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Abstract Iron(III) supported on nano silica as a new

catalyst has been synthesized. Structural properties of this

complex have been studied by TEM, SEM and EDX. The

average crystalline size of Iron(III) supported on nano

silica is 30–50 nm. Catalytic activity of this catalyst has

been investigated by synthesis of benzimidazoles from 1,

2-diaminobenzene and aromatic aldehydes, and also the

other variables investigated such as the amount of catalyst,

reaction temperature and the effect of various solvents are

also studied. The present procedure offers several advan-

tages such as short reaction time, simple workup, recovery

and reusability of the catalyst.
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Introduction

Solid-supported reagents are completely acid catalysts that

have become known over the last decades. The activity and

selectivity of a reagent dispersed on the surface of a sup-

port are reformed, as the effective surface field of the

reagent is improved multifold and thus they are more

effective than the separate reagents [3]. Amongst various

solid supports, Nano silica is usually preferred, since it

exhibits many useful properties such as high surface area,

excellent stability (thermal and chemical), and good

availability. Besides, organic groups can be robustly

anchored to the surface to provide catalytic centers [4, 6,

19]. Benzimidazole nucleus is an important intermediate

with its good biological and pharmacological properties in

the organic synthesis [1]. It exhibits substantial activity

against several viruses such as HIV [15] and herpes (HSV-

1) [12]. Methods of synthesis benzimidazole include the

reaction between o-aryldiamines and aldehyde in refluxing

nitrobenzene [17, 20], the condensation of o-aryldiamines

with carboxylic acids or their derivatives in the presence of

robust acids such as polyphosphoric acid [14] or inorganic

acids [8]. Direct concentration of o-aryldiamines and

aldehydes is not a good synthetic reaction, as it is well

known to yield a complex combination, being 1,2-disub-

stituted benzimidazoles [5]. In this case, the addition of

transition metal, namely mercury oxide [9] or lead

tetraacetate [16], allows a partial selective synthesis of

benzimidazoles. In current years, solvent-free synthesis of

benzimidazoles have been reported using Yb (OTf)3 [18],

KSF clay [10], PPA [11], solid-support [13], and iodine

mediated in aqueous condition [16], Indion 190 resin [2].

Unfortunately, many of these processes suffer some limi-

tations, such as drastic reaction conditions, low yields,

tedious work-up processes and co-occurrence of several

side reactions. Following our work [7], in this paper, we

reported a nano heterogeneous catalyst with supported

Fe(III) on the Nano SiO2 and morphological of the catalyst

was investigated by FTIR and SEM. In addition, this cat-

alyst is an efficient method to prepare benzimidazoles

derivatives and recyclable catalyst under solvent-free

conditions (Scheme 1). The merit of this methodology is

that it is simple, fast, mild and efficient.
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Experimental

All reagents and solvents were commercially available

and were used as such. Silicon Oxide (SiO2, 99.5 %,

15 nm) was purchased from Nanostructured and Amor-

phous Materials, Inc. The morphology of catalysts and

their precursors was observed by means of a Philips XL30

scanning electron microscopy (SEM). Melting points were

determined using Barnstead—Electrothermal 9300 Melt-

ing Point. The products were isolated and characterized

by physical and spectral data. 1H NMR and 13CNMR

spectra were recorded on Bruker Avance-200 MHz

spectrometers in the presence of tetramethylsilane as

internal standard.

General procedure for the preparation of nano silica

supported ferric chloride

To achieve a homogeneous adsorption, in a 25 mL flask,

nano silica gel (0.1 g) and FeCl3�6H2O (0.004 g) (4 % of

the weight of nano-SiO2) were vigorously stirred by

magnetic stirrer under solvent-free conditions at 75 �C for

24 h. A yellow powder was obtained. This powder was

heated for 1 h at 100 �C to give a brownish powder,

(iron/nano silica.reagent).

General procedure for the preparation

of benzimidazole

To a mixture of o-phenylenediamine (1 mmol) and ary-

laldehydes (1 mmol) aq., 30 % H2O2 (1 mmol) and SiO2–

FeCl3 (0.05 g) were added and the mixture was heated at

75 �C for 10 min. The progress of the reaction was

monitored by TLC (eluent: n-hexane–EtOAc, 7:3). When

the starting materials completely disappeared, the mixture

was cooled at room temperature, and then the solid was

dissolved in CH2Cl2 (10 mL). The catalyst was separated

and the organic layer was washed with water

(2 9 10 mL) and dried under MgSO4. The filtrate was

evaporated and the corresponding benzimidazole was

obtained as the only product after recrystallization in aq.

Ethanol (25 %).

Results and discussions

In the first step, iron/silica nano composite was prepared by

mixing nano silica gel (0.1 g) and FeCl3�6H2O (0.004 g).

