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The dependence of the chemical  shifts of the protons on the concentrat ion of D2SO 4 in D20 in 
a number  of N-oxides of monosubsti tuted pyrazines  and quinexalines has been investigated, 
and the pa rame te r s  of the PMR spec t ra  of the neutral  and the mono-  and diprotonated forms 
of the compounds investigated have been determined.  All the pyrazine and quinoxaline N- 
oxides cons idered  protonate f i r s t  at the unoxidized nitrogen atom (N4). The f i r s t  protonation 
of 2-aminopyrazine  1,4-di-N-oxide takes place at the oxygen atom of the N--* O group in 
position 1, and that of 2-methoxypyrazine  at the oxygen atom of the N ~ O group in position 
4. The effect  of the delocalization of the positive charge in the monocations of the c o m -  
pounds investigated has been considered.  

One of the features  of the s t ructure  of the mono-N-oxides  of diazines is the presence  in the molecule 
of two cationic cen ters :  the unoxidized nitrogen atom of the heterocycl ic  ring and the oxygen atom of the 
N - -  O group, corresponding to two possible s t ruc tures  of the monocation: 
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On the basis  of a study of the PMR [1] and electronte [2] spec t ra  it has been establ ished that the 
protonation of the unsubstituted N--oxides of pyrazine and quinoxaline takes place at the unoxidized nitrogen 
atom (N4) with the formation of a monocation of type b. 

The introduction of a substituent into position 2 or 3 may lead to a change in the comparat ive bas i c i -  
ties of the centers  considered.  To study this question, in the presen t  work we have investigated the p a r a m -  
e te rs  of the PMI=t spec t rum on the concentrat ion of D2SO 4 in D20 (in the range f rom 0 to 36 N D2SO4) for the 
1-N-oxides of 2 -  and 3-methoxyquinolines (IV and V), the 1 ,4-di-N-oxides  of 2 -amino-  and 2 -methoxy-  
pyrazines  (VI and VII), and the model  compounds (VlII-XI). 
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I, VI, VIII X=NH2; II,VII X=OCH3; 111 X~CI; IV X=2-OCH3; V X=3-OCH~; IX X~COOCH 3 

The chemica l  shifts and SSC constants of the protons of the pyrazine ring of the neutral  molecules ,  
and the mono-  and dications of the compounds investigated, are given in Table 1. 
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TABLE 1. Chemical  Shifts and SSC Constants of the Protons  

