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ABSTRACT

A new type of magnetically-recoverable catalyst was synthesized by the immobilization of HsPW 1,04, 0n the surface of silica-
encapsulated y-Fe,O3 nanoparticles. A series of novel 1,3,5-triaryl pyrazoline derivatives has been synthesized by the reaction
of chalcone and phenylhydrazine in the presence of the y-Fe,0;@SiO,-PWy,nanoparticles, in high yields. The structures of
compounds obtained were determined by IR and '"H NMR spectra. y-Fe,0;@SiO,-PWy,was recycled and no appreciable
change in activity was noticed after three cycles.

Keywords:Silica-encapsulated y-Fe,O3 nanoparticles, Heterogeneous catalysis, Pyrazoline, Phenyl hydrazine, Chalcone.

1. Introduction to the H3PW;,04 (PW1y) is their low surface area, 1-5
_ _ _ m?g™, and low porosity (< 0.1 cm® g?). Supported
Pyrazolines are well known, and important nitrogen-  HpA catalysts have much greater surface areas. Many

containing five-membered heterocyclic compounds  attempts have been made to disperse and fix HPA
and various methods have been worked out for their  catalysts on various supports. Support materials such
synthesis [1]. Pyrazoline derivatives are aftracting g sjjica, carbon, and organic resins have been applied
increasing interest of many researchers, not only in - \yith varying levels of success, with new supporting
medicinal chemistry because of their bioactivity such  materials and methods being actively pursued [16,17].
as antimicrobial [2], antiamoebic [3], antinociceptive  Ajthough the structure and composition of the
[4], anticancer [5], antidepressant [6] and anti-  qpnorted HPAs are sometimes uncertain, high
inflammatory [7], but also in conjugated fluorescent  catavtic activities are often observed and separation
dyes emitting blue fluorescence with high fluorescence made easier. For various reasons, such as efficiency,
quantum yield [8] and electroluminescence fields [9].  petter accessibility to the active sites, cost, depositing

Among various pyrazoline derivatives, 1,3,5-triaryl-2- on a support is currently favored [18,19].
pyrazolines seem to be the most frequently studied '

pyrazoline type compounds. Several catalysts have ~ The immobilization of PW,, on silica-coated y-Fe,O,
been developed for the preparation of these ~ NPs (designed as y-Fe,0;@SiO,-PWy,) can be
heterocycles, including sodium acetate-acetic acid ~ employed to derive a novel heterogeneous catalyst
aqueous solution under ultrasound irradiation [10], hot ~ system that possesses both a high separation efficiency
acetic acid solution [11], K,CO;-mediated microwave  and a relatively high surface area to maximize catalyst
irradiation [12], HsPW1,04 [13] Tungstophosphoric ~ loading and activity. Certainly, the wuse of
Acid Supported on Highly Organosoluble Polyamide environmentally benign solvents has been another key
(PW1,/PA) [14] and BifunctionalBransted Acidic lonic ~ research area of green chemistry, with great advances
Liquid [15]. being seen in aqueous catalysis. Along this line, we

. . synthesized  y-Fe,O;@SiO,-PWy, as a  novel
Hydrogen forms (or free acids) of heteropoly acids nanomagnetically-recoverable catalyst and assessed its
(HPAs) usually have low surface areas (the drawback catalytic activity for the synthesis of 1,3,5-triaryl-2-

*Corresponding author: E-mail:aliyan@iaush.ac.ir pyrazolinesderivatives (Scheme 1).
Tel:+98 321 3232706-7; Fax: +98 321 3232701

99


mailto:aliyan@iaush.ac.ir

Aliyan/ Iranian Journal of Catalysis 3(2), 2013, 99-105

o

= Ph NH
R R2 SNT2
+ H

1 2

Fe,0,@Si0,-PW,,

-

@ H H

R R

5
37, R2

N

1

NZ

“Ph

EtOH
3

Scheme 1. Synthesis of 1,3-5-triaryl-2-pyrazolines (3).