Then, it was vigorously stirred by magnetic stirrer under

solvent-free conditions at room temperature for 24 h to

Table 1 Reaction of o-phenylenediamine with 4-chlorobenzalde-

hyde in diverse catalytic conditions

Entry Catalyst (mol%) Time (min) Yield (%)a

1 None 180 0

2 FeCl3 60 56

3 Nano-SiO2 120 25

4 FeCl3/SiO2 (4%) 5 95

a Isolated yield
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Fig. 1 a Effect of iron/silica preparation ratio on the catalytic performance, b temperature of mixing for preparation nano catalyst in the

synthesis of 2-(4-chlorophenyl)-1H-benzimidazole
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Fig. 2 TEM images NPs with

average particle size of

30–50 nm

Fig. 3 SEM images of the catalyst
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achieve a homogeneous adsorption. However, to do so,

various parameters were investigated such as the presen-

tation of iron ratios to nano-SiO2 and temperature of

mixing for preparing nano iron/silica in the synthesis of

2-(4-chlorophenyl)-1H-benzimidazole by condensing o-

phenylenediamine with 4-chlorobenzaldehyde. So, the best

condition for the synthesis of 2-(4-chlorophenyl)-1H-ben-

zimidazole is 0.05 g of FeCl3�6H2O (4 % of the nano-SiO2

weight) at 75 �C (Fig. 1a, b). The nano composite catalytic

behavior was compared with several types of catalysts in

the reaction to benzimidazole (Table 1). In the absence of a

catalyst, the reaction did not progress at all. Notably, nano

iron/silica composite shows an activity higher than those

reported in heterogeneous. We believe that nano silica

surface chemistry plays an important role in this reaction.

In next study, the nano composite catalyst was character-

ized through TEM, SEM, EDX, and line scan. The mor-

phology and particle size of these iron/silica nanocatalyst

were investigated by TEM, as shown in Fig. 2. The shape

of NPs is spherical with average particle size of 30–50 nm.

Fig. 4 a EDX, b line scans of

iron/silica nano composite

catalysts
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The characterization of catalyst synthesized from the iron/

silica (4 % of the nano-SiO2 weight) was also carried out

using scanning electron microscopy. SEM-EDX the elec-

tron micrograph was obtained from powder specimens of

these materials, and SEM-EDX is used to obtain informa-

tion about their microstructural and metal dispersion

properties, so the morphology of catalyst with SEM was

shown in Fig. 3. The weight percentages of the iron/silica

nano composite over the surface of catalyst were deter-

mined by EDX; the Si and Fe weight percentages are 57.17

and 2.103, respectively. In particular, Si and Fe are

observed to be well on the surface of catalyst (Fig. 4a).

Figure 4b shows the line scan obtained in an iron/silica

nano composite catalyst. The line scan of the catalyst is

placed at around 60 lm from the beginning of the line

scan, so it was shown that Fe is still clearly visible. To find

optimal amount of nano composite, the reaction was car-

ried out by varying the amount of the catalyst. The catalytic

conversion was increased by increasing the weight of cat-

alyst up to 10–50 mg and then it became constant with

further increase in the weight. These results indicate that

for this conversion a different scale of Lewis site is

required. For more investigation, we have screened the

effects of different solvents with varying polarity and

protic nature. It was observed that solvent-free condition is

proved to be the best choice for this reaction over any

methanol, ethanol and organic solvents such as acetonitrile,

CH2Cl2 and DMF. Also, it was observed that the good

results were not obtained in operation in nitrogen atmo-

sphere conditions. The results are presented in Table 2.

The recovered catalyst from the experiment was washed by

acetone (3 9 5 mL). Then, it was dried in an oven at

Table 2 Reaction of 1,2-phenylenediamine, p-methoxybenzaldehyde

and H2O2 with FeCl3/Nano-SiO2 in varied solvents

Entry Solvent Time (min) Temperature (�C) Yield (%)a,b

1 CH3OH 15 25 35

2 C2H5OH 15 25 40

3 C2H5OH 15 80 38

4 CH2Cl2 15 25 55

5 CH2Cl2 15 25 48

6 CH3CN 15 25 72

7 DMF 15 25 70

8 DMF 15 80 68

9 Solvent-free 10 75 95

a Reaction conditions: The reactions were performed with ben-

zaldehyde (1 mmol) and 1,2 phenylenediamine (1 mmol), FeCl3/

Nano-SiO2 (0.1 mmol)
b Isolated yields
c Operated in nitrogen atmosphere

Table 3 The catalyst

reusability for the synthesis of

2-phenyl-1H-benzo[d]imidazole

Entry Cycle Yield (%)a,b

1 Fresh 95

2 1 95

3 2 93

4 3 92

5 4 92

a Reaction conditions: The

reactions were performed with

benzaldehyde (1 mmol) and 1,2

phenylenediamine (1 mmol)

and H2O2(1 mmol) for 5 min at

75 �C
b Isolated yield

Table 4 Reaction of aryl

aldehydes with 1,2-

phenylenediamines in the

presence of H2O2/FeCl3/Nano-

SiO2 system

2

NH

NH

2

+
Nano SiO2-FeCl3

H2O2 ,75°C N

N
HO

H RR

Entry R Time (min) Yield (%)a,b

1 4-Cl 5 95

2 4-NO2 10 95

3 3-NO2 10 95

4 2-Cl 5 94

5 4-F 6 96

6 4-MeO 4 90

7 4-Me 5 95

8 4-OH 4 96

9 4-(CH3)2N 5 80

10 2-OH 4 93

11 H 6 95

a The products were characterized by comparison of their spectroscopic and physical data with authentic

samples synthesized by reported procedures
b Yields refer to pure isolated products
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100 �C and used in the synthesis of 2-phenyl-1H-

benzo[d]imidazole. Then, the catalyst was recycled for five

times (Table 3). The study was then extended to prepare

various benzaldehydes using silica (NPs) supported Fe(III)

in high yields. The reactions were carried out in solvent-

free conditions and at 75 �C. The results are listed in

Table 4.

Conclusion

In conclusion, it was demonstrated that a novel readily

available economic silica (NPs) supported Fe(III) has been

prepared. This catalyst could behave as a recyclable and

heterogeneous solid acid for the synthesis of various sub-

stituted benzimidazoles. The merit of this methodology is

that it is simple, fast, mild and efficient.
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