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Synthesis of the first magnetic nano particles with thiourea
dioxide-based sulfonic acid tag: Application at the one-pot
synthesis of 1,1,3-tri(1H-indol-3-yl) alkanes under mild and green
conditions

Mohammad Ali Zolfigol, * Roya Ayazi-Nasrabadi*

A novel and recyclable thiourea dioxide-based magnetic nano particles with sulfonic acid tag {Fe;0,@SiO,@(CH,)s-thiourea
dioxide-SOsH/HCI} was described. The described catalyst was fully characterized by Fourier transform infrared
spectroscopy (FTIR), X-ray diffraction patterns (XRD), scanning electron microscopy (SEM), energy-dispersive X-ray
spectroscopy (EDX), transmission electron microscopy (TEM), thermo gravimetric analysis (TGA), atomic force microscopy
(AFM) and ultraviolet—visible spectroscopy (UV/Vis). The reported novel nano magnetic catalyst represents excellent
activities and catalytic performance in the synthesis of 1,1,3-tri(1H-indol-3-yl) alkane derivatives through one-pot three-

component

Introduction

In recent decades, one of the most significant issues and concerns is
the usage of nanoscience in the development of environmental
science, medicine and importantly, catalysis. Unique compatibility
and consistency between the nanoscience and green chemistry is
due to applications efficiently of nanotechnology in the process and
produce products greener so that nanoscience acts as a savior in
the environmental and energy (:haIIenges.l’2 The use of catalysts in
order to achieve the goal of reducing or eliminating emissions and
create a cleaner environment is one of the principles of green
chemistry.3 An important class of nanoparticles are nano catalysts.
Possess wide surface to volume ratio and thus increase the reaction
rate due to the increase contact between the catalyst and the
reactants, puts nano catalysts in the category of catalysts with high
potency and activity.“’5 Better separation and reuse were the focus
of attention, pursuing the expansion of usage of nano catalysts so
these particles supported on a solid surface.

One of the important and significant groups of nanoparticles is
magnetic nanoparticles (MNPs) because that as a catalyst
supported have very particular properties such as high surface
areas and ease separation of the catalyst on reaction completion to
having magnetic properties.ﬁ'8 Ideal characteristics included
chemically stable, low toxicity, affordable, and most importantly,
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mixed Mannich-type and Friedel-Crafts

reactions under solvent-free conditions at 60 °C.

quickly, facility and convenience in separation using an external
magnet without any filtration, making them a serious and
considerable substitute than other heterogeneous catalytic
systems. Magnetic nanoparticles can be functionalized with a wide
range of diverse groups such as organic compounds, metals and
polymers, so can be used as a catalyst with diverse and various
applications.m’g'11

There are tend to aggregation between of the pure Fe;0, nano
magnetic due to the intense dipole—dipole attraction. Therefore,
magnetic nanoparticles stuck together to form large clusters and
they have limited functional groups and
properties.12 One of the common methods used to modify and

improve the performance surface, is a coating of magnetic

lose the specific

nanoparticles (MNPs) with a layer of silica.” Manipulate their
surface could improve the chemical stability of magnetite
nanoparticles via prevents magnetic nanoparticles

aggregation. Silica coating creates an inert surface so can be used in

from

biological systems. Moreover, silica-coated nanoparticles can be
easily functionalized by silanol group which can conjugation of with
a range of different chemical entities. Subsequent enabling their
use in a large number of application.14

Functioned based sulfonic acid is a significant branch of magnetic
nano particles. Various solid acid catalysts with variety of acid sites
were considered in many different processes. Frequently solid acids
are mild, non-toxic, very selective and reusable therefore they can
be regarded as environmentally friendly.ls’16
catalysts known as ionic liquid is developed in the synthesis of

Lately a group of

compounds chemistry with having unique attributes. An important
and useful category of ionic liquids (ILs) is Brgnsted acidic ionic
liquid functionalized with sulfonic acid that can be acted as a good
acidic catalyst to advance different reactions.”’

J. Name., 2013, 00, 1-3 | 1
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Thiourea dioxide (TUD) has been prepared via the oxidation
reaction of thiourea by hydrogen peroxide. TUD has several
important advantages both in industry and in academia.’® It can
have a variety of applications such as regent with multiple roles,19
(:atalyst20 and reductant.”*

To the best of our knowledge, heterocyclic ring systems with
widespread natural compounds have key role in the life.”2 The
Michael addition reaction that name as a conjugate addition is a
versatile synthetic methodology that also used to as another
efficient method for the formation of new C—C bonds.” The Friedel-
Crafts reaction is a typical electrophilic substitution reaction for
carbon-carbon bond forming process.24 Michael/Friedel-Crafts
cascade of indolyl moieties as electron-rich component of electron-
deficient enals or enones is the most efficient strategy that can give
a wide range of important biological activate molecules which have
more applications in molecular medicine.”>*®

In our continued interest in the designing, synthesis, application
and knowledge-based development of solid acids,27 nano®® and
nano magnetic catalysts,29 task- specific ionic liquids (TSILs)30 and
inorganic acidic salts,31 so due to the specific characteristics of
magnetic nanoparticles, solid acids and ionic liquids, herein, we
decided to join all of the above mentioned research proposal within
the novel described catalyst. Thus, to achieve this goal, we have
designed, prepared and used thiourea dioxide-based ionic liquid-
stabilized on silica coated Fe;O, magnetic nano particles
{Fe;0,@Si0,@(CH,);s-thiourea dioxide-SO3H/HCI} in the synthesis of
1,1,3-tri(1H-indol-3-yl)
conditions (Scheme 1).

alkane derivatives under solvent-free

Nano magnetic Fe3Oy-silica coated functionalized with ionic liquid
{Fe;0,@Si0,@(CH,);-thiourea dioxide-SO;H/HCI}
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Scheme 1. The synthesis of 1,1,3-tri(1H-indol-3-yl) alkane derivatives using
novel thiourea dioxide-based ionic liquid-stabilized on silica coated Fe;0,4
magnetic nano particles {Fes0,@Si0,@(CH,)s-thiourea dioxide-SOsH/HCI} as
an efficient catalyst.

Results and discussion

Characterization of novel thiourea dioxide-based ionic liquid-
immobilized on silica coated Fe;0, magnetic nano particles
{Fe;0,@Si0,@(CH,);-thiourea dioxide -SO;H/HCI} with sulfonic
acid tag as a catalyst

2| J. Name., 2012, 00, 1-3

Studies to vouch the determination of the structure thiourea
dioxide-based ionic liquid-immobilized on silica coated Fe;0,4
magnetic nano particles {Fe;0,@SiO,@(CH,)s;-thiourea dioxide-
SO;H/HCI} as a green, mild, safe and potent novel magnetic catalyst
was investigated and fully characterized by using FTIR, EDX, TG,
XRD, SEM, TEM, AFM and UV/Vis analysis.

