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Nat-MMT-[pmim]HSOy, obtained from the immobilization of 1-methyl-3-(trimethoxysilylpropyl)-imidazolium
hydrogen sulfate ionic liquid on nanoporous Na*-montmorillonite, was used as catalyst for the simple and
efficient synthesis of 4,4 -(arylmethylene)-bis-(3-methyl-1-phenyl-1H-pyrazol-5-ol) derivatives via the one-
pot condensation of phenyl hydrazine, ethyl acetoacetate and aldehydes. These reactions were performed at
80 °C under solvent free conditions with high yields in short reaction times. Low loading of the catalyst, simple
experimental procedure and use of an inexpensive catalyst are some of advantages of the procedure. Also this
catalyst can be reused several times without loss of its catalytic activity.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Heterocyclic compounds are widely distributed in nature and are
essential to life. Pyrazoles are important classes of heterocyclic com-
pounds that occur widely in the pharmaceutical industry. For example,
compounds containing 2,4-dihydro-3H-pyrazol-3-one structural motif,
including 4,4 -(arylmethylene)-bis-(1H-pyrazol-5-ols), have attracted
an interest because they exhibit a wide range of biological activities
such as antimalarial [1], antifungal [2], anti-inflammatory [3], antimi-
crobial [4], antinociceptive [5], analgesic [6], fungicide [ 7] and antitumor
[8] activities. Additionally, they are applied as important intermediates in
organic synthesis [9] and as bis-Schiff bases [10]. 4,4 -(Arylmethylene)-
bis-( 1H-pyrazol-5-ols) were also used as pesticides [11], antiviral [12]
and ligand [13]. The main synthetic method for the preparation of
this type of compounds is based on the condensation of aldehydes with
3-methyl-1-phenyl-5-pyrazolone. Therefore, a variety of catalysts and
reagents have been used to facilitate this reaction [13-22]. Although
these procedures provide an improvement in the synthesis of these
heterocyclic compounds, many of them suffer from disadvantages such
as long reaction times, harsh reaction conditions, the need of excess
amounts of the reagent, the use of organic solvents, the use of toxic
reagents and non-recoverability of the catalyst. Therefore, introducing
of simple, efficient and mild procedures with easily separable and
reusable solid catalysts to overcome these problems is still in demand.
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Over the last years, ionic liquids (ILs) have been extensively used in
almost all application fields of chemistry such as organic and inorganic
syntheses, catalysis, electrochemistry and chromatography. It is due to
their remarkable properties such as non-flammability, negligible
vapor pressure, wide liquid range and high thermal, chemical and
electrochemical stability. However, their high cost, large consumption
and difficult recovery and the separation of products cause limitations
in the large-scale application of them. Furthermore, the ionic liquids
(especially Bronsted acidic ionic liquids) have some degree of instability
in the presence of air and moisture. Immobilization of the ionic liquids
on the surface of a solid support is a useful way to combine the advan-
tageous characteristics of ionic liquids and solid properties. In other
words, the immobilized ionic liquids offer the additional features com-
pared to the pure ionic liquids that facilitate the handling, separation
and reuse procedures, and minimizing the amount of IL utilized in
reactions [23].

In recent years, clays as nanostructured materials have been widely
used in organic transformations as solid acid catalysts [24-27]. The main
reasons for use of clays are the large specific surface area, chemical and
mechanical stability, layered structure and high cation exchange capac-
ity as well as accessibility, easy modification, cheapness and non-
corrosiveness. One such clay is montmorillonite (MMT), which consists
of two tetrahedral silicate sheets with a central aluminum octahedral
sheet, exhibits a net negative charge on the lamellar surface and causes
them to adsorb cations, such as Na® or Ca* for compensation. Layers of
MMT have a thickness of about 1 nm and a length of 100 nm or a little
more, so MMT is a structurally well-ordered nanoporous material.
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Fig. 1. Potentiometric titration and its first derivative curves of Na*-MMT-[pmim]Cl
with AgNOs.

However, they require the cation exchange or surface modification to
increase their active sites for better interaction with reactants.

2. Experimental
2.1. General

Chemicals were purchased from Fluka, Merck, and Aldrich chemical
companies. All yields refer to the isolated products. Products were
characterized by comparison of, their physical constants, IR and NMR
spectroscopy with authentic samples and those reported in the litera-
ture. The purity determination of the substrate and reaction monitoring
were accompanied by TLC on silica gel polygram SILG/UV 254 plates.

