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M - In a reinvestigation of the sulfuration reaction of cinnamylideneaceto- 

phenone (1) with sulfur and triethylamine at room temperature, new products 

6-benzoyl-3-phenyl-l,2-dithiolo[4,3-~11,2-dithiole (51, 6-benzoyl-3-phenyl-1.2- 

dithiine (6) and 5- benzoyl-3-benzylidene-1,2-dithiole (7) were obtained along with 

the known products 5-phenacylidene-3-phenyl-1,2-dithiole (2) and 5-benzoyl- 

2-phenylthiophene (3). The reaction of dibenzylideneacetone (8) under the same 

conditions affords thiopyran-Cone (9). By adding Lawesson reagent to the reactant 

mixtures of 1 and 8, a uithiapentalene derivative (4) was also formed. 

The sulfuration reaction of a large number of organic compounds with sulfur under different reaction conditions 

has been extensively investigated in the past.2 Much interest has been devoted to sulfurations with sulfur in the 

presence of secondary a m i n e ~ . ~  Cinnamylideneacetophenone (1) was reported to react with sulfur at high 

temperature to give 5-phenacylidene-3-phenyl-1,2-dithiole (2) and 5-benzoyl-2-phenylthiophene (3h4 The same 

sulfurcompounds (2) and (3), along with trithiapentalene(4)and fragmentation products, were previously obtained 

by one of us from the reaction of 1 with sulfur in refluxing mo~pholine.~ 

As a part of a research project on thiation processes under mild conditions, we have investigated the reaction of 1 

with sulfur in the presence of triethylamine (TEA) at room temperature. Besides 2, 3 and minor compounds, the 

structure elucidation of which is in progress, the new differently coloured sulfur heterocycles (s) ,~ (6L7 and (7L8 

were isolated (Scheme 1). Their distribution was found to be markedly affected by the nature of the solvent and 

reaction time. 
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Scheme 1 

The highest yield (5%) of 6-benzoyl-3-phenyl-1,2-dithiolo[4,3-c] 1,2-dithiole (5) along with 2 ( 5%) and 3 (9%) 

was isolated by allowing a mixture of 1, sulfur and TEA in the ratio 1:14:2 in pyridine or acetonitrile for 60 h. In 

N,N-dimethylformamid (DMF) for 24 h and in dimethylsolfoxide for 7 h the yields of 5, 2 and 3 were 3, 6 and 

lo%, and 3, 8, and 12%, respectively. The reaction in hexamethylphosphoramide or DMF in the ratio 1:14:8 led 

to the maximum yield of 12% of 6-benzoyl-3-phenyl- 1,Zdithiine (6) along with thiophene (3) (15%) after 48 h. 

This latter compound proved to be derived from dithiine (6) which showed a remarkable instability and was 

quantitatively converted into 3 in pyridine solution after 24 h at room temperature. By performing the reaction in 

Scheme 2 

"s" 

'5, L.R. C 
'9, L.R. 1 
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acetonivile with a reduced amount of sulfur (1:6:2) and reaction time (6 h) 5- henzoyl-3-benzylidene-1,2-dithiole 

(7) was obtained in the highest yield of 8%. 

Under the same mild thiation conditions the structural isomer of 1, dibenzylideneacetone (8). gave 

2,6-diphenylthiopyran-4-one (919 in a 15% yield. The formation of 9 considerably dropped when the reaction was 

carried out by adding 1.5 equivalents of Lawesson reagent (L.R.) to thereaction mixture, and trithiapentalene (4)" 

was isolated in a 40% yield (Scheme 2). 

In the presence of L. R. 1 also afforded 4. Interestingly, the yield of 4 was increased to 50% when 1 was initially 

allowed to react with L. R. and then, after 30 min, with sulfur and TEA. 

The results clearly point out that the unsaturated carbonyl compounds (1) and (8) interact with sulfur-mine sistem 

to afford only products such as 2.3.5.6 and 7 deriving from the attack of "activated sulfur species ("S") on their 

olefinic carbon atoms. The carhonyl group remains unchanged, but undergoes a thionation process leading to 4 

when the L.R. is also used. 

In no cases products deriving from cycloadditions of the diene moiety of 1 to di- or poliatomic sulfur species, 

which are thought to be present in reaction mixture of sulfur with amines," were observed. Therefore, the 

mechanisms for the formation of known and newly isolated products require nucleophilic and electrophilic attacks 

by sulfur species "N" and "W' generated from the interaction of tertiary m i n e  with sulfur: 

+ BH + 
S, + %N = R3N-S-SX-S' = R3N + SSx-SH 

("N") ("E') 

Likely, the reaction course leading to 2.3 ,s  and 6 starts with the initial thiation of &carbon atom to the carbonyl 

group of 1 by the nucleophilic specie "N" and proceeds with subsequent thiations of the remaining allylic carbon 

atoms by "E' or "N" species. The formation of 2 involves a final oxidative cyclization step by sulfur (Scheme 3). 

For the formation of the dithiole (7), an initial thiation of the a- or y- carbon atom to the carhonyl group of 1 by 

the elecuophilic species " E  must be invoked. It should be assisted by the tertiary m i n e  which can interact with 

the p- or &carbon atom of 1 like a Michael reaction type (Scheme 4). 

The mechanism for the formation of 9 from 8 is illustrated in Scheme 5. It involves the thiation of the two P-carbon 

atoms to the carbonyl group of 8, followed by ring closure and elimination of hydrogen sufide. In the presence of 

thionating reagent the thiation is accompanied by the C=O --> C=S conversion and consequent formation of 4. 

In the case of 1, uithiapentalene (4) has been proved to be formed through the thionation of the carbonyl group of 

2,4 but we have shown that the thionation of the carbonyl group can take place before the thiation process. 
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Scheme 4 

Scheme 5 

I 
-N' -pPh - 9. 

B Phm H O H  
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Typically thiation reactions were conducted as follows. A mixture of 1 or 8, sulfur and TEA was allowed under 

stining at room temperature in the ratio, solvent and time above reported. The reaction mixture was then poured 

into ice-water. The separated solid was filtered off and treated with acetone. The excess of separated sulfur was 

filtered off and the filtrate was dried over anhydrous sodium sulfate and fmally evaporated under reducedpressure. 

The resulting residue was chromatographed on silica gel. Elution with cyclohexane containing increasing amounts 

of ethyl acetate gave the reaction products in the order 4,5,7,3,2,6. 
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