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LaMnOs3 perovskite nanoparticles were prepared using a sol-gel method. The physical and chemical
properties of the catalyst were determined using X-ray diffraction, transmission electron microscopy,
scanning electron microscopy, Energy dispersive X-ray spectroscopy, BET method and Fourier transform
infrared spectroscopy. The XRD results indicated that the LaMnOs; has a good crystalline phase at 600°C.
The BET surface area of the mesoporous perovskite materials (LaMnOs) was 475 m?/g and the average
width of the pores was 8.7 nm. The experimental data revealed that the LaMnOs; particles were nano-
sized. This perovskite-type oxide as a green and reusable catalyst showed excellent catalytic activity
for the synthesis of imidazo[1,2-a|pyridines. LaMnOs; catalyst could be recovered and reused in five
reaction cycles, giving a total TON=2790 and TOF=372. The products were prepared under solvent-
free conditions without any additives. Principal features of this simple method include non-hazardous
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reaction conditions, low catalyst loading and excellent yields.
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1. Introduction

Nitrogen-containing heterocycles are abundant in nature and
exhibit diverse and important biological properties [1-4]|. Among
them, imidazo[1,2-a]pyridine derivatives display a diverse range
of biological activities such as antimicrobial [5], inhibitors of HIV-1
reverse transcriptase [6], biological activity against colon cancer
[7], potent inhibitor of p38 MAP kinase [8], inhibitor of cyclin
dependent kinases [9] and treatment of anxiety disorders [10]. A
new three-component condensation to approach such fused imid-
azoles was developed simultaneously by Groebke, Bienayme, and
Blackburn in 1998 [11-13]. Since the first reports were published,
various methods have been performed to improve this powerful
MCR (multi component reaction) synthetic methodology. Some of
these methods used acidic catalysts [14-16], some supported acid
catalysts [17-19], in the presence of polar solvents [20-22], ionic
liquids [23] and under catalyst-free [24], neat condition [25,26],and
microwave irradiation [27,28]. However, these methods possess
several disadvantages such as long reaction time [11-13,24,25],
complicated work-up procedure and harsh reaction conditions
[17,27], requirement of excess amount of catalysts [11,12,14], and
low yields [27,29].
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A wide cross-fertilization bridges heterogeneous catalysis and
materials science in the areas of physicochemical characterization,
solid-state chemistry, and synthetic routes [30-32]. Among mixed
metal oxides, perovskite-type oxides are prominent. Perovskite-
type mixed metal oxides of chemical formula ABO3 (A is a larger
cation than B) have attracted interest over the years owing to their
unique physical and chemical properties [33]. Perovskites have
many possible applications, e.g., in electrical devices [34], as fer-
romagnetic material [35], in membranes for gas separation [36], as
catalysts [37,38], as promising adsorbents [39,40] and in sensors
[41], and the catalytic properties are important in most applica-
tions.

Perovskites also efficiently catalyse organic reactions at very low
catalyst loadings [42-45]. The small amount of precious or active
metal oxides in the perovskite implies very high turnover num-
bers. Furthermore the catalysts are readily removed by filtration,
are recyclable and lead to extremely low leaching into solution
making perovskites an attractive alternative to homogeneous catal-
ysis. An important feature of LaMnO3 and many related perovskites
is their ability to reversibly adsorb and desorb oxygen into the
crystal lattice by continuous and spontaneous changes in Mn oxida-
tion state, without changing the overall bulk crystal structure [46].
Therefore, the present study has investigated fabrication and char-
acterization of perovskite-type oxide nanoparticles LaMnO3 and
determination its efficiency as a promising nanocatalyst for syn-
thesis ofimidazo[1,2-a] pyridine derivatives using very low amount
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of sufficient recyclable catalyst and eliminate the use of auxiliary
substances e.g. solvents, separation agents, etc.

