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PHU'I'UCHHUMIC FULtiIUES OE' T H E  1NL)OLE 

AND P Y H R U L E  S E H I E S  

A . V .  METELI'I'SA, M .  1. K N Y A Z H A N S K Y ,  0.T. L Y A S H I K ,  

E. A .  MEUYAN'I'SEVA and V .  I .  M I N K l 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  U n i v e r s i t y ,  Rostov-on-L)on, Russ i a  

t r a c t  Novel photochromic f u l g i d e s  on t h e  base  of 
3 -  formy1 (ace ty l  ) i n d o l e  and 2- formy l[ acety 1 ) p y r r o l e  
were s y n t h e s i z e d  and s t u d i e d .  The mechanism of  t h e  
photoinduced p r o c e s s e s  i n  s o l u t i o n  and vacuum- 
d e p o s i t e d  f i l m s  i n c l u d e s :  p h o t o r e v e r s i b l e  ( E ) - ( Z ) -  
i s u m e r i z a t i o n ,  photo- and the rmoreve r  s i b l e  
c y c l i z a t i o n s  wi th  t h e  fo rma t ion  of  c o l o r e d  
d i h y d r o c a r b a z o l e  and d i h y d r o i n d o l i n e  d e r i v a t i v e s  which 
i r r e v e r s i b l y  c o n v e r t  i n t o  unco lo red  form by 1,5- 
hydrogen s h i f t  r e a c t i o n .  

I" 

F'ulgides  are photochromic compounds having a number of 
u s e f u l  p r o p e r t i e s  i n c l u d i n g  h igh  quantum y i e l d  of 

p h o t o r e a c t i o n ,  t he rma l  s t a b i l i t y  of t h e  i n i t i a l  and c o l o r e d  

forms and f a t i g u e  resistance' .  T h e r e f o r e ,  n o v e l  f u l g i d e s  on 

t h e  base of 3 - f o r m y l ( a c e t y l )  indole '  and 2 - f o r m y l ( a c e t y 1 ) -  

p y r r o l e  were s y n t h e s i z e d  and s t u d i e d .  In t h e  p r e s e n t  work 
t h e  photoinduced p r o c e s s e s  i n  t h e  m o l e c u l e s  of t h e  nove l  

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

series have been s t u d i e d .  

3 

Absorpt ion spectra w e r e  r eco rded  w i t h  a "Specord M40" 

spec t ropho tomete r  (Germany).  F l u o r e s c e n c e  and f l u o r e s c e n c e  

e x c i t a t i o n  spectra were measured w i t h  "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 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  Hg-lamp w i t h  glass 

l i g h t - f i l t e r s  w a s  u sed .  The equipment used f o r  f l a s h  
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60 A.V. METELITSA ET AL. 

i n c r e a s e  of s o l v e n t  p o l a r i t y  f o r  b o t h  ( E ) -  and (Z)-forrns  is  

observed ( f o r  hexane and DMSO ~.A-Qk’s=20 nm) . 
Under c o t i n u o u s  i r r a d i a t i o n  of t h e  s o l u t i o n s  ( t o l u e n e ,  

e t h a n o l )  of t h e  f u l g i d e s  ( I ) - ( V j ,  (IX) ( .with IZl=t l ) ,  on ly  

(E)->( Z )  and (Z)->(E)  i s o m e r i z a t i o n s  have been obse rved ,  

which proceed e x c e p t i o n a l y  th rough  t h e  e x c i t e d  s t a t e s .  

