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EFFECT OF ARYL SUBSTITUENTS ON THE RATE
OF DARK DECOLORIZATION OF PHOTOCHROMIC
SPIROCHROMENES OF THE INDOLINE SERIES

M. A. Gal'bershtam, N. M. Przhiyalgovskaya, UDC 541.145:547.752'814.1.07:543.422.6
N. P. Samoilova, E. V. Braude,
I. B. Lazarenko, and N. N, Suvorov

The introduction of aryl substituents in the 3' and 7 positions of the indoline spirochromene molecule
gives rise to a certain amount of slowing down of dark decolorization in toluene and dioxane; simi-
lar changes in the 5', 6, and 8 positions do not change the rate appreciably.

It is necessary to know the principles that link the structures of compounds with their photochromic
properties for the directed creation of photochromic materials. These principles are presently being studied
intensively in the case of a number of indoline spirochromenes, the most promising class of photochromic sub-~
stances.

We have previously established that the introduction of aryl substituents in the 5' and 6-8 positions of the
spirochromene molecule leads to a bathochromic shift of the absorption band of the photomerocyanine to the
visible region [1-3], whereas the introduction of aryl substituents in place of methyl substituents in the 3' posi~
tion does not give rise to substantial speectral changes {4, 5]. It seemed of interest to ascertain how the indica~
ted structural changes would affect such an important characteristic of the photochromic behavior of the spiro~
chromene as the rate constant for dark decolorization. In addition to a direct evaluation of the lifetime of the
photocolored form, a study of the kinetics of the dark reaction also makes it possible to evaluate the change in
the light sensitivity of the photochromic system [6] and thus to obtain an idea regarding the complex change in
the spectral and kinetic parameters of the photochromic material as the structure of the spirochromene changes.

With this in mind, we measured the rate constants and activation parameters of the dark decolorization of
photocolored solutions of 15 indoline spirochromenes containing a phenyl or p-methoxyphenyl substituent in
various positions. In most of the investigated cases we observed good compliance of the investigated reaction
with a first-order kinetic equation: The scatter in the rate constants for individual points of the kinetic curve
did not exceed 10% up to practically total completion of the decolorization reaction. Dioxane and toluene, which
are usually employed for spectral-kinetic studies of spirochromenes, were used as the solvents.

The results are presented in Table 1. The rate constants that we determined for spirochromenes I and
XII agreed satisfactorily with the literature data.

A comparison of the rate constants and the activation parameters for spirochromenes I and II and III and
IV makes it possible to establish that the introduction of a phenyl substituent in the 6 and 8 positions of the
spirochromene molecule does not give rise to appreciable changes in the kinetic behavior of the photochromic
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CAccording to the data in [8], 1.68 - 1072 sec™.
dAccording to the data in [9], 3.0 - 1072 sec™.
eAccording to the data in [10], 3.9 107 sec™’.

fAccording to the data in [10], 1.3-1072 sec™.

system (at the same time, there is an appreciable bathochromic shift in the long-wave absorption band of the
photomerocyanine {1]); the introduction of a phenyl substituent in the 7 position (XVII as compared with I} gives
rise to a certain amount of slowing down of the dark reaction; we note that this is accompanied only by slight
spectral changes [2]. A comparison of the data for spirochromenes I and XI and I and XIV makes it possible to
conclude that the introduction of an aryl substituent in the 5' position of the spirochromene molecule does not
lead to a substantial change in the rate of the dark reaction.

The introduction of a bromine atom (spirochromenes V and VII, VIII and X, XI and XHI, and XIV and XV}
in the 8 position of the molecule does not slow down the reaction nor lead to a certain amount of slowing down of
the decolorization rate; a methoxy group has a similar effect (spirochromenes V and VI, VIII and IX, XI and
XII, and XIV and XV). The kinetic parameters of the spriochromenes change in an unexpected manner when aryl
substituents are introduced in place of the methyl group in the 3' position. Proceeding from the assumption that
the rate of dark decolorization of spirochromenes is controlled primarily by the electronic effects of the substit-
uents [7], one might have expected that this sort of structural change, which does not involve the chromophoric
chain of the merocyanine, should not have a substantial effect on the rate of dark decolorization. However, as
seen from a comparison of the kinetic parameters of spirochromenes I and V and I and VIII, replacement of the
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methyl group by an aryl group in the 3' position leads to slowing down of the dark reaction; this is evidently a
consequence of steric hindrance in the step involving trans—cis isomerization of the merocyanine, which pre-
cedes cyclization. We note that, with respect to their spectral characteristics, photomerocyanines V and VIII
do not differ from their methyl analog I [4, 5].

The kinetic data obtained in this study constitute evidence for the low sensitivity of the rate constant of
dark decolorization of photomerocyanines in nonpolar or slightly polar media to structural changes in the
molecule. This low sensitivity and the associated absence of a correlation between the rate of the dark reac-
tion in toluene and the electronic effect of the substituents have already been noted {8, 10} for spirochromenes

of the indoline series.

Thus the introduction of aryl substituents in the indoline spirochromene molecule makes it possible,
within certain limits, to modify the spectral characteristics of the merocyanine form while leaving the kinetic
characteristics relatively unchanged. This conclusion can be used for the development of photochromic compo-
sitions with predesignated properties.

EXPERIMENTAL

The measurement of the kinetics of the dark decolorization reaction and the subsequent statistical treat-
ment of the results were accomplished as described in [8]. The reliability interval of the rate constant for 909
confidence probability in most cases was 2-3% of the measured value and amounted to 10% of the measured
value only in the case of the fastest processes (1-1/2 ~ 3 sec).

The dioxane was purified by the method in [13], and the toluene was purified by the method in [14].

The synthesis of the compounds was described in [1-5].. Each kinetic experiment was repeated no less
than five times in order to increase the statistical reliability of the results.
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