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Functionalized diaryl selenides were prepared by the first [3+3] cyclizations of 1,3-bis(trimethylsilyloxy)-
1,3-butadienes with organoselenium compounds (i.e., 2-(phenylselanyl)-3-silyloxy-3-en-1-ones).
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Diaryl selenides are of considerable pharmacological relevance,
due to their antimicrobial, antitumor, and antioxidant properties.
They also play an important role as synthetic reagents (e.g., in
the context of elimination reactions based on selenoxide pyrolysis
or in the context of radical reactions) and in material sciences (e.g.,
conductive and supraconductive organic molecules).1 The synthe-
sis of organoselenium compounds is a demanding task, due to
the unstable nature of the products. In addition, most of the meth-
ods developed for the synthesis of organosulfur compounds are not
applicable to the synthesis of organoselenium compounds. A num-
ber of methods have been developed for the preparation of ali-
phatic organoselenium derivatives. This includes the reaction of a
metal selenolate with organic halides, acyl chlorides, epoxides,
and enones.2 However, the synthesis of diaryl selenides from sele-
nide anions with aryl halides is more difficult, due to the low reac-
tivity of the halides. The reaction of halogenated arenes with
phenylselenol or benzeneselenolate salts requires the use of a cat-
alyst, ligand and strong base, long reaction times, and harsh reac-
tion conditions.3 Other syntheses rely on the reaction of diaryl
diselenides with organometallic reagents (e.g., organolithiums,
Grignard reagents, or cuprates) or organoboronic acids.4 Unsym-
metrical diaryl selenides are also available from (toxic) arylselenyl
bromides with aryl lithium derivatives.5

The methods listed above, which all rely on the formation of a
C–Se bond, often suffer from their low regioselectivity, harsh reac-
ll rights reserved.
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nger).
tion conditions, and high temperatures. In addition, reduction and
formation of diselenides are often observed. Electron-rich arenes
and sterically encumbered substrates sometimes react sluggishly
or not at all. In addition, the synthesis of the required starting
materials, highly functionalized or sterically encumbered haloge-
nated arenes can be a difficult and tedious task.

Our concept to circumvent these problems is based on the
development of cyclization reactions of suitable selenium-contain-
ing molecules (‘building block strategy’). Examples for the applica-
tion of this strategy to the synthesis of phenylselanyl-substituted
carbacycles have only scarcely been reported to date. Stone and
co-workers reported the [4+2] cycloaddition of 2-(phenylsela-
nyl)-1,3-butadienes with alkenes and alkynes.6 Chan and Brown-
bridge were the first to report7 the synthesis of salicylates by
formal [3+3] cyclizations of 1,3-bis(silyloxy)-1,3-butadienes8 with
3-silyloxy-2-en-1-ones.9 Herein, we report what is, to the best of
our knowledge, the first application of this methodology to the
synthesis of organoselenium compounds. The products reported
herein, 5-(phenylselanyl)salicylates, can be regarded as functional-
ized diaryl selenides and have, to the best of our knowledge, not
been previously prepared. Symmetrical salicylate-derived diaryl-
selenides are known and have been prepared by reaction of salic-
ylates with (toxic) SeOCl2 and subsequent reduction with zinc.10

Barton et al. have reported an isolated example of the formation
of an unsymmetrical derivative during their study of the oxidation
of phenols by benzeneselenic anhydride.11

Phenylselanyl-substituted 1,3-diketones 2a,b were prepared by
reaction of 1a,b with selenium dioxide and diphenyl diselenide in
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Table 1
Synthesis of 5a–l

3 4 5 R1 R2 R3 % (5)a

a a a Me H Me 59
a b b Me H (CH2)2OMe 57
a c c Me H CH2Ph 46
a d d Me Me Me 68
a e e Me Et Me 70
a f f Me nBu Me 69
a g g Me nHex Me 62
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the presence of catalytic amounts of sulfuric acid (Scheme 1). The
synthesis of 2a has been previously reported.12 The silylation of
2a,b with chlorotrimethylsilane afforded the novel 3-silyloxy-2-
en-1-ones 3a,b. 1,3-Bis(silyloxy)-1,3-butadienes 4a–i were pre-
pared as previously reported.7,13,14

The TiCl4-mediated cyclization of 3a with 4a afforded the diaryl
selenide 5a (Scheme 2). The best yield was obtained when the
reaction was carried out in a highly concentrated solution.15 The
formation of 5a can be explained by reaction of 3a with TiCl4 to
give allylic cation A. The attack of the terminal carbon atom of
4a onto A resulted in the formation of intermediate B. The elimina-
tion of hexamethyldisiloxane (intermediate C) and subsequent
cyclization gave intermediate D. The elimination of titanium
hydroxide and aromatization resulted in the formation of product
5a.
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Scheme 2. Possible mechanism of the formation of 5a.
The TiCl4-mediated cyclization of enones 3a,b with 1,3-bis(tri-
methylsilyloxy)-1,3-butadienes 4a–i afforded the highly function-
alized diaryl selenides 5a–l in 46–70% yield (Scheme 3, Table 1).
The structures of all compounds were established by spectroscopic
methods. The structure of 5b was independently confirmed
by X-ray crystal structure analysis (Fig. 1).16

In conclusion, we have reported a new and convenient synthe-
sis of various functionalized unsymmetrical diaryl selenides con-
taining a salicylate substructure.
a h h Me nHep Me 62
a i i Me nOct Me 59
b a j Et H Me 56
b b k Et H (CH2)2OMe 55
b d l Et Me Me 61

a Yields of isolated products.

Figure 1. Crystal structure of 5b (50% probability level).
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