
Novel anti-[2.3](3,10)phenanthrenophane 3, prepared by the
intramolecular [2 + 2] photocycloaddition of 1,3-bis(3-vinyl-10-
phenanthryl)propane, exhibited monomer fluorescence.  This is
in a remarkable contrast with the excimer fluorescence emission
from anti-[2.3](3,9)phenanthrenophane 2 with slightly larger
overlap between phenanthrene rings than in anti-3.

Among a series of aromatic hydrocarbons, phenanthrene is
unique in its failure to give excimer fluorescence in solution at
room temperature.1 Even 1,3-diphenanthrylpropanes mainly
afford monomer fluorescence,2 on the contrary to Hirayama’s
rule.3 We have succeeded in the first observation of excimer flu-
orescence almost free from monomer fluorescence at room tem-
perature for syn-[2.2](1,6)phenanthrenophanes whose phenan-
threne rings are held almost in parallel.4 For phenanthrene, how-
ever, the relationship between the arrangement of aromatic nuclei
and fluorescence behavior has been hardly clarified, mainly due
to the difficulty in the synthesis and separation of appropriate
model compounds.  The fluorescence for anti-phenanthreno-
phanes with partially overlapped phenanthrene rings had been
unknown before our recent research on anti-[2.3](2,7)phenan-
threnophane 15 and anti-[2.3](3,9)phenanthrenophane 2,6

although Staab et al. observed excimer fluorescence from a mix-
ture of syn- and anti-[2.2](2,7)phenanthrenophanes in a fluorene
host crystal at 4.2 K.7,8 Intriguingly, even anti-2 where the two
phenanthrene rings overlap mainly at the single six-membered
ring afforded broad and structureless excimer fluorescence blue-
shifted relative to that of the syn-isomer.6 This result raised a
question what degree of overlap is essential or sufficient for the
excimer formation of phenanthrene.  In order to answer the ques-
tion, we have designed anti-[2.3](3,10)phenanthrenophane 3,
which is expected to have further small overlap than anti-2,
according to MM2 calculation.  Here, we report the preparation
and fluorescence behavior of anti-3.  

1,3-Bis(3-vinyl-10-phenanthryl)propane 4, precursor of 3,
was prepared as shown in Scheme 1.  The oxidative photocy-
clization of stilbene derivative 6 toward 7 was employed as a
key step.  The photoreaction of 4 was carried out in benzene (2
mM) using a 400-W high-pressure mercury lamp through a
Pyrex filter under a nitrogen atmosphere in the manner reported

in the literature,5,6,9 to afford a mixture of syn- and anti-3 in
42% yield.  The syn:anti-isomer ratio was determined as ca. 6:1
on the basis of the peak areas of 1H NMR spectra.  Both iso-
mers were successfully separated by repeated GPC (polystyrene
column, chloroform), and no interconversion between them was
observed at room temperature for at least several months.  

The structures of syn- and anti-3 were determined mainly
by 1H NMR spectroscopy in a manner similar to 2.10 In syn-3,
only eight sets of aromatic proton peaks were observed and
generally high-field shifted compared to those of precursor 4.
The two methine protons of the cyclobutane ring appeared as an
equivalent peak.  These results apparently indicate the syn-con-
formation where the two chromophores are well overlapped.
The configuration of cyclobutane ring was determined as
depicted in Scheme 1 on the basis of an NOESY experiment;11

NOE interaction was detected between the cyclobutane methyl-
ene protons and H4 protons of the phenanthrene ring.  

In the 1H NMR spectrum of anti-3, sixteen peaks for aro-
matic protons and two peaks for the methine protons were
observed, suggesting a lower symmetrical structure.  Among
the aromatic protons, H1, H2, and H4 are high-field shifted rel-
ative to 4, while H5–9 are hardly shifted.  Especially, the H2 (δ
5.75, 6.13) and H1 protons (δ 6.28, 6.34) in anti-3 resonate at
much higher fields than those in syn-3 (H2: δ 6.67; H1: δ 7.42),
indicating that these protons are located above the opposite
phenanthrene ring.  On the contrary, the H4 protons (δ 8.15,
8.48) of anti-3 are resonated at lower fields than those in syn-3
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(δ 7.88), though higher fields than those in 4 (δ 8.67).  Thus,
the H4 protons of anti-3 suffer from much less shielding effect
by the opposite phenanthrene ring than H1 and H2.  These
observations are rather different from those for anti-2, where
the H4 as well as H1 and H10 resonates at high fields relative to
syn-2 and the two phenanthrene rings overlap mainly at the sin-
gle six-membered ring on the cyclobutane side.  These results
obviously indicate that anti-3 possesses a less overlapped struc-
ture than anti-2; the overlap in anti-3 is only about half of the
six-membered ring on the cyclobutane side.  Although single
crystals suitable for X-ray crystallographic analysis have not
been obtained, MM2 calculations demonstrated such overlap
between the two phenanthrene rings, which are arranged almost
in parallel with a distance of ca. 3.5 Å.12

The absorption spectra of syn- and anti-3 in cyclohexane
exhibited considerable broadening and a red shift relative to
that of phenanthrene, though their shapes were rather different
from each other.13

The fluorescence spectra of syn- and anti-3 were measured
upon 280 nm excitation in cyclohexane at room temperature
(Figure 1).  The spectrum of syn-3 is composed of a broad
structureless and red-shifted emission with a maximum at 420
nm similar to syn-2, though weak emission is also observed
around 370 nm.  This broad emission is reasonably assignable
to the excimer fluorescence, as in the other cases.4–6 The latter
weak emission is probably due to photodecomposition prod-
ucts, since the relative intensity increased with repeated meas-
urements.  On the other hand, anti-3 affords vibrational struc-
tures characteristic of monomer fluorescence, which shows the
mirror image of the longest absorption band.  Although the con-
tribution of excimer fluorescence cannot be completely exclud-
ed, it is reasonable to assume that the observed emission is
derived predominantly from monomer fluorescence.  This
behavior is in a remarkable contrast with that in anti-2, which
afforded distinct excimer fluorescence without vibrational
structures.  Such difference is apparently ascribed to the slight

difference in the extent of overlap between anti-3 and anti-2.
Therefore, it is definitely concluded that the excimer formation
of phenanthrene requires at least the overlap at one six-mem-
bered ring of two phenanthrene nuclei, provided that they are
arranged almost in parallel with a distance of ca. 3.5 Å.  

In summary, novel anti-[2.3](3,10)phenanthrenophane 3
was prepared by the intramolecular [2 + 2] photocycloaddition
of 4 and successfully isolated from the syn-isomer.
Intriguingly, anti-3 exhibited monomer-like emission due to the
smaller overlap between phenanthrene rings than in anti-2.  
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