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We proposed' that the facile regiospecific isomerization of trisubstituted olefins in 

liquid sulfur dioxide involves a reversible ene reaction of the olefin-sulfur dioxide adduct 

followed by the 1,3_rearrangement of the resulting allylic sulfinic acid intermediates, the 

retroene reaction, and elimination of sulfur dioxide. We have also shown that the presence 

of water suppressed the above isomerization, and unexpectedly provided (with D20) a facile and 

direct method for regiospecific hydrogen/deuterium exchange of allylic hydrogens.2 

We have now observed that 1,4-cyclohexadiene undergoes a slow reaction in liquid sulfur 

dioxide at room temperature to give benzene quantitatively, elemental sulfur and water,3 whereas 

1,3-cyclohexadiene gives a high molecular weight polysulfone and only about 5% of benzene.4 

The presence of alkyl groups at the termini of the 1,3-diene (e-menthadiene), suppresses formation 

of the polysulfone and instead in sixty hours gives in addition to 35% of unreacted diene about 3% 

of e-cymene and a polymeric hydrocarbon. 
5 

On the other hand, the presence of an alkyl group on 

the double bond of 1,4-cyclohexadiene (1-ethyl-1,4-cyclohexadiene, 1-methyl-4-isopropyl-1,4- 

cyclohexadiene) did significantly increase the rate of aromatization. Cl When the reaction with 

e-menthadiene was carried out with added water (or deuterium oxide), both the polymerization and 

aromatization were effectively suppressed. However, as in the case of trisubstituted olefins,' 

a rapid hydrogenldeuterium exchange occurs at all allylic carbon atoms. 7 
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The aromatization of 1,4-cyclohexadiene in sulfur dioxide can be rationalized by 

invoking the mechanism for the isomerization of olefins with sulfur dioxide. ly2 Presumably, the 

reaction involves a reversible attack of sulfur dioxide at the double bond of the 1,4-diene to 

give the corresponding dipolar ion with the positive charge on the secondary carbon atom, an ene 

reaction with formation of the cyclohexa-2,4-dienyl sulfinic acid, and the 1,2 elimination to 

benzene and sulfoxylic acid8 which undergoes further disproportionation to sulfur, sulfur dioxide 

’02s ~so?!+ 0 + [H2S02] 

and water. 

The slow aromatization of 1,3-cyclohexadienes probably involves a prior isomerization to the 

1,4-cyclohexadiene which then undergoes further reaction as already outlined. A reversible 

electron transfer to sulfur dioxide from one of the carbon termini in the initially formed complex 

between the diene and sulfur dioxide could provide a high energy diradical intermediate possibly 

in equilibrium with the corresponding tight radical ion pair. Intramolecular cyclization to give 

the unknown bicyclic sulfone' does not take place probably for steric reasons, and instead an 

intermolecular reaction affords the observed polysulfone polymer. The significantly slower poly- 

merization in the case of 1,4-dialkyl-1,3-cyclohexadienes is very likely a consequence of the 

presence of the substituents at the terminal carbons of the diene which should suppress both the 

attack of sulfur dioxide on these carbon atoms and the subsequent polymerization of the interme- 

diates that have been formed. The observed aromatization then could be a result of a competitive 

transformation of the initially formed diene-sulfur dioxide complex to give a dipolar ion with the 

positive charge on the adjacent tertiary carbon. The ene reaction followed by the 1,3-rearrange- 

ment of the generated allylic sulfinic acid intermediate would provide the corresponding cyclohexa. 

2,4-dienyl sulfinic acid which 

prior reversible generation of 

could afford e-cymene and sulfoxylic acid either directly or by a 

the 1,4-cyclohexadiene as a transient intermediate. When water was 
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present, both the polymerization and isomerization of the double bond (and hence aromatization) 

were prevented. However, the fact that the hydrogen-deuterium exchange at the allylic carbons 

was not suppressed shows that the attack of sulfur dioxide at the middle carbon atoms of the 

diene system was still very effective. 

Somewhat unexpectedly, when the reaction with e-menthadiene was carried out in the presence 

of oxygen, the e-cymene was formed almost exclusively. 
10 

This reaction involves ascaridole as 

an unstable intermediate which under the reaction conditions reacts with sulfur dioxide further 

to give e-cymene and sulfuric acid. 
11 
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While this facile reaction of p-menthadiene with oxygen in the presence of sulfur dioxide possibly 

involves either a diene-sulfur dioxide diradical intermediate or the corresponding tight radical 

ion pair, the precise mechanism is yet to be established. 12 

Evidently, aromatization of cyclohexadienes by sulfur dioxide rests on the ability of 

sulfur dioxide to remove electrons from the organic substrate. In the case of 1,4-cyclohexa- 

dienes the electrons end up on the sulfur dioxide which is being reduced to elemental sulfur and 

water. In the case of 1,3-cyclohexadienes a complete electron transfer from the substrate‘to 

sulfur dioxide is prevented by the competing polymerization reactions. These side reactions are 

effectively circumvented in the presence of molecular oxygen which now becomes the ultimate 

electron acceptor. Consequently, in this transformation sulfur dioxide assumes the role of an 

electron carrier from the substrate to molecular oxygen and in the overall process becomes oxi- 

dized to sulfuric acid. 
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