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An analysis of the PMR spectra of benzo-2,1, 3-selenadiazoles and 
also of compounds containing 2,1, 3-oxadiazole and -thiadiazole " 
nuclei has been carried out. It has been shown that the key atoms 
O, S, and Se ensure the pess~ility of the establishment of a ring cur- 
rent in the corresponding heterocyeles. "Aromaticity" in the sense of 
a strong ring current in these compounds is somewhat weaker than in 
naphthalene. The estimates were obtained by calculating the dif- 
ference UCSAB of the chemical shifts of the protons of the benzene ring 
linked to the hetemcycle from the experimental spectra (AzB z system) 
and the subsequent comparison of these data with the theoretical de- 
pendence of uoSAB on the distance separating the proton under study 
and the center of the contour of the ring current. In the case of the 
benzo-2, 1, 3-X-diazoles (X = O, S, Se), this contour is the hetem- 
cyclic ring. Direct measurements iof the magnetic susceptibility of 
these compounds have confirmed the comiderable equalization of the 
bonds in the hetemeycle, i.e., the participation of the key atoms O, 
S, and Se in the formation of the ring system of delocalized electrons. 
It has been shown that the pmpesed structural scheme permits the pre- 
diction of the magnitudes of the chemical shifts and the PMR spectra 
of such compounds. The question has been raised of the evaluation of 
the real aceeptor properti~ (eleetronegativity) of the key atoms com- 
pleting the hetetceycle.. 

We have p r e v i o u s l y  [1, 2] come to the conc lus ion ,  on 
the bas i s  of a s tudy of the IR s p e c t r a  and p ro ton  m a g -  
net ic  r e s o n a n c e  (PM_R) s p e c t r a  of compounds of the 
2, 1, 3 -oxadiazole  and 2 ,1 ,  3 - th iad iazo le  Se r i e s ,  that  
these  he te rocyc ie s  m u s t  be r e g a r d e d  as compounds  
with a we l l -de f ined  a romat i c  na tu re .  

"Aromat i c i ty  ~ is  not a m e a s u r e  of phys ica l  p r o p e r -  
t i es .  It is  a complex aggregate  of va r ious  fac to rs  de-  
t e r m i n i n g  the c h a r a c t e r i s t i c s  of a mo lecu le  with an 
annula r  cloud of de loca l ized  e l e c t r o n s .  In p ro ton  m a g -  
ne t ic  r e s o n a n c e ,  n t rue  a roma t i c i t y  n is  shown by the 
fact  that when the s a m p l e  is  p laced  in  a magne t ic  f ie ld  
H 0 r i n g ' c u r r e n t s  p ropor t iona l  to the magni tude  of I~ 
can be detected.  In the ca se  of benzene ,  for  example ,  
the p ro tons  give a PMR s ignal  shif ted because  of this  
effect by 1 .5  ppm with r e s p e c t  to the me th ine  p ro tons  
of nona roma t i c  mo lecu l e s .  However,  the shift  of the 
s ignal  to weaker  f ie lds  a lone by no m e a n s  n e c e s s a r -  
i ly  ind ica tes  the a roma t i c  n a t u r e  of the molecu le  s tu -  
died. 

The compounds of gene ra l  f o r m u l a  I that  we have 
inves t iga ted  can be compared  to naphtha lene ,  s ince  in  
each of t hese  compounds  t h e r e  is  a s y s t e m  of 10 e l e c -  
t rons  which can  be gene ra l i zed .  

..~..~r~. x = 0 beazofurazan 
I" r "x x = s ~azthiole 
~ s  / x = se ~iazselenole 

I 

*For p a r t  IV, see  [6]. 

