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Excimer Fluorescence from anti-[2.3](2,7)Phenanthrenophane
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In the [2.3](2,7)phenanthrenophanes prepared by the
intramolecular [2 + 2] photocycloaddition of 1,3-bis(7-vinyl-2-
phenanthryl)propane, excimer fluorescence was observed for not
only syn- but also anri-isomer, though the maximal position of the
latter was slightly blue-shifted relative to the former.

Phenanthrene is known to give no excimer fluorescence in
contrast with other aromatic hydrocarbons such as benzene,
naphthalene, and pyrene.l In some 1,3-diphenanthrylpropanes,
the fluorescence spectra are mainly composed of monomer
fluorescence, and the contribution of excimer fluorescence is
generally small.” Recently, we have reported that
{2.2](1,6)phenanthrenophane 1 exhibited excimer fluorescence
almost free from monomer fluorescence at room temperature,
whereas [2.2](3,6)phenanthrenophane 2 gave only monomer
fluorescence.”  This spectral difference can be reasonably
explained in terms of the difference in the arrangement of the two
phenanthrene rings; they are kept almost in parallel for 1, while
arranged at the dihedral angle of ca. 40° for 2. Since both 1 and 2
are essentially syn-phenanthrenophanes, we were prompted to
examine the fluorescence of anti-phenanthrenophane where the
two phenanthrene rings are only partially overlapped. Staab et al.
synthesized [2.2](2,7)phenanthrenophane as a mixture of syn-
and anti-isomers, whose separation was not achieved.* They
observed excimer fluorescence for this mixture in a fluorene host
crystal at 4.2 K, but the fluorescence of anti-phenanthrenophane
remains unknown.” Thus, we attempted to synthesize syn- and
anti-[2.3](2,7)phenanthrenophanes 3 by the intramolecular [2 +
2] photocycloaddition of a vinylphenanthrene derivative, separate
both isomers, and examine their fluorescence behavior. In this
paper, the fluorescence of an anti-phenanthrenophane is disclosed
for the first time. ‘

The precursor of phenanthrenophane, o,w-bis(7-vinyl-2-
phenanthryl)propane 4, was prepared as shown in Scheme 1. The
photoreaction of 4, carried out in benzene (1 mM) using a 400-W
high-pressure mercury lamp through a Pyrex filter under a
nitrogen atmosphere, gave 3 in 40% yield as a mixture of syn- and
anti-isomers. The isomer ratio was determined on the basis of the
peak areas of 'H NMR spectra, and the anfi-isomer was
preferentially obtained (syn-3:anti-3 = 1:1.3). No interconversion

between both isomers was observed at room temperature for at
least several months.

The two isomers of 3 were successfully separated by the
reversed-phase HPLC. The structures of syn- and anti-3 were
mainly determined by 'H NMR spectroscopy.6 The aromatic
protons of both syn- and anti-3 are generally high-field shifted
compared with those of 3 due to the shielding effect of the
aromatic nuclei, obviously suggesting the formation of
phenanthrenophanes. In syn-3, only eight sets of aromatic proton
peaks are observed, corresponding to its symmetrical structure.
The configuration of the cyclobutane ring was determined as
depicted in Scheme 1 on the basis of NOESY experiment; NOE
interaction was detected between the cyclobutane methylene
protons and H1 protons of the phenanthrene ring.7 On the
contrary, anti-3 gives a rather complex spectrum especially in the
aromatic region due to the lower symmetry. The H4 and HS5
protons in anti-3 (8§ = 7.49-7.63) resonate at higher fields than
those in syn-3 (8 = 7.78, 7.72), since these protons are located
above the central benzene ring of the opposite phenanthrene ring.
These features apparently indicate the formation of the anti-
isomer. Although the X-ray crystallographic analysis has been
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Figure 1. Fluorescence (—; A, = 280 nm), absorption (- - ),
and fluorescence excitation (— —; Agp, =405 nm for syn-3, A,
= 395 nm for anti-3) spectra of (a) syn- and (b) anti-3 in
cyclohexane at room temperature.
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Scheme 1. Preparation of 3.

unsuccessful for both isomers, the two phenanthrene rings are
expected to be held almost in parallel according to the MM3
‘calculation.

Figure 1 shows the absorption and fluorescence spectra of
syn- and anti-3 in cyclohexane at room temperature. The
absorption spectra of syn- and anti-3 in cyclohexane exhibit
considerable broadening and red shift in comparison with that of
phenanthrene. The structural difference in both isomers, however,
1s not sufficiently reflected in their absorption spectra.

The fluorescence spectrum of syn-3 is composed of a broad
structureless emission with a maximum at 405 nm. This
fluorescence, similar to that observed for 1, can be assigned as
excimer fluorescence. Interestingly, anti-3 also exhibits a similar
broad emission, though the maximal position (395 nm) is slightly
blue-shifted relative to syn-3. It is also reasonable to interpret this
emission as excimer fluorescence instead of monomer
fluorescence. The blue shift in anti-3 is ascribed to the less
stability in the excimer of anti-3 due to the smaller overlap of the
two aromatic rings. The fluorescence excitation spectra of 3 are
in good agreement with the corresponding absorption spectra,
indicating that the observed fluorescence undoubtedly results
from each compound.

In conclusion, we could prepare syn- and anti-
[2.3](2,7)phenanthrenophanes by the intramolecular [2 + 2]
photocycloaddition and separate both isomers. It was first proved
that, when the two phenanthrene rings are arranged almost in
parallel, not only the syn- but also anti-isomer can afford excimer

fluorescence, though the A, depends on their arrangement.
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