2. Experimental
2.1. General remarks

All chemicals and reagents were obtained from Sigma-Aldrich
or Merck and were used without further purification. Several tech-
niques were employed to analyze and validate the synthesized
nanocatalyst. For structural investigation of calcined powder at
650°C X-ray diffraction (XRD) measurements were carried out in
the region of (20=20° to 70°) using CuKa radiation on a Rigaku
D/MAX RB XRD diffractometer equipped with a curved graphite
monochromator. The microstructure of powder was examined
using LEO 912AB TEM under a working voltage of 120kV, while
the morphology and chemical analysis of the particles was inves-
tigated using SEM-EDX technique. The SEM of the type LEO 1450
VP (V=30KkV) was equipped with an EDX spectrometer of the type
Inca 400 (Oxford Instruments). The melting points of products were
determined with an Electrothermal 9200 melting point appara-
tus. The FT-IR spectra were recorded on a Perkin-Elmer BX-II IR
spectrometer. The 'H NMR and 13C NMR spectra were provided on
Bruker DRX-400 and DRX-300 Avance instruments in CDCls3. The
specific surface area (SSA) of the catalyst was calculated using BET
method from the nitrogen adsorption isotherms obtained at 77 K
on samples outgassed at 250°C with the use of a Micromeritics
Accusorb 2100E apparatus.

2.2. Preparation of catalyst (LaMnO3)

LaMnO3; (LMO) of the type perovskite oxide were fabricated
by sol-gel method. The appropriate amounts of starting materials
La(NO3)3-6H;0 (99.9%) and Mn(CH3COO),-H,0 (99.9%) were dis-
solved in deionized water. Citric acid was then added slowly to
the metal solution at room temperature under constant magnetic
stirring (1000 r/min). The solution was refluxed with stirring for
2h to convert it to a stable complex. To make a gel, stirring was
continued at ~70°C for 3 h in water bath. A dry gel was obtained
by placing the sol in an oven and heating slowly to 110°C and then
maintaining the temperature for 8 h. The gel was ground in an agate
mortar to give a powder. LaMnO3 nanoparticles were obtained by
calcinations of the precursors at 650 °C for 9 h in air.

2.3. Preparation of catalyst (FeCl3-nano-SiO;)

The FeCl3-nano-SiO, was prepared by reported method [47]. In
a 100 mL flask, nano silica gel (25g) and FeCl3-6H,0 (2 g) (8% of
the weight of nano-SiO,) were vigorously stirred by magnetic stir-
rer under solvent-free conditions at room temperature for 24 h to
achieve ahomogeneous adsorption. Ayellow powder was obtained.
This powder was heated for 1 hat 100°C to give a brownish powder
(“active” FeCl3/nano-SiO,-reagent).

2.4. Preparation of catalyst (FeCl3-Al,03)

The FeCl3-Al,03 was prepared by reported method [48], by mix-
ing with ~10% its weightof iron chloride hexahydrate (FeCl3-6H,0)
8 ginacetone (72 mL) and adding 43.2 g neutral Al,03. The mixture
was stirred at room temperature for 1 h. The acetone was removed
under reduced pressure. The resulting yellow-brown powder was
dried at 120°C for 4 h.

2.5. Preparation of catalyst (KF.y-Al,03)

The KF-y-Al,03 was prepared by reported method [49]. Sup-
ported KF on y-alumina with loadings of 3-15mmol KF/g was
prepared by the wet impregnation method. y-Alumina was added
to a solution of KF in water and the suspension was stirred at room
temperature for 2 h. Water as evaporated at 60°C under reduced
pressure using a rotary evaporator. The catalyst was dried at 100°C
overnight, and pretreated in vacuum at the desired temperature
before testing for any catalytic activity.

2.6. Preparation of catalyst (NH40Ac-Al,03)

Alumina (ICN Biomedical N-Super 1,9.23 g) was added to a solu-
tion of ammonium acetate (10 mmol, 0.77 g) in methanol, and the
mixture was stirred at room temperature for 0.5 h. The methanol
was removed by rotary evaporator under reduced pressure, and
the resulting reagent was dried in vacuum (10 mmHg) at room
temperature for 2 h [50].

2.7. Typical procedure for the synthesis of
imidazo[1,2-a]pyridines

To a mixture of aldehyde(1 mmol), amidine(1 mmol) and iso-
cyanide(1 mmol), nano-LaMnO3 (0.0005g) was added and the
mixture was heated at 35 °C for an appropriate time as indicated by
TLC. The mixture was filtered and washed with CH,Cl; to separate
catalyst. To obtain pure products the solid residue was recrystal-
lized from CH3CN.

All the products (except of 4a, 4b, 4c, 4f and 4h) are new com-
pounds, which were identified by IR, "H NMR and 13C NMR spectral
data.

