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yclable silica-coated ferrite
magnetite-K10 montmorillonite nanocatalyst and
its applications in O, N, and S-acylation reaction
under solvent-free conditions

Nitin Tandon, Shripad M. Patil, Runjhun Tandon * and Pushpendra Kumar

Novel silica-coated ferrite nanoparticles supported with montmorillonite (K10) have been prepared

successfully by using a simple impregnation method. Further, these nanoparticles were characterized by

using different analytical methods like FT-IR, PXRD, EDS, and FE-SEM techniques. In addition, these

nanoparticles have been explored for their catalytic activity for the O, N, and S-acylation reactions under

solvent-free conditions which gave moderate to excellent yields in a much shorter reaction time.

Moreover, these nanoparticles could easily be separated out from the reaction medium after the

reaction completion by using an external magnetic field and have been re-used for 10 cycles without

any significant loss of the catalytic activity.
1. Introduction

Nanocatalysis is an important area of research for organic
synthesis using green methodologies. In recent years, many
heterogeneous nano-catalysts like zeolites, metal oxides, clay
particles etc. have been widely used in the industrial sector for
various organic transformations and proven to bemore effective
than the homogeneous catalysts in terms of ease of work up
aer the completion of the reaction, fewer chances of formation
of by-products and recyclability of the catalysts.1,2 These nano
catalysts provide larger surface area for the reactants to come
closer to each other for the reaction thereby decreasing the
reaction time for the target transformation. The heterogeneous
catalysis involving green chemistry is an integral part of the
organic synthesis and sustainable chemistry which prevents the
use of toxic volatile solvents, reagents, harmful methods and
requires minimum reaction time without production of toxic
waste materials.3,4 In addition, these eco-friendly methods
using green chemistry are also effective in terms of atom
economy.5 Recyclability of the catalyst without any signicant
loss of the activity and yield is also an important aspect which is
associated with the reduction in the effluent load and cost-
effectiveness eventually leading to the cleaner reactions with
desired output in terms of quality and yield.

Many attempts have been made in the past to develop
nanoparticles which can participate in green chemistry and can
be reused for many cycles without signicant loss in their
ical Engineering and Physical Sciences,

44411, India. E-mail: runjhun.19532@

the Royal Society of Chemistry
activity.6–9 In this context, ferrite magnetic nanoparticles
(MNPs) have occupied an important research area in synthetic
and bio medicinal chemistry for the development of the target
molecules by coupling reactions.10,11 These MNPs have wide
range of their applicability in chemical sciences and
engineering.

Design and synthesis of MNPs which are highly suitable
for various organic synthetic reactions is an art.12–15 Many
attempts have been made by various authors to explore
chemical synthesis of the MNPs by using precipitation,
reverse micelles, photolysis, sonolysis, borohydride reduc-
tions etc. which have been further studied for their
morphological, structural and magnetic properties.16 These
catalysts have shown effective catalytic properties, high
selectivity, easy work up from the reaction, and are recover-
able without any loss of catalytic properties.17–20 Magnetic
nano-material have also been used as a support for the
various functionalized catalyst and can easily be recollected
by using an external magnet once the target chemical trans-
formation take place. This magnetic nanocatalyst separation
(decantation process) is very effective than the other methods
such as centrifugation and ltration.
Scheme 1 Preparation of Fe3O4@SiO2@K10 and its applications in the
acylation of alcohol, amines, and thiols.
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Fig. 1 FT-IR spectra of Fe3O4, Fe3O4@SiO2, and Fe3O4@SiO2@K10.

Table 1 Comparative study of Fe3O4, Fe3O4@SiO2, and Fe3O4@-
SiO2@K10 using FT-IR spectra

Compound Characteristic IR peaks

Fe3O4 3219.08 cm�1, 1340.07 cm�1, 1017.83 cm�1,
694.49 cm�1 and 451.50 cm�1

Fe3O4@SiO2 3218.41 cm�1, 1630.82 cm�1, 1017.70 cm�1

and 446.85 cm�1

Fe3O4@SiO2@K10 3230.50 cm�1, 1632.41 cm�1, 1026 cm�1,
523.24 cm�1 and 454.24 cm�1
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Acylation of the alcohols, amines and thiols to form the
corresponding esters and amides is of signicant importance in
the organic synthesis.21 Number of attempts have beenmade for
the acylation of alcohol and phenols using acetic anhydride or
acetyl chloride in the presence of acid or base catalysts under
various reaction conditions.22–30 Recently, Anbu et al. have re-
ported the solvent and catalyst free process for the acylation
Fig. 2 PXRD pattern of (A) Fe3O4, (B) Fe3O4@SiO2, and (C)
Fe3O4@SiO2@K10.

21292 | RSC Adv., 2021, 11, 21291–21300
reaction.31 But, all these reported processes are associated with
a number of limitations such as longer reaction time, use of
toxic solvents, high reaction temperature and ease of handling.
Therefore, there is still a need for the development of new
Fig. 3 SEM image of (A) Fe3O4 (B) Fe3O4@SiO2 (C) Fe3O4@SiO2@K10
nanocatalyst.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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catalysts that can be used under mild reaction conditions to get
the good yield of the acetylated products using green chemistry.

Solvent free reactions including use montmorillonite (K10) as
catalyst have been used in literature for various functional trans-
formations in good to excellent yields.32–34 K10 supported silica
coated nanocatalysts have been reported for acylation reactions of
alcohols, amines, thiols and phenols and it is an important
strategy in organic synthesis for the multistep preparation of
molecules applicable in chemical and pharmaceutical indus-
tries.35–38 But the disadvantages of the reported methods with K10

includes the extended reaction time or the use of the toxic solvents
which puts an extra burden of effluent treatment.

