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The PMR s pec t r a  of pyraz ine ,  i ts  2-subs t i tu ted  der iva t ives ,  and the cor responding  N-oxides  
and N,N ' -d iox ides  were  invest igated.  The c h a r a c t e r  of the change in the chemical  shifts in 
the N-oxides  and N,N' -d ioxides  of unsubsti tuted pyraz ine  indicates  the e lec t ron-donor  e f -  
fect of the N ~  O group. An additive effect  of the N --~ O groups  on the chemica l  shif ts  of the 
r ing protons  is  obse rved  in pyraz ine  N,N'-dioxide.  An apprec iab le  in teract ion of the sub-  
stituent with the N(1 ) -~ O group and a weak in teract ion with the N(4 ) ~ O group occur  in N- 
oxides and N,N' -d ioxides  of 2-subs t i tu ted  pyraz ines .  A significant  i nc r ea se  in the ortho 
and m e t a  s p i n - s p i n  coupling constants  of the r ing protons  is  noted when the ni t rogen a toms 
a re  oxidized. The sign of the s p i n - s p i n  coupling constant  (J35) through the N-* O group was 
de termined.  

The PMR s pec t r a  of a romat i c  ni t rogen-containing he te roeyc les  and the i r  N-oxides  a r e  of i n t e re s t  as 
a source  of informat ion regard ing  the e lec t ronic  s t ruc tu res  of molecu les  of these compounds and the c h a r -  
ac t e r  of the t r a n s f e r  of e lec t ronic  effects  in them.  A complete  analys is  of the Spectra has  been c a r r i e d  
out for  some 2-subs t i tu ted  py raz ines  [1]. The chemical  shif ts  (CS) and s p i n - s p i n  coupling constants  (SSCC) 
of eight pyraz ine  der iva t ives  were  com pa red  with the analogous p a r a m e t e r s  in s e r i e s  of monosubst i tu ted 
benzenes  and 2-subs t i tu ted  py raz ines  [2, 3]. I t  s eemed  of in te res t  to us to compare  the PMR spec t r a  of 
pyraz ine  (Ia), 2-subs t i tu ted  pyraz ine  de r iva t ives  (Ib-k) and the cor responding  N-oxides  and N,NY-dioxides 
(IIIc-g,  ]]Hc-j, and IVa-g).  

O O 

O O 
l a - h  l l a ,  c - g  l l la ,  c - j  I v a - g  

a R=H,b Clt3, c Nil2, d NHCOCH3,e F, f Cl, g OC"3,h CONH2,i COOH, 
j COOCH 3,k CN 

The CS of the r ing protons  of pyraz ine  (Ia) depend only sl ightly on the nature  of the solvent (Table 1). 
However ,  t rans i t ion  f rom slightly po la r  solvents  of the CDC13 type to the m o r e  po la r  dimethyl  sulfoxide 
(DMSO) and, pa r t i cu la r ly ,  to p ro ton-donor  solvents  D20 and CD3OD leads to m o r e  apprec iab le  d i f ferences  
in the CS of N-oxides  and N,N' -d ioxides  of unsubsti tuted pyraz ines  (IIa and IVa), which i s  apparent ly  a s -  
socia ted with the pronounced tendency of N-oxides  to fo rm hydrogen bonds in D20 and CD3OD or a s soc ia t e s  
in DMSO. In addition, the changes in the CS in the inves t iga ted  compounds,  which a r e  caused by i n t e r m o -  
lecu la r  in te rac t ions  with the solvents ,  a r e  smal l ,  and this makes  it  poss ib le  to compare  the r e su l t s  ob-  
ta ined in va r ious  solvents .  
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TABLE i. 

