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Synthesis of 4H-benzo[e]-1,2-selanazin-4-one derivatives:
a new heterocyclic ring system
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bDepartment of Chemistry, Taibah University, PO Box 30002, Almadinah Almunawarah, Saudi Arabia

Received 15 June 2007; revised 14 August 2007; accepted 21 August 2007
Available online 25 August 2007
Abstract—The synthesis of novel 1,2-benzoselenazin-4-ones which are six-membered homologues of ebselen, is described in order to
evaluate their glutathione peroxidase-like activity.
� 2007 Published by Elsevier Ltd.
The discovery of selenium as selenocysteine in the active
site of the selenoenzyme glutathione peroxidase (GPx)
has attracted growing attention in the biochemistry of
selenium.1 The selenoenzyme acts as an antioxidant
and catalyzes the reduction of harmful peroxides by glu-
tathione, thus protecting lipid membranes against oxida-
tive damage.2 The enzyme catalytic site includes a
selenocysteine residue in which the selenium undergoes
a redox cycle involving the selenol (Enz-SeH) as the
active form that reduces hydroperoxides and organic
peroxides. The selenol is oxidized to the selenenic acid
(Enz-SeOH), which reacts with reduced glutathione
(GSH) to form the selenenyl sulfide adduct (Enz-SeSG).
A second glutathione then regenerates the active form of
EnzSeH
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the enzyme by attacking the sulfide to form oxidized
glutathione (GSSG) (Scheme 1).3

Among molecules which mimic the structure of the
active site of the enzyme, N-phenyl-1,2-benzisoselenazo-
lin-3-one 1, ebseslen (PZ51), exhibited useful anti-
inflammatory properties.4 It generates a selenenic
moiety stabilized by intramolecular cyclization in a cyclic
N-aroyl selenamide. Ebselen does not release selenium,
as demonstrated by a 75Se-labeling study,5 which results
in its relatively non-toxic properties. The discovery of its
anti-inflammatory and glutathione peroxidase (GPx)-
like activity has initiated numerous biochemical and
pharmacological investigations as well as clinical trials
as an antioxidant.6,7 Similarly a study of the mechanism
of the (GPx)-like activity of ebselen has shown the
formation, in a catalytic cycle, of various intermediates
constituting different oxidation levels of the selenium
atom.8

Several structural modifications of ebselen, including
substituent effects and isosteric replacement, have been
proposed.9 For instance, diselenides and non-benzo con-
densed isoselenazolidinone rings have been reported in
the literature.10,11

Nevertheless, its poor solubility remains a problem for
optimal therapeutic development. In order to enhance
its solubility and to increase its activity, research has
been focused on the modification of the structure of
ebselen. Hence, the design, synthesis, and evaluation
of small-molecule selenium compounds that mimic the
biological activity of GPx have been investigated by
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several groups, and selected examples 2,12 3,13 414 and
515 are presented in Chart 1. Various diaryl diselenides16

and certain types of tellurium compounds as well as
dendrimeric and cyclodextrin-derived organochalcogen
catalysts that emulate GPx have also been reported.17–19

In the same context, we describe here the synthesis of
novel enlarged ebselen-like ring compounds, 4H-ben-
zo[e]-1,2-selenazin-4-ones 6 (Scheme 2). The new struc-
ture contains an additional planar carbon between
the nitrogen atom and the carbonyl group in the frame-
work of ebselen. The structure should preserve the
Se–Caromatic bond to avoid the release of Se atoms and
6
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maintain the low toxicity of ebselen. Secondly, the
Se–N bond responsible for the GPx-like activity is
retained. Thirdly, the carbonyl group with the double
bond increases the electrophilic character of selenium
which is necessary for the bioactivity of ebselen.

To the best of our knowledge, only one reference
describing the synthesis of ethoxycarbonyl-1,2-benzo-
thiazine-4-one has been reported,20 as a sulfur-contain-
ing heterocyclic homologue to one of our synthesized
compounds 6a (Scheme 3).

The starting molecules were o-chlorobenzoyl chloride 7
and o-chlorobenzonitrile 8. Treatment of benzoyl chlo-
ride 7 with ethyl acetoacetate in the presence of sodium
ethanoate followed by hydrolysis gave b-ketoester 9. On
the other hand, benzonitrile 8 was easily transformed
into ketones 10b–c by reaction with Grignard reagents.

The incorporation of selenium was carried out by treat-
ment of b-ketoester 9 and ketones 10 with methane-
selenol in the presence of potassium carbonate yielding
11a–c in good yields.21
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Selenide 11a was nitrosated with NaNO2, CH3CO2H
resulting in a good yield of oxime 12a.22 The oxi-
mination of ketones 11b–c was difficult using similar
conditions, however, when this reaction was performed
using (n-BuNO2, HCl) and 2-ethoxyethanol as a sol-
vent,22 oximes 12b–c were successfully obtained.23

Oximes 12a–c were cyclized into 4H-benzo[e]-1,2-selena-
zin-4-ones 6a–c24 via Se-demethylation using trimethyl-
silyl polyphosphate (PPSE).25,26

The glutathione peroxidase GPx-like activity and anti-
oxidant properties have been examined for compound
6a and compared to ebselen as a control drug.27 The
kinetic method showed that 6a increased the rate of
the catalytic reduction of H2O2 more than ebselen, as
monitored by the increase of the UV absorption at
305 nm due to the formed diphenyl disulfide (PhSSPh).
However, 6a inhibited the formation of the peroxidized
lipid derived from the reaction of hydroxyl radicals with
linoleic acid using radiation-induced lipid peroxidation.
The evaluation of the antioxidant activity showed
that ebselen and 6a have the same inhibitory effect on
the formation of ABTS radical cation in the ABTS/
MetMb/H2O2 system. On the other hand, according to
EPR spin trapping, 6a exhibited a slightly lower protec-
tion of glutathione from the oxidant attack by the
H2O2/HPR couple compared to ebselen.

The synthesis of novel 1,2-benzoselenazin-4-ones, which
are six-membered homologues of ebselen, has been
achieved. The evaluation of the glutathione peroxi-
dase GPx-like activity and antioxidant properties of
a selected product 6a gave satisfactory results. The
biological tests for the other compounds are under
investigation.
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