The object  of the p r e s e n t  work was to e s t a b l i sh  the 
fact  of such gene ra l i za t ion .  As was found, all  the 
compounds  s tudied  give nnaphtha lene- l ike  e PMR 
spec t r a .  However,  to d e m o n s t r a t e  the p r e s e n c e  of 
r i n g  c u r r e n t s  in these  mo l e c u l e s  we were  obliged to 
under take  a c o m p a r i s o n  with work [2] e s s e n t i a l l y  to 
b r oa de n  the a r g u m e n t a t i o n  and to b r i n g  in data  on the 
change in  the chemica l  shif ts  of the c o r r e s p o n d i n g  p ro tons  
with an  i n c r e a s e  in  the d i s tance  of the l a t t e r  f r o m  the c e n -  

t e r  of the he te rocyc le .  The data obta ined  were  also 
c o m p a r e d  with the r e s u l t s  of o ther  methods  of i n v e s -  
t iga t ing  the s a m e  compounds ,  

Table  1 g ives  the r e s u l t s  of Our m e a s u r e m e n t s  of 
the chemica l  shi f ts  in  the PMR s p e c t r a  of compounds 
con ta in ing  condensed  oxadiazole  and Belenadiazole  
nuc le i .  The s u b s t a n c e s  a r e  a r r a n g e d  in  the o r d e r  of 
i n c r e a s i n g  s c r e e n i n g  of the p ro tons  of the benzene  
r ing .  

On c o m p a r i n g  the data  of Tab le  1 with the r e s u l t s  
of the p rev ious  work  [2], i t  can be seen  that  the gen-  
e ra [  laws for  the p i az se l eno le s  (I, X =Se)  a r e t h e  s a m e  
as in  the p iaz th io le  s e r i e s  (I, X = S). However ,  for  
the s e l e n i u m - c o n t a i n i n g  compounds  the s c r e e n i n g  of 
the r i n g  p ro tons  i s  g r e a t e r  than for  the thio analogs .  
The accep tor  p r o p e r t i e s  of the n i t ro  group (Table  1, 
Nos.  1,3) and the sulfo group* (Table  1, Nos.  5,6) a r e  
shown in  the usua l  way and a r e  r e s p o n s i b l e  for  the 
m i n i m u m  s c r e e n i n g  of the benzoid  p ro tons .  Chlor ine  
as a subs t i t uen t  exhibi ts  weak e l e c t r o n - a c c e p t i n g  p r o -  
p e r t i e s  (Table  1, Nos.  7, 8). The d i f fe rence  in  the de-  
g r ee  of s c r e e n i n g  for  the p ro tons  in  the methy l  groups  
in  4-  and 5 - m e t h y l p i a z s e l e n o l e s  (Table 1, Nos.  11, 12) 
c o n s i d e r a b l y  exceeds  the analogous d i f f e rence  in  the 
methyl  p iaz th io tes .  To a s m a l l e r  extent ,  but with the 
s a m e  s ign ,  this  d i f fe rence  also appears  for  the amino 
de r i va t i ve s  (Table  1, Nos. 13 and 14). An i n c r e a s e  in  
the nonun i fo rmi ty  of the c a r b o n - c a r b o n  bonds of the 
benzoid  r i ng  in  the p i az se l eno l e  s y s t e m  as compared  
with the p iaz th io le  s y s t e m  should  be r e g a r d e d  as the 
mos t  n a t u r a l  explanat ion  of these  fac t s .  In gene ra l ,  
however ,  the in f luence  of subs t i tuen t s  of d i f fe rent  
types  on the r e d i s t r i b u t i o n  of the e l ec t ron  dens i ty  in  
the benzoid  r i n g  of the p iazse len01es  is  approx imate ly  
the s a m e  as in  the subs t i tu ted  p iaz th io les .  We r e -  
ca l l  that  in  the p iaz th io les  the in f luence  of the s u b s t i -  

*The p r e p a r a t i o n  and some  p r o p e r t i e s  of the i s o -  
m e r i c  p i az se l eno le su l fon i c  ac ids  wi l l  be  r e p o r t e d  s e -  
pa ra t e ly .  
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T a b l e  1 

Chemica l  Shifts  in t he  PMR S p e c t r a  of the  Compounds  Studied 

No, 

1 

2 

3 
4 

5 

6 

7 
8 
9 

10 
II 

12 

13 
14 

Compound 

5-Nit ropiazselenole  

Benzo(4, 5)piazselenole (naphdlo-(1 ,2)-  
selenadiazole)  

4-Ni t ropiazse lenole  
Benzo(4, 5)benzofurazan (naphtho- 
!(1, 2)- furazan) 
Sodium p i az sdeno le  - 5-sulfonate 

Chemica l  shift, ppm 

pro 
substituent ring m m  pmtom 

Sodium piazse lenole-4-su l fonate  

5- Chloropiazselenole  
4-Chlompiazse lenole  
B enzofurazan 
Piazselenole  
4-Methylpiazse lcnole  

