
12 

3 

4 

5 

6 Q1

7
8

9
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

Chinese Chemical Letters xxx (2015) xxx–xxx

G Model

CCLET 3458 1–6
Original article

Simple and efficient protocol for the synthesis of benzoxazole,
benzoimidazole and benzothiazole heterocycles using Fe(III)–Schiff
base/SBA-15 as a nanocatalyst

Ghasem Rezanejade Bardajee a,*, Marzieh Mohammadi b, Hasan Yari a, Aseyeh Ghaedi a

a Department of Chemistry, Payame Noor University (PNU), PO Box, 19395-3697, Tehran, Iran
b Department of Chemistry, Faculty of Science, Urmia University, 57159 Urmia, Iran

A R T I C L E I N F O

Article history:

Received 30 July 2015

Received in revised form 8 October 2015

Accepted 15 October 2015

Available online xxx

Keywords:

Fe(III)–SBA-15

Heterocycles

Nanocatalyst

Benzoxazoles

Benzoimidazoles

Benzothiazoles

A B S T R A C T

Benzimidazoles, benzoxazoles, and benzothiazoles derivatives were synthesized from condensation of

aldehydes and 1,2-phenylenediamine or ortho-aminophenol or ortho-aminothiophenol in the presence

of catalytic amount of Fe(III)–Schiff base/SBA-15 in water medium. Short reaction times, good to

excellent yields, easy availability, reusability, and use of an eco-friendly catalyst are some of the

significant attributes of the present method.
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1. Introduction

Compounds bearing benzoxazoles, benzothiazoles, or benzi-
midazoles have found applications as antibiotic [1], antifungal [2],
antiviral [3], anticancer [4], antimicrobial [5], and antiparkinson
[6] properties. The protocols usually followed for their synthesis
involve condensation of orthoesters [7–9], nitriles [10], aldehydes
[11,12], carboxylic acids [13], acid chlorides [14], amides [15], and
esters [16] with ortho-substituted aminoaromatics in the presence
of different acids or catalysts, such as Pd-catalyzed oxidative
cyclization [17], base assisted reaction of 1,1-dibromoethanes [18],
different heteropolyacid catalysts [19], In(OTF)3 [20] and etc. All of
these methods involve multistep synthesis, use of toxic reagents
and solvent, long reaction times, low yields, using excess amounts
of reagent and in the case of metal-containing reactions, polishing
with metal scavengers is often required in order to remove metals
from the reaction mixture. Therefore, there is a strong demand for
a more effective, simple and environmentally friendly process for
the synthesis of these heterocycles.
47

48
49
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SBA-15 is an interesting mesoporous silica material having
highly ordered nanopores and a large surface area, which is widely
employed as absorbents, drug delivery materials and as solid
materials for support of molecular catalysts in order to transform
them into heterogeneous catalysts [21–24].

Iron(III) complexes of Schiff base ligands have been demon-
strated to be efficient catalysts for a wide range of reactions [25]. In
general, Schiff bases are prepared by the condensation of primary
amines and aldehydes or ketones and are able to coordinate metals
via nitrogen lone pair electrons [26]. The covalent anchoring of
such complexes onto the SBA-15 is a practical way to produce
heterogeneous catalysts (Scheme 1) with the associated advan-
tages such as easy catalyst separation, possible catalyst recycling,
and high activity and selectivity.

Here we report the synthesis of benzimidazoles, benzoxazoles,
and benzothiazoles derivatives by condensation of 1,2-phenyle-
nediamine, ortho-aminophenol and ortho-aminothiophenol with
various aromatic aldehydes using Fe(III)–Schiff base/SBA-15 as an
efficient catalyst in water media.