The present work presents the preparation of the core–shell
magnetite-montmorillonite (K10) nanoparticle by using the co-
precipitation method. The rst step involved the preparation
of silica-coated ferrite MNPs using tetraethyl orthosilicate (TEOS)
in aqueous solution followed by the reaction with montmoril-
lonite (K10) in ethanol under sonication to get magnetite-
montmorillonite (K10) nanocatalyst. These nanocatalysts have
further been explored for a simple, green and sustainable method
for the acylation of amines, alcohols, phenols, and thiols deriva-
tives by using acetic anhydride as one of the reactants (Scheme 1).
2. Results and discussion
2.1. Characterization of silica-coated ferrite magnetite-K10

montmorillonite nanocatalyst

IR spectra of Fe3O4 nanoparticles is depicted in Fig. 1a. Peak at
3219.08 cm�1 was assigned to hydroxyl group due to OH
Fig. 4 (a) EDX data for Fe3O4@SiO2, (b) EDX data for Fe3O4@SiO2@K10
nanocatalyst.

© 2021 The Author(s). Published by the Royal Society of Chemistry
stretching vibrations of the water present on the surface of
Fe3O4 nanoparticles. The additional peaks at 1340.07 cm�1 and
1017.83 cm�1 were due to the de-ionized water used as solvent.
The IR peaks at 694.49 cm�1 and 451.50 cm�1 were assigned to
Fe–O bond vibrations of Fe3O4 nanoparticles.

IR spectra of Fe3O4@SiO2 (Fig. 1b) gave two peaks at
1630.82 cm�1 and 1017.70 cm�1 which were assigned to un-
symmetrical and symmetrical linear stretching vibrations of
Si–O–Si bonding. The peak at 446.85 cm�1 corresponded to
bending vibration absorption peak of Si–O–Si.

IR spectrum of Fe3O4@SiO2@K10 is depicted in Fig. 1c which
showed additional peak at 523.24 cm�1 due to bending
Fig. 5 SEM images of Fe3O4@SiO2@K10 showing the presence of Fe,
Si, Mg, O, Al, and K atom in the nanocatalyst.

RSC Adv., 2021, 11, 21291–21300 | 21293
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Table 3 Acylation of aromatic amine derivatives with Ac2O under
solvent-free condition using Fe3O4@SiO2@K10 nanocatalysta

Comp. Substrate Product Time (min) Yieldb (%)

1 10 96

2 12 95

3 12 95

4 15 94

5 10 96
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vibration of Al–O–Si bond along with the peak at 454.24 cm�1

which was assigned to bending vibration Si–O–Si bond.
The main characteristic peaks of Fe3O4, Fe3O4@SiO2, and

Fe3O4@SiO2@K10 have been summarized in Table 1.
Powder XRD studies of the prepared samples were per-

formed in the range of 2q value of 20–80� and corresponding
patterns are depicted in Fig. 2. In general, presence of multiple
peaks in PXRD of all the three samples indicated the poly-
crystalline nature of samples. The exhaustive evolution of
magnetite Fe3O4 along with small trace of Fe2O3 was observed in
the PXRD pattern of Fe3O4 (Fig. 2a). Further, no peak corre-
sponding to metallic iron was observed in either of the PXRD of
the samples under study. In addition, no additional peak was
observed on loading of SiO2 on Fe3O4 due to amorphous nature
of the sample (Fig. 2b). However, increase in intensity of 400
peaks (2q, 44.1) in the PXRD of Fe3O4@SiO2, suggesting
improved crystallinity and change in preferred orientation of
crystallites. It was also observed that the peaks shied slightly
towards higher angle due to smaller ionic radii of Si2+ as
compared to Fe3+ conrming the overloading of SiO2 on Fe3O4.
In case of PXRD of Fe3O4@SiO2@K10 (Fig. 2c), two additional
intense peaks at 2q value of 21.20 and 26.30 were attributed to
the presence of montmorillonite (K10).39 Also, loading of K10 did
not alter the diffraction pattern much, suggesting that metal
cations resided only on outer surface of the clay. However, due
to marginal shiing in peaks, inclusion of metal cations in the
interlayer of clay could not be completely ruled out which also
suggested the binding of K10 over Fe3O4@SiO2 surface. The
average crystalline size calculated by Scherrer's calculation and
was found to be 28 nm.

The obtained SEM images of Fe3O4, Fe3O4@SiO2, and Fe3O4@-
SiO2@K10 are depicted in Fig. 3 which suggested that Fe3O4@SiO2

nanoparticles were supported on montmorillonite (K10) surface.
According to SEM images, the nanoparticles were spherical in
Table 2 Optimization of reaction conditions for the acylation of
benzyl alcohol catalyzed by Fe3O4@SiO2@K10

a

Sr. no. Solvent Catalyst (mol%) Time (min) Yieldb (%)

1 Ethanol 15 360 40
2 Water 15 360 35
3 THF 15 360 50
4 DCM 15 90 75
5 Toluene 15 120 60
6 CH3CN 15 70 80
7 None 15 20 99
8 None 10 70 88
9 None 20 20 99
10 None None 720 00
11 None Fe3O4 nanoparticles 20 00
12 None Fe3O4@SiO2 20 00

a Reaction conditions: benzyl alcohol (1 mmol), acetic anhydride (1.5
mmol), room temperature and solvent (5 ml). b Isolated yields.

21294 | RSC Adv., 2021, 11, 21291–21300
shape. Also, the particle size of Fe3O4, Fe3O4@SiO2, and Fe3O4@-
SiO2@K10 were calculated as 50, 100, and 100 nm respectively.

The elemental composition of synthesized material was deter-
mined by using EDX detector coupled with SEM. EDX spectra of
Fe3O4@SiO2 is shown in Fig. 4A which conrmed the presence of
Fe, Si and O in expected ratio of 27.22%, 10.10% and 62.68 at%
respectively. Fig. 4b depicts the EDX spectra of Fe3O4@SiO2@K10

which conrmed the presence of Fe, Si, O, Mg, Al, and K in the
expected ratio of 8.87%, 32.58, 51.83, 1.15, 5.00 and 0.58 at%,
respectively. Although, EDX technique in conjunction with SEM is
not very sensitive to detect lower amount of elements but presence
of trace amount can be conrmed.

