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Cycloaddition reactions of azulenes with dimethyl acetylenedicarboxylate afford an excellent access
to a large variety of substituted dimethyl 1,2-heptalenedicarboxylates. These can be converted into various
methylheptalenes, which proved to be remarkably stable. This allowed for the first time a separation of the
bond shift isomers as well as an optical resolution of derivatives of this axial chiral 12r-electron system.
Kinetic studies of bond shifting and ring inversion provide information on the transition states of these

dynamic processes.

Since Huickel introduced his famous rule? that a
monocyclic planar 7n-electron system should be
aromatic if it contains [4n+2] m-electrons, a large
number of neutral and ionic ring systems? had been
prepared in order to test the validity of this
aromaticity concept. The investigations verified a
clear distinction in the chemical and physical
properties between the [4n+2] and 4n m-electron
systems and completely justified Htickels rule. For
instance, the two species differ characteristically in the
IH NMR spectra. While the outer protons of the
[4n+2] m-systems show a low field shift caused by a
diamagnetic ring current,® those of the 4n 7n-systems
show a high field shift, which could be attributed to a
paramagnetic contribution arising from the mixing of
excited states with the ground state.¥ Whereas the
HMO-theory originally only predicted that [4n+2] -
systems should be more stable than 4n n-systems, later
theories suggested that the 4n zm-systems should be
destabilized by delocalization and should be in fact
antiaromatic.® This is valid not only for annulenes,
but also for bicyclic systems derived from annulenes
bridged by an essential single bond. Indeed, the
smallest members of the mono- and bicyclic an-
nulenes, cyclobutadiene? and pentalene,® are so
reactive, that they can not be isolated. Another
significant difference is the fact that mono- and
bicyclic systems with 4n n-perimeters possess localized
double bonds in the ground states. Therefore, the
structures with delocalized bonds are only transition
states on the potential surfaces which connect the
localized bond systems with one another. This could
be established for tetra-t-butylcyclobutadiene,? 1,3,5-
tri-t-butylpentalene,® cyclooctatetraene,? and hepta-
lene.’® In contrast to cyclobutadiene and pentalene,
the higher homologues, cyclooctatetraene and hepta-
lene, are characterized by nonplanar structures. Thus,
from each of these systems exist four isodynamic
structures, which are, via bond shifting and ring
inversion, in a dynamic equilibrium with one
another. A study of both dynamic processes should
provide information on their transition states and,
therefore, also on the antiaromaticity of the delo-

calized systems. Assuming planar delocalized
transition states for the bond shift and planar localized
transition states for the ring inversion, the difference
between the activation enthalpies of both processes
should be equal to the delocalization energies for the
planar ring systems. For cyclooctatetraene, Oth?
determined by NMR measurements of the ethoxy
derivative a difference of 3.5 kcal mol-1, which he
attributed to the energy required for the delocalization
of the planar 8zn-perimeter. A similar value was cal-
culated by Paquette et al.1V from the differences of
the activation enthalpies of methyl-substituted cyclo-
octatetraenes taking into account different steric
strains in the assumed planar localized and delocalized
transition states. In the case of the 1,2,3-tri- and
1,2,3,4-tetramethylcyclooctatetraenes, even a separa-
tion of the bond shift isomers and an enrichment of
the enantiomers was possible.1?

Syntheses and Physical Properties of Heptalenes

Dauben and Bertelli!® demonstrated in 1961 that the
dihydroheptalenes 2 and 3 can be transformed into
heptalene 5 by hydride abstraction and subsequent
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deprotonation of the resulting heptalenium salt 4
(Scheme 1). Since then, additional syntheses of the
bicyclic 12n-system 5 were published¥ using this
method. While Dauben and Bertelli!® prepared a
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mixture of 2 and 3 by solvolytic rearrangement of the
isotetralin 1, Vogel et al.1? obtained a similar mixture
by pyrolysis of 7, which was prepared by ring
expansion of 1,6-methano[10Jannulene 6 (Scheme 2).