Under t h e  same C o n d i t i o n s ,  b o t h  (El-( Z ) - p h o t o i s u m e r i z a t i o n  

and thermo-- p h o t o r e v e r s i b l e  fo rma t ion  of t h e  c y c l i c  p r o d u c t  

( C )  are observed when f u l g i d e s  ( V l ) - ( V I I I ) ,  ( X )  ( w i t h  

R’=CH,) a re  i r r a d i a t e d .  The l a t t e r  are  c h a r a c t e r i z e d  by 

a b s o r p t i o n  ( e x c i t a t i o n )  long- wavelength band w i t t i  
AmbSreXC=535--56CI nm and by co r re spond ing  f l u o r e s c e n c e  band 

w i t h  .~1S,QX=68CJ-71)0 nm. The r e v e r s e  d a r k  r e a c t i o n  ( C ) - > ( E )  

p roceeds  ve ry  s lowly and p roceeds  decay t i m e  ( r i / 2 )  grows 
w i t h  d e c r e a s e  of s o l v e n t  p o l a r i t y .  Thus,  f o r  compound ( V I )  
a t  293 K T i l 2 = l , 4  1U3 s and 6 , 6  104s f o r  DMSO and 

a c e t o n i t r i l e  r e s p e c t i v e l y  and i n  hexane or t o l u e n e  t h e  

the rmoreac t ion  (C) ->(E)  does  n o t  o c c u r .  

For compounds ( I) - ( I1 I ) , ( IX) ( Ri=H)  , t h e  pho toproduc t  

( C )  may b e  r e g i s t e r e d  by f l a s h - p h o t o l y s i s  method only 

because of t h e  decay t i m e  ~ : , , , ~ = 2 5 0 - 7 5 0  i n s  which d i m i n i s h e s  
w i t h  t h e  increase of s o l v e n t  p o l a r i t y  as  w e l l  as f o r  t h e  

compounds w i t h  R1=CH3. Hence, t h e  s t a b i l i t y  of  t h e  

photoproduct  ( C )  i n c r e a s e s  d r a s t i c a l l y  by i n c l u s i o n  of a 
bulky a l k y l  s u b s t i t u e n t .  

1mCIx 

m.-tx 
f l u  

c 

C 

A t  t h e  f i n a l  s t e p  of t h i s  ( E ) - r e a c t i o n  c h a n n e l ,  [ C )  

t h e r m a l l y  rearranges t o  ( D )  t h r o u g h  1,S-hydrogen s h i f t .  For  
(D) lung-wavelength a b s o r p t i o n  band i s  found i n  t h e  r e g i o n  
of 330-340 nm. 

The c o n d i t i o n s  f a v o u r a b l e  f o r  t h e  c y c l i c  s t r u c t u r e  ( B )  
fo rma t ion  i n  t h e  ground and e x c i t e d  states may b e  c r e a t e d  

by t h e  t y p e  of t h e  s t r u c t u r e  ( Z )  ( ( Z ) - r e a c t i o n  c h a n n e l ) .  

The re fo re  i n  l i q u i d  s o l u t i o n s  (hexane , t o l u e n e  , 
a c e t o n i t r i l e ,  DMSO, T= 295 K )  of compounds ( I ) - ( I I l ) ,  ( V I ) ,  
(VII )  t h e  s h o r t l i v e d  s t r u c t u r e  (13) i s  r e g i s t e r e d  

( a b s o r p t i o n  band w i t h  460 nm, ~ Y , , ~ = 2 5 0 - 7 0 0  m s  grows 

w i t h  t h e  d e c r e a s e  of s o l v e n t  p o l a r i t y ) .  In  s o l u t i o n u , i n  
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INDOLE AND PYRROLE SERIES 61 

The i n i t i a l  forms  of  f u l g i d e s  ( l ) - ( X j  can have  two main 

i so ine r i c  s t r u c t . u r e s  - (E) and ( 2 )  , which are d i s t i n g u i s h e d  

by r e l a t i v e  p o s i t i o n s  of i n d o l i n e  ( p y r r o l e )  f r agmen t  and 

K ' -  s u b s t i t u c n t . .  'The a d d i t i o n a l  i s o m e r s  can  b e  r e a l i z e d  d u e  

t o  t h e  e x i s t e n c e  of t w o  d i f f e r e n t  R2- and R3- s u b s t i t u e n t s .  

