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Abstract: In this work, cellulose-based nanocomposite containing high contents of Fe;Oq4
nanoparticles used as a catalyst in the condensation reaction between o-phenylenediamines and
ketones for synthesis of benzodiazepines in good to excellent yields under mild conditions. A
good correlation between the amount of surface acid sites as well as the surface morphology of
the catalysts and the catalytic activity has been observed. This method has been found to be eco-
friendly, simple and economical. The solid supported nanocatalyst could be recycled and reused

without significant loss of its catalytic activity.
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Introduction

Among natural or biopolymers, cellulose is one of the most abundant materials in the world
and it has been widely studied in organic transformations [1]. It constitutes the most abundant
renewable polymer resource available today. As a chemical raw material, it is generally well-
known that it has been used in the form of fibers or derivatives in recent century for a wide

spectrum of products and materials in daily life [2]. Cellulose is potential as a biodegradable
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material, can be used for several applications and also as support for bonding several functional

groups which act as catalysts to yield clean efficient and fast chemical reactions [3].

Benzodiazepines constitute an important class of heterocyclic compounds which possess a
wide range of therapeutic and pharmacological properties. They are widely used as
anticonvulsant, antianxiety, analgesic, sedative, anti-depressive, and hypnotic agents [4]. Owing
to their versatile applications various methods for the synthesis of benzodiazepines have been
reported. One of the commonly reported methods for the synthesis of benzodiazepines is the
condensation reaction between o-phenylenediamines and ketones [5], enones [6] or B-
haloketones [7], using ionic liquids [8], under microwave irradiation [9] and SbCl;-Al,O5 [10],
HCIO4 [11], acetic acid [12], PPA or SiO, [13], TiCly:Sm [14], Yb(OTf); [15],
H4[NaPsW300110] [16]. The reported methods of the synthesis of benzodiazepine suffers from
one or other limitations such as harsh reaction conditions, expensive reagents, low yields,
relatively long reaction time and formations of side products [17-25]. To find a new
methodology for the synthesis of benzodiazepines in terms of simplicity, eco-friendly and

economic viability is still of prime importance.

In continuation of our interest in the application of nanocatalysts in organic synthesis [26],
in this work, cellulose-based nanocomposite containing high contents of Fe;O4 nanoparticles
used as a catalyst in the condensation reaction between o-phenylenediamines and ketones for

synthesis of benzodiazepines in good to excellent yields under mild conditions (Scheme 1).
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Scheme 1.
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Experimental

General

All solvents, chemicals and reagents were purchased from Merck, Fluka and Aldrich chemical
companies. Melting points were measured on an Electrothermal 9100 apparatus and are
uncorrected. SEM images were obtained on a Seron AIS 2100. EDX spectra were recorded on

Numerix DXP-X10P.

Preparation of Fe;O4@cellulose nanocomposite

Cellulose was dissolved directly in the NaOH aqueous solution, which was precooled to -8
°C, to prepare 4 wt % cellulose solution. The resulting solution was centrifuged at 2000 rpm for
30 min for degasification. The cellulose solution was cast onto a glass plate to give a thickness of
0.5 mm and was then immersed in a 2000 mL H,SO4 (5 wt %) bath for 5 min for the coagulation
and regeneration of the cellulose films. The resulting films were washed with running water and
subsequently with distilled water. The wet films obtained were immersed in a 500 mL mixture of
aqueous FeCl; for 24 h; we then washed out the iron ions adsorbed on the surface of the film
with distilled water. Then, the films were immersed in 500 mL of aqueous NaOH (4 mol/L) for

20 min and were then rinsed with distilled water for several times.

Synthesis of benzodiazepine derivatives

A mixture of o-phenylenediamine (1 mmol) and ketone (2.2 mmol), 5 mL of solvent, and

0.02 g of Fe;O4@cellulose catalyst were mixed and stirring in a room temperature for
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appropriate times according to Table 1. The progress of reaction was monitored by thin layer
chromatography (n-hexane/ethyl acetate 3/1). After the completion of the reaction the catalyst
was removed and the obtained solid is filtered, washed with ethanol and dry at room temperature

for giving melting points.

