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Potassium metal and an electrochemical method are used to prepare 
anion radicals from benz-2, 1, 3-oxa-, -thia-, and -selenadiazoles, 
and also from naphtho-1, 2-furazane and naphtho-1, 2-~elenadiazotes. 
The EPR spectra of these anions are analyzed, and the results com- 
pared with the calculated distributions of spin densities in the anions. 
It is concluded that the. key heteroatoms in the molecules of the com- 
pounds investigated participate in conjugation in a definite way. This 
conclusion is also based on analysis of the electronic absorption spec- 
tra of arene-2, 1, 3-X-diazoles. Apparently the distribution of spin 
density in the heterocyclic ring does not change substantially from 
benzologs to naphthologs. 

The p a r t i c i p a t i o n  of e l e m e n t s  of Group VI, O, S, 
Se,  in con juga t ion ,  i s  s t i l l  a s u b j e c t  of d i s c u s s i o n  [1, 
2]. Op t i ca l  s p e c t r a  of compounds  of the type  ROR, 
RSR (where  R is  a phenyl  r a d i c a l ) ,  show no s igns  of 
conjuga t ion  be tween  r ings  [3,41. One r e a s o n  for  th i s  
m a y  be  the  nonp lana r  s t r u c t u r e  of compounds  of th is  
type.  To c o m p a r e  the c a p a c i t i e s  fo r  conjuga t ion  of 
the  above h e t e r o a t o m s ,  s t e r i c  e f fec t s  should  be ex -  
c luded.  B e n z - 2 , 1 , 3 - X - d i a z o l e s  I ,  whose  m o l e c u l e s  
a r e  p l a n a r  [5], a r e  su i t ab l e  m o d e l s  fo r  the p u r p o s e .  

The s t r u c t u r e  and p r o p e r t i e s  of benzo fu ran  (I X = 
= O) [6], p i a z t h i o l  (I, X = S, s e e  [7]) p i a s e l e n o l e  (I, 
X = Se [8]) and t h e i r  d e r i v a t i v e s  have  been  the sub-  
j e c t s  of a n u m b e r  of r e s e a r c h e s .  M o s t l y  they  have 
been  s tud ied  f r o m  the poin t  of v iew of the i n t e r a c t i o n  
be tween  the benzene  r i ng  and the h e t e r o c y e l i c  one,  
the p r o p e r t i e s  of the l a t t e r  be ing  known to be d e t e r -  
m i n e d  by the n a t u r e  of the key h e t e r o a t o m .  
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K =  O,S. Se 

The e l e c t r o n i c  s p e c t r a  of t h e s e  m o l e c u l e s  exh ib i t  a 
s y s t e m a t i c  sh i f t  of a b s o r p t i o n  bands  t o w a r d s  the  r e d  
on p a s s i n g  f r o m  oxygen to su l fu r  and s e l e n i u m  [6 ,9] ,  
obv ious ly  bound up with  the  e f fec t  of d i f f e r e n t  e l e c t r o -  
n e g a t i v i t i e s  and c a p a c i t i e s  fo r  con juga t ion  of key h e t -  
e r o a t o m s .  

We a t t e m p t e d  to a r r i v e  at  an a n s w e r  to the  q u e s -  
t ion of the p a r t i c i p a t i o n  of t h e s e  a t o m s  in con juga t ion  
by s tudying  the E P R  s p e c t r a  of the  anion r a d i c a l s  ob -  
t a i ned  f r o m  a r e n e - 2 , 1 , 3 - X - d i a z o l e s  by d i f f e r en t  m e -  
thods .  At  the s a m e  t i m e  it  was  c o n t e m p l a t e d  c o m -  
p a r i n g  the E P R  da t a  with the e l e c t r o n i c  s p e c t r a  of the 
m o l e c u l e s ,  f r o m  which t h e s e  a n i o n - r a d i c a l s  w e r e  
p r e p a r e d .  B e n z - 2 , 1 , 3 - X - d i a z o l e s  (I, X = O, S, Se) 
w e r e  s e l e c t e d  as  s u b j e c t s  of r e s e a r c h .  In add i t ion  
i t  a p p e a r e d  to be of i n t e r e s t  to i n v e s t i g a t e  the E P R  
s p e c t r a  of a n i o n - r a d i c a l s  whose  m o l e c u l e s  con ta ined  

nonequiva len t  n i t rogen  a toms :  of n a p h t h o - l , 2 - f u r a -  
zan  (II), and n a p h t h o - l , 2 - s e l e n o d i a z o l e  (HI). 

