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Abstract. In the present investigation, magnetic ferrite nanoparticles (ferrite NPs) were synthesized and
coated with silica (ferrite@SiO2NPs) by using the sol-gel method. After that, silica propylmethylimidazolium
chloride ionic liquid [Sipmim]Cl was prepared and linked with the above-prepared ferrite@SiO2NPs to
synthesize ferrite silica propylmethylimidazolium chloride [Fesipmim]Cl catalyst. The formation of [Fesipmim]Cl catalyst was conﬁrmed by Fourier-transform infrared (FT-IR) spectroscopy analysis. X-ray
diffraction (XRD) analysis conﬁrmed the structure of ferrite NPs and ferrite@SiO2 NPs. Transmission
electron microscopy (TEM) evidenced the successful formation of ferrite NPs and ferrite@SiO2 NPs.
Scanning electron microscopy (SEM) results revealed the change in morphology of ferrite NPs, ferrite@SiO2NPs and [Fesipmim]Cl. The magnetic properties of [Fesipmim]Cl catalyst were measured by
vibrating sample magnetometer (VSM). The efﬁciency of the [Fesipmim]Cl catalyst was checked by using it
for the synthesis of different derivatives of dihydropyridine through Hantzsch reaction via a three-component
coupling reaction of substituted benzaldehydes, ethyl/ methyl acetoacetate and ammonium acetate. The
formation and structures of all the synthesized compounds were conﬁrmed by FT-IR, 1HNMR, 13C NMR
spectral analyses. The reusability of the catalyst [Fesipmim]Cl was checked up to seven cycles and found to
have excellent activity up to ﬁve cycles.
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1. Introduction
Catalysts accelerate the rate of chemical reactions,
increase yield and reduce activation energy but the
serious problem with catalytic reactions is the separation of catalyst from the reaction mixture so that it
can be reused. To overcome this problem, a heterogeneous catalyst can be used in organic synthesis.1 In
the present time, heterogeneous catalysts are being
prepared by using various substances in a simple
whole ratio.2 Heterogeneous catalysts can be efﬁciently prepared by modifying the support by using the
nanosystem and joining it with catalysts.3 Magnetic
nanoparticles (NPs) are an important class of nanomaterials which are the best solution to support the

reaction;

ferrite

nanoparticles

(NPs);

[Sipmim]Cl,

preparation of heterogeneous catalysts.4 To make the
catalytic system heterogeneous, the catalyst can be
bonded with magnetic NPs which allow the catalyst to
remain immiscible in the reaction mixture, and after
completion of reaction makes its separation easier for
further use, thus reducing the waste and making the
catalytic system greener. To protect the magnetic
properties of magnetic NPs, their core can be coated
with some inert, inorganic, non-magnetic material like
silica which can be easily bonded with most of the
catalytic species. A number of heterogeneous catalytic
systems such as ionic liquid supported on silica,5 nano
nickel-cobalt ferrite,6 HMMS,7 nano ZSM-5,8 and
cucurbit (6) uril-OSO3H9 with good recovery and
efﬁcient activity have been reported. Ionic liquids
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have a major application in synthetic organic chemistry.10 Ionic liquids can be used as immobilized catalysts11 which gain efﬁcient activity and selectivity.
Moreover, they can also be used as solvents12 which
promote and provide a medium to various chemical,
biochemical, enzymatic and industrial reactions.
Multicomponent reactions (MCRs)13–15 are gaining
importance in modern organic chemistry for the synthesis of multifunctional biologically active molecules
from readily available starting materials without isolation of intermediates. Hantzsch reaction affords 1,
4-dihydropyridines (DHPs) in a single step. DHP
nucleus is an essential component of biologically
important molecules possessing important pharmacological properties. DHP drugs such as nifedipine,
nicardipin, felodipine, etc., are used for the treatment
of hypertension as an effective calcium channel
blocker.16 DHPs exhibit antitumor,17 anti-inﬂammatory18 and analgesic19 activities. More than twelve
medicinally important compounds having DHP
nucleus are manufactured and used all over the
world.20–22 A large number of methods for the synthesis of DHPs have been developed including
microwave-assisted reaction,23–29 ultrasound irradiation,30 solar thermal energy,31 ionic liquids and waterethanol green solvents,32–37 solid support38,39 and
visible light.40 Various catalytic systems have been
developed to improve Hantzsch reaction by using nano
ZnO,41 PPh3,42 phenylboronic acid,43 I2,44 CAN,45
tetrabutylammonium hydrogen sulphate,46 Baker’s
Yeast,47 organocatalysts48 and metal triﬂates.49 All
these methods are associated with one or more drawbacks like long reaction time, harsh reaction conditions, toxic catalysts and tedious workup. We herein
report, for the ﬁrst time, the use of [Fesipmim]Cl as an
efﬁcient, reusable and green catalyst for the synthesis
of 1, 4-DHP derivatives.
2. Materials and methods
2.1 General details
All the reagents and chemicals were purchased from Himedia, India and were used without further puriﬁcation. IR
spectra were recorded on Brucker FT-IR spectrophotometer
using KBr pellets. 1H NMR spectra were recorded on
Brucker AVANCE II 400 MHz and Brucker AVANCE II
500 MHz instruments using CDCl3. Melting points were
recorded using Decibel digital melting point apparatus. The
purity of products and reaction progress was checked by
TLC on silica gel plates using hexane: ethyl acetate solvent
system and visualized using iodine vapors and UV light.
TEM measurements were performed on a JSM- 1011
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transmission electron microscope. SEM was recorded on
JEOL (JSM-6610 LV) using a primary beam voltage of
5 kV. XRD spectra of powdered samples were recorded at
room temperature over Rigaku-Geigerﬂex X-Ray diffractometer using Cu-Ka radiation (k = 0.154 nm) in the range
of 108–708 at 30 kV and 15 mA with step size 0.05 and step
time of 19.2 sec. VSM was performed on instrument PAR
Model 155.