5-Methylpiazse lcnole  

4-Aminopiazse lcnole  
5-Aminopiazse lenole  

8.7; 8.0 ~ - -  
8.8; 8.1 i 
8.6; 7.6 i - -  

8.50; 7.85 i - -  
8.5; 7.7 I - -  

8.22; 7.87 

7.75 

7.7 
7.6 
7.59 
7.52 
7.4 
7.4 
7.3 
7.3 
6.9 
6.8 

2.7 
2.65 
2.4 
2.32 
5.3 
4.9 

*The interpretat ion of the symbols is given in the exper imenta l  part ,  

Solvent * 

b 
d 
a 

d 
a 

f 

f 

a 

a 
a 

c 
a 

c 
a 

e 
e 

e 
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T a b l e  2 

C o m p a r i s o n  of  Va r ious  P h y s i c o c h e m i c a l  C h a r a c t e r i s t i c s  of  
t he  Benzo -2 ,  1 , 3 - X - d i a z o l e s ( I ~  X = O, S, bE) 

No. 

5 
6 

Magnitudes compared 

VOSAB, HZ 

Spin densities on the nitgrogen a tom 
in anion radicals  from I 
Difference in  the spin densities in the 
a and/3 positions of the  anion radicals  
from I and from naphthalene 
API(-) ~_J(pK.) B'* 
j , ,V 4 

15.6 t* 
14.4 ~ 
4.03 
0.22 

0.058 

+0.033 
--1.412 

Compounds compared 

17.6 l&8 1 

oo:  1 0.21 

0.041 0 

+0.0023 --0.038 
-- 1,453 -- 1.325 

~* Acco . t ing  to [16]. 

* From rite da ta  given in the  monograph [17]. 2 
s (ApKa)&.. a is the  difference between the  pK a values of  the  corresponding 

5-  and 4-oxa-mbs~imted  c ~ p m x n d s  (1). 

4* For the  first reversible one -e lec t ron  waves for reduct ion in  d ime thy l -  

Naphthalene 

14.3 

O.112 
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tuen t s  p r o v e d  to be qua l i t a t i ve ly  and quan t i t a t ive ly  
s i m i l a r  to  the  c o r r e s p o n d i n g  ef fec ts  in subs t i t u t ed  
b e n z e a e s .  F i g .  1 g ives  the  a v e r a g e  c h e m i c a l  sh i f t  of 
the  r i n g  p ro tons  of the  p i a z s e l e n o l e s  as  funct ions  of 
Hammett~s  ~r m and ~r n c o n s t a n t s .  

I t  Can be s e e n  that  the  g e n e r a l  t endency  of the  
change  in the  c h e m i c a l  sh i f t s  a g r e e s  s a t i s f a c t o r i l y  
with the  fac t s  well  known in o rgan i c  c h e m i s t r y  of the  
inf luence  of donor  o r  a c c e p t e r  subs t i t uen t s  in  the  d i s -  
t r i bu t i on  of the  loca l  c h a r g e s  in  benzene .  Got5 and 
TSei  [3] c a m e  to the  s a m e  conc lus ion  in a r e c e n t  p a p e r  
in  which they  c o m p a r e d  the  wave leng ths  of the  a b s o r p -  
t ion of 5 - s u b s t i t u t e d  p i a z s e l e n o l e s  in  the  UV r e g i o n  
with the  H a m m e t t  ~m + On m a g n i t u d e s .  However ,  i t  i s  
i m p o s s i b l e  on the b a s i s  of such  c o r r e l a t i o n s  to ob ta in  
quan t i t a t ive  eva lua t ions  of the  d e g r e e  of s i m i l a r i t y  of 
the benzene  r i n g  in the  p i a z s e l e n o [ e s  to the  c o r r e s -  
ponding b e n z e n e s .  

Addi t iona l  d a t a  on th is  ques t ion  can  be  ob ta ined  by 
c o m p a r i n g  the PMR s p e c t r a  of the  AzB 2 s y s t e m  fo r  
naph tha lene ,  b e n z o f u r a z a n  (I, X = O), p i a z t h i o l e ,  and 
p i a z s e l e n o l e .  F i g u r e  2 g ives  t he  PMR s p e c t r u m  of 
p i a z s e l e n o l e  at l i m i t  r e s o l u t i o n .  