i l  I l l  

A t t e m p t s  w e r e  made  to i nves t iga t e  the  E P R  s p e c -  
t r a  of the a n i o n - r a d i c a l s  benzofu roxan  (IV) and d i -  
me thy l fu roxa n  (V). 

H3C Nf 0 ~ 
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Recent  p a p e r s  r e v e a l  the e x i s t e n c e  of i n t e r - r i n g  e x -  
changes  of oxygen be tween n i t r o g e n  a t o m s  in the ben -  
zofuroxan  m o l e c u l e  [10]. It was i m p o r t a n t  to d e t e r -  
m i n e  the p o s s i b i l i t y ,  f r o m  EPR s p e c t r a ,  of such ex -  
changes  in a n i o n - r a d i c a l  m o l e c u l e s  f r o m  b e n z o f o r -  
oxan and d ime thy l fu roxan .  

The anions  of the  compounds  i n v e s t i g a t e d  w e r e  
p r e p a r e d  e l e c t r o c h e m i c a l l y  at  a m e r c u r y  e l e c t r o d e  
in d i m e t h y l f o r m a m i d e ,  and by  r educ t i on  with m e t a l l i c  
p o t a s s i u m  in 1 , 2 - d i m e t h o x y e t h a n e .  In g e n e r a l ,  the  
r educ t i on  po t en t i a l s  of f u r a z a n s  and fu roxans  have  
been  found in aqueous  so lu t ion  [11], and only in the  
c a s e  of n a p h t h o - l , 2 - f u r a z a n  (II) has  a d e t e r m i n a t i o n  
been  m a d e  in d i m e t h y l f o r m a m i d e  [12]. The f i r s t  
wave in the  p o l a r o g r a p h i c  r e d u c t i o n  of II  E,/2 ~ = - 1.43 
V ( r e l a t i v e  to a s a t u r a t e d  c a l o m e l  e l e c t r o d e )  c o r r e s -  
ponds ,  a s  has  been  shown in [12], to a s ing le  e l e c t r o n  
t r a n s f e r .  The second  wave a p p e a r s  a t  a much  lower  
nega t ive  po ten t i a l  ( E,t2 ~i = - 1.824 V) [12]. 

The e l e c t r o c h e m i c a l  r educ t i on  was  c a r r i e d  out in 
the  ce l l  of F ig .  1. It c o n s i s t s  of t h r e e  p a r t s :  (A) 
ca thode po r t i on  of c e l l  with a b r a n c h  fo r  m e a s u r i n g  
E P R  s p e c t r a ;  a t  the end of the b r a n c h  (3 m m  d iam.  ) 
is  s e a l e d  in a p l a t i num w i r e  (0 .3  m m  d iam.  ); d r o p s  
of m e r c u r y  at  the end of the b r a n c h  f o r m e d  the c a t h -  
ode;  (B) c a p i l l a r y  fo r  bubbl ing th rough  i n e r t  ga s ;  to 
r e m o v e  oxygen i t  is  enough to bubble  th rough  a r g o n  
o r  h e l i u m  fo r  1 0 - 1 5  min ;  (C) anode p a r t ,  a c y l i n d e r  
with a g round  g l a s s  bo t tom.  T h e r e  a r e  s o m e  open-  
ings  at  the bo t tom.  A p l a t i num d isc  a r e a  1 .5  cm 2 
was  the  anode.  J u s t  as  in p a p e r  [13], the anode s p a c e  
i s  s e p a r a t e d  f r o m  the ca thode  one by a te f lon  m e m -  
b r a n e  6 - 1 0  nm thick.  The c o n c e n t r a t i o n  of the r e -  
duc ib l e  compound is  5 �9 10 -~ m o l e / / .  The e l e c t r i c -  
a l ly  conduct ing  b a s e  e l e c t r o l y t e  used  was  t e t r a m e t h y l -  
a m m o n i u m  iod ide ,  at  c o n c e n t r a t i o n  0 . 1  m o l e / l .  The  
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ce l l  r e s i s t a n c e  was 20-100  kohm,  and was d e t e r -  
mined  to a l a r g e  ex ten t  by the r e s i s t a n c e  of the e l e c -  
t r i c a l  contac t  a t  the  edges  of the tef lon m e m b r a n e .  

