Tetrahedron Letteks,Vol.23,No.6,pp 671-672,1982 0040-4039/82/060671-02$03.00/0
Printed in Great Britain ©1982 Pergamon Press Ltd.

PHOTODIMERIZATION OF BENZENE
—PHOTOCHROMISM OF LAYERED DITHIACYCLOPHANE——])

Hiroyuki HIGUCHI, Kazuhiro TAKATSU, Tetsuo OTSUBO,T Yoshiteru SAKATA, and
Soichi MISUMI*
The Institute of Scientific and Industrial Research, Osaka University
Suita, Osaka 565, Japan
tDepartment of Applied Chemistry, Faculty of Engineering, Hiroshima
University, Sendamachi, Hiroshima 730, Japan

Summary: A novel cage compound was obtained by irradiation of a quadruple-
layered dithiacyclophane and showed thermally reverse reaction.

Benzene is well-known to be photochemically inert, though condensed aromatic
hydrocarbons such as anthraceneZ) and naphtha]ene3) undergo ready photodimeriza-
tion. Cyclophanes whose aromatic rings are fixed with each other at close dis-
tances often provide unusual intramolecular cyc]oadditions.4) Here we report on
a novel photodimerization of the benzene nuclei of layered dithiacyclophane 1.5)

In order to explore a new type of multilayered cyclophane, we attempted the
photodesulfurization of dithiacyclophane 1, but found that, instead, an unexpected
photoreaction took place. Thus, irradiation of 1 in dry benzene with a high
pressure mercury lamp for 8 hrs in a nitrogen atmosphere led to the formation of a
sparlingly soluble material in 83% yield, colorless fine crystals fromchloroform,
mp>300 °C(dec). It was assigned to be a polycyclic cage structure of 2 as fol-
10ws.6) The MS spectrum of 2 exhibits the completely same pattern as that of 1,
suggesting that they are isomeric with each other and thermaliy reverse reaction
takes place during the measurement. On the other hand, NMR and UV spectra of 2
are quite different from those of 1, respectively (Figs. 1 and 2}. The NMR spec-
trum of 1 has a typical feature of cyclophane, that is, the aromatic protons
absorb in very high field (6 5.67 as a singlet for the inner benzene and s 6.30
as an AZBZ multiplet for the outer benzene) due to the magnetic shielding of the
other benzene rings.7) However, spectrum of 2 demonstrates, instead of the inner
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Fig. 1. PMR spectra of 1
and 2 in CDC13(100 MHz).
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benzenoid signal, the appearance of an olefinic signal at |oge
8§ 4.53 and an allylic methine signal at & 2.08, which are
connected by a very small long-range coupling. In addi-
tion, the signals of the outer benzenoid protons are un- w0
symmetrical and at the ordinary resonance positions (& 1
6.8-6.9) of alkyl benzenes. The disappearance of the
inner benzenes of 1 on irradiation is also pointed out 2
from the UV spectral change. Although UV spectrum of 1
shows a significant bathochromic effect due to a strong

transannular wn-electronic interaction between the stacked

2,0

benzenes, that of 2 is characteristic of simple, isolated 220 280 | 300 | 340 hm
Fig. 2. UV spectra of 1
benzene chromophores. These data strongly support that and 2 in CHpC1,.

the two inner benzenes of 1 undergo an intramolecular
photocycloaddition to form cage compound 2. The carbon skeleton of 2 also agrees
with 13C-NMR data consisting of eighteen signa]s.s)

Cage compound 2 was relatively stable at room temperature, but when heated at
90°C in THF, it reverted to 1 with a half-life of 30 min. and completely in 4 hrs.
Its conversion in solid state required much higher temperature (200°C).

Although such polycyclic cage compounds were previously found for syn-dimeri-
zation of naphthalene derivatives,3) the present reaction is, to our knowledge,
the first example of photodimerization of benzene nuclei. The unusual photoreac-
tion is presumably attributable to the excimer-like structure of 1, i.e.,face-to-
face stacking and close proximity of the inner benzenes. Furthermore, it should
be noted that the strain release of the [2.2]paracyclophane framework of 1 in the

valence-bond tautomerization compensates the loss of the resonance energy of the

inner benzenes.g)
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