Solvent 

CDCla 
CHaCN 
CHg:I2 
CD3OD 
DaO 
(CHs) ~SO , 
0,1 N NaOD 
0,2 N NaOD 
0,1 N DCI 
0,2 N DCI 
CF3COOH 

Chemical Shifts* of the Ring Protons  of Ia, Ha, and IVa 

�9 Ia 
8 H(~)~SH(~) 

~SHis)~SH(6 ) 

8,52 8,12 
8,59 8,10 

8,64 8,33 
8,58 8,32 
8,63 8,3'2 
8,57 8,34 
8,57 8,34 
-- 8,39 
-- 8,46 
9,40 8,83 

l l a  " 

H(:~)~SH(6) I 8"H(a)~SH(s) 

J 

I 8,50 8,43 
87| 
8,62 
8,62 
8,64 
8,64 
8,72 
8,69 
8,95 

IVa 

,~H(2)~SH(3 ) 
~SH(5~SH(6 ~ 

8,02 
8,00 
8,01 
8,29 
8,37 
8,24 
8,42 
8,30 
8,39 
8,38 
8,82 

* 8 in par t s  per  million. 

The possibi l i ty of part ial  protonation of pyrazine N-oxides in proton-donor  solvents is apparently 
excluded, since IIa and IVa are  ve ry  weak bases.  The absence of protonation is experimental ly confirmed 
by the fact that the CS of the ring protons of pyrazine N-oxides in pro ton-donor  solvents and in aqueous 
NaOD solutions prac t ica l ly  coincide. A substantial change in the CS is  observed in aqueous DC1 and t r i -  
f luoroacetie acid solutions. 

The introduction of an N-oxy group into the pyrazine r ing leads to a pronounced positive* shift of the 
signal of the ~ protons and to a considerably smal le r  positive or  even small  negative shift of the signals 
of the fi protons (Table 2, IIa and IVa). Similar data are  also presented in the l i tera ture  for the N-oxides 
of pyridine [4], pyrimidine [5], and pyridazine [6]. In the case of these N-oxides,  a proton is also available 
in the y position: for  it, the effect is s imi lar  in charac te r  to that observed for the c~ proton but somewhat 
lower in magnitude. In all cases ,  the magnitude of the positive contribution to the CS of the protons due to 
the effect of the N-* O group inc reases  as  the solvent polar i ty  decreases .  This sor t  of effect in general  
indicates e lec t ron-donor  cha rac te r  of the N -~ O group, but the possibi l i ty of a contribution of magnetic an-  
i so t ropy to the observed CS and of the effect of the e lectr ic  field of the N-oxy group cannot be excluded. 
An increase  in the polarizat ion of the N--* O bond in polar  solvents, which occurs  due to in termolecular  in-  
teract ions ,  apparent ly leads p r imar i ly  to a decrease  in the e lec t ron-donor  effect of the N--* O group. This 
is in agreement  with the direction of the shift of the CS and the retention of the i r  sequence in all solvents 

Additivity of the effect  of the N --~ O grQups on the CS of r ing  protons is observed in IVa: the overal l  
effect of two N o O groups in IVa on each proton coincides with the sum of the effects of each N ~  O group 
on this proton, which are  found f rom the CS of IIa. This apparently at tests  to ext remely  weak interaction 
of the N ~  O groups in the compound under consideration. 

The relat ive CS of the ring protons in Ib-k  (Table 2) reflect  the effect of the substituent on the CS of 
the protons of the pyridine ring - H(3), H(~), and H(5 ) (o-, m- ,  and p-pro tons  with respec t  to the substituent). 
These effects are  general ly  in good agreement  with the donor-acceptor  proper t ies  of the substituent. They 
have positive signs for  donor substituents and negative signs for accepter  substituents, p rec i se ly  as is ob- 
served in other a romat ic  sys tems.  A compar ison of the effect of the subsfituents on the CS for  a number 
of pyraz ines  with s imi lar  effects in a ser ies  of monosubsti tuted benzenes [8] and 2-substi tuted pyrazines  
[9] demonst ra tes  that the effects on H(5 ) are  c loses t  in all three rings; the effects on H(3 ) coincide to al-  
mos t  the same degree,  while H(6 ) exper iences  the greates t  deviations in the magnitudes of the effects. 