2. Experimental

TEM observation was performed with a Hitachi H-700 CTEM.
FT-IR spectra were recorded on KBr pellets by a Jasco 4200 FT-IR
cient protocol for the synthesis of benzoxazole, benzoimidazole
nanocatalyst, Chin. Chem. Lett. (2015), http://dx.doi.org/10.1016/

 Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.

http://dx.doi.org/10.1016/j.cclet.2015.10.011
mailto:rezanejad@pnu.ac.ir
http://dx.doi.org/10.1016/j.cclet.2015.10.011
http://dx.doi.org/10.1016/j.cclet.2015.10.011
http://www.sciencedirect.com/science/journal/10018417
www.elsevier.com/locate/cclet
http://dx.doi.org/10.1016/j.cclet.2015.10.011


50 sp
51 D8
52 re
53 13

54 AC
55 as
56 te
57 fro
58 Ch
59 iso
60 Au
61 ou
62 siz
63 iso
64 m
65 AA
66 th
67 ca
68 fo
69 se
70 m
71 bi
72 w
73 eq
74 fro
75 lo
76 w
77 un
78 

79 po
80 ni
81 (A
82 et
83 2-
84 pu
85 co
86 Th
87 an
88 23
89 re
90 as
91 he
92 ge
93 el
94 TL

95

96
97
98
99
100
101
102
103
104
105
106

107

108
109
110
111
112
113
114
115
116
117
118

119

120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

Scheme 1. Preparation of Fe(III)–Schiff base/SBA-15.
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Fig. 1. Thermogravimetric analysis results of: (a) SBA-15, (b) Fe(III)–Schiff base/

SBA-15.
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ectrophotometer. X-ray diffraction experiments (XRD; Bruker
ADVANCE with Ni-filtered Cu Ka radiation at 1.5406 Å) were

corded with a speed of 2 min�1 and a step of 0.058. 1H NMR and
C NMR spectra were recorded at room temperature on a Bruker

 300, 400 and 500 MHz spectrometers using CDCl3 or DMSO-d6

 the NMR solvents. 1H NMR spectra are referenced to
tramethylsilane (0.00 ppm) and 13C NMR spectra are referenced
m the solvent central peak (for example, 77.23 ppm for CDCl3).
emical shifts are given in ppm. N2 adsorption/desorption
therms were obtained at 77.35 K with a Quantachrome
tosorb-1 apparatus. Before measurements, the samples were
tgassed at 120 8C for 12 h. The specific surface area and the pores
e distributions were obtained from the desorption branch of the
therms, respectively, using the Brunauer–Emmett–Teller (BET)

ethod and Barrett–Joyner–Halenda (BJH) analyses. A Shimadzu
-6300 flame atomic absorption spectrometer was used to obtain

e concentration of metal ions. For this purpose, 0.1 g of the
talyst was digested by HNO3 with stirring at room temperature
r a week. Then the mixture was filtered and the solid was washed
veral times with water to gain a colourless filtrate solution for
etal measurements. The concentration of Fe(III) in the immo-
lized SBA-15 was 0.016 mmol/g. Thermogravimetric analysis
as carried out with a TGA/DTA Shimadzu-50 instrument
uipped with a platinum pan. The samples were heated in air
m 25 8C to 1000 8C with a heating rate of 10 8C/min. The weight

ss was recorded as a function of temperature. Melting points
ere recorded using a Buchi B540 melting point apparatus and are
corrected.
Poly(ethylene glycol)-block-poly(propylene glycol)-block-

ly(ethylene glycol) (P123) triblock co-polymer, iron(III)
trate, salicylaldehyde, (3-aminopropyl)trimethoxysilane
PTMS), tetraethyl orthosilicate (TEOS), HNO3, hydrochloric acid,
hylanediamine, commercial grade of 1,2-phenylenediamines,
aminophenol, 2-aminobenzenethiol, carbonyl compounds were
rchased from Sigma-Aldrich, Merck and Acros chemical
mpanies. All materials were used without further purification.
e solvents used for the synthesis were of analytical grade
d were used as received. Silica gel (Merck, grade 9385,
0–400 mesh, 60 Å) for column chromatography was used as
ceived. All other reagents were purchased from Merck and used

 received unless otherwise noted. The course of the synthesis of
terocycles was followed by TLC on silica gel plates (Merck, silica
l 60 F254, ready to use), using n-hexane:ethyl acetate (4:1) as
uents. The eluent for column chromatography was the same as
C eluent.
Please cite this article in press as: G.R. Bardajee, et al., Simple and e
and benzothiazole heterocycles using Fe(III)–Schiff base/SBA-15 as a
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2.1. Anchoring of Fe(III)–Schiff-base complex on SBA-15