The infrared spectra (FT-IR) of bare Fe;0, magnetic nano particles,
Fe;0,@SiO, core-shell MNPs and the other core-shell surface
altered samples are shown in Fig. 1. In the curve a, the spectrum of
naked Fe;0, nano particles illustrates an absorption band relevant
to the bending vibration of Fe—O at about 580 em™. The absorption
peaks appearance in 1100, with small shoulder approximately 1200
and 798 cm™ likely come from Si-O-Si asymmetric and symmetric
stretching vibration, respectively and all of them correspond to a
layer of silica coated Fe;0,. In the curve c, the tendency of propyl
group is confirmed by the band in circa 2930 em™ related to the
stretching vibration of the C—H bonds. Two observation bands at
3369 and 3212 cm ™ can be connected to N—H stretching group on
thiourea dioxide. The other peaks at 1698 and 1636 cm™ are due to
stretching vibration of C=N group on imine moiety. In addition, the
broad band of stretching vibration related to O-H in the SO3;H and
SO,H functional groups located at about 2700 to 3600 em™ and a
sharper peak at 3394 em™. Also a peak at around 1208 em ™ linked
to the vibrational modes of O—-SO, more confirmed the presenting
of sulfonyl moiety within the described catalyst.

FTIR spectra used to display alterations in the synthesis of
{Fe;0,@Si0,@(CH,)s-thiourea dioxide-SO;H/HCI} MNPs
catalyst. These changes step by step, with the addition of

as a

substances in each section, in this spectra approved that the
materials are added in each section and represents a MNPs catalyst
is formed. For more clarification, in Fig. 1 the spectral lines for each
sample is assigned. (Now, all changes are obviously present in Fig.
1).
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Fig. 1. The IR spectrum of (a) Fes0s (b) Fes0,@SiOy;
Fe30,@Si0,@(CH,)sCl;  (d) Fes0,@Si0,@(CH,)s-thiourea  dioxide;
{Fe;0,@Si0,@(CH,)s-thiourea dioxide-SOsH/HCI}.

(c)
(e)

Energy dispersive X-ray analysis (EDX) used for structure
identification {Fe;0,@SiO,@(CH,);-thiourea dioxide-SO;H/HCI} as
an ionic liquid nano magnetic catalyst and shown elemental
composition of the core-shell structures, including N, Fe, O, Si, S and

This journal is © The Royal Society of Chemistry 20xx
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Cl which the obtained results were of acceptable concordance with
expectations (Fig. 2).
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Fig. 2. The energy-dispersive X-ray spectroscopy (EDX) of
{Fe30,@Si0,@ (CH,)s-thiourea dioxide-SOsH/HCl} as a MNPs catalyst.

The thermogram analysis (TG) and differential thermal gravimetric
(DTG) of the catalyst {Fe;0,@SiO,@(CH,)s-thiourea
SO3;H/HCI} are considerable at a range of 10-550 °C in nitrogen

dioxide-

atmosphere along with increasing temperature velocity of 10 °C
min™" (Fig. 3). In patterns of TG and its derivatives demonstrate
multistage decomposition. The first mass loss nearby 100 °C is due
to the elimination of physisorbed water and organic solvents. The
second and most original weight loss around 410 °C which is a
feature of the surface functionalities and the liquid
decomposition. Accordingly, this catalyst decomposed after 520 °C.

ionic

Fig. 3. The thermo gravimetric analysis (TGA) of {Fe;0.@SiO,@(CH,)s-
thiourea dioxide-SOsH/HCI} as a MNPs catalyst.

X-ray diffraction is a tool for reconnaissance the structure of
crystals which can be utilized for measuring the size and diameter
as well as determining the crystal plates of nanoparticles. The X-ray
diffraction (XRD) patterns of (a) Fe;0, and (b) {Fe;0,@SiO,@(CH,)s-
thiourea dioxide-SO3H/HCI} were investigated (Fig 4). As can be
seen uncoated Fe3;0, core-shell MNPs indicate sharp peaks in the
areas 26 = 14.80, 30.10, 35.50, 43.10, 53.00, 57.00, 62.80, 70.50,
73.90 which correspond to with Miller index values {h k I} of (1 1 0),
(220),(311),(400),(331),(422),(511),(440)and(531),
respectively. This information fully complies with the patterns of
the crystalline spinel ferrites of nano particles of Fe;0, MNPs
characterized in the literature data (JCPDS card No. 85-1436) and

This journal is © The Royal Society of Chemistry 20xx

the obtained results acknowledge that the nanoparticles of Fe;0,
are pure with a spinel structure crystalline,32 As is observed, XRD
pattern of Fe;0,@SiO, indicated a broad peak in the region of 26 =
18°-25° That relates to amorphous nature of silica. Except for this
difference, the XRD pattern of the Fe;0,@SiO, microspheres
sample presented similar patterns of Fe;0, nanoparticles that these
results indicate that the Fe;0,@SiO, complex has been synthesized
and SiO, was amorphous thus the crystal structure of Fe;0, does
not change after being coated with SiO,. There are similar peaks in
the XRD pattern of the {Fe;0,@SiO,@(CH,)s-thiourea dioxide-
SO3;H/HCI} with XRD pattern of the structure of naked magnetite
nanoparticles Fe;0, that represents layered and spherical of
catalyst preserved spherical and layered structure of catalyst
maintain and sustain during the manufacturing process from
prepare of Fe;0, nano magnetic to final stage of synthesis of the
nano magnetic ionic liquid catalyst {Fe;0,@SiO,@(CH,)s-thiourea
dioxide-SOsH/HCI}. In addition to the peaks in the pattern a,
appeared another peak in the final XRD pattern of catalyst which
would confirm manufacture of {Fe;0,@SiO,@(CH,)s;-thiourea
dioxide-SOsH/HCI}. XRD pattern of {Fe;0,@SiO,@(CH,);s-thiourea
dioxide-SOsH/HCI} displayed diffraction lines of high crystalline
nature at 20 = 14.40” broad peak at 18.30° to 36.40° with sharp
peaks on it at 23.70° 24.50°, 28.10°, 29.40°, 32.00°, 32.40° 37.50°,
41.80°, 43.60°, 45.80°, 52.90° and 76.30°. The Debye-Scherrer’s
equation [D = KA/(BcosB)] can be used to calculate the size of
crystalline particles in the form of powder. In this equation D is the
crystalline mean size, K is the dimensionless shape factor with
typical values of about 0.9, A is the x-ray wavelength, 8 is the
bandwidth at half the maximum intensity of peak (FWHM) and 6 is
the Bragg angle in degree. Inter planer distance attains via the
Bragg equation: dhkl = A/(2sinB). Size, the distance between the
crystal plates and peak breadth (FWHM) at a distance of 9.55° to
52.44° in the XRD paradigm were evaluated and the gained results
were brought in Table 1. The average crystallite size particles gained
from this equation in the nanometer range (9.55-52.44 nm) that is a
good match with observations made in the scanning electron
microscopy (SEM), transmission electron microscopy (TEM) and
atomic force microscopy (AFM) (Fig. 5).