I 

Fig .  1. D i a g r a m  
of e l e c t r i c  ce l l :  
A) cathode p a r t ;  
B) c a p i l l a r y ;  C) 

anode p a r t .  

A 1 M so lu t ion  of KC1 was  p o u r e d  into the  anode p o r -  
t ion.  Dur ing  the r educ t i on  p r o c e s s  the ca thode  po t en -  
t i a l  was  found, r e l a t i v e  to a s a t u r a t e d  c a l o m e l  e l e c -  
t r o d e ,  to be 200-300  mV m o r e  nega t ive  than the  p o -  
t en t i a l  of the ha l f -wave  c o r r e s p o n d i n g  to a s ing le  
e l e c t r o n  t r a n s f e r  dur ing  p o l a r o g r a p h i c  reduc t ion .  
The s p e c t r a  w e r e  r e c o r d e d  with  an I K h F - 2  type  s p e c -  
t r o m e t e r ,  with a 1 Mc m a g n e t i c  f i e ld  f r equency  m o d -  
u la t ion.  

1. E P R  SPECTRA OF ANION-RADICALS FROM 
B E N Z - 2 , 1 , 3 - D I A Z O L E S  

F i g u r e  2 shows ha lve s  of s p e c t r a  of a n i o n - r a d i c a l s  
of benzo fu ran  (I, X = O), p i az th io l e  (I, X = S), p i a s e -  
l eno le  (I, X = Se),  p r e p a r e d  e l e c t r o c h e m i c a l l y .  A l so  
r e c o r d e d  w e r e  the E P R  s p e c t r a  of an ions  f r o m  c o m -  
pounds I ,  X = O, and I ,  X = S, ob ta ined  by  r educ ing  
with  p o t a s s i u m  m e t a l  in 1 , 2 - d i m e t h o x y e t h a n e .  The a p -  
p e a r a n c e  of the  p i a s e l e n o l e  s p e c t r u m  is  independen t  
of the  method  of  p r e p a r a t i o n .  W h e t h e r  b e n z o f u r a n  i s  
r e d u c e d  by p o t a s s i u m  m e t a l  o r  e l e c t r o c h e m i c a l l y ,  the 
s a m e  E P R  s p e c t r a  a r e  r e c o r d e d ,  with i den t i ca l  h y p e r -  
f ine s t r u c t u r e s ,  but  in the f o r m e r  c a s e  the width of 
the  ind iv idua l  componen t s  of the hype r f ine  s t r u c t u r e  
a r e  d i f f e r en t ,  and the s p e c t r u m  has  an u n s y m m e t r i c a l  
a p p e a r a n c e .  

The  hype r f i ne  s t r u c t u r e  of a l l  s p e c t r a  ob ta ined  
c o r r e s p o n d s  to i n t e r a c t i o n  of an u n p a i r e d  e l e c t r o n  
with two n i t r o g e n  nuc le i  and four  p ro tons  of the  b e n -  
zene  r ing.  The hype r f ine  s t r u c t u r a l  cons t an t s  in the 
s p e c t r u m  of the  anion f rom b e n z o f u r a z a n  w e r e :  a N = 
= 5 . 9 G ,  a H = 3 . 5 G ,  a5 H = 2 . 1 G ;  the anion f r o m  
p i az th io l e  gave a N = 5.6  G, a H = 2 .9  G, a H = 1.6 G; 
the anion f r o m  p i a s e l e n o l e  gave  a N = 6 , 4  G,  a H = as H 
= a5 H = 2 . 1  G. The p ro ton  s p l i t t i n g s  in the s p e c t r a  of 
t h e s e  anions  a r e  a s s i g n e d  f rom the sp in  dens i t y  s p l i t -  
t ing as  c a l c u l a t e d  by the MO method .  

