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Eine starke Through-Bond-Wechselwirkung in [2.2]Paracyclophanen

Das He(I)-Photoelektronen(PE)-Spektrum von [1:2;9:10]Bismethano[2.2]paracyclophan (2)
wurde gemessen. Der Unterschied zwischen der ersten Bande von 2 und der ersten Bande im PE-
Spektrum von [2.2]Paracyclophan (1) wird als Hinweis dafiir gewertet, daf} in 2 eine noch
starkere o, n-Wechselwirkung vorhanden ist als in 1.

Some time ago it was pointed out that in [2.2]paracyclophane (1) the b, (7) orbital interacts
strongly with the corresponding 6 combination of the C,H, bridges. To investigate this prediction
in principle two different cases must be considered: either the energy of the by (o) orbital is lowe-
red and thus the ©— o interaction is reduced or the b,,(0) orbital energy is raised and the n— o in-
teraction is increased. The first case has been studied by Heilbronner and Maier? who utilized the
perfluoro effect in 1,1,2,2,9,9,10,10-octafluoro[2.2]paracyclophane. They showed by means of
He(I) photoelectron(PE) spectroscopy that due to this effect the ionization from the b, orbital of
1 occurs at considerably higher energy than from the by, and b, orbitals.

1 2

In this note we present an example for the second possibility: In the recently synthesized
[1:2;9:10]bismethano[2.2]paracyclophane (2)3 the basis orbital of the C — C o bond connecting
the two rings is considerably higher in energy® and thus according to the qualitative interaction
diagram shown in Fig. 1 we expect a shift of the by, level towards higher energy.
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Fig. 1. Qualitative interaction diagram between the C —

and 2 (right)
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Fig. 2. Tentative deconvolution of the
first composite PE band of 1 and 2

C o-orbitals and the n-system in 1 (left)
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Fig. 3. Comparison between the
He(l) PE spectrum of 1 and 2

The situation shown in Fig. 1, i. e. the nearly constant energy of by, and by, and a large shift of
by, may give rise to only small changes in the resulting band. To exemplify this situation we have
constructed one broad band by superposition of three bands (Fig. 2), two with half widths typical
for ionizations from m-orbitals and one with a larger half width typical for n-bands with o partici-
pation. Although the center of the latter band has been shifted by about 1 eV, the shape of the
resulting composite band has not changed very much. A comparison with the first band in the PE
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spectra of 1 and 2 shows that the band in Fig. 2a is very similar to the first band in the PE spec-
trum of 1 (Fig. 3) and the band in Fig. 2b simulates very well the first band in the PE spectrum of
2 in Fig. 3.

We interprete the difference in the first bands in the PE spectra of 1 and 2 as due to the shift of
the “2B3u” state) of 2% towards lower energy compared with the states (“szg” and “2B3g”) re-
sponsible for the other two components of the first peak. This assignment is based on Koopmans’
approximation (—¢; = I, ;)6 using molecular orbital calculations of the MINDO/37 type. These
calculations predict a small shift from 1 to 2 for the highest molecular n-orbitals as anticipated
from the larger o-frame in 2, but a large shift due to a strong through bond coupling® for the by,
orbital. These results are also in line with recent investigations on a larger number of [2.2]cyclo-
phanes9. In Table 1 the experimental and theoretical ionization potentials of 2 are compared.

Table 1. Comparison between the recorded vertical ionization potentials, 7, J of 2 with the
calculated orbital energies &;. All values in eV

band L assignment 5) - &(MINDO/3)
@ 7.9 «Ig,.” 7.62
«2: ”
) } 8.1 { szg 8.43
o) “2g, » 8.77
@ 9.5 “1B,” 9.53

The different orbital sequence for 1 and 2 should have an impact on the e.s.r. spectra of the
corresponding radical cations. For 1% the spin density in the ZBzg ground state is predicted to be
localized in the aromatic rings, for 2%, however, a 2B3u ground state is expected and thus large
coupling constants with the H atoms of the aliphatic bridge are predicted.
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Experimental Part

The He(I) PE spectrum of 2 has been recorded on a PS18 spectrometer (Perkin Elmer, Bea-
consfield, England) at 110°C. The spectrum was calibrated with Xenon and Argon. A resolution
of 20 meV on the Argon line was obtained.
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