2.2. Preparation of 1-methyl-3-(trimethoxysilylpropyl)-imidazolium
chloride ([pmim]Cl)

A mixture of 10 mmol of 1-methylimidazole and 10 mmol of (3-
chloropropyl)trimethoxysilane was refluxed at 90 °C for 30 h. Then,
the reaction mixture was cooled down. The crude product was washed
with Et,0 (2 x 5 mL) and dried under vacuum. The product as a slightly
yellow viscous oil was obtained.

2.3. Preparation of 1-methyl-3-(trimethoxysilylpropyl)-imidazolium
chloride supported on sodium montmorillonite (Na*-MMT-[pmim]Cl)

1.2 g (4 mmol) of [pmim]|Cl was dissolved in 25 mL of CH,Cl, and
treated with 2 g of sodium montmorillonite. The reaction mixture was
refluxed with stirring for 3 days. Then, the reaction mixture was cooled
to room temperature, the solid was isolated by filtration and washed
with 20 mL of boiling dichloromethane to remove the unreacted ionic
liquid. In the next step, the material was dried to obtain MMT-[pmim]Cl.
The amount of chloride in MMT-[pmim]Cl was determined by potenti-
ometric titration methods [28]. For this purpose, 0.5 g of MMT-[pmim|Cl
in 50 mL water was titrated with 0.1 M AgNOs. As shown in Fig. 1, the
change happened at 5.1 mL of consumed AgNOs. On the basis of these
studies it can be concluded that Na™-MMT-[pmim]Cl has 1.02 mmol
of CI" per gram of this reagent.

2.4. Preparation of 1-methyl-3-(trimethoxysilylpropyl)-imidazolium
hydrogen sulfate supported on sodium montmorillonite (Na™*-MMT-
[pmim]HSO,)

3 g of Na"-MMT-[pmim]Cl was suspended in 20 mL of dry CH,Cl,.
Under vigorous stirring and in an ice bath (0 °C) 3 mmol of concentrated
H,S04 (97%) was added dropwise to this mixture. The mixture was then
warmed to room temperature and heated under reflux for 30 h. When
the formed HCI was completely distilled off the solution was cooled
and CH,Cl, was removed under vacuum to afford Na™-MMT-
[pmim]HSO, as the product (Scheme 1).

2.5. Catalyst characterization

2.5.1. Instrumentation

The FT-IR spectra were run on a VERTEX 70 Brucker company
(Germany). Thermogravimetric analyses (TGA) were performed on
Polymer Laboratories PL-TGA thermal analysis instrument (England).
Samples were heated from 25 to 600 °C at ramp 10 °C/min under N at-
mosphere. Scanning electron microphotographs (SEM) were obtained
on a SEM-Philips XL30. X-ray diffraction (XRD) measurements were
performed at room temperature on diffractometer Model XRD 6000,
PHILIPS Xpert pro using Co-Ka radiation (K = 1.7890 A°®) with the
beam voltage and a beam current of 40 kV and 30 mA, respectively.
Transmission electron microscopy (TEM) analysis was performed on a
Philips model CM 30 instrument.
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Scheme 1. Preparation of the acidic ionic liquid immobilized on Na*-MMT (Na*-MMT-[pmim]HSO.).
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Fig. 2. FT-IR spectra of Na*-MMT and Na*-MMT-[pmim|HSO..

2.5.2. IR analysis

The infrared spectra of Na*-MMT and Na™-MMT-[pmim]HSO, are
presented in Fig. 2. The FT-IR spectrum of pristine clay displays
the peak at 3632 cm ™! that can be attributed to the OH units in Na*-
MMT. The peaks at 3423 and 1641 cm™! correspond to the -OH
stretching vibration of free H,0 onto the Na™-MMT structure and the
bands at 1043 and 919 cm™ " can be collectively attributed to Si-O
stretching vibrations [27,29].