Tt

1 (b)

silica

Intensity (a.u.)

28 (Degree)

Fig. 4. The x-ray diffraction (XRD) pattern of the Fe;0, MNPs (a); Fe30,@SiO,
(b); {Fe30,@Si0,@(CH,)s-thiourea dioxide-SOsH/HCI} (c) as a MNPs catalyst.
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Table 1. X-ray diffraction (XRD) data for the {Fe;0,@SiO,@(CH,);-thiourea
dioxide-SOsH/HCI} as a MNPs catalyst.

Peak width Size Inter planer
Entry 26 .
[FWHM] (degree) [nm] distance [nm]
1 14.40 0.25 32.03 0.614378
2 23.70 0.45 18.04 0.374969
3 24.50 0.5 16.26 0.632304
4 28.10 0.5 16.38 0.317175
5 29.40 0.86 9.55 0.303438
6 32.00 0.35 23.61 0.279352
7 32.40 0.2 39.56 0.275994
8 37.50 0.16 52.44 0.239547
9 41.80 0.2 42.52 0.215845
10 43.60 0.19 45.03 0.207341
11 45.80 0.17 50.73 0.197880
12 52.90 0.24 36.97 0.172871
13 76.30 0.22 45.92 0.124651

UV/Vis spectrum was another tool which was used for confirming
the structure of the {Fe;0,@Si0O,@(CH,)s;-thiourea dioxide-
SO3;H/HCI} as a MNPs catalyst. This analysis was applied to compare
changes in different stages of catalyst synthesis. Thereby, it was
found that there are differences in absorption maximum between
catalyst structure {Fe;0,@SiO,@(CH,);-thiourea dioxide-SO3H/HCI}
with other structures, and this is an affirmation of the synthesis of
this compound. A, related to MNPs catalysts has appeared in
about 209 nm (Fig. 6). As a result, changes in steps, which are
associated with changes in the value of A, as well as changes in
the curves represents the MNPs catalyst is constructed. For more
clarity, Amax value of each step on the curve specified.

Fig. 5. Scanning electron microscopy (SEM) (a); transmission electron
microscopy (TEM) (b); atomic force microscopy (AFM) (c and d) of the
{Fe;0,@Si0,@(CH,)s-thiourea dioxide-SOsH/HCI} as a MNPs catalyst.

4| J. Name., 2012, 00, 1-3
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Fig. 6. The UV Absorption curves of {Fe;0,@SiO,@ (CH,)s-thiourea dioxide-
SO3H/HCI} as a MNPs catalyst.

Application of {Fe;0,@Si0,@(CH,)s-thiourea dioxide-SO;H/HCI} as
a MNPs-TUD-SO;H catalyst in the synthesis of 1,1,3-tri(1H-indol-3-
yl) alkane derivatives.

After full characterization of MNPs-TUD-SOsH and serve as the first
application of this new nanostructure catalyst, we peruse the
catalytic activity of nano particles in the synthesis of 1,1,3-tri(1H-
indol-3-yl) alkanes. Herein, we wish to find the appropriate reaction
conditions to the synthesis of 1,1,3-tri(1H-indol-3-yl) alkanes, via
condensation reaction between of crotonaldehyde and indole as a
model reaction and tested impact changes of the amounts of
MNPs-TUD-SO;H catalyst and temperature at range of 25-60 °C
under solvent-free conditions (Table 2).

Table 2. Optimization results of the amounts of the catalyst and
temperature in the synthesis of 1,1,3-tri(1H-indol-3-yl) alkanes under
solvent-free conditions.

Catalyst loading Reaction Reaction time = |
Entry o . Yield” (%)
(mg) temperature ("C) (min)

1 Catalyst-free 60 180 N.R
2 1 60 180 40
3 3 60 180 40
4 5 60 120 75
5 7 60 60 85
6 10 r.t. 60 90
7 10 40 40 93
8 10 60 25 96
9 15 60 20 97
10 20 60 20 96

Reaction conditions: * crotonaldehyde (1 mmol), indole (3.2 mmol); Plsolate
yield.

According to the results shown in Table 2, the best conditions for
carrying out this reaction is the use of 10 mg of MNPs-TUD-SOsH
catalyst at temperature 60 °C (Table 2, entry 8). As pointed out in
Table 2, in the absence of catalyst (Table 2, entry 1) the reaction
was not proceeded, thus, product was not formed. Clearly
demonstrated that with respect to the quantity of the catalyst,

This journal is © The Royal Society of Chemistry 20xx
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significant improvements in reaction performance by increasing the
amount of catalyst is not observed (Table 2, entries 9 and 10).
Eventually, after obtaining the best conditions of temperature and
catalyst, to investigate the effect of solvent the MNPs-TUD-SO;H
catalyst (10 mg) and temperature (60 °C) was kept constant and
compared the reaction in solvent-free conditions and in various
solvent conditions such as ethanol, acetonitrile, dichloromethane,
ethyl acetate and toluene. We realized solvent-free condition is
more effectual than solvent conditions for described reaction. With
the optimized conditions at hand, we then assess the efficiency and
the scope of the MNPs-TUD-SO;H catalyst in the reaction. Various
a,8-unsaturated compounds reacted with 3.2 equivalents of indole
to give the corresponding 1,1,3-tri(1H-indol-3-yl) alkanes with
excellent yields in proper time of reaction under optimized
conditions. The influence of different functional groups such as
electron-withdrawing and electron-donating were studied and
pleased to see that both groups of substituents produced
corresponding products in high vyield. As specified in Table 3,

RSC Advances

electron donating groups add electron density to the system,
therefore increase the rate and decrease the reaction's time, in
contrast, electron withdrawing groups with less nucleophilic
decrease the rate and hence increase the time of reaction.
Proposed a simple and acceptable mechanism for the synthesis of
1,1,3-tri(1H-indol-3-yl) alkanes catalyzed with MNPs-TUD-SO3H
depicted in Scheme 2. According to the reaction pathway in the
beginning, the carbonyl group of a,8-unsaturated compound will be
activated in the presence of MNPs-TUD-SO;H catalyst and formed
the active intermediate I. Indole easily attacked to this unstable
intermediate and the product corresponding provides due to the
1,4- and 1,2-additions. Next step followed by activation of existing
intermediate via nano magnetic particles MNPs-TUD-SOsH and a
nucleophilic reaction of a third molecule of indole with this
intermediate that eventually this catalytic cycle completed by
removing a water molecule and the desired product 1,1,3-tri(1H-
indol-3-yl) alkane was produced at present of the novel
nanostructured catalyst.