The observed considerable shift to weak field of the H(3) signal (o-proton with respec t  to the 
--NHCOCH 3 substituent) in Id cannot be explained f rom the point of view of the donor-aceeptor  proper t ies  
of this group. On the basis of the available l i tera ture  data, this effect should be associa ted with the effect 
of the anisotropy of the carbonyl  group [7]. The same sort  of deshielding effect is also observed in IId, 
VDd, and IVd, which contain an NHCOCH 3 group as a substituent. 

The CS of N-oxides and N,N'-dioxides (II-IV) and of the 2-subst i tuted pyraz ines  themselves  (Ib-g) 
re lat ive to the CS of Ia charac te r i ze  the experimental  additive effect of the substituent and the N ~  O group 

* We will call the shift of the proton signal to strong field a positive shift, and a shift to weak field with r e -  
spect to the signals of unsubstituted pyrazine will be called a negative shift. 
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on the CS of the r ing protons  (Table 2). If  one p roceeds  f rom the assumpt ion  of independent action of the 
N - -  O group and of the substi tuent  on the ring protons ,  the additive effect  can be calcula ted on the basis  of 
data obtained f rom the s pec t r a  of Ib- j  and IIa.  The values  calculated according to this additive scheme 
a re  compared  with the exper imenta l  values  in Table  2. An examinat ion of the r e su l t s  demons t r a t e s  that  
genera l  good a g r e e m e n t  between the exper imenta l  and addit ively ca lcula ted  data is  obse rved  for  all  of the 
pro tons  in I / I c - j .  This  fact  r e f l ec t s  the slight in te rac t ion  of the N(4 ) -~ O group and the substi tuent  in the 
2-posi t ion.  

A different  si tuation is  obse rved  for  I ] Ic -g  and IVb-g.  In these  compounds, s ignificant  deviations 
f r o m  additivity occur  for  the H(a) and H(6 ) protons  - the exper imenta l  effects  a r e  l ess  than the values ca l -  

TABLE 2. Chemical Shif t  (CS) of the Protons of I-IV Relative to 

the CS of Ia 

Solvent 

D20 
(CH,)2SO 
CDCIz 
D20 
(CHs)~SO 
D~O 
(CHa)2SO 
D20 
(CHa)2SO 
(CHa)=SO 
D20 
(CI-Iz) 2S0 
CDCIz 
D20 
(CHahSO 
CDCIs 
D=O 
(CHs)~SO 
D20 
(CHs)2SO 
D20 
(CHs)~SO 
CDCIs 
D20 
(CHs)~SO 
CDCI~ 

I II 
A5 II(3) A511(5) AbH (6) 

rt,5) hi5 , I 11(6) exptl.ladd. ~ add" exptl, add. 

H 
H 
H 
CHa 
CHa 
NH2 
NH2 
NHCOCHa 
NHCOCHa 
F 
CI 
C1 
C! 
OCHa 
OCHa 
OCHs 
CONH2 
CONH2 ' 
COOH 
COOH 
COOCHa 
COOCHa 
COOCHa 
CN 
CN 
CN 

0,00[ 0,00--0,04 
0201 0,001+0,10 
0,00 I 0,001+0,12 
�9 0,24 [+0,19 [ 
O,28 1+0,161 
0,91 +0,76 +0,3,3 
0,9'2 ~] +0,73'] +0,47 
�9 0,30 [ +0.28 I--0,83 
0,34 +0,34 I--0,81 
�9 0,07' 1+o,21'] 
0,o41+0,17 I-O,2a 
0,03' / +0,17 ~1 --0,25 
02o  I+O,lO 1+o,o2 
0,47 ~+o,47 ] +o,o3 
o,41'~+o,4D[+o,14 
0,481+0,50 1+0,36 
0,18]-0,111 
0,27'1--0,12' I 
.o,221-o,18 I 
0,19 I--0,16, I 
.0,211--0,111 
0,31'1--0,23' [ 
�9 0,18 I-0,12 I 
0,25 I-o,~l 
0,28 --0,22 I 
0,30 --0,13 

