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a b s t r a c t

A new, efficient, one-pot multicomponent reaction for the synthesis of diazepine derivatives in excellent
yields is described. The reactions of various 1,2-diamines, terminal alkynes, and an isocyanide take place
in the presence of a catalytic amount of magnetically recoverable silica-supported superparamagnetic
Fe3O4 nanoparticles in ethanol (as a green reaction medium) at ambient temperature.

� 2013 Elsevier Ltd. All rights reserved.

Multicomponent reactions (MCRs) and sequential transforma-
tions offer significant advantages over conventional linear-step
syntheses, by reducing time, and saving money, energy, and raw-
materials, thus resulting in both economic and environmental ben-
efits. Due to the unique reactivity of the isocyanide functional
group, isocyanide-based MCRs (IMCRs) are among the most versa-
tile in terms of the number and variety of compounds which can be
generated.1–3

As a consequence of the advantages of monodispersed and size-
controllable nanoscale magnetic materials, such as core/shell nano-
particles, highly functional materials with modified properties,
techniques, and procedures for their production have advanced
considerably. They have provided many exciting opportunities
which have led to an active exploration of magnetic nanoparticles
in a wide range of nanotechnology applications, in material chemis-
try and many other fields, such as electronics, biomedical, pharma-
ceutical, optics, and catalysis.4

Nanomaterials, especially metal nanoparticles (MNPs) and sup-
ported magnetic metal nanoparticles (S-MMNPs) have emerged as
new classes of nanocatalysts. Some important features of these cat-
alysts are simple separation using an external magnet without the
need for filtration, high catalytic activity, and a high degree of
chemical stability in various organic solvents.5–8 Iron has a great

deal to offer on the nanoscale, including very potent catalytic
properties.9

Biological interest in diazepines has been extended to antibiot-
ics,10,11 cancer,12 viral infection (HIV),13–15 and cardiovascular dis-
orders.16,17 Figure 1 shows the structures of the commercial
diazepine-core drugs diazepam (1), clobazam (2), and triflubazam
(3). The 1,5-benzodiazepine core is found in compounds active
against a variety of target types including peptide hormones
(4),18 interleukin-converting enzymes (5),19 and potassium block-
ers (6).17 Tetrahydro-1H-1,5-benzodiazepine derivatives with
carboxamide substituents (7) are potentially important as thera-
peutic and prophylactic agents for diabetes, diabetic nephropathy,
or glomerulosclerosis.20,21

In addition, diazepines are especially useful synthons for the
rapid construction of heterocyclic systems due to the presence of
a possible electrophilic C@N site. This structural feature could
allow the diversity-oriented synthesis22 of small libraries of diaze-
pine-based compounds for pharmacological testing toward a wide
range of biological targets.23

In the literature, the syntheses of diazepine derivatives are
reported using variations of reagents and catalysts such as the con-
densation reaction of a 1,2-diamine with various ketones in the
presence of ceric ammonium nitrate (CAN),24 Yb(OTf)3,25

Sc(OTf)3,26 SiO2/ZnCl2,27 and silica sulfuric acid,28 with alkynoates
in the presence of Ga(OTf)3,29 and also with terminal alkynes in
the presence of Hg(OTf)2.30 In addition, examples of metal-free
mild syntheses of diazepines have been disclosed in the
literature.31

0040-4039/$ - see front matter � 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.tetlet.2013.01.123

⇑ Tel.: +98 21 77240540x50; fax: +98 21 77491204.
E-mail address: maleki@iust.ac.ir

Tetrahedron Letters 54 (2013) 2055–2059

Contents lists available at SciVerse ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t

http://dx.doi.org/10.1016/j.tetlet.2013.01.123
mailto:maleki@iust.ac.ir
http://dx.doi.org/10.1016/j.tetlet.2013.01.123
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Due to the importance of the introduction of new, efficient, and
inexpensive methods for chemical transformations, and also in
continuation of our research on MCRs,32–34 herein, a new approach
for the one-pot multicomponent synthesis of diazepine derivatives
10a–h and diazepine carboxamide derivatives 12a–c, starting from
simple and readily available substrates including 1,2-diamines 8,
terminal alkynes 9, and isocyanide 11, in the presence of a catalytic
amount of silica-supported iron oxide (Fe3O4/SiO2) nanoparticles
(S-MMNPs) is reported. The reaction takes place in ethanol as a
green reaction medium at ambient temperature (Scheme 1).

This method represents a useful extension of our previous work
(Scheme 2),32–34 where a carbonyl input, such as a cyclic or acyclic
ketone, is replaced by a terminal alkyne.

To the best of our knowledge, this is the first synthesis of diaze-
pines and diazepine carboxamides using terminal alkynes cata-
lyzed by superparamagnetic MNPs via IMCRs. This new approach

opens an important field involving the use of economically and
environmentally efficient nanoscale magnetic materials in organic
synthesis.

S-MMNPs were readily prepared according to the literature pro-
cedure,4–8,34–36 by the addition of water-dispersed Fe3O4 nanopar-
ticles into a basic solution of tetraethylorthosilicate (TEOS) and
stirring overnight. Next, the resulting gel was heated for 30 min
at 60 �C and the magnetic material was isolated by centrifugation,
and dried under vacuum to give the S-MMNPs, which were stable
under the employed reaction conditions.

The particle size was studied by transmission electron
microscopy (TEM) and the identification of the S-MMNPs was
based on the analysis of TEM images. The obtained TEM images
showed clearly monodispersed spherical-shaped nanoparticles
in which the Fe3O4 nanoparticles were supported on silica
(Fig. 2).
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Figure 1. Some examples of medicinally and biologically important diazepine derivatives.
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Scheme 1. Synthesis of diazepines 10a–h and diazepine carboxamides 12a–c in the presence of the supported Fe3O4/SiO2 nanocatalyst.
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