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T he introduction of a ry l  substituents in the 3' and 7 positions of the indoline spiroehromene molecule 
gives r i se  to a cer ta in  amount of slowing down of dark decolorizat ion in toluene and dioxane; s imi-  
lar changes in the 5 ' ,  6, and 8 positions do not change the rate  appreciably.  

It is necessa ry  to know the principles that link the s t ruc tures  of compounds with their  photochromic 
proper t ies  for the directed creat ion of photochromic mater ia ls .  These principles are  present ly being studied 
intensively in the case  of a number of indoline sp i rochromenes ,  the most promis ing class  of photochromic sub- 
s tances.  

We have previously established that the introduction of aryl  substituents in the 5'  and 6-8 positions of the 
spi rochromene molecule leads to a bathoc hromic 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 r i se  to substantial spec t ra l  changes [4, 5]. It seemed of interest  to ascer ta in how the indica- 
ted s t ruc tura l  changes would affect such an important charac ter i s t ic  of the photochromic behavior of the sp i ro-  
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 sensit ivity of the photochromic sys tem [6] and thus to obtain an idea regarding the complex change in 
the spect ra l  and kinetic parameters  of the photochromic mater ia l  as the s t ruc ture  of the spi roehromene changes. 

With this in mind, we measured the rate  constants and activation pa ramete r s  of the dark decolorization of 
photocolored solutions of 15 indoline sp i rochromenes  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 f i r s t - o rde r  kinetic equatiml: The sca t t e r  in the ra te  constants for individual points of the kinetic curve 
did not exceed 10% up to pract ical ly  total completion of the decolorizat ion reaction.  Dioxane and toluene, which 
are usually employed for spectra l -kinet ic  studies of sp i rochromenes ,  were used as the solvents.  

The resul ts  are presented in Table 1. The rate  constants that we determined for sp i rochromenes  I and 
XII agreed sat isfactor i ly  with the l i terature data. 

A compar ison of the rate constants and the activation paramete r s  for spi rochromenes  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 
sp i rochromene molecule does not give r i se  to appreciable changes in the kinetic behavior of the photochromic 
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TABLE i.  

c h r o m e n e s  

m 
& 

o 
o 

I CH~ 

II CH3 

III CH3 

IV CH3 

V C6H 

Vt C~H 

VII C6H 
4-CI 

VIII C, 
4-CI 

IX C~ 
4-CI 

X G 

XI CHa 

XII CH3 

XII1 CH~ 

30-- CH3 XIV t4 
~O-- CFI3 XV 14 
~O-- CH~ XVI t~ 

XVII CH~ 

K i n e t i c  P a r a m e t e r s o f t h e  D a r k  D e c o l o r i z a t i o n  o f  S p i r o -  

CH~ 

R'" 

NO~ Toluene 
Dioxane 
Toluene 

NO2 Dioxane 
Toluene 

H Dioxane 
Toluene 

26H~ Dioxane 
Toluene 

'<O~ Dioxane 
Toluene 

XO~ Dioxane 
Toluene 

NO~ Dioxane 
Toluene 

NO2 Dioxane 
Toluene 

NO~ Dioxane 
Toluene 

NO~ Dioxane 
Toluene 

NO~ Dioxane 
ToIue ne 

NO~ Dioxane 
I'oluene 

NO~ Dioxane 
Toluene 

NO.~ Dioxane 
Toluene 

NO.. Dioxane 
Toluene 

NO~ Dloxane 
Toluene 

NO2 Pioxane 
t 

R" 

H 

C6H~ 

NO~ 

NO2 

H 

OCt 

Br 
aO- ~ H 

30-- )CH, 

~O- 
-I~ ~r 

{ 

)CH: 

ir 

t 

Ir 

)CH: 

