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Two isomeric mono-N-oxides of 2-aminopyrazine and the 1,4-di- 

N-oxide have been synthesized. A marked fall in ~he capacity of 

these compounds for nucleophilic exchange reactions and for rearrange- 
ments in acid and alkaline media has been found, which distinguishes 
them from the corresponding N-oxides of 2-aminoquinoxaline. 

Continuing our  i nves t iga t ions  of the c h e m i c a l  and 
b io log ica l  p r o p e r t i e s  of N - o x i d e s  of the p y r a z i n e  and 
quinoxal ine  s e r i e s ,  we unde r took  the s y n t h e s i s  of N -  
ox ides  of 2 - a m i n o p y r a z i n e s .  It has  been  shown p r e -  
v ious ly  that  when 2 - a c e t y l a m i n o q u i n o x a l i n e  (I) is  
ox id ized  with p e r h y d r o l  in ace t i c  acid  o r  wi th  a 10% 
solu t ion  of p e r a c e t i c  acid  (in a r a t i o  of 1 m o l e  : 1 
mole)  at 2 0 - 2 5  ~ C, the  m a i n  p r o d u c t s  a r e  the  1-  and 
4 - m o n o - N - o x i d e s  of compound I, t oge the r  with a 
s m a l l  amount  of the 1, 4 - d i - N - o x i d e  of I [1]. 

When 2 - a e e t y l a m i n o p y r a z i n e  (II) was  ox id ized  
under  the s a m e  condi t ions ,  a m i x t u r e  of s u b s t a n c e s  
was ob ta ined  in which the  fo l lowing w e r e  de t ec t ed  by 
p a p e r  c h r o m a t o g r a p h y  in the butanol-5% ace t i c  ac id  
sys t em:  the  in i t ia l  compound II, the p roduc t  of i t s  
saponi f ica t ion ,  2 - a m i n o p y r a z i n e ,  and two s u b s t a n c e s  
with Rf  0 .17 -0 .18  ( d a r k  v io l e t  spot in UV) and with 
Rf  0 .45 -0 .46  (v io le t  spot  in UV), The compound with 
Rf  0 .45-0 .46  was  i s o l a t e d  f r o m  the r e a c t i o n  m i x t u r e  
and f r e e d  f r o m  con tamina t ion  with the  compound 
having  Rf  0 .17 -0 .18  by r e p e a t e d  r e c r y s t a l l i z a t i o n .  
I t s  e l e m e n t a r y  c o m p o s i t i o n  c o r r e s p o n d e d  to a m o n o -  
N- ox ide  of compound II, and i ts  me l t i ng  point  d id  not 
change on r e p e a t e d  c r y s t a l l i z a t i o n s .  In sp i t e  of al l  
t h e s e  da t a  ind ica t ing  the un i fo rmi ty  of the  r e a c t i o n  
p r oduc t  obta ined ,  a c o n s i d e r a t i o n  of the  PMR s p e c -  
t r u m  showed that  i t  was not  an indiv idual  subs t ance .  I t  
was n a t u r a l  to a s s u m e  that  th i s  compound was a 
eu tec t i c  m i x t u r e  of the  two i s o m e r i c  m o n o - N - o x i d e s  
of compound II.  The  f o r m a t i o n  of such a type  of 
d i f f i c u l t l y - s e p a r a b l e  m i x t u r e s  Of i s o m e r i c  m o n o - N -  
ox ides  has  been  o b s e r v e d  p r e v i o u s l y  in the  oxida t ion  
of 2 - m e t h y l p y r a z i n e  [2]. Af te r  a p r e l i m i n a r y  s e l e c t i o n  
of the  s y s t e m  by t h i n - l a y e r  c h r o m a t o g r a p h y  on 
p l a t e s ,  the  m i x t u r e  of the  p roduc t s  of the  oxida t ion  
of compound II was  s e p a r a t e d  by s o r p t i o n  c h r o m a t o -  
g raphy  on A1203. In th is  way we in fac t  i so l a t ed  in the 
pu re  s t a t e  the  1 - N - o x i d e  of compound II (III) (24-25%),  
the  4 - N - o x i d e  of compound II (IV) (21-22%) and a 
subs t ance  V with Rf  0 .17 -0 .18  (8.1%), the  e l e m e n t a r y  
c o m p o s i t i o n  of which c o r r e s p o n d e d  to the 1, 4 - d i - N -  
oxide  of compound II. 