Comp. Name 

IV 

V 

VI 

VII 

VIII 

IX 

X 

I 1-N-oxide of 2- 
aminopyrazine 

1I 1-N-oxide of 2- 
methoxypyrazine 

III 1-N-oxide of 2- 
ehloropyrazine 

1-N-oxide of 2- 
methoxyqttin- 
oxaline 

1-N-oxide of 3- 
methoxyquinoxaline 

1,4-di- N-oxide of 
2-aminopyrazine 

1,4-di- N-oxide of 
2-methoxypyrazine 

2-Aminopyrazine 

2-Methoxycarbonyl- 
pyrazine 

1-N-oxide of 2- 
aminopyridine$ 

t~rm Chemical shifts, SSC 
�9 Medium 6, ppm _ _  constants 

omp. 3-,, [ 5-,-I ]6-H ]OCH~ 1 1,,~ -tz,6 I -te,G 
| 

. .. 8,,, .,.8, o. , - -  < 0 , 5  0,74,5 
c 18,51 8,05 1,4 5,0 

DC 303 NND~SO4D2SO4 [ 9 , 1 3 8 , 2 3  i8893~: 1,2 0,75,2 
N D20 8,61 8,33 4,25 <0,5 0,6 4,1 

C 7 N D2SO4 8,74 8,53 18184 4,33 1,4 0,6 5,0 
8,90 4,74 1,2 5,0 DC 35 N D2SO4 9,25 9,29 0,6 

C 12N D2SQ 8,74 8,91 1,4 0,6 5,2 
N D~O -- --  4,37 --  - -  

C 7 N D2SO4 '9'23 --  4,48 ] ~ --  
DC 

r , 

35 N D~SQ 19,60 4,88 --  --  f 

I1 N D2SO4 8,79~" 4,44 --  
cN D20 8,13 7,72 0,6 5,6 

5 N D2SO4 8,34 7,77 0,6 6,0 
DC 30 N D2S04 9,03 8,20 0,6 6,0 

D20 7,81 7,62 2,90 0,9 4,9 
C 3 N D~SO4 8,20 7,69 7,95 ; 290 0,9 5,6 

C 1 N D2SO4 8,53 7,97 i <0 5 1,1 4,2 
DC 22N D2SO4 9,06 8,16 , , 0,7 1,I 5,0 
N D20 ;9,27 8,88 ,8,784,02 'i<0,5[ 1,52,5 

12N D,SO, ,9,51 9,16 i9,60 4,14[ 0,7[ 1,4 3,0 
N D20 rT'00 6,79 [7,99 --  [ 1,91,8 0,6 6,9 
C 3 X D2SO,~ 18,08 , 7,18 6,92 , 0,6 7,1 

6,72 6,86 ! 8,11 13,9t ] 1,0 [ 0,81 
7,62 !8,28 4,22 i 1,0 [<0,5 6,5 

I J ! 

XI 2 - methoxypyridine CH2CI2 
I ~ CF3CooHCH2CI~/3O~176 7'42 5,0 

* N, n e u t r a l  m o l e c u l e ;  C, m o n o c a t i o n ;  DC,  d i c a t i o n .  
? C h e m i c a l  sh i f t s  of the 2 - H  p r o t o n .  
$ C h e m i c a l  sh i f t s  of the 4 -H  p ro ton  in X: 7.54 (N), 7.83 (C); in (XI): 
7.58 (N), 8.51 (C). 

The s t r u c t u r e  of  the p r o t o n a t e d  f o r m s  of the c o m p o u n d s  u n d e r  c o n s i d e r a t i o n  was  e s t a b l i s h e d  on the 
b a s i s  of: 1) the c h a n g e s  in the SSC c o n s t a n t s  of the p r o t o n s  of the p y r a z i n e  r i n g  in the s p e c t r a  of the 
n e u t r a l  m o l e c u l e s ;  2) a c o m p a r i s o n  of the n a t u r e  of  the de pe nde nc e  of the  c h e m i c a l  sh i f t s  of the c o r r e s p o n d -  
ing p r o t o n s  on the c o n c e n t r a t i o n  of the  ac id  a t  the  s t a g e  of the  f i r s t  p r o t o n a t i o n  of  the m o l e c u l e s  u n d e r  
s t u d y  and of m o d e l  c o m p o u n d s ;  and  3) the r e l a t i v e  c ha nge s  in the  c h e m i c a l  sh i f t s  of the  p r o t o n s  p r e s e n t  in 
the a and /3 p o s i t i o n s  to the c o r r e s p o n d i n g  c a t i o n i c  c e n t e r s  in the m o l e c u l e s  u n d e r  s tudy  and m o d e l  c o m -  
pounds  on p a s s i n g  f r o m  the n e u t r a l  c o m p o u n d s  to m o n o c a t i o n s .  

F i g u r e  1 shows  the e x p e r i m e n t a l  c u r v e s  fo r  the p r o t o n s  of c o m p o u n d s  ( I - I I I ) .  

An i n c r e a s e  in the  c o n c e n t r a t i o n  of the a c i d  f r o m  0 to 3 N D2SO 4 i s  a c c o m p a n i e d  by  a s h a r p  downf ie ld  
change  in the s i g n a l s  of a l l  the p r o t o n s  in 2 - a m i n o p y r a z i n e  1 - N - o x i d e .  N e a r  the f i r s t  po in t  of i n f l ec t ion  on 
e a c h  c u r v e ,  wh ich  is found a t  the s a m e  c o n c e n t r a t i o n  of a c i d  (~3 N) fo r  a l l  the p r o t o n s ,  t h e r e  i s  a change  
in the SSC c o n s t a n t s  of the r i n g  p r o t o n s  w h i c h  is  c o n n e c t e d  wi th  the  f i r s t  p r o t o n a t i o n  of  the  m o l e c u l e .  
L i n e a r  s e c t i o n s  of the g r a p h s  wi th in  which  the SSC c o n s t a n t s  r e m a i n  unchanged  and the c h a n g e s  in the 
c h e m i c a l  sh i f t s  a r e  m i n i m a l  c o r r e s p o n d  to a r a n g e  of c o n c e n t r a t i o n s  of  D2SO 4 f r o m  3 to 10 N. In th i s  r a n g e  
of a c i d i t y  of the m e d i u m ,  c o m p o u n d  (1) i s  p r e s e n t  e x c l u s i v e l y  in the m o n o p r o t o n a t e d  f o r m .  A f u r t h e r  r i s e  
in the c o n c e n t r a t i o n  of  a c i d  aga in  l e a d s  to a downf ie ld  d i s p l a c e m e n t  of a l l  the s i g n a l s ,  and in 30 N D2SO 4 
the m o l e c u l e  p a s s e s  c o m p l e t e l y  into the f o r m  of the d i c a t i o n .  