2. Experimental
2.1. Preparation of the catalyst

The y-Fe,O; NPs were synthesized by a chemical
coprecipitation technique of ferric and ferrous ions in
an alkaline solution. FeCl,. 4H,0 (2.0 g) and FeCl;
b6H,O (5.4 g) were dissolved in water (20 mL)
separately, followed by the two iron salt solutions
being mixed under vigorous stirring. An NH,OH
solution (0.6 M, 200 mL) was then added to the stirring
mixture at room temperature, immediately followed by
the addition of a concentrated NH,OH solution (25%
w/w, 30 mL) to maintain the reaction pH between 11
and 12. The resulting black dispersion was
continuously stirred for 1 h at room temperature and
then heated to reflux for 1 h to yield a brown
dispersion. The MNPs were then purified by a four
times repeated centrifugation (4000-6000 rpm, 30
min), decantation and redispersion cycle until a stable
brown magnetic dispersion (pH 9.2) was obtained
(mean diameter = 65.5 nm). Coating of a layer of silica
on the surface of the y-Fe,O3; NPs was achieved by pre-
mixing (ultrasonic) a dispersion of the purified NPs
(8.5% wi/w, 20 mL) obtained previously with ethanol
(80 mL) for 1 h at 40 »C. A concentrated ammonia
solution was added and the resulting mixture stirred at
40 oC for 30 min. Subsequently, TEOS (1.0mL) was
charged to the reaction vessel and the mixture
continuously stirred at 40 oC for 24 h. The silicacoated
NPs were collected using a permanent magnet,
followed by washing three times with ethanol, diethyl
ether and drying in a vacuum for 24 h (mean diameter
=79.3 nm). 0.7 g of PW,, was dissolved in 5mL of dry
methanol. This solution was added dropwise to a
suspension of 1.0 g y-Fe,O;@SiO, in methanol (50
mL) while being dispersed by sonication. The mixture
was heated at 70 oC for 72 h under vacuum while being
mechanically stirred to obtain y-Fe,O;@SiO,-PW,
NPs. The catalyst was collected by a permanent
magnet and dried in a vacuum overnight. (0.005 g).
The reaction mixture was vigorously stirred for the
period of time listed in Table 2. The progress of the
reaction was monitored by TLC. When the reaction
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was complete, y-Fe,0;@SiO,-PW, could be placed on
the side wall of the reaction vessel with the aid of an
external magnet, and water was removed from the
mixture to leave a residue (including the product and
catalyst). Then, the product was dissolved in ethanol
and the catalyst easily separated from the product by
attaching an external magnet onto the reaction vessel,
followed by decantation of the product solution. This
solution was concentrated at roomtemperature to
generate the crude product. The crude products were
purified either by crystallization from ethanol or by
column chromatography on silica gel using ethyl
acetate/hexane as the eluent. All products were
identified by comparing of their spectral data with
those of authentic samples [20,21].

2.2. General procedure for the synthesis of chalcone
(Benzylideneacetophenone)

The chalcone  (Benzylideneacetophenone)
prepared as described previously [22].

was

2.3. Typical procedure for the synthesis of 1,3,5-triaryl
pyrazoline

The following components were added to the reaction
vessels: chalcone (1 mmol), phenylhydrazine (1 mmol)
and y-Fe,0;@Si0,-PWy, (0.03 mmol). Progress of the
reaction was monitored by TLC. At the end of the
reaction the produced mixture was washed off the
vessel using EtOAc (20 ml) and then was filtered. The
filtrate was dried (MgSO,) and evaporated. The crude
product was purified by column chromatography to
provide 1,3,5-triaryl pyrazoline.