2.8. Spectral data of synthesized imidazo[1,2-a]pyridines

2.8.1. N-Cyclohexyl-2-(4-(dimethylamino )phenyl)imidazo[1,2-
apyridin-3-amine (4d,
C21H26Ny4)

Yellow-brown crystal, (0.314 g, 94%); mp: 182-183 °C; IR (KBr,
cm~1): 3432(NH), 2926 (CH), 1630 and 1462 (Ar). 'H NMR (CDCls,
400MHz): §=1.17-1.86 (10H, m, 5 CH; of CyHex), 3.02 (1 H, m,
CHN of CyHex), 3.02 (6H, s, 2CH3), 3.27 (1H, s, NH), 6.81 (3H, m,
3 CH of Ar), 7.15 (1H, dd, ], 3]=8.4, 4J=7.2, CH of Ar), 7.62 (1H,
d, 3]=8.8, CH of Ar), 7.98 (2H, d, 3]=6.8, 2 CH of Ar), 8.15 (1H, d,
31=6.8,CHofAr). 13CNMR (CDCl3, 100 MHz): § =24.86,25.81,34.15,
40.47,56.80,111.14,112.32,116.77,122.54,122.58,123.36, 123.55,
127.84,137.10, 141.36, 149.67.

2.8.2. N-Cyclohexyl-2-(9H-fluoren-2-yl)imidazo[1,2-a]pyridin-
3-amine (48, C26H25N3)

Yellow-brown crystal, (0.360 g, 95%); mp: 172-174°C; IR (KBr,
cm~1): 3222 (NH), 2926 (CH), 1638 and 1444 (Ar). '"H NMR (CDCls,
400 MHz): § = 1.18-1.87 (10H, m, 5 CH, of CyHex), 3.01 (1 H, m, CHN
of CyHex), 3.63 (1H, s, NH), 4.00 (2H, s, CH;), 6.79 (1 H, td, 3] =6.8,
4]=0.8,CHofAr),7.16 (1 H,m,CHof Ar), 7.34(1H,td,3]=7.6,%]=1.2,
CH of Ar), 7.39 (1 H, m, CH of Ar), 7.58 (1 H, d, 3J=7.2, CH of Ar),
7.65(1H,d,3]=8.8, CHof Ar),), 7.81 (2 H, m, 2 CH of Ar), 8.10 (1 H,
dd, 3]=7.8,4]=1.4, CH of Ar), 8.19 (1 H, d, 3] =6.8, CH of Ar), 8.33 (1
H,d,3]=0.4, CH of Ar). 13C NMR (CDCl3, 100 MHz): § =24.83, 25.76,
34.21,37.04,56.87,111.51,117.13,119.82,119.92, 122.72, 123.79,
123.94, 124.94, 125.07, 125.55, 126.66, 126.79, 133.01, 136.81,
140.78, 141.51, 141.62, 143.64, 143.66.
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Fig. 1. XRD patterns of samples of the LMO nanopowder calcinated at 650°C.

2.8.3. 2-(4-Chlorophenyl)-N-cyclohexyl-7-methylimidazo[1,2-
a]pyridin-3-amine (41,
C20H22CIN3)

White crystals, (0.333 g, 98%); mp: 208-209 °C; IR (KBr, cm~1):
3235 (NH), 2922 (CH), 1644 and 1467 (Ar). 'H NMR (CDCls,
400 MHz): §=1.17-1.82 (10 H, m, 5 CH, of CyHex), 2.44 (3H, s, CH3),
2.93(1 H, m, CHN of CyHex), 3.86 (1H, br s, NH),6.79 (1 H, d, 3] =6.8,
CH of Ar), 7.37 (2 H, m, CH of Ar), 7.48 (1 H, s, CH of Ar), 8.08 (3
H, m, CH of Ar). 13C NMR (CDCls, 100 MHz): § =21.36, 24.81, 25.71,
34.16,56.90,114.54,115.59,122.02,124.48,128.16,128.60, 132.82,
132.89, 134.89, 135.46, 141.93.

3. Results and discussion
3.1. Characterization of the catalyst

The nanopowders of perovskite-type oxides LaMnO3; were fabri-
cated by sol-gel method in the presence of citric acid as a chelating
agent. The obtained nanoparticles were characterized by XRD, TEM,
SEM, BET and EDX methods.

