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Abstract—Treatment of different silylated allenes with hexamethyldisilathiane (HMDST) in the presence of CoCl2·6H2O affords
an easy and high yielding access to �,�-unsaturated thioacylsilanes, which undergo a self-dimerization reaction to afford
polyfunctionalized 1,2-dithiins as the major products. © 2003 Elsevier Science Ltd. All rights reserved.

Acylsilanes are well-known compounds that have been
shown to be useful as intermediates in synthetic organic
chemistry.1 They participate in regio- and stereoselec-
tive processes that allow the synthesis of a number of
polyfunctionalized molecules. Preparation of silyl enol-
ethers,2 diastereoselective aldol condensations,3 the syn-
thesis of �-hydroxysilanes4 and the stereoselective syn-
thesis of vinylsilanes5 are just a few examples of their
valuable reactivity.

The presence of a double bond together with the
acylsilane moiety provides an expansion of acylsilane
synthetic potentialities, and opens the way to the possi-
ble construction of novel and more versatile synthons.

In this context, ethylenic and acetylenic acylsilanes6

have recently emerged as versatile intermediates, due to
the high reactivity of the unsaturated moiety: such
compounds may in fact participate in TiCl4 promoted
allylations,7 1,4-additions with silylated nucleophiles8 or
act as dienophiles in Diels–Alder reactions,6 and [1,3]-
dipolar cycloadditions.9 [3+2] Annulations with
allenylsilanes9 and with ketone enolates10 have also
been reported, together with [3+4] annulations with
�,�-unsaturated methyl ketone enolates.11

On the other hand, thiocarbonyl containing molecules
have recently experienced an increasing interest in mod-
ern organic synthesis, due to the fact that such com-
pounds have shown to be as key intermediates in the

synthesis of molecules with high biological activity, and
relevant complexity.12

In this context, thioacylsilanes appeared as very attrac-
tive molecules, because they couple the high reactivity
of the carbon�sulfur double bond with the peculiar
reactivity of organosilanes, thus enabling the synthesis
of various products containing the Si�C�S unit. More-
over, thioacylsilanes can serve as synthetic equivalents
of thioaldehydes through a simple protodesilylation
reaction.

Thioacylsilanes have been widely investigated by the
Bonini group,13 and can be accessed, among the various
methods described in the literature, through the acid-
catalyzed reaction of acylsilanes with hydrogen
sulfide,13a or through the CoCl2·6H2O catalyzed reac-
tion of bis(trimethylsilyl)sulfide (HMDST).14 Neverthe-
less such procedures cannot be applied to the synthesis
of �,�-unsaturated thioacylsilanes, and in general, �,�-
unsaturated thiocarbonyls have always been difficult to
synthetize directly, this often being due to competing
Michael additions. Some success has been obtained in
the case of ethylenic �-substituted parent carbonyls,15

or in the presence of a stabilizing group.16

Our long dating interest in the chemistry of
acylsilanes,1a,17 and, more recently, in the synthesis of
thiocarbonyl containing compounds,15c,18 led us
recently to uncover a simple and general access to a
particular class of thioacylsilanes, namely acetylenic
thioacylsilanes, through our recently developed hexa-
methyldisilathiane based thionation procedure18d of
carbonyl compounds, which, due to its intrinsic mild-
ness, proved to be well suited for the synthesis of such
compounds.
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We were then attracted by the possibility of creating a
general access also to another class of difficult to obtain
thioacylsilanes, ethylenic thioacylsilanes. As expected,
the HMDST based thionation procedure, when applied
directly to the parent �,�-unsaturated acylsilanes,
showed again the already mentioned limitations.

Thus we had to devise a different access to such
molecules, and we reasoned that, being unsaturated
acylsilanes obtainable through the hydrolysis of the
corresponding silylated allenes, the same reaction could
hold in the presence of HMDST to afford the wanted
�,�-ethylenic silyl thioketones.

