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ABSTRACT

A simple one-pot synthetic method of a series of 4,5-alkylenedichalcogeno-substituted 1,3-diselenole-2-selones by successive treatments of
trimethylsilylacetylene with butyllithium, selenium, carbon diselenide, and finally r,ω-bis(chalcogenocyanato)alkanes is described.

Since the discovery of a number of organic superconductors
based on BEDT-TTF,1 analogous heterocycle-fused TTF-
type donors have been systematically studied with the
purpose of searching for new organic superconductors with
high Tc.2 In particular, the TSF variants such as1 have
attracted considerable interest,3 because the introduced
selenium atoms can contribute to an increase of intermo-
lecular interactions.4 However, when compared with the TTF-
type donors, such heterocycle-fused TSF-type donors are

generally inaccessible and have been obtained by only limited
methods.5 The heterocycle-fused 1,3-diselenole-2-selones (2)
and the corresponding ketones are very important as the key
precursors of1, and accordingly the ready synthetic methods
of these compounds are highly desirable. We now would
like to report a simple one-pot synthesis of2, together with
4,5-bis(methylthio)-1,3-diselenole-2-selone (3), from com-
mercially available trimethylsilylacetylene (Figure 1).

Recently we reported an efficiently improved one-pot
preparation of 1,3-dithiole-2-thiones (5, X ) S) and 1,3-
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diselenole-2-selones (5, X) Se) from readily available
acetylenes4 (Scheme 1).6 This reaction in combination with

a conventional trialkyl phosphite-promoted coupling reaction7

provides a ready access to TTF and TSF derivatives (6); in
particular, it is very advantageous to the synthesis of less
accessible TSF derivatives.8

The thus obtained TSF donors (6) are of a bifunctional
type and usually comprise bothcis andtrans forms that are
readily interconvertible to each other and often cause
crystallographic disorder. In this regard, symmetrical tet-
rafunctional TSF donors such as1 are generally preferable
and of greater value. This has prompted us to explore the
synthetic method of the disubstituted 1,3-diselenole-2-selones
2 and3. The one-pot preparation of5 involves a successive
reaction sequence of an acetylene with 1 molar equiv of
butyllithium, 1 molar equiv of selenium, 1 molar equiv of
carbon diselenide, and finally excess water. With the aim of
introducing an additional substituent group, we examined
quenching with an appropriate electrophile instead of water.
After many fruitless attempts, alkyl thiocyanates turned out
to be an effective electrophile for this purpose. Thus, when
a reaction mixture from methylthioacetylene (7) was quenched
with excess methyl thiocyanate, 4,5-bis(methylthio)-1,3-
diselenole-2-selone (3) was obtained in 58% yield (Scheme
2). In the course of our detailed examination on a similar

reaction using trimethylsilylacetylene (8), we found an
interesting result: the expected 4-methylthio-5-trimethylsilyl

derivative9 was detected in only 2% yield and instead the
4,5-bis(methylthio) derivative3 (47% yield) was formed
together with the two byproducts10 (19%) and11 (7%).

The formation of3, 10, and11 is well explained by a
plausible reaction mechanism, as shown in Scheme 3:

quenching the cyclic intermediate15with methyl thiocyanate
leads to the expected product9 and with water to11. For
the formation of3 and10, however, it is proposed that the
resultant 9 further reacts in situ with lithium cyanide
concomitantly formed by the above quenching to give
another intermediate (16), which subsequently with methyl
thiocyanate leads to3 and with water to10. As a direct
evidence of the desilylation, we observed that treatment of
9 with aqueous lithium cyanide afforded10 in almost
quantitative yield.

This serendipitous bis-methylthiolation reaction allowed
us to develop a short access to the heterocycle-fused 1,3-
diselenole-2-selone system (2). When the reaction mixture
of 8 was finally quenched with 1 molar equiv ofR,ω-bis-
(chalcogenocyanato)alkane, a cyclofunctionalization reaction
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occurred to give the desired2 in a good yield (Scheme 4).10

This reaction is widely applicable to the synthesis of a series
of 1,3-diselenole-2-selones (2) with different methylene
numbers,n ) 1-3, and different chalcogen elements, S and
Se, of the fused heterocyclic ring. Thus we believe that, in
consideration of its simplicity and versatility, the present
synthetic method of alkylenedichalcogeno-substituted 1,3-
diselenole-2-selones greatly contributes to the development
of TSF-based organic conductors.
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