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A library of benzimidazoles, benzoxazoles, and benzothiazoles was efficiently synthesized by condensa-
tion of o-phenylenediamine, o-aminophenol, and o-aminothiophenol respectively with aromatic alde-
hydes in the presence of catalytic amounts of Animal Bone Meal (ABM) and Lewis acids doped ABMs.
Reactions were conducted under reflux conditions in air. The remarkable features of this new protocol
are high conversion, short reaction times, and cleaner reaction profiles, straightforward procedure, and
reduction in catalyst toxicity.
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1. Introduction

The benzimidazole, benzoxazole, and benzothiazole skeletons
may be found in numerous pharmaceutical agents with a diverse
spectrum of biological properties.1–4 Although a wide range of
methods are available for synthesizing benzimidazoles,4–13 benz-
oxazoles,14–18 and benzothiazoles,19–23 a real need exists for new
and simple procedures that support many kinds of structural
diversity and various substitution patterns in the target library.

Recently, some microwave-assisted methods were reported for
the synthesis of 2-substituted benzothiazoles or benzoxazoles.24
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Strong oxidant or, more interestingly, catalytic aerobic oxida-
tion involving oxygen as terminal oxidant29,30 have received con-
siderable attention in the building block construction of
benzoxazoles and benzimidazoles.31–33

In continuation of our attempts to explore the catalytic activity
of Animal Bone Meal (ABM) for useful organic transformations,34,35

we herein report that Lewis acids doped ABMs catalyzed a simple
and environmentally benign synthesis of benzimidazoles, benzox-
azoles and benzothiazoles, from the reaction of o-phenylenedi-
amine, o-aminophenol and o-aminothiophenol with aldehydes
under reflux conditions (Scheme 1).
zothiazoles catalyzed by ABM, ZnCl2/ABM, ZnBr2/ABM, and CuCl2/ABM.

http://dx.doi.org/10.1016/j.tetlet.2011.04.121
mailto:mamounirachid@yahoo.fr
mailto:gerald.guillaumet@ univ-orleans.fr
mailto:gerald.guillaumet@ univ-orleans.fr
http://dx.doi.org/10.1016/j.tetlet.2011.04.121
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


10 15 20 25 30 35
2θ

40 45 50 55 60

a

b

c

d

Figure 1. XRD patterns of: (a) ABM; (b) ZnBr2/ABM; (c) ZnCl2/ABM; (d) CuBr2/ABM.

Table 1
Optimization for the synthesis of 3a, 4a, and 5a

NH2

XH

O

H

+

1a X = NH
1b X = O
1c X = S 

2a  

for c

see

Entry Reagent Solvent Catalyst

1 1a Dioxane No
2 Dioxane ZnBr2/AB
3 Toluene No
4 Toluene ZnBr2/AB
5 Toluene ZnBr2

6 Toluene ZnBr2/AB
7 1b Dioxane No
8 Dioxane ZnBr2/AB
9 Toluene No
10 Toluene ZnBr2/AB
11 Toluene ZnBr2

12 Toluene ZnBr2/AB
13 1c Dioxane No
14 Dioxane ZnBr2/AB
15 Toluene No
16 Toluene ZnBr2/AB
17 Toluene ZnBr2

18 Toluene ZnBr2/AB

a Yields in pure isolated products.
b NR: no reaction.
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2. Preparation of the ABM catalysts

In previous studies we described the preparation of ABM and its
KF or NaNO3 doped analogs.33,34 The modified MX2/ABMs were ob-
tained by impregnating ABM with an aqueous solution of Lewis
acid (MX2). The resulting suspension was then evaporated to dry-
ness and dried for 2 h at 150 �C prior to characterization and
use.35,36

The X-ray diffraction (XRD) patterns of MX2/ABM are similar to
those of ABM as shown in Figure 1. The intensity of typical diffrac-
tion peaks did not significantly change indicating no disorganiza-
tion in the crystalline structure of the solid materials. It should
be noted that MX2 specific phases were not detected on the doped
materials, indicating that Lewis acids were highly dispersed in the
ABM analogs.

3. Optimization of the heterocyclic construction

The reaction was first optimized using benzaldehyde 2a
(1.1 equiv) and o-phenylenediamine (1a), o-aminophenol (1b),
or o-aminothiophenol (1c) in the presence of ZnBr2/ABM, an
inexpensive and readily available catalyst (Table 1).

