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Hyperfine splittings (hfs) by hydrogen atoms « to a sulfur atom
with unpaired spin density in the ESR spectra of tetrathiaethylene
((RS),C=C(SR),) radical cations have been interpreted®* as
arising mainly or solely from an angle-independent spin polari-
zation (|a,M| = 17ps G),? in contrast to the hyperconjugation
mechanism that dominates for carbon-centered radicals.* We
have tested this interpretation by comparing systems with one and
two sulfur atoms with unpaired electron spin density attached to
a carbon atom bearing a proton, e.g., 1 and 2. A spin polarization
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mechanism with Q-scg = 17 requires pg(1) = 0.27 and pg(2)
to have the impossible value of 0.71 (pg(2) = 24.2/2 (17)). The
high value of g, for the methine hydrogen of 2 requires a de-
localization mechanism. The unpaired electron in the 7 system
is in a symmetric SOMO, which leads to the hyperconjugation
predictions;’ a,H(1) = B(cg)? (cos? 6 (1)) and a,H(2) = B-
(2c5)%(cos? 6 (2)), where cg is the MO coefficient for the S atom
in the SOMO and 6s are the dihedral angles between the C-H
bonds and the sulfur p orbitals with unpaired electron spin.
Utilizing the value of B for CH,SO of 25.4 G* and a¢cy,! = 27p¢
leads to pg = cg? = 0.29, (cos? § (1)) = 0.5, (cos? § (2)) = 0.8.
A spin polarization mechanism even with a dihedral angle de-
pendence (a,H = nB’g(cos? 8); n = 1 or 2) cannot yield reasonable
values of {cos? ).

Delocalization also explains a puzzling effect of ring size on
a, ! for the radical cations 3 and 4 when compared with the
semidiones 8 and 6. In 3 and 4 the unpaired electron is in an
antisymmetric MO (cs() = —cs(y), whereas the semidiones possess
a symmetric SOMO. The value of g, will be determined by the
hyperconjugative 1,2 interactions and the homohyperconjugative
(W plan) 1,3 interactions® and will qualitatively be a function of
(c; cos 6; + Ac; cos Gj)z, where i and j are atoms with r-electron
spin density « and 8 to the C-H bond. In the semidiones the
symmetric SOMO leads to a reinforcement of the interactions,
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whereas in the 1,2-dithia radical cations the two effects are op-
posed.® Apparently 3 possesses a superior geometric arrangement
for the 1,3 interaction in 7 = 8.
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In a related study we have investigated the effect on spin
delocalization by replacing semidione oxygen atoms with sulfur
atoms (9 — 10 — 11). Consistent results were obtained with
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R, = R, = CH;, -(CH,),~, or cis-1,3-cyclopentadiyl and R, =
C,H,, R; = CH,. Replacement of oxygen by sulfur lowers pc—x©
by approximately 50% as illustrated by the hfs constants for 12-14
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(a" in G in Me,SO). The spin distribution in 11 favors structure
a over b = ¢ when X is changed from O to S, presumably because
the w-bond energy of C=S is lower than C==0. In 10, pc—s©
> pe—o® for the same reason, i.e., structure b is preferred to c.

Radical cations 1-4 were observed upon treatment of 2,3-di-
hydro-5,6-dimethyl-1,4-dithiin (1), 2-methyl-4 5-tetra-
methylene-1,3-dithiole (2), 1,2-ethanedithiol or poly(dithio-1,2-
ethanediyl) (3), and 1,3-propanedithiol or 1,2-dithiolane (4) with
concentrated H,SO, at 25 °C. The radical cation 3 was initially
observed but upon standing the ESR signal was dominated by the
A>?.bi-1,3-dithiolane radical cation.2® Thiosemidiones were
formed by the treatment of the 2-mercapto ketones or generated
in situ enedithiols with KOCMe; in Me,SO at 25 °C.
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