3.1.1. X-ray diffraction studies

Fig. 1 shows the XRD patterns of the LaMnO3; nanoparticles
prepared by sol-gel method and calcined at 650°C for 9h. The
diffractograms reveal that the crystalline perovskite structure is
the main phase for synthesized powders. The diffraction peaks at
20 angels appeared in the order of 23°, 32.5°, 41°, 47°, 58.5° and
68.65° and they can be assigned to scattering fromthe (110),(112),
(022),(220),(312) and (400) planes of the LaMnOs3 perovskite
type crystal lattice, respectively. XRD data shows LaMnOs crystal-
lized in rhombohedral system [51]. No additional peak is seen in
the XRD pattern of the catalyst which reveals the high purity of
the prepared perovskite nanoparticles. The average crystallite size
can be calculated using the XRD peak broadening of the (26 =32.5°)
peak by the well known Scherer’s formula:

0.91
Bria €os  Ohi
where Dy (nm) is the particle size perpendicular to the normal
line of (hkl) plane, By, is the full width at half maximum, 8y, (Rad)
is the Bragg angle of (hkl) peak, and A (nm) is the wavelength of X-

ray. The crystallite size of LaMnOs3 calcinated at 650 °C was about
28 nm.

(1)

Dpyy =

3.1.2. Morphology, pore structure and surface area
The morphology and the particle size of LaMnO3 nanoparticles
were studied by TEM and SEM methods. The TEM image of these

Fig. 2. TEM image of the LMO nanoparticles.

nanopowdersis shownin Fig. 2. All the particles display the uniform
quasi-spherical morphology with the average particle size of about
25 nm, whichis in a good agreement with the results achieved from
XRD measurement.

Scanning electron microscopy (SEM) of perovskite oxide pre-
pared by the sol-gel method and calcined at 650°C is shown in
Fig. 3. Based on the SEM images, porosity of the surface is evident
and it seems that the particles have grown with uniform size. The
particles size that was propagated on the surface seems to be in the
range of 25-100 nm.

In addition, energy-dispersive X-ray (EDX), as shown in Fig. 4,
confirmed the existence of La, Mn and O ratio as well as the phase-
purity of the nanopowders.

The specific surface area of the catalyst was measured by
means of conventional BET method (Fig. 5). Results showed that
the average of specific surface area of LMO nanoparticle was
475 m?/g. Mesopore volume and mesopore width were obtained
from DR method are 0.27 cm?/g and 8.7 nm, respectively. Accord-
ing to IUPAC classification, N, adsorption-desorption isotherm of
nanoparticles LMO is type IV. This isotherm is the characteristic of
adsorption-desorption on mesoporous solids. So, it seems that the
large specific surface area of the catalyst is an advantage for the
synthesis of imidazo[1,2-a] pyridine derivatives.

¥ /= 37.31 nm
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Fig. 3. SEM images of LMO nanopowders.
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Fig. 4. Energy dispersive X-ray (EDX) spectrum of the LMO nanoparticles.
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Fig. 5. N, adsorption-desorption isotherm of LMO is calcinated at 650°C.
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Scheme 1. Synthesis of compounds 4a-4o0.

3.2. Catalytic application of LaMnO3 nanoparticles in synthesis of
imidazo[1,2-a] pyridine derivatives

To explore the catalytic activity of this heterogeneous cat-
alyst, we investigated its efficiency in the reaction between
2-aminopyridine, benzaldehyde, and cyclohexyl isocyanide under
solvent-free conditions within 1.5h at 35°C (Scheme 1). In order
to optimize the reaction conditions, we conducted this reaction
with various solvent systems; it was observed that solvent-free
condition gave the best result in terms of reaction time and yield
(Table 1).

3.2.1. Catalyst loading

The required quantity of catalyst was probed by perform-
ing the condensation reaction of 2-aminopyridine, benzaldehyde
and cyclohexyl isocyanide at six different nano-LaMnO3 loadings.

Table 1
Initial solvent effect studies for synthesis of 3-aminoimidazo[1,2-a]pyridines with
0.2 mol% catalyst.

Entry Solvent Temp (°C) Time (h) Yield (%)
1 CH,Cl, Reflux 24 35
2 CH3CN Reflux 24 <30
3 EtOH Reflux 24 55
4 MeOH Reflux 24 55
5 Acetone Reflux 24 <30
6 H,0 Reflux 24 <30
7 Toluene Reflux 24 50
8 n-Hexane Reflux 24 50
9 Ethyl acetate Reflux 24 45

10 Solvent-free 35 1.5 96

Conditions: aminopyridine (1 mmol), benzaldehyde (1 mmol), cyclohexyl iso-
cyanide (1 mmol) and 0.2 mol% nano-LaMnOs; in 2 mL solvent, stirring.