~r,ppm 
i 

51 

-o~ " " " . 8]t -~5 *~  a m and  el. / 

Fig .  1. C o r r e l a t i o n  of the  c h e m i c a l  
sh i f t s  s tud ied  and the  c o r r e s p o n d i n g  

H a m m e t t  cr m and ~n c o n s t a n t s .  

Ca leua t ion  in  a c c o r d a n c e  with the  me thod  of Pop te  
et  a l .  [4] g ives  the  s p e c t r a l  p a r a m e t e r s  shown in 
F ig .  3. The m a i n  i n t e r e s t  i s  a c o m p a r i s o n  of the  
c h e m i c a l  sh i f t  V05AB fo r  the  fou r  compounds  j u s t  
men t ioned .  T h e s e  da t a  a r e  g iven  in the  f i r s t  co lumn of 
Tab le  2. The  o the r  co lumns  of T a b l e  2 g ive  the  d ipo le  
m o m e n t s  of t h e s e  m o l e c u l e s  [5], the  sp in  d e n s i t i e s  on 
the n i t rogen  a t o m s ,  and the  d i f f e r e n c e s  in the  sp in  
d e n s i t i e s  in  p o s i t i o n s  A and B of the  anion r a d i c a l  f r o m  
I ( c o m p a r e  [6]), the  s a m e  d i f f e r e n c e  c h a r a c t e r i z i n g  
the anion r a d i c a l  of naph tha lene  [7] and a l so  the  r e l a -  
t ive  changes  in the  i on i za t i on  cons t an t s  of the  c o r r e -  
sponding 4-  and 5 - h y d r o x y  d e r i v a t i v e s  [8] and the  p o l a r o -  
g r a p h i c  ha l fwave  p o t e n t i a l s  (see  [9,10]) ,  

Al l  of t h e s e  e x p e r i m e n t a l  da t a  p e r m i t  a m o r e  d e -  
t a i l e d  d i s c u s s i o n  of the ques t ion  on the  p r e s e n c e  of  
conjuga t ion  in the  h e t e r o c y c l e  p o s e d  in  our  p r e v i o u s  
p a p e r s  [] ,  2]. We have  a l r e a d y  men t ioned  tha t  an i n -  
c r e a s e  in  the  c h e m i c a l  sh i f t  ~05AB in p i a z t h i a z o l e  a s  
c o m p a r e d  wi th  nap tha l ene  cannot  in any e a s e  be  r e -  
g a r d e d  as  due to an i n c r e a s e  in  the  r i n g  c u r r e n t  in the  
h e t e r o e y c l e  as  c o m p a r e d  wi th  benzene :  a p a r t  f r o m  the  
in f luence  of m a g n e t i c  a n i s o t r o p y  t h e r e  i s  the  c o n t r i -  
but ion to V06AB f r o m  the  d i f f e r e n c e  in  the  l o c a l  e l e c -  
t r on  d e n s i t i e s  of c loud  on the  p r o t o n s  in  the  nonequ i -  
va l en t  A and B p o s i t i o n s  (4 and 5). 

The  a b s e n c e  of any r e l a t i o n s h i p  b e t w e e n  v0 5AB and 
the  d ipo le  m o m e n t  ( see  l ines  1 and 2 in Tab le  2 ) shows  
tha t  the  B u c k i n g h a m - M u s h e r  effect  [12], the  p o l a r i z a -  

~ Hz  

F i g .  2. HaLf ( r igh t -hand)  of the  
PMR s p e c t r u m  of p i a z s e [ e n o l e  

:at a r e s o l u t i o n  of 1- 10 - s .  

