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N . A .  VUI.oOSH I N ,  N . V . VULBUSHKiI, , N . S . THC)F I M O V A ,  

N.E. SHELEPIN and V . I .  MINK.lN 

I n s t i t u t e  o f  P h y s i c a l  and Urgan ic  Chemis t ry  o f  

Ros tov  S t a t e  U n i v e r s i t y ,  E2ost.ov-on-I)on. R u s s i a  

A b s t r a c t  A ser ies  of  n o v e l  s p i r o b e n z o p y r a n s  
I-ont.aini.ng t h e  f l u o r e s c e n t ,  l a b e l ,  3 . 5 - d i p h e n y l  
p y r a z o l i - n e  s u b s t . i t . u e n t ,  5n t h e  p o s i t i o n  ‘ i  of’ t .he  ZH- 
clironiene fragment .  h a s  been p r e p a r e d  . The compounds 
d i . sp l ay  hi.gh e f f i c i e n c i e s  of  t h e  f l u o r e s c e n c e  (4tjCl- 
430  n m )  and  have  a p o t e n t i a l  f(;r a p p l i c a t i o n  as  
r i e g a t i v e  1.uminescent materials f o r  o p t i c a l  s t o r a g e .  

Tcl eiihance t h e  l i g t s e n s i t i v i t y  of t h e  p h o t o r e s p o n s i b l e  

inaterial, l umi -nescen t  method of  t h e  n o n d e s t r u c t i v e  r e a d i n g  

of  the o p t i c a l  informat , i .on may b e  e f f i c i e n t l y  used  i n  t h e  

case of one  of t h e  i n t e r c o n v e r t i n g  fo rms  p o s s e s s e s  

l u m i n e s c e n t  p r o p e r t i e s :  A B .  The h i g h e r  are  quantum 

e f f i c i e n c i e s  (9,) of  t h e  p h o t n r e a c t i o n ,  o f  l u m i n e s c e n c e  

(9,) of t h e  pho to i somer  B and  t h e  h i g h e r  i s  i t s  

a b s o r b a n c e  on t h e  w a v e l e n g t h  o f  t he  luminescence  e x c i t a t i o n  

s p e c t r u m ,  t h e  h i g h e r  i s  t h e  s e n s i t i v i t y  t o  l i g h t  of t h e  

pho tochromic  material .  

I n d u l i n e  s p i r o b e n z o p y r a n s  p roved  t o  be p r o m i s i n g  

phot,ochromic s y s t e m s  w i t h  t h e  l u m i n e s c e n t  t y p e  o f  r e a d i n g  

due  t o  long-wave f l u o r e s c e n c e  o f  t h e  pho tomerocyan ine  
i s o m e r s  , b u t  t h e  drawback o f  s u c h  a system i s  a rather 

low quantum e f f i c i e n c y  of  t h e  f l u o r e s c e n c e  ( 0 ,  0 1 - 0 , l )  due  

t o  f a s t  d e a c t i v a t i o n  o f  t h e  p r o p e r  e x c i t e d  s t a t e  c a u s e d  by 

the  s t e r e o i s o m e r i z a t i o n  o f  t h e  merocyan ines .  

i - 2  

The a l t e r n a t i v e  a p p r o a c h  t o  t h e  pho tochromic  s y s t e m s  
w i t h  l u m i n e s c e n t  r e a d i n g  would b e  p o s s i - b l e  i f  t he  i n c r e a s e  

i n  u s u a l l y  v e r y  low quantum e f f i c i e n c y  o f  f l u o r e s c e n c e  of  

41 
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42 N.A. VOLOSHIN ET AL. 

t h e  r i n g - c l o s e d  forrns A c o u l d  b e  a t t a i n e d .  We a d d r e s s e d  
t h i s  problem by a s y n t h e t i c  d e s i g n  o f  n a v e  1 

s p i r o b e n z o p y r a n s  1 - V  c o n t a i n i n g  the f l u o r e s c e n t  l a b e l ,  

namely ,  3 , 4 - d i p h e n y l p y r a z o l i n e  m o i e t y ,  a t t a c h e d  t o  t h e  ZH- 
chromene f r a g m e n t .  

A ser ies  of  t h e  s p i r o b e n z o p y r a n s  based  on d i f f e r e n t  

h e t e r o c y c l i c  f r a g m e n t s  w i t h  t h e  2H-chromene m o i e t y  

c o n t a i n i n g  3 , 5 - d i p h e n y l p y r a z o l i n e  s u b s t i t u e n t  i n  t h e  

p o s i t i o n  7 have  been  p r e p a r e d .  

T h e  key p r e c u r s o r  for t h e  s y n t h e s i s  o f  compounds I - V  
i s  3 , 5 - d i p h e n y l - l - (  3-hydroxy-4-formyl)-2--pyrazoline which  

has been  p r e p a r e d  t h r o u g h  t h e  sequence  of  r e a c t i o n s ,  

s t a r t i n g  from t h e  c o n d e n s a t i o n  o f  t he  m-methoxyphenyl- 

h y d r a z i n e  w i t h  c h a l c o n e ,  f o r m y l a t i o n  of t h e  p r o d u c t  of  t h e  

c o n d e n s a t i o n  by UMFA+PUC19 and  s u b s e q u e n t  d e m e t h y l a t i o n  

w i t h  A1C19 .  S p i r o p y r a n s  I - V  were t h e n  p r e p a r e d  by c o u p l i n g  

of h y d r o x y f o r m y l p y r a z o l i n e  w i t h  r e s p e c t i v e  m e t h y l e n e  b a s e s  

( i n d o l i n e )  or of 2 - a l k y l  s u b s t i t u t e d  b e n z o f u r i l i u m  or benzo  

( n a p h t o ) p y r i l i u m  p e r c h l o r a t e s .  

n. I 
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LUMINESCENT LABLE IN THE 2H-CHROMENE FRAGMENT 43 

Spectral arid p h c ~ t o c h e m i c a l  i n v e s t i g a t i o n  of  t h e  

crjnlpourids I - V  w e r e  c a r r i e d  o u t  i n  PMMA f i l m s .  T y p i c a l  

a b s c ~ r p t i o n  arid f l u o r e s c e n c e  s p e c t r a  a l o n g  w i t h  spec t rum o f  

e x c i t a t i o n  of f l u o r e s c e n c e  f o r  compound 111 i s  shown i n  

F i g d r e  1 .  

