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Scandium(III) triflate as an efficient and reusable catalyst
for synthesis of 1,5-benzodiazepine derivatives
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Abstract—2,3-Dihydro-1H-1,5-benzodiazepines have been synthesized in solvent-free conditions in excellent yield from o-phenylene-
diamines and ketones in the presence of a catalytic amount of Sc(OTf)3. This method is a very easy, rapid, and high yielding reaction
for the synthesis of 1,5-benzodiazepine derivatives.
� 2005 Elsevier Ltd. All rights reserved.
Benzodiazepines are very important compounds because
of their pharmacological properties. Most of the mem-
bers of this family have wide applications in medicinal
chemistry such as tranquilizing, anticonvulsant, anti-
anxiety, and hypnotic agents.1 In addition, 1,5-benzodi-
azepines are valuable synthons used for the preparation
of other fused ring compounds such as triazolo,2 oxazino
or furano-benzodiazepines.3 Benzodiazepine derivatives
also find commercial use in photography4 (as dyes for
acrylic fibers) and also as anti-inflammatory agents.5

Despite their importance from a pharmacological,
industrial, and synthetic point of view, comparatively
few methods for the preparation of 1,5-benzodiazepines
have been reported. These include condensation reac-
tion of o-phenylenediamines with a,b-unsaturated car-
bonyl compounds,6 b-haloketones7 or ketones in the
presence of BF3–OEt2,

8 NaBH4,
9 polyphosphoric

acid,10 SiO2,
10 MgO and POCl3,

11 AcOH under micro-
wave irradiation,12 and ionic liquid.13 Unfortunately,
many of these processes suffer from one or other limita-
tions such as drastic reaction conditions, low yields,
tedious work-up procedures, relatively long reaction
times, and co-occurrence of several side reactions.
Moreover, the main disadvantage of almost all existing
methods is that the catalysts are destroyed in the
work-up procedure and cannot be recovered or reused.
Therefore, the search continues for a better catalyst
for the synthesis of 1,5-benzodiazepines in terms of
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operational simplicity, reusability, economic viability,
and greater selectivity.

In recent years, scandium triflate has received consider-
able attention as a mild Lewis acid for an array of
organic transformations14 because the catalyst is quite
stable in water and is reusable. The catalyst scandium
triflate [Sc(OTf)3] is commercially available and can be
used for the preparation of 1,5-benzodiazepines from
o-phenylenediamines and ketones. In continuation of
our work to develop new synthetic methodologies,15

we report herein a facile method for the synthesis of
2,3-dihydro-1H-1,5-benzodiazepines by the condensa-
tion of o-phenylenediamine with ketones in the presence
of a catalytic amount of Sc(OTf)3 under solvent-free
conditions.

The reactions were carried out in neat at room temper-
ature for 3 h by taking a 1:2.2 mol ratio mixture of o-
phenylenediamine and the ketone in the presence of
5 mol % Sc(OTf)3 to give the desired products (Scheme
1) in excellent yield.16,17 As shown in Table 1, both acy-
clic and cyclic ketones react without any significant dif-
ference to give the corresponding 2,4-dihydro-1H-1,5-
benzodiazepines in good yield. It is noteworthy that
starting from unsymmetrical ketone such as 2-butanone
(entry 3), the ring closure occurs selectively only from
one side of carbon skeleton yielding a single product.
Among the various metal triflates such as Cu(OTf)2,
La(OTf)3, Lu(OTf)3, Nd(OTf)3, and Ce(OTf)3 studied
for this reaction, Sc(OTf)3 was found to be the most
effective catalyst in terms of conversion and reaction
rates. The scope and generality of this process is
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Table 1. Sc(OTf)3 catalyzed formation of 2,3-dihydro-1H-1,5-benzodiazepines
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a Yields refer to isolated pure products and were characterized by NMR and MS spectra.
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illustrated with respect to various cyclic and acyclic ke-
tones and the results are summarized in Table 1.

The mechanism of the reaction6–13 probably involves an
intramolecular imine–enamine cyclization promoted by
Sc(OTf)3 as shown in Scheme 2. Amine of o-phenylene-
diamine attacks carbonyl group of ketone giving the
intermediate diimine A. A 1,3-shift of the hydrogen at-
tached methyl group then occurs to form an isomeric en-
amine B, which cyclizes to afford seven-membered ring.

In conclusion, we describe a mild and efficient method
for the synthesis of 2,3-dihydro-1H-1,5-benzodiaze-
pines. The easy work-up procedure, recyclable catalyst,
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short reaction times, selectivity, and very good yields
make this method a valid contribution to the existing
methodologies.
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