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Summary: ALl compounds(I and II) photoisomerized to III and IV with $=0.3 both in air
and nitrogen while thermal reversion of III was 40 times slower than that of IV indica-
tive of strained structure of I as judged by UV and NMR spectroscopy.

In a series of study on photoreactions of anthracene derivativesl_3 we are
interested in anthracene containing cyclophanes. Since photodimerization of
anthracene derivatives brings about large changes in absorption spectrum and
refractive index, and furthermore the thermal reversion is a facile reaction,
anthracene derivatives could be candidates for reversible image recording materi-
als. A drawback is their sensitivity to photochemical oxygenation via singlet
state pathway in competition with photodimerization. The key concept for fast
photodimerization is to reduce molecular motions necessary for the bimolecular
process. If two chromophores are in fixed positions by means of cyclophane for-
mation, the excited chromophore is destined to react with its partner. However,
the mode of reaction depends on the ring size of cyclophane and the aromatic
positions which are bridged by alkyl chains.4 [2.2]1(9,10)Anthracenophane is

easily photoisomerized to give anthracene photodimer structure. Due to the
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strained ring, the isomerized form gives rise in part to ring opening polymeri-
zation on heating and therefore thermal reversion is not clean.5 [2,2](1,4)-
Anthracenophane exists in both anti- and syn-forms, the latter alone being photo-
active.6 Based on these information we examined the title cyclophanes having
different substituents on the methylene chain. These [3.3] mixed cyclophanes are
expected to be less strained than the {2.2] analogues and the relevant anthra-
cenophanes. Our initial intention of introducting substituents is to ensure good
solubility in matrix of image recording system. Now we found strong substituent
effects on the rate of reaction.

Absorption spectra of I and II are shown in Fig. 1. Spectra of other alkyl
esters of II are identical to that of II. Number of substituents on the 2 and 15
positions seem to influence interchromophore interaction. Determining factors
for absorption spectra of cyclophanes are the amount of chromophore overlapping,
the distortion of planar aromatic groups, and the separation between two aromatic
groups. Since there is no differentiation of syn and anti forms in the present
systems, the first factor is probably same for these two compounds. It has
been concluded that the non-planarity effect can not explain the large red shift
observed for cyclophanes in genera1.7'8
II resembles that between anti [2.,2](1,4)- and anti [3.3](1,4)naphthaleno-
phanesg, indicating that the present spectral difference is attributable to the

The spectral difference between I and

difference in interchromophore separation. It is unexpected to find such clear
influence of substituents when the skeltons of cyclophane are identical.

NMR Spectroscopy(360MHz in CDC13) supports the results of absorption spec-
troscopy. Although the details are subjects of a separate publication, the
protons at the 2 and 3 positions of naphthalene absorbed at §=5.55 and 5.93 ppm
for I and II, respectively, indicating stronger ring current effect for I than
for II as a result of closer approach of anthracene group to naphthalene group
in I. On the other hand, such substituent effects almost disappear after photo-
isomerization as judged by 1H NMR spectroscopy.

The difference in ring strain is expected to affect photoisomerization and
thermal reversion processes. Quantum efficiency (@) of photoisomerization is

however nearly identical for I and II as given in Table I.

Table I Photoisomerization and thermal reversion of I and II in anisole

 in N,  @inair k_; at 130°C(s"})  E_, (k/mol)
1 0.31 0.32 1.13x107° 147
11 0.28 0.26 4.88x10" % 111

Irradiation wavelength: 426.5 nm for I, 430 nm for II
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Closer approach of chromophores in I results in marginal difference in @#. As
initially expected, photoisomerization is not disturbed by air. Both I and II
are non-fluorescent suggesting photoisomerization as well as non-radiative
process are extremely rapid. Contrary to photoisomerization, thermal reversion
process of IV is more facile than that of III. The rate constant at 130°C is
about 40 times faster for IV than for III. Temperature dependence of the rate
constant for IV shown in Fig. 2 is lower than that for III by 36kJ/mol. While
photoisomerization is an activation energy free process, the activation energy of
thermal reversion process would reflect the energy differences between I and III,
and ITI and IV. Apparently, the strain in I is responsible for large activation
energy of the III 9 I thermal reversion process.

This series of compounds are promising candidates for highly sensitive
reversible photochromic materials. Besides optical density measurement, refrac-
tive index measurement would be a more sensitive detection method. For example,
the difference in molar refractance between I and III is determined as 0.0136 in
THF. Since refractance difference of 10_6 is measurable, less than 0.1% reaction
of 1 M solution of I could be detected. Furthermore, photoisomerization of I in
poly (methyl methacrylate) matrix proceeds with @=0.34 either above or below the
glass tramsition temperature of matrix resin. This is the manifestation that the
present photoisomerization accompanies very little volume change.
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Figure 2. Temperature dependence
Figure 1. Absorption spectra of the of thermal reversion process of
cyclophanes in anisole. III (®) and IV (0) in anisole.
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Experimental
Materials: Tetraethyl [3.3](1,7)naphthaleno(9,10)anthracenophane-2,2,15,15-
tetracarboxylate (I) was prepared according to literaturelo.

Di (n-butyl) ([3.3](1,4)naphthaleno(9,10)anthracenophane~2,15-dicarboxylate
(II) was derived from I as follows. Crude IT was purified on a silica gel column

i) KOH/HOC2H4OH
I y II

ii) n—C4H90H/DCC in THF

(elutant: CHC13) and then recrystallized twice from benzene/n-hexane. Y=11%.
M.p. 182.5-4.,5°C. I.R. (KBr) l725cm—l(v ). NMR: agreed. E.A. (%) Found(Calcd)
C 81.89(81.,88), H7.20(7.21).

Photoreaction: The sample solution in anisole was prepared in a 1 cm spectro-

C=0

scopic cell so that the absorbance at the irradiation wavelength was about 2.

The solution was purged with nitrogen for 25 min for reactions under anaerobic
condition. The sample solution was then irradiated with a 500 ‘W Xenon lamp
(Ushio) monochromatized by a H-20 monochrometer(Jobin-Yvon). The incident light
intensity was determined by an optical power detector (United Detector Tech. Inc.,
Type-21A) calibrated for a chemical actinometer. Decrease in absorbance was
periodically monitored by a Shimadzu UV-200 spectrometer during photoirradiation.
Thermal reversion reaction: After completion of photoisomerization, thermal
reversion reaction was followed spectroscopically in a thermostatted oil bath.

Thermal reversion was shown to follow unimolecular reaction kinetics.
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