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as an efficient heterogeneous catalyst for the diazotization / iodination reaction of different aromatic

amines under solvent-free conditions at room temperature. The diazonium salts that are formed by this

www.rsc.org/

catalyst are stable at room temperature and react rapidly with sodium iodide to produce aryl iodides in

good to excellent yields. This method has some advantages such as low pollution, rapid access to
products, simple work-up and easy separation of catalyst from the reaction mixture.

Introduction

The synthesis of azo compounds is highly important for
different uses such as organic dyes,l'11 chemosensors,' >’
indicators,'®  radical  polymerization initiators,'  and
photochemical switches.**' Azo dyes can be obtained via
condensation of diazonium salts with a strong nucleophile.
Diazonium salts are prepared by the reaction of nitrosonium ion
(NO") and aniline derivatives in low temperature (0-5 °C). NO*
ions are achieved via reaction of sodium nitrite and strong liquid
acids such as silica sulfuric acid,”? sulfanilic acid,? p-toluene
sulfonic acid,** potassium hydrogen sulfate under solvent free
condition, 2° nano sized iron-promoted,26 zinc and ammonium
salts.”” Also, the azo compounds are prepared by the oxidation of
hydrazines,”®? reduction of azoxybenzenes,*'** and reductive
coupling of nitroaromatics.***® However, the most of these
techniques have limitations such as long reaction time, toxic
materials and tedious work-up.

On the other hand, the use of the ionic liquid as
heterogeneous catalysts under solvent-free conditions is
becoming very popular as it has many advantages such as
reduced pollution, reusability, high selectivity, low cost, and
simplicity in process and in handling. These factors are
especially important in industry. These advantages led to the use
of ionic liquids in the synthesis of azo dyes.>”’

In this sense, brensted acidic ionic liquids are important class
of ionic liquids and form by the transfer of a proton between a
Bronsted acid and a Brensted bases. The key property of these
ionic liquids is their Breonsted acidity, and much research has
been conducted into this.***' They have been used as catalysts
and/or media instead of inorganic acids in many conventional
synthetic reactions. Since the most organic compounds can
dissolve in ionic liquids, acidic ILs can be used both as reaction
medium and solvent.*> Though ILs possessed such promising
advantages, their widespread practical application was still
hampered by several disadvantages, for examples (a) high
viscosity, which resulted in only a minor part of ILs taking part
in the catalyzed reaction for chemical production (b)
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homogeneous reaction, which was difficult for separation and
reuse procedures (c) consequently high cost for the use of
relatively large amounts of ILs as opposed to economic
criteria, .

An approach to overcome these limitations is the development of
supported ionic liquid catalysts (SILC) that requires smaller amounts
of ionic liquid and simultaneously minimizes limitations associated
to their viscosity, separation and corrosiveness. SILC combine
attractive features of homogeneous catalysis such as the uniform
nature of the catalytic centres, high specificity and selectivity of the
catalyst, with important features of heterogeneous catalysts, such as
high interfacial surface area, high system stability, reusability and
potential use in fixed-bed reactor®. SILC have been successfully
used as catalysts in various organic reactions, for example
hydroformylation,***’ alkylations,*® and hydrogenation;***" reaction.

Recently, the functional silica and silica-coated magnetite
nanoparticles are considered the most active research areas in
advanced materials, they were used as a support for different
application such as the dehydration of fructose to 5-
hydroxymethylfurfural,”’ and heavy metals chemosensing.’>"
Additionally, recent studies show that silica coated magnetite
nanoparticles are excellent supports for catalysts.>. The
supported catalysts proved to be effective and easily separated
from the reaction media by applying an external magnetic field.

The main objective of the present study is the development of a
new class of supported ionic liquid catalysts (SILC). An acid ionic
liquid with catalytic activity based on N-propyl-2-pyrrolidonium
hydrogen sulfate ([H-NMP] HSO,) moiety has been covalently
bound to nano-sized silica-coated magnetite to produce supported
Tonic liquid nanoparticles (Fe;O4@SILnP) as reported in the figure
1. In particular, these systems have been developed to acquire the
advantages of heterogeneous catalytic systems and the large surface
area that is conferred by the nanoparticles.

