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Cobalt(I1) Chloride Promoted Thionation of Carbonyl Compounds: A Simple Access to Silyl 
Thioketones and Thioaldehydes 
Summary: The CoCl2-catdyzed reaction of Me3SiSSiMe3 
with acylsilanes and simple aldehydes affords a direct and 
easy entry to their sulfur analogues. 

Sir: Thiocarbonyl containing molecules are versatile 
synthetic intermediates, which find many applications in 
the synthesis of complex natural products.' Several 
methods have so far been reported for the formation of 
such molecules, based on direct conversion of carbonyl 
derivatives2 or on pyrolytic3 and photochemical tech- 
n i q u e ~ . ~  
Our long-standing interest in the chemistry of acylsilanes 

1 as nucleophilic acylating agents5 prompted us to focus 
attention on thioacylsilanes, a closely related but only 
recently explored6 class of exotic molecules. We report 
here that a wide range of acylsilanes reacts with bis(tri- 
methylsilyl) sulfide under mild conditions in the presence 
of CoC12-6H20 as catalyst, affording in high yields the 
corresponding thiocarbonyl derivatives 2 (Scheme I). 
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"Yields refer to  isolated material. bDimers and trimers were 

Thus, treatment of a solution of CoC12.6H20 (26.2 mg, 
0.112 mmol) and PhCOSiMe3 (50 mg, 0.28 mmol) in 0.5 
mL of CH3CN (RPE Carlo Erba) with a solution of 

isolated together with the wanted compound. 
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Me3SiSSiMe3 (99.7 mg, 0.56 mmol) in 0.5 mL of CH3CN 
led to an exothermic reaction, which was monitored by 
GC/MS analysis. Upon completion, the reaction mixture 
is directly poured onto a chromatographic column packed 
with Florisil, under inert atmosphere, and eluted with 
hexane. The blue fraction is collected, and the solvent is 
removed at  room temperature under vacuum to afford a 
blue oily r e ~ i d u e . ~  

Several representative examples are summarized in 
Table I. The above reaction could also be successfully 
applied to aldehydes: the mildness of our method, in this 
case, allows the in situ formation of the thioaldehydese in 
the monomeric form, which can be trapped with dienes, 
leading for example to cycloadducts 3a-c (Scheme 11) in 
very high  yield^.^ 

CoC12.6H20 proved in our hands to be the most effective 
and mild catalyst, with BF3.Et20 leading to a more ex- 
tended degree of oligomerization in the case of aliphatic 
and aromatic compounds (la-f) and to complete polym- 
erization in the case of furoyl- and thenoyltrimethylsilane 
and of aldehydes. FeC13-6H20 proved, on the other hand, 
to be ineffective. 

However ketones, such as acetophenone and benzo- 
phenone, when treated under the conditions of scheme I, 
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failed to afford the desired thio derivatives, showing this 
reaction, a t  least in this first stage, to be limited to the 
much more reactive acylsilanes and aldehydes. 

Although group 14 organometallic sulfides have already 
been used for the formation of thiocarbonyl derivatives, 
our method offers several advantages and complements 
those previously reported. In fact, while Steliou's methodlo 
appears to be successful with ketones, it leads to lower 
yields for acylsilanes and affords isolation only of the 
trimers of thioaldehydes. On the other hand, the very 
recent proceduresb based on the n-BuLi-catalyzed addition 
of Me3SiSSiMe3 to aldehydes does not appear to work at  
all when applied to acylsilanes. 

Further synthetic applications of this new method are 
currently being investigated in our laboratory. 
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Regiospecific Carbonylation and Ring Expansion of Thietanes and Oxetanes Catalyzed by 
Cobalt and/or Ruthenium Carbonyls 
Summary: Dicobalt octacarbonyl and triruthenium do- 
decacarbonyl together catalyze the regiospecific insertion 
of carbon monoxide into the least substituted carbon- 
heteroatom bond of a thietane or oxetane, affording 
thiobutyrolactones or butyrolactones in fine yields. 

Sir: Metal complex catalyzed carbonylation reactions have 
been widely utilized in synthetic organic ~hemistry.~" An 
important class of carbonylation reactions are those that 
involve the direct incorporation of one or two molecules 
of carbon monoxide into a heterocyclic substrate resulting 
in ring expansion. This method has been particularly 
successful when applied to three-membered-ring hetero- 
cycles. Examples include the rhodium(1)-catalyzed mo- 
nocarbonylation of 2-arylaziridines to 3-arylazetidin-2-ones4 
and the double carbonylation of styrene oxides to a-keto 

lactones catalyzed by cobalt carbonyl under phase-transfer 
 condition^.^ The reaction is regiospecific in both cases, 
with carbon monoxide insertion occurring into the most 
substituted carbon-heteroatom bond. 

Little is known concerning the direct conversion of four- 
to five-membered-ring heterocycles by carbonylation. A 
patent6 describes the formation of y-butyrolactone in 55% 
yield when oxetane is subjected to cobalt acetate catalyzed 
carbonylation at  250 atm and 200 "C. We now report that 
such a transformation actually proceeds at  considerably 
lower pressure. Of greater significance are the results of 
a study using substituted oxetanes and thietanes, which 
demonstrates the regio- and stereospecificity of the reac- 
tion. An added feature, especially for thietanes, is the use 
of both ruthenium and cobalt carbonyls as catalysts in 
order to realize the formation of products in high yields. 
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