SBA-15 was prepared by the procedure previously explained by
Zhao et al. [27] we prepared Fe(III) Schiff-Base complex by using
procedure reported by Chisem et al. [28] Activated SBA-15 (1.5 g)
was suspended in 20 mL methanol solution containing (0.38 g)
Schiff base complex, and the mixture was stirred for 24 h. The
solvent was removed using a rotary evaporator, and the resulting
solid was dried at 80 8C overnight. The product was washed with
MeOH and deionized until the washings were colourless to ensure
that the non-covalently grafted complex and physisorbed metal
species were removed. At last, the product was dried in an oven at
80 8C for 8 h (Scheme 1).

2.2. General procedure for the synthesis of heterocycles

A round-bottomed flask equipped with a magnet and condenser
was charged with 1,2-phenylenediamine 1a or ortho-aminophenol
1b or ortho-aminothiophenol 1c (1.0 mmol), substituted benzal-
dehyde (1.0 mmol), water (2 mL) and catalyst Fe(III)–Schiff
base/SBA-15 catalyst (0.01 g, 0.0014 mmol based on metal ions).
The resulting mixture was stirred under reflux for the appropriate
time, and the course of the reaction was monitored using TLC on
silica gel. Finally, the crude mixture was purified by column
chromatography or recrystallized in toluene to obtain the desired
products. Spectral and physical data for heterocyclic products are
reported in Supporting information [29–39].

3. Results and discussion

Fig. 1 illustrates the TG profiles of the pure SBA-15 and Fe(III)–
Schiff base supported on SBA-15. Pure siliceous SBA-15 shows a
mass loss below 100 8C through the loss of physically adsorbed
water. The thermogram of Fe(III)–Schiff-base anchored SBA-15
shows not only a mass loss due to dehydration, but also a more
mass loss between 200 8C and 700 8C, which could be attributed to
loss of anchored Schiff-base ligand and organic spacer.

The quality and structural ordering of Fe(III)–Schiff base/SBA-
15 were measured by XRD. Fig. 2 represents the X-ray diffraction
scheme of SBA-15 and Fe(III)–Schiff base/SBA-15. The XRD pattern
of both SBA-15 and Fe(III)–Schiff base/SBA-15 represent reflections
about (1 0 0), (1 1 0), and (2 0 0), which are associated with the
typical two-dimensional hexagonal symmetry of the SBA-15
material. It shows that the ordered mesoporous structure of
SBA-15 remains intact after anchoring of Fe(III)–Schiff base. The
XRD peaks of Fe(III)–Schiff base/SBA-15 shift to lower angle than
fficient protocol for the synthesis of benzoxazole, benzoimidazole
 nanocatalyst, Chin. Chem. Lett. (2015), http://dx.doi.org/10.1016/
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Fig. 2. XRD patterns of: (a) SBA-15 and (b) Fe(III)–Schiff base/SBA-15.

Table 1
Textural properties of the SBA-15 and Fe(III)–Schiff base/SBA-15.

Materials C(M)a Sb
BET Vc

BJH

SBA-15 – 539 1.01

Fe(III)–Schiff base/SBA-15 0.14 472 0.85

a Initial concentration of iron species (mmol/g).
b specific surface area (m2/g).
c pore volume (cm3/g).

Fig. 4. TEM image of Fe(III)–Schiff base/SBA-15.
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SBA-15, suggesting the development of unit cell due to the
connection of the complex within SBA-15 [40].

N2 adsorption/desorption isotherms of the SBA-15 and Fe(III)–
Schiff base/SBA-15 samples are plotted in Fig. 3. Both materials
exhibited the IV type isotherms with H1 hysteresis loop, according
to IUPAC classification, characteristic of mesoporous materials.
[41] As can be seen in Table 1, SBA-15 has a specific surface area
539 m2/g and pore volume of 1.1 cm3/g, while Fe(III)–Schiff
base/SBA-15 has a specific surface area 472 m2/g and pore volume
0.85 cm3/g. Thereby, the presence of Fe(III)–Schiff base anchored
on SBA-15 surface induces remarkable decrease in the surface area
and in mesopore volume.