-Cd- 

R ~r 

k, sec-t ,  102, at a 
temp. of, ~ 

~ or 20 
12 b 

1,80 c 3,09 d 
1,10 2,97~ 
1,53 3,17 
1,17 3,73 
2,33 3,89 
1,64 3,49 
2,15 4,14 
2.36 4,58 
0,49 1,00 
0,82 1,89 
0,33 1,19 
0,34 0,75 
0,7t 1,83 
0,67 1,35 
0,75 2,18 
0.99 1,70 
0,38 1,23 
0,37 0,69 
0,95 3,00 
0,50 1,40 
1.56 3,25 
1.0l 2,40 
0163 1,52J 
0,45 1,15 
0,60 2,07 
0,38 0,63 
2,19 5,75 
0,96 2,11 
0,47 1,63 
0,18 0.39 
0,79 1,65 
0,85 1,38 
.0,74 2,32 
0,31 0,93 

30 40 

IActi~ation 
par_ amete~ 

l < l E  <lE 

a ln  t o l u e n e .  
b in  d i o x a n e .  
C A c c o r d i n g  to  t h e  d a t a  in [8], 1.68 �9 10 -2 s e c  - t .  

d A c c o r d i n g  to t h e  d a t a  in [9], 3.0 �9 10 -2 s e c  -1. 
e A c c o r d i n g  to t he  d a t a  in [10], 3 .9  �9 10 -2 s e c  -1. 

f A c c o r d i n g  to t h e  d a t a  in [10], 1 . 3 -  10 -2 s e c  - i .  

~.24 18 01 
9167 33,8 
7,15116,11 
t0,5122,1[ 
7.63124,5 I 
8,70 14,9 I 
7,51 20,51 
12,9 26,8} 
2,79 7.18 
3.46 7,38 
3,71111,6 } 
2,80{5,48i 
4.96 13 0 
4162 9,31] 
5,45 16.31 
5,4311 u 7 I 
3,96 12.2f 
2,01 ~,121 
8 , 8 7  24 .41  
4,71[10.3] 
9,88 lb.al 
7,i4 26,9l 
5,00 12.4t 
3,78 8.881 
5,46 16.71 
2.05 7.211 
12,0 29,2 t 
9.32 25,7 
5,80 t 6.2 I 
1.03 3.32 ~: 
4,78112,7 ] 
5,50] 16,21 
7,13 16A] 
3,51 9,61 

13,2 -20,0 
20,7 5,5 
13,2 -20,2 
17,7 -4,8 
12,9 - 20,8 
13,4 -19,2 
12,3 -23.0 
14,9 -13.4 
I5,2 -I5.2 
12,7 -22,9 
20,l 1.2 
17,4 --8,4 
16,4 --10,2 
16,4 - 10.6 
t7,2 -7,4 
16,2 --10.7 
19,7 -0,2 
17,1 --9,5 
15,8 --2,4 
18,5 -3,6 
13,8 -17.8 
19,7 1.9 
17,1 --7,8 
I8,2 -4,8 
18.9 - 1,5 
18,t -6.2 
14.2 -6,6 
20,5 4.5 
20,0 I I.I 
17,5 -9,5 
16,4 --~0i6 
18,6 - - ,  
17,6 --o,J 
21.0 4.2 

s y s t e m  (at  t h e  s a m e  t i m e ,  t h e r e  is  an  a p p r e c i a b l e  b a t h o c h r o m i c  s h i f t  in t h e  l o n g - w a v e  a b s o r p t i o n  band of  t h e  

p h o t o m e r o c y a n i n e  [1]);  t he  i n t r o d u c t i o n  of  a p h e n y l  s u b s t i t u e n t  in the  7 p o s i t i o n  ( \ V I I  as  c o m p a r e d  wi th  I) g i v e s  

r i s e  to  a c e r t a i n  a m o u n t  of  s l o w i n g  down of  t he  d a r k  r e a c t i o n ;  we no te  t h a t  t h i s  i s  a c c o m p a n i e d  only by s l i g h t  

s p e c t r a l  c h a n g e s  [2]. A c o m p a r i s o n  of t he  d a t a  fo r  s p i r o c h r o m e n e s  t and XI  and I and XIV m a k e s  it  p o s s i b l e  to  
c o n c l u d e  t h a t  t h e  i n t r o d u c t i o n  of  an a r y l  s u b s t i t u e n t  in t h e  5 '  p o s i t i o n  of t he  s p i r o c h r o m e n e  m o l e c u l e  d o e s  not  

l e a d  to a s u b s t a n t i a l  c h a n g e  in t h e  r a t e  o f  t h e  d a r k  r e a c t i o n .  