Table 3. The synthesis of 1,1,3-tri(1H-indol-3-yl) alkane derivatives using 10 mg of {Fe;0,@Si0,@(CH,)s-thiourea dioxide-SO3H/HCI} as a MNPs-TUD-SO3H

catalyst.’

Entry Heteroaryl a,8-Enal or Enone Time (min) Yield® (%) M.p (°C) [Lit]®"
1 Indole Crotonaldehyde 25 96 115-117[114-116])
2 1-Methylindole Crotonaldehyde 15 97 109-110[108-112]238
3 2-Methylindole Crotonaldehyde 20 94 186-189[186-189]*
4 7-Nitroindole Crotonaldehyde 60 85 140-141
5 5-Bromoindole Crotonaldehyde 90 95 143[158-160]*°
6 2-Methylfuran Crotonaldehyde 120 89 -
7 Indole Acrolein 30 97 182-184[180-185)>*
8 1-Methylindole Acrolein 20 95 89-91[88-93]***
9 2-Methylindole Acrolein 30 97 159-161[158-159]*
10 5-Bromoindole Acrolein 150 92 170-171[170-174)%
11 2-Methylfuran Acrolein 180 86 -
12 Indole Trans-2-heptenal 30 91 134-135[136-141]%
13 1-Methylindole Trans-2-heptenal 20 93 127-129[129]*
14 Indole Trans-2-hexenal 30 90 127-128[129-133]%
15 1-Methylindole Trans -2-hexenal 20 92 129-131[129-131]*
16 7-Nitroindole Trans -2-hexenal 75 88 129

Reaction conditions: °a, B-unsaturated (1 mmol), indole (3.2 mmol), ®solate yield.

This journal is © The Royal Society of Chemistry 20xx
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Scheme 2. The probable mechanism for the synthesis of 1,1,3-tri(1H-indol-3-
yl) alkane derivatives catalyzed by {Fe;0,@Si0,@(CH,)s-thiourea dioxide-
SO;H/HCI} as a MNPs-TUD-SO3H catalyst.

The goal of this protocol that was pointing out the effects of
combined of solid Bronsted acid catalyst supported on
nanostructure materials with inherent magnetic property for the
expansion of new eco-friendly and care about the environment. The
combined had synergistic effects the noteworthy point that we
noticed.

As previously mentioned, magnetic nanoparticles (MNPs) have
many benefits such as small size, good chemical stability and above
all else, ease in separation and purification using an external
magnet. Coating the surface of the magnetic nanoparticles with an
inert silica layer the magnetic dipole attraction will be decreased.
Then, the suitable deposition of (3-chloropropyl) triethoxysilane
seated onto Fe;0, silica coated surface that can react with a variety
of diverse compounds. Thiourea dioxide serves as a linker. Meaning
that, on the one side, thiourea dioxide attack to propyl chloride
pending group leads to eliminate of chloride (in the third stage of
the synthesis of catalyst), that causes anchored TUD on the silica
surface. On the other hand, attack to chlorosulfonic acid leads to
addition of sulfonic acid tags to the pending thiourea dioxide
moieties of catalyst (in the fourth stage of the synthesis of catalyst).
According to the reaction mechanism, The reaction proceeds due to

This journal is © The Royal Society of Chemistry 20xx

acidic hydrogen react with reactive sites in the components and
thiourea dioxide acts only as linker between propyl group and
sulfonic acid tag.

To examine this matter, the reaction between crotonaldehyde and
indole was considered under the same reaction condition in the
presence of 10 mol% thiourea dioxide as a catalyst. The
corresponding 1,1,3-tri(1H-indol-3-yl) alkane was synthesized in
40% yield at 4h (Scheme 3). The obtained results confirmed that the
acidic protons play the major role of catalyst in the reaction and the
progress of the reaction.

Thiourea dioxide (10 mol

Solvent-free, 60°C
4h

Thiourea dioxide (TUD) as a catalyst.

To prove the recycle and reusability of MNPs-TUD-SO3;H as a
catalyst after collecting and separating from the reaction mixture by
using of external magnet was examined via reaction of
crotonaldehyde with indole under optimized conditions for several
runs. It was found that the recycled catalyst could be reused five
times without any appreciable loss in the catalytic activity. The

results are presented in Fig. 7.
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Fig. 7. Recycle and reusability of the {Fe;0,@Si0,@(CH,)s-thiourea dioxide-
SO3H/HCI} in the synthesis of 1,1,3-tri(1H-indol-3-yl) alkane in 25 minutes.

Actually, when the number of step recycling process of catalyst
increased, the loss of some of the performances is observed. The
occurrence has a result of washed off a percentage of the catalyst
during the product separation and therefore reaction time was
slightly increased and an isolated yield of obtained product was
decreased. Really, decreasing in vyields and increasing of the
reaction times is due to the pouring and decreasing of molar ratio
of catalyst in the course of reaction work-up in any recovery cycle.
Also, the structure of reused {Fe;0,@SiO,@(CH,);-thiourea dioxide-
SO;H/HCI} was confident via IR spectrum, XRD pattern and
elemental analysis after its application in the reaction. The results
of these spectra indicate a high congruence with the spectra of
fresh catalyst, and is confirmed on the stability of the catalyst
during the reaction. (Fig. 8, Fig. 9 and Table 4 respectively)

Transmittance

| 3394cm- 3

3900 3400

2400 1900 1400
Wavelength (cm™)

2900

Fig. 8. The IR spectrum of recycled (a) and fresh (b) of {Fe;0,@SiO,@(CH,)s-
thiourea dioxide-SO3H/HCI} as a MNPs catalyst.
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Fig. 9. The XRD pattern of recycled (a) and fresh (b) of {Fes0,@SiO,@(CH,)s-
thiourea dioxide-SOsH/HCI} as a MNPs catalyst.

Table 4. The elemental analysis (CHNS) to fresh and recycled of
{Fe30,@Si0,@(CH,)s-thiourea dioxide-SOsH/HCI} as a MNPs catalyst.

Weight % Fresh MNPs Recycled MNPs
Nitrogen 4.01 3.82
Carbon 18.98 19.15

This journal is © The Royal Society of Chemistry 20xx
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3.80
11.51

3.57
11.76

Hydrogen
Sulfur

To compare the efficiency of the MNPs catalyst with some reported
catalysts for the synthesis of 1,1,3-tri(1H-indol-3-yl) alkanes
derivatives, we have introduced the results of these catalysts to
attain the condensation of crotonaldehyde and indole in Table 5. As
can be seen, the MNPs catalyst has inordinately improved the
synthesis of products in different terms (reaction time, yield and
the amount of catalyst).