Resu l t s  in a g r e e m e n t  with the p r e s e n t  ones  have  
a l so  been ob ta ined  v e r y  r e c e n t l y ,  w h e r e  an exchange  

r e a c t i o n  with the anions  of p rop iophenone  o r  9, 10 -d i -  
h y d r o a n t h r a c e n e  was used  to g e n e r a t e  u n i o n - r a d i c a l s  
of b e n z - 2 , 1 , 3 - X - d i a z o l e s  (I, X = O, S, Se) [14]. 

In ana lyz ing  the E P R  s p e c t r a  of anions of n i t rogen  
r ing  compounds ,  use  is  usua l ly  made  of equat ions  
analogous  to those  used  by K a rp lu s  and F r a e n k e l  to 
d e s c r i b e  the m e c h a n i s m  of hype r f ine  i n t e r a c t i o n  of an 
u n p a i r e d  e l e c t r o n  with the  m a g n e t i c  m o m e n t  of the 
nuc leus  of Cla in a r o m a t i c  r a d i c a l s :  

ax = Q\• "~ + YQ,';x~Px, ~, 

w h e r e  the  t e r m  QNNp• ~ r e p r e s e n t s  the r e I a t i o n s h i p  
be tween  the va lue  of the  sp l i t t i ng  at  the n i t rogen  nu-  
c l eus  and the dens i ty  2pZ-  of an e l e c t r o n  at  the n i t r o -  
gen a tom;  the  t e r m s  of the  sum YQx,NXpx/~ e x p r e s s  the 
r e l a t i o n s h i p  be tween  a N and the e x i s t e n c e  of sp in  den -  
s i ty  at  ne ighbor ing  a toms .  A c c o r d i n g  to ex i s t i ng  da ta  
u sed  in sp in  dens i ty  c a l c u l a t i o n s ,  the quant i ty  QN N is  
2 5 - 2 8  G, whi le  Q CNN l i e s  in the l i m i t s  2 . 6 ~ > Q c ~  
~ - 3 9  G [16-19] .  To ca l cu l a t e  the  sp in  dens i ty  d i s -  
t r i b u t i o n  in the  an ions ,  we took QN N as  27 G, and d e -  
c ided  to neg lec t  t e r m s  Qx,N N due to t h e i r  s m a l l n e s s .  
The  r e l a t i o n s h i p  a,-= QcHHpc a was  used  to ca l cu l a t e  the  
de ns i t y  of an u n p a i r e d  e l e c t r o n  a t  a c a r b o n  a t o m ,  t a k -  
ing the cons tan t  Qc~H=24.4 [20]. Tab le  1 g ives  the 
u n p a i r e d  e l e c t r o n  d e n s i t i e s  ob ta ined  us ing  th i s  con-  
s tan t .  A p a p e r  [14] shows that  sp in  dens i ty  at  a key  
h e t e r o a t o m  i n c r e a s e s  in the o r d e r  O, S, Se. How- 
e v e r  th i s  does  not  a l low for  sp in  dens i ty  at  n i t rogen  
a toms .  Ca lcu la t ion  of th is  f ac to r  shows tha t  d i f f e r -  
e n c e s  in spin  d e n s i t i e s  a t  the f r a g m e n t s  C 8, C~, Se and 
C8, C9,8 a r e  neg l ig ib l e .  

