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Three new bisanthracenes (1±3) incorporating one or two nitrogen atoms in the linkage exibit low photoreactivity

towards intramolecular dimerization which is assigned to an intramolecular electron-transfer from the amino group

towards the excited anthracene, and to the poor flexibility of the chain tethering the chromophores.

Non-conjugated bisaromatic systems joined by a ¯exible
linker are of interest to study, at low concentrations, inter-
actions between chromophores.1 In this context, bisanthra-
cenes have been investigated because they display, in
addition to photodimerization and photochromic properties,
a dual ¯uorescence emission of excimer and monomer-type
in the visible range.2

It has been shown that oxygen atoms bring conforma-
tional mobility to the chain tethering the anthracenes and
facilitate the intramolecular interaction and thus photo-
cycloaddition.3 The highest reactivity has been registered
with the three-membered acetal3 sequence in agreement with
Hirayama rules.4 Such an in¯uence of the chain on the
photoreactivity of bisanthracenes encouraged us to inspect
systems incorporating nitrogen atoms in the linkage, in
order to delineate the role of heteroatoms in the photo-
physics under both neutral and acidic conditions.
In this short paper we report on the syntheses of new

bisanthracenes (1±3), which incorporate one or two nitro-
gens in the chain, and on some of their photochemical
and spectroscopic properties. The two secondary amine
intermediates (4 and 5) in the preparation of 1±3 were used
as reference monochromophoric materials for the spectro-
scopic studies.

A9-�CH2-NH-CH2�2-A9 �1�; �A9-CH2�2N-CH2-Ph �2�;
�A9-CH2�2N-CH3 �3�; A9-CH2-NH-CH3 �4�;
A9-CH2-NH-CH2Ph �5� �A9 � 9-anthryl�

The compounds were prepared by reduction of the corre-
sponding imines, which were obtained by condensation of
9-anthraldehyde and the appropriate amines (Scheme 1).
The new products were puri®ed by chromatography on

silica gel and/or recrystallization from various solvents.
The chemical yields, not optimized, ranged from 12 to
45%. The structures of 1±5 were fully established by the
usual spectrometric techniques and elemental analysis (see
Experimental section).
The electronic absorption spectra of compounds 1±5 were

recorded, at room temperature, in cyclohexane and aceto-
nitrile. The spectral regions characteristic of the anthracene
chromophore5 display a structured band between 300 and
400 nm (1La band) and a higher energy transition between
220 and 300 nm (1Bb band). Some changes are discernible
both on the 1La band (redshifted by 2±3 nm) and on the 1Bb

band (redistribution of intensity of its two components) for
1±3 compared with the reference molecules (4 and 5), these
are attributed to intramolecular interactions between the
two anthracene rings. This presumably re¯ects some degree
of alignment of the chromophores in the ground state.6 In

solution, for both bi- and monochromophoric compounds,
addition of tri¯uoracetic acid to the acetonitrile solutions
induces some weak batho- and hypochromic shifts for the
1La band (the 1Bb band being masked by the absorption of
the acid).
The ¯uorescence emission spectra recorded in acetonitrile

or acetonitrile and tri¯uoroacetic acid display a structured
band assignable to the radiative deactivation of a locally
excited state species (pure anthracene-type emission, no
excimer contribution). In cyclohexane, the spectrum is dual:
in addition to the `pure anthracene-type' emission band, a
redshifted and non-structured band emerged. This emission,
which is also present for the reference materials (4 and 5),
probably proceeds from an exciplex between anthracene and
a nitrogen lone pair, and disappears upon addition of acid
to the solution (Fig. 1). The ¯uorescence quantum yields are
very weak (Table 1), especially for 1 and 2 in acetonitrile,
where the exciplex band is absent (the polar solvent
may induce an electron transfer between anthracene and
nitrogen); ¯uorescence revival is observed on the addition
of a drop of tri¯uoroacetic acid. Compound 1 behaves
similarly to bis-9-anthrylmethylamine, which has been
recently studied by Mori7 (Table 1).
When solutions of 1, 2 and 3 were irradiated (conc. ca.