2.4. Selected spectroscopic data

5-(4-Methylphenyl)-1,3-diphenyl-2-pyrazoline (3a):'H
NMR (CDCly): 8 2.34 (s, 3H, CH3), 3.14 (dd, J=7.1,
17.0 Hz, 1H), 3.85 (dd, J=12.1, 17.0 Hz, 1H), 5.27 (dd,
J=6.9, 12 Hz, 1H) 6.77-7.75 (m, 14H) ppm. Anal.
calcd. for CyHyN,: C 84.62, H 6.41, N 8.97; found C
84.61, H 6.43, N 9.00. ®C NMR (CDCly): & 21.68,
44.09, 64.73, 113.69, 119.47, 126.23, 128.43, 128.88,
129.34, 129.57, 130.19, 133.07, 137.67, 141.53,
145.43, 147.17. IR (KBr) v max : 1117, 1499, 1593 cm™
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5-(4-Chlorophenyl)-1,3-Diphenyl-2-Pyrazoline
(3b):'H- NMR (CDCl;): .04 (dd, J = 7.4, 17.6 Hz,
1H), 3.77 (dd, J = 11.6, 17.6 Hz, 1H), 5.67 (dd, J = 7.4,
11.6 Hz, 1H), 6.71-7.64 (m, 14H); Anal. Calcd. for
CxHi,CINy: C, 75.78; H, 5.15; N, 8.41. Found: C,
75.69; H; 5.10; N, 8.49%. *CNMR (CDCly): & 43.4,
63.8, 113.4, 119.4, 125.7, 127.3, 128.5, 128.7, 128.9,
129.3, 129.9, 132.5, 133.3, 141.1, 144.6, 146.7. IR
(KBF) v max: 1123, 1495, 1598 cm’™.

5-(3-Chlorophenyl)-1,3-Diphenyl-2-Pyrazoline  (3c):
'H NMR (CDCl,): § 3.08 (dd, J=6.8, 17.0 Hz, 1H),
3.43 (dd, J=12.2, 17.2 Hz, 1H), 5.63 (dd, J=6.9, 12.4
Hz, 1H) 6.85-7.81 (m, 14H) ppm. Anal. calcd. for
C21H17N2C|: C 8585, H 572, N 943, found C 8579,
H 5.70, N 9.41. ®C NMR (CDCly): & 42.37, 61.54,
113.58, 119.60, 124.44, 127.79, 128.07, 128.92,
129.18, 129.48, 130.67, 132.53, 133.04, 135.04,
139.67, 144.84, 147.53. IR (KBr) v max: 1127, 1501,
1593 cm™.

5-(2-Chlorophenyl)-1,3-Diphenyl-2-Pyrazoline  (3d):
'H NMR (CDCl;): 83.06 (dd, J = 4.8, 17.6 Hz, 1H),
3.96 (dd, J =11.2, 17.7 Hz, 1H), 5.64 (dd, J = 4.7, 11.0
Hz, 1H), 6.76-7.74 (m, 14H); Anal. Calcd. for
C,H1,CIN,: C, 75.78; H, 5.15; N, 8.41. Found: C,
75.83; H, 5.23; N, 8.38%.°C NMR (CDCl;): § 41.9,
61.5, 113.3, 119.2, 125.9, 127.5, 127.9, 128.3, 128.5,
128.8, 129.3. 129.8, 131.4, 132.2, 139.5, 144.6, 147.4.
IR (KBF) v max: 1120, 1497, 1595 cm™,

5-(2,4-Dichlorophenyl)-1,3-Diphenyl-2-Pyrazoline (3e):
'H NMR (CDCls): §3.02 (dd, J = 6.6, 17.6 Hz, 1H),
3.97 (dd, J =12.5, 17.5 Hz, 1H), 5.59 (dd, J = 6.6, 12.2
Hz, 1H), 6.69-7.71 (m, 13H); Anal. Calcd. for
C,iHisCIN,: C, 68.67; H, 4.39; N, 7.62. Found: C,
68.73; H, 4.39; N, 7.71%. *CNMR (CDCly): & 415,
60.9, 113.5, 119.5, 124.3, 125.6, 127.4, 127.7, 128.6,
128.5, 1285, 129.2, 129.5, 132.1, 133.9, 137.7, 144.4,
147.5. IR (KBr) v max: 1118, 1503, 1589 cm™.