T h e  i n t r o d u c t i o n  of  a b r o m i n e  a t o m  ( s p i r o c h r o m e n e s  V and VII,  VIII  and X,  XI  and XIII ,  and X W  and XV) 
in t h e  8 p o s i t i o n  o f  t h e  m o l e c u l e  d o e s  no t  s l o w  down t h e  r e a c t i o n  n o r  l e a d  to a c e r t a i n  a m o u n t  of  s l o w i n g  down of 
t he  d e c o l o r i z a t i o n  r a t e ;  a m e t h o x y  g r o u p  has  a s i m i l a r  e f f e c t  ( s p i r o c h r o m e n e s  V and VI,  VIII  and IX, XI and 
XII ,  and XtV and XV).  T h e  k i n e t i c  p a r a m e t e r s  o f  t h e  s p r i o c h r o m e n e s  c h a n g e  in an u n e x p e c t e d  m a n n e r  when  a r y l  

s u b s t i t u e n t s  a r e  i n t r o d u c e d  in p l a c e  of  t h e  m e t h y l  g r o u p  in the  3 '  p o s i t i o n .  P r o c e e d i n g  f r o m  the  a s s u m p t i o n  tha t  

t he  r a t e  o f  d a r k  d e c o l o r i z a t i o n  of  s p i r o c h r o m e n e s  is  c o n t r o l l e d  p r i m a r i l y  by the  e l e c t r o n i c  e f f e c t s  of  t he  s u b s t i t -  

u e n t s  [7], one  m i g h t  h a v e  e x p e c t e d  tha t  t h i s  s o r t  o f  s t r u c t u r a l  c h a n g e ,  w h i c h  d o e s  no t  i n v o l v e  the  c h r o m o p h o r i c  

c h a i n  of  t h e  m e r o c y a n i n e ,  s h o u l d  no t  h a v e  a s u b s t a n t i a l  e f f e c t  on t h e  r a t e  of  d a r k  d e c o l o r i z a t i o n .  H o w e v e r ,  a s  

s e e n  f r o m  a c o m p a r i s o n  of  t he  k i n e t i c  p a r a m e t e r s  of  s p i r o c h r o m e n e s  I and V and I and VIII ,  r e p l a c e m e n t  of  t h e  
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methyl group by an aryl  group in the 3' position leads to slowing down of the dark react ion;  this is evidently a 
consequence of s ter ic  hindrance in the step involving t r a n s - c i s  isomerizat ion of the merocyanine,  which p re -  
cedes cyclization. We note that, with respec t  to their  spectra l  cha rac te r i s t i c s ,  photomerocyanines V and VIII 
do not differ f rom 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 decolorizat ion of photomerocyanines in nonpolar or slightly polar media to s t ruc tura l  changes in the 
molecule. This low sensit ivity and the associated absence of a corre la t ion between the rate  of the dark r eac -  
tion in toluene and the electronic effect of the substituents have already been noted [8, 10] for sp i rochromenes  
of the indoline ser ies .  

Thus the introduction of aryl  substituents in the indoline spirochromene molecule makes it possible,  
within cer tain l imits,  to modify the spectral  charac te r i s t i cs  of the merocyanine form while leaving the kinetic 
charac te r i s t i cs  relat ively unchanged. This conclusion can be used for the development of photochromic compo- 
sitions with predesignated proper t ies .  

E X P E R I M E N T A L  

The measurement  of the kinetics of the dark decolorization reaction and the subsequent stat is t ical  t rea t -  
ment of the resul ts  were accomplished as described in [8]. The reliabili ty interval of the rate  constant for 90% 
confidence probabili ty 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  p rocesses  (~-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 t imes in order  to increase the s tat is t ical  reliabil i ty of the resul ts .  
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