10ÿ5±10ÿ6 mol dmÿ3, in degassed cyclohexane, acetonitrile
or acetonitrile and a few drops of tri¯uoroacetic acid) at
room temperature (lirrad ca. 365 nm), cyclomers 1c, 2c or
3c were formed, respectively (Scheme 2). The occurrence of
an intramolecular [4 � 4] cycloaddition was demonstrated as
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Fig. 1 Corrected fluorescence emission spectra of 1 in
cyclohexane (Ð) and acetonitrile (± ± ±) at room temperature
(lexc 370 nm, conc. ca. 10ÿ5 mol dmÿ3). Fluorescence quantum
yields, fF: 0.16 (cyclohexane) and 0.004 (acetonitrile).
In acetonitrile no clear exciplex emission band is observed
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the quantum yields (fR) did not vary with concentration.
The structure of the photoproducts was established from
their ultraviolet absorption spectra, which resemble that
of 9,10-dihydroanthracene8 without any indication of an
absorption band above 300 nm (involving a lateral ring
in a dissymmetrical photocycloaddition2). The colourless
photoproducts, stable at room temperature, are thermally
degraded at T>100 88C to give back the starting (deep
yellow) bisanthracenes. The photocycloaddition quantum
yields are very low (they do not exceed 0.08). This very low
reactivity could be related to the poor ¯exibility of the
azamethylenic sequence in addition to a possible electron-
transfer quenching of the reactive excited state (DGET could
be estimated10 and 00.4 eV). Although an enhancement of
¯uorescence intensity was recorded for 1 and 2 under acidic
conditions (acetonitrile), the reaction e�ciency was not
signi®cantly improved (measurements were repeated several
times), contrary to data reported by Mori7 for bisanthryl-
methylamine (in that case, a molecular folding owing to

hydrophobic e�ects cannot be excluded since the exper-
iments were carried out in aqueous ethanol).
This study underlines the poor ¯exibility of the amino

chains incorporated in compounds 1, 2 and 3 compared
with ±OCH2O±, ±CH2OCH2± or ±CH2CH2CH2± sequences
which produce photocyclomers in higher quantum yields.2

However, their conformational mobility is apparently
greater than that displayed by the ±Si(CH3)2±Si(CH3)2±
(fR=0.22) linkage,9 for which even poorer quantum yields
have been recorded.

We are indebted to Professor Henri Bouas-Laurent and
Dr Dario Bassani for helpful discussions.
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Table 1 Quantum yields of fluorescence (fF) and cyclomerization (fR) of compounds 1±5 in various
solvents, at room temperature

Cyclohexane Acetonitrile Acetonitrile/acid

Compounds fF fR
a fF fR fF fR

A9±(CH2±NH±CH2)2±A9 (1) 0.163 0.03 0.004 0.02 0.22 0.02
(383 nm)b (388 nm)b

(A9±CH2)2N±CH2±Ph (2) 0.094 0.05 0.004 0.07 0.031 0.08
(390 nm)b (394 nm)b

(A9±CH2)2N±CH3 (3) 0.026 0.05 0.018 0.06 0.012 0.03
(387 nm)b (392 nm)b

A9±CH2±NH±CH3 (4) 0.096 ±c 0.019 ±c 0.44 ±c

A9±CH2±NH±CH2Ph (5) 0.090 ±c 0.020 ±c 0.40 ±c

A9±CH2±NH±CH2±A9 (Ref. 7) 0.16d 0.17d 0.015 0.05 0.53e 0.28e

aFor comparison, some other bisanthracenes were found to give in methylcyclohexane (MCH) the
following �R: ±OCH2O± (0.36);2 ±CH2OCH2± (0.32),2 ±(CH2)3± (0.14),2 ±(CH2)4± (0.06),2

±Si(CH3)2±CH2±Si(CH3)2± (0.02).9 b�max For the 1La band (electronic absorption spectrum). cIrradiation
gave the classical intermolecular (9,9',10,10')-photodimers. dIn MCH. eIn HCl/EtOH±H2O.

Scheme 1

Scheme 2
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