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Abstract : The synthesis of new coloured anthryloxymethanes is described ; they are reversibly
transformed upon irradiation into their colourless photocyclomers. Their high photorcactivity,
accompanied by a weak tluorescence and short singlet excited lifetimes, originates in the great
flexibility of the OCH2O spacer.

Irradiation of yellow 9,9°- linked bisanthracenes (I) is usually accompanied by a blue shift
(< 400 nm— 300 nm) of the absorption spectrum of the starting material due to the saturation of the
anthracene central ring in the photoproduct as shown in scheme 1. The colourless photocycloisomer
(‘intramolecular photodimer’) (II) can be dissociated into the open form (I) upon heating or irradiation at
wave lengths shorter than 300 nm.1.2

As the process was found to be reversible and can be repeated several times, bisanthracenes display
concentration independent photochromic properties (within a concentration range not allowing intermolecular

reactions).
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It has been shown that the dynamic properties of the spacer Y strongly affect the photochemical behaviour of
the bisanthracenes and short chains (Y bearing 1 to 4 atoms), in which a minimum of conformational
transitions is necessary, were found to significantly improve the closure efficiency.34 Related to this, the
highest photocyclomerization quantum yield (o = 0.36) was recently obtained in our laboratory for Y =
OCH>0 and Z = H (compound I}), and for a reaction exclusively controlled by the singlet state.4 However,
the poor solubility of I} in organic media is a drawback for its potential application to information storage.
Therefore, to improve the solubility in organic media, without affecting strongly the reactivity, we designed
10,10’- substituted (Iy,) derivatives. In this letter, we describe the synthesis of these new bisanthracenes and

report on their photochemical properties in various solvents.
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Syntheses :
The synthesis of the parent molecule has already been reported.# The compounds I, were prepared

according to an improved procedure outlined in scheme 2,

CaCO3 KOH, CHoCly
—_—— —
ROH / 80°C Et4NHSO4 n
Bf 'H 4 min RJ H 18 h/RT
11X v

The key intermediate 9- bromoanthrone III, which was obtained from anthrone as described in ref 5, readily
reacts with the alcohols ROH in the presence of CaCO3 at 80°C leading to the corresponding
alkoxyanthrones (IV). The latter were transformed into I;, using KOH (or LiOH for I4) pellets in suspension
in CH,Cl, with Et4yNHSO4 as a Phase Transfer Catalyst at room temperature (Dehmlow procedure®).
Compounds I, were isolated as yellow solids, and were found to be more soluble in the usual organic
solvents than the parent molecule I;. The new compounds were characterized by the usual spectrometric

techniques and gave satisfactory elemental analyses.’

Photochemical properties :

The substitution on the meso positions by alkoxy groups shifts (by = 15 nm) the UV absorption in the
visible range and gives bright yellow materials, whereas for n=1, paler yellow crystals were obtained (I, I3
and I4 display similar UV spectra).

I Fig.1:

II \ left : UV absorption spectra of I} (—),

H IR ! \\ Iy (....) and the photocycloisomer II; (zeeex)
104 | L \ (Methylcyclohexane, RT, ¢ = 10-4M), Iip
Rk y ¥ i \ display spectra similar to IIy,

\ right : Fluorescence emission spectum of I
t \ (- - -) (Methylcyclohexane, RT, ¢ = 10-4M,

\ Aexc 370 nm). I3 and 14 display similar
Y S spectra.
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Irradiation of I, (A > 320 nm) in fluid solution gives the colourless photocyclomers I, (see Fig.1) in
quantitative yield and with a very high efficiency (Table 1). A significant enhancement of the reactivity is
observed in methanol (for n=1, 2 and 3) compared with MCH (Methylcyclohexane), whereas the introduction
of bulky alkoxy groups at the 10 position decreases, as expected, the reactivity. For CH30H and to a lesser
extent CH3CN, a provisional hypothesis to explain this unexpected polar effect for a cycloaddition between
two identical halves, is that the solvent can be envisioned to induce specific folded conformations which are

geometrically favourable to the photocycloaddition process.
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Compounds | Solvent Or oF T (ns) Onr a
(1-9r)
MCH 0.38 0.040 04 0.96 0.39
Il CH3CN 043 0.003 * 0.99 0.43
MeOH 0.54 0.005 * 0.99 0.54
MCH 0.33 0.070 1.2 0.93 0.35
I2 CH3CN 0.31 0.002 * 0.99 0.31
MeOH 0.42 0.007 <0.3 0.99 0.42
MCH 0.24 0.113 1.6 0.89 0.27
I3 CH3CN 0.22 0.003 * 0.99 0.22
MeOH 0.27 0.008 <03 0.99 0.27
MCH 0.21 0.110 1.6 0.89 0.24
14 CH3CN 0.17 0.003 * 0.99 0.17
MeOH 0.19 0.007 <03 0.99 0.19

* Lifetimes (too short) could not be determined with our equipment.
Table 1 : Quantum yields of photocycloisomerization (pr, 366nm), fluorescence emission (¢p) and
nonradiative deactivation of I, at room temperature. Fluorescence lifetimes (1) were measured using the
single photon timing technique.4 o is the partition coefficient derived from ¢r = o Oy

As mentioned in Table 1, the fluorescence intensity emissions are weak and the fluorescence lifetimes
very short, underlining the remarkable efficiency of the nonradiative deactivation channels of the excited
state. No excimer contribution was detected under our conditions, the structured fluorescence emission
spectra of I, being similar to that of a diluted solution of 9,10- dimethoxyanthracene and the fluorescence
decays are singly exponential. These results reflect well the high reactivity of the bichromophores towards the
photocyclomers II;,.

E Fig. 2 :
4 Simplified energy profile (not scaled) for the
51 singlet state (S) deactivation of compounds I;. o
funnel denotes the partition coefficient and d (A...A) the
1-a « distance between the meso carbons of the two

fluor. o > anthracene rings. This calculation is valid only if
internal conversion and intersystem crossing are
So negligible as observed for other bisanthracenes.34
I

Assuming, as proposed for other symmetrical bisanthracenes bearing short links,3 that intersystem crossing is
a minor deactivation channel, the nonradiative pathway ( ¢;; = 1- ¢ g) could be essentially assigned to

intramolecular interactions between the aromatic moieties on the route to the photoproduct II,,. As the
reaction quantum yields ( $r) are lower than ¢y, this could indicate, according to Michl’s model,8 the

efficiency with which the ‘biradicaloid” intermediate in the funnel can generate the cycloadduct. The absence
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of excimer fluorescence could be attributed to a high degree of symmetry in the intramolecular complex (kg
being low 9 ) together with an efficient reactivity. The partition coefficients are in the range of those already
found for other bisanthracenes 3.4, and strongly suggest the role of the substituent size on the ultimate
photochemical step.

The photocyclomers II, smoothly revert to the open form upon irradiation at 270 nm (¢giss = 0.1 - 0.2) or
upon heating. However, if several ‘cycles : closure at 366 nm followed by thermal opening’ could be
performed without any apparent damage to the material, consecutive light monitored cyclomerization -
dissociation steps are accompanied by some degradation 2 of I,. This degradation is likely to originate in an
homolytic & - scission (ROAO- ++CH,0AOR) as suggested by CIDNP. 12

These molecules are interesting models for improving our understanding of the mechanism of
photodimerization, in particular the intriguing influence of solvent polarity.!3 This point is under current
investigation.
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