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Dominanz der Through-Bond-Wechselwirkung bei einer Verbindung mit
syn-Tricyclo[6.4.0.027]dodecatetraen-Einheit

Das He(I)-Photoelektronen(PE)-Spektrum von 3, einer Verbindung mit der syn-Tri-
cyclo[6.4.0.0"]dodecatetraen-Einheit 2, wurde durch Vergleich mit dem des anti-Tri-
cyclo[6.4.0.0%7Jdodecatetraens 1 und durch semiempirische Rechnungen zugeordnet. Es
wird gezeigt, daB} bei 3 die through-bond-Wechselwirkung zwischen den beiden Butadien-
Einheiten iiber die through-space-Wechselwirkung dominiert.

Recently it was shown by means of He(I) photoelectron (PE) spectroscopy that in anti-
tricyclo[6.4.0.0%71dodecatetraene 1 (“anti-0,0’-dibenzene”) both butadiene fragments in-
teract strongly with each other via a through-bond mechanism", mediated by the relatively
high lying Walsh orbitals of the four-membered ring?. In contrast, the two butadiene units
in the syn-isomer 2 might interact with each other via a through-space or/and a through-
bond mechanism. Compound 2 is still unknown. The polycycle 3, however, became available
via a benzene/benzene photocycloaddition® ¥, this “syn-0,0’-dibenzene” being surprisingly
stable: 71;, (120°C) = ca. 130 min (benzene). The specific geometrical properties of 3, held
responsible for the long wave length UV absorption, were exploited in a crucial step (domino
Diels-Alder addition) in the recently described synthesis of “pagodane”, a Djp CyoHz0-
polyquinane®. An X-ray structural analysis of 3% provides supportive data for the PE
analysis, which is presented in this communication.

(L

In Figure 1 the PE spectrum of 3 is shown, the recorded first vertical ionization energies
(1,5 are collected in Table 1.
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Three bands are clearly separated from strongly overlapping bands starting at 9.8 eV.
Bands ® and ® show a typical Gaussian shape while band @ exhibits a relatively steep
onset on the low energy side and vibrational fine structure.
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Fig. 1. He(T) PE spectrum of 3

Table 1. Comparison between the measured vertical ionization energies, /, ;, and the cal-
culated orbital energies of 3. All values in eV

Band 1, ; Assignment — e(MINDO/3) — e(ZDO)
@ 7.6 by (ry) 793 7.55
()] 8.1 a; (m_) 8.76 8.05
16} 9.1 by (W) 897 9.10
® 9.65 c 947

To interprete the PE spectrum of 3 we make use of Koopmans® theorem™. In this ap-
proximation the measured vertical ionization energy, 1, ;, is set equal to the calculated orbital
energy ¢; (I,; = — &;). This approach allows to correlate orbital energies and PE bands
and seems to be valid for the outer valence orbitals of most organic molecules. The analysis
rests on the comparison of the PE spectrum of 3 with those of related compounds (1/4)
and of the calculated orbital energies/molecular orbitals (MINDO/3% %) with the ionization
energies.

Empirical Assignment

To estimate the ionization energy for the antisymmetric n-combination of the butadiene
fragments in 3 we briefly consider the PE spectrum of 4%. It shows one band at 825 eV
well separated from the rest of the spectrum. It has been assigned to the highest occupied
n-orbital of the butadiere fragment. From this we conclude that the first two bands in the
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spectrum of 3 are due to ionizations from the two symmetry-adapted linear combinations
involving the HOMO of butadiene, b, () and a, (n_). The sequence of both MO’s depends
on the magnitude of the through-space and the through-bond interaction. To estimate this
from the PE spectrum we consider the possible interaction patterns for 3 in Figure 2. On
the left-hand side of this Figure the two linear combinations of the ®* MO’s a, and b, are
shown. The spatial interaction of both will stabilize b, (n, ) and destabilize a;(n_). The
linear combination is also suited for a considerable interaction with the corresponding Walsh
orbital of the four-membered ring, while m_ has no such partner. The corresponding inter-
action pattern is shown at the right of Figure 2.
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Fig. 2. Interaction diagram between two butadiene moieties through space and through
bond via a cyclobutane ring