-0,04 
+0,10 
+0,12 

+0,66 +0,81 
+0,7@ +0,9O 
--0,46 +0,3,3 
--0,68 +0,42 

--0,07 +0,16 
+0,02 +0,13 
+0,11 +0,25 
+0,39 +0,37 
+0,,42 +0,46 
+0,51 +0,44 

+0,2 
+0,31 
+0,5 

+0,8 +0,5 
+1,0 +0,4 
+0,2 +0,2 
+0,3 +0,2 

+0f  +0,C 
+0,1 +0,C 
+0,3 +0,3 
+0,4 +0,2 
+0,5 +0,~ 
+0,6 +0,4 

+0,97 
+ 1,04 
+0,56 
+0,60 

+ 0,43 
+0,3~. 
+0.60 
+0,48 
+0,08 
+ 1,03 

T A B L E  2. 

Solvent 

D20 
(CHs)=SO 
CDCIa 
D=O 
(CHs)~SO 
D=O 
(CHs)=SO 
D=O 
(CHs)~SO 
(CHs)=SO 
D20 
(CHa)~SO 
CDCla 
D20 
(CHs)2SO 
CDCls 
D20 
(CHs)=SO 
DzO 
(CHs)2SO 
DzO 
(CHs) 2SO 
CDCIa 
D20 
(CHa)2SO 
CDCla 

(Cont inued)  

H 
H 
H 
CHa 
CHs 
NH= 
NH= 
NHCOCHs 
NHCOCHa 
F 
CI 
Cl 
CI 
OCHa 
OCHa 
OCHs 
CONH2 
CONH~ 
COOH 
COOH 
COOCHs 
COOCHa 
COOCHs 
CN 
CN 
CN 

III 
AOH(3 ) AOH(5 ) AOH(6) 

exptl, add. 

+0,26 
+0,51 
+0,50 

+,1,03 
+ 1,27 
+ 0,54 
+0,~  

+ 0,82 

+0,62 
+0,6,8 
+ 0,68 
+0.91 
+0,13 

+0,13 
+0,18 
+0,07 
+0,09 
+0,4.1 

exptl. 

--0,04 
+0,10 
+0,12 

+1,17 +0,60 
+ 1,23 +0,83 
+0,56 +0,33 
+0,55 +0,39 

+0,30 +0,12 

+0,70 +0,36 
+0,73 +0,42 
+0,72 +0.52 
+0,98 +0,65 
+ 0,08 -- 0,09 

+0,04 --0,11 
+0,12 +0,00 
+0,05 -0,14 
+0,9O --0,01 
+0,32 +0,07 

exptI, add. 

+0,~6 
+0,5I 
+0,50 

+0,95 +0,96 
+a,16 +1,00 
-0,35 -0,11 
--0,28 --0,41 

+0,02 +0,28 

+0,45 +0,49 
+0,63 +0,64 
+0,65 +0,32 
+0,87 +0,82 
--0,21 --0,95 

-0,25 -0,39 
+0,05 --0,30 
--0,32 --0 33 
--0,03 --0,28 
--0,13 --0,21 

add. 

+0,72 
+0,83 
+0,24 
+0,44 

+0,13 

+0,22 
+0,42 
+0,52 
+0,62 
--0,16 

-0,22 
-0 ,05 
-0 ,16 
-0,13 
+ 0,00 

242 



TABLE 2. (Continued) 

Solvent 

D20 
(CHs)~SO 
CDCIs 
D~O 
(CHs)~SO 
D20 
(CH~)~SO 
D~O 
(CH~)~SO 
(CHs)~SO 
D~O 
(CHs)~SO 
CDCIa 
D~O 
(CH~)~SO 
CDCIs 
D~O 
(CHs)2SO 
D~O 
(CH~)2SO 
D~O 
(CHs)~SO 
CDCIs 
D~O 
(CHs)~SO 
CDCIs 

i A exptl ] 

IV 
AbH(s ) ASH(s ) 

xpra. I add. ]add._A exptl~ add. !add..  . add. 

