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ON PHOTOCOLORED PRODUCT STRUCTURE OF PHOTUCHROMIC 

AZUME'I'H INES I N  SOLUTIONS AND CRYSTALS 

MlCHAEL I .  KNYAZHANSKY and ANATOLY V .  METELITSA 

I n s t i t u t e  of P h y s i c a l  and Organic  Chemistry of 

Rostov S t a t e  U n i v e r s i t y ,  Rostov-on-Don, Russ i a  

A b s t r a c t  Comparative d a t a  of t h e  e x p e r i m e n t a l  and 
quantum-chemical i n v e s t i g a t i o n s  of t h e  photochromic 
a n i l s  and model compounds l e a d  t o  t h e  conc lus ion  abou t  
unusual  " t w f s t e d "  c i s  ( w i t h  r e g a r d  t o  C 4 - b o n d )  
z w i t t e r i o n  N H - s t r u c t u r e  of pho tocy lo red  form w i t h  
n e a r l y  o r t h o g o n a l  A r - C -  and C H 4 H  -g roups .  T h i s  form 
i s  s t a b i l i z e d  k i n e t i c a l l y  by t h e  i n t e r m o l e c u l a r  
i n t e r a c t i o n s  i n  t h e  r i g i d  media and c rys t a l s .  

I" 

From t h e  most wide-spread p o i n t  of v i e w  t h e  photochromic 

p r o p e r t i e s  of t h e  molecu le s  ( I )  are  c o n d i t i o n e d  by t h e  
t h e r m o r e v e r s i b l e  p h o t o r e a c t i o n  (scheme 1) and c o l o r e d  

photoproduct  d i s p l a y i n g  t h e  a b s o r p t i o n  bands w i t h  Am-x=480 

and 540  nm h a s  t r a n s - k e t o - s t r u c t u r e  (11) w i t h  c o p l a n a r  k e t o  

and CH-NH f r agmen t s  ( w  =no, @ -0 1 . 0 6 . 2  

SCHEME 1 

From our  s t a n d p o i n t  the  c o n c l u s i o n  a b o u t  t h a t  

pho toproduc t  s t r u c t u r e  has n o t  been grounded s t r i c t l y  and 

moreover it d o e s  n o t  conform t o  some e x p e r i m e n t a l  r e s u l t s 3 .  
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316 M.I. KNYAZHANSKY AND A.V.  METELITSA 

There fo re  t h e  e x p e r i m e n t a l  and quantum-chemical 
s t u d i e s  and l i terature  d a t a  a n a l y s i s  are c a r r i e d  out. t o  

obtain a more grounded i d e a s  a b o u t  pho toco lo red  p r o d u c t  

s t r u c t u r e .  

The a c t i v a t i o n  energy of d a r k  d e c o l o r a t i o n  ( 3 0  Kj/mol)4'5 
i s  much lower t h a n  t h a t  of t r a n s - c i s  i s o m e r i s a t i o n  w i t h  

respect t o  C-C -bond (160-170 K j / m ~ l ) ~ .  T h e r e f o r e  t h e  

s u g g e s t i o n  a b o u t  t h e  t r a n s - s t r u c t u r e  of pho toproduc t  is 

d o u b t f u l .  Meanwhile, model compound ( I 1  I ) where r o t a t i o n  
around C-C -bond i s  imposs ib l e  does  n o t  show any 
photochromic p r o p e r t i e s  e i t h e r  i n  r i g i d  matrices or i n  

c r y t a l s  n o t w i t h s t a n d i n g  t h e  photochromically-favorable 
s t r u c t u r e  of last  o n e s .  

A t  t h e  same t i m e ,  compound (III), l i k e  non- 
photochromic a n i l s 6 ,  f l u o r e s c e s  w i t h  anomalous S t o k e s  S h i f t  
(ASS) under  above-mentioned c o n d i t i o n s 3  due t o  a d i a b a t i c  
p r o t o n  t r a n s f e r  (scheme 2 ) .  Hence, i n  molecule  ( I ) ,  t h e  
pho toco lo red  p r o d u c t  fo rma t ion  i s  connected n o t  on ly  w i t h  

e x c i t e d - s t a t e  i n t r a m o l e c u l a r  p r o t o n  t r a n s f e r  (ESIPT) b u t  
w i t h  A-ring r o t a t i o n  around C-C-bond i n  c o m p e t i t i o n  w i t h  
f l u o r e s c e n c e .  