Results and discussion

Initially, to optimize the reaction conditions, we studied the reaction of o-phenylenediamine
(1 mmol), cyclohexanone (2.2 mmol), as a simple model reaction in the presence of different
catalytic amount of Fe;Os@cellulose at room temperature with ethanol. It was found that 0.02 g
of catalyst was sufficient to catalyze the reaction efficiently to produce high yields in short
reaction time. As shown in Table 1, the reaction was not successful in the absence of the catalyst.
Using 0.02 g of the catalyst was sufficient to progress the reaction and an increase of the catalyst

amount did not improved the yields.

Table 1. Amount of Fe;Os@cellulose nanocatalyst on the model reaction.

Amount of
Entry Catalyst Solvent  Temp. (°C) Time (min) Yield * (%)
catalyst (g)
1 - - Ethanol 25 300 Trace
2 Fe;O4@cellulose 0.01 Ethanol 25 60 71
3 Fe;O4@cellulose 0.02 Ethanol 25 25 96
4 Fe;O4@cellulose 0.03 Ethanol 25 25 95

*Isolated yield.
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Then the solvent of the reaction was optimized. It was found that ethanol is appropriate
solvent to produce high yields in short reaction time in comparison with other polar, non-polar,

protic and aprotic solvents.

After optimization of the reaction conditions, we studied the generality of this method.
Using this procedure, different kinds of ketones were treated with o-phenylendiamine to produce
the corresponding benzodiazepines under mild reaction conditions in high to excellent yields

(Table 2).

Table 2. Synthesis of benzodiazepine derivatives in the presence of Fe;Os@cellulose.

Entry Product Time (min)  Yield® (%) ggs)e(rvizl }lz/i I[))(E rt(é?l
N
1 @ 45 90 132-135  133-134[17]
=
N
2 @ 25 96 136-139  135-137[18]
=
N
3 @ 50 95 133-135  133-134[19]
-
N
4 @[ j 70 89 120-122  122-124 [20]
=
N
5 )@ 65 97 115-117  112-114[21]
N
N
6 @[ 75 92 99 96-98 [22]
N
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N
7 @[ 80 86 119-121  114-117 [22]
N
al
N
8 @[ _ 105 97 140-142 139-141 [23]
N
cl
F
e
N
9 @[ 120 90 141-143 141 [24]
Q
F
NO,
N
10 @ 90 89 158-160 156-158 [18]
NE
NO,
OH
N
11 @[ 150 83 218-220 219-220 [18]
=
oH
.
N
12 @ 135 80 142-144  141-143 [25]
Re
*Isolated yield.
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Characterization

The nanocomposite films containing Fe;O4 nanoparticles were prepared by in situ synthesis.
The morphology of the nanocomposite films was shown in scheme 1, displayed homogeneous
mesoporous structure. This unique structure was due to the phase separation of the cellulose
solution during the regenerating process, where the solvent-rich regions contribute to the pore
formation. Therefore, it was plausible that the nanocomposite films at wet state had mesoporous
structure; it could act as nanoreacting sites where inorganic nanoparticles could be synthesized in
situ. Figure 1b shows the SEM image of the Fe;Os composite film, and energy dispersive
spectrum (EDS) from SEM indicated that there were only C, O and Fe elements in the composite
film, suggesting that the iron oxide has been synthesized in the cellulose films. When the
cellulose films were immersed into FeCls solution, Fe*" could be readily impregnated into the
cellulose films through the pores. The incorporated Fe’" ions could be bound to cellulose
macromolecules via electrostatic interaction, because the electron rich oxygen atoms of polar

hydroxyl of cellulose are expected to interact with electropositive transition metal cations.

Conclusions

In summary, we have demonstrated a simple method for the synthesis of benzodiazepine
using Fe;O4@cellulose as an eco-friendly, inexpensive and efficient nanocatalyst. Short reaction
times, high yields, scale-up, clean process, simple methodology, easy work-up, and green
conditions are the advantages of this protocol. The solid supported nanocatalyst could be

recycled and reused without significant loss of its catalytic activity.
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