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A b s t r a c t  - Based on t h e  e . s . r .  i d e n t i f i e d  n i t r o x y l  

r a d i c a l s  4. 5,  and 5 produced i n  o r g a n i c  s o l v e n t .  a 

r a d i c a l  mechanism i n  t h e  p h o t o r e a c t i o n  of some p a r a d i a z i n e  

N,N-dioxides was s u g g e s t e d .  The i n t e r m e d i a t e  r a d i c a l s  8 

were produced , i n  t h e  p h o t o r e d u c t i o n  p r o c e s s  such a s  

deoxygena t ion  and hydrogen a b s t r a c t i o n ,  from e i t h e r  

t r i p l e t  e x c i t e d  s t a t e  o r  from d i r a d i c a l s  1. 

The photochemical  p r o p e r t i e s  of h e t e r o a r o m a t i c  compound c o n t a i n i n g  N-oxide 

1 f u n c t i o n s  have  been s t u d i e d  e x t e n s i v e l y  . Among t h e  i n t e r m e d i a t e s  sugges ted  

t o  e x p l a i n  t h e  photochemica l  p r o c e s s e s  of t h e s e  compounds, t h e  three-membered 

r i n ~  o x a z i r i d i n e  i s  well-known f o r  photorear rangement  t h a t  s t a r t e d  from e x c i t e d  

s i n g l e t  s t a t e ,  w h i l e  t h e  e x c i t e d  t r i p l e t  s p e c i e s  i s  r e s p o n s i b l e  f o r  deoxygena- 

4 t i o n ' ' 2 ' 3 .  Only a  few r e p o r t e d  c a s e s  i n v o l v e  r a d i c a l s ,  u s u a l l y  r a d i c a l  i o n s  . 
It i s  s t r a n g e  t h a t  no v a l i d  e x p e r i m e n t a l  e v i d e n c e ,  such  as t h a t  from e . s . r .  

s t u d i e s ,  f a r  t h e  r a d i c a l  mechanisms h a s  been e v e r  r e p o r t e d .  

The d e t e c t i o n  of i n t e r m e d i a t e  r a d i c a l s  i s  i m p o r t a n t  i n  t h e  d e d u c t i o n  of a 

r a d i c a l  mechanism of a  chemica l  p r o c e s s .  I n  o u r  e l e c t r o n  s p i n  r e s o n a n c e  

s t u d i e s  a t  room t e m p e r a t u r e  on t h e  in photo lyzed  s o l u t i o n  of phenazine 

5 N,N-dioxide 15, q u i n o x a l i n e  N.N-dioxides z5'6, and p y r a z i n e  N,N-dioxide 2 , 
we i d e n t i f i e d  t h r e e  n o v e l  n i t r o x y l  r a d i c a l s  4, 2, .and 5 r e s p e c t i v e l l y  whicb 

gave w e l l - r e s o l v e d  e . s . r .  s p e c t r a ,  Based on t h e s e  r e s u l t s  of e . s . r .  s t u d i e s  

shown i n  Table 1 ,  we r a t i o n a l i z e  a  r a d i c a l  mechanism f o r  t h e  p h o t o r e a c t i o n  

of t h e  benzo- o r  d i b e n z o p a r a d i a z i n e  N,N-dioxides a s  shown i n  Scheme 1 .  

Monoradical  8, whicb i s  r a t h e r  s t a b l e  i n  t h e  l i q u i d  phase ,  is  formed th rough  

hydrogen a b s t r a c t i o n  from t h e  s o l v e n t  molecu le  HR from e i t h e r  t r i p l e t  s t a t e  

of t h e  p a r e n t  compound o r  d i r a d i c a l  1. The l a t t e r  two s p e c i e s  cannot  be observed 



Table 1.  E . s . r .  s p e c t r a l  d a t a  f o r  4, 5. and ca 
R a d i c a l  g v a l u e  W 

a1 
H 

a 2 , 4  a;. 5  Ref. 

4 - 2.0048 9.39 2.43 0.52 5 

5 - 2.0035 9.69 3.56 1.01 5  

6 - 2.0053 9.20 3.40 1 .00  6 

a  Coupling c o n s t a n t s  a r e  r i v e n  i n  g a u s s ,  t h e  s o l v e n t  is  d e a e r a t e d  

c h l o r o f  orn. 

7 by e . s . r .  method, f o r  t h e y  a r e  u s u a l l y  r e l a t i v e l y  s h o r t - l i v e d  . 
1 

A major  kind of p h o t o r e a c t i o n  o f  t h e s e  N-oxides is  deoxygena t ion  . The 

p o s s i b l e  deoxygena t ion  p r o c e s s  can  o c c u r  from t h e  i n t e r m e d i a t e  r a d i c a l  

8 by remqval  of a  h y d r a x y l  g roup ,  w i t h  t h e  homolys i s  of N-CH bond i n  8, - 
l e a d i n g  t o  t h e  f o r m a t i o n  of t h e  deoxygena t ion  p r o d u c t  9 ( s e e  Scheme 2 ) .  

