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Incontrast to the cyclooctatetraene (COT) dianions and anion
radicals which have been extensively studied,! experimental studies
on the cationic species of COT are quite limited because of its
instability under oxidative conditions. For example, the 6-
aromatic dication of the di- or tetrasubstituted derivative has
been reported to be generated only under stable-ion conditions
at low temperature (—80 to -20 °C):2 the cation radical of the
parent COT has been observed by ESR in solution only by the
use of a rapid-flow technique® or in a Freon matrix at low
temperature (-196 °C) ;3¢ the electronic spectrum has also been
taken on the matrix-isolated species.3* However, like the cation
radicals of other olefinic hydrocarbons, the COT cation radical
isa highly unstable species, whose structure has only been inferred
from the ESR coupling constant? and from theoretical calcu-
lations.*

Previously we reported the synthesis of a COT derivative (1)
fully annelated with bicyclo[2.2.2]octene.> Such structural
modification with a bicycloalkene framework has been proved to
be remarkably effective in the stabilization of tropylium ionS and
benzene cation radical.” Here we report the first isolation of the
hexachloroantimonate salt of the cation radical 1'* as a stable
single crystal and the X-ray determination of its structure.

Cyclic voltammetry of the COT 1 in acetonitrile-dichloro-
methane (3:1) (with 0.1 M BusN+ClO,4- as an electrolyte) at
room temperature under argon exhibited a well-defined reversible
one-electron oxidation waveat E; ;= +0.48 Vvs Ag/Ag* together
with anirreversible oxidation peak at +0.99 V. This result implies
that 1 provides a stable cation radical even at room temperature
and a less stable dication upon further oxidation. In fact,
electrolytic oxidation in an ESR cell at an electrode potential of
+0.5 V vs Ag/Ag* in dichloromethane gave a green solution,

¥ Dedicated to Professor Robert West on the occasion of his 65th birthday.
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Figure 1. ESR spectrum of 1+ electrolytically generated in dichloro-
methane containing BuyN*+ClO4 (0.1 M).

Scheme I

which exhibited an ESR spectrum composed of nine lines with
relative intensities proportional to the coefficients in the binomial
expansion (ag = 0.194 mT, g = 2.0023) as shown in Figure 1.8
This signal was persistent at room temperature for several hours
even after the anodic current was cut off.

As shown in Scheme I, chemical one-electron oxidation of 1
by the use of 1 equiv of NO+SbClg-? occurred instantly in
dichloromethane at room temperature to give a dark green
solution. Reprecipitation with benzene afforded a 76% yield of
crude 1*SbClg as a dark green solid. The single crystal of
1+SbClg-, 12 obtained as described below in 20% yield, was stable
atroom temperature under air for several hours and can be stored
in a refrigerator for more than 6 months without any decom-
position. Upon dissolution in dichloromethane, this salt gave the
same ESR signal as the one obtained by electrolytic oxidation,
and it was reduced back to the starting 1quantitatively by Et,N*I-
in acetonitrile.

A single crystal of 1+SbCls- was grown by slow diffusion of
benzeneintoa saturated solution of 1*SbCls-in dichloromethane.
X-ray crystallography!! revealed the structure of 1+SbClg~ as
shown in Figure 2. The averaged values for bond lengths and
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Figure 2. X-ray crystal structure: (a) ORTEP view of 1*; (b) top view
of 1+ SbClg~. Selected bond lengths (A) and angles (deg): C1-C2,1.389-
(10); C2-C3, 1.440(10); C3-C4, 1.356(10); C4-CS5, 1.444(11); C5-C6,
1.377(10); C6-C7, 1.445(11); C7-C8, 1.338(11); C8-C1, 1.464(10);
C8-C16, 1.529(10); C16—C31, 1.540(10); C29-C31, 1.537(13); Cé6-
C7-C8, 126.1(7); C7-C8-Cl, 127.9(7); C7-C8-C16, 114.1(6); C8-
C7-C12, 113.8(8).

Table . Comparison of Calculated and Observed Structural
Parameters for the Neutral and Cationic COTs

bond lengths, A

species method C-C-C angle, deg

COT" MINDO/2  1.355,1.473 125.3
COT*+¢ MINDO/2 1.379, 1.442 129.9
18 X-ray cryst®  1.339(1), 1.465(1) 126.6(1)
1e+4 X-ray eryst®  1.365(5), 1.448(5) 125.8(5)
1e+4d AMI1 1.382,1.425 128.0
1e+d MNDO 1.410, 1.450 126.6

9 Reference 4. ¢ Reference 5. ¢ Esd’s of mean values in parentheses.
4 This work.

angles of the central COT ring are given in Table I together with
some calculated values for COT, COT*, and 1'*. The results of
X-ray crystallography indicated that the central eight-membered
ring of 1'* is in a tub form, which is different only in bond lengths
from that in the neutral 1.

As to the cation radical of the parent COT, earlier theoretical
calculations by MINDO/2 predicted that the extent of bond-
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length alternation would be reduced as compared with neutral
COT and the eight-membered ring somewhat flattened* (see Table
I) so that the more effective w-conjugation would result. In good
agreement, the X-ray structure of 1+SbClg- reveals elongation
of the original double bond in 1 by 0.026 A and shortening of the
single bond by 0.017 A. The bond angle of 1+, however, does
not change very much, presumably due to the nonbonded
interaction between the bridgehead hydrogens of the surrounding
bicycloalkene framework, which would prevent the central ring
from flattening. Theseresults werequalitatively reproduced also
by AM1 and MNDO calculations as shown in Table I.

The dark green salt of 1'*SbCl¢- exhibits essentially the same
electronic spectrum in the solid state (Ap.x (KBr pellet) 745 and
475 nm) and in solution (Apax (CH,Cl) 745 (log € 3.66) and 438
nm (3.10)), indicating no structural change in 1+ between these
two phases. Previously, the cation radical of the parent COT in
freon matrix at -196 °C was reported to have a red color absorbing
at 507 nm.%< Inorder to elucidate the cause of the considerable
bathochromic shift in 1'*, the MNDO calculations of Koopmans
energies were conducted for the neutral molecule at the cation
geometry obtained by X-ray analysis.!2 The energy gap between
the a; orbital (HOMO, which is SOMO in cation radical) and
the degenerate e orbital (the second HOMO) and that between
the a; and b, (the third HOMO) orbitals were found to be 1.62
eV (763 nm) and 2.56 eV (484 nm),!? respectively, in good
agreement with the observed absorptions. This narrowing of
energy gaps could be qualitatively interpreted by relative
destabilization of lower orbitals (e and b,) in 1'*,3¢ in which
flattening of the COT ring is prohibited for steric reasons, as
compared with the parent COT"*+, which is predicted to be more
flattened.

Insummary, we havesucceeded in the first isolation and X-ray
structure determination of the cation radical salt of a COT
derivative 1'*, and we have experimentally proved the previous
prediction for the structure of the COT cation radical. The
remarkable stability of 1 is ascribed to the full annelation of the
COT ring with a rigid bicycloalkene framework. Attempts are
now in progress for further oxidation of 1'* to generate the 6-
aromatic dication 1*2,
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