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ON THE INERTNESS OF SYN—TRICYCLO[4.2.0.OZ’S]OCTA-3,7-DIENE UNDER PHOTOLYTIC

CONDITIONS. AN APPARENT VIOLATION OF THE ORBITAL SYMMETRY RULE 1)
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An MO explanation is given to the failure of the intramolecular

photocycloaddition reaction of syn-tricyclo[4.2.0.02’5

locta-3,7-
diene. Due to the presence of the high-lying c-orbitals of the
cyclobutane ring and to the unique topology of the molecule, the
electronic excitation could not be related to the ethylenic

chromophore and/or a possible degenerate isomerization might be

induced by photoexcitation.

The [2+2] cycloaddition reaction is one of the most widely documented
processes which are symmetry-allowed in the electronically excited state, and
serves as an excellent guiding principle in designing a synthetic route leading
effectively to a cyclobutane ring.z) The cage compounds which are not easily
accessible otherwise are prepared advantageously by the intramolecular photo-
cycldaddition of the corresponding dienes,
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However, the same tactics fails in the attempted synthesis of cubane according to
Eq. 1.7) We wish to report on the theoretical significance of this resistance to
cycloaddition, an apparent exception to the Woodward-Hoffmann rule,s) as disclosed

2,5

by the MO study of syn-tricyclo[4.2.0.0 Jocta-3,7-diene.
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Although less popular than the corresponding Walsh model of cyclopropane, there

set of the highest occupied orbitals of relatively high energy
9)

is a degenerate e

(-10.7 eV) in cyclobutane. We find that, due to the presence of these 0-orbitals
of the cyclobutane and cyclobutene rings as well as to the unique topology of the
molecule, mixing of the m- and o-orbitals is extensive in the syn-tricyclooctadiene.
The construction of the higher occupied and lower unoccupied orbitals are approxi-
mately described as shown in the Figure. Note that the highest occupied MO is
composed mainly of the carbon 2p AO's perpendicular to the 2pm orbitals on the
ethylenic carbons, and is devoid of the latter m-bond character. It is usually

the case that, when two ethylene groups interact face to face with each other, the
degeneracy of the m-levels is lifted to give an in-phase combination of lower
energy and an out-of-phase combination of higher energy as shown in column a of

the Figure. As the result of mixing with the high-1lying o orbitals of the cyclo-
butane ring, the level ordering is reversed in the tricyclooctadiene and the second
highest occupied MO is the in-phase combination while the out-of-phase combination
appears in the 16th MO of lower energy. The m-type electronic excitation to the
lower unoccupied MO does not contribute effectively to the increase in the C3-Cg
and C4-Cy bond orders. When energetically less favorable electronic configurations
of the excited state are taken into considerations, the interaction between the two
ethylene moieties can be bonding to form a cyclobutane ring at the bottom of the
molecular framework, i.e., Cs, C4, C7 and C8. At the expense of the bonding inter-
action, however, the bond orders between C1 and C6, and C2 and C5 decrease to effect
concomitant cleavage of these bonds as seen from the orbital construction of the
20th and 26th unoccupied MO's. Thus it is expected that the photochemical valence
isomerization represented by Eq. 2 might take place in the excited state configura-
tions in which the [2+2] cycloaddition could be induced. Since the starting mate-

rial and the product are structurally degenerate, it is possible that we could not
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have observed the net reaction. The overwhelming numbers of examples of the intra-

2-6)

molecular photocycloaddition in other dienes can be reasoned in terms of poorer

mixing of the o- and m-orbitals because of lower symmetry in these dienes and/or
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Figure. The construction diagram of the higher occupied and lower
unoccupied MINDO/2 molecular orbitals of the syn-tricyclooctadiene.
Classifications S and A are due to the symmetry with respect to the
planes perpendicular to the C1C2C5C6 plane and bisecting the Clc2
and C5C6 bonds, and the Clcﬁ and CZCS bonds, respectively.
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of the violation of the Bredt rule encountered when these dienes undergo the

rearrangement corresponding to Eq. 2.

The way of dissipation of the excitation energy of the tricyclooctadiene and

detection of the possible degenerate valence isomerization by labeling technique

are under current investigation.
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