To evaluate the size effects originating from the silica coated
magnetite supports, particles with different sizes are evaluated on the
catalytic performance in the diazotization reaction. The reusability of
the Fe;04@SILnP has been also investigated at the optimized
reaction conditions reported in this work.
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Figure 1: general structure of the supported ionic liquid catalysts (Fe;0,@SILnP) based on N-propyl-2-pyrrolidonium hydrogen sulfate ([H-
NPP] HSO,) bonded to nano-sized silica-coated magnetite. (a) H,O / EtOH / NH; aq, sonication, TEOS, 12 h (b) toluene, reflux, 24 h.

Results and discussion colloidal magnetic nanoparticles in a basic alcohol/water mixture of
absolute EtOH, DIW, and 30% aq ammonia solution. After, the
surface of the prepared silica nanoparticles was modified by the
ionic liquid 3b containing the organosilane moiety.
Catalyst characterization

The structural information of the supported ionic liquid nano
particles (Fe;O04@SILnP) was studied by solid-state characterization

Synthesis of N- (propyl triethoxysilane)-2-pyrrolidone

The scheme 1 reports the synthesis of N - (propyl
triethoxysilane) — 2 - pyrrolidone 3b from Pyrrolidin-2-one 1 witch
reacts with (3-chloropropyl) triethoxysilane 2 in dry toluene under
reflux for 24 h followed by the treatment with sulfuric acid.

(o} . . .
techniques such as TEM imaging, TGA, VSM and FTIR.

* >j'/\/\ The TEM images of the magnetite, the silica coated magnetite,

i OBt 2 and the modified silica coated magnetite (Fe;0,@SILnP)

nanoparticles used in this study are shown in figure 2.

1
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Scheme 1: Synthesis of N - (propyl triethoxysilane) -2 - pyrrolidone.
Reagents and condition (a) dry toluene, reflux, 24 h (b) H,SO,,
DCM, 0°C to 60 °C, 12h.

Synthesis and surface modification of silica-coated magnetite

nanoparticle catalysts : et e S @
The magnetite nanoparticles were prepared following the ’. M} “
procedure reported in the literature.’”®> The coating magnetite Tam -

nanoparticles with silica was carried out by using the sol-gel Figure 2 The micro-pictures of (A) naked Fe;O, particles (TEM);
process, relies on the use of the of tetraethylorthosilicate (TEOS) as  (B) magnetic silica nanoparticles (TEM); (C) magnetic silica
the source of silica matrix. In this method, silica phase are formed on  nanoparticles modified with ionic liquids.
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The silica coated magnetite nanoparticles present a spherical
shape with an average particle diameter of about 55 nm. When the
silica coated magnetite nanoparticles were functionalized with the
ionic liquid based on the N- (propyl triethoxysilane)-2-pyrrolidone
3b, the obtained nanoparticles show a little aggregation comparing
with the silica coated magnetite nanoparticles which might be
because the layer of ionic liquids surrounding may interact with each
other.

The magnetic properties of the synthesized nanoparticles were
also studied by a vibrating-sample magnetometer VSM. Figure 3
shows the hysteresis loops of the Fe;O,; silica coated Fe;O, and
supported ionic liquid nano particles (Fe;0,@SILnP) at room
temperature. The saturation magnetization, Ms, of bulk magnetite
(92 emu gl) was reduced to 57 emu g for magnetite nanoparticles.
It is known that the magnetization of a magnetic particle in an
external field is proportional to its size value. Therefore, a smaller
saturation magnetization value for the magnetite nanoparticles
compared to the bulk material is reasonable. The saturation magnetic
moments of the silica coated Fe;O, nanoparticles and the
Fe;04@SILnP reached to 48 emu g and 41 emu g, respectively.
This can be explained by considering the diamagnetic contribution
of the silica shells surrounding the magnetite nanoparticles.
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Figure 3: Magnetization curve of (1) magnetite nanoparticles (2)
silica coated Fe;O4 and (3) magnetic silica nanoparticles modified
with ionic liquids.

The thermal stability of samples was investigated by
thermogravimetric analysis (TGA). TGA curves of the magnetite,
silica coated magnetite and magnetic silica nanoparticles modified
with ionic liquids are shown in figure 4. As shown in figure 4, the
weight losses of the magnetic silica nanoparticles modified with
ionic liquids Fe;04@SILnP (curve 3) below 250 °C were resulted
from the release of both the physisorbed and chemisorbed water on
the surface of the Fe;0,@SILnP nanoparticles. And the breakout of
the structured water in SILnP occurred above 600 °C. The organic
compounds of Fe;O,@SILnP were decomposed in the temperature
range of 250 - 600 °C. The major weight loss is attributed to the
decomposition of fixed ionic liquid which is chemically bonded onto
the surface of magnetite coated silica nanoparticles. The amount of
organic compounds bound on the surface of the nanoparticles is
estimated from the percentage of weight loss from the TGA curve.
TGA of the in Fe;0,@SILnP indicated that the fixed ionic liquid
content was about 12%.