A c o n s i d e r a t i o n  of  the ana logous  c u r v e s  fo r  2 - m e t h o x y p y r a z i n e  1 - N - o x i d e  (rl) showed  tha t  t h i s  c o m -  
pound i s  p r e s e n t  in the  f o r m  of the  m o n o e a t i o n  in a wide r ange  of c o n c e n t r a t i o n s  of a c i d  ( f rom 7 to 20 N 
D2SO4) and i s  t r a n s f o r m e d  c o m p l e t e l y  in to  the d i c a t i o n  in s t r o n g l y  a c i d  m e d i a  (about  35 N D2SO4). T h e s e  
r e s u l t s  c o r r e s p o n d  to the l o w e r  b a s i c i t y  of (II) (pK a = - 0 . 5 1 ) *  than  of (I) (pKa = 0.79) [2]. 2 - C h l o r o p y r a z i n e  
1 - N - o x i d e  (HI) i s  the w e a k e s t  b a s e  of  the p y r a z i n e  m o n o - N - o x i d e s  c o n s i d e r e d  (pK a = -1 .31 )  and o v e r  the 

* The i on i za t i on  c o n s t a n t s  of  the  compounds  u n d e r  i n v e s t i g a t i o n  in  w a t e r  w e r e  m e a s u r e d b y  M. M. 
K a g a n s k i i  ( S c i e n t i f i c - R e s e a r c h  In s t i t u t e  of  P h a r m a c e u t i c a l  C h e m i s t r y ,  Novokuznetsk)  and  w i l l  be  d i s c u s s e d  
in d e t a i l  in a n o t h e r  p a p e r .  
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Fig. 1. Dependence of the chemical  shifts of the protons of 2 -amino-  
pyrazine 1-N-oxide (I), 2-methoxypyrazine  1-N-oxide (II), and 2-  
chloropyrazine  1-N-oxide (III) on the concentrat ion ofdeuterosul far ic  
acid. 

whole range of concentrat ions of acid it gives only the monoprotonated form.  Thus, an investigation of the 
relat ionships descr ibed above enables the measured  pa rame te r s  of the PMIR spec t ra  to be assigned re l i -  
ably to a definite form of the compound. The chemical  shifts and SSC constants of the spec t ra  of the mono-  
and dications given in Table 1 were determined at concentrat ions of D2SO 4 corresponding to the l inear s ec -  
tions of the graphs close to the points of inflection on the experimental  curves ,  i.e., at the minimum con-  
centrat ions of acid n e c e s s a r y  for the complete conversion of the molecule into the mono-  or dicationic 
form, as the case may be. It must  be mentioned that the change in the chemical  shifts of the ring protons 
over the whole of the l inear  section corresponding to the monocation does not exceed 0.1 ppm and, in the 
major i ty  of cases ,  is within the l imits of exper imental  e r r o r .  