Without catalyst in refluxing toluene or dioxane, condensation
of benzaldehyde 2a with o-phenylenediamine 1a proceeded
smoothly (entries 1, 3). With o-aminophenol 1b and o-aminothio-
phenol 1c (entries 7, 9, 13, 15) no condensation was observed
regardless of the reaction time. Absence of air33 prevents the re-
quired oxidative step and benzimidazole, benzoxazole, and benzo-
thiazole were not detected (entries 6, 12, 18).

In air and in the presence of ZnBr2/ABM, reactions between 2a
and o-aminophenol or o-aminothiophenol furnished the desired
cycloadducts 4a and 5a after a few minutes in good (entries 2, 8,
14) to excellent yields (entries 4, 10, 16). In addition, temperature
plays a role; reactions performed in refluxing toluene showed a
better efficiency (i.e., shorter reaction times and higher yields).

Solvent effects were thus examined using a stoichiometric
amount of 1b with benzaldehyde 2a, in air, and in the presence
X

N
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onditions 

 Table 1

Air Time Yielda (%)

Yes 16 h 84
M Yes 15 min 79

Yes 24 h 46
M Yes 15 min 96

Yes 15 min Trace
M No (Ar) 24 h NRb

Yes 24 h NRb

M Yes 15 min 69
Yes 24 h NRb

M Yes 15 min 96
Yes 15 min NRb

M No (Ar) 24 h NRb

Yes 24 h NRb

M Yes 15 min 59
Yes 24 h NRb

M Yes 20 min 95
Yes 20 min NRb

M No (Ar) 24 h NRb



Table 2
Solvent effects on 4a synthesis catalyzed by ZnBr2/ABM

Entry Solvent Reaction temperature
(�C)

Reaction time
(min)

Yielda

(%)

1 CHCl3 61 15 28
2 CH3OH 65 15 12
3 CH3CN 82 15 45
4 THF 66 15 76
5 Water 100 15 48
6 Dioxane 101 15 69
7 Toluene 61 15 26
8 Toluene 101 15 76
9 Toluene 111 15 96

a Yields in pure isolated products.
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of ZnBr2/ABM in different solvents (Table 2). After refluxing each
assay for 15 min, the reaction was not completed with THF, CHCl3,
CH3CN, dioxane or water.

A mixture of starting materials and final heterocycle was ob-
tained. The best solvent remains toluene, but it should be pointed
out that heterocycle construction also requires thermal, aprotic
and apolar conditions.

4. Extension of the methodology

For these purpose, two other Lewis acid catalysts were prepared
by impregnating ABM with ZnCl2 or CuCl2. Heterocyclic construc-
tion efficiency was also performed using ABM alone and three
doped ABM analogs.

In air, a slight excess of aldehyde 2a–f (1.1 equiv) was used in
the presence of amino derivatives 1a–c and ABM catalysts at
111 �C to build a small library of fused heterocycles of type 3–5
(Table 3). Reaction progress was monitored by TLC (n-hexane/
EtOAc 2:1). After completion of the reaction, the crude product
was purified by column chromatography and recrystallization to
Table 3
Synthesis of benzimidazoles 3, benzoxazoles 4, and benzothiazoles 5 under ABM, ZnBr2/A

NH2

XH

O

H
R+

1a X = NH
1b X = O
1c X = S 

2a-f (1.1 eq.)  

tolue

ABM

Entry Product X R Cat

ABM ZnBr2

1 3a NH H 76%, 35 min 96%,
2 3b Cl 62%, 45 min 93%,
3 3c NO2 67%, 35 min 92%,
4 3d OCH3 36%, 45 min 83%,
5 3e CH3 46%, 1h15 84%,
6 3f F 49%, 45 min 95%,
7 4a O H 46%, 1h15 96%,
8 4b Cl 76%, 1h15 93%,
9 4c NO2 62%, 1h15 92%,
10 4d OCH3 36%, 1h15 83%,
11 4e CH3 15%, 1h30 84%,
12 4f F 68%, 1h15 95%,
13 5a S H 69%, 1h15 95%,
14 5b Cl 72%, 1h15 90%,
15 5c NO2 65%, 1h15 91%,
16 5d OCH3 36%, 1h30 84%,
17 5e CH3 22%, 1h15 81%,
18 5f F 53%, 1h15 91%,

a Yields in pure isolated products.
afford pure benzimidazoles 3, benzoxazoles 4, and benzothiazoles
5.37 Physical and spectral characterization of the products was con-
firmed by comparison with available literature data.