The Na*-MMT-[pmim]HSO, is also characterized on the basis of its
FT-IR (Fig. 2). The peaks at 1576 and 1635 cm™ ! can be assigned to
C=N and C=C bands of the attached imidazolium ring. Additional
bands at 3159, 2948 and 1461 cm™ ! were due to C-H stretching and
deformation vibrations, confirming the functionalization of the material
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with the ionic liquid [30]. The absorption of the S=0 asymmetric
stretching mode appeared at 1170 cm™ ' and its symmetric stretching
mode lie in 1060 cm ™!, so the broad band around 1046 cm™! can
be assigned to the stretching modes of Si-O and S=0 bands which
are overlapped together. The S-O stretching modes of sulfuric acid
functional group lie around 620 and 890 cm ™! proving the successful
preparation of the catalyst [31].

2.5.3. SEM analysis

The samples of Na*-MMT and Na*-MMT-[pmim]HSO, were also
analyzed by scanning electron microscopy (SEM) for determining the
size distribution, particle shape and surface morphology, as represented
in Fig. 3. The pictures show that the original structure of Na*-MMT is
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Fig. 3. SEM images of Na*-MMT (a) and Na*-MMT-[pmim]HSO, (b,c).
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Fig. 4. XRD patterns of Na™-MMT in comparison with Na*-MMT-[pmim]HSO,.

changed and the particles are clearly less stacked in the intercalated
clays. This opening of the layers suggests that the interlayer space may
be occupied by the organic molecules. These images also show that
Na"-MMT-[pmim]HSO, appears as particles with irregular plate-like
shapes.

2.5.4. Powder X-ray diffraction

Fig. 4 represents the X-ray diffractograms of samples, containing so-
dium montmorillonite and Na*-MMT-[pmim]HSO, to demonstrate the
expansion of the montmorillonite layers. The calculated basal spacing
for the Na*-MMT is 10.3 A with 26 = 8.6° and for Na*-MMT-
[pmim]HSO, is 16.4 A. The basal spacing of the ionic liquid anchored

sodium montmorillonite is obviously bigger than that of Na™-MMT, in-
dicating that the ionic liquid has been intercalated into montmorillonite
interlayer spaces [32]. This increase in the basal spacing can lead to the
better interaction between the reactants in the acid catalysis reactions,
in comparison with the montmorillonite. From the d-spacing of Na™-
MMT-[pmim]HSO, the existence of one molecule of ionic liquid
between the clay layers could be estimated [33].

2.5.5. Transmission electron microscopy (TEM)

In addition to XRD, the TEM was also applied to visualize the spatial
morphology of Na*-MMT-[pmim]HSO,, as shown in Fig. 5. The dark
line represents the intersection silicate layers of MMT while the gray
background represents the interlayer organic compounds. The results
indicated that after incorporation of ionic liquid with MMT the interca-
lated nanostructure was obtained. Furthermore, clusters or agglomerat-
ed clay platelets could be seen in these images.

2.5.6. Surface area and pore distribution measurements

N, adsorption-desorption measurements based on BET and BJH
methods were performed to obtain more information about the cata-
lyst. The adsorption-desorption isotherm of Na*-MMT and Na*-
MMT-[pmim|HSO, is shown in Fig. 6a. Both samples exhibited type V
isotherm with Hs hysteresis loop categories according to the literature
[34], which indicates the micro and mesopore structures of samples
with slit-like pores [35]. These results also prove that the textural prop-
erties of Na™-MMT were substantially maintained over immobilization
of ionic liquid. BET surface areas, the total pore volumes (V¢),Vmicrop
(estimated by t-plot method) and pore diameters for Na*-MMT and
Na*-MMT-[pmim]|HSO, were presented in Table 1. A decrease in BET
surface area from Na*-MMT (156.0 m?/g) to Na™-MMT-[pmim]HSO,4
(133.4 m?/g) was indicated that the ionic liquid may be successfully

Fig. 5. TEM images of Na"-MMT-[pmim]HSO,.
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Fig. 6. The N, adsorption-desorption isotherm (a), and pore size distribution (b) of Na*-MMT and Na™-MMT-[pmim]HSO,.

Table 1
Pore structure parameters of Na+-MMT-[pmim]HSO, derived from the N, adsorption-
desorption isotherms.

Sample Sper (M*/g) Ve (cm?/g)  Vimicrop (CM?/g)  Dpyn (nm)
Na*+-MMT 156.0 56.44 0.0344 2551
Na*t-MMT-[pmim]HSO, 133.4 48.97 0.0275 250

intercalated to Na*-MMT layers. The curves of pore size distribution
evaluated from desorption data by utilizing the BJH model are also
shown in Fig. 6b.