We c a r r i e d  out c a l c u l a t i ons  of spin  dens i ty  d i s t r i -  
but ion by the s i m p l e  MO method ,  us ing  p a r a m e t e r s  
v a r y i n g  ins ide  wide l imi t s .  The fol lowing p a r a m e t e r s  
w e r e  employed :  

CZN=ac+t3cc; [3~c = [~cc; ~ x = a c  +hx[~; hx=0,  1, 2, 3; 

[~x = YNX~CC; yxx=0.5; I, 1.5. 

In the  c a s e  TNX = 0, when conjugat ion  be tween  the 
h e t e r o a t o m  and the r e s t  of the a s y s t e m  is  i gnored ,  
the  ca l cu l a t i on  is  c a r r i e d  out with the v a r y i n g  va lue s  
Cr hNI3cc; hs=0 ;  0.25; 0.50; 0.75 1.25; 1.50. The 
l i m i t s  of v a r i a t i o n  of the p a r a m e t e r s  w e r e  chosen  so 

as  to inc lude  h e  = 3 .2  [211, h O = 2 [22], h s = i [221 
p r e v i o u s l y  used  in the l i t e r a t u r e .  We know of no da ta  
fo r  hse  and TSe, but  s t a r t i n g  f r o m  the l e s s  e l e c t r o -  
nega t ive  s e l e n i u m ,  we can put  hse  < h O and h 8. Data  
r e l a t i n g  to TNX v a l u e s  a r e  at  l e a s t  few; the fol lowing 
v a l u e s  have been  g iven  TN ~ 0 . 6 - 0 . 7 5  [21,22] ,  TNS = 
= 0.566 [14], but  they a r e  qui te  i nadequa te ly  b a s e d ,  
and depend on choice  of va lue s  of o t h e r  p a r a m e t e r s .  
C a r r y i n g  out c a l c u l a t i o n s  us ing  a wide range  of 
changes  in p a r a m e t e r s ,  we a t t e m p t e d  in a g e n e r a l  
f o rm  to a n a l y z e  sp in  dens i ty  d i s t r i b u t i o n  in m o l e c u l e s  
of a n i o n - r a d i c a l s  of b e n z - 2 , 1 , 3 - X - d i a z o l e s .  

F i g u r e  3(A) shows how spin d e n s i t i e s  v a r y  in c o r -  
r e spond ing  p o s i t i o n s  of the  anion of b e n z - 2 , 1 , 3 - X -  
d i a z o l e ,  in the a b s e n c e  of exchange  i n t e r a c t i o n  b e -  
tween the key h e t e r o a t o m  and the n i t rogen  a toms .  
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Fig. 2. EPR spectra of anions: A) benzofuran; B) piazthiole; C) piasel- 
enole, generated by electrochemical reduction in dimethylformamide. 
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Fig. 3. Plots of spin density distribution at atoms 

in the anions of benz-2,1,3-diazoles: A) 7N X = 0; 

C~N -- aC + hN; B) 7NX = 0.5; C) 7NX = i; D) 

7N X = I. 5. 
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Tab le  1 

Unpa i r ed  E l e c t r o n  Dens i ty  in Anions f rom Be nz -2 ,  1 , 3 - X - d i a z o l e s  (I, 
X = O ,  S, Se) 

Anion 

Benzofurazan 
d, x=o)  

Piazthiole 
(i, x=s)  

Piaselenole 
(1, X = S e j  

Expt.  
Calc. 

Expt.  
Calc. 

Expt. 
Calc. 

DensJt r at atoms 

N C4 

0,22 O. 145 
0.20 ~* 0.15 ~* 

0.2t 0A07 
0.202. 0,10 2. 

0 24 0.087 
0.253. 0.075 ~* 
0.2054* 0.0504. 

i 

i x2 ( PN+PC, t~C~} 
Cs 

0,087 
0.05 t* 

0,066 
0.052. 