* F o r  p a r t  I, see  [5]. 
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The s t r u c t u r e  of the  m o n o - N - o x i d e s  III  and IV so 
obta ined  w e r e  e s t a b l i s h e d  by t h e i r  c o n v e r s i o n  into 
the  c o r r e s p o n d i n g  m o n o - N - o x i d e s  of 2 - a m i n o p y r a -  
z ine  VI and VII and by a c o n s i d e r a t i o n  of t h e i r  PMR 
s p e c t r a .  The PM1R s p e c t r a  w e r e  m e a s u r e d  on a 
JNM4H100 s p e c t r o m e t e r  (working  f r e q u e n c y  100 MHz) 
in D20 us ing  d ioxane  as  i n t e rna l  s t anda rd .  The c h e m i -  
ca l  sh i f t s  a r e  g i v e n r e l a t i v e  to  t e t r a m e t h y l s i l a n e  (TMS) 
in the cr s c a l e  (d ioxane r e l a t i v e  to TMS--3 .7  ppm).  
The s p e c t r u m  of each  of the  N-ox ides  VI and VII con -  
s i d e r e d  exhib i ted  t h r e e  s igna l s  c o r r e s p o n d i n g  t o  the  
s igna l s  of the  p ro tons  of the  r i ng  of a p y r a z t n e  o r  i ts  
N - o x i d e  [3]. In the  s p e c t r u m  of compound VI, the HG 
s ignal  was r e p r e s e n t e d  by a double t  at 7.76 ppm with 
a s p i n - s p i n  coupl ing cons tan t  J6,5 = 4.3 Hz. The  H 3 
s igna l  was  r e p r e s e n t e d  by a peak  at 8.23 ppm feeb ly  
sp l i t  th rough  m e t e  s p i n - s p i n  coupl ing with H 5 (Js ,3 0.6 H z), 
and H 5 a p p e a r e d  in the  8.02 ppm r e g i o n  in the f o r m  of 
a q u a r t e t  due to i n t e r a c t i o n  with H G and H 3. In the 
s p e c t r u m  of compound VII, the H 6 and H 3 s igna l s  
a p p e a r e d  in the f o r m  of double t s  at 7.94 ppm and 
7.65 ppm,  r e s p e c t i v e l y  (J6,5 = 4.3 Hz; J3,5 = 1o5 Hz). 
The  H5 s igna l  a p p e a r e d  in the 7.54 ppm r e g i o n  in the  
f o r m  of a quar t e t .  Thus,  the  p r e s e n c e  in the  m o l e -  
cu le  of compound VII of a N(~) ~ 0 group  was shown 
by the va lue  of the  m e t a  s p i n - s p i n  coupl ing cons tan t  
J3,~ of 0.6 Hz to 1.5 Hz, which c o r r e s p o n d e d  to the  
r e s u l t s  of o the r  au thor s  [4]. 

On the b a s i s  of the in fo rma t ion  obta ined  in a con -  
s i d e r a t i o n  of the  PMR s p e c t r a ,  compound VI was 
a s s igned  the s t r u c t u r e  of the 1 -N-ox ide  of 2 - a m i n o p y r -  
azine and compound VII that  of the 4 - N - o x i d e  of 2 -  
a m i n o p y r a z t n e .  Th i s  conc lus ion  was  c o n f i r m e d  by the 
fac t  tha t  so lu t ions  of the  m o n o - N - o x i d e  VI gave with 
FeC13 the deep  b lue  c o l o r a t i o n  that  is  c h a r a c t e r i s t i c  
fo r  N - o x i d e s  of n i t r o g e n - c o n t a i n i n g  a r o m a t i c  h e r e t o -  
c y c l e s  in which the  N ~ 0 and NH 2 g roups  a r e  a d j a -  
cen t  to one another .  As was to be  expected ,  c o m -  
pound VII did  not g ive  a c o l o r  r e a c t i o n  with FeC13. 

