activity compared with 

Fe2+ and Fe3+ cations present in the structures of Fe2O3 

and Fe3O4. As shown in Table 1, it is interesting to note 

that, the partial replacement of Zn2+ cations with Ni2+ or 

Mn2+ cations in the structure of nano-ZnFe2O4 

respectively in the forms of Ni0.7Zn0.3Fe2O4 and 

Mn0.7Zn0.3Fe2O4 brings about a reduction in the reaction 

yield. This fact suggests that the Zn2+ cations perform 

stronger Lewis acid character in comparison with Ni2+ and 

Mn2+ cations. However, it is observed that the catalytic 

activities of the nano-ferrites Ni0.7Zn0.3Fe2O4 and 

Mn0.7Zn0.3Fe2O4 are relatively higher than the catalytic 

activities of the nano-ferrites Fe2O3 and Fe3O4 (Table 1). 

These results suggest that the Ni2+ or Mn2+ cations in turn 

have a more improving effect on the catalytic activity of 

these nano-magnetic oxides compared with the Fe2+ and 

Fe3+ cations. Moreover, the relatively higher catalytic 

ability exhibited by Fe2O3 containing only Fe3+ cations in 

comparison with the Fe3O4 consisted of both the Fe2+ and 

Fe3+ cations, suggest that the catalytic power can be 

related to the structural isotropy and cation distribution.  

Accordingly, all the sites in the structure of the nano-

Fe2O3 are located in the same conditions. As a result, the 

ferrite Fe2O3 exists as an isotropic structure, whereas the 

ferrite Fe3O4  lacks  such structural isotropy. As mentioned  

 

before, the Zn2+ cations present in the magnetic ZnFe2O4 

nano-catalyst occupy tetrahedral sites with similar 

conditions. This causes these octahedral sites to be 

isotropic that, in turn, enhances the catalytic power of the 

nano-ferrite ZnFe2O4 in the reaction. As the number of 

Zn2+ cations is decreased with increasing the number of 

Ni2+ or Mn2+ cations in the structure of the ZnFe2O4, the 

Ni2+ or Mn2+ cations tend to occupy the octahedral sites 

with Fe3+ cations being transferred to the tetrahedral sites. 

Such changes give rise to reduction of the structural 

isotropy and the catalytic powers of Ni0.7Zn0.3Fe2O4 and 

Mn0.7Zn0.3Fe2O4 nano-catalysts as well. A possible 

mechanism to support the formation of the 4H-chromenes 

5 is depicted in Scheme 2. It is reasonable to assume that, 

in the initial step the aldehyde 1 undergoes condensation 

with malononitrile under the catalytic effect of ZnFe2O4 

nanoparticles to generate the intermediate 

arylidenemalononitrile (I). Subsequent nucleophilic 

addition of enolizable dimedone 3 to the intermediate (I) 

leads to the formation of the second intermediate (II). The 

consecutive intramolecular cyclization of the intermediate 

(II) to the intermediate (III) occurs in the presence of 

magnetic nano-ZnFe2O4 catalyst followed by its 

rearrangement to furnish the expected 4H-chromenes 5. A 

similar mechanism is expected to hold for the formation 

of 4H-pyrano [2, 3-c] pyrazoles 6.  

FT-IR spectra of ZnFe2O4 and recovered ZnFe2O4 are 

depicted in Figure 2. In FTIR spectrum of ZnFe2O4 

confirmed absorption peak at 597 cm-1, which is in 

association with 600-400 cm-1, commonly observed for 

spinel ferrites.  In this  spectrum,  intensive  absorptions at 

Table 2. Synthesis of 4H-chromenes 5, and 4H-pyrano[2,3-c]pyrazoles 6 under the catalytic effect of magnetic ZnFe2O4 nanoparticlesa 

Entry Ar Product Time (min) Yield (%)b Mp (˚C) 

Found             Ref 

1 Ph 5a 10 90 236-238     235-238[46] 

2 4-FC6H4 5b 10 92 193-195     191-193[47] 
3 4-ClC6H4 5c 10 91 214-216     215-216[45] 

4 3-NO2C6H4 5d 10 88 213-215     213-217[51] 

5 4-NO2C6H4 5e 12 85 181-182     181-184[50] 
6 4-MeOC6H4 5f 15 80 198-199     203-205[49] 

7 4-MeC6H4 5g 15 77 208-210     210-213[48] 
8 2-ClC6H4 5h 10 86 190-191     189-191[45] 

9 4-OHC6H4 5i 14 88 205-206     206-208[52] 

10 2-NO2C6H4 5j 12 75 233-235     234-136[51] 
11 Ph 6a 14 87 169-170     169-171[53] 

12 4-FC6H4 6b 12 90 178-179     176-177[55] 

13 4-ClC6H4 6c 12 91 175-188     186-187[55] 
14 3-ClC6H4 6d 10 88 158-160     158-159[53] 