5-(3-Bromophenyl)-1,3-Diphenyl-2-Pyrazoline (3f): 'H
NMR (CDCls): 63.08 (dd, J=7.1, 17.0 Hz, 1H), 3.35
(dd, J=12.1, 16.9 Hz, 1H), 5.68 (dd, J=6.9, 12.7 Hz,
1H) 6.80-7.75 (m, 14H) ppm. Anal. calcd. for
CxHiN,Br: C 85.85, H 5.72, N 9.43; found C 85.78,
H 5.69, N 9.43. ®*C NMR (CDCl): & 42.35, 60.47,
113.35, 119.50, 124.23, 127.94, 128.05, 129.06,
129.16, 129.35, 130.59, 132.41, 133.18, 139.66,
145.25, 147.14. IR (KBr) V max: 1126, 1502, 1598 cm'™.

5-(4-Methoxyphenyl)-1,3-Diphenyl-2-Pyrazoline (3g):
'H NMR (CDCly): 6 3.12 (dd, J=7.1, 17.1 Hz, 1H),
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3.82 (s, 3H, OCHj), 3.87 (dd, J=12.1, 16.9 Hz, 1H),
5.24 (dd, J=7.2, 12 Hz, 1H) 6.75-7.85 (m, 14H) ppm.
Anal. calcd. for C»HyN,0: C 84.62, H 6.41, N 8.97;
found C 84.56, H 6.40, N 8.93. *C NMR (CDCls): &
44,08, 55.64, 64.14, 113.72, 114.46, 119.54, 126.42,
127.91, 128.47, 128.89, 129.19, 130.56, 133.21,
135.03, 145.34, 147.17. FTIR (KBr) v max 1120, 1261,
1512, 1597 cm™.

3-(4-Chlorophenyl)-1,5-Diphenyl-2-Pyrazoline  (3h):
'H NMR (DMSO0): & 3.15 (dd, J=7.1, 17.0 Hz, 1H),
3.87 (dd, J=12.2, 17.1 Hz, 1H), 5.33 (dd, J=7.3, 12.4
Hz, 1H) 6.83-7.67 (m, 14H) ppm. Anal. calcd. for
C21H17N2C|: C 8485, H 572, N 943, found C 8481,
H 5.77, N 9.47. *C NMR (DMSO0): § 42.39, 61.31,
113.53, 117.26, 126.83, 126.94, 128.64, 129.16,
129.39, 130.55, 132.17, 132.19, 136.05, 139.61,
143.73, 147.39. IR (KBr) v max 1121, 1509, 1599 cm'™.

3. Results and Discussion
3.1 Characterization of the »~Fe,O;@SiO,-PW;,

The FTIR spectrum of the synthesized y-Fe,O3; NPs
shown the absorption bands at 449.5, 588.7, 637.8,
799.5 and 900 cm™ [23]. Fig. 1a show the FT-IR
spectra of the y-Fe,O;@SiO, which are as same as
reported previously [24]. These observations
confirmed the synthesis of v-Fe,0s@SiO,. The
transmission spectrum of y-Fe,0; @SiO, shows that
the absorption band at 593 cm™ could be related to the
vibration of y-Fe—-O [25]. The bands at 1104 cm™,
along with shoulder at 1199 and 461 cm™, are
presumably due to asymmetric stretching and bending
modes of Si—O-Si, respectively. The shoulder at 805
cm™ may be assigned either to a symmetric stretching
of Si—O-Si or a stretching vibration of Fe—O bonds.
The characteristic band of Si—-O—Fe appears at 686 cm™
in this sample [26].