The fixed ionic liquid started to decompose at about 250 °C and
was completely burned out at about 595 °C. For the unmodified
magnetite coated silica, no significant weight loss below 100 °C
could be observed and only a small change in mass percentage could
be seen in the temperature range of 100-250 °C. The weight loss

This journal is © The Royal Society of Chemistry 2012

recorded as 2 wt % in this temperature range mainly resulted from
the release of water molecules bonded physically and chemically in
the magnetite nanoparticles (figure 4A).

Meanwhile, the peak in the DTG curve (figure 4B) shows that
the fastest loss of the IL occurred at 390 °C. Therefore, the
Fe;0,@SILnP is stable around or below 250 °C. These TGA
analyses indicated that the silica coated Fe;O4 particles were covered
successfully by the coupling with the ionic liquid 3b.
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Figure 4: (A) Thermogravimetric (TG) curves for (a) magnetite (b)
silica coated magnetite and (c) magnetic silica nanoparticles
modified with ionic liquids (SILnP) and (B) TG-DTG of
Fe;0,@SILnP

In the FT-IR spectrum, of the silica coated Fe;O,4 (figure 5-a)
show the stretching vibrations at 590, 950, 1090,1630 and 3400 cm’!
corresponding to the Fe-O, Fe-O-Si, Si-O-Si, and water (free or
adsorbed water that still remained in the sample) stretches
respectively. However, in the case of the magnetic silica
nanoparticles modified with ionic liquids (figure 5-c), the
characteristic peaks of the Fe;04@SILnP around 1035 cm™', 1180
cm' which were attributed to S=O asymmetric and symmetric
stretching vibrations of the —SO;H group, and peaks around 1549
em! and 1696 cm ™' correspond to the stretching vibrations of the
amidic N-H and C=0 groups respectively. The bands at 2995 cm’'
correspond to the carbon chain (CH,) of the pendant group attached
to the inorganic matrix. Therefore, it indicated that the silica coated
Fe;0, were successfully coated with the ionic liquids.

a WVV
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Figure 5: FT-IR Spectrum (a) silica coated Fe;O,4, (b) [H-NPP]
HSO, ionic liquid and (c) magnetic silica nanoparticles modified
with ionic liquids

Catalytic Activity of the Catalyst

The catalytic activity of Fe;O,@SILnP was studied in the
diazotization reaction of the aniline derivatives 4a-f to synthesis its
corresponding aryl halide derivatives Sa-f by the treatment of the
formed diazonium salts with Nal as reported in the scheme 2.
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4b 4-H2NC6H4COOH
4c 4-NO2C6H4NH2
4d 4-BrC6H4NH2

4e 4-CIC6H4NH2

4f 4-MeC6H4NH2

5a C6HSNH2
4g 2,4-(NO2)2C6H3NH2 5b 4-H2NC6H4COOH
4h 3,5-(NO2)2C6H3NH2 "X\, 5c 4-NO2C6H4NH2

5d 4-BrC6H4NH2
5e 4-CIC6H4NH2

A § oo

R 5h 3,5-(NO2)2C6H3NH2
Scheme 2: Synthesis of the aryl iodide 5a-f by using Fe;0,@SILnP
as catalyst. Reagents and conditions (a) NaNO,, Fe;O0,@SILnP,

drops of H,0, 0°C (b) Nal, 0°C to RT

RSC Advances

Journal Name

Different aromatic amines possessing electron-withdrawing or
electron-donating groups were transformed rapidly into the
corresponding aryl iodides in good yields under solvent-free
conditions as shown in table 1. However, the weakly basic aromatic
amines 2,4-dinitroaniline and 3,5-dinitroaniline were converted into
the corresponding iodoarenes in moderate yields (table 1, entries 7
and 8). An advantage of this procedure is that the corresponding
phenol by-products were formed only in trace yields. The effect of
the solvent on this reaction was also studied. The use of water as
solvent, under the same conditions, led to lower yields of the
expected iodoarenes whilst the yields of phenol by-products were
higher. It should be noted that this reaction procedure requires the
addition of a small amount of water to generate the wet
Fe;04,@SILnP sulfuric acid, and must be carried out in a stepwise
manner in order to obtain good yields.