Table 5. Comparison of the results in the synthesis of model product in the
presence of MNPs catalyst with other studied catalysts

Entr Reaction Catalyst Time Yield

Ref.
y condition loading (hours) (%)
1 MNPs, Solvent- 10 0.41 96 This
m .
free, 60 °C g work
Yb(OTf)s, CH5CN,
13 kb 32 mg 168 6 26¢
r
Zr(OTf),,
5 mol% 72 87 26b
EtOH/H,0, r.t.
Cerium
Ammonium
i 10 mol% 1 99 26e
Nitrate (CAN),
DMSO/H,0, r.t.
5 1,,Et,0, r.t. 50 mol% 1 99 26e
AuCls, CH5CN, Ar,
6 U . " 1mol% 12 70 23f
r.t.
7 SbCl;, CHsCN, r.t. 10 mol% 3 94 26g
8 AICl;, CH3CN, r.t. 10 mol% 0.13 96 26a
Modified silica
sulfuric acid
9 (MSSA), CHsCN 200 mg 12/0.58 92/96 26h
’ 3 ’
r.t./ reflux
(R)-(-)-1,1"-
Binaphthyl-2,2'-
10 diyl hydrogen 10 mol% 2.5 80 26d
phosphate,
CH,Cl,, r.t.
Conclusion

In conclusion, a novel, green and mild thiourea dioxide functioned
by chlorosulfonic acid on the surface of silica-coated magnetic
nanoparticles {Fe;0,@Si0,@(CH,)s-thiourea dioxide-SO;H/HCl} was
designed, synthesized and fully characterized by FT-IR, EDX, XRD,
TG, SEM, TEM, AFM and UV/Vis analysis. Catalytic activity of MNPs-
TUD-SO3H as a recyclable and remarkable catalyst was studied in
the synthesis of 1,1,3-tri(1H-indol-3-yl)
Condensation of crotonaldehyde and indole at 60 °C and under

alkane derivatives.

solvent-free conditions lead to the formation of the corresponding
product. Eco-friendly, general, easy purification of the catalyst, high

yield, short reaction time and easy work-up are including the salient
and attractive features of this research.

Experimental
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General procedure for preparation of nano ionic liquid catalyst
based thiourea dioxide functionalized by chlorosulfonic acid
stabilized on the surface of silica-coated magnetic nano particles
{Fe;0,@Si0,@(CH,);-thiourea dioxide-SO;H/HCI}

In the beginning, Fe;0, (magnetite phase) was prepared by the
addition of 3 mL FeCl; (2 M dissolved in 2 M HCI) to 10.33 mL
double distilled water continued to drop wise adding 2 mL Na,SO;
(1 M) for 3 min in conditions magnetic stirring. Subsequently the
solution changes color from red to light yellow, 80 mL of an
ammonia solution (0.85 M) were added under severe stirring. After
lapse of 15 minutes, the black magnetite precipitate (Fe;0,) was
washed to pH < 7.5 by distilled water and separated with a
magnet.33 To cover the surface of the iron oxide nanoparticles with
a layer of silica, 1 g of Fe;0,4, 20 mL double distilled water, 80 mL
ethanol, 3 mL ammonia solution and 3 mL tetraethylorthosilicate
(TEOS) were mixed under reflux to achieved Fe;0,-silica coated
(Fe304@Si02).34 In the following, 3 g of Fe;0,-silica coated
(Fe;0,@Si0,) and (3-chloropropyl) triethoxysilane (10 mmol) in 80
mL of dry toluene was refluxed under nitrogen atmosphere for 12
h. Nano particles synthesized (Fe;0,@SiO,@(CH,);Cl) was filtered,
washed twice with dry toluene and anhydrous diethyl ether, and
dried at 80 °C for 6 h in vacuum. Thereupon, thiourea (10 mmol)
dissolved in 50 mL dry toluene added to contain 2 g of
Fe;0,@Si0,@(CH,);Cl and the mixture was refluxed for 12 h.
Magnetic nanoparticles obtained was filtered, washed and dried in
a similar process to make the Fe;0,@SiO,@(CH,);-thiourea dioxide.
Finally, chlorosulfonic acid (10 mmol) was added drop wise to the
vessel containing a mixture of 2 g of magnetic nanoparticles
{Fe;0,@Si0,@(CH,)s-thiourea dioxide} in dry dichloromethane and
the mixture was stirred for 6 h. After performing the steps of
filtering, washing and drying, the thiourea dioxide-based ionic
liquid-stabilized on silica coated Fe;0, magnetic nano particles
{Fe;0,@Si0,@(CH,);-thiourea dioxide-SO;H/HCI} as a MNPs-TUD-
SO3;H catalyst was attained. Overarching theme preparing the
MNPs-TUD-SO;H catalyst illustrated in Scheme 3.

General procedure for the synthesis of 1,1,3-tri(1H-indol-3-yl)
alkane derivatives.

A mixture of crotonaldehyde (1 mmol, 0.070 g), indole (3.2 mmol,
0.374 g) and MNPs-TUD-SO3;H (10 mg) was stirred magnetically
under solvent-free conditions at 60 °C for the required period of
time as showed in Table 3. Upon completion of the reaction, as
indicated by TLC, the catalyst easily separated magnetically by using
an external magnet to be reused in subsequent reactions.
Purification of the corresponding product was carried out by
column chromatography over silica gel (70-230 Mesh) that using n-
hexane-ethyl acetate (8:2) as eluent. To ensure the formation of the
desired products, physical data obtained was compared with those

reported known compounds.

8 | J. Name., 2012, 00, 1-3

Page 8 of 11

TEOS, H,0
C,HOH, NH;

-

Fe;0,4

@ oy
.
_ oo,
Toluene, Reflux @

Fe30,@Si0, Fey0,@Si0,@(CH,);Cl

C
i

|
Q ® )
HN. _S " ~ OH
) y ,\/\L(

\W’ “OH / N__S.
0 g OH i 5
NH H\L(” 1 g
—
Toluene, Reflux cHcn, T

Fe30,@Si0,@(CH,) y-thiourea dioxide

{Fe30,,@Si0,@(CHy);-thiourea dioxide-SO;H/HCI} MNPs

Scheme 3. The synthesis of thiourea dioxide functionalized by chlorosulfonic
acid on the surface of silica-coated magnetic nano particles
{Fe;0,@Si0,@(CH,)s-thiourea dioxide-SOsH/HCI}.