1.0 
3 4 

300 400 500 

FIGURE 1 A b s o r p t i o n  ( 1 ) , e x c i t a t i o n  of  f l u o r e s c e n c e  
( 2 ) ,  l uminescence  (3) s p e c t r a  o f  t h e  form A .  

A b s o r p t i o n  s p e c t r u m  of  t h e  form B ( 4 ) .  ( F o r  

t he  coinpound I I I ) . 

The p e c u l i a r  f e a t u r e  of t he  spectral  b e h a v i o u r  o f  t h e  

compound 111 i s  t h a t  t h e  spec t rum of e x c i t a t i o n  of 

f l u o r e s c e n c e  i s  long-wave s h i f t e d  compared t o  t h e  

a b s o r p t i o n  spec t rum.  I t  i s  e x p l a i n e d  by t h e  c o m p l i c a t e d  

n a t u r e  of t h e  long-wave leng th  a b s o r p t i o n  band of  111, 
o r i g i n a t e d  from two e l e c t r o n i c  t r a n s i t i o n s  l o c a l i z e d  a t  
d i f f e r e n t  p a r t s  of t h e  m o l e c u l e .  The f i r s t  o f  them i s  

a s s o c i a t e d  w i t h  t h e  ZH-chromene moiete (maximum 35U nm),  

whereas  t h e  second one  relates t o  t h e  p y r a z o l i n e  f r a g m e n t .  

Quantum y i e l d s  o f  t h e  f l u o r e s c e n c e  4 for the  s t r u c t u r e s  
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44 N.A. VOLOSHIN ET AL. 

1-V are h i g h e r  by 3 - 4  o r d e r s  8, f o r  s p i r o p y r a n s  w i t h o u t  t h e  

l u m i n e s c e n t  l a b l e ,  Exci ta t iu t -1  i n  t h e  a b s o r p t i o n  biiiid of  t h e  

e 1 i: c t. r' (x i  i c t ran s i t. i on 1 oca 1 i zed cin f r a g  men t. 
( : . < 2 3 6 5  r i m )  l e a d s  t o  the r i n g - o p e n i n g  r e a c t i n  u s u a l  f o r  

sp i I op y ran s r e su 1 t i ng i n  t h e  n on f 3 u o r e s c e n t  

nlerocyariine isomer a b s o r b i n g  i n  t h e  r e g i ~ n  of 6OU-'iOO nm. 

T11c f luurrscent i n t e n c i . t y  o f  the s p i r o p y r a n s  e x p o n e n t i a l l y  

d ~ c L e i r s e s  wiT.h t l i e  p h n t o t r a n S f o r i n a t i u n  depend ing  on t h e  

i i . 1  a d i a t i o n  t . i i w .  'I'lie rat.e c)E r e c o r d i n g  of  t h e  o p t i c a l  

i n f c ~ r m a t , i c ~ n  is  a n  o r d e r  of  inaqnit.ude h i g h e r  t h a n  t h a t  of  

Lt-ie lu inint=scent  inatireal based  on t h e  d i m e r i z a t i o n  of  

t i r i t l i racene.  T h e  p h o t o r e a c t . i o n ,  however ,  p r o c e e d s  w i t h  v e r y  

lvng y i e l d  when be ing  i n i t i a t e d  by i l l u i n i n a t i o n  a t  t h e  t a i l  

IJf the e x c i t a t , i o n  of f l u o r e s c e n t  band (4211-43U nm) .  

t. he c hr omen e 

f orina t i on 13 f 

' T l l i s  e n a b l e s  one  t o  c a r r y  out .  p r a c t , i c a l l y  lion 

dest . ruc: t . ive i n f o r m a t i o n  r e a d i n g  by means of r e g i s t r a t i o n  of 

f l u o r e s c e n c e  of s p i r o p y r a n s  A n o t  p h o t o c o n v e r t e d  t o  B .  

R e s t o r i n g  t h e  a b s o r p t i o n  and  f l u o r e s c e n t  spectra of  t h e  

i n i t i a l  s p i r o p y r a n  form i n  PMMA ( e r a s i n g  of  t h e  
i n f o r m a t i o n  ) may be a c h i e v e d  by b o t h  i r r a d i a t i o n  w i t h  

v i s i b l e  l i g h t  and  by h e a t i n g  t h e  f i l m  t o  '70-8U3 C .  

R e s t o r i n g  of  t he  i n i t i a l  form A i s  n o t  f u l l  d u e  t o  t h e  s i d e  

i r r e v e r s i b l e  p h o t o p r o c e s s ,  b u t  c a n  be r e p e a t e d l y  c a r r i e d  

i3L1 t> . 

1 .  D . A .  P a r t h e n o p o u l o s ,  P.M. R e n t z e p i s ,  , u, 845 

2 .  R . S .  B e c k e r ,  E .  Dolan, D . E .  B a l k e ,  J. Chmn. P u ,  50, 
(1989). 

239 ( 1 9 6 9 ) .  
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