t ion  of a bond by the  e l e c t r i c  f i e ld  of c h a r g e s  concen -  
t r a t e d  on o t h e r  a t o m s  of the  m o l e c u l e  under  c o n s i d e r -  
a l ien ,  m a k e s  no a p p r e c i a b l e  con t r ibu t ion  to the  d i f -  
f e r e n c e  in  the  s c r e e n i n g  of the  A and B p r o t o n s .  We 
have  c a r r i e d  out  d i r e c t  c a l c u l a t i ons  which  show tha t  
with d i f f e r en t  a s s u m p t i o n s  fo r  the  m a g n i t u d e s  of the  
p a r t i a l  c h a r g e s  on the  a t o m s  of the  h e t e r o c y e [ i c  r i ng ,  
t h e i r  in f luence  i s  a p p r o x i m a t e l y  an o r d e r  of m a g n i -  
tude  l e s s  than  the  o b s e r v e d  sh i f t .  On c o m p a r i n g  the  
I~MR and EPR da t a  (for the  l a t t e r ,  s e e  l ines  3 and 4 
in  T a b l e  2) i t  can  be  s e e n  tha t  t h e r e  i s  no connec t ion  
w h a t e v e r  be tween  the  changes  in  V05AB and the  sp in  
d e n s i t i e s .  Th i s  i n d i r e c t l y  c o n f i r m s  ou r  opinion tha t  
the  o b s e r v e d  c h e m i c a l  shi f t  cannot  be a s c r i b e d  whol ly  
to  d i f f e r e n c e s  in t he  l o c a l  s c r e e n i n g  of the  A and B 
p r o t o n s .  At ten t ion  i s  a l so  a t t r a c t e d  by the a b s e n c e  of 
a c o r r e l a t i o n  be tween  V05AB and the  v a l u e s  of pK a 
the  g r e a t e s t  va lue  of 5AB and a n e g a t i v e  va lue  of pk  a 

( l ine  5 in  T a b l e  2). Thus ,  the  g r e a t e s t  va lue  of 5AB 
and a nega t ive  va lue  of pK a f o r  the  c o r r e s p o n d i n g  
h y d r o x y  d e r i v a t i v e  c o r r e s p o n d s  to p i a z s e l e n o l e .  Since 
the  va lue  of pK a m u s t  undoubtedly  be  connec ted  with 
the  l o c a l  e l e c t r o n  d e n s i t y  on the C - a t o m s  b e a r i n g  
the OH g r o u p s ,  we aga in  c o m e  to the  conc lus ion  tha t  
the  l o c a l  s c r e e n i n g  does  not  m a k e  a dominan t  con-  
t r i b u t i o n  to V05AB. Al l  of the  c i t ed  da t a  show that  
the  c h e m i c a l  sh i f t  V05A]3 o b s e r v e d  in  the s e r i e s  of 
2, 1 , 3 - X - d i a z o l e s  (X = O, S, Se) i s  due m a i n l y  to the 
m a g n e t i c  a n i s o t r o p y  of the  h e t e r o c y e l i c  r ing .  

Th is  m e a n s  tha t  the  ques t ion  of i n t e r e s t  to us  on 
the  e x i s t e n c e  of con juga t ion  in the  h e t e r o c y c l i c  r i n g  
r e d u c e s  to a cho ice  be tween  two a l t e r n a t i v e  e x p l a n a -  
t ions  of the  o b s e r v e d  sh i f t s  5AB; the  sh i f t  may  be  
c a u s e d  e i t h e r  by the  r i n g  c u r r e n t  in the  h e t e r o e y e [ i c  

s.asii l , l~sl Se 

F i g .  3. P a r a m e t e r s  of the  PMR s p e c -  
t r u m  of p i a z s e l e n o [ e .  U05AB= 18.8 Hz. 

r i n g  o r  by the  m a g n e t i c  a n i so t ropy  of the  C~N bonds 
in compounds  I (X = O, S, Se).  The  a n i s o t r o p y  of the  
C===N bond i s  ~5" 10 -6 [13], which  g ives  t he  m a x i m u m  
d i f f e r e n c e  in  the  s c r e e n i n g  fo r  the  p r o t o n s  A and B 