15 4-BrC6H4 6e 14 85 185-187     182-184[58] 

16 3-NO2C6H4 6f 10 90 189-191     193-194[54] 
17 4-NO2C6H4 6g 10 87 191-193     188-190[56] 

18 2,4-Cl2C6H3 6h 14 84 185-187     185-186[57] 

19 3-EtO-4-HOC6H3 6i 15 83 172-173     170-171[57] 
20 1-Naphthyl 6j 12 90 223-224     222-224[58] 
aConditions: aromatic aldehyde (1 mmol), malononitrile (1 mmol), dimedone (1 mmol)/or 3-methyl-1-phenyl-2-pyrazolin-5-one (1 mmol), nano-ZnFe2O4 

(5 mol%), EtOH/H2O (10:5 mL), rt. 
bIsolated yield. 
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Scheme 2. The possible mechanism for synthesis of 4H-chromenes 

5 in the presence of nano-ZnFe2O4 catalyst 

 

 
Figure 2. FT-IR spectra of a) ZnFe2O4 and b) recovered ZnFe2O4. 

 

555 cm-1 and 695 cm-1 are related to vibration stretching 

of the metal-O bond in spinel ferrite. The absorption peak 

at 597 cm-1 could be associated with Zn–O stretching in 

tetrahedral sites. A strong and broad characteristic 

absorptions peak at 3200-3500 cm-1 is assigned to 

hydrogen-bonded stretch vibrations of O–H functional 

group. A strong and sharp characteristic absorptions peak 

at around 1650 cm-1 is attributed to stretch bending 

vibrations of O–H functional group.59-63 So, the presence 

of absorption peaks at 3389 and 1620 cm-1 in the ZnFe2O4 

spectrum represents H–O–H and OH vibration. These 

peaks confirm the presence of water molecules adsorbed 

on the surface due to the high specific surface area of the 

powders.61 

The X-ray diffraction (XRD) spectrum of ZnFe2O4 

synthesized by the LTSSR method is shown in Figure 3. 

The peaks of the as prepared solid indexed to the crystal 

plane of spinel Zn ferrite (111), (220), (311), (222), (400), 

(422), (511), (440), (620), and (533), respectively. The X-

ray pattern of the as-prepared ferrite displays sharp and 

well-resolved diffraction peaks with the good crystallinity 

of the as-prepared specimen. No additional peak of the 

second phase was observed in the XRD pattern, showing 

that the as prepared ferrite consisted of single spinel 

ZnFe2O4 phase. Also, the peaks were indexed by 

comparing the interplanar distance with JCPDS data 

(JCPDS card no. 10-325, 22-1086), corresponding to 

Ni0.7Zn0.3Fe2O4 ferrite and Mn0.7Zn0.3Fe2O4 ferrite 

respectively (Figure 4a,b). SEM images (Figure 5) 

indicate a particulate morphology with an average particle 

size of 10 nm for the synthesized product.  
 

 
Figure 3. XRD pattern of Nano-Ferrite ZnFe2O4. 
 

 

 
 

 
Figure 4. XRD pattern of Top) Ni0.7Zn0.3Fe2O4 and XRD pattern of 
Bottom) Mn0.7Zn0.3Fe2O4. 

 

The TEM image recorded for the ZnFe2O4 is given in 

Figure 6. The particles are well separated. The 

morphology of particles is faceted in nature suggested 

good crystalline growth and the mean size is about 10–15 

nm. 
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Figure 5. The SEM micrographs of Nano-Ferrite ZnFe2O4. 

 

 
Figure 6. The HR-TEM images of Nano-Ferrite ZnFe2O4. 

 

The compositional analysis has been characterized using 

EDAX in order to confirm the elements present in 

ZnFe2O4 as catalyst (Figure. 7). The peaks of Fe, Zn and, 

O are observed with the atomic percentage of 39.43, 20.0 

and 40.56 %. No other traced amount of impurity element 

was observed from the synthesized product. 

Figure 8 shows the magnetic properties of the catalyst 

ZnFe2O4 that was investigated at room temperature using 

a vibrating sample magnetometer (VSM). Based on 

magnetization curves, the magnetization is saturated up to 

8 emu/g at an applied field of 9000 Oe, with an almost 

insignificant coercively. Thus, it could simply be 

recovered in a short time (<60 s) by fixing a magnet near 

to the reaction vessel. 