In a combined study in the presence of a scanning electron
microscope (SEM), wavelength-dispersive X-ray spectroscopy
6 12 95

7 20 92

8 20 93

9 25 90

10 25 91

11 20 94

a Reaction conditions: reagent (1 mmol), catalyst (15 mol%) and acetic
anhydride (1.5 mmol), stirring at room temperature under solvent-free
conditions. b Isolated yields.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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(WDX) can help providing the qualitative information about the
distribution of the different chemical elements in the catalyst
matrix. Fig. 5 represents the SEM and corresponding WDX
images of the prepared catalyst which suggested that Fe metal
particles were well dispersed in a composite. The specic area of
elemental analysis indicates the uniform and homogeneous
distribution of Fe, Si, O, Mg, Al, and K throughout the sample.
2.2. Catalytic applications of Fe3O4@SiO2@K10

nanoparticles

The catalytic study of synthesized nanoparticles of Fe3O4@-
SiO2@K10 was studied for the acylation of amines, phenols, alco-
hols, and thiols in the presence of acetic anhydride (Scheme 1).

The reaction of benzyl alcohol with acetic anhydride was
used as a model reaction which was carried out at various
reaction conditions in the presence of the Fe3O4@SiO2@K10

nanocatalyst to optimize the reaction conditions. Different
reactions were carried out in the presence of polar protic solvent
(ethanol), polar aprotic solvent (tetrahydrofuran), nonpolar
solvent (toluene), solvent with moderate polarity
Table 4 Acylation of alcohol derivatives with Ac2O under solvent-free c

Comp. Substrate Product

12

13

14

15

16

17

18

19

20

21

a Reaction conditions: reagent (1 mmol), nanoparticle (15 mol%) and aceti
conditions. b Isolated yields.

© 2021 The Author(s). Published by the Royal Society of Chemistry
(dichloromethane), in aqueous media (water) and in the
absence of any solvent by using 15 mol% of the catalyst.
Promising results were obtained when acetonitrile (CH3CN),
toluene or dichloromethane (DCM) was used as solvents
whereas the less yields were obtained by performing the reac-
tion in ethanol or water. Interestingly, best results were ob-
tained in the absence of the solvent. Further, decreasing the
catalyst quantity from 15 to 10 mol% led to decrease in the
yield. However, the increase in the quantity to 20 mol% did not
change the yield. It was very important to note that the reaction
did not take place in the absence of the catalyst under solvent-
free conditions. Also, the acylation reaction did not take place in
the presence of Fe3O4 nanoparticles or Fe3O4@SiO2 alone con-
rming the importance of K10 coating (Table 2).

These optimized reaction conditions were further used for
the acylation reactions of different amines, alcohol and thiol
derivatives. Table 3 summarizes the reaction output of different
aromatic primary aromatic amines with acetic anhydride under
the optimized conditions. In general, the presence of the
substituents on the aromatic ring did not affect the yield of the
ondition using Fe3O4@SiO2@K10 nanocatalysta

Time (min) Yieldb (%)

20 99

20 96

30 94

20 93

20 99

10 92

15 89

15 88

15 90

10 92

c anhydride (1.5 mmol), stirring at room temperature under solvent-free

RSC Adv., 2021, 11, 21291–21300 | 21295
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Scheme 2 Proposed reaction mechanism of Fe3O4@SiO2@K10 cata-
lyzed under acylation of O, N, and S.
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reaction much. However, the presence of the electron with-
drawing groups (7–10) led to increase in the reaction time to 20
minutes from 10 minutes case of aniline (1). On the other hand,
the presence of electron releasing groups at the aromatic ring
did not affect the reaction time signicantly (2–6). The reaction
time was also found to increase in case of reaction with cyclic
secondary amine (11).

Further, alcohol derivatives involving primary, secondary,
tertiary or benzyl alcohols were also explored for their acylation
reactions in the presence of the prepared nanocatalyst to give
the corresponding acetate products from good to excellent yield
in very less reaction time (Table 4). In general, the reaction of
alcohol derivatives took longer time than the amine derivatives.
The studies suggested that the phenol (12) and benzyl alcohol
(16) gave quantitative yield on reaction with acetic anhydride
and the reaction was completed in 20 minutes. However, the
increase in the steric hindrance (13 versus 12) and (17–20 versus
16) led to decrease in the yield with increase in the reaction
time. Further, the reaction gave good results for primary (15) as
well as for secondary alcohols (14).

Thiols derivatives were found to be lesser reactive than the
amine and alcohol derivatives towards their acylation reactions
and thus gave lesser yields and took more time for completion
(Table 5). The presence of the electron withdrawing (23–25) or
electron releasing groups (entries 26–28) did not affect the
Table 5 Acylation of thiol derivatives with Ac2O under solvent-free
condition using Fe3O4@SiO2@K10 nanocatalyst a

S. no. Substrate Product Time (min) Yieldb (%)

22 40 88

23 45 86

24 45 86

25 45 88

26 40 90

27 45 91

28 40 91

29 30 94

a Reaction conditions: reagent (1 mmol), nanoparticle (15 mol%) and
acetic anhydride (1.5 mmol) stirring at room temperature under
solvent-free conditions. b Isolated yields.

21296 | RSC Adv., 2021, 11, 21291–21300
reaction output as compared to the parent derivative (22).
Interestingly, 2-thionaphthol gave good yield (29).

The possible mechanism of the acylation of alcohols, amines
or thiols catalysed by Fe3O4@SiO2@K10 is illustrated in Scheme
2. The reaction is likely to be proceeded via Fe3O4@SiO2@K10

catalyzing the formation of intermediate II which makes
carbonyl carbon of acetic anhydride more electrophilic facili-
tating nucleophilic attack by R–XH(III) to get the intermediate
IV. Finally, the rearrangement of intermediate IV resulted in the
formation of the acylated product V along with the formation of
acetic acid as byproduct. A similar type of mechanism has also
been proposed by Safari et al.40

Further, the Fe3O4@SiO2@K10 catalyst was reused for 10
cycles (Fig. 6) for the acylation of benzyl alcohol without any
appreciable loss in the yield (Table 6) and the reaction time.