A6H(6 ) 

Idd.A 

i 
H +0,~1 +0,22! 
H +0,40 +0,41 
H +0,61 +0,62 
CHs +0,12 +0,38 
CH~ +0,19 +0,46 
NH2 +0,51 +0,95 
NH~ +0,85 + 1,09 
NHCOCHs -0,70 -0,21 
NHCOCH3 -0,37 -0,30 
F 
CI -0,22 +0,1,8 
CI -0,29 +0,32 
C1 
OCHs +0,15 +0,59 
OCH~ 
OCH~ 
CONH~ 
CONH~ 
COOH 
COOH 
COOCHa 
COOCH~ 
COOCHa 
CN 
CN 
CN 

+ 0,59 
+0,78 
--0,57 
-0,50 

+0,03 
+0,06 

+0,29 

+0,21 
+0,40 
+0,61 
+ 0,33 
+0,47 
+0,88 
+,1,06 
+0,47 
+0,56 

+0,25 
+0,36 

+0,41 

+0,22 +0,21 
+0,41 +0,40 
+0,62 +0,61 
+0,5O +0,20 
+ 0,63 + 0,34 
+l,12 +1,07 +0,41 
+ 1,32 +1,24 +0,50 

+0,59[ +0,16 
++0'510,74 +0,73 +0,21 

+0,42 +0,08 
+0,25 +0,43 +0,44 +0,16 

+0,58 +0,73 +0,18 

+0,22 
+0,41 
+0,62 
+0,45 
+0,56 
+ 0,97 
+1,13 
+0,49 
+0,74 

+ 0 38 
+ 0,57 

+0,68 

+0,51 
+0,60 
+0,24 
+0,36 

+0,04 
+0,1,8 

+0,25 

TABLE 3. Spin--Spin Coupling Constants in I-IV (Hz) 

Solvent 

CDC13 
D20 
(CHs) ~SO 
CDCIs 
D~O 
(CHD2SO 
D20 
(CHs)2SO 
(EH@~SO 
D20 
(CHs)2SO 
CDCIs 
D20 
(CH3)2SO 
CDCI3 
D20 
(CHs)~SO 
D20 
(CH~)2SO 
D20 
(CHs)~SO 
CDCla 
D20 
(CHa)~S0 
CDCIa 

H 
CHs 
CHs 
CHs 
NH2 
NH2 
NHCOCH3 
NHCOCHs 
F 
CI 
CI 
CI 
OCH3 
OCHs 
OCHs 
CONH~ 
CONH2 
COOH 
COOH 
COOCHs 
COOCH~ 
COOCHs 
CN 
CN 
CN 

0,56 
<0,5 

-0,2#' 
<0,5 I 
--0,21 

--0,46 
0,3 

-0,401 

--0,351 

--0,0Pi 

II 

156 : J~s 

4,1; 

4,0 
4,2 
4,1 
4,2 

4,2 
4,2 

4,2 
4,0 
4,2 

4,0 
4,2 
4,0 
4,0 
4,0 

-0,301 

1,8 ~ 1,86 
1,5 2,6 
1,5 2,6 
1,481 2,561 
1,3 2,8 
t,541 2,77 I 
1,1 2,5 

1,331 2,671 
1,2 2,4 
1,431 2,6P 

1,401 2,861 
1,0 2,3 
1,5 2,5 
1,5P 2,49 ~ 

1,3 2,5 
1,3 2,5 
1,491 2,431 
1,3 2,5 
1,3 2,7 
1,3 
1,3 2,3 

0,3, 0,83: 