Scheme 3.
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a H H H H H H H H 25 — 2 1
b H H Me H H H H H 23 17 3e) 1
c H H t-Bu H H H H H 2 1 21 —
d H H H H H H H Me 35 — 2b) —b
e Me H Me H H H H H — — 40 —
£ H H Me Me H H H H — — 42 —
g H H Me H H H H Me 53 — 10 —
h H H H Me H H H Me 44 — 3 —
i H H H Me H Me H Me 56 — 8 —
j H H Me Me H H H Me 32 — 55 —
k H H Me Me H Me H Me 40 2 21 —
1 H Me H Me H Me H Me 56 — —
m H i-Pr H Me H Me H Me 56 — 6 —
n H t-Bu H Me H Me H Me 55 — — —_
o H H i-Pr Me H Me H Me 7 — 53 —
p H H Me H i-Pr H H Me 63 — 6 —
q H H -(CH,)g- H H H H — — — —
r H H -(CH,)s- H H H H 8 5 — —
] H H -(CH,) - H H H H 35 23 — 1
t H H -(CH,),- H Me H Me 51 1 — —_
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a) and 1% dimethyl 3-methylazulene-1,2-dicarboxylate

b) and 39, dimethyl 6-methylheptalene-1,2-dicarboxylate,

1% dimethyl 4-methylazulene-2,3-dicarboxylate, 49, dimethyl 5-methyl-3,4-dihydrocyclopent[cd]azulene-1,2-dicar-
boxylate c¢) and 79, dimethyl 3,4-dihydrocyclopent{cd]azulene-1,2-dicarboxylate.
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In 1979, both Vogel et al.’® and Paquette et al.1?
developed heptalene syntheses based on dibromocar-
bene additions to isotetralin. Similarly 3,8-dibromo-
heptalene 8!® and dimethyl heptalene-3,8-dicarboxyl-
ate 9'9 can be prepared. In contrast to these multistep
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syntheses, we developed an extremely simple, onepot
synthesis, which allows the preparation of numerous
substituted heptalene-1,2-dicarboxylates.2?  Cyclo-
addition of dimethyl acetylenedicarboxylate to azul-
enes 10 in boiling tetralin affords the dimethyl
heptalene-1,2-dicarboxylates 16 in yields up to 64%.
Side products of these reactions are the dimethyl
heptalene-2,3-dicarboxylates 17, the dimethyl azulene-
1,2-dicarboxylates 18 and the dimethyl 3,4-dihydro-
cyclopent[cd]azulene-1,2-dicarboxylates 19 in varying
yields (Scheme 3). The formation of all these
compounds can be rationalized by invoking 11 as an
intermediate formed by an electrophilic attack of the
electron-deficient alkyne to the azulene. Ring closure
of 11 should lead to the adducts 12—15, which then
isomerize to the heptalenes 16, 17, and the azulene
derivatives 18, 19, respectively. The drastic reaction
conditions required for the cycloaddition did not
allow the detection of the proposed intermediates.
However, if the reaction is carried out at 7 kbar and
50°C, the [4+2] adduct 14 becomes the main
product.2?

In contrast to the parent compound 5, the 3,8-
disubstituted derivatives 8, 9, and the heptalenedicar-
boxylates 16, 17 are remarkably stable. However, in
boiling tetralin 16 undergoes a slow irreversible
rearrangement to heptalene-1,3-dicarboxylates 20 and
a ring contraction to the azulene derivatives 18, 21,
and 22. The rate of this reaction and the ratio of the
products depend strongly on the substituents.?d
While the thermolysis of the dimethyl heptalene-1,2-
dicarboxylate 16a yields predominantely the azulenes
18a, 21a, and 22a, and only traces of the heptalene-1,3-
dicarboxylate 20a, compounds of this type become the
main products by the thermolyses of methyl-
substituted heptalenedicarboxylates (Scheme 4). As
we could show, the stability of heptalenes not only
increases by electron-withdrawing substituents in the
1- or 3-position (the positions with high electron
densities) but also by alkyl substituents in the peri-
positions. Therefore, reduction of the dimethyl
heptalenedicarboxylates 16 with diisobutylaluminum
hydride (DIBAH) afford the 1,2-bis(hydroxymethyl)-
heptalenes 23 as thermally and air-stable yellow
crystals?4:29 (Scheme 5). Due to the chiral heptalene
system, the diastereotopic hydroxymethyl groups
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appear in the IH NMR spectra as AB spin systems
with vicinal coupling constants around 15 Hz. The
tetramethyl derivative 23k can be converted into the
dichloride 24b, which can be reduced with lithium
triethylborohydride to the hexamethylheptalene 26.29
In contrast to 24b, the trimethyl derivative 24a is
unstable at room temperature but rather eliminates
HCI spontaneously to the dimethylidene compound
2529 (Scheme 6). Similarly to the HCI elimination of
24a, the diols 23 can be dehydrated by treatment with
catalytic amounts of p-toluenesulfonic acid in boil-
ing benzene.?® These reactions lead (probably via an
enolic structure similar to 25 to the heptalene-2-
carbaldehydes 27. Decarbonylation of 27 with
chlorotris(triphenylphosphin)rhodium(I) yields the
methylheptalenes 28 as thermally and airstable
compounds?® (Scheme 7). In addition to 28a—d we
also synthesized 1,6-dimethylheptalene 31 by an
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entirely different pathway after the dimethyl cis-
1,5a,6,10a-tetrahydroheptalenedicarboxylate 29 became
readily available by a new rearrangement reaction.26)
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Reduction of 29 with DIBAH and subsequent two-
fold dehydration of the resulting alcohol 30 affords the
heptalene 31 as a yellow 01129 (Scheme 8). In contrast
to the extremely air-sensitive and thermally unstable
parent compound 5, the described methylheptalenes
— even the dimethyl derivatives 28a and 31 — are
surprisingly stable. This could not only be a result of
a kinetic stabilization due to a steric shielding of the
heptalene system, but rather to an enhancement of
twisting of the nonplanar 127-perimeter caused
mainly by the steric interaction of the substituents in
the peri-positions. This reduces the cyclic conjuga-
ton and increases the HOMO-LUMO gap and,
therefore, reduces the reactivity of the 4n n-system.