The present work has advantages over the previously re-
ported methods (Table 7) in terms of lesser reaction time,
Fig. 6 Recyclability of the Fe3O4@SiO2@K10 nanocatalyst.

Table 6 Recycling study of the Fe3O4@SiO2@K10 nanocatalyst

Cycle 1 2 3 4 5 6 7 8 9 10
Yield (%) 99 99 99 99 99 98 98 98 97 97

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Table 7 Comparison of the reaction parameters of the present work with literature reported methods for the acylation reaction

Sr. no. Reaction conditions Time Yield (%) Ref.

1 Fe3O4@SiO2@K10, RT, solvent-free 20 min 99 Present work
2 SiO2–ZnCl2, 80 �C, CH3CN 3 h 90 41
3 Borated zirconia, 110 �C, toluene 15 h 25 42
4 Fe3O4@PDA–SO3H, RT, solvent-free 25 min 98 43
5 Silica-sulfamic acid, RT, solvent-free 15 min 93 44
6 Nano g-Fe2O3, sonication, RT 1 h 64 45
7 CuO–ZnO, 80 �C, CH2Cl2 15 min 92 46
8 Yttria-zirconia, 110 �C, solvent-free 6 h 94 47
9 Copper zirconium phosphate NPs, 60 �C, solvent-free 30 min 91 48
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moderate reaction conditions and avoids the use of harmful
and toxic solvents. Moreover, the prepared catalyst is easily
recoverable from the reaction mass aer the completion of the
desired transformation and could be used at least for 10 cycles
without any signicant loss in the catalytic activity.
3. Conclusions

In the present work, we have prepared a novel core–shell Fe3-
O4@SiO2@K10 nanocatalyst via loading of montmorillonite on
the surface of Fe3O4@SiO2 nanoparticles. Furthermore, the
prepared catalyst has been explored for the acylation of the
various nucleophilic substrates such as alcohols, phenols,
amines, and thiols derivatives. This process has many advan-
tages over the previously known methods of acylation in terms
of excellent yields, lesser reaction time, ambient reaction
conditions and solvent free environment supporting the green
chemistry. Also, no signicant loss of activity of the catalyst has
been observed when used in 10 cycles.
4. Experimental
4.1. General methods

All commercial compounds and solvents (Spectrochem,
Aldrich, Merck etc.) were used without purication. Melting
points were determined in an open capillary and were uncor-
rected. The prepared nanoparticles of silica-coated ferrite
magnetite-K10 montmorillonite nanocatalyst were characterized
by using different characterization techniques like Fourier
transmission-infrared spectroscopy (FT-IR, Perkin Elmer,
Version 10.6.1), powder X-ray diffraction (PXRD Brucker D8
Advances), eld emission scanning electron microscope (FE-
SEM, JEOL, JSM-7610F plus) and energy-dispersive X-ray spec-
troscopy (EDS, OXFORD EDS LN2).
4.2. Synthesis of Fe3O4 nanoparticles

The synthesis of Fe3O4 nanoparticles was achieved by using
simple wet chemical reduction technique.49

2.7 g of ferric chloride hexahydrate was dissolved in de-
ionized water to make the total volume up to 100 ml in a volu-
metric ask to get 0.1 M of solution. In an another volumetric
ask, 9.4 g of sodium borohydride was dissolved in de-ionized
water to make total volume up to 100 ml to get 2.5 M of the
© 2021 The Author(s). Published by the Royal Society of Chemistry
solution. Added, 40 ml of ferric chloride hexahydrate solution
drop wise to the 10 ml of sodium borohydride solution under
stirring for about 15 minutes. The completion of the reaction
was indicated by the disappearance of the bubbles through the
reaction mass and appearance of the black precipitates. The
prepared nanoparticles of Fe3O4 were separated through the
reaction mass by external magnet and were washed with de-
ionized water. Finally the nanoparticles were dried in oven at
60 �C for 12 hours to get 1.65 g of Fe3O4 nanoparticles.

4.3. Synthesis of silica-coated Fe3O4 nanoparticles

The preparation of core–shell Fe3O4@SiO2 nanoparticles was
achieved by the simple Stober method by the reaction of Fe3O4

nanoparticles with tetraethyl orthosilicate (TEOS). For this
purpose, 1 g of Fe3O4 nanoparticles were dispersed in 100 ml of
absolute ethanol and the reaction mass was sonicated for about
15 min. Aer 15 minutes of sonication, 5 ml of ammonium
hydroxide solution (10% w/v) was added to reaction mass fol-
lowed by drop wise addition of 1.5 ml of tetraethyl orthosilicate
with continuous sonication at room temperature for 5 h. Aer
that, the resulting silica-coated nanoparticles Fe3O4@SiO2 were
separated from the reaction mass through the external magnet,
washed with water and ethanol, then nally dried at 60 �C under
vacuum for 12 hours to get 1.3 g of silica-coated nanoparticles
Fe3O4@SiO2.

4.4. Synthesis of silica-coated ferrite magnetite-K10

montmorillonite nanocatalyst

A suspension of 1 g of Fe3O4@SiO2 nanoparticles in 50 ml of
ethanol was kept under sonication for about 30 min and then
added 0.5 g of montmorillonite (K10) to the reaction mass under
continuous stirring. Aer that, the pH of the reaction mass was
set to 12 by the use of 1 M sodium hydroxide solution and the
reaction mass was stirred at room temperature for further 20
hours. Finally, the precipitates formed were separated, washed
with de-ionized water and nally dried at 60 �C for 24 hours to
get 1.42 g of the target magnetite-montmorillonite (K10).