<0,5 0,8 
<0,5 0,8 
<0,5 0,5 
<0,5 0,5 

<0,5 0,8 
0,7 
0,6 

<0,5 0,7 
0,7 

4,F 1,75: ,,833 

4,2 1,8 0,8 
4,2 1,8 0,8 
4,0 1,6 0,8 
4,0 1,6 0,6 

4,5 1,4 0,7 
4,0 1,5 0,6 
4,0 
4,0 1,5 0,7 

1,5 0,8 
4,0 1,6 0,8 

1,5 
0,7 1:78! 0,8 

1,7 0,8 
1,7 0,8 

III IV 

2,~ 0,8 5,6 
2,E 5,6 

2,~ 5,5 
2,~ 5,5 
2,~ 6,0 
2,~ 5,5 

23 0,5 5,8 
2,7 0,5 5,8 

2,4 0,5 5,5 

cula ted  f rom the addi t ive  scheme.  This  r e su l t  can be explained by in te rac t ion  of the subst i tuent  in the 2 
pos i t ion  with the N-* O group.  In the s e r i e s  of compounds that  we inves t iga ted ,  t he re  were  only subs t i tu -  
ents  that  i n t e r a c t e d  with the N--* O group as  e l ec t ron  donors ,  and the l a t t e r  was an accep to r .  Owing to this ,  
the e l e c t r o n - d o n o r  effect  of subs t i tuents  on the r ing pro tons  was weakened. I t  can be expec ted  that  a s i m -  
i l a r  in te rac t ion  should a l so  occur  in the case  of e l e c t r o n - a c c e p t o r  subs t i tuents ,  and, in th is  case ,  the 
N-* O group, which i s  known to have dual c h a r a c t e r  in e l ec t ron  in t e r ac t ions ,  wil l  be a donor.  

I t  i s  i n t e r e s t i ng  to note that  the a g r e e m e n t  between the ca lcu la ted  and expe r imen ta l  data  for  the c is  
pro ton  in the inves t iga ted  compounds continues to r e m a i n  quite s a t i s f ac to ry .  This  c i r c u m s t a n c e  may  i n -  
dicate  a change p r i m a r i l y  in the inductive p r o p e r t i e s  of the groups  that  i n t e r a c t  with one another  and a 
r e l a t i v e l y  sma l l  change in t he i r  r e sonance  act ion.  Moreover ,  the pro tons  in the 3 and 6 pos i t ions ,  which 
a r e  in d i r e c t  p r o x i m i t y  to the i n t e r ac t ing  groups ,  should exper ience  a g r e a t e r  deviat ion f rom addi t iv i ty  
than the p ro tons  in the 5 pos i t ion ,  for  which the r e sonance  effect  p r edomina t e s .  In addit ion,  one should 
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�9 . 1 I l I ,  , 

Fig. 1. Assignment  of the lines in the I~MR spect rum of 2 -ea rbo-  
methoxypyrazine 4-N-oxide (]~Ij) (a, b); INDOR spect rum of ]IIj (c). 

bear  in mind that the C8 of the H(3 ) and H(s ) protons may also be par t ia l ly  determined by the change in the 
magnetic anisotropy of the N ~  O group and of the substituents in the 2 position as a resul t  of a change in 
the electron distribution in these groups during their  interaction. It is obvious that an influence of this 
type should p r imar i ly  affect the CS of the protons in the 3 and 6 positions and, to a small  degree,  the f a r -  
removed proton in the 5 position. 