Resolution and Chiroptical Properties of Chiral
Heptalenes

Heptalenes, as most other 4n n-systems, show in the
ground state m-bond fixation. Therefore, from
unsymmetrically substituted heptalenes exist two
nonequivalent bond shift isomers. The ratio of these
isomers depends on the substituents. For the un- and
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monosubstituted dimethyl heptalene-1,2-dicarboxyl-
ates 16a—d and the bridged derivatives 16r—t only the
bond shift isomers with a single bond between the
ester groups can be observed in the 'H NMR spectra.
However, for 16g—o, which have two or three alkyl
substituents in the peri-positions, 10—30% of the
other bond shift isomers can be detected. The
preference of the isomers with a single bond between
the ester groups can be explained by the tendency of
the carboxylate groups to assume a coplanar
arrangement to the adjacent double bonds of the ring
system, which is sterically hindered in the other
isomers. In contrast to some heptalene-1,2-dicarboxy-
lates 16, both bond shift isomers of the diols 23, the
2-carbaldehydes 27 as well as the methylheptalenes 26
and 28 can be detected in varying ratios in the
1H NMR spectra. Although a unique trend has not
been found so far, an effect is evident. The isomer
with the lowest number of substituents in the peri-
positions having a double bond to the bridge atoms
C-5a and C-10a is thermodynamically more stable
than the other. This might be due to a smaller steric
interaction across the peri-positions in this bond shift
isomer.

X-Ray analyses?? of the heptalene dicarboxylates 9
and 16a confirmed a Cz-geometry for the heptalene
system with the two annelated seven-membered rings
in boat conformations. Therefore, for heptalenes
should, according to Oth et al.,?® exist four
isodynamic axial chiral structures which are, via bond
shift (BS) and ring inversion (RI), in a dynamic
equillibrium with one another (Scheme 9). So far,
n-bond shift has been investigated in heptalene itself
(E.=3.5 kcal mol-1),10  heptalene-1,6-dicarbaldehyde
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Me Me
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16k 23k 24b 26 32
X | CO,Me | CH,OH| CH,CI Me CO,Me
Y | CO;Me |CH,OH | CH,Cl Me CO,H