In o r d e r  to obta in  the d i - N - o x i d e  of compound II, 
the  l a t t e r  was sub jee ted  to ox ida t ion  unde r  m o r e  s e -  
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v e r e  c o n d i t i o n s ,  n a m e l y  w i t h  a n  e x c e s s  of p e r a c e t i c  

a c i d  s o l u t i o n  a t  6 5 - 7 0  ~ C. T h e  y i e l d  of t h e  p u r e  d i -  

N - o x i d e  of  c o m p o u n d  II w a s  5070 of t h e o r e t i c a l .  I t  

w a s  i d e n t i c a l  w i t h  s u b s t a n c e  V f o r m e d  as  an  i m p u r i t y  

in  t h e  s y n t h e s i s  of t h e  m o n o - N - o x i d e s  III  and  IV.  

H y d r o l y s i s  of t h e  a c e t y l  g r o u p  of c o m p o u n d  V f o r m e d  
t h e  1, 4 - < l i - N - o x i d e  of 2 - a m i n o p y r a z i n e  (VIII) ,  w h i c h  

g a v e  w i t h  FeC13 a c o l o r  r e a c t i o n  w h i c h  i s  u n u s u a l  f o r  

N - o x i d e s  of h e t e r o c y e l i e  o - a m i n o  d e r i v a t i v e s :  v i o l e t -  

r e d  i n s t e a d  of b l u e - g r e e n  o r  b l u e .  T h e  s t r u c t u r e  of 
t h i s  c o m p o u n d  w a s  c o n f i r m e d  by  t h e  P M R  s p e c t r u m ,  

w h i c h  e x h i b i t e d  t h r e e  s i g n a l s  f r o m  t h e  p r o t o n s  of t h e  

r i n g :  Hs, a t  8 .07  p p m  ( d o u b l e t ,  J~,5 = 2 .5  Hz) ;  Hs, a t  

7 .67 p p m  ( q u a r t e t ,  Js,~ = 6 Hz,  J5,3 = 2 .5  Hz);  and  H 6, 

a t  8 .17  p p m  ( d o u b l e t ,  J6,5 = 6 Hz) .  

I t  h a s  b e e n  s h o w n  p r e v i o u s l y  t h a t  w h e n  t h e  4 - N -  
o x i d e  and  t h e  1, 4 - d i - N - o x i d e  of 2 - a m i n o q u i n o x a l i n e  
a r e  h e a t e d  w i t h  d i l u t e  h y d r o c h l o r i c  ac id ,  t h e y  f i r s t  
u n d e r g o  a r e a r r a n g e m e n t  g i v i n g  2 - a m i n o - 3 - h y d r o -  
x y q u i n o x a l i n e  and  t h e  i - N - o x i d e  of 2 - a m i n o - 3 - h y d r o -  

x y q u i n o x a l i n e  w h i l e ,  on  f u r t h e r  h e a t i n g  u n d e r  t h e  s a m e  
c o n d i t i o n s ,  h y d r o l y s i s  of t h e  a m i n o  g r o u p  t a k e s  p l a c e  

w i t h  t h e  f o r m a t i o n  of 2, 3 - d i h y d r o x y q u i n o x a l i n e  and  

t h e  1 - N - o x i d e  of 2, 3 - d i h y d r o x y q u i n o x a l i n e ,  r e s p e c -  

t i v e l y  [1].  A t t e m p t s  to  e f f e c t  t h e  a n a l o g o u s  r e a c t i o n s  

