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Abstract—It has been found that enolizable ketones and 1,3-diones react in neutral or basic medium with biselectrophiles such
as 2-chloroselenobenzoyl chloride. The reaction takes place on the active �-methylene group. Selenenylation and subsequent
acylation of the �-carbon atom take place and, depending on the ketone used, 3-hydroxybenzo[b ]selenophenes or ben-
zo[b ]selenophen-3(2H)-ones are produced in moderate to high yields. © 2001 Published by Elsevier Science Ltd.

Selenenylation of carbon nucleophiles such as alkenes
and carbanions, resulting in the formation of unsym-
metrical selenides, is well known and commonly used as
an intermediate step for the generation of new car-
bon�carbon double bonds.1 The carboanions are usu-
ally generated from enols, unsaturated esters, lactones,
lactams, aliphatic nitriles, �-ketosulfoxides, �-ketosel-
enoxides, alkyl malonates and other C�H acids by
treatment with a base such as LDA and then selenenyl-
ated with commercially available reagents such as ben-
zeneselenenyl chloride or bromide2 and 2-pyridine-
selenenyl bromide.3 When 2-pyridineselenenyl bromide
is a selenenylating agent the reaction also proceeds in
acidic medium. In this way �-ketoselenides, important
intermediates for the synthesis of �,�-unsaturated
ketones are obtained. Benzeneselenenyl chloride substi-
tuted in the ortho position with a chlorocarbonyl group
(2-chloroselenobenzoyl chloride 1) is a particular bisel-
ectrophile which can act as an acylation–selenenylation
reagent. Primary amines, or other compounds having a
primary amino group, upon treatment with 2-chloro-
selenobenzoyl chloride, are selenenylated and acylated on
the nitrogen atom with ring closure and formation of
benzisoselenazolon-3(2H)-ones.4 To our knowledge, no
study of the reactions of 2-chloroselenobenzoyl chloride
with enolizable ketones and other C�H acids have been
carried out. It begs a question: do both of these reac-
tions, selenenylation and carbonylation, proceed on the

active methylene carbon atom with formation of the
benzo[b ]selenophene ring system?

Our investigations, presented in this work, indicate that
although selenenylation of a methylene group proceeds
faster than acylation, both of these reactions take place
and result in ring closure. It was found that the reaction
is general for ketones having active �-methylene groups
and that this is a new way for the selenophene ring
formation, which might be useful for the synthesis of
benzo[b ]selenophen-3(2H)-ones (3) and 3-hydroxyben-
zo[b ]selenophenes (4). Although a few of these com-
pounds have been prepared previously, they were
obtained in a more complex way.5,6 In this paper we
report a novel, simple and general approach for the
synthesis of compounds 3 and 4 as exemplified by the
preparation of 3a–c,f and 4d,e.

2-Chloroselenobenzoyl chloride (1) refluxed in acetone
for a short period of time (15 min) gave 2-(acetyl-
methylseleno)benzoyl chloride (2) showing that sele-
nenylation proceeded faster than acylation. Compound
2 was subsequently acylated and after a longer period
(20 h) 4a was formed, most probably via the unstable
intermediate, 2-acetylbenzo[b ]selenophen-3(2H)-one
(3a). Under the same reaction conditions compound 2
was converted directly into 4a (Scheme 1).7

It should be noted that although unsubstituted ben-
zo[b ]selenophen-3(2H)-one exists in the keto form (sim-
ilar to 3a), introduction of a 2-acetyl group promotes
enolization, presumably by virtue of the extra stability
conferred by intramolecular hydrogen bonding.6a The
broad IR absorption band �OH···O=3005–1930 cm−1 and
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band �C�O=1583 cm−1 are shifted to lower frequencies8

as well as the signal for the acid proton (�=12.86 ppm)
in the 1H NMR spectrum both provide the evidence
for structure 4a. The same effects were observed for
other 2-acetyl-3-hydroxy-benzo[b ]selenophenes (4d and
4e).

Both cyclopentanone and cyclohexanone react in a
similar way to acetone but the reaction proceeds more
slowly. The final products are unenolizable 2,2-
spirobenzo[b ]selenophen-3(2H)-ones 3b and 3c. Iden-
tification of selenide 5 as a by-product provides
evidence that selenenylation of the ketone is the initial
step of the reaction (Scheme 2).9 Reaction of 2-
chloroselenobenzoyl chloride with acetone and
cycloalkanones was also carried out in the presence of
bases such as NEt3, NEt(i-Pr)2, NaH, LDA and

K2CO3, but in all of these cases a complex mixture of
products were formed.

1,3-Diketones reacted with chloroselenobenzoyl chlo-
ride 1 more smoothly than monoketones and the side
reaction was limited, particularly when the reaction
proceeded in the presence of triethylamine. Unstable
by-products such as 3d and 3e, which could not be
isolated, spontaneously underwent deacylation in the
presence of moisture absorbed on silica gel during their
separation by column chromatography. Consequently,
the enol 4d or 4e was the final product. In a similar
reaction, acetylacetone produced relatively stable com-
pound 3f, which was isolated and characterized
although during storage it also underwent decomposi-
tion to 2-acetylbenzo[b ]selenophen-3(2H)-one (4a) and
acetic acid (Scheme 3).10

Scheme 1.

Scheme 2.

Scheme 3.
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