A somewhat different approach to an evaluation of the overall  effects can be used in IVb-f. Using 
the experimental  additive effects of the substituent and the N(~) -~ O group on the ring protons in I Ib- f  and 
the effects of the N -~ O group on the ring protons as a basis, f rom the PMR data on IIa one can calculate 
the overall  effect of the N ~  O groups and the substituent via a new additive scheme (additive A), in which 
the interact ing R and N(D ~ O groups a re  considered to be a single substituent. This sor t  of approach 
leads to a considerable improvement  in the agreement  between the effects for H(~) and H(6 ). The effects 
calculated by both additive schemes do not differ too much for H(~). In addition, it is  n e c e s s a r y  to note 
that, for general sa t i s fac tory  agreement  between the experimental  and additively calculated values in 4- 
N-oxides,  there  are  some deviations that, in individual cases ,  exceed the experimental  e r ro r .  Thus the 
additive effects a re  somewhat lower for  all - C  substituents in D20, and somewhat lower than the experi~ 
mental values for + C substituents. This at tests  to weak interaction of the N{4) ~ O group with the 2-sub-  
stituent and dual cha rac te r  of this group: when there is a donor substituent in the ring, N(4)--* O acts as a 
weak accepter ,  but when there is an accepter  substituent in the ring, this group acts  as a weak donor. (It 
should be noted that when DMSO is used as a solvent, this effect is completely absent in the case of donor 
substituents.) In the case  of the available + C substituents, an interaction of this sor t  is also noted in 
N,Nr-dioxides. 

Effects of quadrupole broadening of the lines due to interaction with the nitrogen atom are  observed 
in all of the spec t ra  of I-IV; in a number  of cases,  this reduces the accuracy  in the measurement  of the 
s p i n - s p i n  splittings of the protons in direct  proximity  to the nitrogen. The presence  of an oxygen atom 
attached to nitrogen to a considerable extent el iminates this quadrupole broadening. Resolution made it 
possible to determine the SSIC star t ing at 0.5 Hz. 

An examination of our resul ts  and the l i terature  data [1, 6, 3] (Table 3) demonstra tes  that the ortho 
constant (Jss), which is 2.5-2.7 Hz in 1b-k, inc reases  to 4.2-4.5 Hz when one N --~ O group is  introduced into 
the ring and to 5.0-6.0 Hz in the presence  of two N -~ O groups. The constant through the heteroatom (J35) 
ranges  f rom 0 to 0.5 Hz in Ib-k and IIc-g,  inc reases  to 1.5-1.8 Hz in ILIc-j, and inc reases  to 2.5 Hz in 
IVb-g. The pa ra  constant (J~s), which ranges  from 1.3-1.5 Hz in 1a-k, dec reases  to 0.5-0.8 Hz in KIc-g  
and apparently remains  the same in IVb-g. The same charac te r  in the change in analogous constants on 
pass ing  from nonoxidized to N-oxidized rings is observed also in the pyridine [4], pyridazine [6J, and py-  
rimidine [5] ser ies .  

The t ransfer  of spin-spin couplh~g through both r and 7r bonds should be taken into account in con-  
sidering the SSIC between protons  in aromat ic  rings.  The theoret ical  calculations of Mac Connell for ben- 
zene and naphthalene resul t  in the fact that t ransfer  of the interaction along the o" bonds predominates  for 
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the ortho and meta  constants,  while t r ans fe r  by means of v bonds is charac te r i s t i c  for the pa ra  constant 
[10, 11]. F r o m  this point of view, the considerable increase  in J56 in II and HI and of Js5 in ]HI (in com-  
par i son  with I), as well as the absence of changes in J35 in 17, can be considered to be an indication of the 
strong perturbat ion of the r f ramework of the molecule by the N --~ O group in direct  proximity  to the latter.  
When a second N- -  O group is added to the pyrazine ring, the J35 and J56 constants increase  more,  and J36, 
like the pa ra  constant,  decreases .  The lat ter  may be evidence for a decrease  in the delocalization of the 
~r e lectrons in the ring in the order  pyrazine > N-oxide > N,N'-dioxide. It is  possible that these effects are  
also par t ia l ly  associa ted  with a change in the geometry  of the molecules  in connection with the presence  of 
N- -  O groups.  