Table 1: lodination of Aromatic Amines with Fe;0,@SILnP /NaNO,/Nal/ at 0°C to room temperature

entry Substrate Time Yield Mp Lit. mp (°C)
diazotization/ (°O)
iodination
1 C¢HsNH, 6/6 73 0il Oil*®
2 4-H,NC¢H,COOH 8/6 95 268-270 269-270¢
3 4-NO,C¢H,NH, 10/4 83 171-172 172-173%
4 4-BrC¢H,NH, 8/4 78 88-89 89-91°°
5 4-CIC¢H,NH, 8/4 82 55-56 55-56 36
6 4-MeC¢H,NH, 9/6 62 34-35 35-37
7 2,4-(NO,),C¢H;NH, 15/10 43 88-89 88.5-89.0%°
8 3,5-(NO,),C¢H;NH, 15/10 51 97-99 99-100 ¢
100 - /

At the end of iodination reaction and the products had been
isolated, the catalyst was magnetically separated and washed several
times with water and methanol to ensure unreacted reactive does not
remain on the surface of magnetic nanoparticles. It should be noted
that the aryldiazonium salts supported on Fe;O,@SILnP were stable
to be kept at room temperature and could be stored for 48 h in a
desiccator without any loss of activity.

The investigation of a solvent-free diazotization- iodination
reaction using Fe;O,@SILnP was repeated six times to evaluate the
catalyst recyclability and stability (figure 6). After each run, the
catalyst was separated from the reaction mixture by an applied
magnetic field, washed with water and methanol and reused in the
next cycle, which indicates the high stability of the catalyst under
these reaction conditions.

Table 2: Comparison of results using Fe;0,@SILnP /NaNO,/Nal with
nitro aniline.
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Figure 6: Reuse of Fe;0,4@SILnP in the diazotization- iodination of
4-NO,CH,NH,

results obtained by other works for the diazotization-iodination of 4-

entry Reagents Conditions Time (min) yield Ref
1 HI/KNO, DMSO/35°C 15 89 [57]
2 KI/NaNO,/PTSA MeCN / 10-25 °C 50 81 [58]
3 NaNO,/sulfonated-resin/KI H,O/RT 90 71 [59]
4 PTSA/NaNO,/KI Water-paste form 20-30 72 [60]
5 Wet SSA/NaNO,/KI Solvent free / RT 30 83 [61]
6 Resin NO, ", p-TsOH, H,O KI/RT 90 91 [56]
7 [H-NMP]HSO4, NaNO,, Nal Solvent-free/RT 20-30 85 [62]
8 [P4-VP]*NO,/H,SO,/KI Water / 0-60 °C 100 74 [63]
9 Fe;0,@SILnP /NaNO,/Nal Solvent-free / RT 14 82 This work
10 [H-NMP] HSO,@SiO, Water / RT 14 59 This work

? Poly(4-vinylpyridine).

4| J. Name., 2012, 00, 1-3
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The recovered catalyst after six runs had no obvious change in
structure, referring to the FT-IR spectra in comparison with the fresh
one (figure 7a-b). A TEM observation of the recovered catalyst was
also made, and there were no obvious changes in morphology and
size (figure 7c-d). These results revealed that the catalyst was very
stable and could endure these reaction conditions.

3900 3400 2900 2400 1900 1400 900 400

Figure 7: FT-IR spectra and the Transmission electron microscope
(TEM) images of the fresh catalyst (a, c), and the used catalyst after
6 cycles (b, d).

Page 6 of 9

RSCPublishing

Table 2 reports the efficiency comparison between our method
for the diazotization-iodination of aromatic amines and others some
others published works in literature. Each of these methods have
their own advantages, but they often some limitations such as the use
of organic solvent, necessity of temperature control (entries 1, 2 and
8), long reaction time (entries 2, 3, 5 and 6) and employ of non-
recyclable catalyst (entry 4). The use of Fe;0,@SILnP as a catalyst
in the diazotization- iodination of the different aromatic amines
afford the corresponding iodide derivatives in high yield (about
80%) in a shorter reaction time (table 1). This was presumed to
occur due to the adsorption of reactants on the surface of the nano-
support, increasing the local concentration of reactants around the
active sites of the Fe;O4@SILnP and promotes the reaction
effectively. In addition, this novel catalyst showed a higher yield in
comparison with [H-NMP] HSO,@SiO, (Table 2, entry 10), which
indicated that the smaller particle mitigated more diffusion effects
and then accelerated the reaction.

