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Abstract—Two groups of selenium-containing heterocycles having new, unique 1,2,4-benzoselenadiazine and 1,3,2-diselenazole
ring systems with an endocyclic selenenamide C–N moiety are presented. The first type was obtained by oxidative cyclization of
2,2�-diselenobis(phenylureas) and the second type by the reaction of 1,2-di(bromoseleno)benzene with primary amines. © 2002
Elsevier Science Ltd. All rights reserved.

Selenium-containing heterocycles, particularly those
having the endocyclic selenenamide Se–N moiety and
related diaryl diselenides play an important role in
medicinal biology as biological response modifiers.1

Some of them, particularly 2-phenyl-1,2-benzisoselena-
zol-3(2H)-one (ebselen) its derivatives and analogues,
were found as glutathione peroxidase mimics, anti-
inflammatory, antiatherosclerotic, anticancer, antimi-
crobial and antiviral agents as well as immuno-
stimulants, cytokine inducers and nitric oxide synthase
inhibitors.2 Moreover, the ebselen and camphor derived
selenenamide, and bis[2-(phenylcarbamoyl)phenyl] dise-
lenides were used as efficient oxygen-transfer catalysts
for hydroperoxide oxidation the different groups of
organic compounds such as sulfides, thiols, ketazines,
aldazines, oximes, N,N-dimethylhydrazones, aldehydes
and alkylarenes.2h,3

In this work, we present a simple approach for the
synthesis of two different groups of heterocycles having
new selenium and nitrogen-containing six- and five-
membered 1,2,4-benzoselenadiazine and 1,3,2-ben-
zodiselenazole ring systems.

2-Substituted 1,2,4-benzoxaselenadiazin-3(4H)-ones
(1a–c) were synthesized starting from 1-chloro-2-
nitrobenzene 3. Compound 3 was treated with dilithium
diselenide in an aprotic medium according to the proce-
dure reported earlier,4 to give bis(2-nitrophenyl) dise-
lenide 4 which was reduced with hydrazine, in the
presence of catalytic Ni (Raney) to afford bis(2-
aminophenyl) diselenide 5.5,6 Both amino groups were
converted to the corresponding aminocarbamoyl by
treatment of 5 with isocyanates.7 The 2,2�-diseleno-
bis(phenylureas) (6a–c) thus formed were oxidatively
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cyclized to the final products 1a–c (Scheme 1).8 A
comparison of the 1H NMR spectra of substrates 6
and products 1 indicated that only one pair of NH
protons remained (primary observed at ca. 6.7 ppm),
and that the multiplicity of the NCH proton signal in
the spectra of compounds having N-alkyl substituents
(1a–c) was decreased. This evidence confirmed that
oxidative elimination of a hydrogen atom and ring
closure had occurred. Benzoyl peroxide was used as
the oxidant of choice since it had successfully been
used earlier for Se–N bond formation in other hetero-
cyclic ring systems.9 Nevertheless, it was observed
that the reaction was limited to diselenides of type 6
which are soluble in benzene or toluene. 2,2�-Dise-
lenobis(phenylureas) having an aryl substituent
(phenyl, 4-nitrophenyl, 3-chlorophenyl, 3,4-
dichlorophenyl) on the terminal nitrogen atom of the
urea moiety were insoluble in these solvents and
remained unreacted.

Replacement of the aminocarbamoyl group by an
aminothiocarbamoyl group made 2,2�-diseleno-
bis(phenylthiourea) 6d soluble in benzene. Thus, com-
pound 6d, obtained from diselenide 5 and
phenylisothiocyanate, was smoothly converted into
the expected 2-phenyl-1,2,4-benzoxaselenadiazin-
3(4H)-thione 1d by oxidation with benzoyl peroxide.
The lack of one pair of NH protons (primary
observed in the 1H NMR spectrum of the substrate
6d at 8.33 ppm) supports the proposed cyclic struc-
ture of the product 1d.

Starting from poly(bis-1,2-phenylene) diselenide 7,
prepared recently in our laboratory,10 2-substituted
1,3,2-benzodiselenazoles (2a–e) were synthesized. The
diselenide 7, brominated with elemental bromine, gave
1,2-di(bromoseleno)benzene 811,12 which was subse-
quently treated with primary alkylamines to produce
the desired heterocycles 2 (Scheme 2).13 Their 1H
NMR spectra and elemental analyses support the
proposed structures. The analogous reaction of 8 with
aromatic amines (aniline, 4-nitroaniline) gave no posi-
tive results since the corresponding products 2 could
not be isolated due to their instability.
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2869, 1559, 1427, 741. Anal. calcd for C10H13NSe2: C,
39.36; H, 4.29; N, 4.59. Found: C, 39.60; H, 4.60; N,
4.80%. Compound 2d: yield 81%, yellow prisms, mp
59–61°C. 1H NMR (300 MHz, CDCl3, �, ppm) 1.09 (s,
9H, CH3), 7.14 (dd, 2H, J=5.6 and 3.2 Hz, ArH), 7.40
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1.54–1.63 (m, 1H, CH2), 2.78 (m, 1H, CH3), 7.15 (dd, 2H,
J=5.7 and 3.3 Hz, ArH), 7.39 (dd, 2H, J=5.7 and 3.3
Hz, ArH). IR (film) 3052, 2928, 2872, 1558, 1427, 741.
Anal. calcd for C10H13NSe2: C, 39.36; H, 4.29; N, 4.59.
Found: C, 39.30; H, 4.10; N, 4.88%.
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