2.5.7. Thermal analysis

Thermogravimetric analysis (TGA) was performed for characteriza-
tion of Na*-MMT-[pmim]HSO, in comparison with sodium montmoril-
lonite. Fig. 7 provides the TGA curve of pristine clay (Na*-MMT) and
catalyst. The TGA curve of Na™-MMT displays a weight loss below
100 °C which is corresponding to the loss of the physically adsorbed
water and interlayer H,0, also there is a slight weight loss in the range
of 100-600 °C, possibly corresponding to dehydroxylation of sodium
montmorillonite [27].

The TGA analysis of Na"-MMT-[pmim]HSO, shows a completely dif-
ferent decomposition from Na*-MMT. A small mass loss appeared at
<100 °C because of the loss of water and a greater mass loss started
from 270 °C can be attributed to the decomposition of the immobilized
ionic liquid moieties anchored on the clay surface [36]. These results
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95
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T 90
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z
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Fig. 7. TGA curves of Na*-MMT and Na*-MMT-[pmim]HSO..

indicate that the immobilized acid catalyst has great thermal stability
and is apparently stable up to about 270 °C.

2.6. General procedure for the synthesis of 4,4 -(arylmethylene)-bis-
(3-methyl-1-phenyl-1H-pyrazol-5-ols) derivatives (2)

Phenyl hydrazine (2 mmol) was added to a mixture of Na*-MMT-
[pmim]HSO4(50 mg) and ethyl acetoacetate (2 mmol) at 100 °C and
was stirred for 1 min. Then the aldehyde (1 mmol) was added and the
resulting mixture was stirred for the appropriate time (Table 1). After
completion of the reaction (monitored by TLC), EtOH (10 mL) was
added and the catalyst was separated by filtration. Then water was
added and the precipitated product was separated by filtration in high
purity.

3-Methyl-1-phenyl-5-pyrazolone (1): 'H NMR (DMSO-dg, 400 MHz):
6=12.38 (3H, s, CH3), 3.36 (2H, 5,CHs), 7.35 (1H, t, ] = 7.6 Hz), 7.52 (2H,
t,J = 8 Hz), 7.85 (2H, d, ] = 8.0 Hz)ppm; '>C NMR (DMSO-dg, 100 Mz):
6 = 13.14, 109.37, 121.29, 127.12, 129.55, 137.68, 140.97, 154.00,
161.15.

4,4 -(2-Methylphenylmethylene)bis(3-methyl-1-phenyl-1H-pyrazol-
5-0l): 'TH NMR (DMSO-ds, 400 MHz): & = 2.29 (9H, s, CH;), 4.94 (1H,
5,CHs), 7.10-7.15 (3H, m,), 7.24 (2H, t, ] = 7.0 Hz), 7.44 (4H, t, ] =
8.0 Hz), 7.51 (1H, d, ] = 7.0 Hz), 7.72 (4H, d, ] = 8.0 Hz), 12.36 (1H,
s), 13.43(1H, s)ppm; *C NMR (DMSO-dg, 100 Mz): & = 12.35, 20.20,
31.85,120.77, 125.93, 126.60, 128.50, 129.40, 130.93, 135.72, 140.34.

3. Results and discussion

On the basis of the information obtained from the studies on Na™-
MMT-[pmim]HSO,4, we anticipated that this reagent can be used as an

Table 2
Optimization of the reaction conditions for the reaction of phenyl hydrazine, ethyl
acetoacetate and 4-chlorobenzaldehyde catalyzed by Na™-MMT-[pmim]HSO,.

Entry  Catalyst (mg) Solvent Temperature (°C) Time (min) Yield (%)
1 50 EtOH Reflux 4h 60
2 50 H,0 Reflux 4h 90
3 50 CH3CN  Reflux 5h 50
4 50 - 80 15 91
5 50 - 60 80 90
6 50 - 100 10 92
7 50 - 110 10 92
8 40 - 100 25 90
9 60 - 100 12 92
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Scheme 2. One-pot synthesis of 4,4 -(arylmethylene)-bis-(3-methyl-1-phenyl-1H-pyrazol-5-ols).

efficient solid acid catalyst for the promotion of the reactions which
need the use of an acidic catalyst to speed-up. So we were interested
to investigate the applicability of this reagent in the promotion of the
synthesis of 4,4 -(arylmethylene)-bis-(3-methyl-1-phenyl-1H-
pyrazol-5-ols).