8 We suppose  t h a t  f u r t h e r  d ~ o x y g e n a t i o n  t a k e s  p l a c e  o n l y  i n  t h e  s u b s e q u e n t  

p h o t o r e a c t i o n  wi th  2 a s  s t a r t i n g  compounds. The decay of  8 can  a l s c  be 

7 ach ieved  by f u r t h e r  hydrogen a b s t r a c t i o n  and c o n s e o u e n t l y  N,N-dihydroxyl 

compounds 10 i s  formed. The d i m e r i z a t i o n  can  be r e s u l t e d  i n  t h e  d e c a y i n g  

p r o c e s s ,  e i v i n g  t h e  d i m f r i z e d  compounds 11. 
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Scheme 1 

Scheme 2 



In the experiment, a purified substrate N,N-dioxide compound Was dissolved in 

solvent with concentration of about ?o-'L. Solution was introduced into a 4mv 

O.D. quartz tube, which was degassed and sfaled under arpon atmosphere. E.8.r. 

spectra were recorded at room temperature on a Varian E-115 X band spectrometer. 

Irradiation o f  samples was achieved with a Varian 150',4 xenon lamp. 

It is necessary that the solution be deaeratfd before the photolysis and the 

e.s.r. measurement, in order to record e.s.r. signals. This shows that the 

dissolved oxygen will quench the excited triplet state, i.e., the precursor 

of nitroxyl radical. 

As an example, the e.s.r. spectrum of 5-hydroxylphenazine-10-nitroxyl radical 

(4) is shown in Fig. 1. It is interest in^ that the same pattern of e.s.r. 

Fig. 1 E.s.r. spectrum of 5-hydroxylphenazine-10-nitraxyl 

radical (4) recorded at roam temperature, with chloroform 
as solvent. The data were shown in Table 1. 
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s p e c t r a  of 4 a l s o  can be e a s i l y  r e c o r d e d  w i t h  v a r i o u s  s o l v e n t s  such  a s  

d i c h l o r a m e t h a n e ,  benzene,  t o l u e n e  and cyc lohexane .  The INDO MC c a l c u l a t i o n  

and t h e  comparison of t h e  e . 8 . r .  p a r a m e t e r s  o f  t h e s e  r a d i c a l  w i t h  t h o s e  of  

structurally s i m i l a r  n i t r o x y l  r a d i c a l s  s u p p o r t  t h e  ass ignment  of h y p e r f i n e  

5 c o u p l i n g  c o n s t a n t s  shown i n  Table  1 . 
No e . s . r .  s i r n a l s  were recorded  f a r  cpd.  2 i n  v a r i o u s  s o l v e n t s  a t  room tempera-  

t u r e .  We b e l i e v e ,  from t h e  e x p e r i m e n t ,  t h a t  q u i n o x a l i n e  N,N-dioxide (?, R1= 

R2=H), and a l l  t h e  2 , 3 - d i s u b s t i t u t e d  q u i n o x a l i n e  N,N-dioxides(?, R - H ,  R  -CH 
1- 2- 3; 

R l = R 2 = C H 3 ;  R l = H .  R2=C6H5; R1=C6H5, R2=COC6H5; Rl=CH R2=C00C H  ) which produce 
3' 2  5 

p o o r l y - r e s o l v f d  e . s . r .  s p e c t r a ,  upon p h o t o l y s i s  i n  s u i t a b l e  s o l v e n t s ,  a l s o  

produce n i t r o x y l  r a d i c a l s  and t a k e  t h e  same mechanism shown i n  Schemes 1  and 2. 

F i g .  2  shows s p e c t r a  of t h e  n i t r o x y l  r a d i c a l s  produced from q u i n o x a l i n e  N,N-  

F i g .  2  E.8.r. s p e c t r a  of t h e  n i t r o x y l  r a d i c a l  produced 

from q u i n o x a l i n e  N,N-dioxide(?, R1=R2), i n  ( a )  benzene 

and ( b )  methanol ,  a t  room t e m p e r a t u r e .  The t h r e e  main 

peaks  a r e  due t o  t h e  s p l i t t i n g  of  1 4 ~  of N-0. group.  



d i o x i d e  i n  benzene and i n  methanol .  T h e r e f o r e ,  t h e  c a s e  t h a t  t h e  p h o t o e x c i t e d  

s o l v e n t  m o l e c u l e s  r e a c t l n g  wi th  t h e  s u b s t r a t e  t o  form r a d i c a l s  should  be 

e x c l u d e d ,  f o r  t h e  same r a d i c a l  had been produced i n  s o l v e n t  a s  methanol ,  

which i s  n o t  p h o t o a c t i v e  h e r e .  

The p r e s e n t  mechanism seems most  r e a s o n a b l e  at t h e  s t a e e  o f  t h e s e  p r e l i m i n a r y  

e . 8 . r .  i n v e s t i g a t i o n s .  Because of t h e  phys icochemica l  impor tance  i n  photo-  

c h e m i s t r y  and r a d i c a l  c h e m i s t r y  e t c . ,  t h e s e  p h o t o l y s i s  sys tems  w i l l  be s t u d i e d  

i n  more d e t a i l s .  
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