2.2 Synthesis of ferrite nano particles (Fe3O4
NPs)
Ferrite magnetic NPs were prepared by modifying the
method reported in the literature.50 FeCl24H2O (0.01 mol)
and FeCl36H2O (0.02 mol) were dissolved in 200 mL of
distilled water. After that, under the fast mechanical stirring, 25 mL (30%) NH3 solution was added to the solution.
The reaction was continued for 24 h at room temperature.
The prepared black ferrite NPs were then washed several
times with distilled water and dried at 80 °C under vacuum.

2.3 Coating of silica on ferrite NPs
(Fe3O4@SiO2NPs)
The silica-coated magnetic nanoparticles (ferrite@SiO2NPs) were prepared using a sol-gel method.51 In the whole
process, ferrite NPs were discrete in a combination of
ethanol, distilled water and concentrated ammonia water.
After slow addition of 1.2 mL TEOS, the solution was
constantly stirred for 12 h. The prepared ferrite@SiO2 NPs
were washed and re-dispersed in deionized water for further
use (Scheme 1).

2.4 Synthesis of [Sipmim]Cl ionic liquid
1-Methylimidazole (4.8 mL, 0.06 mol) and (3-chloropropyl)
triethoxysilane (14.5 mL, 0.07 mol) were reﬂuxed at 80 °C
for 24 h (Scheme 2). The unreacted volatile material was
distilled off under reduced pressure. The crude product was
washed with diethyl ether (595 mL). The remaining diethyl
ether was removed under vacuum at room temperature, to
give a yellowish viscous liquid.

Scheme 1. Coating of silica on ferrite nano particles.

J. Chem. Sci. (2020)132:67

Page 3 of 11

67

2.5 Synthesis of [Fesipmim]Cl catalyst
Ferrite@SiO2 NPs (2 g) and 25 mL of dry toluene were
mixed in a beaker and then dispersed into the mixture by
ultrasonication. 1-Methyl-3-(3-trimethoxysilylpropyl)-1Himidazol-3-ium chloride (1 gm, 2.7 mmol) was added
dropwise at room temperature and stirred for 16 h at 80 °C
(Scheme 3). The resultant products were collected and
washed with ethanol and deionized water in sequence, and
then dried under vacuum at 60 °C for 2 h for further use.

2.6 Synthesis of dihydropyridine derivatives using
[Fesipmim]Cl catalyst
Substituted benzaldehyde (1 m mole), ethyl/methyl acetoacetate (2 m mole) and ammonium acetate (1.2 m mole)
were taken in a round bottom ﬂask, [Fesipmim]Cl (100 mg)
was added and heated on a water bath at 80 °C (Scheme 4).
Progress of the reaction was checked over silica gel TLC
plates using hexane and ethyl acetate (80:20) solvent system.
After completion of the reaction, the catalyst was separated
from the reaction mixture using an external magnet. The
catalyst was washed with ethanol 4-5 times and used for the
next cycle. The process was repeated for ﬁve times. The
solid crude product was collected and dissolved in hot EtOH.
The ﬁltrate was concentrated and the solid crude product
was puriﬁed by recrystallization in aqueous EtOH.