Scheme 9.
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(AG*=9.9 kcal mol-1),'® dimethyl heptalene-1,6-dicarb-
oxylate (AG*=14 kcal mol-1),® and dimethyl 6,8,10-
trimethylheptalene-1,2-dicarboxylate 16i (AG*=21.7
and 21.0 kcal mol-1, respectively).2® For the latter, the
bond shift isomers can even be separated by low
temperature chromatography.  As these results
indicate, the energy barrier for the bond shift increases
with the number of substituents in the peri-positions
of the heptalenes. In fact, for the dimethyl 5,6,8,10-
tetramethylheptalene-1,2-dicarboxylate 16k we suc-
ceeded for the first time in isolating in pure form all
four isomers (+)-M-A, (+)-M-B, (—)-P-A, and (—)-P-B
of a 4n n-system.30:8) The bond shift isomers rac-A and
rac-B of 16k can be separated by simple chromato-
graphy on alumina at room temperature. Both bond
shift isomers differ characteristically in their NMR
and UV spectra. While the protons H-3 and H-4 of
16kA show a coupling constant of 6.9 Hz, those of
16kb appear as an AB spin-system with a coupling
constant of 11.8 Hz. These values are characteristic for
coupling constants via single and double bonds in
substituted heptalenes and allow a simple assignment
of the positions of the double bonds. The structures of
the bond shift isomers A and B of 16k were also
established by X-ray analyses.3® Although the optical
resolution can be carried out by HPLC on triacetyl-
cellulose,3? for a preparative scale separation we
prefered the classic method of fractional crystalliza-
tion of diastereomeric salts. For that the diesters 16kA
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and 16kB were converted into the free acids with
potassium hydroxide in methanol. If the reactions are
carried out at room temperature, selectively 32A and
32B with the carboxylic acid group in 2-position are
obtained without bond shift isomerization. On the
other hand, the preparation of the dicarboxylic acid
33A requires considerably higher temperatures. Both
the mono-32A and the dicarboxylic acid 33A can be
converted into the anhydride 35A, which selectively
affords the l-carboxylic acid 34A by treating with
sodium methoxide (Scheme 10). The selectivity of the
saponification of 16k and the esterification of 35A
might be due to a steric shielding of the carboxylate
group in the 1-positions caused by the methyl groups
in the 8-position. In fact, heptalene-1,2-dicarboxy-
lates without substituents in the 8-position, i.e. 16a—

Table 1. Specific Optical Rotations of the Heptalenes
(+)-M-16k, (—)-P-23k, (+)-M-32, and
(—)-P-28¢c in CHCl,

Heptalene [@]Z, []ins
(+)-M-16kA 11930 (c=1.03)  +1460 (c—1.03)
(+)-M-16kB  +1860 (¢=0.92)  +1310 (¢=0.92)
(+)-M32A  +2550 (c=1.00)  +1910 (c=1.00)
(+)-M-32B  +2140 (c=0.51)  +1430 (c=1.03)
(—)-P-23kA  —1270 (c=0.99)  —980 (c=0.99)
(=)-P-23kB  —1420 (c=0.98)  —1100 (¢c=0.98)
(—)-P-28¢ —1670 (¢c=0.10)  —1290 (c=0.10)

Ae

v r T
200 300 400 Alnml 500

v T T
200 300 00 Alaml 500

Fig. 1. CD-spectra of the heptalenes (+)-M-32A (top)
and (+)-M-32B (bottom) in CHCls.
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d, yield under the same reaction conditions mixtures
of the corresponding 1- and 2-carboxylic acids. By our
experience, the best optically active amines suitable
for the resolution of the 2-carboxylic acids 32 are
cinchonine and (+)-1-phenylethylamine for 32A and
(+)- and (—)-ephedrine for 32B. With these amines,
the heptalenes (4)-M-324A, (+)-M-32B, (—)-P-324A, and
(—)-P-32B were obtained with an enantiomeric purity
of greater than 98%, as determined by NMR
spectroscopy of the diastereomeric ephedrine salts.
The optically active heptalenecarboxylic acids 32 and
the diesters 16k, prepared from 32 with diazomethane
without racemization, have very high specific optical
rotations (Table 1), typical for systems with helical
chiral chromophores. The absolute configuration of
the chiral heptalenes was achieved by X-ray analysis of
the (+)-ephedrine salt of (4)-M-32A. Since both bond
shift isomers of (+)-M-32 show very similar CD-
spectra (characterized by two positive Cotton effects at
358, 321 nm, and 380, 312 nm, respectively, and two
negative Cotton effects at 280, 252nm, and 278,
224 nm, respectively) (Fig. 1), the two bond shift
isomers must have the same absolute configuration.
Although the bond shift isomers of the dimethyl
6,8,10-trimethylheptalene-1,2-dicarboxylate 16i under-
go at room temperature in solution a fast interconver-
sion, they are stable in the crystalline form. NMR
spectra taken of solutions of these crystals show each
to be isomerically pure. While crystallization from
hexane/ether of 16i and the 4-isopropyl- and 4-¢-butyl
derivatives 16m and 16n affords selectively the
thermodynamically more stable isomers (single bond
between the ester groups), the tetramethyl derivative
161 crystallizes to give only the other isomer. So far,
all attempts for an optical resolution, or at least an
enrichment of one of the enantiomeres, of 16i by
fractional crystallization of salts of the carboxylic acid
36 with optically active amines have failed. This is
probably due to the existence of both bond shift
isomers of 161 in solution. Nevertheless, a resolution
could be achieved with the (—)-menthyl ester 38,
prepared from the anhydride 37 with (—)-menthol and
subsequent esterification with diazomethane (Scheme
11).  Crystallization at room temperature leads
selectively to the (—)-menthyl-(—)-P-heptalene di-
astereomer (—)-38A. However, the 1H NMR spectra at
room temperature clearly show that the four
diastereomers (—)-38A, (+)-38A, (—)-38B, and (+)-38B
exist in the equilibrium in a ratio of 5.5:3.3:1.2:1.
Reduction of the enantiomerically pure diesters (—)-P-
16kA and (—)-P-16kB with diisobutylaluminium
hydride affords the alcohols (—)-P-23kA and (—)-P-
23kB with enantiomeric purities of greater than 98%,
as shown by 'H NMR spectra using the chiral shift
reagent Eu(hfc)s. Since these optically active alcohols,
which have no electron-withdrawing substituents,
show CD-spectra very similar to the heptalene-1,2-
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dicarboxylates 16k and 27, the chiroptical properties
of the chiral heptalenes are caused mainly by the
inherent chiral heptalene system and depend, only to a
small degree, on the substituents.