At first, we focused our attention to study the synthesis of 4,4 -(aryl
methylene)-bis-(3-methyl-1-phenyl-1H-pyrazol-5-ols). For optimiza-
tion of the reaction conditions, the reaction between phenyl hydrazine,
ethyl acetoacetate and 4-chlorobenzaldehyde to the corresponding
product was selected as a model reaction and the various conditions in-
cluding amount of the catalyst, solvent and temperature were examined
(Table 2). For choosing the reaction media, different solvents such as
EtOH, H,0, CH3CN and solvent-free conditions were used and the best
results were obtained in the absence of solvent, probably due to the in-
crease in the concentration and also increase in the effective contacts of
the reactants. Then more experiments were performed and observed
that 50 mg of Na*-MMT-[pmim]HSO,4 was the optimal catalyst loading
for this reaction, and higher catalyst loading did not improve the yield of
the product to a greater extent. Finally the optimal reaction condition
for this reaction was obtained using 50 mg of Na*-MMT-[pmim]HSO,
at 100 °C under solvent free conditions (Scheme 2).

After optimization of the reaction conditions and in order to estab-
lish the effectiveness and the acceptability of the method, we explored
the protocol with a variety of simple readily available substrates under
the optimal conditions. The results were presented in Table 3. It was ob-
served that under similar conditions, a wide range of aromatic alde-
hydes containing electron-withdrawing as well as electron-donating
groups such as Cl, Br, F, CH3, OCH3, NO,, SCH5 and CNin the ortho,
meta, and para positions of the benzene ring easily converted to the

Table 3

Preparation of pyrano[2,3-d]pyrimidinone derivatives catalyzed by Na™-MMT-[pmim]HSO,.

corresponding 4,4 -(arylmethylene)-bis-(3-methyl-1-phenyl-1H-
pyrazol-5-ols) in short reaction times with good to excellent isolated
yields (Table 3, entries 1-14). Furthermore, 2-naphthaldehyde as a
polycyclic aromatic aldehyde also provided the desired product in
very good yield (Table 3, entry 15). This method was also found to be
useful for the usage of dialdehydes. In this reaction, 4 equivalents of 3-
methyl-1-phenyl-5-pyrazolone successfully condensed with 1 equiva-
lent of terephthaldialdehyde and di-4,4 -(phenylmethylene)-bis-(3-
methyl-1-phenyl-1H-pyrazol-5-ol) was obtained in high yield at short
time that shows the practical synthetic efficiency of this
reaction(Table 3, entry 16).

In order to show the efficiency of the presented method, we
have compared our result obtained for the synthesis of 4,4 -(4-
chlorophenylmethylene)-bis-(3-methyl-1-phenyl-1H-pyrazol-5-ol)
catalyzed by Na™-MMT-[ pmim]HSO,4 with some of the other results re-
ported in the literature (Table 4). This method avoids disadvantages of
the other procedures such as long reaction times, toxic reagents, high
temperature, organic solvents, excess reagents and low yield. It is also
important to note that the reported procedures for the synthesis of
4,4 -(arylmethylene)-bis-(3-methyl-1-phenyl-1H-pyrazol-5-ols) are
based on the condensation of aldehydes with 3-methyl-1-phenyl-5-
pyrazolone, while our method is based on the one-pot condensation
of phenyl hydrazine, ethyl acetoacetate and aldehydes. On the basis of
the obtained results we believe that the reaction proceed via the in-
situ generation of 3-methyl-1-phenyl-5-pyrazolone (1) which in reac-
tion with aldehydes produces the requested products. This comparison
also clarifies an important point about the catalyst. As it can be seen,
Na®™-MMT and Na*-MMT-[pmim]|Cl are also able to catalyze this type
of reactions but in longer reaction times rather than Nat-MMT-

Entry Ar Product Time (min) Yield (%) Melting point (°C)