3. Results and Discussion
3.1 FT-IR analysis of [Fesipmim]Cl
The functional groups of the synthesized [Fesipmim]Cl catalyst and its precursors were characterized

Scheme 3. Synthesis of ferrite silica propyl methyl imidazolium chloride ([Fesipmim]Cl) catalyst.

by FT-IR technique (Figure 1). FTIR analysis was
carried out to differentiate the chemical structure of
ferrite and modiﬁed ferrite NPs. In ferrite NPs, two
characteristic peaks were at 560 and 3472 cm-1 due to
Fe-O and Fe-OH (Figure 1a), while in silica-coated
NPs the peaks were observed at 568, 963 and
1089 cm-1 due to Fe-O, Si-O and Si-O-Si group
respectively, and at 798 cm-1 the peak is due to Si-OSi bending and at 3422 cm-1 due to Fe-OH and Si-OH
stretching (Figure 1b). In the spectra of [Fesipmim]Cl
catalyst two new bands were seen at 1536 cm-1 and
2851 cm-1 which were due to the bending vibration of
-NH and –CH stretching vibration (Figure 1c).
3.2 TEM analysis of Ferrite and Silica-coated
ferrite NPs
The internal morphology and size of ferrite NPs (Figure 2a) and silica-coated ferrite NPs (Figure 2b)
were characterized by TEM analysis. The morphological and size changes were observed in Silica
coated ferrite MNPs. In TEM analysis size of Ferrite
NPs were 7-11 nm which increased in silica-coated
ferrite NPs.
3.3 SEM analysis of [Fesipmim]Cl catalyst

Scheme 2. Synthesis of silica propyl methyl imidazoliumchloride[(Sipmim)Cl] ionic liquid.

The surface morphology of Fe3O4MNPs, silica-coated
nanoparticles and [Fesipmim]Cl catalyst were characterized by using SEM technique (Figure 3). The
results clearly showed that there was a change in
morphology.
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Scheme 4. Synthesis of dihydropyridine derivatives catalyzed by ([Fesipmim]Cl).

3.4 VSM analysis of [Fesipmim]Cl catalyst
The magnetic properties of [Fesipmim]Cl catalyst,
silica-coated ferrite NPs and ferrite NPs were measured by VSM (Figure 4). The saturation magnetization of ferrite NPs (Figure 4a) was found to be 44.4
emu g-1. There was a decrease in the magnetization of
silica-coated ferrite NPs (Figure 4b) to 22 emu g-1.
This decrease was because of the coating of silica on
ferrite NPs. There was again a decrease in the magnetization of IL supported on silica-coated ferrite NPs
(Figure 4c) catalyst to 13 emu g-1. Due to this magnetic behavior of the [Fesipmim]Cl catalyst, it is easily
separable from the reaction mixture by using an
external magnetic ﬁeld.
Figure 1. FTIR of Fe3O4 NPs (b) Fe3O4@SiO2 NPs
(c) ([Fesipmim]Cl) catalyst.

3.5 XRD analysis of ferrite NPs
and [Fesipmim]Cl catalyst
The XRD pattern of Fe3O4 clearly conforms to the
formation of a cubic spinel structure with the diffraction peaks (2h) at 30.24°, 35.51°, 43.05°, 52.88°,

Figure 2. TEM images of (a) Ferrite NPs (b) Silica-coated Ferrite NPs.
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Figure 3. SEM images of (a) Ferrite NPs (b) Silica-coated Ferrite NPs (c) ([Fesipmim]Cl) catalyst.

Figure 4. VSM of (a) Ferrite NPs (b) Silica-coated Ferrite
NPs (c) ([Fesipmim]Cl) catalyst.

57.19° and 62.11°, which correspond to (2 2 0),
(3 1 1), (4 0 0), (4 2 2), (5 1 1), and (4 4 0) phases,
respectively (Figure 5a). A broad peak in the spectrum
of [Fesipmim]Cl at 2h = 23.25° is due to the coating of
silica which is amorphous in nature (Figure 5b). The
XRD pattern is in good agreement with the reported
data (JCPDS card no. 85-1436).52
3.6 Plausible mechanism
Based on the results and the previous works reported,
the plausible mechanism of the Hantzsch reaction
catalyzed by [Fesipmim]Cl is proposed (Scheme 5).
The catalyst increases the electrophilic character of the
carbon of aldehyde group. The product formation
completes by cyclisation followed by dehydration.
3.7 Reaction optimization
A representative reaction taking ethylacetoacetate,
benzaldehyde and ammonium acetate as reactants using

Figure 5. (a) XRD pattern of Ferrite NPs (b) XRD pattern
of ([Fesipmim]Cl) catalyst.