Ri 

Y =  T& I 

t I ) - ( I X )  CH3 ( X ) ,  ( X I )  CH3 

I R1=H, Rz=R3=CH3; I 1  R1=H, Rz=CH3,  R3=CzHs; I 1 1  R1=H, 

Rz+R3~C,Hla; I V  R I - H ,  RZ+R3=Ad; V R1=H, Rz=R3=Ph;  V I  R1=R2= 

R3=CH3 ; V I  I R1=RZ=CH3, R3=CzH,; VI I I RI=CH,, Rz+R3=Ad; 

I X Ri=H, Rz=R3=CH,; X Ri=R"=R3=CH,; 

(E)- and ( Z ) - i s o m e r s  are  c h a r a c t e r i z e d  by t h e  long-  
wave leng th  a b s o r p t i o n  bands  w i t h  Aabs=375-395nm ,TI,~x and  400- 

4 2 0  nm r e s p e c t i v e l y  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  

w i t h  X' '"=440-445 nin and  490-495 nm r e s p e c t i v e l y  ( i n  

t o l u e n e ,  T=2Y5 K ) .  The s u b s t a n t i a l  ba thochromic  s h i f t  of 

t h e  long-wavelength  a b s o r p t i o n  and f l u o r e s c e n c e  bands  w i t h  

m a x  
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62 A.V. METELITSA ET AL. 

which f u l g i d e s  &re i n  t h e  ( 2 ) - f o r m  m a i n l y ,  t h e  form ( B )  i s  
d i s p l a y e d  by f l u o r e s c e n c e  and e x c i t a t i o n  s p e c t r a  

( X " " = 5 1 ~ - ~ 2 ( 1  nm, h e x c -  -460 nm i n  t o l u e n e ) .  m - x  l W 3 l  

The s p e c i f i c  i r r e v e r s i b l e  l o w - e f f i c i e n t  r e a c t i o n  of 

t h e  c y c l i z a t i o n  i.s observed i n  f u l g i d e  ( V ) :  t h e  

d i h y d r o n a p h t h a l i n e  s t r u c t u r e  ( D ) - t i p e  w i t h  t h e  t y p i c a l  

a b s o r p t i o n  band ( Xl,,ux-2Y3 nm) i s  formed upon exctended 

i r r a d i a t i o n  ( t o l u e n ,  7>1CIJ s) due  t o  1 ,5-hydragen s h i f t  i n  

tile s h o r t l i v i n g  ground s t a t e  i n t e r m e d i a t e  ( C ) - t y p e ,  which 

was d i s p l a y e d  th rough  t y p i c a l  t r a n s i e n t  a b s o r p t i o n  band 

( habs= 500 nm) 

a G 9 -  5 

d by f l a s h - p h o t o l y s i s  method. max 
The vacuum-deposited t h i n  f i l m s  of a l l  f u l g i d e s  

conven ien t  f o r  t h e  p r a c t i c a l  u t i l i z a t i o n  have been 

o b t a i n e d .  The p r e l i m i n a r y  f i n d i n g s  showed t h a t  t h e  similar 
phoroinduced p r o c e s s e s  were e x i b i t e d  i n  b o t h  f i l m s  and 

s o l u t i o n .  

The main mechanism of  t h e  photoinduced r e a c t i o n s  of t h e  

f u l g i d e s  under s t u d y  i n c l u d e s :  ( i )  t h e  p h o t o r e v e r s i b l e  

( E ) - ( Z ) - i s o m e r i s a t i o n ;  ( i i )  photo- and thermo- r e v e r s i b l e  

r e a c t i o n s  (E)->(C) and (Z)->(B) of c y c l i z a t i o n ;  (iii) 

i r r e v e r s i b l e  t h e r m a l  r e a c t i o n  of 1,s- hydrogen s h i f t .  The 

s t a b i l i t y  of t h e  pho toco lo red  form ( C )  increase d r a s t i c a l l y  

by i n c l u s i o n  of bulky a l k y l  s u b s t i t u e n t s  Rf and d e c r e a s e  

wh i th  growth of t h e  s o l v e n t  p o l a r i t y .  
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