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LONG BONDS AND THROUGH-BOND COUPLING
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The synthes:l.s1 and X-ray structure aetermination2 of the novel hydro-
carbon lepidopterene (1) have recently been reported. The most striking
structural feature of 1 is the «longated (1.64 K) central (1-6) bond, and we
were therefore interested in calculating
a structure for 1 by use of an empirical
force field (EFF) method which had been
@- developed for the determination of

ground state structures of aromatic

1
- hydrocarbons.3 Surprisingly, a struc-

ture with a 1-6 bond length of 1.570 X was calculated to be ca. 6 kcal/mol
less strained than the X-ray structure with all hydrogens relaxed. It seems
unlikely that an error of this magnitude could be attributed to inadequate
force field parametrization, considering the success of the force field in
application to other aromatic hydrocarbons.3’4 Since EFF calculations give
an adequate description of steric effects on ground state structures, the
bond lengthening in 1 had to be the result of an electronic effect not con-
sidered by the force field. The formalism of through-bond coupling5 provides
an appealing rationalization of this effect. The same effect accounts for the

finding that the 1-2 bond length2 in 1 (1.526 &) is significantly shorter than

the EFF calculated value of 1.548 &.

Several other structures (3-2)6-10 have been reported in which four =«
orbitals are geometrically constrained so as to be nearly parallel to a
central o bond. All of these show bond lengths significantly greater than
those attributable to steric effects, and are thus additional examples of the

through-bond coupling.11
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2 38, R=H 4 5
(1.610 %)° (1.61 &7 (1.616 &)’ (1.77 §)10
(EFF: 1.557 &) (EFF: 1.574 &)
3b, R = CHO
(1.61 £)®

The nature of the effect can be illustrated by a qualitative molecular
orbital treatment of 1. For the sake of simplicity, each of the four aryl
rings is considered as a free benzene, and through-space interactions are
assumed to be negligible, giving rise to six sets of four degenerate orbitals
(Figure 1). Each set of four orbitals consists of the four symmetry combina-
tions shown on the left. These four combinations, as well as the ¢ and o*
orbitals of the 1-6 bond, are given symmetry designations with respect to %h
and the C, axis of 1 (virtual Son symmetry). The interaction diagram in
Figure 1 is obtained by allowing orbitals of the same symmetry to interact,
and by considering only interactions of filled with unfilled orbitals. The
mixing of the SS orbitals results in a transfer of ¢ electron density into n*
orbitals, while the SA interaction results in w to o* donation. Both effects
will bring about a weakening of the 1-6 bond. Similar explanations serve to
account for the abnormal bond lengths in 2-5.

In further support of the interpretation advanced above, CNDO/2 calcula-
tions12 performed on 1 and 3a show (Table I) that the presence of the aromatic
rings causes a diminution of the o bond overlap population relative to that of
the same bond in the saturated skeleton at the same bond length. The decrease
in overlap population indicates a weaker and therefore longer bond. We note
that the effect of through-bond coupling on bond length in 1-5 should be
enhanced by appropriate ring substitution, and experiments to test this
hypothesis are underway.

The present work illustrates anew the power of EFF calculations in the

detection of unusual electronic effects.13
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Figure 1
Table I
Cpd Bond Length (R) CNDO Overlap Population®’®
X-ray EFF Parent Sat'd Skeleton®
1 1.638¢ 1.153 1.191
‘ 1.570 1.271 1.297
3a 1.612° 1.262 1.288
1.557 1.348 1.373

%y, S. Mulliken, J. Chem. Phys., 23, 1833 (1955). DCCalculated for an EFF
minimized structure with the central bond(s) fixed at the given value,
cTetracyclo[4.4.21’4.26’9.0]tetradecane for 1 and tricyclo[h.2.2.22’5]dodecane
for 3a. dMolecule A of the unit ce11.2 ®Calculated from X-ray coordinates.7
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