When using a supported catalyst, there is a possibility that the
active species might migrate from the solid support to the liquid
phase, since the leached active ones become responsible for the good
catalytic activity. In order to extend the use of our new catalyst
based on Fe;0,@SILnP in the diazotization- iodination, other
aromatic amines based on the pyrazolidine-3,5-dione 6a-b, and
pyrazolin-5-one 8a-d were used to synthesis their corresponding
halide derivatives 7a-b and 9a-d respectively, by the treatment of the
formed diazonium salts with Nal as reported in the scheme 3.

0
HN HN
[ NH | Ny HT |
N N N
a b
o —_— Lo} o
o 0
HO, OH HO OH Ho oH ©
HO HO ud
OR" 6aR-H oRr' or TaR=H
6b R=Gal 7b R=Gal
R
R R
N==
| NH, N== N=
N ‘ | 1
a N
] —— —_—
HO o © 0 Y °
HO OH Ho 'on ©
HO ",
OR' OR' HO
. OR'
Ba R=Me; R'=H 9a R=Me; R'=H
8b R=Me; R'=Gal = Me; R~}

_ e 9b R=Me; R’=Gal
8c R= COOEt; R'=H = -Gal
8d R=COOEt; R'=Gal 9c R=COOEt; R'=H

’ 9d R=COOEt; R'=Gal
HO OH
HO
OH

Scheme 3: Synthesis of the pyrazolidine-3,5-dione iodides 7a-b, and pyrazolin-5-one iodides 9a-d by using Fe;O4@SILnP as catalyst.
Reagents and conditions (a) NaNO,, Fe;O4@SILnP, drops of H,O, 0°C (b) Nal, 0°C to RT
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Initially, to optimize the reaction conditions, the reaction of 6a,
8a and 8¢ (1 mmol) were studied as a simple model using different
quantities of catalyst (table 3). It was found that the best result was
obtained when the reaction was carried out in the presence of 200
mg of catalyst (table 3, Entry 3, 7, 11).

Table 3: Synthesis of 7a, 9a and 9c in the presence of various
amount of Fe;04@SILnP as catalys at 0°C to room temperature.

entry Substate | Time (min) | Catalyst (mg) | Yield %
1 Ta 25 100 51
2 Ta 20 150 74
3 Ta 12 200 89
4 7a 12 300 89
5 9a 25 100 49
6 9a 20 150 77
7 9a 1 200 87
8 9a 14 300 87
9 9¢c 25 100 54
10 9¢ 20 150 69
11 9¢c 14 200 89
12 9¢c 14 300 89

The different pyrazolidine-3,5-dione amines 6a-b, and
pyrazolin-5-one amines 8a-d were transformed rapidly into the
corresponding iodides derivatives in good yields under solvent-free
conditions as reported in table 4. However, the corresponding phenol
by-products were formed only in trace yields. Also, the effect of the
solvent on this reaction was also studied by using the water as
solvent, under the same conditions, and the results show lower yields
of the expected iodoarenes whilst the yields of phenol by-products
were higher, which confirm the results obtained with the aniline
derivatives 4a-f.

Table 4: lodination of pyrazolidine-3,5-dione amines 6a-b, and
pyrazolin-5-one amines 8a-d with Fe;0,@SILnP /NaNO,/Nal/ at
0°C to room temperature

Entry Substrate Time (min) Yield
Diazotization /
iodination
1 7a 6/6 89
2 7b 6/6 88
3 9a 8/6 87
4 9b 8/6 89
5 9c 8/6 89
6 9d 8/6 88

Experimental methods and characterization
2.1. Materials

All chemicals were reagent grade (Aldrich Chemical Co.) and
were used as purchased without further purification. Thin layer
chromatography (TLC) analysis was performed using Fluka
aluminium foils coated with 25 mm particle size silica gel matrix
F254. TLC development involved either UV (254 and 366 nm) or
visible light inspection, followed by either treatment with an acid
solution of p-anisaldehyde or a basic solution of KMnO4 and