On t h e  o t h e r  hand,  CNDO/S c a l c u l a t i o n s  i n d i c a t e  t h a t  
t h e  l o n g e s t  wave-length t r a n s i t i o n  i n  (11) accompanied by 

t h e  cha rge  t r a n s f e r  from A-ring o n t o  C-N -group3 i n  p l a n a r  

t r a n s -  and c i s - s t r u c t u r e s  (v' = rc or 0 )  engende r s  a b s o r p t i o n  
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PHOTOCOLORED PRODUCT STRUCTURE 317 

i n  t h e  r e g i o n  no more than  440 nm and i s  s h i f t e d  t o  t h e  r e d  

up t o  .k.=6SU nm when v i s  changed from 0 t o  n / 2 .  

T h i s  a n a l y s i s  p r e s e n t s  s t r o n g  ev idence  i n  f a v o r  of 

n e a r l y  o r t h o g o n a l  ( ip=n/2)  s t r u c t u r e  of Ar-C-fragment i n  

c o l o r e d  p r o d u c t  which a b s o r b s  i n  t h e  r e g i o n  of 480-540 nm. 

Fur the rmore ,  a c c o r d i n g  t o  CNDO/S computa t ion ,  t h i s  

s t r u c t u r e  h a s  t h e  l a r g e  d i p o l e  moment. of P ~ . , , ~  -8D which 
l e a d s  t o  t h e  " b l u e " - s h i f t  of s h o r t - l i v e d  band of c o l o r e d  

form i n  l i q u i d  s o l u t i o n s  w i t h  i n c r e a s i n g  p o l a r i t y  of 

s o l v e n t s .  

A key role i n  t h e  c o l o r e d  s t r u c t u r e  fo rma t ion  is a l s o  

played by the  i s o m e r i s a t i o n  w i t h  r e s p e c t  t o  C=N-bond. 

R e a l l y ,  i n  r i g i d  s t r u c t u r e  (V) where such i s o m e r i s a t i o n  i s  

r u l e d  o u t  b u t  t h e  r o t a t i o n  around C-C-bond i s  s t i l l  

p o s s i b l e  no s t a b l e  s t r u c t u r e  i s  formed i n  r i g i d  media and 

crystals  b u t  i n s t e a d  t h e  ESIPT t a k e s  p l a c e  r e s u l t i n g  i n  
ve ry  weak ASS-f luorescence.  

hv 
> < 

ht' 

Absorpt ion spectra of c o l o r e d  a l k y l i m i n e s  ( I ) ( R = A l k )  

p r o v i d e  a s t r o n g  b l u e  s h i f t  of  t h e  t y p i c a l  s t r u c t u r e d  

"photochromic" band when Alk i s  shor t ened  from (C2H5)llCH3 
(h-480-540 nm) t o  CH3 (A-420-440 nm)3, which may b e  due t o  

a c o p l a n a r  ( ipy=n/2)  s t r u c t u r e  s t a b i l i s a t i o n  caused by 

s te r ica l  i n t e r a c t i o n  of bulky Alk s u b s t i t u e n t  w i t h  A-ring 

i n  N H - c i s -  (+=n) s t r u c t u r e  similar t o  (11). The p o s i t i o n  

and shape of a b s o r p t i o n  bands of  c o l o r e d  p r o d u c t s  of  

compound ( I )  wh i th  R=(C2H5)11CH3 and R = A r  are p r a c t i c a l l y  

t h e  same which a l l o w s  u s  t o  a s s u m e  f o r  them similar 
s t r u c t u r e s .  
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318 M.I. KNYAZHANSKY AND A.V. METELlTSA 

O b t a i n e d  d a t a  s u g g e s t  t h a t  c o l o r e d  fo rms  of a n i l s  ( 1 )  have 

u n u s u a l  t w i s t e d  (vy-n/2,  9 = n )  NH- Z w i t t e r -  i o n  cis- ( w i t h  

r e s p e c t  t o  C-N-bond) s t r u c t u r e  r e s u l t i n g  from t h e  s te r ica l  
i n t e r a c t i o n s  o f  N-R -group and Ar-C-r ing ( A )  ( V l l ) .  

H 
-p11: 

SCHEME 4 

7 .... v 'I scous bArrier 
L 

Such s t r u c t u r e s  are s t a b i l i z e d  by i n t e r m o l e c u l a r  

i n t e r a c t i o n s  i n  r i g i d  matrices ( " v i s c o u s "  b a r r i e r j a n d  

c r y s t a l s "  '. The d i a b a t i c  f o r m a t  i o n  o f  t h i s  

w e a k l y - f l u o r e s c e n t  s t r u c t u r e  compe tes  w i t h  a d i a b a t i c  

p r o c e s s  of  t he  f l u o r e s c e n t  s t r u c t u r e  ( V I I I )  f o r m a t i o n  

( scheme 4 )  . 
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