Found Reported
1 CeHs— 2a 14 91 167-169 169-171 [20]
2 2-CICsH4— 2b 14 89 240-242 236-237 [14]
3 4-CICgHy- 2c 10 92 207-209 207-209 [14]
4 4-BrCgHs~ 2d 10 91 210-212 215 [37]
5 4-FCeHy- 2e 10 91 188-190 180-182 [20]
6 2-CH3CgHs- 2f 20 90 230-232 -
7 2-CH30CgH5— 2g 30 87 213-215 210-213 [16]
8 3-CH30CeHs- 2h 30 89 192-194 193-194 [37]
9 4-CH;50CgHs5- 2i 20 90 173-175 172-174 [16]
10 2-NO,CgHy- 2j 45 89 228-230 221-222[16]
11 3-NO,CgHy- 2k 10 90 164-166 152-154 [20]
12 4-NO,CgHy— 21 15 91 226-228 225-227 [15]
13 4-CH3SCeHs— 2m 25 90 204-206 201-203 [15]
14 4-CNCgHs— 2n 25 93 208-210 206-208 [20]
15 2-Naphthyl- 20 25 91 202-204 206-208 [18]
16 2q 70 84 216-218 209-212 [38]

/©/CHO
OHC
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Comparison of the result obtained from the synthesis 4,4 -(4-chlorophenylmethylene)bis(3-methyl-1-phenyl-1H-pyrazol-5-ol) in the presence of Na*-MMT-[pmim]HSO,4 with those ob-
tained using some of the other catalysts.

Entry Catalyst (loading) Reaction conditions Time (min) Yield (%) Ref.
1 SDS (5 mol%) Reflux/H,0 1h 91.5 [14]
2 Silica-bonded S-sulfonic acid (100 mg) Reflux/EtOH 50 90 [15]
3 [HMIM]HSO4 (10 mol%) EtOH, US, r.t. 45 90 [16]
4 PEG-S05H (1.5 mol%) Reflux/H,0 30 94 [17]
5 Silica Sulfuric Acid (80 mg) 70 °C/EtOH:H,0 70 920 [18]
6 SASPSPE (100 mg) Reflux/EtOH 22h 85 [19]
7 [P4VPy-BuSO;H]HSO,4 (10 mol%) Reflux/EtOH 50 95 [21]
8 Na™-MMT (50 mg) 100 °C/solvent free 45 90 This work
9 Na*-MMT-[pmim]Cl(50 mg) 100 °C/solvent free 18 92 This work
10 [pmim]HSO,4 (5 mol%) 100 °C/solvent free 30 Mixture This work
11 Na™-MMT-[pmim]HSO,4 (50 mg, 5 mol%) 100 °C/solvent free 10 92 This work
[pmim]HSO,, and the mixture of products were obtained in the pres- Acknowledgments

ence of [pmim]HSO, as catalyst. These results give clear evidence to
confirm the important role of the covalently bounded ionic liquid and
also HSOZ group in the catalyst to obtain the best performance.

To check the reusability of the catalyst, the reaction of phenyl hydra-
zine, ethyl acetoacetate and 4-chlorobenzaldehyde under the optimized
reaction conditions was studied again. When the reaction was complet-
ed, ethanol was added and the catalyst was separated by filtration. The
recovered catalyst was washed with ethanol, dried and reused for the
same reaction. This process was carried out over eight runs and all reac-
tions led to the desired products without significant changes in terms of
the reaction time and yield which clearly demonstrates practical
recyclability of this catalyst (Fig. 8).

4. Conclusion

In conclusion, in this study we have introduced Na*-MMT-
[pmim]HSO,4 as a highly powerful supported acidic ionic liquid for
the simple and efficient synthesis of 4,4 -(arylmethylene)-bis-(3-
methyl-1-phenyl-1H-pyrazol-5-ols). The obtained results show that
the catalytic activity of Na*-MMT-[pmim]HSO, is convincingly superior
to other reported procedures in the terms of reaction times and yields.
Lower loading of the catalyst, simple experimental procedure, and use
of inexpensive and reusable catalyst are other advantages of the proce-
dure. Furthermore, this process avoids problems associated with organ-
ic solvent and liquid acid use, which makes it a useful and attractive
strategy in view of economic and environmental advantages. Further
work to explore this catalyst in other organic transformations is in
progress.
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Fig. 8. Reusability of the catalyst.
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