This journal is © The Royal Society of Chemistry 2013
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heating. Flash column chromatography was performed on Merck
silica gel 60 (particle size 0.040-0.063 nm, 230 - 400 mesh ASTM)
Uv-vis spectra were recorded on a Cary - 4000 Varian
spectrophotometer, using either 0.1 or 1 cm quartz cuvettes. Infra-
red spectra were recorded in KBr disk on a Perkin Elmer-Spectrum
BX FTIR system. Absorptions are quoted in wavenumbers (cm™).
'H and C NMR spectra were recorded at 200 MHz 'H (50.0 MHz
13C) on a Varian Gemini spectrometer. Spin resonances are reported
as chemical shifts (3) in parts per million (ppm) and referenced to
the residual peak as an internal standard of the solvent employed, as
follow: CDCl; 7.27 ppm (1H NMR), 77 ppm (*C NMR, central
band), DMSOd, 2.50 ppm (1H NMR, central band), 39.5 ppm ("*C
NMR, central band). Spin multiplicity is showed by s = singlet, d =
doublet, t = triplet, q = quartet, m = multiplet, br = broad. Coupling
constants J are reported in Hertz. Mass spectra were recorded on a
ThermoScientific LCQ-Fleet mass spectrometer under electrospray
ionization (ESI, +c or -c technique). High Resolution Mass Spectra
(HRMS) were recorded on an LTP Orbitrap mass spectrometer from
Thermo Electron Corporation under ESI (+c) technique. Mass
spectrometric analysis is quoted in the m/z form. Elemental analyses
were recorded on a Perkin Elmer 240C Elemental Analyzer.
Thermogravimetric analysis (TGA) of the samples was performed
using a Perkin Elmer DiamondThermogravimeter. Dried samples
was placed in the TGA furnace and heated at a rate of 10 °C/inform
room temperature to 700 °C in static air. The fluorescence spectra
were measured by Hitachi F-4500 fluorescence spectrophotometer
with a 1 cm quartz cell. Doubly distilled deionized water (DIW) was
used for all experiments. In this study, only distilled water was used.
The pyrazolidine-3,5-dione 6a-b, and pyrazolin-5-one 8a-d were
prepared following our previous paper.**

2.2. Colloidal iron oxide nanoparticle synthesis

The magnetite nanoparticles were prepared by the conventional
co-precipitation method with some modifications.”> FeCls.6H,0
(2.32 g) and FeCl,, 4H,0 (0.86 g) were dissolved in 20 mL of the
deionized water under nitrogen gas with vigorous stirring at 85 °C.
Then, ammoniac solution 25% (3 mL) was added to the solution.
The color of bulk solution turned from orange to black immediately.
The magnetite precipitates were washed twice with deionized water
and once with sodium chloride (0.02 M). The final magnetite
nanoparticles were precipitated by magnetic decantation.

Followed Stober method®® with some modification, coating
magnetite nanoparticles with silica was carried out in basic
alcohol/water mixture at room temperature by using magnetic fluids
as seeds. First, magnetic fluid was diluted with water, alcohol and
ammonia aqueous. Then this dispersion was homogenized by
ultrasonic vibration in water bath. Finally, under continuous
mechanical stirring, TEOS was slowly added to this dispersion, and
after stirring for 12 h, silica was formed on the surface of magnetite
nanoparticles through hydrolysis and condensation of TEOS.
Preparation of the acidic ionic liquid 3b

To a solution of Pyrrolidin-2-one 1 (1.00 g, 11.76 mmol) in
15 mL dry toluene, (3-chloropropyl) triethoxysilane 2 (2.82 g,
11.76 mmol) was added and the resulting mixture was refluxed
for 24h. After, the solvent was removed under the reduce
pressure and the crude product was washed with ether 3 times
and dried in vacuum. The formed solid 3a (95% yield) was
dissolved in 10 mL of DCM in a 50 mL round-bottom flask,

J. Name., 2013, 00, 1-3 | 6
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and equimolar sulfuric acid was slowly added dropwise into the
flask at 0 °C. After the dropwise addition was finished, the
mixture was heated up to 60 °C gradually and then stirred for
12 h. Finally, the formed liquid was washed with ether 3 times
and dried in vacuum at 50 °C for 5 h. '"H NMR (200 MHz,
D,0): 8 = 3.9 (6H, m, CH,), 3.34-3.22 (4H, m), 2.41-2.30 (4H,
m), 1.83 (9H, m, CH3). 0.62 (2H, t, J=6.4 Hz, SiCH,) ppm. "*C
NMR (50 MHz, D,0): & =188.4, 52.5, 50.2, 41.1, 35.8, 18.4,
17.3, 11.6, 10.4 ppm.
Surface functionalization of silica coated Fe;O4 (M/SiNPs)
with the ionic liquid 3b