~3tc =N) 3Ax ( 1 t ) ~ 3 . 1 0 - 7  
= 2RN RA z t~B 3 
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This  i s  t e s s  than  the sh i f t  o b s e r v e d  in  any of  the  c o m -  
pounds  c o n s i d e r e d .  The  in f luence  of the  a n i s o t r o p y  of 
the  N--X bonds i s  s m a l l e r  by  ye t  ano the r  o r d e r ;  t h i s  

o , p p m  

f 

:x 
! 2 3 4 5 6 7 8 g ~A 

Fig .  4. C h e m i c a l  shi f t  a s  a funct ion 
of the  d i s t a n c e  s e p a r a t i n g  the  c o r -  
r e s p o n d i n g  p r o t o n  and the c e n t e r  of 
the  r i n g  con tour  f o r  the  fo l lowing 
compounds :  b e n z o f u r a z a n  ( - ) ,  
p i a z t h i a z o l e  (A}, p i a z s e l e n o l e  
(L~), f u r a z a n  (C)), and t h i a d i a z o l e  
(x). The po in t s  f o r  the  l a s t  two 
compounds  r e f l e c t  the  c h e m i c a l  
sh i f t s  of  the  p r o t o n s  of both  the  
p u r e  l i qu ids  and t h e i r  so lu t ions  in 
CC14. F o r  the  p lo t t ing  of the  r e f e r -  

ence  c u r v e s  1 and 2, s e e  tex t .  

i s  due to the  i n c r e a s e  in the  d i s t a n c e s  R A and R B f r o m  
the d ipo le  p(N--X) to the  A and B p ro tons  and to  a d e -  
c r e a s e  in the  d i f f e r e n c e  be tween  t h e s e  d i s t a n c e s .  In 
eva lua t ing  the  magn i tude  6 ~ h  ==~),---" no account  was  
taken  of  i t s  dependence  on the  o r i e n t a t i o n  of the  m a g -  
ne t ic  d ipo le  of the  a n i s o t r o p i c  bond r e l a t i v e  to the  
vectors rpA and r B. in actual fact, N) is sub- 
stantially s m a l l e r  than  3 �9 10 -7. 

Tak ing  3 "10 -7 a s  the  uppe r  l i m i t  of the  con t r i bu t ion  
of the  m a g n e t i c  a n i s o t r o p y  of t he  C~---N bond to 5AB and 
s u b t r a c t i n g  th i s  magn i tude  f r o m  the  o b s e r v e d  v a l u e  of 
5AB, we f ind the  fo l lowing m i n i m u m  e s t i m a t e s  fo r  the  
" a r o m a t i c "  con t r ibu t ion :  b e n z o f u r a z a n  3.6 Hz; p i a z -  
t h io l e  5.6 Hz; p i a z s e l e n o l e  6.8 Hz; naph tha lene  14.3 
Hz.  

This  r e s u l t  i s  c o m p l e t e l y  obv ious :  wi th in  the  f r a m e -  
w o r k  of i d e a s  on the  cons t an t  m a g n e t i c  a n i s o t r o p y  i n -  
dependent  of  the  key  a t o m  X of the  ~ bonds ,  the  
PMR da t a  wi l l  a lways  l e ad  to  a s e q u e n c e  in which  the  
" a r o m a t i c i t y "  (in the  s e n s e  of the  i n t e n s i t y  of  the  r i n g  
c u r r e n t )  wi l l  r i s e  in  the  o r d e r  j u s t  g iven .  

But i t  i s  i m p o r t a n t  tha t  even  in  such  a rough  a p p r o x i -  
m a t i o n  we a r e  undoubtedly  de t ec t i ng  the  in f luence  of  the  
r i n g  c u r r e n t  in  the  h e t e r o c y c l i e  r i n g  on the  o b s e r v e d  
sh i f t s  6AB. A r e f i n e m e n t  of the  v a l u e s  of  t h e s e  c u r -  
r e n t s  i he t e  r in  the m o l e c u l e s  I (X = 0, S, Se) can be  
m a d e  in  the  fo l lowing way .  The  con t r i bu t ion  of  the  
r i n g  c u r r e n t  to the  s c r e e n i n g  of a p r o t o n  p r e s e n t  in  
the  p lane  of  the  r i n g  at  a su f f i c i en t  d i s t a n c e  r f r o m  the  
c e n t e r  of the  con tour  about  which  the  c u r r e n t  i he t e  r 
c i r c u l a t e s  i s  

iheter'Q 
6i r3 

w h e r e  Q i s  the  a r e a  c o m p r i s e d  by the  r i n g  con tou r .  

