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Abstract: Two approaches to thioketene S-oxide have been tested. This reactive heterocumulene was 
tentatively characterized by low temperature IR spectroscopy. In the course of this study, an unexpected 
vinyl sulfoxide to sulfine rearrangement was observed. © 1998 Elsevier Science Ltd. All rights reserved. 

Only few examples of sterically stabilized thioketene S-oxides have been reported until now. 1 Pursuing 

our study of simple reactive sulfines,2, 3 we present here our attempts to obtain the parent compound 1. This 

simple heterocumulene being expected to be very reactive, we decided to use flash vacuum thermolysis (FVT) 

coupled with low temperature IR spectroscopy to detect it. Two types of retro Diels-Alder (rDA) precursors 

were designed : compound 2 from which the loss of anthracene would generate the C=C double bond, and 

compound 3 from which the rDA reaction would give the C=S double bond. 

• ~ H 2 C = C - - S - O  < • 
FVT FVT 

1 

3 2 

We prepared the ethanoanthracenic sulfine 2 by oxidation with MCPBA of the known thioketone 4. 4 

Both the isomers 2Z and 2E were observed. However, the E / Z  ratio (determined by NMR) 5 was not 

reproductible, varying from one experiment to another from 1/2 to the nearly exclusive formation of 2E. 

Compound 2 was thermolysed 6 at 625°C. The heavy products resulting from the thermolysis condensed at the 

oven exit. Volatile products were trapped on a NaCI plate at -196°C and analyzed by IR. The heavy products 

consist of a mixture of anthracene (40%), resulting from the rDA reaction, and the known ketone 57 (60%), 

resulting from desulfurization of 2. 8 In the IR spectrum of the volatile products, two bands at 1700 cm -1 and 
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1148 cm -1 were tentatively attributed respectively to the vC=C=S and vs=o vibrations of 1. No band 

corresponding to ketene 6 was observed. This is in agreement with previous results indicating that 2 was not a 

good precursor for H2C=C=O. 9 

s•CPBA ~ V T  

4 2 

H2C=C--S-O + + 

1 5 

t 
H2C=C=O 

6 

It is clear from these results that loss of sulfur from 2 largely competes with the desired rDA reaction. 

11-Thia-9,10-ethanoanthracenes readily undergoing rDA cleavage, 2 we expected that 3 could be a better 

precursor for 1. Furthermore, the substitution on positions 9 and 10 of such compounds generally facilitating 

the rDA reaction, we also tried to prepare the dimcthylated analogue 7. The general synthesis planned for 

compounds 3 and 7 started from the adducts of anthracene and dimethylanthracene with thiophosgene. The 

hydrolysis of these adducts by wet silica would give thiolactones 8 and 9 which upon treatment by Tebbe 

reagent should give ethylenic sulfides 10 and 11. In a final step, we expected to obtain the needed sulfoxides 

3 and 7 by oxidation of these sulfides. When dimethylanthracene was used, thiolactone 9 was obtained in 

good yield (74%). Unfortunately, treatment of 9 with Tebbe reagent 10 did not give the expected sulfide 11 hut 

the methanoanthracene derivative 1211 in 70% yield. 12,13 At the present time, we cannot give the mechanism 

of this rearrangement. When anthracene was used, 8 was obtained in 40% yield (two steps, following the 

procedure described by Allgeier et  a/.]4). Treatment of thiolactone 8 by Tebbe reagent gave the sulfide 10 in 

25% yield. In this case, even though the yield was low, no methanoanthracenic compound was detected. 

Oxidation of 10 with MCPBA gave the sulfoxide 3 (yield = 50%). 15 
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The thermolysis of 3 was effected at 500°C. In these conditions, the 1H NMR spectrum of the heavy 

products that condensed immediately at the oven exit displayed signals at 2.9 (d, J = 2.5 Hz), 4.6 (t, J = 2.5 

Hz), 5.3 (s) and 7-7.5 (m). These data were in agreement with structure 2E and showed that, surprisingly, the 

sulfoxide 3 rearranged into sulfine 2. To the best of our knowledge, such transformation of a vinyl sulfoxide 

into a sulfine has been observed until now only during thio-Claisen rearrangements. 16 This is the first reported 

vinyl sulfoxide to sulfine rearrangement which does not involve a [3,3] sigmatropy. It probably arises from 

the homolytic cleavage of the dibenzylic C-S bond, followed by recyclisation on the reverse side. 
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When 3 was thermolyzed at higher temperature (650°C), the IR spectrum of  the volatile products 

recorded at -196°C showed the bands already obtained from the thermolysis of 2. Furthermore, a band 

observed at 2040 cm -1 was tentatively attributed to the acetylenic compound H-C-=C-S-O-H (for H-C---C-S-H, 

vc~-c = 2065 cm-1) 17 which could result from a proton migration from carbon to oxygen. It is not clear in this 

case whether the intermediate diradical cyclized into 2 which was then cleaved to 1, or that the diradical was 

directly cleaved into anthracene and 1 (stepwise retro-Diels-Alder reaction). 18 

Theoretical calculations have been performed to confirm the attribution of  the observed IR bands to 

compound 1. Calculations were run at the B3LYP/6-311+G level 19 for 1 and the previously known thiokene 

(H2C=C=S). 17 The results obtained for are summarized in the followin~ table. 

Calculated 
o values ( c m  -1) 

(unsealed) 
OC=S 791.2 

OSO 

L)C= C 

1127.7 

1811.8 

Experimental 
values (cm -1) 

735 

1040 

1700 

Calculated values are higher than the experimental ones. However, such a discrepancy was also 
observed for thioketene. The calculated °C=C frequency for thioketene was 1814.7 cm -1 whereas the 

experimental value is 1755 cm -1.17 Taking into account this scaling factor, the calculated results obtained for 

thioketene S-oxide 1 are in acceptable agreement with the experimental data. However, further experiments 

remain to be undertaken to definitely confirm the observation of 1. 
Aeknowlegement : We thank Prof. Roger Arnaud for the theoretical calculations. 
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