In a round bottom flask, 400 mg of M/SiNPs were
suspended in a solution of 30.0 mL of anhydrous toluene, and
sonicated for 30 min at rt. The silane 3b (0.47 g; 0.68 mmol)
was hydrolyzed in 25.0 mL of anhydrous toluene and 0.12 mL
DIW for 15 min at rt then added to SiNPs suspension and
sonicated again for 30 min. The reaction mixture was refluxed
for 24 h without magnetic stirring. The magnetic silica
nanoparticles modified with ionic liquids SILnP were separated
and washed twice with 90% toluene/DIW and 80% EtOH/DIW
using centrifugation (11,200 g for 10 min) technique. Finally,
the functionalized SILnP were dried under vacuum at 110 °C
for 24 h before use.
General procedure for preparation of aryl iodides

To a solution of the aromatic amine (1 mmol) and
Fe;0,@SILnP (200 mg) in a few drops of water, NaNO, (2.5
mmol), was added at 0°C and the resulting mixture was stirred
at room temperature for few minutes. Then, Nal (2.5 mmol)
was added to the formed diazonium salt, the iodination reaction
began immediately after Nal addition, and the reaction mixture
volume increased due to the evolution of nitrogen gas. This
one-pot diazotization-iodination process takes about few
minutes to complete. After, the reaction; the catalyst was
magnetically separated and washed several times with water
and methanol to ensure unreacted reactive does not remain on
the surface of magnetic nanoparticles. The crude products were
purified by recrystallization from ethanol. The recovered
catalyst was dried and reused for subsequent runs.
4-Iodo-1-(3,4,5-trihydroxy-6-hydroxymethyl-tetrahydro-
pyran-2-yl)-pyrazolidine-3,5-dione (7a)

The product 7a was prepared according to the general procedure
in 89% as yield. 7a is obtained as a colored solid as a mixture of o
and B pyranosic anomers. 'H NMR (200 MHz, Me,SO): §=.5.52 (s,
1H), 5.28-5.22 (d, 1H), 3.82-3.61 (m, 4H), 3.47-3.31 (m, 2H) ppm.
BC NMR (50 MHz, Me,SO): see table 5 in the supporting
information’s for the glycidic part and 6= 170.3, 168.2, 54.5 ppm.
MS (ESI): m/z=389.13 [M+1]". CO9H13IN207 (387.98): calcd C,
27,85; H, 3,38; N, 7,22 found: C, 27,97; H, 3,51; N, 7,38.
1-[3,4-Dihydroxy-6-hydroxymethyl-5-(3,4,5-trihydroxy-6-
hydroxymethyl-tetrahydro-pyran-2-yloxy)-tetrahydro-
pyran-2-yl]-4-iodo-pyrazolidine-3,5-dione (7b)

The product 7b was prepared according to the general procedure
in 88% as yield. 7b is obtained as a colored solid as a mixture of o
and B pyranosic anomers. 'H NMR (200 MHz, Me,SO): §=.5.54 (s,
1H), 5.11-4.55 (m, 2H, both anomers), 4.30-4.15 (m, 4H, both
anomers), 3.88-3.79 (m, 6H, both anomers), 3.45-3.42 (m, 2H, both
anomers) ppm. “C NMR (50 MHz, Me,SO): see table 6 in the
supporting information’s for the glycidic part and = 170.5, 168.6,
548 ppm. MS (ESI): m/z=55121 [M+1]". CI5H23IN2012
(550.04): calcd C, 32,74; H, 4,21; N, 5,09 found: C, 32,92; H, 4,43;
N, 5,23.
2 - (5 - Hydroxy — 4 —iodo — 3 - methyl — pyrazol — 1 - yl) —
6 -hydroxymethyl - tetrahydro-pyran-3,4,5-triol (9a)

