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PHOTOCHROMIC SPIROPYRANS O F  COUMARINE SERIES  

A . V .  METELITSA, M. I .  KNYAZHANSKY, V . V .  IVANITSKY, 

O . G .  NIKOLAEVA, V . A .  PALCHKOV, A.P. P A N I N A ,  
N . E .  SHELEPIN and V . I .  M I N K I N  
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  Universi t .y  , Rostov-on-Don, Russ i a  

A b s t r a c t  Novel s p i r o p y r a n s  on t h e  b a s e  of 4-methyl- 
'7-hydroxy-6-formylcoumarine ( I )  and 7-R-4-hydroxy-3- 
formylcoumarine ( 11) are s y n t h e s i z e d .  The compounds 
( I )  and ( 1 1 )  e x h i b i t  i n  s o l u t i o n  r e s p e c t i v e l y  d i r e c t  
and i n v e r s e  photochromic r e a c t i o n .  The i n f l u e n c e  of 
t h e  h e t e r e n e  moiety and s o l v e n t  p o l a r i t y  on s p e c t r a l  
and photochromic p r o p e r t i e s  have been s t u d i e d .  The 
indo l i i i e  d e r i v a t i v e s  of ( I )  are a l s o  photochromic i n  
c r y s t a l .  

Sp i r o p y r a n s  and t h e i r  mo lecu la r  t r a n s f o r m a t i o n s  have 

a t t r a c t e d  t h e  i n t e r e s t  of pho tochemis t s  f o r  many years due 

t o  t h e i r  importance f o r  v a r i o u s  p r a c t i c a l  a p p l i c a t i o n s .  

Froin anot,her hand,  t h e  i n f l u e n c e  of t h e  s t r u c t u r e  of 

s p i r o p y r a n s  on t h e  mechanism of t h e i r  t r a n s f o r m a t i o n s  

c o n t i n u e  t o  p r o v i d e  i n t r e s t i n g  problems for b a s i c  

s c i e n t i f i c  r e sea rch ' " .  In p a r t i c u l a r ,  by  v a r i a t i o n  of t h e  

sp i ropyran  s t r u c t u r e ,  it may become p o s s i b l e  t o  p r e p a r e  

compounds w i t h  i n v e r s e  photochromism, i . e .  t h o s e  undergoing 
r e v e r s e  pho tob leach ing  and t h e r m a l  c o l o r a t i o n 3 .  With 

purpose,  t h e  s p i r o p y r a n s  of coumarine series have 

s y n t h e s i z e d  and s t u d i e d .  

Absorption s p e c t r a  w e r e  r eco rded  w i t h  a "Specord 

31 

t h i s  

been 

M4 0 " 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
25

 1
8 

Fe
br

ua
ry

 2
01

3 



38 A.V. METELITSA ET AL. 

spec t ropho tomete r  (Germany). F luo rescence  and f l u o r e s c e n c e  
e x c i t a t i o n  s p e c t r a  were measured w i t h  u s e  of  "Elumin 2M" 
s p e c t r o f l u o r i m e t e r  ( R u s s i a ) .  For r e g i s t r a t i o n  of 
r e f l e c t a n c e  spectra of  c r y s t a l l i n e  powder samples  "Specord 
M40" spec t ropho tomete r  w i t h  t h e  f a c i l i t i e s  a t t a c h e d  t o  
measu re  8O/d geometry have been used .  For i n i t i a t i o n  of t h e  
p h o t o r e a c t i o n s ,  t h e  h i g h - p r e s s u r e  H g - l a m p  w i t h  g l a s s  
l i g h t - f i l t e r s  w a s  u sed .  The e f f i c i e n c y  of p h o t o c o l o r a t i o n  
( ' i s )  w a s  determined as t a n g e n t  of t h e  s l o p e  of t h e  

p h o t o c o l o r a t i o n  c u r v e  U(~m,x)/Dmpx(~max)=f (tirrad) a t  t h e  

i n i t i a l  s t a g e  of p h o t o r e a c t i o n  for s p i r o p y r a n s  under  s t u d y  

by r e f e r e n c e  t o  t ha t  for t h e  s p i r o p y r a n s  ( I ) .  

B B 

EFSULTS AND D m S S I O N  

The long-wavelength bands w i t h  sharp v i b r o n i c  s t r u c t u r e  are 
observed a t  330-350 nm i n  t h e  e l e c t r o n i c  a b s o r p t i o n  spectra 
of t h e  i n i t i a l  ( A )  s p i r o p y r a n s  (I)-(VIII). The a b s o r p t i o n  

hv,A 

hv,A 
> < 

( A) 

( I )  - (VI I I) ( I x 1 - ( XVI 1 

Ri= CH3, C3H7, C.Hl3, CH2Ph; Rz= H, OH, OCH3, OCOCH, 

( V I I )  ( V I I I )  
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PHOTOCHROMIC SPIROPYRANS OF COUMARINE SERIES 39 

bands p o s i t i o n  d o e s  n o t  depend on s o l v e n t  p o l a r i t y  and 

s u b s t i t u e n t s  i n  t h e  i n d o l i n e  fragment ,  b u t  depends s l i g h t l y  

on the Z-moiety s t r u c t u r e  (A:,,= 343, 344, 345 and 349 nm 
f o r  ( V ) ,  ( V I ) ,  ( V I I )  and ( V I I I ) ,  (I)-( I V )  respect ively) .  

