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The vacuum ultraviolet photochemistry of tetrahydrothiophene,
THT, is closely related to the fragmentation pattern of the
tetrahydrothiophene ion in the mass spectrometer. This is true
despite the observation that the vacuum ultraviolet photolyses of
ethylenesulfide and thietane are considerably more complicated than
their mass spectra would indicate.2

As with most of the heterocycles which have been studied, the
products are best interpreted by mechanisms which involve as the
initial step the breaking of the heterocatom to a-carbon bond. Reac-

tion 1 is the predominant primary process. Quantum yield measure-
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i ; hy > CoHy + 'CHL(HLS' (1)

ments at 147 nm indicate that secondary decomposition of the products

of reaction 1 is minimal, ¢=1; however at 123.6 nm there is con-
siderable secondary decomposition. At least 90% of the ethylene

produced originates from the a and B carbon atoms. Reactions 2 and 3

hv

C.) hv . ciHg + CHyS (2)

> 1,3-C,Hg + H,S (3)

are the next most significant primary processes. At 147 and 123.6 nm
their quantum yields are each about 0.1. The C3Hg produced in reac-

tion 2 is the trimethylene diradical since it forms both cyclopropane
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and pfbpylene. The formation of 1,3-butadiene in reaction 3 is a
unique process which has no precedent in any of the heterocycles
we have studied. There is no evidence for the formation of 1,3-
butadiene in either the oxygen or nitrogen analogs of THT. Both
tetrahydrofuran and pyrrolidine produce very small yields of
l-butene but no 1l,3-butadiene. Except for the production of 1,3-
butadiene and the larger quantum yields observed from THT, the
photolyses of THT, THF and pyrrolidine are quite similar.

The THT ion, which is formed with an ionization efficiency (n)
of 0.11, 0.45, and 0.35 at 147, 123.6 and 106.7 nm respectively,
forms a dimer ion at a rate which is close to that predicted by the
ADO Theory. There is no evidence of any proton transfer reaction
from THT ion.

The close similarity between THF, THT and pyrrolidine suggested
that we extend this study by examining the vacuum ultraviolet photo-
chemistry of tetramethylene sulfone, sulfolane, which was expected
to behave similarly to cyclopentanone whose photochemistry we had

3-6

already studied. This expectation was based upon the premise that

because of the stability of sulfur dioxide it could be extruded from

the sulfolane in much the same way as carbon monoxide is extruded

from cyclopentanone. The extrusion of sulfur dioxide is an important

process in the photochemistry of sulfolane. As shown in reaction 4

the companion product is the tetramethylene diradical which ultimately'
{

produces cyclobutane, l-butghe, and ethylene, through competitive

reaction channels. There is also evidence for the sequential loss of

)
\/O

‘ ? hv > SOZ + 'CH2CH2CH2CH2‘ —_— ZCZHQ

fvl (4)

C"'C;,H3<£4—— C"CL,HS* —> 1-CuHg
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ethylene as shown in reaction 5. The sulfinate ester resulting from

S
‘ ; hv > CpH, + CH,CH, S0, > CyHy, + 8O, (5)
I

the cyclization of I has been identified by mass spectrometry. Sequen-

tial loss of ethylene was not observed in the photolysis of cyclo-
pentanone. Another process which has no analog in cyclopentanone
photochemistry is the sterospecific formation of cis-2-butene. The

absence of any trans-2-butene requires a very specific intramolecular

> 80, + <cis-2-butene (6)

reaction for the production of trans-2-butene. No cis-2-butene was

observed in the mercury sensitized photolysis of sulfolane.5
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