@

A‘V‘/\/w«-—-——_’——q

Transmittance (%)

4000 3500 3000 2500 2600 1500 1000 5
Wavemunber (ca-1)

Fig. 1. FTIR spectra of (a) y-Fe,0;@SiO; and (b) y-
FEZO3@SiOZ-PW12.
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PW, shows typical bands for absorptions at 1080 (P—
0), 984 (W 0), 896 and 814 (W-O-W) cm™. In v-
Fe,0;@Si0,-PWy, (Fig. 1b), the characteristic bands
are at the same wavenumbers, with a small shift
according to the interaction with the support. The PW,,
band in the 1080 cm™ zone is masked by the Si—-O-Si
absorption band in the y-Fe,0s@SiO,-PW, spectrum.
Fig. 2 show the TEM image and size histogram for the
v-Fe,0:@Si0,-PW1, NPs. The particle size distribution
from the TEM image shows that NPs are in the range
75-90 nm and that the mean diameter of the observable
NPs is 68 nm.

3.2. Choice of reaction media and effect of the catalyst
on the synthesis of 1,3,5-triaryl-2-pyrazolines
derivatives

At first, the condensation reaction of chalcone and
phenylhydrazine was performed in the presence of
catalytic amount of the y-Fe,O; (Table 1, entry 1). The
synthesis could not be achieved with high yield in the
presence of the they-Fe,O;. To choose the most
appropriate medium in this heterocyclization reaction,
synthesis of 1,3,5-triaryl-2-pyrazolines from the
condensation of chalcone and phenylhydrazine in the
presence of a catalytic amount of y-Fe,O;@SiO,-PW;,
nanoparticleswere selected as a model reaction. It
seems that alcoholic solvents (methanol and ethanol),
CH,CI,, CHsCN, and CHCI; gave good conversions.
Clearly, ethanol stands out as the solvent of choice,
with its fast conversion, high yield and easy removal.
To establish the optimal conditions, a set of
experiments varying the amount of the catalyst, and
temperature (Table 1) were carried out. Using 3 mol%
of catalyst to chalcone shows the best result for this
reaction in EtOH at 45 °C. These conditions were
applied to a series of substituted aromatic aldehydes.

On the basis of the above results, to extend the scope
and generality of this method, several structurally
diverse chalcones and phenylhydrazines were cyclized
to give 1,3,5-triaryl 2-pyrazoline by y-Fe,0;@SiO,-
PW;, NP. The results are listed in Table 2. It could be
seen that the reactions proceeded well with all
substrates, but substrates with electron-donating groups
were generally more reactive than those with electron-
withdrawing groups.

A reasonable pathway for the reaction of chalcone with
phenylhydrazine in the presence of PW,/PA is also
presented by Scheme 2.

In order to show the effect of the catalytic activity of y-
Fe,0;@SiO,-PW1, nanocrystals in the synthesis of
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Fig. 2. TEM image for y-Fe,0;@SiO,-PW 5.

1,3,5-triaryl-2-pyrazoline derivatives, all reactions
were repeated with the same reaction conditions in the
presence of Hi;PW3,04 [13] and PW/PA [14] as
catalysts. The obtained results showed that the turnover
frequencies (TOF) in the synthesis of 1,3,5-
triarylpyrazoline derivatives catalyzed by
CsHPWhanocrystals was higher than the PW, and y-
Fe,0;@Si0,-PWy,. One explanation for this behavior
is that y-Fe,O;@SiO,-PW;, nanocrystals have high
specific structure areas.

In order to show the merit of the present work in
comparison with recently reported protocols [13,14,
26], we compared the results with respect to the
amounts of the catalysts used, reaction times and yields
of the products (Table 3). Comparison of y-
Fe,0;@Si0,-PWy, with these catalysts for the
synthesis of 1,3,5-triaryl pyrazoline show that activity
of y-Fe,0;@SiO,-PW,, seems to be higher than or
equal with other known catalysts (Table 3).

3.3. Rcovery

Magnetic separation provides a very convenient
approach for removing and recycling magnetic
composites by applying an added magnetic field. The
separation of y-Fe,0;@SiO,-PW,, nanocatalyst from
the reaction mixture becomes very easy owing to the
superparamagnetic nature of Fe;O, nanoparticles at
room temperature. In the magnetic separation
technique, the catalyst became adsorbed onto the
magnetic stirring bar when the stirring was stopped. In
our experiments, the reusability of the catalyst were
examined by repetitive use of the catalyst. The wet
catalyst was recycled and no appreciable change in
activity was noticed after three cycles.
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Table 1. Effect of different conditions in the reaction of chalcone with phenylhydrazine in 45 °C.?