w i t h  t h e  c o r r e s p o n d i n g  N - o x i d e s  of p y r a z i n e  s h o w e d  
t h e  c o n s i d e r a b l e  s t a b i l i t y  of t h e s e  c o m p o u n d s .  T h u s ,  
a f t e r  t he  d i - N - o x i d e  VIII  h a d  b e e n  b o i l e d  in  2 .5  N 

h y d r o c h l o r i c  a c i d  f o r  10 h r  i t  w a s  r e c o v e r e d  a l m o s t  

u n c h a n g e d .  U n d e r  a n a l o g o u s  c o n d i t i o n s ,  t h e  m o n o - N -  
o x i d e s  VI and  VII  w e r e  l i k e w i s e  s c a r c e l y  c h a n g e d ;  

t h e  b u l k  of t h e  s t a r t i n g  m a t e r i a l s  w a s  r e c o v e r e d  and  

t h e  s o l u t i o n  w a s  found  to  c o n t a i n  s o m e  d e o x i d a t i o n  
p r o d u c t ,  2 - a m i n o p y r a z i n e ,  and  s m a l l  a m o u n t s  of two u n -  

k n o w n  s u b s t a n c e s  a p p e a r i n g  on  p a p e r  e h r o m a t o g r a m s  
in  t h e  f o r m  of v e r y  w e a k  s p o t s  ( in  a l l  e a s e s ,  t h e  p a -  

p e r  c h r o m a t o g r a p h y  w a s  c a r r i e d  ou t  in  t h e  b u t a n o l -  
5% a c e t i c  a c i d  s y s t e m ) .  A l k a l i n e  s o l u t i o n s  of t he  d i - N -  

o x i d e  VIII  r a p i d l y  d a r k e n e d  on  g e n t l e  h e a t i n g ,  and  

c h r o m a t o g r a p h y  of t h e  r e a c t i o n  s o l u t i o n  on  p a p e r  

s h o w e d  t h e  p r e s e n c e  of a n  e x t r e m e l y  c o m p l e x  m i x -  
t u r e  of p r o d u c t s ,  w h i c h  i n d i c a t e d  f a r - r e a c h i n g  c o n -  

v e r s i o n  l e a d i n g  to  t h e  d e c o m p o s i t i o n  of t h e  m o l e c u l e  
and  t h e  p o l y m e r i z a t i o n  of t h e  f r a g m e n t s  f o r m e d .  So 

f a r  a s  c o n c e r n s  t h e  m o n o - N - o x i d e s  VI and  VII,  t h e y  
w e r e  s t a b l e  in  a n  a l k a l i n e  m e d i u m  and  u n d e r w e n t  

p r a c t i c a l l y  no  c h a n g e  o n  b e i n g  b o i l e d  w i t h  2 .5  N 

NaOH f o r  1 h r  30 ra in .  In  c o n t r a s t  to  t h i s ,  a n  a n a l o g  

of t h e  m o n o - N - o x i d e  V I - - t h e  1 - N - o x i d e  of 2 - a m i n o -  
q u i n o x a l i n e - - w a s  r e a d i l y  c o n v e r t e d ,  b y  b e i n g  h e a t e d  
in  d i l u t e  a l k a l i ,  i n t o  t h e  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 - t h e  1 - N - o x i d e  of 2 - h y d r o x y q u i n o x a l i n e  [1]. 