0,087 
0.0753. 
0.0504" 

0.904 
0.80 t* 

0,776 
0,702* 

0.828 
0.8283. 
0.600* 

1- Calculated using parameters h0= 2.7, u = 1.5. 2 ,  Calculated using parameter h~ = 
= 1.5, y ~ , ~  I. 3*Calculated using parameters h S ~0.5 ,  y ~  =0 .  4*Calculated using-param- 
eters h s ~ l ,  ~NSe=0.5. e .._e 

Here  the ef fec t  of the key h e t e r o a t o m  led  only to an 
induct ive  e f fec t ,  changing the va lue  of h N. F i g u r e  
3 (B-D)  shows the change in sp in  dens i ty  d i s t r i b u t i o n  

Tab le  2 

E n e r g i e s  of T r a n s i t i o n s  Between  
the B a s i c  and F i r s t  Exc i t ed  L e v -  

e l s  in riCC uni ts  

TNX hN 

0 

0.5 

1 

1.5 

0 I 1 2 1 3  
0,58 0A0 0.30 - -  

hx 
0 1 2 8 
0.89 0.87 0.62 0.58 
1.58 1.24 0.98 086 
- -  - -  1 . 4  - -  

fo r  d i f f e r en t  v a l u e s  of TNX: B 7NX = 0 .5 ;  C 7N X = 
= 1; D ~/NX = 1 .5 ,  with h x v a r y i n g  f r o m  0 to 3. A n a l -  
y s i s  of the p lo ts  shows that  for  the c a s e s  TNX = 1 and 
1 .5 ,  for  a l l  h X va lues  P4-7 > P~-6. This  r e g i o n  of 
changes  of the p a r a m e t e r  TNX can p r o v i s i o n a l l y  d e -  
note a naph the len ic  one,  s ince  in the  naph tha lene  an -  
ion the dens i ty  of an u n p a i r e d  e l e c t r o n  at  an a c a r b o n  
a tom is  2 .7  t i m e s  tha t  a t  a ~ one [23]. D e c r e a s e  in 

7N X to 0 .5  and 0 r e s u l t s  in P5-6 b e c o m i n g  g r e a t e r  
than P4-7 for  s o m e  va lues  of  h X and h N. Such a sp in  
dens i t y  d i s t r i b u t i o n  c o r r e s p o n d s  m o r e  c l o s e l y  to the 
d i s t r i b u t i o n  in the  anion of o r t h o - b e n z o s e m i q u i n o n e ,  
w h e r e  the sp l i t t i ng  at  hydrogen  a t o m s  in p o s i t i o n s  5 - 6  
i s  4 G, and that  a t  hydrogen  a t o m s  at  p o s i t i o n s  4 - 7  is  
1 G [24] (the n u m b e r i n g  of the quinoid  s y s t e m  is  the  
s a m e  as  tha t  g iven in Eq. I). Howeve r  the sp in  den-  
s i t i e s  a t  the n i t r o g e n  and c a r b o n  a t o m s  c a l c u l a t e d  fo r  
7N X = 0 and 0 . 5 ,  a r e  in w o r s e  a g r e e m e n t  with e x p e r -  
i m e n t  fo r  the  anions  I ,  X = O and I ,  X = S, than fo r  
7N X = 1; 1 .5 .  F o r  the  b e n z f u r a n  and p i a z t h i o l e  an -  
ions  the b e s t  a g r e e m e n t  be tween  c a l c u l a t e d  and found 
v a l u e s  fo r  sp in  d e n s i t i e s  is  found fo r  the  fo l lowing 
v a l u e s  of the  p a r a m e t e r s :  a o = ~ + 2 . 7 ~ c c ;  ~ o  = 1.5~cc; 
~ s = a c +  I-5[~cc; ~.~s: [~cc (see  Tab le  1). 

