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The radical anion of dibenz[b,f Joxepin has been investigated by esr spectroscopy and the
relative coupling constants compared with dibenzolb,f]thiepin. In both cases assignments were

obtlained using a theoretical method (INDO).

In addition radicals from dibenzo|b,{|thicpin

sulfoxide and sulfone could be detected and, unusually, the free electron density on carbon atoms

of the radical anion containing a sulfonyl group is larger than that on carbons of radical anions

containing a sulfide or a sulfoxide group.
J. Heterocyclic Chem., 13, 277 (1976).

The conjugative properties of oxygen and sulfur in
aromatic radical anions, as studied by esr, have received
some attention during the last few years (1,2). From these
investigations it was inferred that the spin density o7;
on the heteroatom is smaller in the sulfur with respect to
the oxygen derivalive as observed for related neutral and
cation radicals (3).

In order to check whether this behaviour is shared by
other sulfur and oxygen containing radicals, we examined
the radical anions from molecules 1 and 1 which were
found to be stable at low temperature.
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Moreover, since the possibility thal groups containing
oxidized sulfur delocalize odd electrons in aromatic sys-
tems has been relatively unexplored, we have also analyzed
the esr spectra of the radicals made from I and 1V. To
our knowledge, only dibenzothiophen radical anion (4,5),
showed noticeable internal differences when the three
possible oxidation states of the sulfur atom were changed,
whereas in the other few cases examined no appreciable
differences exist among S, SO, SO, (6,7). Therefore this
new example could contribute to the elucidation of the
conjugative properties of sulfur.

The esr spectrum of the radical anion from 1 has been
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Experimental (upper) and simulated half esr
spectrum of dibenz[b,f]oxepin radical anion



Experimental hy perfine splilling constants (gauss) of the radical apions 1. .. 1V}
the values in parenthesis are the theoretical coupling constants computed by INDO calculations.

{. Leardini and G. Placucci

Table

I X=5

1.475 (-3.49)

<0120 ( 1.85)

3.650 (-3.99)
1.325 ( 2.17)
3.775 (4.54)
2045 (32.08)

[ X =50

0.950 (-3.28)
0.140 ( 1.71)
3.520 (-3.84)
0.710 ( 2.24)
3.520 (-4.59)
17.68 (31.32)
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IV X =S50,

1.850 (-3.05)
0200 ( 1.51)
4.150 (-3.65)
1.500 ( 2.21)
4.150 (4.63)
23.70 (30.10)

Positions I X=0
1,9 2130 (-3.63)
2.8 0.360 ( 1.99)
3.7 4.220 ( 4.12)
A6 1.080 ( 2.03)
10,11 4.500 (4.42)
Total widths 24.58 (32.38)

(gauss)

interpreted (Figure) in terms of the hyperfine splittings
reported in the Table. The coupling constants of the radical
anion from Il have been previously reported (8), however
since we have been able Lo obtain a resolved spectrum we
report in the Table our values where distinet hyperfine
splittings from the pair of protons 1,9; 4,6 and 3.7; 10, 11
could be observed.

Jy comparing the proton coupling constants of the
radical anions from Land 11, it appears that the sulfur atom
is better able to altract the electron spin density than is
oxygen, thus reflecting the fact that the spin distribution
in dibenz|b,f Joxepin radical anion is more like that of the
stilbene anion (9).

In both cases the small spin density on the position para
to the heteroatom indicates that conjugation through the
sulfur or oxygen bridge is much weaker than conjugation
through the vinyl residue, accordingly the radical structure
approximates a cycliceis-stilbene more than a eyclic
biphenyl sulfide or oxide.

Particular attention in this paper has been paid to the
interpretation of the data obtained from the spectra of the
radical anions containing the sulfoxide (1) and the sulfone
(1V) moiety. Very few studies concerning the three pos-
sible oxidation states of the sulfur in aromatic radical
anions have been made: nevertheless the observation that
the total width of the esr spectra of SO and SO, deriva-
tives 1s smaller than that of sulfur analogs (5), indicates a
localizing ability of SO and SO, larger than sulfur.

The analysis of the spectrum of dibenzo|b.fTthiepin
sulfoxide (7) (HI), showed that this behaviour is also
verified in the series of radicals here reported. On the
contrary unexpected results were obtained from the cor-
responding sulfone radical anion (1V), in that the total
width of its esr spectrum is larger than that measured for
Il and 11, even though they are characterised by lower
oxidation states.

To verify our results, INDO molecular orbital calcula-
tions were performed assuming for all the radicals examined
a planar geometry. In fact it has been suggested that

cyclooctatetraene, although not planar in the neutral
molecule, assumes a planar configuration in the corres-
ponding radical anion (10). W is also known that dibenzo-
|6,/ ]thiepin and oxepin are not planar in their ground
states (11): the addition of a free electron in the 7 system
of these molecules can remove the antiaromaticity of the
87 clectrons in the same way as it happens in the cyclo-
octatetraene radical anion making the molecule planar.

The theoretical coupling constants for each radical are
reported in parenthesis in the Table; the assignment of
experimental hyperfine splittings to the various positions,
is based on the computed values. The increased overall
width of the esr spectrum of IV with respect to that of 111
is not in agreement with INDO calculations, which predict
a further decreasing of the total width for the sulfur con-
taining radicals with the highest oxidation state if a planar
geomelry is assumed.

This trend might indicate that the sulfonyl group is
removed from conjugation in the system: in this case the
molecule might not be planar in either the ground or the
radical state, with the unpaired electron delocalized only
on the stilbene-like fragment of the molecule. This par-
licular configuration could make the sulfonyl moiety less
electronegative than the other groups, thus explaining the
anomalous increasing of the electron spin density.

EXPERIMENTAL

Radicals were prepared by polassium metal in 1,2-dimethoxy-
ethane (DME) using well known high vacuum techniques. The
concentrations of the radical precursor solutions were ca. 1073 M.
Al esr spectra were obtained at -80° (12) on a Varian Model V
4502 spectrometer with a V-4540 Variable Temperature Accessory.
Coupling constants were verified by computer simulation using a
Fortran LV program in which lorentian lineshape was assumed.

Dibenz| b,f ] oxepin (1).

This compound was prepared (13) from 10,11-dihydrodibenz-
|b,floxepin-10(11H)one. Reduction of the kelone to the cor-
responding carbinol was readily achieved by heating with aluminum
isopropoxide in isopropyl alcohol and the carbinol was quantita-
tively dehydrated to I when warmed with p-toluenesulfonic acid.
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Dibenzo| b,f | thiepin (I1).

This compound was prepared (14) from thioxanthene which was
melalated by means of butyllithium and condensed with formal-
dehyde to give 9-hydroxymethylthioxanthene. The p-toluenesul-
fonate of this alcohol, on treatment with boiling 95% formic acid,
lost p-toluenesulfonic acid and rearranged to I

Dibenzo| b,f] thiepinsulfone (1V).

This compound was prepared (14) from the corresponding
dibenzothiepin with formic acid and hydrogen peroxide as des-
cribed in the literature.
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