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NOVEL FATIGUE-RESISTANT SPlROOXAZINES 

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

O . A .  ZUBKOV, A.V. VUOVENKO, 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  U n i v e r s i t y ,  Rostov-on-Don, R u s s i a  

&tract Novel photochromic f a t i g u e -  r e s i s t a n t  
s p i r o o x a z i n e s  of t h e  phenan t r ene  and p h e n a n t r o l i n e  
series w e r e  s y n t h e s i z e d  and s t u d i e d  i n  s o l u t i o n s  and 
PMMA f i l m s .  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  ( ' 0 = 0 . 3 6 -  

0 , 9 5 )  i s  c l o s e  t o  t h a t  of 6-NOz-BIPS ( i?=l).  K i n e t i c s  
of t h e  d a r k  b l e a c h i n g  i s  of nonexponen t i a l  t y p e  w i t h  
T j . 2 Z 2 - 7  5 and 18-32 s (T-298 K )  i n  s o l u t i o n s  and 
PMMA r e s p e c t i v e l y .  The number of c o l o r i n g - b l e a c h i n g  
cycles n=210-1320 (PMMA) s u b s t a n t i a l l y  overcomes t h a t  
of 6-NOS-BIPS ( n - 1 1 ) .  

S p i r o o x a z i n e s  are well-known as f a t i g u e - r e s i s t a n t  

compounds*. T o  t h e  e f f e c t  of widening the r ange  of o b j e c t s  
of t h i s  class w e  have s y n t h e s i z e d  and s t u d i e d  new 

s p i r o o x a z i n e s  of phenanthrene ( I ) - (  111) and p h e n a n t h r o l i n e  

(1V) - (VI )  ser ies .  

EXPERIMENTAL 

Absorpt ion s p e c t r a  were d e t e c t e d  on a "Specord M 4 0 "  

spec t ropho tomete r  (Germany), Photochemical  r e a c t i o n s  was 
i n i t i a t e d  by i r r a d i a t i o n  w i t h  h i g h  p r e s s u r e  Hg-lamp 

(DRSH-250) and glass  f i l t e r s  w e r e  employed. K i n e t i c s  of 

p h o t o c o l o r a t i o n  and d a r k  t h e r m a l  b l e a c h i n g  i n  PMMA f i l m s  
w a s  s t u d i e d  u s i n g  " H i t a c h i  Perkin-Elmer 139" 

spec t ropho tomete r  ( J a p a n )  adap ted  f o r  these measurements.  
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34 A.V. METELITSA ET AL. 

Rate c o n s t a n t  of t h e  thermal  b leaching  is  r e p r e s e n t e d  
by t h e  sum of a t  least  two f i r s t  o r d e r  c o n s t a n t s  
k, =k,'+kz, (ki >> k,'). 

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  ( 0 )  w a s  determined by 

t h e  fo l lowing  way.  The sum kA+k, (where kA i s  t h e  ra te  
c o n s t a n t  of t h e  d i r e c t  p h o t o r e a c t i o n )  i s  e q u a l  t o  t h e  
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  
D(A,,,,, )/Doq(Xmax ) =  f(tLrrad ) a t  t h e  i n i t i a l  s t a g e  f o r  
s t u d i e d  s p i r o o x a z i n e s  and r e f e r e n c e  6-NOz-B1PS, where 
D(hE,,) and Doq(Xmax) are o p t i c a l  d e n s i t e s  i n  t h e  maximum 
of t h e  photoproduct  a b s o r p t i o n  band a t  g iven  t i m e  and i n  
p h o t o s t a t i o n a r y  s ta te  respectively.  The v a l u e  of kA w a s  
determined assuming kB=ki. Therefore ,  n=kA/kA(6-N0,-BIPS) 
under estimated by u s  and authors '  c o n d i t i o n  of 
photobleaching n e g l e c t i v e l y  low a t  i r r a d i a t i o n  by U V  l i g h t  
(365 nm). The number of co lor ing-b leaching  c y c l e s  ( n )  i n  
PMMA f i l m s  w a s  determined on t h e  c o n d i t i o n  De (1)/D:q(n)=2. 

B B 

B 

eq 

Absorpt ion spectra of t h e  compounds ( I ) - ( V I )  c o n t a i n  t h e  
long-wavelength bands w i t h  maxima i n  t h e  r e g i o n  of 280 - 

370 nm, t h e  v i b r o n i c  s t r u c t u r e  a p p e a r i n g  as a s h o u l d e r  a t  
375-415 nm. 

hv , A 

hv,A 
> < 

Y =  

(1) - (111) (IV), ( V )  (VI) 
I R1=CH3, R2=N0,, R3=Rb=H; I 1  Ri=CH3, R2=R4=H, R3=NOz; 

Whereas t h e  p o s i t i o n  of t h e  long-wavelength a b s o r p t i o n  
I 1 1  Ri=CH3, RZ=R3=H,R4=N0z; I V  Ri=CH3; V Ri=C3H7; V I  Ri=CH3 
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NOVEL FATIGUE-RESISTANT SPJROOXAZINES 35 

bands is n o t  a f f e c t e d  by t h e  s o l v e n t  p o l a r i t y ,  it s t r o n g l y  
i n f l u e n c e s  t h e  v i b r o n i c  s t r u c t u r e  of t h e s e  bands.  From 

comparison w i t h  t h e  e l e c t r o n  a b s o r p t i o n  spectra of 
sp i ronaphtooxaz ines i  it follows t h a t  t h e  long-wavelength 
a b s o r p t i o n  band i n  ( I ) - ( V I )  are r e d s h i f t e d  (M=' i0-40 nm). 