A compar ison  of the spec t ra  of the neutral  and protonated fo rms  of the pyrazine 1-N-oxides (I-III) 
and the N-unoxidized compounds (VIII) and (IX) has shown that the position of the cationoid center  in a moje-  
cule of this type can be establ ished unambiguously from the change in the SSC constant of the meta protons 
of the ring through the unoxidized here to  ni t rogen a t o m  (J3,5). It is known that in neutral  molecules of 
azines this constant  does not exceed 0.5 Hz in absolute magnitude [3-5]. In the 2-subst i tuted pyrazines ,  
the value of J3,5 lies between 0.01 and 0.46 Hz [4]. The N-oxidation of the he teroaromat ic  ring, both in the 
pyridine ser ies  [6] and in the diazines [5, 7] l eads to  acons iderab le  increase in the SSC constant  of the meta 
protons through the oxidized ni trogen atom. In the 2-subst i tuted pyrazine 4-N-oxides ,  the constant  J3,5 
amounts to 1.4-1.8 Hz [5]. At the same time, the N-oxidation of the pyrazine molecule in position 1 has 
little influence on J3,5; in the 2-subst i tuted pyrazine 1-N-oxides,  the absolute values of J3,5 are  in the same 
range as in the corresponding N-unoxidized azines [5J. Since N-protonation,  just  like N-oxidation, takes 
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Fig .  2. Signals of the r ing protons  in the PMR 
spec t r a  of pyraz ine  der iva t ives  and of the c o r -  
responding ca t ions .  
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Fig.  3. Signals of the r ing protons  in the PMR 
spec t r a  of the base  and of the mono-  and d i -  
cat ions of 2 -aminopyraz ine  1-N-oxide .  

place at the lone pa i r  of the he te roa tom,  it is na tura l  to 
expec t  an analogy in the influence of these p r o c e s s e s  
on the SSC of the m e t a  protons through the ni trogen 
a tom,  as is actual ly  found in a considera t ion of the 
spec t r a  of the neut ra l  molecu les  and cat ions of the 2-  
subst i tuted pyraz ines  (VIII) and (IX) (see Table 1 and 
Fig.  2). In the s p e c t r a  of the neu t ra l  molecules  of these 
compounds the constant  J3,~ is c lose  to 0 and the signals  
of the 3-H and 5-H protons fo rm doublets with the SSC 
constants  J3,6 = 1.5 Hz and J~,6 = 2.5-3.0 Hz. In the 
s p e c t r u m  of the monocation of 2 -me thoxyca rbon y l -  
pyraz ine  (IX), the s ignals  of these protons  are  ob-  
s e rved  in the f o r m  of quar te ts  with the constant  J3,5 = 
0.7 Hz, which shows the addition of the proton to N 4. In 
the spec t rum of the monocation of 2 -aminopyraz ine ,  
jus t  as in the spec t rum of the neut ra l  molecule ,  the s ig -  
nals of the protons  in posi t ions 3 and 5 a re  observed  in 
the f o r m  of doublets .  The change in the mult ipl ic i ty  
of these signals  and the appearance  of the signal  J3,5 = 
0.7 Hz take place only at the stage of the second p ro ton-  
ation of the molecule  of {VIII). These facts  unambigu-  
ously show that  the f i r s t  protonation of 2 -aminopyraz ine  
takes  place at the N~ atom and the second at  N4,and they 
fully co r r e spond  to the s t ruc tu re  of the monocat ions of 
2 -aminopyraz ine  and 2-aminoquinoxal ine es tab l i shed  
through their  UV spec t r a  [8, 9]. 

In the s p e c t r a  of all  the 1-subs t i tu ted  pyrazine  
1-N-oxides  invest igated (I-III) (Table 1, Fig.  3) a change 
in the mul t ip l ic i ty  of the s ignals  of the protons  in pos i -  
t ions 3 and 5 and the appearance  of a constant  J3,5 = 
1.2-1.4 Hz are  obse rved  at the stage of the f i r s t  p ro ton-  
ation of the molecule .  This indicates the addition of 
the proton to the unoxidized ni t rogen a tom of the ring 
(N4) with the format ion  of the s t ruc tu re  of the monoca t -  
ions (Ib-IIIb)~ Consequently,  an i nc rea se  in the e l e c -  
t ron-donat ing capaci ty  of the subst i tuent  in posit ion 2 
in the sequence C1, OCH3, and NH 2 does not lead to a 
change in the di rect ion of the protonat ion of the p y r a z -  
ine 1 -N-ox ides .  