The effect of the N--* O group on the SSIC is manifested not only in the magnitude of the constants but 
also in their  signs. The determination of the signs of the constants in benzene demonstrated that the signs 
of JHH ~176  and JHH meta  are  the same in all cases  and a re  positive. In 2-subst i tuted pyrazines  the J35 
constant through the nitrogen atom has a negative sign [1], just as J~6 in pyridine [3]. In the presen t  paper,  
we determined the sign of J35 in IIIj, the signals of the protons of which form a degenerate AlV[X system. 
The INDOR method [12] was used to determine the signs of the constants in IIIj. The assignment  of the 
lines in the P]VIR spec t rum of ]IIj and the INDOR spect rum of this compound are  shown in Fig. 1. The in-  
terpreta t ion of the resul ts  obtained on the basis of an examination of the A1VIX energy levels and the resul ts  
of INDOR demonst ra tes  that a set of SSCC with the same signs is rea l ized (• J56 • J35 • J36)- Taking into 
account the usual assumption of the positive sign of the vicinal JsG constant, it can be concluded that the 
sign of J35 is positive. These resul ts  confirm the assumption of the positive sign of the constant through 
the N--* O group that was made on the basis  of an analysis  of the spect rum ofpyraz ine  N-oxide [3]. Thus 
the oxidation of the ring nitrogen leads to reversa l  of the sign of the J3~ constant through the nitrogen atom. 

E X P E R I M E N T A L  

The PMR spect ra  of up to 5% solutions of the investigated compounds were obtained with a JNM-4H- 
100 spec t rometer  with an operating frequency of 100 MHz. The solvents were D~O and perdeutera ted di- 
methyl sulfoxide (d6,DMSO). The internal  s tandard in D20 and NaOD and DCI solutions was dioxane [6 3.70 
ppm relative to te t ramethyls i lane  (TMS)], and the internal standard in DMSO was TMS. 

The CS relat ive to TMS are  presented in Table 1. The spect ra  of Ib- j ,  I Ic-g ,  and I I Ib-g are  readily 
in terpre ted  as an ABX or A1VIX system. The spectra  of Ia and IVa give singlet signals. The spect rum of 
Ha is in terpre ted  as an AA'XX' sys tem in which the centers  of the multiplets corresponding to the AA' and 
XX'  port ions of the spect ra  are  taken as the CS of the protons.  The mean-exper imental  e r r o r s  in the de-  
terminat ion of the CS and SSIC were • 0.05 ppm and ~- 0.2 Hz, respect ively.  

A change in the intensity of the component of the quartet  corresponding to the H(6 ) signal at v 1 4749.5 
Hz was observed in the spectrum obtained as a resul t  of INDOR. The double resonance frequency (~2) 
changed synchronously with t ime with the scanning of the recording device. An inc rease  in intensity was 
observed at distances of + 17.8 and -21 .0  Hz, while a decrease  in intensity was observed at distances of 
+21.8 and -20 .2  Hz f rom the central  beat, which cor responds  to a line position of 749.5 Hz. 

The resul ts  of chemical  analysis  of the previously unreported compounds, the synthesis of which 
will be descr ibed in subsequent papers ,  a re  presented below, 2-Chloropyrazine  1,4-N,N'-dioxide had mp 
191-192~ Found: C32.4; H 2.1; N 19.1%. C4H3C1N202. Calculated C 32.7; H 2.1; N 19.1%. 2- 
Methoxypyrazine 1-N-oxide had mp 150-151 ~ Found: C 47.9; H 4.74; N 22.1%. CsH6N20~. Calculated: 
C 47.6; H 4.8; N 22.2%. 2-Methoxypyrazine 1,4-N,N'~dioxide had rap 181.5-182.0 ~ (violent decomposition). 
Found: C 42.4; H 4.4; N 19.7%. CsH6N203. Calculated: C 42.2; H 4.2; N 19.7%. 
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