Effective catalysis was demonstrated down to 0.2 mol% (0.0005 g)
of nano-LaMnOs3 (Table 2). We observed that taking reaction in the
room temperature gave low yields of the desired products (entry
10). The yield increased sharply when the temperature was raised
from room temperature to 35 °C. A further increase in the amount
of catalyst (up to 10mol%) and of the reaction temperature did
not have any significant effects on the product yield or reaction
time. It should be noted that in the absence of catalyst a very low
amount of the desired product was formed (entry 1). However
other catalysts such as FeCl3-nano-SiO,, FeCls-Al,03, KF-y-Al,03
and NH40Ac-Al,03 were examined, which afforded relatively low
yield of compounds and higher catalyst loading. In general Bron-
sted or Lewis acids as well as solid acids promoters give the best
results in terms of yield and reaction time. Moreover, the use of
FeCl3-nano-SiO,, FeCls-Al,03 and LaMnOs3 as Lewis acid catalysts
afforded the higher yield comparing to basic catalysts. High activity
of the LaMnO3 along with Lewis acidic center depends on the high
surface area and the perovskite structure, these attributes play-
ing a very important role to synthesis desired products, also these
features are the main reasons for LaMnOs3 to obtain higher yields
comparing to other catalyst (Table 2). In order to show the effec-
tiveness of the present work with respect to the previous reports,
nano-LaMnO3; was compared with mentioned examples as well
(see entries 7-10).

3.2.2. Catalytic performance

After optimizing the conditions, to explore the scope and limita-
tions of this reaction we studied the reactions of 2-aminopyridine
or 4-methyl-2-aminopyridine 1 and isocyanide 3 with various aro-
matic aldehydes 2 all desired products were formed as shown
in (Table 3). As expected, we have found that the reactions of
electron-withdrawing aldehydes have higher yields compared to
the reactions of electron donating aldehydes. Despite the expec-
tations, reactions of 4-methyl-2-aminopyridine have lower yields
comparing to 2-aminopyridine.

3.2.3. Reusability of catalyst

To evaluate the stability of catalytic activity and the potential for
recycling, we completed several catalytic cycles. When the reaction
was completed, the catalyst was separated by filtration. Then the
catalyst was washed with CH,Cl, (3 x 5 mL) and subsequently dried
at 50°C to the reused. As shown in Fig. 6 nano-LaMnOs3 could be
reused in subsequent reactions without any decrease in catalytic
activity even after five runs. Turn over number (TON) and turn over
frequency (TOF) of 4a after the fifth run were calculated, TON = 2790
and TOF=372h~! and compared to the previous report TON =453
and TOF=82.4h~1[26].
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Scheme 2. A plausible mechanism using nano-LaMnOs.

Yield(%)

Fig. 6. Yield refers to isolated products from the aminopyridines (1 mmol), benz-
aldehyde (1 mmol), cyclohexylisocyanide (1 mmol) in the presence of 0.2 mol%
nano-LaMnOs; (0.0005 g) under solvent-free condition.