The posit ion of the cen te r  of protonation in the 
molecu les  of the methoxy der iva t ives  of quinoxaline 1- 
N-oxide (IV, V) and pyrazine  1 ,4-d i -N-oxide  (VII )was  
es tab l i shed  on the bas i s  of a compara t ive  study of the 
dependence of the chemica l  shifts  of the protons  of the 
r ing and of the OCH 3 group on the concentra t ion of acid.  
As model  compounds we used  2-methoxypyr id ine  (XD 
and 2 -methoxypyraz ine  1-N-oxide (ID with an e s t a b -  

l ished s t ruc tu re  for  the ca t ions .  A considera t ion  of the expe r imen ta l  cu rves ,  which are  given in Fig.  4, 
sl~owed that  the changes in the chemica l  shif ts  of the protons  of the OCH 3 group at  the stage of the f i r s t  
protonat ion of the molecule  depend on the posit ion of this group re la t ive  to the cationic cen te r .  Thus, on 
pass ing  f r o m  the neu t ra l  molecule  to the monocation of (XI) (ortho posit ion of the subst i tuent  re la t ive  to 
the cen te r  of protonation) the signal  of this group shif ts  downfield by 0.3 ppm.  In the case  of 2 -me thoxy-  
pyraz ine  1-N-oxide  (meta  a r r a n g e m e n t  of the subst i tuent  and the cationic center ) ,  the change in the c h e m -  
ica l  shif t  of the protons  of the OCH 3 group at the f i r s t  protonat ion stage is v e r y  smal l  (0.07 ppm).  The 
s i m i l a r  downfield shif t  of the signal of the methoxy group (0.11 ppm) on pass ing  f rom the neu t ra l  molecule  
to the monocation of 2-methoxyquinoxaline 1-N-oxide  shows the s i m i l a r i t y  of the a r r a n g e m e n t s  of the sub-  
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Fig. 4. Dependence of the chemical shifts of the protons of 2-meth- 
oxypyraz ine  1-N-oxide (II), 2-methoxyquinoxal ine 1-N-oxide  (IV), 
3-methoxyquinoxal ine 1-N-oxide (V), and 2 -methoxypyraz ine  1,4-  
d i -N-oxide  (VII) on the concentra t ion of deuterosul fur ic  acid.  

s t i tuents  and the cat ionic cen t e r s  in (ID and (IV). On the basis  of these facts ,  the monocation of 2 - m e t h o x y -  
quinoxaline 1-N-oxide  has  been ass igned  s t ruc tu re  (IVb). The ef fec t  of the deshielding of the protons  of 
the OCH 3 group on the monoprotonat ion of 3-methoxyquinoxaline 1-N-oxide (0.36 ppm) proved  to be close 
to that  obse rved  in (XI), which co r r e sponds  to the ortho posit ion of the subst i tuent  re la t ive  to the cationic 
cen te r  in (V) (s t ruc ture  Vb). 

0 OH 
H H . 1 r 

~ ; ' o  ( +, , %') "-" 
~ / ~ O C  H 3 ~ . ~  NH~ OEH~ 

0 0 0 OH 0 

l b - I l l  b I v  b v b v l  a V I I  a 

F r o m  a cons idera t ion  of the cu rves  for  the protons  of 2 -methoxypyraz ine  1 ,4-d i -N-oxide  it follows 
that  in the range f r o m  4 to 18 N I)2SO 4 the compound ex is t s  in the f o r m  of the monocat ion.  At the same  
t ime,  the chemica l  shif t  of the protons  of the OCH 3 group in this compound s c a r c e l y  changes as comp a red  
with the neu t ra l  molecule  over  the whole range of acidi t ies  f rom 0 to 18 N D2SO 4, An apprec iable  downfield 
shif t  of this s ignal  is obse rved  only in the range of concentra t ions  of D2SO 4 above 20 N, which, according to 
the expe r imen ta l  cu rve  for  the r ing pro tons ,  co r r e sponds  to the second protonat ion of the molecule  of (VII). 
Consequently,  the addition of the f i r s t  proton to 2 -me thoxypyraz ine  1 ,4-d i -N-oxide  has p rac t i ca l ly  no in-  
fluence (within the l imi t s  of expe r imen ta l  e r r o r )  on the shielding of the methoxy group (A6 ~ 0) which in-  
d ica tes  a n i n c r e a s e  in the dis tance between this group and the cen te r  of protonat ion in (VII) as compa red  
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T A B L E  2. 

