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Singlet oxygen oxidation of dialkyl thioketones yields the 

corresponding ketones and in some cases sulfoxides in varying amounts. 

Steric considerations on the reactive zwitterionic/diradical inter-

mediates have been invoked to rationalise the product distribution. 

The anomalous behaviour of di-t-butylthioketone during the oxidation by 

singlet oxygen, wherein the major product was the corresponding sulfoxide, 

suggested the presence of steric influence on the photooxidation process. 1,2 In 

order to investigate the nature of steric influence on the thiocarbonyl, oxida-

tions of bicyclo[2.2.1]heptane systems 1-5 together with 6 and 7 were studied and 

the results are presented below. Oxidation of thioketones 1-7 by singlet oxygen 

generated by self-sensitisation, by dye sensitisation (methylene blue, rose 

bengal), and by thermal decomposition of triphenylphosphite ozonide gave the 

corresponding ketones and/or sulfoxides (Table).3 Formation of ketone and 

sulfoxide during direct excitation of 1-7 is quenched by singlet oxygen quenchers 

such as DABCO, dimethyl sulfide, dihydropyran 0 and tetramethylethylene. Striking 

observation is that of the thioketones investigated only four (4-7) gave sulfoxide 

in varying yields. 

Initial interaction between thioketone and singlet oxygen is expected to 

involve the filled "n" orbital of thioketone and the empty ne orbital of singlet 

oxygen and this would lead to bonding with the sulfur atom to give either a 

zwitterionic or a diradical intermediate.5 This intermediate could give the 

sulfoxide or close to give a 1,2,3-dioxathietane type intermediate which would lead 

to a ketone (scheme). The ease of closure of the intermediate, however, will 

depend on the substituents at the C7 carbon atom (1-5) and the gem dimethyl groups 

at C7 hinders the closure. The absence of C7-dimethyl groups in 1-3 favors the
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closure of the intermediate to 1,2,3-dioxathietane and consequently only the ketone 

is obtained. On the other hand, in the case of 4 and 5 the C7-methyl groups 

hinder the closure. As a result sulfoxide formation competes. The steric effect 

is all the more evident when one considers 6 and 7. The bulky t-butyl groups in 6 

sufficiently hinder the intermediate closure resulting in the corresponding 

sulfoxide as the major product. This large decrease in the sulfoxide yield is 

appreciable in 7, where one can visualise the t-butyl groups being drawn back to 

form a cyclobutane ring, thereby releasing the steric crowding which eases the 

zwitterionic/diradical closure. A decrease in the sulfoxide yield is therefore 

expected and is indeed observed. However, it is interesting to note that 7 yields 

a small percentage of the corresponding sulfoxide whereas 3 fails to do so. This 

may be attributed to the difference in steric hindrance offered by a-methyl groups 

of 3 and 7 for the closure of zwitterionic/diradical intermediate.

The rate of quenching of singlet oxygen by the thiones (1-7) as determined 

by the inhibition of the self-sensitised photooxidation of rubrene in chloroform6 

is presented in table 1. A plot of the rate constants against the ionisation 

potentials (I.P.) in the case of a few dialkyl thioketones (2,3,6,tetramethyl-1,3-

cyclobutanedithione, and tetramethyl-3-thio-1,3-cyclobutanedione) showed a
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correlation for n electron ionisation potential but not for n electron indicating 

that initial interaction occurs along the n-orbital of the thioketone as suggested 

above.8 This is consistent with the large energy difference (>40 Kcal/mole) 

between the n and n levels as measured by the electronic spectra. Observed rate 

constants do suggest that the attack of singlet oxygen on the thiocarbonyl 

chromophore is sensitive to the steric environment. However, the trend in the 

rates suggests that steric factors alone are not operative. Electronic factors 

arising out of the inductive effects of the a-methyl groups may also be involved. 

Presently, we have no direct evidence for zwitterionic/diradical and 1,2,3-

dioxathietane intermediates. However, the yield of ketones based on sulfur 

dioxide evolved agrees fairly well with the ketone isolated (Table) supporting the 

involvement of 1,2,3-dioxathietane type intermediates. Indentifying these inter-

mediates and understanding the mechanism of the photooxidation form part of our 

further investigation.9 

Table 1. Oxidation of Thioketones by Singlet Oxygen

(a) 8 : tetramethyl-l,3-cyclobutanedithione 

(b) 9 : tetramethyl-3-thio-1,3-cyclobutanedione
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