T h e s e  v a l u e s  m a y  be a l i t t l e  too  h igh ,  due to the  
cho ice  of h N = 1. Howeve r  a s  r e l i a b l e  da ta  fo r  h X 

and TNX a r e  l ack ing ,  t he se  r e s u l t s  a r e  of s o m e  in -  
t e r e s t .  S t rom and R u s s e l l  s e c u r e d  a g r e e m e n t  with 
e x p e r i m e n t  us ing  s o m e w h a t  d i f f e ren t  va lue s  of the  
p a r a m e t e r s :  ~ o = ~ c +  2.0~cc, ~ZN= ~ c +  0.5[~cc; ~No = 
-0.7~cc;  a s = ~ c + ~ c c ;  ~NS----0-566~CC; but  they had to 
r a i s e  the va lue  of BCN to 1 . 2 5 - 1 . 0  riCC [14]. It fo l -  
lows f rom the equa l i ty  of the hyper f ine  sp l i t t i ng  con-  
s t an t  for  the  hydrogen  a t o m s  at  the 4th and 5th c a r b o n  
a t o m s  in the s p e c t r u m  of the anion of p i a s e l e n o l e ,  and 
f r o m  c o m p a r i s o n  of p lo t s  A and B in F ig .  3, tha t /~Se  
l i e s  wi th in  the l i m i t s  0 -< riNSe -< 0 . 5  riCC" It is  p r e -  
c i s e l y  a t  t he se  v a l u e s  of riNSe that  i n t e r s e c t i o n  of 
p lo t s  4 - 7  and 5 - 6  in F ig .  3 (A and B) a r e  found. The 
r e s u l t  of ca l cu l a t i ng  the sp in  dens i ty  d i s t r i b u t i o n  in 
the  anion of p i az th io l e ,  t ak ing  into account  the d - o r -  
b i t a l  of su l fu r  us ing  the r e s u l t s  of [14], and ou r  r e -  
su l t s  a g r e e  with the r e s u l t s  of c a l c u l a t i ons  in s ide  the  
f r a m e w o r k  of pu re  ~r-e lec t ron m o d e l s .  

Thus ,  c o m p a r i s o n  of c a l c u l a t e d  and e x p e r i m e n t a l  
da t a  on the d i s t r i b u t i o n  of sp in  de ns i t y  in the  an ions  
shows tha t  the  key  h e t e r o a t o m s  in the m o l e c u l e s  of 
the compounds  s tud ied  p a r t i c i p a t e  in a def in i t e  way 

in conjugat ion .  
The r e s u l t s  ob ta ined ,  as  wel l  as  l i t e r a t u r e  da t a  

[14 ,21 ,22 ] ,  enable  the  inequa l i ty  a O > a S > a S e ;  
riNO > fiNS > riNSe to be deduced ,  c h a r a c t e r i z i n g  the 
e l e c t r o n e g a t i v i t y  of key  h e t e r o a t o m s  and t h e i r  a b i l i -  
t i e s  to conjuga te  with n i t rogen .  Th is  inequa l i ty  is  in 
q u a l i t a t i v e ~ g r e e m e n t  wi th  the  da ta  of e l e c t r o n i c  ab -  
s o r p t i o n  s p e c t r a  of b e n z - 2 ,  1 , 3 - d i a z o l e s  (I, X = O, S, 
Se) [6-9] .  Tab le  2 g ives  t r a n s i t i o n  e n e r g i e s  be tween  
the b a s i c  l eve l  ~Pl and the f i r s t  exc i t ed  l eve l  ~P-l, c a l -  
c u l a t e d  by the MO method  in riCC uni ts .  