[Fesipmim]Cl as catalyst under solventless condition
were carried out, ﬁrst, to optimize the temperature. The
reaction mixture was stirred at room temperature. The
reaction did not take place even up to 12 h. Then, the
reaction was tried at temperatures 40 °C, 50 °C, 60 °C,
70 °C, 80 °C, 90 °C and 100 °C. With an increase in
temperature, the yield increased steadily and time of
reaction decreased. After 80 °C the yield did not
increase and time did not decrease. So, the 80 °C
temperature was taken as optimum.
To establish the necessary role of catalyst, we tried the
representative reaction in the absence of catalyst at 80 °C
under solventless condition, and in solvents water and
ethyl alcohol. No reaction was observed even after 12 h
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Scheme 5. Plausible Mechanism of the Hantzsch Reaction catalyzed by ([Fesipmim]Cl).

Table 1. Optimal conditions for the synthesis of 4k catalyzed by [Fesipmim]Cl at 80 °C.
Entry
1
2
3
4
5
6
7
8
9

Catalyst

Solvent

Time (hour)

Yield (%)

–
–
–
1-Methylimidazole
(3-chloropropyl) triethoxysilane
Ferrite NPs
Ferrite@SiO2 NPs
[(Sipmim)Cl] ionic liquid
([Fesipmim]Cl) catalyst

–
Water
Ethanol
–
–
–
–
–
–

12
12
12
4
5
12
12
0.33
0.33

–
–
–
40
20
–
–
95
95
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Table 2. Synthesis of 1, 4-dihydropyridines catalyzed by [Fesipmim]Cl.

Code

-R1

4a
4b
4c
4d
4e
4f
4g
4h
4i
4j
4k
4l
4m
4n
4o
4p
4q
4r
4s
4t
4u
4v

-

C2H5
C2H5
C2H5
C2H5
C2H5
C2H5
C2H5
C2H5
C2H5
C2H5
C2H5
CH3
CH3
CH3
CH3
CH3
CH3
CH3
CH3
CH3
CH3
CH3

-R2

Yield (%)

M.P. (°C)

Time (min)

4-furyl
4-CH3
3,4(OCH3)2
3-OH
4-OH
4-Cl
4-OCH3
3-OCH3
4-NO2
3-NO2
-H
-H
3-NO2
4-NO2
3-OCH3
4-OCH3
4-Cl
4-OH
3-OH
3,4(OCH3)2
4-CH3
4-furyl

90
85
90
95
90
90
90
85
70
80
95
90
90
90
95
85
90
95
85
90
90
85

155–157
117–119
142–144
170–172
210–215
145–148
150–152
138–140
125–128
162–164
150–152
170–172
154–160
120–125
125–130
138–140
154–156
210–212
165–170
155–157
117–122
180–185

20
80
120
80
80
50
40
100
80
40
20
20
50
30
80
30
40
40
120
80
80
20

stirring. To prove the catalytic action of [Fesipmim]Cl
catalyst vis-à-vis its initial reactants i.e., 1-Methylimidazole, (3-chloropropyl) triethoxysilane, [Sipmim]Cl
ionic liquid, ferrite NPs and ferrite@SiO2NPs, we carried out a reaction in the presence of individual initial
reactants. In the presence of ferrite NPs and ferrite@SiO2NPs reaction did not take place. In the presence
Table 3. Optimization of the amount of [Fesipmim]Cl
catalyst for the formation of 4k.
Entry

Catalyst (mg)

Time (hour)

Yield (%)

1
2
3
4
5
6

20
40
60
80
100
120

7
5
4
3
0.33
0.33

50
65
75
85
95
95

of 1-Methylimidazole the yield was 40% and it took 4 h to
complete the reaction. In the presence of (3-chloropropyl) triethoxysilane, it took 5 h to complete the reaction affording only 20% yield. [Sipmim]Cl ionic liquid
catalyzed the reaction and afforded 70% yield and it took
4 h to complete the reaction while at 80 °C the reaction
completed within 0.33 h affording 95% yield. [Fesipmim]Cl catalyst gave the same results. It may be concluded that [Sipmim]Cl ionic liquid also works as an
efﬁcient catalyst. The advantage of supporting it on
nanoparticles provides it reusability (Table 1).
3.8 Substrate scope
To investigate the substrate scope of the reaction, various benzaldehyde derivatives were tried. The products
were obtained in excellent yield. The reaction took 20
to 120 min to complete. The reaction was found
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Catalyst(mg), Time(h) and Yield(%)