Spectral data analysis of compounds
3-(1,3-bis(7-nitro-1H-indol-3-yl)butyl)-7-nitro-1H-indole (Table 3,
entry 4): Orange solid; M.p. 140-141 °C; Yield: 85%,; IR(KBr, Cm'l):
3438, 3089, 2925, 1630, 1556, 1513, 1481, 1320, 1222, 1089, 806,
733, 538; "H NMR (300 MHz, DMSO-dg): 6 (ppm) 1.37 (d, J = 6.2 Hz,
3H), 2.55 (m ,1H), 2.75 (m, 1H), 2.96 (m, 1H), 3.40 (s, 2H), 4.58 (t, J =
6.9 Hz, 1H), 7.01 (q, J = 8.3 Hz, 2H), 7.31 (s, 1H), 7.59 (m, 3H), 7.90
(d, J = 7.6 Hz, 2H), 8.00 (t, J = 8.0 Hz, 3H), 11.71 (d, J = 15.8 Hz, 2H);
3¢ NMR (DMSO-dg): & (ppm) 21.7, 28.2, 30.9, 42.4, 117.8, 118.0,
118.4, 119.9, 122.2, 124.7, 125.7, 125.9, 127.2, 127.5, 128.6, 128.7,
128.8, 130.7, 130.8, 130.9, 132.4; MS (EI): m/z 538 (1.9%, M"), 335
(76.4), 289 (18.2), 190 (30.0), 167 (28.4), 149 (100), 57 (33.9).

3-(1,3-bis(7-nitro-1H-indol-3-yl)hexyl)-7-nitro-1H-indole (Table 3,
entry 16): Orange solid; M.p. 129 °C; Yield: 88%; IR(KBr, Cm'l):
3442, 2925, 1628, 1595, 1384, 1322, 1094, 733, 468; "4 NMR (300
MHz, DMSO-dg): 6 0.68 (t, J = 7.2 Hz, 3H), 1.07 (m, 2H), 1.71 (m, 2H),
2.68 (m, 2H), 2.84 (m, 1H), 3.37 (s, 2H), 4.40 (t, J = 8.0 Hz, 1H), 6.99
(m, 2H), 7.26 (s, 1H), 7.45 (d, J = 18.3 Hz, 2H), 7.73 (m, 3H), 7.99 (m,
3H), 11.71 (t, J = 15.6 Hz, 2H); *C NMR (DMSO-d): & (ppm) 13.9,
20.2, 30.9, 33.8, 38.2, 40.9, 117.9, 118.0, 118.4, 119.3, 120.0, 120.6,
125.6, 126.0, 127.3, 127.5, 128.7, 130.7, 130.9, 131.3, 132.3, 132.5;
MS (El): m/z 566 (3.7%, M), 335 (100), 289 (24.1), 218 (74.0), 175
(42.1), 129 (16.8).

Acknowledgements
We thank Bu-Ali
Foundation (INSF) for financial support (The Grant of Allameh
Tabataba'i Award, Award, Grant Number: BN093) to our research
group.

Sina University and Iran National Science

Notes and references

Faculty of Chemistry, Bu-Ali Sina University, Hamedan 6517838683,

Iran

*Corresponding Author: Fax: +988138257407

E-mail: zolfi@basu.ac.ir and mzolfigol@yahoo.com (M.A. Zolfigol)

and r.ayazi.86@gmail.com (R. Ayazi-Nasrabadi)

TElectronic Supplementary Information (ESI) available: [details of

any supplementary information available should be included here].

See DOI: 10.1039/b000000x/

1. (a) V. Polshettiwar, R. Luque, A. Fihri, H. Zhu, M. Bouhrara, J. M.
Basset, Chem. Rev., 2011, 111, 3036; (b) V. Polshettiwar, R. S.

This journal is © The Royal Society of Chemistry 20xx



Page 9 of 11

10.

11.

12,

13.

14.

RSC Advances

Varma, Green Chem., 2010, 12, 743; (c) M. B. Gawande, P. S.
Brancoa, R. S. Varma, Chem. Soc. Rev., 2013, 42, 3371; (d) M.
Akia, F. Yazdani, E. Motaee, D. Han, H. Arandiyan, Biofuel Res. J.,
2014, 1, 16.

R. S. Varma, Sustain. chem. process., 2014, 2, 11.

(a) D. Vaya, Int. J. Green Herb. Chem., 2012, 1, 52; (b) A. R.
Kiasat, J. Davarpanabh, J. Mol. Catal. A: Chem., 2013, 373, 46.

L. L. Chang, N. Erathodiyil, J. Y. Ying, Acc. Chem. Res., 2012, 46,
1825.

S. Shylesh, V. Schiinemann, W. R. Thiel, Angew. Chem., Int. Ed.
Engl., 2010, 49, 3428.

(a) E. Rafiee, S. Eavani, Green Chem., 2011, 13, 2116; (b) V.
Zhang, C. G. Xia, Appl. Catal., A, 2009, 366, 141; (c) N. T. S. Phan,
C. S. Gill, J. V. Nguyen, Z. J. Zhang, C. W. Jones, Angew. Chem.,
Int. Ed. Engl., 2006, 45, 2209.

(a) D. K. Yi,S.S. Lee, J. Y. Ying, Chem. Mater., 2006, 18, 2459; (b)
T. Wendy, A. B. Ageeth, W. G. John, Catal. Today, 1999, 48, 329;
(c) A. H. Latham, M. E.Williams, Acc. Chem. Res., 2008, 41, 411;
(d) A. H. Lu, E. L. Salabas, F. Schuth, Angew. Chem., Int. Ed.
Engl., 2007, 46, 1222.

(a) R. Abu-Reziq, H. Alper, D. Wang, M. L. Post, J. Am. Chem.
Soc., 2006, 128, 5279; (b) T. Hara, T. Kaneta, K. Mori, T.
Mitsudome, T. Mizugaki, K. Ebitanic, K. Kaneda, Green Chem.,
2007, 9, 1246.

(a) Y. Deng, Y. Cai, Z. Sun, J. Liu, C. Liu, J. Wei, W. Li, C. Liu, Y.
Wang, D. Zhao, J. Am. Chem. Soc., 2010, 132, 8466; (b) S. Wu, A.
Sun, F. Zhai, J. Wang, W. Xu, Q. Zhang, A. A. Volinsky, Mater.
Lett., 2011, 65, 1882; (c) Q. Du, W. Zhang, H. Ma, J. Zheng, B.
Zhou, Y. Li, Tetrahedron, 2012, 68, 3577; (d) N. Koukabi, E.
Kolvari, A. Khazaei, M. A. Zolfigol, B. Shirmardi-Shaghasemi, H.
R. Khavasi, Chem. Commun., 2011, 47, 9230.