In F i g .  4, c u r v e  1 shows  the  e x p e r i m e n t a l  r e l a t i o n -  
sh ip  f o r  the  benzene  r i n g .  C u r v e  2 e x p r e s s e s  the  c o r -  
r e s p o n d i n g  r e l a t i o n s h i p  fo r  nap tha lene :  

8naphth~Sbenz [ 1-1-( rbenT"} 3] 
f / J I 

w h e r e  rbenz  i s  the  d i s t a n c e  of  the  p r o t o n  under  c o n s i -  
d e r a t i o n  f r o m  the  c e n t e r  of  " i t s "  phenyi  nuc leus  and r 
i s  the  d i s t a n c e  of  the  s a m e  p r o t o n  f r o m  the  c e n t e r  of 
the  n e i g h b o r i n g  r i n g .  

The  e x p e r i m e n t a l  po in t s  tha t  we ob ta ined  l i e  c l o s e  
to  c u r v e  2 in  F ig .  4". I t  i s  a s s u m e d  tha t  t he  c h e m i -  
ca l  sh i f t s  of the  p r o t o n s  of benzofu ran ,  p i a z t h i a z o l e ,  
and p i a z s e l e n o l e  a r e  due m a i n l y  to the  r i n g  c u r r e n t s  
in  the  t e n - e l e c t r o n  c l o s e d  s y s t e m ,  the  c o r r e s p o n d i n g  
po in t s  of  F i g .  2 m u s t  l i e  on c u r v e s  d e s c r i b e d  by  the  
equat ion:  

( r b e n z )  3 Qhet ] ,  
8her =Sbenz [ 1 4 - u , - - - ~ ,  "~-~--b~ 

w h e r e  Qhet  i s  the  a r e a  of the  h e t e r o c y c i e ,  Qbenz i s  
the  a r e a  of  the  hexagon f o r m e d  b y  the  s i x  C - a t o m s  in 
benzene ,  and ~r = ihe tAbenz  i s  the  r a t i o  of the  in t en -  
s i ty  of the  r i n g  c u r r e n t  in  the  h e t e r o c y e l e  to the  c o r -  
r e s p o n d i n g  c u r r e n t  fo r  benzene .  

The  eva lua t ion  of the  a p p l i c a b i l i t y  of  t h i s  a p p r o a c h  
p r o v e s  f a v o r a b l e .  F o r  a l l  t h r e e  m o l e c u l e s  of the  gen-  
e r a l  f o r m u l a  I ,  we have  u sed  a va lue  of  ~ l e s s  than  
uni ty  and one tha t  i s  c o m p l e t e l y  r e a s o n a b l e  in m a g n i -  
tude .  Under  t h e s e  cond i t ions  the  r e l a t i v e  i n t e n s i t i e s  
of  the  r i n g  c u r r e n t s  in  the  v a r i o u s  compounds  p r o v e d  
to be  d i s s i m i l a r :  f o r  b e n z o f u r a z a n ,  ~r = 0.8, f o r  p in -  
t h io l e ,  ~ = 0.35, and f o r  p i a z s e l e n o l e ,  ~t = 0.4 (i.  e . ,  
t h i s  i n t ens i t y  i s  g r e a t e s t  fo r  b e n z o f u r a z a n  and the  
v a l u e s  f o r  p i a z t h i o l e  and p i a z s e l e n o l e  a r e  s i m i l a r ) .  

Th i s  r e s u l t  i s  in s t r i k i n g  c o n t r a s t  to eva lua t i ons  
of the  " c u r r e n t "  c on t r i bu t i on  of  t he  h e t e r o c y c l e  to the  
PMR c h e m i c a l  sh i f t s  m a d e  on the  b a s i s  of  r o u t i n e  
i d e a s  on the  cons t an t  v a l u e s  of the  e l e e t r o n e g a t i v i t y  of  
the  O, S, and Se a t o m s .  

Consequen t ly ,  the  m e a s u r e m e n t s  tha t  we c a r r i e d  
out  open up a r o u t e  to d e t e r m i n i n g  the  r e a l  a c c e p t e r  
p r o p e r t i e s  of the  key  a t o m s  p r e s e n t  in  a h e t e r o c y c i e .  
We a r e  doing  w o r k  a long  t h i s  l i n e .  