The reaction of a mixture of rac-23kA and B with
phosphorus pentachloride and subsequent reduction
of the resulting dichloride rac-24b affords a mixture of
the hexamethylheptalenes rac-26A and B in good
yields. = However, all attempts to prepare the
enantiomerically pure (—)-P-26 starting with the pure
(—)-P-23kA or (—)-P-23kB have failed. Instead of the
pure compounds, only mixtures of the bond shift
isomers of 24k and of 26 were obtained with specific
optical rotations of at most 50, equivalent to an ee of
at most 5%. A possible explanation for these results is
that the chlorination of 23k proceeds via an almost
planar tropylium cation, which may also be re-
sponsible for the instability of the trimethyl derivative
24a. In fact, the chlorination of 23kA leads selectively
to the bond shift isomer 24kB, which then is acid-
catalyzed equilibrated with the isomer 24bA. This was
shown by isolating the pure isomer 24bB after
quenching the reaction at —60 °C with NaHCOs. A
similar tropylium cation may also be responsible for
the readily acid-catalyzed dehydration of the alcohols
23 to the aldehydes 27. This reaction is also
accompanied by a racemization. Thus, it is not
possible to prepare enantiomerically pure methyl-
heptalenes by this reaction sequence, starting with
enantiomerically pure heptalene-1,2-dicarboxylates.:29
However, it has been shown recently that the optical
resolution of the 1,5,6,10-tetramethylheptalene rac-28¢c
can be carried out in good yields by HPLC on
triacetylcellulose.3®  As expected, the chiroptical
properties of the enantiomers of 28c are very similar to
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36A
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Scheme 11.
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those of the corresponding optically active heptalene
carboxylates and diols.

The Dynamic Behavior of Chiral Heptalenes

The separation of the bond shift isomers and the
resolution of the enantiomers of the dimethyl 5,6,8,10-
tetramethylheptalene-1,2-dicarboxylate 16k allowed
for the first time a determination of the kinetic
parameters of both the bond shift and the ring
inversion of a substituted heptalene. According to the
corresponding studies of cyclooctatetraenes,?+11:12 this
should provide information about the delocalized
heptalene system and, therefore, about the antiaro-
maticity of this 12zn-system. However, the energy
barrier for the ring inversion of 16k is considerably
higher than that for the bond shift (Table 2). These
results are inconsistent with planar transition states
for both processes as proposed for the dynamic
behavior of all cyclooctatetraenes investigated so
far.?.1  Rather the bond shift must occur via a
nonplanar, helical chiral transition state. Therefore,
it seems impossible to determine the delocalization
energy for the antiaromatic systems from the
difference of the activation enthalpies of both
processes as done by Oth? and Paquette et al.1? for
cyclooctatetraene. Also for the hexamethylheptalene
26 the bond shift occurs with retention of the
configuration, but both energy barriers are higher
than those for the corresponding dicarboxylate 16k
(Table 2). This might be due to a larger steric
hindrance of the spherical methyl groups in compari-
son with the ester groups. This assumption is
corroborated by the fact that the value for the ring
inversion, which requires an almost planar transition
state, increases more than those for the bond shift. In
order to obtain more detailed information about the
geometries of the transition states, we calculated the
dynamics of both processes for the substituted
heptalenes 39, 40, 28a, and 28c having methyl groups
in the peri-positions and also for the parent
compound 5 by #-SCF-force field calculations.3®
According to these calculations, the bond shift of the

Table 2. Kinetic Parameters for the Bond Shift (BS)
and the Ring Inversion (RI) of the Heptalenes
16k, 26, 28c, and 38.