Of c o u r s e  i t  is  d i f f icu l t  to s a t i s f a c t o r i l y  c o m p a r e  
the r e s u l t s  of a t h e o r y  which does  not t ake  into a c -  
count i n t e r - e l e c t r o n  i n t e r a c t i o n ,  with e x p e r i m e n t .  
H o w e v e r ,  by ana lyz ing  the r e s u l t s  in Tab le  2, i t  is  
p o s s i b l e  to s e p a r a t e  some  t e n d e n c i e s .  D e c r e a s e  in 
riNX with a X f ixed r e s u l t s  in d e c r e a s e  in t r a n s i t i o n  
e n e r g y ;  d e c r e a s e  in a' X ac t s  in the r e v e r s e  d i r e c t i o n .  
The changes  a r e  b a s i c a l l y  connec ted  with the shi f t  in 
e n e r g y  l eve l  c o r r e s p o n d i n g  to nonbonding o r b i t a l  
~P-l. The  o b s e r v e d  b a t h o c h r o m i c  shi f t  [9] of the  long-  
wave  m a x i m u m  in the  s e r i e s  of compounds  I ,  X = O 
270, X = S 307, X = Se 330 nm,  c o n f i r m s  the q u a l i t a -  
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t i re  dependence of AE on flNX- In view of this, the 
maximum bathochromic shift should be found with an 
interrupted heterocyclic  ring, when TN X = 0. It is 
possible to follow s imi lar  behavior of long-wave opti- 
cal bands in the cases  of naphtho- l ,2- furazane  
(Xma x 330 rim) [25]. When the heterocyclic ring is 
interrupted, the longwave maximum suffers a batho- 
chromic shift of 40 nm. The electronic spectra  of 
quinoxaline and o-benzoquinone are  to be recalled in 
connection with the problem considered. While for 
the fo rmer  Area x 339 nm, for  the lat ter  it is 610 
[26], which is also in qualitative agreement with the 
views put forward. 

2. EPR SPECTRA OF ANION-RADICALS FROM 
NAPHTHO-1,2-FURAZAN (II) AND NAPHTHO-1, 2- 
SELENADIAZOLE (HI). 

The EPR spect ra  of anions of naphtho-1,2-furazan 
(II, potassium reduction) and naphtho-1, 2-selenadia-  
zole (HI, potassium and electrochemical  reduction) 
consists of 5 hyperfine s t ructure  lines, 6 G splitting, 
and relative intensities 1:2:3:2:1 (Fig. 4). The inten- 
sity ratios in the spect ra  indicate interaction of an 
unpaired electron with two equivalent nitrogen nuclei. 
Due to a large number of hydrogen atoms, the proton 
s t ructure  is i l l -resolved.  Analysis of EPR spectra  of 
anions of compounds II and III shows the hyperfine 
splitting constants at the nitrogen nuclei to be equal 
(with an accuracy up to the width of a line). That re -  
sult is not obvious, since the nitrogen atoms are not 
equivalent. The conservation of the splitting values 
a N in the spect ra  of the anions of naphtho-1, 2-furazan 
(II) and naphtho- l ,2-se lenadiazole  (HI), compared 
with the anions of benzofurazan (I, X -~ O), and, cor -  
respondingly piaselenole (I, X = Se) obviously means 
that on passing from benzologs to naphthologs, spin 
density distribution in the heterocycl ic  ring changes 
negligibly. 

3. INVESTIGATION OF EPR SPECTRA OF PROD- 

UCTS OF ELECTROCHEMICAL REDUCTION OF 

BENZOFUROZAN (IV) AND DIMETHYLFUROXAN 

(v). 

At the s tar t  of the electrolysis  process  when re -  
ducing dimethylfuroxan (V, the observed spectrum has 
5 hyperfine splitting components intensity ratios 1:2:3: 
:2:1 and resolution 0.5 G. After some minutes at 
room temperature ,  the 5-line spectrum changes to a 
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Fig. 4. EPR spec-  
t rum of the anion 
obtained from 
naphtho- 1 ,2 -se l -  
enadiazole by r e -  
duction in 1 ,2-d i -  
methoxyethane 
using potassium 

metal. 

7-line one with intensity ratios close to binomial, 
resolution 2.2 G. At -20 ~ to -30 ~ the 5-line spec-  
t rum lasts a long time. The spectra  obtained so far  
do not enable the s t ructure  of the paramegnetic  pa r -  
t icles formed during electrochemical  reduction of di- 
methylfuroxan, to be determined. The basic diffi- 
culty, connected with the interpretation of the spec-  
t rum obtained under these conditions, is that the 5- 
line spectrum shows only splitting due to 2 nitrogen 
nuclei, and there is a lack of the splitting due to pro-  
tons of methyl groups which it would seem, should be 
observed. 

Using the method described for  dimethylfuroxan 
(V), it has so far  not been possible to record  the 
spectrum of anions from dimethylfurazan, the N-base 
of compound V. 
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