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5H,13H-5,13a-[1’,2'|Benzenocyclopenta[rst]pentaphen-13-one:
A New Triptycene Derivative with a Strained Structure
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The title compound, a new anthracene-containing triptycene
derivative, was synthesized. The crystal structure shows its
strained configuration and intermolecular 77—7 stacking arrange-
ment. Photochemical [4 4 4] dimerization occurs easily in solu-
tion and in the solid state, even under visible-light irradiation.

The rigid three-dimensional framework of triptycene and its
derivatives has been found to confer unique properties with the
possibility of attractive applications not only in structural organ-
ic chemistry but also in supramolecular chemistry and materials
science.! Certain triptycene derivatives have been shown to be
candidates for synthetic molecular machines.> Also, 77-systems
with an anthracene structure have been the subject of much inter-
est due to their photophysical and photochemical properties, and
unique reactivities. In particular, inter- or intramolecular [4 4 4]
photodimerization of anthracene derivatives is a very useful
property for switching functions.® Several triptycene derivatives
containing anthracene have been synthesized with an emphasis
on their fluorescent properties and the construction of an extend-
ed three-dimensional rigid framework.* In the course of our stud-
ies concerning novel 7-systems with an anthracene structure,’
we prepared a new triptycene derivative with an anthracene
moiety, 5H,13H-5,13a-[1’,2'Tbenzenocyclopenta[rst]pentaphen-
13-one (1). We here report the synthesis, structure, photochem-
ical properties, and reactions of 1.

Synthesis of 1 was carried out by dehydration of the precur-
sor ketone 2, prepared from di(9-anthryl)methanone by photo-
chemical [4 + 2] cycloaddition (Scheme 1).>¢ Compound 1 is
an orange crystalline substance, and 'H and '*C NMR spectra
reflect its highly symmetrical structure.” The UV-vis spectrum
of 1 shows the typical pattern of a 9-carbonylanthracene
chromophore (Figure 1). The longest absorption maximum is
at 453 nm, which is about 70 nm longer than that of 9-acetylan-
thracene.® The coplanar arrangement of the carbonyl group
with the anthracene ring accounts for the bathochromic shift.*
A solution of 1 shows a strong fluorescence with a high quantum
yield (® = 0.62), while the precursor 2 shows weak fluores-
cence (® = 0.002). This photophysical property is ascribed to
the presence of the anthracene fluorophore in 1 and its rigid
structure.

Recrystallization of 1 from a dichloromethane—hexane mix-
ture afforded a single crystal suitable for X-ray crystallogra-
phy.”® Figure 2 shows the crystal structure of 1. The inter-arene
angles of the triptycene group are all close to 120° (118.4, 120.2,
and 121.4°). Because only one sp> carbon (C29) is connected be-
tween the bridgehead carbon (C9) and the central-ring carbon of
the anthracene moiety (C23), the bicyclo[2.2.2]octane skeleton
of the triptycene group is slightly deformed. The C9-C15 length
is 1.485(4) A, whereas that of C10-C16 is 1.539(4) A. Moreover,
the long bond length of C9-C29 (1.572(4) A) and spread angle
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Figure 1. UV-vis spectrum of 1 in CH,Cl,. Inset: Emission
spectrum of 1 in CH,Cl,.

Figure 2. Molecular structure of 1. a) Side view; b) view along
the C9—C10 axis; c) crystal packing viewed along the b-axis.

of C9-C29-C23 (128.1(3)°) indicate the strained structure of
1. In the crystal, stacking of the anthracene planes is observed;
two molecules face each other in head-to-tail manner (Figure
2c). The shortest distance between two anthracene planes
is 3.42A.

Compound 1 is thermally stable (mp 324 °C), but it possess-
es unique photoreactivity. A photochemical [4 + 4] cycloaddi-
tion reaction proceeded gradually when a chloroform solution
of 1 was allowed to stand in sunlight; after several days,
colorless crystals were obtained and identified as the head-to-tail
dimer 3 (containing one chloroform molecule in the unit cell)
by X-ray crystallography.”

The cycloaddition reaction under photoirradiation was
monitored by NMR spectroscopy. A CDClj; solution of 1 was
photoirradiated using a 500-W Xenon lamp. The signal intensity
of the bridgehead proton (6 5.73) immediately decreased and
two sets of singlet signals (6 5.24/4.76 and 5.36/4.66) appeared
with a 1:1 molar ratio. One is assigned to head-to-tail dimer 3
based on data of the pure sample; therefore, the other must be
head-to-head dimer 4 (Scheme 1).!° The reaction was completed
within 30 min, and notably, proceeded even under visible light.
When irradiated with light through a 450 nm cut-off filter, 1
was completely consumed to give 3 and 4, although the reaction
time was prolonged to 3 h.

This property of photodimerization via visible-light irradia-
tion enabled us to prepare a cross-photoadduct with anthra-
cene.!! Visible-light irradiation (1 > 450 nm) of a mixture of
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Scheme 1. i) DDQ, benzene, reflux, 92%; ii) kv (500-W Xenon lamp)/CDCl3, 30 min, >99% (3:4 = 1:1); iii) hv (>450 nm), anthra-
cene (30 equiv.), benzene, 6 h, >99%; iv) 10 equiv. PhLi/THF, —78 °C, 30 min, then 0°C, 1h, 53% for 6, 26% for 7.

1 and anthracene (molar ratio 1:30) caused excitation only of 1,
and the excited state of 1 was quenched by the surrounding
anthracene to form 5 (Scheme 1).”

In contrast, photoirradiation of 1 in the solid state afforded
head-to-tail dimer 3 alone. X-ray analysis of 1 reveals that the
distances between the bond-forming carbons are both 3.772 A,
which is short enough to indicate dimerization of anthracene
in the solid state.'? Selective formation of 3 reflects the topology
of the crystal phase. The photoadducts 3, 4, and 5 underwent
thermal reversal to 1 almost quantitatively. When neat samples
of dimers 3 and 4 were heated at 200°C in the dark for
30 min, 1 was cleanly obtained.

Finally, we examined nucleophilic addition reactions of 1.
Treatment of 1 with n-BuLi afforded a complex mixture, proba-
bly due to competitive reactions caused by electron transfer. The
reaction with phenyllithium, however, gave the corresponding
alcohol 6 in 53% yield as well as the 8-phenyl substituted
derivative 7 in 26% yield (Scheme 1).” Compound 7 does not
dimerize upon irradiation either in solution or in the solid state,
probably owing to steric hindrance. X-ray analysis shows that
the intermolecular distance between the anthracene rings is
4.59 A, which is too far to undergo [4 + 4] cycloaddition.”

In conclusion, we have prepared a new anthracene-contain-
ing triptycene derivative 1 and characterized its structure and
photophysical and photochemical properties. Easy [4 + 4]
photodimerization, which can be conducted under visible light,
is the most noteworthy feature of 1; this is probably due to its
stained structure. The fluorescent properties of 1, in combination
with the property of selective cross-adduct formation with
anthracene, results in a potential switching or sensing system
with emission-based detection.
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