In f u r a z a n  (II, X =O) and in  t h i a d i a z o l e  (1I, X = S), 
the  PMR s i g n a l s  [14] r e l a t i v e  to  be nz e ne  a r e  sh i f t ed  
s u b s t a n t i a l l y  in the  d i r e c t i o n  of weak  f i e l d s  (F ig .  4),  
a l though the  r i n g  c u r r e n t  in t h e s e  nuc l e i  i s ,  a s  we  
have  j u s t  shown,  w e a k e r  than  in  b e n z e n e .  Th i s  p e r -  
m i t s  the  c onc lu s ion  tha t  the  e l e c t r o n  d e n s i t y  of  the  
C - - t I  bonds  in  the  h e t e r o c y c l e s  l I  i s  s m a l l e r .  

. ~ % /  x : s  2 
H" ~ xN 

II H I I I  

*By a l so  i n t r o d u c i n g  into the  c a l c u l a t i o n  d a t a  on the  
sh i f t s  of the  p r o t o n s  in  the  s p e c t r a  of  f u r a z a n  [14], 
t h i a d i a z o l e  [14], and s e l e n a d i a z o l e  [18], we a r r i v e  at  
a s y s t e m  of  po in t s  which  i s  l o c a t e d  c o r r e s p o n d i n g l y  
on c u r v e  1 ( for  benzene )  in  F i g .  4. 
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At the s a m e  t i m e ,  the  s u l f u r - c o n t a i n i n g  r a t h e r  than  the  
oxygen-con ta in ing  r i n g  p roves  to be  m o r e  e lec t roph i l i c  
(5 H = 8.19 for  11, X = 0, and 6I-i = 8.58 for  X = S; so lu-  
t ions  in CC14)* (see a l so  the va lues  of E~/z in l ine  6 of 
Table  2). I t  i s  i n t e r e s t i n g  to note  that  the use  of the 
naethod developed h e r e  gives  good a g r e e m e n t  with ex- 
p e r i m e n t  for  the PMR spectrm~a of benzod i fu razan  
III [15]: 6ex p = 8.14, 6eale = 8.05. The d i f fe rence  6ex p -  
-- ~caLc p e r m i t s  the addi t ional  conc lus ion  that  the p r e -  
s ence  of a second condensed  2, 1 ,3 -oxad iazo le  r i ng  
somewhat  i n c r e a s e s  the drawing  off of the e l ec t rons  
f r o m  the C--H bonds as compared  with benzofurazan .  

It was of i n t e r e s t  to conf i rm our  conc lus ion  of the 
ex i s tence  of a r i n g  c u r r e n t  by m e a s u r e m e n t s  of mag-  
ne t ic  suscep t ib i l i t y .  It  was found that  the  van  Vleck 
suscep t ib i l i ty  in  all  t h r ee  b e n z o - 2 , 1 , 3 - X -  d iazo les  I 
i s  subs t an t i a l l y  l e s s  than in  compounds  with noncon-  
jugated mul t ip l e  bcmds [11]. 

This  c o n f i r m s  the conc lus ion  of the e~xistenee of a 
def ini te  de ioca l i za t ion  of the e l ec t rons  in  the mo l e -  
cu les  s tudied.  

EXPERIMENTAL 

To record the spectra, solutions of the mbstanees in carbon tetra- 
chloride (denoted by the symbol a Lu the eoluum ~solvent" of Table 
1), te~achloroethane (symbol b), tetrachlorocthylene (symbol c), 
dimethylmlfoxAde (d), dtoxane (c), and water (I) were used. Acetone 
was used as the ir~emal standaxd for the aqueous solutions and tetra- 
merhylsitane o~ hexamethyldi~iloxane for the othe~ eases. Sealed tm- 
centezed tubes with a diameter of 4. "/or 4 mm were used. The spec- 
~omete~ were a PLA-5535 with a working frequency of 40 MHz am] 
a Hi~chi tI-60 (60 MHz). The aeetttaey of the meamrements of the 
chemical shifts was limited by the complex nature of the spectra, but 
was not worse than 1 �9 10 -7 . 

*The e l ee t roph i l i c i ty  of the s e l e n i u m - c o n t a i n i n g  r i n g  
p roves  to be g rea t e s t :  in CC]4 solut ion the  p ro tons  
of II, X = Se, axe c h a r a c t e r i z e d  by  a c h e m i c a l  shif t  

6ii  - 9.28 [18]. 
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