Atomic absorption spectroscopy was carried out to determine
the concentration of iron(III) in the catalyst which was 0.14 mmol/g.
The elemental analysis of supported catalyst showed that the
nitrogen/iron molar ratio was 1.7, which is in good agreement with
the expected value of 2. As can be seen in Scheme 1, this result
confirms formation of the Fe(III)–Schiff base complex with a N2O2

ligand environment [42–44].
Fig. 4 shows TEM image of Fe(III)–Schiff base/SBA-15. TEM

image of Fe(III)–Schiff base/SBA-15 confirms the retaining of
2D-hexagonal array of uniform linear channels after the complex
anchoring.

Fig. 5 demonstrates the FT-IR spectra of SBA-15 and Fe(III)–
Schiff base/SBA-15. Fe(III)–Schiff base/SBA-15 shows not only the
silica framework band such as the peaks between 1000 and
1200 cm�1, which is due to stretch vibrations of (Si–O–Si) bonds,
but also it shows the Schiff base complex bands such as C55N
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Fig. 3. Nitrogen adsorption/desorption isotherms incorporated with pore size

distributions at inset of: (a) SBA-15 and (b) Fe(III)–Schiff base/SBA-15.
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stretching bands at about 1608 cm�1 and a peak at about
2960 cm�1 due to aliphatic CH2 stretching bonds.

After the survey of the structure and morphology of the
prepared Fe(III)–Schiff base functionalized SBA-15, we intended to
test its efficiency as heterogeneous catalysts for the preparation of
benzoxazoles, benzothiazoles, and benzimidazoles in water. At
first, 1,2-phenylenediamine 1a and para-chlorobenzaldehyde 2a
were selected as the model substrates to investigate the best
reaction conditions (Table 2). Then several reaction conditions
were tried to accomplish this reaction and the efficiency of the
reaction was found to be influenced by the quantity of the catalyst,
temperature and solvent. In the absence of catalyst or by using
either Schiff base/SBA-15 or SBA-15 as catalyst, we gave no yield of
product at room temperature in water (Table 2, entry 1). The best
Fig. 5. FT-IR spectra of (a) SBA-15 and (b) Fe(III)–Schiff base/SBA-15 catalytic

synthesis of heterocycles.

cient protocol for the synthesis of benzoxazole, benzoimidazole
nanocatalyst, Chin. Chem. Lett. (2015), http://dx.doi.org/10.1016/
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Table 2
Screening of the reaction conditions for the reaction of 1,2-phenylenediamine 1a and para-chlorobenzaldehyde 2aa

NH2

NH2

N

N
H

+

1a 2a

C
O

3

H

Cl

Cl
Catalysis

.

Entry Solvent Catalyst (amount) Temperature (8C) Time (h) Yield (%)b

1 H2O Schiff base/SBA-15 (0.05 g) r.t. 6 –

2 H2O SBA-15 (0.05 g) r.t. 6 –

3 H2O – r.t. 6 –

2 H2O Fe(III)–Schiff base/SBA-15 (0.005 g) r.t. 6 30

3 H2O Fe(III)–Schiff base/SBA-15 (0.01 g) r.t. 6 50

4 H2O Fe(III)–Schiff base/SBA-15 (0.01 g) 60 6 60

5 H2O Fe(III)–Schiff base/SBA-15 (0.01 g) Reflux 2 70

6 H2O Fe(III)–Schiff base/SBA-15 (0.01 g) Reflux 3 92 (91)c,d

7 H2O Fe(III)–Schiff base/SBA-15 (0.1 g) Reflux 3 93

8 EtOH Fe(III)–Schiff base/SBA-15 (0.01 g) Reflux 3 88

9 DMF Fe(III)–Schiff base/SBA-15 (0.01 g) Reflux 4 74

10 Toluene Fe(III)–Schiff base/SBA-15 (0.01 g) Reflux 7 83

a All reactions were runing under the following conditions: 1,2-phenylenediamine 1a (1 mmol, 1 equiv.), benzaldehyde 2a (1.0 mmol, 1 equiv.) and catalyst (0–0.1 g) were

heated for appropriate time in desired solvent (2 mL).
b % (based on GC yields).
c Optimum conditions.
d Isolated yield in parentheses.

