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Abstract

The Magnetically recoverable Fe304 nanoparticle and the supported brensted acidic
ionic liquid 1-methyl-3-(3-trimethoxysilylpropyl) imidazolium hydrogen sulfate (Fe;Os-
IL-HSO,4) were synthesized and used as efficient magnetic catalysts for the
regioselective thiocyanation of aromatic and heteroaromatic compounds at room
temperature in Water: Ethanol. This procedure provided the target thiocyanates after
short reaction times in good to excellent yields and high regioselectivity. The catalyst can
be readily isolated by using an external magnet and no obvious loss of activity was
observed when the catalyst was reused in seven consecutive runs. The mean size and the
surface morphology of the nanoparticles were characterized by TEM, SEM, VSM, XRD

and FTIR techniques.
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Introduction

In the past decade, magnetic nanoparticles have been
attracting increasing materials attention among the
academic and industrial scientific, because of their high
surface area, unique magnetic properties, have a broad
range of potential uses in biomedical and high catalytic
activity [1-3]. Moreover, they have a wide range of
novel applications in various fields; such as magnetic
fluids [4] catalysis [5,6] biology and medical
applications [7] magnetic resonance imaging (MRI) [8,
9] data storage,[10] and environmental remediation

[11,12]. Therefore, catalytic systems developed on
MNPs aids have been successfully used in catalyzing a
wide range of organic reactions including knoevenagel
reaction [13], nucleophilic substitution reactions of
benzyl halides [14], epoxidation of alkenes [15],
synthesis of o-amino nitriles [16], hydrogenation of
alkynes [17], esterifications [18], CO, cycloaddition
reactions [19], Suzuki coupling reactions [20],
azidolysis of epoxides [21] and three-component
condensation [22]. Organosulfur compounds are very
important in organic chemistry. Among these
compounds, thiocyanates play an basic role in organic
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synthesis [23] also particularly useful for producing
drugs and pharmaceuticals [24]. Thiocyanate is a
versatile synthon [23], which can be readily become to
other functional groups such as sulfide [25], aryl nitrile
[26],thio-carbamate [27], and thionitrile[28]. Many
methods have been used for thiocyanation of aromatic
and heteroaromatic compounds such as
bromine/potassium thiocyanate [29], N-
thiocyanatosuccinimide [30], ceric ammonium nitrate
(CAN) [31], acidic montmorillonite K10 clay [32],
I,/ MeOH [24], Oxone [33], pentavalent iodine [34],
IBX [35], potassium peroxydisulfate /copper (II) sulfate
[36], H,0,, HCI [37], BSA/H,0, [38], Mn(OAc); [39],
[2(Sulfooxy)ethyl] sulfamic Acid/H,O, [40], BAIL,
H,0, [41] which have been used to the thiocyanation of
aromatic and heteroaromatic compounds. However, the
methods used suffer from one or more drawbacks such
as difficult working conditions, low yields and long
reaction time. Hence, a requirement for developing
superseded synthesis routines accessible to the
thiocyanation of aromatic and heteroaromatic
compounds is in high demand. In this work, we describe
an efficient protocol for the selective thiocyanation of
aromatic and heteroaromatic using Fe;0,4-IL-HSO,4 and
thiocyanation agent. This method has some advantages
including the use of an inexpensive and reusable ionic
liquid, easy handling, short reaction times, high yield,
and simplicity of the product isolation.

Materials and Methods

General

FeCl,.4H,O (99%), FeCl;.6H,O (98%), aromatic
aldehyde and other chemical materials were purchased
from Fluka and Merck and were used without further
purification. Products were characterized by comparison
of their physical data, IR and 'H NMR and "*C NMR
spectra with known samples. NMR spectra were
recorded in DMSO on a Bruker Advance DPX 400
MHz instrument spectrometer using TMS as an internal
standard. The purity determination of the products and
reaction monitoring were accomplished by TLC on
silica gel polygram SILG/UV 254 plates. IR spectra of
the compounds were obtained on a PerkinElmer
spectrometer version 10.03.06 using a KBr disk. The
particle morphology was examined by SEM and TEM.