4.5. General procedure for acylation of amines/phenols/
alcohols/thiols derivatives

In a typical reaction, 1 mmol of the reactant was reacted with
1.5 mmol of acetic anhydride in the presence of 15 mol% of
Fe3O4@SiO2@K10 under vigorous stirring at room temperature.
RSC Adv., 2021, 11, 21291–21300 | 21297
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The progress of the reaction was monitored using thin-layer
chromatography (TLC). Aer the completion of the reaction, the
reaction mixture was diluted with ethyl acetate (5 ml) and then
nanoparticles were separated out by using external magnet. The
separated nanoparticles were washed with water and ethanol
many times and dried under vacuum. The reaction mixture was
washed with saturated NaHCO3 solution and the product was
extracted with ethyl acetate, dried over Na2SO4, and the solvent was
evaporated under vacuum to get the desired products.

4.5.1. N-Phenyl acetamide.50 White solid; 96% yield, mp
111–113 �C; 1H NMR (400 MHz, CDCl3) d ¼ 8.33 (br. s, 1H), 7.45
(d, J¼ 8.0 Hz, 2H), 7.22–7.18 (m, 2H), 7.03–6.96 (m, 1H), 2.07 (s,
3H) ppm; 13C NMR (151 MHz, CDCl3) d ¼ 169.6, 138.3, 128.7,
124.5, 120.5, 24.6 ppm.

4.5.2. N-(2-Ethylphenyl)acetamide.51 White solid; 95%
yield; mp 112–114 �C; 1H NMR (400 MHz, CDCl3) d ¼ 7.60–7.56
(m, 1H), 7.30 (br. s, 1H), 7.16–7.08 (m, 3H), 2.45 (q, J ¼ 7.6 Hz,
2H), 2.10 (s, 3H), 1.16 (t, J ¼ 7.6 Hz, 3H) ppm; 13C NMR (151
MHz, CDCl3) d ¼ 169.6, 136.5, 134.7, 128.3, 126.4, 126.2, 124.7,
24.5, 23.7, 14.2 ppm.

4.5.3. N-(3,5-Dimethylphenyl)acetamide.52 White solid;
95% yield; mp 103–105 �C; 1H NMR (600 MHz, CDCl3) d ¼ 7.66
(br. s, 1H), 7.15 (s, 2H), 6.76 (s, 1H), 2.28 (s, 6H), 2.17 (s,
3H) ppm;13 C NMR (151 MHz, CDCl3) d ¼ 168.9, 138.2, 137.4,
126.9, 117.2, 24.9, 21.6 ppm.

4.5.4. N-(4-Isopropylphenyl)acetamide.52 White viscous
liquid; 94% yield; 1H NMR (600MHz, CDCl3) d¼ 8.17 (br. s, 1H),
7.42–7.40 (m, 2H), 7.18–7.14 (m, 2H), 2.87–2.85 (m, 1H), 2.14 (s,
3H), 1.24 (d, J¼ 7.2 Hz, 6H) ppm;13 CNMR (151MHz, CDCl3) d¼
169.4, 145.2, 135.6, 126.5, 120.7, 33.8, 24.5, 24.3 ppm.

4.5.5. N-p-Tolyl acetamide.50 White solid; 96% yield; mp
152–154 �C; 1H NMR (400 MHz, CDCl3) d ¼ 7.92 (br. s, 1H), 7.39
(d, J ¼ 8.4 Hz, 2H), 7.12 (d, J ¼ 8.4 Hz, 2H), 2.35 (s, 3H), 2.11 (s,
3H) ppm; 13C NMR (101 MHz, CDCl3) d ¼ 168.6, 135.1, 134.6,
129.5, 120.1, 24.5, 20.7 ppm.

4.5.6. N-(4-Hydroxyphenyl)acetamide.50 White solid; 95%
yield; mp 174–175 �C; 1H NMR (400 MHz, DMSO-d6) d ¼ 9.40
(br. s, 1H), 8.92 (br. s, 1H), 7.10 (d, J ¼ 8.8 Hz, 2H), 6.40 (d, J ¼
8.8 Hz, 2H), 1.70 (s, 3H) ppm; 13C NMR (101 MHz, DMSO-d6) d¼
168.0, 153.4, 131.6, 121.6, 115.8, 24.3 ppm.

4.5.7. N-(3-Fluorophenyl)acetamide.50 White solid; 92%
yield; mp 56–57 �C; 1H NMR (600 MHz, CDCl3) d ¼ 8.94 (br. s,
1H), 7.52–7.49 (m, 1H), 7.24–7.19 (m, 2H), 6.80–6.77 (m, 1H),
2.14 (s, 3H) ppm; 13C NMR (151 MHz, CDCl3) d ¼ 169.6, 169.6,
163.9, 162.5, 139.9, 139.9, 130.04, 129.7, 115.9, 111.4, 110.6,
107.5, 107.3, 24.2 ppm.

4.5.8. N-(4-Chlorophenyl)acetamide.50 White solid; 93%
yield; mp 104–106 �C; 1H NMR (600 MHz, DMSO-d6) d ¼ 10.09
(br. s, 1H), 7.61 (d, J ¼ 8.8 Hz, 2H), 7.33 (d, J ¼ 8.8 Hz, 2H), 2.06
(s, 3H). ppm; 13C NMR (151 MHz, DMSO-d6) d ¼ 168.8, 138.8,
129.1, 126.3, 120.8, 24.6 ppm.

4.5.9. N-(3-Bromophenyl)acetamide.53 White solid; 90%
yield; mp 81–82 �C; 1H NMR (400 MHz, CDCl3) d ¼ 8.61 (br. s,
1H), 7.82 (s, 1H), 7.43 (d, J¼ 8.0 Hz, 1H), 7.25 (d, J¼ 8.0 Hz, 1H),
7.12 (t, J ¼ 8.0 Hz, 1H), 2.17 (s, 3H) ppm; 13C NMR (151 MHz,
CDCl3) d ¼ 169.7, 139.8, 130.6, 127.7, 123.2, 122.5, 118.7,
24.6 ppm.
21298 | RSC Adv., 2021, 11, 21291–21300
4.5.10. N-(4-Iodophenyl)acetamide.54 White solid; 91%
yield; mp 94–95 �C; 1H NMR (400 MHz, CDCl3) d ¼ 7.62 (d, J ¼
8.8 Hz, 2H), 7.55 (br. s, 1H), 7.28 (d, J ¼ 8.4 Hz, 2H), 2.19 (s,
3H) ppm; 13C NMR (101 MHz, CDCl3) d ¼ 168.8, 137.7, 137.5,
121.7, 87.7, 24.8 ppm.