Catalyst (mg)

Time (hour)

amounts of catalyst (Table 3, Figure 6). The results
indicate that with an increase in the amount of catalyst
from 20 mg to 100 mg, there is an increase in the yield
from 50-95% with a decrease in time. No signiﬁcant
improvement in the yield of the product was observed
with further increase in the catalyst amount from 100
mg to 120 mg. Hence, 100 mg of [Fesipmim]Cl catalyst was found to be the optimum amount for the
representative reaction.

Yield (%)
120

120

100

100
80

65

95

60

50

60
40

80

75

95

85

40
20

20

7

5

4

3

0.33

0.33

1

2

3

4

5

6

0
Reaction

Yield (%)

Figure 6. Optimization of catalyst amount on reaction
against compound 4k.

100
90
80
70
60
50
40
30
20
10
0

95

94

93

90

90
68
55

1

2

3

4

5

6

7

3.10 Recycling study of the catalyst
To show the reusability of [Fesipmim]Cl catalyst, the
catalyst was recovered from the reaction mixture,
washed with alcohol, dried at 100–110 °C for 3 h and
reused up to seven cycles. There was not a signiﬁcant
decrease in yield up to ﬁve cycles. In the sixth cycle,
the yield decreased to 68% and in the seventh cycle,
the yield decreased to 55% (Figure 7). The results
clearly indicate that the activity of the catalyst remains
intact up to ﬁve cycles, and in subsequent cycles, the
catalyst degrades and consequently loses its activity. It
can be concluded that catalyst may be used efﬁciently
up to ﬁve cycles.7

Cycles

Figure 7. Recycling study of ([Fesipmim]Cl) catalyst
against compound 4k.

feasible for electron-withdrawing as well as electrondonating groups on the benzene ring of benzaldehyde
derivatives, and ethyl as well as methyl esters of acetoacetate ester, clearly proving wide substrate scope of
the reaction catalyzed by [Fesipmim]Cl (Table 2).

3.9 Catalyst loading
To optimize the catalyst loading, the reaction was tried
under optimum conditions of temperature for different

3.11 Comparison of the efﬁciency
of [Fesipmim]Cl catalyst with other reported
catalysts
To illustrate the superiority of [Fesipmim]Cl catalyst,
we compared our results with the catalysts reported in
the literature (Table 4). A perusal of the table reveals
that time taken for the reaction carried out using
catalyst [Fesipmim]Cl is least (20 min) in comparison
to the methods reported in the literature. Moreover,
the catalyst works well under solventless conditions
and is reusable indicating the superiority of our
method.

Table 4. Comparison of the efﬁciency of [Fesipmim]Cl catalyst with other reported catalysts.
Entry
1
2
3
4
5

Catalyst

Condition

Time (min)

Yield (%)

PPh3
TMSCL/NaI
Silica gel/NaHSO4
3,4,5-TriﬂuoroBenzene boronic Acid
[(Fesipmim)Cl]

EtOH /Reﬂux
CH3CN
CH3CN
ionic liquid
Solvent less

300
360–480
360
240
20

72
80
85
90
95

Reference
42
53
38
54

Our work
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4. Conclusions
A magnetic nanoparticle supported ionic liquid catalytic system [Fesipmim]Cl has been successfully
prepared. The formation of the catalyst was conﬁrmed
by FT-IR, TEM, SEM, XRD and VSM analysis. The
efﬁciency of the [Fesipmim]Cl catalyst was validated
by its successful applicability for the synthesis of
different derivatives of dihydropyridine derivatives
through Hantzsch reaction via a three-component
coupling reaction of different benzaldehydes, ethyl/
methyl acetoacetate and ammonium acetate. The
reusability of the catalyst [Fesipmim]Cl was found
intact up to ﬁve cycles. In conclusion, [Fesipmim]Cl
has been developed as a green, reusable and highly
efﬁcient catalyst for the three-component synthesis of
dihydropyridine derivatives affording excellent yields.
The key advantages of the present environmentally
benign process are reusability of catalyst, solventless
condition, easy work-up and excellent yields.
Supplementary Information (SI)
Experimental and spectroscopic data are available at www.
ias.ac.in/chemsci.
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