Compound 

Chemical  Shifts of the Protons  

Pyridine [10] 
Pyridine 1-N-oxide [10] 
2- Methoxyc arbon.y lp~azine 
Pyrazine I- N-oxi~te [1] 
2-Chloropyrazine 1-N-oxide 
2- Methoxypyrazine 1- N- oxide 
2-A minopyra_zinr 1- N-oxide 
2-Aminopyridine [4] 
2-Aminopyrazine 
2-A minopyridine 1- N- oxide 
2-Aminopyrazine 1,4-di-N- 

oxide 
* A6 i = 5i(K) - 5i(H)" 

Center of 
protonation 

"NI 
N ,-~O 

N4 
N4 
N4 
N4 
N4 
NI 
N, 

N~--~O 
Nr+O 

Medium 

D20/18 N D2SO4 
D20/18 N D2SO4 
D20/12 N D2804 
]920/20 N D2SO4 
D20/12 N D2SO4 
D20/7 N D2SO4 
D~O/3 N D2SO4 
D20/2 N DCI 
D20/t N D2SO4 
D20[3 N D2SO~ 
D~O/5 N D2SO~ 

Chemical shifts, 
ppm 

5-H 6-H 

0,72 0,26 
0,40 O,39 
0,28 0,82 
0,10 0,39 
0,17 0,43 
0,20 0,52 
0,20 0,51 
0,35 - 0,09 
0,15 --0,09 
0,13 0,09 
0,05 0, l 1 

with (II) and (IV) (AS = 0.07-0.11 ppm). These facts are  in harmony with s t ruc ture  (VIIa) for the monoca t -  
ion of 2-methoxypyrazine 1 ,4-di-N-oxide.  

The analogy found in the nature of the curves  of the f i r s t  protonation of 2-aminopyrazine  1 ,4-d i -N-  
oxide and 2-aminopyridine 1-N-oxide and the s imi lar i ty  of the changes in their  UV spec t ra  [2] cor respond  
to the addition of a proton to the oxygen atom of the N I --- O group (structure Via) in both compounds.  

The conclusions concerning the s t ructure  of the monocations are confirmed by a compar ison of the 
relative changes of the chemical  shifts of the ring protons in the a and /~ positions to the corresponding 
cationic center  in the compounds investigated and model compounds (see Table 2). 

It is known that the protonation of pyridine and of the major i ty  of its monosubstituted derivatives 
takes place with a considerably g rea te r  de shielding of the fi proton (5-H) than of the a proton (6-H). The 
changes in the chemical  shifts of the protons in positions 5 and 6 observed on passing f rom the neutral  
molecules  to the monocations of 2-methoxycarbonylpyrazine  and of 2-subst i tuted pyrazine 1-N-oxides c o r -  
respond to their  a and p a r rangements  relative to the N 4 cationic center .  

A considerat ion of the values of A5 i is also of fundamental in teres t  f rom the point of view of the d is -  
tribution of the positive charge in the ions. A s imi lar i ty  of the values of A6 a and AS~ in 2 -me thoxyca r -  
bonylpyrazine and those observed in the protonation of pyridine under analogous conditions permi ts  the 
monocation of (IXb) to be assigned the s t ructure  of an ion of the "pyridinium" type corresponding to a con-  
siderable localization of the positive charge on the cationoid center .  The monoprotonation of the pyrazine 
1-N-oxides leads to a smal le r  deshielding of the ring protons.  These resul ts  can be explained by some 
contribution of a s t ructure  of the quinoid type (B) with a t r ans fe r  of positive charge f rom the cationoid 
center  to the nitrogen atom of the N--* O group in the ions and, connected with this, a reduction in the ef -  
fect  of the ring cur ren ts  of the he te roaromat ic  r ing.  

Still g r ea t e r  differences f rom ions of the "pyridinium" type are observed in the monocations of amino 
derivat ives of azines and their  N-oxides containing an NH 2 group in the a position to the cationic center .  
Thus, the protonation of the 2-amino derivat ives of pyridine and pyrazine leads to an upfield displacement 
of the signals of the a protons {6-H) by 0.09 ppm. In these compounds the signal of the fl proton is shifted 
downfield, but this shift (0.15-0.35 ppm) is considerably less  than the values of ASfl charac te r i s t i c  for ions 
of the "pyridinium" type [10-12]. 