Table 3
Synthesis of desired heterocyclic derivatives catalyzed by Fe(III)–Schiff base/SBA-15a.

Entry Amine 1 Aldehyde 2 Product Yield (%)

1

NH2

NH2

1a C Cl
O

H
1b

N

N
H

Cl3

92

2 1a

C OMe

OMe

OMe
O

H
2b

N

N
H

OMe

OMe

OMe

4

82

3 1a

C Me
O

H
2c

N

N
H

CH35

80

4 1a

C NO2
O

H
2d

N

N
H

NO26

88

5 1a

C
O

H
2f

N

N
H

7

80

6 1a
C

O

H
Cl

2g

N

N
H

Cl

8

79

7 1a

C
O

H
Cl

2h
N

N
H

Cl

9

82

8

OH

NH2

1b

2b

N

O
OMe

OMe

OMe

10

88

9 1b

C N
O

H
2i

N

O
N 11

86

10 1b 2d N

O
NO2

12

87

11

SH

NH2

1c

2a N

S
Cl13

87
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Table 3 (Continued )

Entry Amine 1 Aldehyde 2 Product Yield (%)

12 1c 2b

N

S
OMe

OMe

OMe

14

90

13 1c 2d N

S
NO2

15

89

14 1c 2f N

S
16

88

15 1c 2g

N

S

Cl

17

88

16 1c 2h

N

S

Cl

18

87

a All reactions were run under the following conditions: 1,2-phenylenediamine 1a (1 mmol, 1 equiv.), benzaldehyde 2a (1.0 mmol, 1 equiv.) and catalyst (0.01 g) in water

(2 mL) were heated for 3 h.

Table 4
Reuse of the catalyst for the synthesis of 2-(4-chlorophenyl)benzimidazole 3.

Run 1 2 3 4 5 6

Yield (%)a 92 92 92 91 91 91

a Isolated yield.
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yield was obtained at reflux temperature and in the presence of
0.01 g (0.0014 mmol based on Fe ions) of catalyst (Table 2, entry 6).
Although using of water, alcohols and toluene as a solvent gave
reasonable yields (Table 2, entries 6, 8 and 10), the opportunity of
applying a cheap solvent such as water is an environmentally
significant benefit of the procedure.

The generality of the procedure was evaluated by reactions of
different o-aminophenol, o-aminothiophenol, and o-phenylene-
diamine with different aldehydes (Table 3). As shown in Table 3,
good to excellent yields were obtained for most of these reactions.
The reactivity of o-phenylenediamine with aldehyde derivatives
appear to be controlled by electronic effects. For example, 1,2-
phenylenediamine 1a and aldehydes bearing electron withdraw-
ing group at the para-position of aromatic rings gave higher yields
(Table 3, entries 1, 4) due to the increase in electrophilicity of the
carbonyl carbon of the aldehydes. Reactivities of ortho-aminothio-
phenol 1c and ortho-aminophenol 1b with both electron-rich and
electron-deficient aldehydes are good and affording benzothia-
zoles and benzoxazoles in high yields (Table 3, entries 8–16).

In continue, the reusability of the catalyst was examined for the
model reaction (compound 3). For this, the catalyst was separated
and reused after washing with hot ethanol and drying at 80 8C for
60 min. The recovered catalyst was employed for further reactions
and Fe(III)–Schiff base/SBA-15 turnover number was found to be
six (Table 4).

4. Conclusion

A new synthetic method for the synthesis of benzoxazoles,
benzothiazoles and benzimidazoles using Fe(III)–Schiff base/
SBA-15 as a heterogeneous nanocatalyst in water have been
developed. The use of Fe(III)–Schiff base/SBA-15 as a reusable
efficient heterogeneous catalyst, water as a green solvent, high
yields of products and nontoxic nature of the catalyst makes this
protocol practical, environment-friendly and economically
attractive.
Please cite this article in press as: G.R. Bardajee, et al., Simple and effi
and benzothiazole heterocycles using Fe(III)–Schiff base/SBA-15 as a 
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