3.2.4. A plausible mechanism for synthesis of
imidazo[1,2-a]pyridine using LaMnO3

On the basis of the experimental observations and previ-
ously reported mechanism [11-13], the possible pathway for the
formation of imidazo[1,2-a]pyridine over LaMnO3 nanoparticles
can be explained as follows (Scheme 2): Initially, 2-aminopyridine
1 coordinates to the Lewis acidic site present at the catalyst sur-
face (I). The protonation of 2 by the NH-acidic of compound (II)
and the subsequent attack of the resulting nucleophile (IIT) on the
activated carbonyl of aldehyde 5 afforded (IV). The elimination of
the water leads to iminium salt (V), then it undergoes nucleophilic
addition with the isocyanide 3 to form the isonitrilium interme-
diate (VI), which cyclizes into the imino intermediate (VII). This
intermediate tautomerizes under the reaction conditions to afford
the 3-alkylamino-2-arylimidazo[1,2-a]pyridine (VIII), The inter-
mediate catalyst species (VIII) regenerates the solid catalyst via
elimination of the final product 4.
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Table 2
Condensation reaction of 2-aminopyridine, benzaldehyde and cyclohexylisocyanide in the presence of different loading of the catalyst under solvent-free conditions.
Entry Catalyst Catalyst loading (g) Temperature (°C) Time (h) Yield® (%) Refs.
1 - - r.t. 2 Trace This work
2 FeCl3-nano-SiO, 0.02 r.t. 2 40 This work
3 FeCl3-nano-SiO; 0.02 35 15 80 This work
4 FeCl3-Al;03 0.02 35 15 94 This work
5 KF-yAl, 03 0.02 35 1.5 35 This work
6 NH40Ac-Al;03 0.05 35 2 30 This work
7 Clay 0.05 Microwave 3 86 [17]
8 Cellulose sulfuric acid 0.05 r.t. 2 94 [18]
9 ZnCl, 5b Microwave 1 78 [20]
10 y-Fe;03@Si0,-0SO3H 1° 35 1 92 [26]
11 nano-LaMnOs3 0.002 r.t 2 60 This work
12 nano-LaMnO; 0.0005 35 1.5 926 This work
13 nano-LaMnOs3 0.001 35 15 96 This work
14 nano-LaMnO3; 0.002 35 15 96 This work
15 nano-LaMnOs3 0.005 35 15 95 This work
16 nano-LaMnOs3 0.01 35 15 95 This work
17 nano-LaMnOs3; 0.02 35 1.5 95 This work
Conditions: 2-aminopyridine 1 mmol, benzaldehyde 1 mmol cyclohexylisocyanide 1 mmol.
2 Isolated yield.
b mol%.
Table 3
Synthesis of various 3-aminoimidazo[1,2-a]pyridines in the presence of nano-LaMnOs.
Entry X R Product Yield" (%) mp (°C) TON TOF (h~1)
1 H Ph 4a 96 178-180 (174-175)[17] 2790 372
2 H 4-Me-CgHy 4b 95 160-161 (166-169) [25] 2902 387
3 H 4-Cl-CgHy 4c 99 185-187 (179-181) [24] 3210 428
4 H 4-NMe,-CgHy 4d 94 182-183 3138 418
5 H 2-Fluorenyl 4e 95 172-174 3608 481
6 H 4-OMe-CgHy 4f 91 154 (154) [52] 2822 376
7 H 4-Br-CgHy 4g 99 176-178 3654 487
8 H 2-Thiophen 4h 97 160-161 (168-170) [53] 2884 384
9 Me Ph 4i 95 170-172 2904 387
10 Me 4-Me-CgHa 4j 94 191-192 (dec) 3002 400
11 Me 2,4-Me;-CgH3 4k 91 198-199 3036 405
12 Me 4-Cl-CgHy 41 98 208-209 3326 443
13 Me 4-NMe,-CgHg 4m 94 200-202 (dec) 3278 437
14 Me 2-Fluorenyl 4n 94 200-201 3696 492
15 Me 4-Br-CgHy 40 99 204-206 3794 506

Conditions: aminopyridines (1 mmol), benzaldehydes (1 mmol), cyclohexylisocyanide (1 mmol) and 0.2 mol% nano-LaMnOs; (0.0005 g), stirring at 35 °C, 90 min.

" Isolated yield.

4. Conclusions

In summary, nanoparticles of perovskite type LaMnO3; were
prepared using sol-gel method in the presence of citric acid
as a chelating agent. The XRD, TEM, SEM and EDX reveal that
the LaMnO3; nanoparticles prepared by calcinating the gel pre-
cursor at 650°C have good crystallinity in perovskite phase
structure. According to electron microscopic images, the nanopar-
ticles exhibit regular morphology with homogeneous particle size
distribution.

In addition, in the present study we developed a green method
for synthesis the imidazo[1,2-a]pyridine derivatives by perovskite-
type oxide LaMnOs3 nanoparticles as thermally stable, non-volatile,
efficient recyclable heterogeneous catalyst under solvent-free con-
dition. The advantages of this procedure over earlier reported
processes include excellent yield, short reaction time, and mild con-
dition, very low loading of catalyst and high performance of catalyst
even after five runs.

Appendix A. Supplementary data
Supplementary data associated with this article can be

found, in the online version, at http://dx.doi.org/10.1016/
j.apcata.2013.10.026.
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