A s imi lar  effect  is observed on passing f rom the neutral  molecule to the monocation of 4 -amino-  
pyridine, to which, on the bas is  of IR and PMR spectra ,  the para-quinoid s t ructure  (B) with the localization 
of the positive charge predominantly (about 90%) on the exocyclic amino group has been ascr ibed  [12]. This 
analogy is in favor of the predominance of the quinoid s t ructure  of the monocation [13] in a - a m i n o  der iva-  
tives of aromat ic  azines,  as well, which agrees  with the resul ts  of an investigation of the UV and IR spec t ra  
of compounds of this type [8, 13]. Structure C of the monocation (VIIl~) also cor responds  to an increased  

+ o It ~ 1t2 I1 t 

H H 

A B c 
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value of the ortho constant  of SSC J5,6 = 4.2 Hz in compar i son  with the monocat ion (IXb) (3.0 Hz) and d isub-  
s t i tuted pyraz in ium ions (3.23-3.56 Hz) [4]. A value of the Js,~ constant  c lose  to that for  (VIIIb) is obse rved  
in the s p e c t r a  of neu t ra l  molecu les  of 2 -hydroxypyraz ine  (3.91 Hz) and 2 - h y d r o x y - 3 - m e t h y l p y r a z i n e  (4.20 
Hz) [4], which ex i s t  in the oxo fo rms  [14]. 

On pass ing  f r o m  the neu t ra l  molecule  to the monoeation of 2 -aminopyr id ine  1-N-oxide (A66 = 0.09 
ppm, A65 = 0.13 ppm) and of 2 -aminopyraz ine  1,4-all-N-oxide (AS 6 = 0.11 ppm, A55 = 0.05 ppm), the (~-H 
and ~ -H de shielding ef fec ts  fall  by about 0.3 ppm as c o m p a r e d  with the cor responding  unsubst i tuted c o m -  
pounds (in pyr idine 1-N-oxide ,  A6~ = 0,39 ppm, A65 = 0.4 ppm [10], and in pyraz ine  1 ,4-d i -N-oxide ,  A66 = 
A55 = 0.35 ppm [2]). By analogy with the ~ - a m i n o  der iva t ives  of N-unoxidized azines ,  these facts  indicate 
a cons iderable  contr ibution of s t ruc tu re  C with t r a n s f e r  of posi t ive charge  to the exocycl ic  amino group in 
the monocat ions  (Via) and (Xa), as well .  

The di f ference  that  has  been d i scussed  in the change in the shielding of the protons of the s i x -  

m e m b e r e d  a rom a t i c  r ing on the format ion  of ions with a quinoid ("pyridonoid") s t ruc tu re  as compa red  with 
ions of the "pyr id in ium" type is subs tant ia ted  by informat ion on the ef fec ts  of magnet ic  an iso t ropy  in quin- 
ones [15]. The authors  concerned  showed that  the r ing c u r r e n t s  in the quinones amount  to about 75% of the 
cu r r en t s  in the cor responding  hydroca rbons .  Making use of the gene ra l ly  accepted  value of the chemica l  
shif t  due to the ef fec t  of the r ing cu r r en t s  in benzene and its aza  de r iva t ives  of 1.5 ppm [16-18], it is pos -  
sible to e s t ima te  the inc rease  in the shielding of the protons  of a s i x - m e m b e r e d  ring on pass ing  f rom 
ions with the "pyr id in ium" to ions with the "pyridonoid" type of value as about 0.4 ppm.  This e s t ima te  
ag rees  s a t i s f ac to r i l y  with the e x p e r i m e n t a l  r e su l t s  d i scussed  above.  

EXPERIMENTAL 

The PMR s p e c t r a  of the compounds invest igated were  m e a s u r e d  on a C-60 HL s p e c t r o m e t e r  in 0.1 
M solutions of the subs tances  in D20/D2SO 4 mix tu re s  (I-X) and in CH2C12/CF3COOH mix tu re s  (XI). As in-  
t e rna l  s tandards ,  sodium 4 , 4 - d i m e t h y l - 4 - s i l a p e n t a n e - l - s u l f o n a t e  was used for  the solutions in D20/D2SO4, 
and t e t r amethy l s i l ane  for  the solutions in CH2CI2/C F3COOH. 
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