Preparation of Fe;0 ,IL-HSO,

The magnetite nanoparticles were prepared by the
conventional co-precipitation method [42]. A schematic
representation of the synthesis of magnetic
nanoparticles supporting ionic liquids is shown in
Scheme 1. Then, 1-methyl-3-(3-trimethoxysilylpropyl)
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imidazolium chloride (IL), was prepared from the
reaction of imidazole with (3-
chloropropyl)trimethoxysilane was heated at 120 °C for
8 h with continuous stirring under N, atmosphere [43].
Then an excess amount of KHSO4 were added into
deionized water and stirred for 24 h at room
temperature. KCl, which was prepared during the
exchange of chloride anions with HSO,4 [44] and MNP-
IL-HSO, was separated by magnetic decantation,washed
with acetonitrile and dichloromethane, and left to dry in
a desiccator.

General Procedure for Preparation of Thiocyanation
Reaction

A suspension of indole (0.117 g, Immol), potassium
thiocyanate (0.294 g, 3mmol), and catalyst (20 mg) in
Water:Ethanol (1:4, 2 mL) was stirred at room
temperature for Smin. Then, H,0,(30%) (3mmol) was
added dropwise (2—5min) Scheme 2. The progress of
the reaction was monitored by TLC. After completion
of the reaction, thereaction mixture was extracted with
CHCI3(2 x25mL). Anhydrous Na,SO,43 g) was added
to the organic layer and filtered off after 20min.
CHClzwas removed. The yield was 0.159 g, (91%),
m.p71-73°C. FT-IR (KBr): 2159, 3289,'H-NMR (FT-
300MHz,CDCI;/TMS): dppm 8.87 (br s, 1H,NH), 7.83
(1H, d, J = 8.8Hz), 7.46-7.23 (4H, m).*CNMR(75MHz,
CDCly): 136.06, 131.22, 127.66, 123.83, 121.87,
118.65,112.24, 91.76.

Results and Discussion

Characterization of Fe;0,IL-HSO, preparation and
its structural and morphological analysis

Immobilization of Si—Im-HSO, functionalized MNPs
combines the advantages of ionic liquids with those of
heterogeneous catalysts. Fourier transform infrared (FT-
IR) spectra were recorded on a FT-IR spectrometer
(Perkin Elmer) with a spectral resolution of 4 cm™ in the
wave number range of 450-4000 cm’™. KBr pellets were
used for solid samples. The magnetic properties were
assessed with a vibrating sample magnetometer (VSM)
(RIKEN DENSHI Co. Ltd., Japan). The magnetic
properties of the particles were evaluated in terms of
saturation magnetization and coactivity. Scanning
electronic microscopy (SEM), the morphology of the
surface of Si—-Im-HSO, functionalized MNPs was
investigated using a scanning electronic microscope of
XL30 type (Netherland).

Fig. 1 presents the FTIR spectra of MNPs, IL and
Fe;04-IL-HSO,. Comparing with the spectra of MNPs
without modifiers (curve a), spectrum of Fe;O4-IL-
HSO, (curve ¢) presented a new peak at 1090 cm™' and
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Figure 1. FT-IR spectra of (a) MNP, (b) IL, (¢)
Fe304-IL-HSO4
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Figure 2. XRD pattern of (A) MNPs, (B) Fe;04-
IL-HSO,

appeared to indicate the Si-O band on the Fe;O4. The
peak wave numbers 2948 and 2843 cm ' are the
stretching vibrations of CH; and CH, and the peaks at
1403 and 1287 cm ' are their bending vibrations in ionic
liquid. Accordingly, one can be sure that IL has been
immobilized successfully on the surface of MNPs.

The X-ray diffraction patterns of Fe;04-IL-HSO,, is
shown in Fig. 2. Peaks of MNPs-IL (26 = 30, 36, 37,
38, 39, 46, 55, 58) and iron oxide phase (26 = 33, 41,
63, 68) confirms the structure of the catalyst.

The structural and morphological characterization of
Fe;0;, and  Fe;04-IL-HSO, nanostructure  were
performed by measuring SEM using a Philips XL30
scanning  electron  microscope.  The  surface
morphologies of the Fe;O4 nanoparticles without
modifiers and Fe;O4-IL-HSO, were shown in Figs. 3A
and 3B.

The TEM images of MNPs and Fe;04-1L-HSO, are
presented in Fig. 4, showing almost homogeneous and
uniform distribution of these particles in the powder
samples.

Figure 5 shows the magnetization curves of prepared
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Figure 3. SEM images of (A) Fe;O, nanoparticles, (B)
Fe304-IL-HSO4

Figure 4. TEM images of (A) MNPs, (B) Fe;0,4-IL-HSO,

MNPs, and Fe;04-1L-HSO,.The magnetization curve of
MNPs exhibited no emanence effect (indicating the
superparamagnetic property) with saturation
magnetization of about 60emu/g.