(a) M. Ma, Q. Zhang, D. Yin, J. Dou, H. Zhang, H. Xu, Catal.
Commun., 2012, 17, 168; (b) A. Schatz, T. R. Long, R. N. Grass,
W. J. Stark, P. R. Hanson, O. Reiser, Adv. Funct. Mater., 2010,
20, 4323; (c) U. U. Indulkar, S. R. Kale, M. B. Gawande, R. V.
Jayaram, Tetrahedron Lett., 2012, 53, 3857; (d) S. B. Kim, C. Cai,
J. Kim, S. Sun, D. A. Sweigart, Organometallics, 2009, 28, 5341.
(a) C. S. Gill, B. A. Price, C. W. Jones, J. Catal., 2007, 251, 145; (b)
B. Pelaz, P. del Pino, P. Maffre, R. Hartmann, M. Gallego, S.
Rivera-Fernandez, J. M. de la Fuente, G. Ulrich Nienhaus, W. J.
Parak, ACS Nano, 2015, 9, 6996; (c) U. Jeong, X. Teng, Y. Wang,
H. Yang, Y. Xia, Adv. Mater., 2007, 19, 33; (d) M. Shokouhimehr,
Y. Piao, J. Kim, Y. Jang, T. Hyeon, Angew. Chem., Int. Ed. Engl.,
2007, 46, 7039; (e) S. Qu, H. Yang, D. Ren, S. Kan, G. Zou, D. Li,
M. Li, J. Colloid Interface Sci., 1999, 215, 190.

(a) J. Ramos, A. Millan, F. Palacio, Polymer, 2000, 41, 8461; (b) X.
Chen, J. Zhu, Z. Chen, C. Xu, Y. Wang, C. Yao, Sens. Actuator B-
Chem., 2011, 159, 220; (c) M. Mokhtary, J. Iran. Chem. Soc.,
2016, doi: 10.1007/s13738-016-0900-4.

T. K. Kim, M. N. Lee, S. H. Lee, Y. C. Park, C. K. Jung, J. H. Boo,
Thin. Solid. Films., 2005, 475, 171.

(a) Y. Lu, Y.Yin, B. T. Mayers, Y. Xia, Nano Lett., 2002, 2, 183; (b)
W. Wu, Q. He, C. Jiang, Nanoscale Res. Lett., 2008, 3, 397; (c) M.
Qhobosheane, S. Santra, P. Zhang, W.H. Tan, Analyst, 2001, 126,

This journal is © The Royal Society of Chemistry 20xx

15.

16.

17.

18.

19.

20.

21.

22.

23.

1274; (d) M. D. Butterworth, L. lllum, S. S. Davis, Colloids Surf. A,
2001, 179, 93; (d) S. Santra, R. Tapec, N. Theodoropoulou, J.
Dobson, A. Hebard, W. H. Tan, Langmuir, 2001, 17, 2900; (e) M.
Bonine, A. Wiedenmann, P. Baglione, Mater. Sci. Eng. C, 2006,
26, 745; (f) Y. H. Deng, C. C. Wang, J. H. Hu, W. L. Yang, S. K. Fu,
Colloids Surf. A, 2005, 262, 87; (g) M. Parveen, S. Azaz, F.
Ahmad, A. M. Malla, M. Alam, Catal. Lett.,, 2016, doi:
10.1007/s10562-016-1793-7.

(a) P. Gupta, S. Paul, Catal. Today, 2014, 236, 153; (b) N.
Diamantopoulos, D. Panagiotaras, D. Nikolopoulos, J.
Thermodyn. Catal., 2015, 6, 1; (c) S. Rostamnia, E. Doustkhaha,
Synlett, 2015, 26, 1345; (d) D. Azarifar, Y. Abbasi, O. Badalkhani,
J. Iran. Chem. Soc., 2016, doi: 10.1007/s13738-016-0920-0.

(a) X. Yang, L. Chen, B. Han, X. Yang, H. Duan., Polymer, 2010,
51, 2533; (b) H. Naeimi, Z. S. Nazifi, J. Nanopart. Res., 2013, 15,
2026. (c) H. Wang, J. Covarrubias, H. Prock, X. Wu, D. Wang, S.
H. Bossmann, J. Phys. Chem. C, 2015, 119, 26020; (d) L. Pefia, K.
L. Hohn, J. Li, X. S. Sun, D. Wang, J. Biomater. Nanobiotechnol.,
2014, 5, 241; (e) L. Jalili-Baleh, N. Mohammadi, M. Khoobi, L.
Mamani, A. Foroumadi, A. Shafiee, Helv. Chim. Acta, 2013, 96,
1601.

(a) A. R. Moosavi-Zare, M. A. Zolfigol, M. Zarei, A. Zare, V.
Khakyzadeh, J. Mol. Lig., 2013, 186, 63; (b) A. Khazaei, M. A.
Zolfigol, A. R. Moosavi-Zare, J. Afsar, A. Zare, V. Khakyzadeh, M.
H. Beyzavi, Chin. J. Catal., 2013, 34, 1936; (c) J. Gui, X. Cong, D.
Liu, X. Zhang, Z. Hu, Z. Sun, Catal. Commun., 2004, 5, 473; (d) A.
C. Cole, J. L. Jensen, I. Ntai, K. L. T. Tran, K. J. Weaver, D. C.
Forbes, J. H. Davis, Jr., J. Am. Chem. Soc., 2002, 124, 5962; (e) A.
R. Hajipour, F. Rafiee, Org. Prep. Proced. Int., 2010, 42, 285.

(a) M. Ghashang, S. S. Mansoor, K. Aswin, Chin. J. Catal., 2014,
35,127; (b) S. Verma, S. L. Jain, Tetrahedron Lett., 2012, 53,
6055; (c) R. Ayazi-Nasrabadi, Synlett, 2015, 26, 1281.

(a) W. Y. Huang, J. L. Zhuang, Chin. J. Chem., 1991, 9, 270; (b) A.
Kreutzberger, U. H. Tesch, Arch. Pharm., 1978, 311, 429.

(a) F. H. Wu, B. N. Huang, L. Lu, W. Y. Huang, J. Fluorine Chem.,
1996, 80, 91; (b) S. Verma, S. L. Jain, Tetrahedron Lett., 2012,
53, 2595; (c) S. Verma, S. L. Jain, Tetrahedron Lett., 2012, 53,
6055.

(a) E. S. Abdel-Halim, S. S. Al-Deyab, Carbohydr. Polym., 2011,
86, 1306; (b) R. B. dos Santos, T. J. Brocksom, U. Brocksom,
Tetrahedron Lett., 1997, 38, 745; (c) J. Wang, T. Zhou, H. Deng,
F. Chen, K. Wang, Q. Zhang, Q. Fu, Colloids Surf. B., 2013, 101,
171.