4.5.11. 1-(Acridin-10(9H)-yl) ethanone.55 White solid; 94%
yield; mp 104–106 �C; 1H NMR (600 MHz, CDCl3) d¼ 7.86 (d, J¼
8.4 Hz, 2H), 7.64 (d, J¼ 8.0 Hz, 2H), 7.20–7.18 (m, 2H), 7.13–7.09
(m, 2H), 2.85 (s, 3H) ppm; 13C NMR (151 MHz, CDCl3) d¼ 170.4,
138.8, 127.6, 126.7, 123.9, 119.6, 116.6, 27.7 ppm.

4.5.12. Benzyl acetate.56 Colorless liquid; 99% yield; 1H
NMR (400 MHz, CDCl3) d ¼ 7.29–7.24 (m, 5H), 5.05 (s, 2H), 2.02
(s, 3H) ppm; 13C NMR (101 MHz, CDCl3) d ¼ 170.6, 136.2, 128.4,
128.1, 128.4, 66.5, 21.3 ppm.

4.5.13. 2,5-Dimethoxybenzyl acetate.57 Colorless liquid;
96% yield; 1H NMR (400 MHz, CDCl3) d¼ 6.93 (s, 1H), 6.84–6.82
(m, 2H), 5.15 (s, 2H), 3.76 (s, 3H), 3.74 (s, 3H), 2.08 (s, 3H) ppm;
13C NMR (151 MHz, CDCl3) d¼ 171.2, 153.7, 151.8, 125.4, 115.9,
113.9, 111.7, 61.8, 56.3, 55.9, 21.4 ppm.

4.5.14. 9H-Fluoren-9-yl acetate.58 Colourless liquid; 94%
yield; 1H NMR (400 MHz, CDCl3) d ¼ 7.53 (d, J ¼ 7.4 Hz, 2H), 7.45
(d, J ¼ 7.4 Hz, 2H), 7.28 (t, J ¼ 7.4 Hz, 2H), 7.18 (t, J ¼ 7.4 Hz, 2H),
6.69 (s, 1H), 2.07 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) d ¼
171.7, 142.3, 141.5, 129.7, 127.7, 125.5, 120.4, 75.3, 21.5 ppm.

4.5.15. Cinnamyl acetate.56 Colourless liquid; 93% yield; 1H
NMR (600 MHz, CDCl3) d ¼ 7.45–7.43 (m, 2H), 7.39–7.36 (m,
2H), 7.32–7.29 (m, 1H), 6.69 (d, J ¼ 16.2 Hz, 1H), 6.35–6.32 (m,
1H), 4.78 (d, J ¼ 6.6 Hz, 2H), 2.15 (s, 3H) ppm; 13C NMR (151
MHz, CDCl3) d ¼ 170.7, 136.4, 134.4, 128.7, 128.4, 126.8, 123.4,
65.3, 21.2 ppm.

4.5.16. Phenyl acetate.59 Colourless liquid; 99% yield; 1H
NMR (400 MHz, CDCl3) d ¼ 7.29–7.25 (m, 2H), 7.14–7.14 (m,
1H), 6.96–6.99 (m, 2H), 2.17 (s, 3H) ppm; 13C NMR (101 MHz,
CDCl3) d ¼ 169.3, 150.6, 129.2, 125.7, 121.4, 21.3 ppm.

4.5.17. 4-Chlorophenyl acetate.59 Colourless liquid; 92%
yield; 1H NMR (600 MHz, CDCl3) d ¼ 7.34 (d, J ¼ 9.0 Hz, 2H),
7.09 (d, J ¼ 9.0 Hz, 2H), 2.34 (s, 3H) ppm; 13C NMR (151 MHz,
CDCl3) d ¼ 169.5, 149.4, 131.4, 129.7, 123.3, 21.4 ppm.

4.5.18. 2,6-Dimethylphenyl acetate.60 Colourless liquid;
89% yield; 1H NMR (600 MHz, CDCl3) d ¼ 7.17–7.14 (m, 3H),
2.43 (s, 3H), 2.25 (s, 6H) ppm; 13C NMR (151 MHz, CDCl3) d ¼
168.7, 148.5, 130.3, 128.8, 125.7, 20.8, 16.2 ppm.

4.5.19. 2-Isopropyl-5-methylphenyl acetate.61 Colourless
liquid; 88% yield; 1H NMR (400 MHz, CDCl3) d ¼ 7.12 (d, J ¼
8.0 Hz, 1H), 6.95 (d, J ¼ 8.0 Hz, 1H), 6.74 (s, 1H), 2.94–2.87 (m,
1H), 2.25 (s, 3H), 2.24 (s, 3H), 1.13 (d, J ¼ 7.2 Hz, 6H) ppm; 13C
NMR (101 MHz, CDCl3) d ¼ 169.6, 147.7, 137.3, 136.5, 127.4,
126.7, 122.6, 27.4, 23.4, 21.3, 20.7 ppm.

4.5.20. 5-Isopropyl-2-methylphenyl acetate.62 Colourless
liquid; 90% yield; 1H NMR (400 MHz, CDCl3) d ¼ 7.16 (d, J ¼
7.6 Hz, 1H), 7.09 (d J ¼ 7.6 Hz, 1H), 6.95 (s, 1H), 2.94–2.86 (m,
1H), 2.36 (s, 3H), 2.16 (s, 3H), 1.25 (d, J ¼ 6.8 Hz, 6H) ppm; 13C
NMR (101 MHz, CDCl3) d ¼ 169.5, 149.6, 148.3, 130.7, 127.4,
124.3, 119.6, 33.8, 23.7, 20.6, 15.6 ppm.