Thus, we reacted 1-trimethylsilyl-1-tetrahydropyranyl-
1,2-propadiene 1a with HMDST in the presence of
CoCl2·6H2O and 2,3-dimethyl-1,3-butadiene19 (Scheme
1), and we were quite pleased to recover from the
reaction mixture compounds 3a and 4a (in the ratio
3a:4a=4:1), together with a small amount of 5 (<5%),
thus evidencing the formation of the thiopropenoyl-
silane intermediate 2a, which undergoes preferably self-
dimerization reactions, thus confirming the tendency of
such molecules to behave as thiabutadienes with reac-
tive dienophiles in hetero Diels–Alder reactions.20

Nevertheless, this reaction proved that allenes can be
efficiently used as precursors of unsubstituted unsatu-
rated thioacylsilanes. Furthermore, although thio-
propenoylsilane can be considered a synthetic
equivalent of thioacrolein, the regiochemical outcome
of the present reaction proved to be quite different,

affording as the predominant compound the head-to-
head dimer 3a instead of the 1,3-dithiin 4a, usually
obtained as the largely predominant isomer upon gen-
eration of thioacrolein.15e This result is rather interest-
ing if we take into account that the biological
importance of the disulfide bridge is widely recognized,
being one of the two major covalent linkages between
amino acids in polypeptides and proteins.15e

This methodology then opens a useful route to poly-
functionalized 1,2-dithiins. Furthermore, the presence
in the obtained molecules of both the allylsilane and the
vinylsilane moieties envisages the possibility of further
selective functionalization.

The reaction proved quite general, occurring smoothly
with several differently silylated allenes, as summarized
in Table 1. In the case of the triphenyl substituted
allene 1g, no traces of the self-dimerization compound
were found, but only oligomers, this is probably due to
the very large steric hindrance of the silyl moiety.

Worth noting is the very high regioselectivity observed
in these cycloadditions, being 1,2-dithiins formed pre-
dominantly (Table 1, entries 1, 2 and 4) or exclusively
(Table 1, entries 3, 5–8). Thus, the ratio 3:4 was 80:20
for the trimethylsilyl allene 1a, 97:3 for 1b and 98:2 for
1d. On the other hand, no traces of compound 4 were
found in the reactions of allenes 1c and 1f–h.

Interestingly, when the reaction was performed on com-
pound 1i, again the formation of the self-dimerization
products was observed, but this time the ratio 1,2-
dithiin:1,3-dithiin (ca. 1:6, respectively) was quite simi-
lar to what was observed by other authors,15e thus
evidencing the importance of the silyl moiety in driving
the regiochemical outcome of the reaction. It is also
noteworthy that in the case of allene 1e the allysilane
moiety is not involved at all, thus giving further proof
of the mildness and versatility of such procedure.

In contrast to the observations of Segi15e and other
authors,20 our ethylenic thioacylsilanes did not react as
thiabutadienes in hetero Diels–Alder reactions with dif-
ferent alkenes: thus in fact, upon generating silyl
thioketones in the presence of norbornadiene, maleic
anhydride or vinyl ethers, no traces of the correspond-
ing adducts were obtained.

Another interesting observation was made in the reac-
tion of compound 1l in which, besides the expected
self-dimerization products 3a and 4a, compound 7 was
also found,21 which seems to arise from a [4+2] cycload-
dition reaction of propenoylthioacylsilane 2a with the
in situ formed thioacetaldehyde (Scheme 2).

This result proves quite interesting and represents the
first example of a cycloaddition reaction between two
different thiocarbonyl compounds, one behaving as a
4� diene and the other as a 2� dienophile. Furthermore,
taking into consideration that alkanethials are quiteScheme 1.
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Table 1. Thionation of silylated allenes

reluctant to Diels–Alder reactions,18a it outlines the
very good qualities of propenoylthioacylsilane as a very
powerful diene.

In conclusion, we have devised a general methodology
for the synthesis of thiopropenoylsilanes, which afford
upon self-dimerization a general and regioselective
access to silylated 1,2-dithiins.Scheme 2.
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