(a) A. F. Pozharskii, A. T. Soldatenkov, A. R. Katritzky,
Heterocycles in Life and Society, 1st. ed. Wiley: New York, 1997,
301; (b) M. S. Saini, A. Kumar , J. Dwivedi, R. Singh, Int. J.
Pharma Sci. Res., 2013, 4, 66; (c) R. Dua, S. Shrivastava, S. K.
Sonwane, S. K. Srivastava, Adv. Biol. Res., 2011, 5, 120; (d) F.
Shirini, S. Esmaeeli-Ranjbar, M. Seddighi, Chin. J. Catal., 2014,
35, 1017.

(a) B. D. Mather, K. Viswanathan, K. M. Miller, T. E. Long, Prog.
Polym. Sci., 2006, 31, 487; (b) J. Comelles, M. Moreno-Mafias, A.
Vallribera, ARKIVOC., 2005, ix, 207.

J. Name., 2013, 00,1-3 | 9



RSC Advances

24. (a) N. O. Calloway, Chem. Rev., 1935, 17, 327; (b) S. Prajapati, A.
P. Mishra, A. Srivastava, Int. J. Pharm., Chem. Biol. Sci., 2012, 2,
52; (c) M. Rueping, B. J. Nachtsheim, Beilstein J. Org. Chem.,
2010, 6, 6.

25. M. Shiri, M. A. Zolfigol, H. G. Kruger, Z. Tanbakouchian, Chem.
Rev., 2010, 110, 2250.

26. a) M. Shiri, M. A. Zolfigol, R. Ayazi-Nasrabadi, Tetrahedron Lett.,

2010, 51, 264; (b) M. Shi,. S. C. Cui, Q. J. Li, Tetrahedron, 2004,
60, 6679; (c) P. E. Harrington, M. A. Kerr, Can. J. Chem., 1998,
76, 1256; (d) M. Zhao, X. Zhang, C. He, P. S. Bhadury, Z. Sun,
Aust. J. Chem., 2015, 68, 327; (e) S. Ko, C. Lin, Z. Tu, Y. F. Wang,
C. C. Wang, C. F. Yao, Tetrahedron Lett., 2006, 47, 487; (f) V.
Nair, N. Vidya, K. G. Abhilash, Tetrahedron Lett., 2006, 47,
2871; (g) P. Kundu, G. Maiti, Indian J. Chem., 2008, 47B, 1402;
(h) M. A. Zolfigol, H. Veisi, F. Mohanazadeh, A. Sedrpoushan, J.
Heterocyclic Chem., 2011, 48, 977.

27. (a) P. Salehi, M. A. Zolfigol, F. Shirini, M. Baghbanzadeh, Curr.
Org. Chem., 2006, 10, 2171; (b) M. Safaiee, M. A. Zolfigol, M.
Tavasoli, M. Mokhlesi, J. Iran. Chem. Soc., 2014, 11, 1593; (c) D.
Azarifar, S. M. Khatami, M. A. Zolfigol, R. Nejat-Yami, J. Iran.
Chem. Soc, 2014, 11, 1223.

28. (a) M. A. Zolfigol, R. Ayazi-Nasrabadi, S. Baghery, RSC Adv.,
2015, 5, 71942; (b) M. A. Zolfigol, A. Khazaei, M. Mokhlesi, F.
Derakhshan-Panah, J. Mol. Catal. A: Chem., 2013, 370, 111; (c)
M. Daraei, M. A. Zolfigol, F. Derakhshan-Panah, M. Shiri, H. G.
Kruger, M. Mokhlesi, J. Iran. Chem. Soc., 2015, 12, 855.

29. (a) M. A. Zolfigol, T. Azadbkht, V. Khakizadeh, R. Nejat-Yami, D.
Perrin, RSC. Adv., 2014, 4, 40036; (b) T. Azadbakht, M. A.
Zolfigol, R. Azadbakht, V. Khakizadeh, D. Perrin, New J. Chem.,
2015, 39, 439; (c) M. A. Zolfigol, V. Khakyzadeh, A. R. Moosavi-
Zare, A. Rostami, A. Zare, N. Iranpoor, M. H. Beyzavie, R. Luque,
Green Chem., 2013, 15, 2132.

30. (a) M. A. Zolfigol, S. Baghery, A. R. Moosavi-Zare, S. M. Vahdat,
J. Mol. Catal. A. Chem., 2015, 409, 216; (b) M. A. Zolfigol, S.
Baghery, A. R. Moosavi-Zare, S. M. Vahdat, H. Alinezhad, M.
Norouzi, RSC. Adv., 2014, 4, 57662; (c) A. R. Moosavi-Zare, M. A.
Zolfigol, O. Khaledian, V. Khakyzadeh, M. Darestani-Farahani, H.
G. Kruger, New J. Chem., 2014, 38, 2342; (d) M. A. Zolfigol, S.
Baghery, A. R. Moosavi-Zare, S. M. Vahdat, RSC. Adv. 2015, 5,
32933; (e) M. A. Zolfigol, F. Afsharnadery, S. Baghery, S.
Salehzadeh, F. Maleki, RSC Adv., 2015, 5, 75555.

31. See review: F. Shirini, M. A. Zolfigol, P. Salehi, M. Abedini, Curr.
Org. Chem., 2008, 12, 183.

32. (a) A. Ziyaei Halimehjani, S. E. Hooshmand, E. Vali Shamiri, RSC
Adv., 2015, 5, 21772; (c) N. Azizi, L. Torkian, M. R. Saidi, J. Mol.
Catal. b: Chem., 2007, 275, 109; (c) F. Shirini, N. Ghaffari
Khaligh, Chin. J. Catal., 2013, 34, 1890.

33. (a) N. Koukabi, E. Kolvari, A. Khazaei, M. A. Zolfigol, B.
Shirmardi-Shaghasemi, H. R. Khavasi, Chem. Commun., 2011,
47, 9230; (b) S. Qu, H. Yang, D. Ren, S. Kan, G. Zou, D. Liand, M.
Li, J. Colloid Interface Sci., 1999, 215, 190.

34.Y. H. Deng, C. C. Wang, J. H. Hu, W. L. Yang, S. K. Fu, Colloids

Surf. A. Physicochem. Eng. Asp., 2005, 262, 87.

10 | J. Name., 2012, 00, 1-3

Page 10 of 11

This journal is © The Royal Society of Chemistry 20xx



Page 11 of 11 RSC Advances
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Synthesis of the first magnetic nano particles with thiourea dioxide-based sulfonic acid tag: Application at the
one-pot synthesis of 1,1,3-tri(1H-indol-3-yl) alkanes under mild and green conditions

Nano magnetic Fe;O-silica coated functionalized with ionic liquid
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Synthesis of the first thiourea dioxide-based ionic liquid-stabilized on silica coated Fe;O4 magnetic nano particles {Fe;04@SiO>@(CH,);-thiourea

dioxide-SO;H/HCI} as an exquisite, extraordinary and effective catalyst for the synthesis of 1,1,3-tri(1/-indol-3-yl) alkane derivatives.
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