With ABM alone, the reaction proceeded smoothly throughout
heterocycle construction although some degradation was ob-
served. An electro donating group on aldehyde 2 decreased the effi-
ciency of the heterocyclic building. Reaction yields were between
15% and 76%.

Under similar conditions, the use of ABM doped with MX2 Lewis
acids remarkably decreased the reaction time and the products
were isolated in good to excellent yields (71–96%). Degradation
was always minor and after a few minutes, the heterocycles 3–5
were obtained after an easy purification step. Reaction yields and
speed slightly decreased when methoxy or methyl benzaldehydes
2d and 2e (entries 4 and 5, 10 and 11, and 16 and 17) were
employed.

The conversion obtained with ABM, ZnBr2/ABM, ZnCl2/ABM and
CuBr2/ABM clearly showed the positive effect of the impregnating
process. ZnCl2 doped ABM was systematically 4–10% less efficient
than other catalytic systems which led to similar conversions.

ZnBr2/ABM was quantitatively recovered by simple filtration
and regenerated by calcination at 400 �C for 2 h and was reused
in future reactions. Investigations were performed on benzalde-
hyde 2a and o-aminophenol 1b as model substrates (Table 4).

Whatever the assay, completion of the reaction was always
achieved in 15 min but a decrease in yield was observed at the
fourth round. The catalyst was fully recovered after the first reac-
tion, recovery remained stable till the fifth reaction but the amount
of promoter gradually decreased after each assay.

In conclusion, the present method is an efficient and selective
procedure for the synthesis of benzimidazoles, benzoxazoles, and
benzothiazoles from o-phenylenediamine, o-aminophenol, or o-
aminothiophenol, with aromatic aldehydes in refluxing toluene.
The MX2 Lewis acid doped ABMs are new, inexpensive and attrac-
tive solid supports which can contribute to the development of
BM, ZnCl2/ABM, and CuBr2/ABM catalysis
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ne 110°C

 catalyst

alyst, yielda, reaction time Mp/(lit.) (�C)

/ABM ZnCl2/ABM CuBr2/ABM

15 min 86%, 20 min 94%, 10 min 302–304 (301–303)38

10 min 84%, 10 min 95%, 15 min 292–294 (290–292)38

10 min 85%, 10 min 92%, 20 min 324–326 (326–327)38

15 min 78%, 15 min 86%, 20 min 235–237 (234–235)38

15 min 79%, 20 min 83%, 30 min 264–266 (263–265)38

10 min 82%, 10 min 96%, 20 min 249–251 (250–252)39

15 min 86%, 20 min 94%, 15 min 102–104 (102–103)38

15 min 84%, 10 min 95%, 15 min 147–149 (148–150)39

20 min 85%, 10 min 92%, 20 min 274–277 (270–272)39

25 min 78%, 25 min 86%, 25 min 102–104 (102–104)38

25 min 79%, 20 min 83%, 30 min 113–114 (115–116)38

15 min 87%, 10 min 96%, 15 min 99–102 (98–99)40

20 min 81%, 10 min 96%, 20 min 112–114 (114–115)41

15 min 82%, 10 min 93%, 15 min 116–117 (116–118)41

15 min 82%, 10 min 92%, 15 min 226–228 (226–227)41

25 min 75%, 25 min 84%, 20 min 122–123 (122–124)41

25 min 71%, 30 min 87%, 35 min 85–87 (85–86)41

15 min 78%, 10 min 90%, 20 min 102–103 (101–103)41



Table 4
Studies on the reuse of ZnBr2/ABM

Round Yield in 4aa (%) ZnBr2/ABM recovered (%)

1 96 99
2 95 97
3 91 93
4 88 93
5 85 91
6 79 86

a Each reaction was carried out as described in reference.36
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catalytic processes and reduced environmental problems (lower
energy, valorization of a waste as natural and reusable catalyst,
non-toxicity of the catalyst, reduced amount of solvent).
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