This journal is © The Royal Society of Chemistry 2012

The product 9a was prepared according to the general procedure
in 87% as yield. 9a is obtained as a colored solid as a mixture of o
and P pyranosic anomers. 'H NMR (200 MHz, Me,SO): &= 11.54 (s,
1H, OH), 5.29-5.21 (d, 1H), 3.81-3.61 (m, 4H), 3.47-3.30 (m, 2H),
2.71 (s, 3H, CHs, Pyr) ppm. *C NMR (50 MHz, Me,SO): see table 5
in the supporting information’s for the glycidic part and 6= 155.3,
1389, 60.5, 12.8 ppm. MS (ESI): m/z=387.23 [M+1]".
C10H15IN206 (386.00): caled C, 31,10; H, 3,92; N, 7,25 found: C,
31,23; H,4,11; N, 7,39.
2-[4,5-Dihydroxy-6-(5-hydroxy-4-iodo-3-methyl-pyrazol-1-yl)-2-
hydroxymethyl-tetrahydro-pyran-3-yloxy]-6-hydroxymethyl-
tetrahydro-pyran-3,4,5-triol (9b)

The product 9b was prepared according to the general procedure
in 88% as yield. 9b is obtained as a colored solid as a mixture of a
and B pyranosic anomers. 'H NMR (200 MHz, Me,SO): = 11.58 (s,
1H, OH), 5.11-4.57 (m, 2H, both anomers), 4.31-4.13 (m, 4H, both
anomers), 3.88-3.78 (m, 6H, both anomers), 3.44-3.41 (m, 2H, both
anomers), 2.73 (s, 3H, CHj;, Pyr) ppm. 13C NMR (50 MHz, Me,SO):
see table 6 in the supporting information’s for the glycidic part and
&= 1557, 138.3, 60.2, 12.6 ppm ppm. MS (ESI): m/z=549.28
[M+1]". C16H25IN2011 (548.05): caled , 35,05; H, 4,60; N, 5,11
found: , 35,23; H, 4,77; N, 5,24.
5- Hydroxy — 4 —iodo — 1 - (3,4,5 — trihydroxy — 6 —hydroxy
methyl — tetrahydro — pyran — 2 - yl) - 1H-pyrazole-3-
carboxylic acid ethyl ester (9¢)

The product 9¢ was prepared according to the general procedure
in 89% as yield. 9c is obtained as a colored solid as a mixture of a
and B pyranosic anomers. 'H NMR (200 MHz, Me,SO): = 11.55 (s,
1H, OH), 5.28-5.21 (d, 1H), 4,25 (q, 2H, CH,), 3.82-3.60 (m, 4H),
3.48-3.31 (m, 2H), 1,33 (t, 3H, CH;) ppm. >C NMR (50 MHz,
Me,SO): see table 5 in the supporting information’s for the glycidic
part and o= 159.6, 151.2, 62.1, 58.3, 13.7 ppm. MS (ESI):
m/z=445.23 [M+1]". C12H17IN208 (444.03): caled C, 27,85; H,
3,38; N, 7,22C, 32,45; H, 3,86; N, 6,31 found: C, 32,57; H, 3,98; N,
6,45.
1 - [3,4 — Dihydroxy — 6 — hydroxymethyl — 5 - (3,4,5 —
trihydroxy - 6 - hydroxymethyl — tetrahydro — pyran — 2 -
yloxy) -tetrahydro - pyran-2-yl]-5-hydroxy-4-iodo-1H-
pyrazole-3-carboxylic acid ethyl ester (9d)

The product 9d was prepared according to the general procedure
in 88% as yield. 9d is obtained as a colored solid as a mixture of a
and P pyranosic anomers. 'H NMR (200 MHz, Me,SO): =.11.56 (s,
1H, OH), 5.12-4.56 (m, 2H, both anomers), 4.31-4.12 (m, 6H, both
anomers), 3.88-3.78 (m, 6H, both anomers), 3.46-3.41 (m, 2H, both
anomers), 1.32 (t, 3H, CH;) ppm. 13C NMR (50 MHz, Me,SO): see
table 6 in the supporting information’s for the glycidic part and 6=
155.7, 138.3, 60.2, 12.9 ppm ppm. MS (ESI): m/z=549.28 [M+1]".
C16H25IN2011 (548.05): caled , 35,05; H, 4,60; N, 5,11 found:
35,23; H,4,77; N, 5,24.

Conclusions

In summary, we have developed an efficient and experimentally
simple method for the diazotization—iodination of aromatic amines in
the presence of N-propyl-2-pyrrolidonium hydrogen sulfate ([H-
NPP] HSO,) supported on nano-sized silica-coated magnetite as acid
catalyst under solvent-free conditions in good to excellent yields.
The sequential diazotization / iodination take place in the presence of
the acidic Fe;O4@SILnP as a mild and new proton source and the
resulting diazonium salts are stable and react rapidly with potassium
iodide to produce aryl iodides.
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