4.5.21. Naphthalene-6-yl acetate.59 Pale yellow liquid; 92%
yield; 1H NMR (400 MHz, CDCl3) d ¼ 7.67–7.63 (m, 3H), 7.44 (s,
© 2021 The Author(s). Published by the Royal Society of Chemistry
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1H), 7.36–7.29 (m, 2H), 7.12–7.09 (m, 1H), 2.19 (s, 3H) ppm; 13C
NMR (101 MHz, CDCl3) d ¼ 169.9, 148.7, 133.7, 131.8, 129.6,
127.7, 127.9, 126.9, 125.6, 121.7, 118.8, 21.4 ppm.

4.5.22. S-Phenyl thioacetate.63 Yellow liquid; 88% yield; 1H-
NMR: (600 MHz, C6D6): d (ppm) ¼ 1.80 (s, 3H), 6.92–7.05 (m,
3H), 7.26–7.36 (m, 2H); 13C-NMR: (151 MHz, C6D6): d (ppm) ¼
29.5, 128.7, 129.2, 134.6, 191.6 ppm.

4.5.23. S-(4-Fluorophenyl)thioacetate.63 Yellow oil; 86%
yield; 1H-NMR: (600 MHz, C6D6): d (ppm)¼ 1.80 (s, 3H), 6.65 (t, J
¼ 8.6 Hz, 2H), 7.03–7.15 (m, 2H); 13C-NMR: (151 MHz, C6D6):
d (ppm)¼ 29.3, 116.4 (d, J¼ 22.1 Hz), 123.4 (d, J¼ 3.6 Hz), 136.4
(d, J ¼ 8.4 Hz), 163.6 (d, J ¼ 249.3 Hz), 191.9 ppm.

4.5.24. S-(4-Chorophenyl)thioacetate.63 Pale yellow oil; 86%
yield; 1H-NMR: (600 MHz, C6D6): d (ppm) ¼ 1.76 (s, 3H), 6.88–
6.94 (m, 2H), 6.96–7.08 (m, 2H); 13C-NMR: (151 MHz, C6D6):
d (ppm) ¼ 29.4, 126.9, 129.4, 135.6, 135.5, 191.4 ppm.

4.5.25. S-(4-Bromophenyl)thioacetate.63 Yellow Solid; 88%
yield; mp 51–55 �C; 1H-NMR: (600 MHz, C6D6): d (ppm) ¼ 1.77
(s, 3H), 6.92–6.97 (m, 2H), 7.07–7.10 (m, 2H); 13C-NMR: (151
MHz, C6D6): d (ppm) ¼ 29.0, 123.5, 127.1, 132.4, 135.7,
191.3 ppm.

4.5.26. S-(4-Methylphenyl)thioacetate.63 Pale yellow oil;
90% yield; 1H-NMR: (600 MHz, C6D6): d (ppm) ¼ 1.86 (s, 3H),
1.97 (s, 3H), 6.82–6.88 (m, 2H), 7.20–7.30 (m, 2H); 13C-NMR:
(151 MHz, C6D6): d (ppm) ¼ 20.9, 29.5, 125.3, 129.6, 134.8,
139.5, 192.4 ppm.

4.5.27. S-(3-Methoxy phenyl)thioacetate.63 Yellow oil; 91%
yield; 1H-NMR: (600 MHz, C6D6): d (ppm) ¼ 1.85 (s, 3H), 3.23 (s,
3H), 6.86–6.72 (ddd, J ¼ 8.1, 2.6, 1.2 Hz, 1H), 6.90–7.07 (m, 2H),
7.09 (dd, J ¼ 2.6, 1.6 Hz, 1H); 13C-NMR: (151 MHz, C6D6):
d (ppm) ¼ 29.5, 54.7, 115.6, 119.8, 126.7, 129.6, 130.0, 160.3,
192.0 ppm.

4.5.28. S-(3-Methyl phenyl)thioacetate.63 Yellow oil; 91%
yield; 1H-NMR: (600 MHz, C6D6): d (ppm) ¼ 1.90 (s, 3H), 1.94 (s,
3H), 6.85–6.92 (m, 1H), 7.04 (t, J ¼ 7.6 Hz, 1H), 7.19–7.27 (m,
2H); 13C-NMR: (151 MHz, C6D6): d (ppm) ¼ 20.6, 29.1, 128.5,
128.7, 129.6, 131.7, 135.3, 138.9, 192.2 ppm.

4.5.29. S-Naphthalene-2-yl thioacetate.63 Pale Yellow semi
solid; 94% yield; 1H-NMR: (600 MHz, C6D6): d (ppm) ¼ 1.92 (s,
3H), 7.18–7.24 (m, 2H), 7.43–7.56 (m, 4H), 7.89 (dd, J ¼ 1.6,
0.8 Hz, 1H); 13C-NMR: (151 MHz, C6D6): d (ppm) ¼ 29.6, 125.7,
126.5, 126.7, 127.7, 128.3, 128.9, 131.3, 133.7, 134.5, 192.2 ppm.
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G. Muller, P. Lecante and B. Chaudret, New J. Chem., 2006,
30, 122; (b) J. Li, Y. Zhang, D. Han, Q. Gao and C. Li, J.
Mol. Catal. A: Chem., 2009, 298, 31.

21 J. Otera, Chem. Rev., 1993, 93, 1449.
22 A. Orita, C. Tanahashi, A. Kakuda and J. Otera, Angew. Chem.,

Int. Ed., 2000, 39, 2877.
23 R. Alleti, M. Perambuduru, S. Samanha and V. P. Reddy, J.

Mol. Catal. A: Chem., 2005, 226, 57.
24 B. Karimi and J. Maleki, J. Org. Chem., 2003, 68, 4951.
25 N. Ghaffari Khaligh, J. Mol. Catal. A: Chem., 2012, 363–364,

90.
RSC Adv., 2021, 11, 21291–21300 | 21299

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra02222a


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
Ju

ne
 2

02
1.