Application of Fe;0,IL-HSO,as magnetic catalyst for
the regioselective thiocyanation of aromatic and
heteroaromatic compounds in Water: Ethanol

To obtain suitable conditions for the reaction, we
tried the thiocyanation was check at different
conditions. In the absence of Fe;O,4-IL-HSO,, reaction

Magnetizatin (emu/g)

A A A A A
-10000 -8000 -6000 -4000 -2000 O 2000 4000 6000 8000 1000C
Applied field (Oe)

Figure 5. Magnetization curves of (a)MNPs and (b) Fe;0y4-
IL-HSO,
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Table 1. Optimization amounts of Fe;04-1L-HSO,, H,0,,and KSCNin Water: Ethanol (1:4, 2mL)

Entry Fe;O04-1L-HSO, ( mg) H,0, (mmol) KSCN(mmol) Time(min) Yield %
| 3 3 24(h) -
2 1 3 4 45 75
3 3 3 3 25 87
4 1 4 3 40 65
5 5 3 3 5 95
6 5 2 3 15 80
7 5 4 3 10 90
8 10 3 4 20 79
9 15 3 3 25 83
11 5 3 2 10(h) 45
12 S5 ememee e 24th) -

no M on HO A
FeCl; 6H,0 NH; 80°C HO OH A ,N/\/\si(OMe)
§ - . HO OH — o )
FeCl, 4H,0 1h
HO OH Etanol 4h, 50 °C
HO .5 OH
‘1) MNP
Si
Si
AN Ny S
vlnSi/()() OO, 0 _,lnb _00 000181\0
>0 LN kaso, 1o LNTRA
0\ (0] S\l N 0 O-Si N
;\;\91\ 0 O.S_/O \Q/ Water n,}gi'o o 0. (\) HSO, =<
1 1 v v R
O=si-y ° cr O=Si.y lfa
MNP-IL-CI MNP-IL-HSO,4

Scheme 1. Synthesis of magnetic nanoparticles supported ionic liquid (MNP-IL)

was not accomplished (Table 1, Entry 1). For the
synthesis of aryl thiocyanate , conversion of indole to
thiocyanato indole in Water:Ethanol (1:4) and room
temperature has been considered as a model reaction
(Scheme 1).

In an initial experiment we examined the reaction of
indole in Water:Ethanol in various values of H,0, and
KSCN (the results are shown in Table 1). According to
the Table 1 Is characterized that ratio of 1:3:3
(indole:H,0,:KSCN) was found to be the most suitable
in presence of Fe;04-IL-HSO, 5 mg. It should be noted
that in the absence of catalyst when indole was reaction
with hydrogen peroxide and KSCN, product was not
observed. When the amount of catalyst was less than
5mg, the yield of product was reduced. Otherwise,
increasing the catalyst loading from 5 to mg does not
significantly change the yield. Also to select a suitable
solvent, we tested various solvents such as H,O,
EtOH,MeOH, CH;CN, CH,Cl,, THF, and AcOEt(the
results are shown in Table 2). Both the yields and the
reaction times were shown in Table 2. It is characterized

J.Sci. . R. Iran

Table 2. Optimization of solvent in presence of Fe;O4-IL-

HSO, (5 mg) for synthesis of 3-thiocyanato-1H-indole

Entry solvent Time Yield

(min) %
1 H,0 (5mL) 3(h) 57
2 Ethanol (5mL) 35 68
3 Water: Ethanol (1 : 1, SmL) 50 59
4 Water: Ethanol (1 : 1, 10mL) 55 70
5 Water: Ethanol (1 : 2, 5SmL) 45 78
6 Water: Ethanol (1 : 3, 5mL) 45 83
7 Water: Ethanol (1 : 4, 5mL) 35 85
8 Water: Ethanol (1 : 4, 2mL) 5 95
9 Water: Ethanol (1 : 5, 5mL) 45 89
10 Water: Ethanol (1 : 10, 5SmL) 45 84
11 Water: Ethanol (2:1, 5mL) 40 80
12 Water: Ethanol (5:1, 5mL) 90 83
13 Water: Ethanol (2:3, 5mL) 55 68
14 MeCN 3(h) 68
15 MeOH 90 80
16 CH,Cl, 2(h) 50
17 THF 3(h) 65
18 AcOEt 3(h) 59
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that Water:Ethanol (1:4, 2mL) the best solvent for the
thiocyanation in presence of Fe;O4-IL-HSO, (In this
section, 5 mg Fe;04-IL-HSO, was used). We identified
that Water:Ethanol (1:4) was the best and most suitable
solvent for the thiocyanation of aromatic and
heteroaromatic compounds in the presence of Fe;O4-1L-

HSO,.