 

2. EXPERIMENTL 
Chemicals were purchased from Fluka and Merck Chemical 

Companies and used without purification. 1H NMR and          
13C NMR spectra were measured for samples in DMSO-d6 using 

a Bruker Avance 300 MHz instrument (DRX). Melting points 

were determined with a SMPI apparatus. The products were 

characterized by X-ray powder diffraction (XRD) on Holland 

Philips X-pert diffractometer (Cu Kα = 1.5418 Å). The FT-IR 

spectra were recorded on a Thermo Scientific NICOLET IR100 

FT-IR Spectrometer. The pellets made with KBr and the 

catalysts were prepared before the analyses. Morphology and 

particle dispersion were investigated by scanning electron 

microscopy (SEM) (Philips XL30). Transmission electron 

microscopy (TEM) images were performed on an EM10C 

(Zeiss) transmission electron microscope at an accelerating 

voltage of 80 kV. The corresponding Energy-dispersive X-ray 

(EDAX) spectrum was obtained on a Holland Philips 

XL30 microscope instrument. Magnetic measurement of 

materials was carried out with a vibrating sample magnetometer 

VSM (4 inches, Daghigh Meghnatis Kashan Co., Kashan, Iran) 

at room temperature. 

 

 
Figure 7. Energy dispersive X-ray (EDX) analysis of ZnFe2O4. 

 

 
Figure 8 The VSM analysis of of Nano-Ferrite ZnFe2O4. 

 

Preparation of catalyst 
The magnetic ZnFe2O4, Ni0.7Zn0.3Fe2O4, Mn0.7Zn0.3Fe2O4 

nanoparticles with average grain sizes ranging from 10 to 60 nm 

and behaving as superparamagnetic at room temperature have 

been produced using a low-temperature solid-state reaction 

(LTSSR) method.64,65 In a typical experiment for the synthesis 

of these nanoparticles, powders of ZnCl2, MnCl2.6H2O or, 

NiCl2.6H2O were mixed with FeCl3.6H2O and NaOH in their 

appropriate stoichiometric ratios (1:2:8) and (1:1:2:8) 

respectively. In each case, the mixture was milled at room 
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temperature for 30 min in an aqueous medium. Finally, the 

resulting mixture was repeatedly washed with double-distilled 

water and acetone, and the nanoparticles were calcined in a 

furnace set at 800 ºC (LTS80) for 3 h. In this method, instead of 

co-precipitation a chemical reaction takes place. The magnetic 

Fe3O4 nanoparticles were synthesized by the co-precipitation 

method and transformed into maghemite (γ-Fe2O3) by air 

oxidation at 200 ºC as reported first by Massart.66 As described 

in the literature,67-69 powders of FeCl2, FeCl3 and, NaOH were 

mixed in the stoichiometric ratio (1:2:8) and dissolved in 

distilled water. Then, an aqueous NaOH solution was added and 

the resulting iron solutions were vigorously stirred until the 

mixing was completed. As a result, the color of the solutions 

turned into black indicating the nucleation of the Fe3O4 

nanoparticles. The resulting precipitate was separated by 

magnetic decantation and washed several times consecutively 

with distilled water and ethanol. The magnetic nanoparticles 

were then dried in an oven at 60 ºC. To obtain the maghemite (γ-

Fe2O3), a part of the dried magnetite nanoparticles was heated at 

200 ºC for 3 hrs and collected as red-brown nanoparticles. 

 

General Procedure for the Synthesis of 4H-Chromenes 

5 and 4H-Pyrano[2,3-c]pyrazoles 6: 
To a mixture of the appropriate aromatic aldehyde (1 mmol), 

malononitrile (1 mmol), and nano-catalyst ZnFe2O4 (5 mol %) in 

EtOH/H2O (10:5 mL) was added dimedone (1 mmol) or 3-

methyl-1-phenyl-2-pyrazoline-5-one (1 mmol). The resulting 

mixture was stirred at room temperature for an appropriate time 

(Table 2). After the completion of the reaction as monitored by 

TLC analysis, hot absolute ethanol (5 mL) was added to the 

resulting mixture. The magnetic nanoparticles were separated by 

absorbing on the magnetic stirring bar. Then, the remaining 

mixture was evaporated under reduced pressure to leave the 

crude product which was purified by crystallization from 

absolute ethanol. The known products 5a-j and 6a-j were 

characterized on the basis of their physical and spectral (IR,  1H 

NMR, 13C NMR) data which were in accord with the reported 

data.33-38  

 

4. CONCLUSIONS 
In summary, the spinel ferrite ZnFe2O4 nanoparticles were 

explored as an effective and reusable catalyst for the 

synthesis of 2-amino-5-oxo-5,6,7,8-tetrahydro-4H-

chromenes and, 1, 4-dihydropyrano [2, 3-c] pyrazol-5-yl 

cyanides in EtOH/H2O at room temperature. It was found 

that the catalytic power of various spinel ferrites 

examined in the titled reactions is related to the structural 

isotropy, cation distribution and, the Lewis acid character 

of the cations embedded in the structures of these ferrites. 

Accordingly, the Zn2+ cations in the structure of the nano-

zinc ferrite ZnFe2O4 exhibited the highest structural 

isotropy and Lewis acid strength leading to the better 

catalytic performance by magnetic ZnFe2O4 nanoparticles. 
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