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Orbital symmetry control of electrocyclic reactions has been
extensively documented for systems with paired electrons.! This
communication presents the first example illustrating such control
in systems with an unpaired electron.

Kamata and Miyashi? reported that irradiation of the charge-
transfer complexes of 2,2,3,3-tetraarylthiiranes 1la~c and tetra-
cyanoethylene (TCNE) in CH,Cl,® provides cycloaddition
products Sa—cin quantitative yield. They propose the mechanism
shownin Scheme 1 in which irradiation induces electron transfer.
The thiirane cation radicals 2 thus formed ring open to cation
radicals 3. Back electron transfer from TCNE anion radical to
ring-opened cation radical 3 generates thiocarbonyl ylides 4, which
undergo 1,3-dipolar cycloaddition with TCNE to provide cy-
cloadducts 5. All of these steps occur in a cage because oxygen
has noeffect on the reaction.2 Although the thiirane cation radical
is known to be a ring-closed sulfur cation radical,*it is reasonable
to expect that aryl substituents favor ring opening.

To determine the stereochemistry of the ring opening of cation
radical 2 to 3, cis- and trans-tetraarylthiiranes 1d and 1e,
respectively, were prepared. Reaction of p-methoxythioben-
zophenone’ with phenyl(p-methoxyphenyl)diazomethane® af-
forded thiiranes 1d and le as a 1:1 mixture.” Fractional
recrystallization of this mixture provided one isomer free of its
diastereomer and the other as a 90:10 mixture. The structure of
the isomer which could be obtained pure was unequivocally
determined as the trans isomer le by X-ray crystallographic
analysis. An ORTEP drawing of this moleculeis shown in Figure
1. Both cis and trans thiiranes 1d and 1e form charge-transfer
complexes with TCNEindichloromethane.® Irradiation® of either
of these complexes at room temperature gives cycloadducts 5 as
the same 3:2 mixture of isomers.!® Thus there is very modest
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Scheme 1. Mechanism for the Photocycloaddition of
Tetraarylthiiranes 1 and TCNE#
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Figure 1. ORTEP drawing of thiirane 1e.

stereoselectivity!! in this cycloaddition reaction. The isomer-
ization in this reaction occurs during the reaction and not by
prior isomerization of the isomeric thiiranes. When the photo-
chemical reaction was allowed to occur to partial completion and
the unreacted thiirane reisolated, no detectable isomerization of
the thiirane occurred. This is in marked contrast to the well-
known photoisomerization of substituted cyclopropanes!? and
oxiranes!? via electron transfer. Thus at room temperature the
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Figure 2. ORTEP drawing of cycloadduct Se.

ring-opened cation radical 3 apparently isomerizes thermally
before back electron transfer'4 and 1,3-dipolar cycloaddition
occur.!> Consequently, the reaction was studied at lower
temperature. At -90 °C, irradiation of the charge-transfer
complex of trans 1eand TCNE gave cycloadduct Sasa 2:3 mixture
of isomers.!® Note that this ratio of isomeric products is the
reverse of that obtained at room temperature. Irradiation of the
charge transfer complex of cis thiirane 1d and TCNE at -90 °C
produced cycloadduct 5 as a 7:3 mixture of isomers.!% At -90
°C this reaction is stereospecific;!! i.e., trans thiirane 1e yields
predominantly one stereoisomeric cycloadduct, and cis thiirane
1d yields predominantly the other stereoisomeric product. For
the stereospecificity of this reaction to be determined, the
stereochemistry of cycloadducts 5 must be determined. Fractional
recrystallization of the cycloadducts 5 obtained by photocycliza-
tion at room temperature afforded in pure form the major
stereoisomer produced in this reaction. Crystals suitable for X-ray
crystallographic structural analysis were grown, and an ORTEP
drawing of the structure determined is shown in Figure 2. This
stereoisomer, which is trans, is the minor isomer produced by
irradiation of trans thiirane 1e and TCNE at =90 °C. That is,
trans thiirane 1e forms cis cycloadduct Sd preferentially and cis
thiirane 1d forms trans cycloadduct Se selectively. Since
thiocarbonyl ylides are known to typically add in a ,4; + ,2;
fashion,!6!7 cation radical 2 must ring open to 3 in a conrotatory
process.!® These stereochemical results show that disrotatory
ring opening of cation radical 2 to 3 is disfavored relative to the
conrotatory process. Thestereochemical resultsalsoargue against
concerted cycloaddition of ring-closed cation radical 2 with TCNE
anion radical because the geometrically accessible pathway would
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produce the opposite stereochemistry tothat observed.!® Although
the thiirane cation radical has been studied theoretically,2? the
pathway for its ring opening has not. However, oxirane cation
radical and its ring opening have been studied theoretically.2!:22
The 2B, state ring opens by a symmetry-forbidden disrotatory
process, and the 2A, state ring opens by a symmetry-allowed
conrotatory process, although more recent calculations suggest
that an asymmetric pathway is preferred.

It should be noted that Huisgen and Li reported?*24 that
tetraphenyl thiocarbonyl ylide 4f, obtained by decomposition of
tetraphenyl-1,3,4-thiadiazoline, could not be trapped by TCNE.
The only product formed is tetraphenylthiirane (1f). However,
decomposition of 2,2-bis(p-methoxyphenyl)-5,5-diphenyl-1,3,4-
thiadiazoline in the presence of excess TCNE afforded cycloadduct
5ain 50% yield in addition to thiirane 1a. This resultunderscores
theimportance of electronic effects in addition to the steric effects
proposed previously2»24 in the competition between ring closure
of thiocarbonyl ylides to thiiranes and 1,3-dipolar cycloaddition.
It also provides a simple rationale for the successful photocy-
cloaddition of 1a but not 1e to TCNE.

In sum, our results show that ring opening of cation radical
2 gives 3 preferentially by a conrotatory process.?s
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the 'H and 13C NMR spectrum of the solution. Monochromatic radiation of
514-nm wavelength from an argon laser conducted by means of a fiber optic
into the solution in the NMR cavity was used for the irradiation. Although
product absorption peaks were observed in the NMR spectrum on irradiating
there was no significant enhanced absorption or emission, For references on
the methodology used and its theoretical basis, see: (a) Chemically Induced
Magnetic Polarization, Lepley, A. R.; Closs, G. L., Eds., Wiley: NY, 1973,
(b) Ward, H. R. In Free Radicals;Kochi, J. K., Ed.; Wiley: New York, 1973;
Vol. 1, pp 239-273. (c) Lawler, R, G.; Ward, H. R. In Determination of
Organic Structures by Physical Methods;, Nachod, F, C., Zuckerman, J. J.,
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