 D
ow

nl
oa

de
d 

on
 7

/2
8/

20
25

 9
:2

7:
38

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
26 W. Steglich and G. Hoe, Angew. Chem., Int. Ed., 1969, 8, 981.
27 E. Vedejs and T. S. Diver, J. Am. Chem. Soc., 1993, 115, 3358.
28 E. F. V. Scriven, Chem. Soc. Rev., 1983, 12, 129.
29 S. Tomohumi, O. Kousaburo and O. Takashi, Synthesis, 1999,

7, 1141.
30 R. Ballini, G. Bosica, S. Carloni, L. Ciaralli, R. Maggi and

G. Sartori, Tetrahedron Lett., 1998, 39, 6049.
31 N. Anbu, N. Nagarjun, M. Jacob, J. M. V. K. Kalaiarasi and

A. Dhakshinamoorthy, Chemistry, 2019, 1, 69.
32 S. Bonacci, M. Nardi, P. Costanzo, A. D. Nino, M. L. D. Gioia,

M. Oliverio and A. Procopio, Catalysis, 2019, 9, 301.
33 S. Bonacci, G. Iriti, S. Mancuso, P. Novelli, R. Paonessa,

S. Tallarico and M. Nardi, Catalysis, 2020, 10, 845.
34 A. Procopio, G. D. Luca, M. Nardi, M. Oliverioa and

R. Paonessa, Green Chem., 2009, 11, 770.
35 T. W. Green and P. C. M. Wuts, Protective groups in organic

synthesis, Wiley, New York, 3rd edn, 1999.
36 J. Otera, Esterication: Methods, Reactions and Applications,

Wiley–VCH, 1st edn, 2003.
37 A.-X. Li, T.-S. Li and T.-H. Ding, Chem. Commun., 1997, 1389.
38 T.-S. Li and A.-X. Li, J. Chem. Soc., Perkin Trans. 1, 1998, 1913.
39 J. Julinawati, S. Gea, E. Eddiyanto, B. Wirjosentono and

I. Ichwana, IOP Conf. Ser.: Mater. Sci. Eng., 2019, 523, 021023.
40 J. Safari and N.-H. Nasab, Res. Chem. Intermed., 2019, 45,

1025–1038.
41 R. Gupta, V. Kumar, M. Gupta, S. Paul and R. Gupta, Indones.

J. Chem., 2008, 47, 1739.
42 F. Tamaddon, M. A. Amrollahi and L. Sharafat, Tetrahedron

Lett., 2005, 46, 7841.
43 H. Veisi, S. Taheri and S. Hemmati, Green Chem., 2016, 18,

6337.
44 K. Niknam and M. Blanco, J. Mol. Catal. A: Chem., 2010, 52,

316.
45 M. A. Bhosale, D. Ummineni, T. Sasaki, D. Nishio-Hamane

and B. M. Bhanage, J. Mol. Catal. A: Chem., 2015, 8, 404.
46 J. Albadi, A. Alihosseinzadeh andM. Mardani, Chin. J. Catal.,

2015, 36, 308.
21300 | RSC Adv., 2021, 11, 21291–21300
47 P. Kumar, R. K. Pandey, M. S. Bodas, S. P. Dagade,
M. K. Dogare and A. V. Ramaswamy, J. Mol. Catal. A:
Chem., 2002, 181, 207.

48 A. J. Hajipour and H. Karimi, Chin. J. Catal., 2014, 35, 1982.
49 S. H. Chaki, J. M. Tasmira, M. D. Chaudhary, J. P. Tailor and

M. P. Dshpandey, Adv. Nat. Sci.: Nanosci. Nanotechnol., 2015,
6, 035009.

50 R. B. Sonawane, N. K. Rasal and S. V. Jagtap, Org. Lett., 2017,
19, 2078.

51 B. P. Fors Karin, D. Qingle, Z. Stephen and L. Buchwald,
Tetrahedron, 2009, 65, 6576.

52 G. Zhang, Y. Zhao, L. Xuan and C. Ding, Eur. J. Org. Chem.,
2019, 30, 4911.

53 M. D. H. Bhuiyan, A. B. Mahon, P. Jensen, J. K. Clegg and
A. C. Try, Eur. J. Org. Chem., 2009, 5, 687.

54 K. Iida, S. Ishida, T. Watanabe and T. Arai, J. Org. Chem.,
2019, 84, 7411.

55 V. Arumugam, W. Kaminsky and D. Nallasamy, Green Chem.,
2016, 18, 3295.

56 M. J. Durán-Peña, J. M. Botubol-Ares, J. R. Hanson,
R. Hernandez-Galan and I. G. Collado, J. Am. Chem. Soc.,
2014, 136, 1062.

57 U. Mandi, A. S. Roy, B. Banerjee and Sk. M. Islam, RSC Adv.,
2014, 4, 42670.

58 A. Correa, T. Leon and R. Martin, J. Am. Chem. Soc., 2014,
136, 1062.

59 M. Kumar, S. Bagchi and A. Sharma, New J. Chem., 2015, 39,
8329.

60 R. Das and D. Chakraborty, Synthesis, 2011, 10, 1621.
61 S. M. D. Morais, N. S. Vila-Nova, C. M. L. Bevilaqua,

F. C. Rondon, C. H. Lobo, A. A. A. N. Moura, A. D. Sales,
A. P. R. Rodrigues, J. R. de Figuereido, C. C. Campello,
M. E. Wilson and H. F. de Andrade Jr, Bioorg. Med. Chem.,
2014, 22, 6250.

62 H. P. Narkhede, U. B. More, D. S. Dalal and P. P. Mahulikar,
Synth. Commun., 2008, 38, 2413.

63 K. Kucinski and G. Hreczycho, Org. Process Res. Dev., 2018,
22(4), 489.
© 2021 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d1ra02222a

	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions

	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions

	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions
	Magnetically recyclable silica-coated ferrite magnetite-K10 montmorillonite nanocatalyst and its applications in O,nbspN, and S-acylation reaction under solvent-free conditions