A l l  compounds ( I ) - ( V I I I )  e x h i b i t  d i r e c t  photochromic 

r e a c t i o n  under  i r r a d i a t i o n  (X=365 nm) of t h e  g l a s s y  

s o l u t i o n s  ( i n  t h e  m i x t u r e  i sopen tane -  i s o p r o p a n o l ,  4 : l  - 
I I P )  a t  77-250 K. The photo- and t h e r m o r e v e r s i b l e  fo rma t ion  

of the noincyclic c o l o r e d  p r o d u c t  ( B )  is  obse rved .  The 

a b s o r p t i o n  band p o s i t i o n  of t h e  c o l o r e d  form ( B )  depends 

s t r o n g l y  on t h e  t y p e  of  t h e  Z-moiety. Shor t e r -wave leng th  
a b s o r p t i o n  bands (A,,,=560-562 nm) are  e x i b i t e d  by i n d o l i n e  

d e r i v a t i v e s  ( I ) - ( I V )  and longer-wavelength bands A:,,= 602,  

620, 650, 660 nm are t y p i c a l  f o r  compounds ( V ) ,  ( V I ) ,  

( V I I ) ,  ( V I I I )  r e s p e c t i v e l y .  The g r e a t e s t  e f f i c i e n c y  of t h e  

p h o t o c o l o r a t i o n  i s  c h a r a c t e r i s t i c  of i n d o l i n e  s p i r o p y r a n s  

( I ) - ( I V )  (?j=1),9-1),  n=0,2 - f o r  compound ( V )  and t h e  lowes t  

e f f i c i e n c y  (n,<O,Ol) i s  shown by compounds ( V 1 ) - ( V I I I ) .  

Pho toproduc t s  ( B )  f l u o r e s c e  i n  s o l v e n t  a t  77 K (A,,,- 575- 

580nm). We found a l s o  t h e  compounds ( I ) - ( I V )  t o  be 

photochromic i n  crystal .  

E 

f Lu- 

The r o l e  of t h e  (Y)-moiety i n  t h e  s t u d i e d  molecu le s  i s  
d i s p l a y e d  by t h e  r e l a t i v e  s t a b i l i t y  of t h e  c o l o r e d  and 

c o l o r l e s s  forms i n  t h e  ground s t a t e .  Un l ike  s p i r o p y r a n s  

( I ) - ( V I I I ) ,  the compounds ( 1 X ) - ( X V I )  e x i s t  i n  t h e  s t a b l e  

non-cyc l i c  form ( B ) .  The e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  of 

t h e  compounds ( I X )  - ( X V I  ) are c h a r a c t e r i z e d  by t h e  

long-wavelength bands w i t h  kamaX=486-491 nm, p o s s e s i n g  v e r y  

h i g h  e x t i n c t i o n  c o e f f i c i e n t s  c=( 1 ,1 -1 ,8 )10’  1 M-icm-i. The 

p o s i t i o n s  of  t h e s e  bands do n o t  depend s t r o n g l y  on t h e  

Ri,  R2- s u b s t i t u e n t  n a t u r e  and s o l v e n t  p o l a r i t y .  

F luo rescence  i s  observed f o r  t h e  i n i t i a l  form ( B )  of all 
compounds i n  t h e  s o l u t i o n s  (kmar-506-513 nm, quantum y i e l d  
# = O ,  008-0,02 i n  t o l u e n e ,  T=295 K )  . 

Under i r r a d i a t i o n  (X-436 nm) of t h e  I I P - s o l u t i o n s  of 

compounds ( 1 X ) - ( X V I )  a t  T a 4 0  K photo- and t h e r m o r e v e r s i b l e  

pho tob leach ing  r e a c t i o n  i s  observed due t o  the c y c l i c  

f Lu- 
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40 A.V. METELITSA ET AL. 

i somer  ( A )  f o r m a t i o n .  The a b s o r p t i o n  bands  t y p i c a l  f o r  t h i s  

i somer  ( w i t h  h:ax=YSO-352 nm and v i b r o n i c  s t r u c t u r e )  

a p p e a r .  T h e r e f o r e ,  compounds ( lX)-(XVl) are p r o n e  t o  

i nve r s t;? p h o t o  c h r om i s m  . 
Along w i t h  t h e  a b s o r p t i o n  spectra t y p i c a l  f o r  

s o l u t i o n s ,  add  i. t i o n a l  l ong-wave leng th  a b s o r p t i o n  

( e x c i t a t i o n )  (h""S ' eX=536-555  nlUX nm) and  c o r r e s p o n d i n g  
f l u o r e s c e n c e  bands  (AmUX-575-585 nm) are o b s e r v e d  i n  

c r y s t a l s  of t h e  compounds (IX)-(XVI). I t  c a n  b e  c o n n e c t e d  
w i t h  t h e  s t a b i l i z a t i o n  o f  t h e  n o n c y c l i c  i somer  n o n e x i s t i n g  

i n  s o l u t i o n .  

f Lu- 

Novel s p i r o p y r a n s  on t h e  b a s e  of  4-methyl-7-hydroxy-8-  

f o r  my 1 c ouma r i n  e ( I ) 7 - R- 4 - hy d r ox y - 3 - f o r  my 1 - c ou m a  r i n  e 
p roved  t o  d i s p l a y  r e s p e c t i v e l y  d i r e c t  and  i n v e r s e  

pho tochromic  r e a c t i o n s .  The a b s o r p t i o n  s p e c t r a  of  colored 

form and e f f i c i e n c i e s  of t h e  p h o t o r e a c t i o n s  depend 

c o n s i d e r a b l y  on the  n a t u r e  o f  h e t e r e n e  moie ty  of  

s p i r o p y r a n s  and s o l v e n t  p o l a r i t y .  The i n d o l i n e  d e r i v a t i v e s  

of d i r e c t  pho tochromic  compounds a re  photochromi  c i n  

crystal  a l s o .  

and  
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