A l l  t h e  s p i r o o x a z i n e s  ( I ) - ( V I )  d i s p l a y  photochromic 
p r o p e r t i e s  due t o  format ion  upon i r r a d i a t i o n  of t h e  

merocyanine isomers  a b s o r b i n g  i n  t h e  r e g i o n  of 570-625 nin 
both i n  s o l u t i o n s  and p o l i m e r i c  f i l m s .  Batochromic s h i f t  of 
t h e  long-wavelength a b s o r p t i o n  bands of t h e  c o l o r e d  form i s  
observed upon i n c r e a s e  of s o l v e n t  p o l a r i t y .  

A f t e r  i n t e r r u p t i o n  of r a d i a t i o n ,  d a r k  b leaching  i s  
observed as  a r e s u l t  of t h e  thermal  r e c y c l i z a t i o n  (B)->(A) 
wi th  decay t i m e  Ti,,== 1 , 8 - 6 , 6  s a t  295K i n  s o l u t i o n s  

(hexane,  i s o p r o p a n o l ) .  With i n c r e a s e  of s o l v e n t  p o l a r i t y ,  
t h e  decay t i m e  of compounds (111, (VI) grows i n  accordance  
w i t h  s u b s t a n t i a l  c o n t r i b u t i o n  of t h e  z w i t t e r i o n i c  resonance  

forms ( I I C ) ,  ( I I D ) ,  ( V I C ) .  

The e f f i c i e n c i e s  of t h e  p h o t o c o l o r a t i o n  of a l l  

s p i r o o x a z i n e s  under s t u d y  are comparable t o  t h a t  of t h e  
r e f e r e n c e  6-N02-BIPS ( ~ = 0 , 3 6 - 0 , 9 5 ) .  In  PMMA f i l m s  t h e  
h i g h e s t  e f f i c i e n c y  i s  e x h i b i t e d  by s p i r o o x a z i n e s  (11) 
( 0 , 9 5 )  and ( V I )  ( 0 , 7 4 1 .  

K i n e t i c s  of d a r k  thermobleaching p r o c e s s e s  having 
decay t i m e  .ri,.,2=30-70 s i n  PMMA (T-295 K )  i s  nonexponent ia l  

and can be d e s c r i b e d  by a t  least  two exponents  w i t h  

k;=(2,8-3,5)10 s and k;=(2,4-2,9)10 s . -2 - I  -3 -i 
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36 A.V. METELITSA ET AL. 

The number of c o l o r i n g - b l e a c h i n g  c y c l e s  f o r  t h e  

compounds ( I ) - ( V I )  i n  PMMA i s  i n  t h e  r ange  of  n=210-1320 

exceeding t h a t  of 6-NO,-BIPS ( n = l l )  by one or two o r d e r  of 

magnitude. The s p i r o o x a z i n e s  (11) (n.490) and ( V l )  ( n = 2 1 U )  
are c h a r a c t e r i z e d  by t h e  lowes t  f a t i g u e - r e s i s t a n c e .  A s  it 

i s  p o i n t e d  above t h e  z w i t t e r i o n i c  s t r u c t u r e s  can p l a y  

e s s e n t i a l  r o l e  i n  forming of t h e  c o l o r e d  p r o d u c t  f o r  t h e  

compounds (11) and ( V I )  The re fo re  t h e  i r r e v e r s i b l e  

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

l a t t e r  may be a s s o c i a t e d  w i t h  t h e  z w i t t e r i o n i c  c h a r a c t e r  of 

t h e  s t r u c t u r e  of t h e  pho toco lo red  form f o r  which h i g h  

r e a c t i v i t y  is  expec ted i ,  

S tud ied  s p i r o o x a z i n e s  of  t h e  phenanthrene and 

p h e n a n t h r o l i n e  series a re  nove l  f a t  i g u e - r e s i s t a n t  
photochromic compounds having h i g h  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  comparable t o  t h a t  of the  r e f e r e n c e  

conipound E;-NO,-B'IPS. Unlicke of t h e  l a t te r ,  s p i r o o x a z i n e s  

under s tudy  e x i b i t  low e f f i c i e n c e  of p h o t o d e g r a d a t i o n .  

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 ,  bathochromic s h i f t s  and 

decay time i n  p o l a r  s o l v e n t s  as  w e l l  as t h e  e f f i c i e n c y  of 

pho todegrada t ion  i n c r e a s e  s t r o n g l y  by growth of  

c o n t r i b u t i o n  of t h e  z w i t t e r i o n  r e sonance  form i n  t h e  

c o l o r e d  s t r u c t u r e .  
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