To decide whether the patterns shown in Figure 2 correspond to the band sequence of 3
we consider the band shapes. The Gaussian shape of bands @ and @® indicates a different
geometry between ground and ionic states. Such a shape is usually encountered when a
strong o-participation is found in the MO’s the electron is ejected from. A steep onset is
typical for weakly bound = MO’s with small or no o-participation. These arguments clearly
favour b, (nt, ) on top of a,(n_) followed by the b, Walsh orbital.

Calculations

To aid our assignment we have carried out semiempirical calculations on 3 (results in
Table 1). The geometrical parameters adopted for our calculations were those obtained
from the X-ray analysis®. The calculated orbital energies agree reasonably well with the
measured ones and confirm our assignment discussed for the first three bands. The given
assignment (Table) is further supported by the correlation between the first PE bands of 1
and 3 shown in Figure 3.
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Due to the alkyl substitution of the cyclobutane fragment in 3 we anticipate a stronger
shift for the cyclobutane Walsh orbitals compared to the n MO’s. This is indeed found as
shown in Figure 3.
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Fig. 3. Correlation between the first PE bands of 1 and 3

Concluding Remarks

To judge roughly the magnitude of the through-space and through-bond interaction
prevailing in 3 we have used a ZDO type calculation. To estimate the basis orbital energy
of the Walsh e-orbitals of the cyclobutane fragment in 3 we use band @ of its PE spectrum.

e(by, W) = g(by, W) = —9.1 ¢V
For the basis orbital energy of the butadiene moieties we use () = —8.3 eV. We have

raised the corresponding basis energy in 1" due to the larger o frame by 0.2 eV.
To reproduce the spectral pattern found in the PE spectrum of 3 we reach a satisfactory

agreement if we assume a value of § = —0.25 to —0.30 eV for the through-space interaction
(in Figure 2 and in the Table we assumed —0.25 ¢V). For the through-bond interaction we
adopted the same values as in 1 (8 = —1.5 eV)". The orbital interaction diagram presented

in Figure 2 and the values shown in Table 1 are based on the results just discussed. In this
qualitative estimate we encounter a relatively small through-space interaction. This
can be rationalized by the relatively large interatomic distances between the two butadiene
fragments. The X-ray analysis reveals an average value of 3.06 A between the centers 1,4
and 1,4’ and 4.27 A between centers 2,3 and 2,3’ of the butadiene moieties, respectively.

We are grateful to the Deutsche Forschungsgemeinschaft and the Fonds der Chemischen
Industrie for financial support.

Experimental Part

The PE spectrum of 3 has been recorded with a PS 18 photoelectron spectrometer (Perkin
Elmer Ltd., Beaconsfield, England). The preparation of 3 as well as the X-ray structural
analysis are reported elsewhere™®).

Chem. Ber. 118 (1985)



3860 R. Gleiter, H. Zimmermann, W.-D. Fessner, and H. Prinzbach

) R. Gleiter, K. Gubernator, and W. Grimme, J. Org. Chem. 46, 1247 (1981).

2 R. Hoffmann and R. B. Davidson, J. Am. Chem. Soc. 93, 5699 (1971); L. Salem and J. S.
Wright, ibid. 91, 5947 (1969); L. Salem, Chem. Br. 5, 449 (1969); J. S. Wright and L. Salem,
Chem. Commun. 1969, 1370.

) H. Prinzbach, G. Sedelmeier, C. Kriiger, R. Goddard, H.-D. Martin, and R. Gleiter, Angew.
Chem. 90, 297 (1978); Angew. Chem., Int. Ed. Engl. 17, 271 (1978).

* G. Sedelmeier, Dissertation, Universitit Freiburg 1979.