Dynamic process AHgoc/kcal mol—!  ASg.q/e.u.
BS 16kB — 16kA 22.8+0.6 —11.1+£2.0
BS 16kA —> 16kB 25.7+0.6 —7.8+1.7
RI [(—)-16kA = (—)-16kB] —

[rac-16kA = rac-16kB] 28.3+0.4 —11.6+0.9
RI [(—)-38A = (—)-38B] —

[rac-38A = rac-38B] 20.4+0.3 —10.7+1.0
BS 26A — 26B 26.7+1.2 —4.44+3.3
RI [(—)-26A = (—)-26B] —

[rac-26A = rac-26B) 36.7+2.1 1.9+4.6
RI (—)-28¢c — rac-28¢c 31.8+1.2 —4.9+2.6
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Fig. 2. Dynamic processes of 1,5,6,10-tetramethyl-
heptalene 28¢ (n-SCF-force field calculation).
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1,5,6,10-tetramethylheptalene 28c should occur via
helical chiral, delocalized transition states with an
activation enthalpy of 30 kcal mol-1. On the other
hand, the ring inversion should occur via partly
planar, localized transition states with an activation
enthalpy of 31 kcal mol-! (Fig. 2). This value is in
good agreement with recent experimental results
(Table 2).39 In contrast to this, planar transition
states for both processes should require activation
enthalpies of 62 and 72kcal mol-!, respectively.
Therefore, the calculated conformations of the
transition states seem to represent a good model for
the dynamic behavior of highly substituted hep-
talenes. As the calculated values for the activation
enthalpies for the dynamic processes (Table 3)
indicate, the bond shift of the methylheptalenes 39, 40,
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Table 3. n-SCF-Force Field Calculations®® of the
Activation Enthalpies [kcal mol-'] for Ring
Inversion (RI) and Bond Shift (BS)

Planar transition Nonplanar transition

state state
AHpg, AHgg AHpg; AHgg
5 0.2 8.4 —8) —8)
28a 23.9 33.0 19.4 19.6
28¢ 62.2 72.0 31.3 30.1
39 2.99 13.69 —8) 13.29
6.29 15.19 14.6®
40 12.79 20.89 —) 18.49
14.4© 23.4° 21.19

a) The planar transition state is energetically more
favorable. b) (—)-P-A—(+)-M-A, ¢) (—)-P-B—(+)-
M-B, d) A—B, e) BoA.

and 28a should also occur via nonplanar transition
states. However, the difference of the activation
enthalpies of both processes should decrease with the
number of substituents. Furthermore, for heptalenes
with two or less substituents in the peri-positions the
ring inversion should be faster than the bond shift.
While we could demonstrate that the bond shift of the
(—)-menthyl heptalenecarboxylate 38 is not accom-
panied by racemization, we have not yet investigated
the lower substituted heptalenes. However, the
necessary data can be obtained by NMR measurements
of heptalenes with diastereotopic substituents, i.e. the
hydroxymethylheptalenes 23. Similarily, Paquette et
al.11.12 found that the activation enthalpies of both
dynamic processes for methyl-substituted cyclooctate-
traenes were also dependend on the degree of
substitution. While these authors explained this
exclusively by the different steric interaction of the
substituents in the assumed planar localized and
delocalized transition states, our results for substituted
heptalenes suggest that this may be due to different
conformations of the transition states and, therefore,
different steric strains of the ring system. In fact,
calculations by Dewar et al.3” suggest that the bond
shift of cyclooctatetraene also proceeds via a non-
planar transition state.

Conclusion

Our investigations of the dynamic behavior of
chiral heptalenes established that the ring inversion
and the bond shift, at least of highly substituted
heptalenes, occur via nonplanar transition states with
different conformations. Thus, it seems very
questionable to determine the delocalization energies
of heptalenes (even of the parent compound) from the
difference of the activation parameters of both
dynamic processes. The same should be valid for
cyclooctatetraenes.
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