After obtaining the optimal conditions for
thiocyanation, we carried out the reaction with various
aromatic and heteroaromatic compounds under the
optimized conditions(the results are shown in Table 3).
Most compounds used reacted under these conditions

SCN

> A\

MNP-IL-HSO,, KSCN

Tz /i

H,0,, water:Ethanol(1:4) N
H

Scheme 2. Thiocyanation reaction of indole in the presence of Fe;04-IL-HSO,

Table 3. Substrate scope in the thiocyanation reaction of arenes using KSCN/ Fe;0,4-1L-HSO4/H,0,
under room temperature

Entry Substrate Product Time (min) Yield (%)
1 ©j> SCN 5 95
A\
' o0
H N
H
2 ©f\> SCN 25 97
N Cry
\ N
Son
3 m { 10 96
N
H N
4 15 88
N\ D—scN
N
N H
H
5 Br SCN 20 98
N A\
H N
H
6 \N/ \N/ ~ W 2 08
'I 'I SCN
7 N /N son 8 98
o oAt
8 OH oH 2(h 75
N/_/ NCS<©—N/_/ ®
it
OH
OH
9 o e 90 91
s Q ( o
\/N oj NCS’Q_{ o]
o) o
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11 > > 85 92
e
) NCSON}
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12 N 13 HN\_/N«i> @
14
NH, (j
Cy %
s 16 @ 17
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Table 4. Comparison of catalytic ability of catalysts
Entry System Time (min) Yield % [ref.]
1 Fe;0,4-1L-HSO4/Water: Ethanol 5 95 [This work]
2 I,/MeOH 50 85[24]
3 K10clay/MeOH,80°C 2(h) 85[32]
4 Mn(OAc)y/HOAc 2 (h) 83[39]
5 DDQ/MeOH 50 94[45]
6 DEAD/MeCN 45 85[46]
7 Citric acid/H,0,/H,0 20 91[47]
Table 5. The catalytic activity of Fe;0,-IL-HSO,in 7 cycles.
Run 1 2 3 4 5 6 7
Yield (%) 95 93 93 90 91 88 86
and this reaction provided good-to-excellent yields with Conclusion
all the substrates tested. A green methodology for the regioselective
The reaction was moderate and good for indoles and thiocyanation of aromatic and heteroaromatic

N,N-disubstituted anilines. According to the table 3,
indole and electron-rich indoles gave the desired
products in excellent yields (Table 3, Entries 1-3). Also,
electron-poor indoles such as 5-bromoindole produces
5-bromo-3-thiocyanatoindoles with good yields but
required longer reaction times (Table 3, Entry 5).
According to Table3 Is characterized that compounds
containing electron donor groups is high speed and high
yield. The thiocyanation reaction for ring indoles and
N,N-disubstituted anilines, SCN group placed with
highly regioselective in 3 position in indoles and para-
position in N,N-disubstituted anilines.

After study thiocyanation reaction for the
heteroaromatic compounds we also examined the
capability of aromatic amines in the thiocyanation
reaction. The samples reacted and produced
corresponding arylthiocyanates in high yield (Table 3,
Entries 6-11), However, compounds such as N,N,4-
trimethylaniline,  1-phenylpiperazine, aniline, o-
toluidine, and N,N,N-triphenylamine did not react with
potassium thiocyanate and Fe;0,4-1L-HSO4/H,0, and
the product was not found (Table 3, Entries12—16). As
shown in Table 3, the substitution was highly
regioselective, occurring at the para-position of the
aromatics rings.

As it can be seen in Table 4, Fe;04-IL-HSO, as a
catalyst afforded good results in comparison to the other
catalysts. In order to evaluate the efficiency of our
introduced method, more recently developed methods
were compared with our present method on the basis of
the yields and reaction times parameters, the results are
given in Table 4. The catalyst was consecutively reused
seven times without any noticeable loss of its catalytic
activity (Table 5).
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compounds at room temperature in Water: Ethanol,
using magnetically recoverable Fe;O04-IL-HSO,. This
method has advantages including the use of an
inexpensive and reusable catalyst, short reaction times
in comparison to the other procedures, high yield and
simplicity of the product isolation. In this way, the
catalyst can be easily recovered by simple magnetic
decantation and reused several times with no loss of
activity.
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