> W.-D. Fessner, H. Prinzbach, and G. Rihs, Tetrahedron Lett. 24, 5857 (1983).

8 W.-D. Fessner, G. Sedelmeier, G. Rihs, and H. Prinzbach, in preparation.

" T. Koopmans, Physica 1, 104 (1934),

8 R. C. Bingham, M. J. S. Dewar, and D. H. Lo, J. Am. Chem. Soc. 97, 1285 (1975). The
calculations were carried out with MOPN (QCPE 12, 383 (1979)) as published in Ref”.

% P. Bischof, J. Am. Chem. Soc. 98, 6844 (1976).

[371/84]

© VCH Verlagsgeselischaft mbH, D-6940 Weinheim 1985 ~ Printed in the Federal Republic of Germany.
Verantwortlich fiir den Inhalt: Prof. Dr. Hans Musso, Karisruhe. Redaktion: Dr, Hermann Zahn, Milnchen.

VCH Verlagsgesellschaft mbH (Geschiftslithrer: Prof. Dr. Helmut Grilnewald und Hans Dirk Kohler), Pappelallee 3,
Postfach 1260/1280, D-6940 Weinheim.

Anzeigenleitung: R. J. Roth, Weinheim.

Die Wiedergabe von Gebrauchsnamen, H Warenbezeichnungen und dgl. in dieser Zeitschrift berechtigt nieht zu der
Annahme, daf solche Namen ohne weiteres von jedermann benutzt werden diirfen. Vielmehr handeit es sich hiufig um gesetzlich
geschiitzte eingetragene Warenzeichen, auch wenn sie nicht als solche gekennzeichnet sind.

Alle Rechte, insbesondere die der Ubersetzung in [remde Sprachen, vorbehalten. Kein Teil dieser Zeitschrift darf ohne schriftliche
Genehmigung des Verlages in irgendeiner Form — durch Photokopie, Mikrofilm oder irgendein anderes Verfahren — reprodu-
ziert oder in eine von Maschinen, insbesondere von Datenverarbeitungsmaschinen verwendbare Sprache libertragen oder itbersetzt
werden. — All rights reserved (including those of translation into foreign languages). No part of this issue may be reproduced in
any form — by photoprint, microfilm, or any other means — nor transmitted or translated into a machine language without the
permission in writing of the publishers. - Von einzelnen Beitrdgen oder Teilen von ihnen diirfen nur einzelne Vervielfiltigungs-
stiicke fiir den persdnlichen oder sonstigen eigenen Gebrauch hergestelit werden. Jede im Bereich eines gewerblichen Unternehmens
hergestellte oder benutzie Kopie dient gewerblichen Zwecken gem. § 54(2) UrhG und verpflichtet zur Gebithrenzahlung an die VG
WORT, Abteilung Wissenschaflt, Goethestr. 49, 8000 Miinchen 2, von der die einzel Zahl dalitdten zu erfragen sind.
Die Weitergabe von Vervielfdltigungen, gleichgliltig zu welchem Zweck sie hergestellt werden, ist eine Urheberrechtsverletzung.

Valid for users in the USA: The appearance of the code at the bottom of the first page of an article in this journal (serial) indicates
the copyright owner’s consent that copies of the articie may be made for personai or internal use, or for the personal or internal
use of specilic clients. This consent is given on the condition, however, that the copier pay the stated percopy fee through the
Copyright Clearance Center, Inc., for copying beyond that permitted by Sections 107 or 108 of the U.S. Copyright Law. This con-
sent does not extend to other kinds of copying, such as copying for general distribution, {or advertising or promotional purposes,
for creating new collective work, or for resale. For copying from back volumes of this journal see » Permissions to Photo-Copy:
Publisher’s Fee List« of the CCC.

In der Zeitschrift werden keine Rezensionen vertffentlicht; zur Besprechung eingehende Biicher werden nicht zuriickgesandt.
Herstellung: Krebs-Gehlen Druckerei, Hemsbach/Bergstrale.

del






