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Recently Figeys and Drala,nt:s1 reported that the barrier to inversion of tetra-
benzocyclooctatetraene (TBCOT) was 5 kcal/mol, using the nmr decoalescence of two
diastereomeric methyl groups in a substituted derivative. .Other cyclooctatetraene
derivatives show much higher barriers to inversion than this (see Table 1), in the
range 13 - 23 kcal/mol. The very low barrier in the tetrabenzo derivative was inter-
preted by Figeys and Dralants1 as a result of the decrease in the anti-aromaticity of the
eight-membered ring in the transition state relative to cyclooctatetraene (COT), by a

delocalization of the r electrons from the eight-membered ring into the benzene rings.

A model of TBCOT suggests that the ortho hydrogens on adjacent benzene rings
" must necessarily come very close to one another (0.8 K)l if the transition state is

1,

planar, and it is difficult to see how the transition state can be other than planar.

Models and preliminary force field calculation33 suggest that the repulsion
between the ortho hydrogens in the transition state in fact must be very serious;
sufficiently large so that the inversion would not occur at room temperature. Since
our force field calculations for such systems are not yet finalized, we sought some
other confirmation of this idea, and turned to a CNDO/2 c:a.lculation4 for further
information. Such a calculation would be expected to give good results in a case like
this, and any results arising from "anti-aromaticity'' should be clearly discernible.
For comparison purposes, similar calculations were simultaneously carried out on
the tub and planar forms of a number of other cyclooctatetraenes, and the results are
summarized in Table 1. The geometry in each case was determined by force field
calculations, and should be sufficiently aécurate for comparison purposes. Actually,
when the calculated and observed inversion barriers are compared in Table 1 for
cyclooctatetraene (COT), benzocyclooctatetraene (BCOT), and 1, 3,5, 7-tetramethyl-

cyclooctatetraene (TMCOT), it is seen that the difference between the experimental and
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calculated values ranges from about 0 - 10 kcal/mol. In tetrabenzocyclooctatetraene,

the calculations predict a barrier of 222.4 kcal/mol!
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We considered the possibility that round-off error in the calculations would
become more serious with increasing molecular size, although our error estimate
was +.01 Hartree for TBCOT. As a check the barrier in naphthacenocycloocta-
tetraene (NCOT) was calculated, and again found to be small, not really different
from benzocyclooctatetraene. The large calculated barrier in TBCOT is therefore

believed to be a real result, and not an artifact of some kind.

We have considered the possibility of various kinds of deformations of the
transition state in an effort to lower its energy, but can find no way that will bring the
calculated energy anywhere near into agreement with the reported experimental value.
We therefore suggest that the experimental quantity measured does not correspond to
an inversion of this molecule, although it is not completely clear just what has been
measured. We note that the experimental measurements merely showed a broadening
of the nmr peak in question at -116°. It is possible that this broadening is simply due
to aviscosity effect, or to the onset of precipitation, for example. In any case, we
believe that the above calculations provide strong evidence that it does not correspond

to inversion of the cyclooctatetraene ring.

It might be pointed out that the concept of anti-aromaticity is one which readily
lends itself to misunderstanding. "Anti-aromatic' does not necessarily indicate a

destabilization of a molecule. It only indicates that the molecule is less stable than the
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TABLE 1,
b
Compound Energy calc. AH* obs. AH=F
P (Hartrees) kcal/mol kcal/mol
COT - tub ~-62. 6802 7.82 13, 75
COT - planar -62. 6677
BCOT - tub -92.7008 13,76 13.41_22
BCOT - planar -92. 6788
TMCOT - tub -97.4722 33,16 22.5 + 26
TMCOT - planar -97.4192
TBCOT - tub -182. 3621 222. 4 5.7 41 1
TBCOT - planar -182. 0066
NCOT - tub -182. 2559 17.45 e c
NCOT - planar -182. 2280
(a) 1 Hartree 625.6 kcal,

(b) The quantity usually measured was AG*, sometimes on substituted

systems. It has been found that AS+ for ring inversion in related

systems is negligible (see ref. 4 in ref. 2), and it is assumed AG*

and AH* are the same to a good approximation.

substituents are assumed negligible.

The effects of

(c) This barrier has not been measured but it would be expected to be

similar to the barrier for BCOT.

. . 7
corresponding linear polyene.

*
aromatic be it planar or otherwise.

In the case of cyclooctatetraene, the molecule is anti-

The planar form has a lower pi energy, however,

and the pi resonance is tending to stabilize the planar form of a cyclooctatetraene mole-

cule.8 Making it non-planar makes it still less stable; in other words, non-planarity

does not improve the anti-aromaticity with respect to a planar conjugated polyene, but

rather makes it worse. (The tub form is more stable only because of the contributions

from the sigma system.) Thus any delocalization of the electrons out of the pi system

*It should be pointed out that an alternative definition of aromaticity in terms of ring

current exists. 1

We are concerned here with the thermodynamic definition, however.
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destabilizes the planar form, relative to the tub form.

concerned, fusion of benzene rings onto the cyclooctatetraene ring system should lead

to an increase in the barrier height, not to a decrease.
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