Ph
)O% . ph\N/NH2 Fe,0,@SiO,-PW,, NP E//B‘Ph
Ph Ph H FtOM Y
Entry Catalyst Catalyst (mol%o) Solvent Temperature (°C) Yield (%6)°
1 - - EtOH 45 <3
2 v-Fe,04 3 EtOH 45 11
3 PW1,@SiO, 3 EtOH 45 23
4 v-Fe,0:@Si0,-PWy, 2 EtOH 45 45
5 v-Fes0,@SiO,-PW, 3 EtOH 45 70
6 v-Fe,0;@Si0,-PW, 3 EtOH 45 98
7 v-Fe,0;@SiO,-PW, 4 EtOH 45 98
8 v-Fe,03@Si0,-PWy,° 3 EtOH 45 75
9 v-Fe,0;@Si0y-PW;," 3 EtOH 45 82
10 y-Fe,0;@Si0,-PWy, 3 EtOH rt. 75
11 v-Fe,0;@SiO,-PW, 3 MeOH 45 80
12 v-Fe,0;@SiO,-PW, 3 CH;CN 45 58
13 v-Fe,0;@SiO,-PW, 3 CH.Cl, 45 43

®Reaction conditions: chalcone (1 mmol), phenylhydrazine (1 mmol) and catalyst, in EtOH (5ml), after 1h, in 45°C.
PIsolated Yield.

“Chalcone/phenylhydrazine: 1/2

dChalcone/phenylhydrazine: 1/3

Table 2. Synthesis of 1,3,5-triaryl-2-pyrazoline (TAP) derivatives in the presence of y-Fe,0;@SiO,-PW;, nanoparticles.?

H H

7 Ph. _NH R 5

R R? NT 2 3\ N7 R2
* Fe,0,@Si0,-PW,, NP N—N_
1 2 2 1pPh
EtOH
3
Mp(°C)
TAP R: R, Yield (%)°

Found Reported
3a H 4-Me 98 128-130 128-130 [10]
3b H 4-Cl 92 136-137 133-134[11]
3¢ H 3-Cl 90 131-133 134-136[10]
3d H 2-Cl 85 131-133 134-135[11]
3e H 2,4-Cl, 83 136-138 136-138 [11]
3f H 3-Br 90 139-141 141-143[11]
39 H 4-MeO 95 109-111 110-112[11]
3h 4-Cl H 87 143-145 143-145[11]

zReaction conditions: chalcone (1 mmol), phenylhydrazine (1 mmol) and y-Fe,O;@SiO,-PWy, (0.03 mmol), in EtOH, after 100 min.
Isolated Yield
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Scheme 2. Suggested mechanism for the reaction of chalcone with phenylhydrazine in the presence of y-Fe,03@SiO,-PWy,.

4. Conclusions

A series of y-Fe,0:@SiO,-PW,;, catalysts were
prepared by the wet impregnation method. This
catalyst is a safe and magnetically recoverable
heterogeneous system for promoting the synthesis of
1,3,5-triaryl pyrazoline. The advantages of this
catalytic system is mild reaction conditions, short
reaction times, high product yields, easy preparation of
the catalysts, non-toxicity of the catalysts, simple and

clean work-up of the desired products. In addition, the
catalysts can be reused several times but they will be
less active.
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Table 3. Comparison of y-Fe,O;@SiO,-PW,, with some other catalyst for the synthesis of 3c.

Entry Reagent Time (min) Yield (%)* Ref.
1 PWy, 300 92 13
2 PW,/PA 200 90 14
3 CsHPW 30 85 27
4 CH;COONa/ U.S. 120 83 10
5 CHsCOOH/ U.S. 100 87 28
6 1-Fe,0;@Si0,-PWy, 100 90 This work
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