T h u s ,  w h i l e  p r e v i o u s l y  we  o b s e r v e d  o n l y  s o m e  

l o w e r i n g  of t h e  r e a c t i v i t y  of t h e  a - m e t h y l  g r o u p s  of 
t h e  N - o x i d e s  of m e t h y l p y r a z i n e s  [5] in  c o n d e n s a t i o n  
r e a c t i o n s  as  c o m p a r e d  w i t h  t h e  a - m e t h y l  g r o u p s  of 
t h e  N - o x i d e s  of t h e  c o r r e s p o n d i n g  q u i n o x a l i n e  d e r i -  

v a t i v e s ,  in  a s t u d y  of t h e  r e a r r a n g e m e n t s  of t h e  N -  
o x i d e s  of 2 - a m i n o p y r a z i n e  in  t h e  p r e s e n c e  of  m i n e r a l  
a c i d s  and  of t h e  h y d r o l y s i s  r e a c t i o n s  of t h e  a m i n o  
g r o u p ,  a m a r k e d  l o w e r i n g  of t h e  r e a c t i v i t y  of  t h e  p y r a -  

z i n e  N - o x i d e s  to  n u e l e e p h i l i c  s u b s t i t u t i o n s  and  to 

o x i d a t i o n - r e d u c t i o n  r e a c t i o n s  w a s  found .  T h e  c o n -  

s i d e r a b l y  h i g h e r  r e a c t i v i t y  of t h e  N - o x i d e s  of 2 - a m i -  

n o q u i n o x a l i n e  in  r e l a t i o n  to  n u c l e o p h i l i c  s u b s t i t u t i o n s ,  

in c o m p a r i s o n  w i t h  t h e  c o r r e s p o n d i n g  p y r a z i n e  d e r i -  
v a t i v e s ,  m a y  b e  c o n n e c t e d  w i t h  the  g r e a t e r  c a p a c i t y  

f o r  p o l a r i z a t i o n  of t h e s e  c o m p o u n d s  a t  t h e  m o m e n t  
of r e a c t i o n  t h a n k s  to  t h e  p r e s e n c e  of t h e  c o n d e n s e d  

b e n z e n e  r i n g .  
W e  o f f e r  o u r  d e e p  t h a n k s  to  P r o f e s s o r  O. Yu. 

M a g i d s o n  f o r  t h e  a t t e n t i o n  w h i c h  h e  d e v o t e d  to  t h e  

p r e s e n t  w o r k .  

EXPERIMENTAL 

Oxidation of 2-aeetylaminopyrazine II. 1) A mixture of 3 g 
(0.022 mole) of II, 15 ml of glacial acetic acid, 3.09 ml of acetic 
anhydride, and 3.72 ml (0.033 mole) of 30% H202 was kept at 
room temperature for 48 hr. The amount of HzO 2 consumed was 
1.0132 g (0.03 mole). The H2Oz that had not reacted was decom- 
posed with an aqueous solution of NazSO s (1.2 g) at a temperature 
not exceeding 20 ~ C. The resulting solution was evaporated to dry- 
ness and the dried residue was extracted with hot CHC1 s. After the 
chloroform had been distilled off, the solid residue (3.02 g) was 
recrystallized from 96% ethanol to give 2 g of a mixture of the 1-N- 
oxide of 2-acetylaminopyrazine (III) and the 4-N-oxide of 2-acetyl- 
aminopyrazine (IV) together with a small amount of the 1, 4-di-N- 
oxide of 2-acetylaminopyrazine (V). The following compounds were 
found in the ethanolic mother liquor on paper chromatography in the 
butanol--5% acetic acid system (spots revealed in UV light): II, Rf 
0.62-0.63, darkviolet spot; 2-aminopyrazine, Rf 0.56-0.57, bright 
violet spot; and V, Rf 0.17-0.18 and the 1, 4-di-N-oxide of 2-amino- 
pyrazine (VIII), Rf 0.07 (dark violet spots). The mixture of N-oxides 
(2 g) was separated on a column containing 200 g of A120 s. Thesub- 
stance was added in the form of a suspension in chloroform. The process 
was followed by thin-layer chromatography on plates of A120 s in the ethyl 
acetate-- 507o methanol system. Elution was first carried out with chloro- 
form, until dark violet spots with Rf 0.79-0.80 were found on the chroma- 
tographieplates. These chloroform fractions yielded 0.8 g of II!, yield 
24.5%, mp 220-221' C(from 96~ ethanol). Found, 070: C 47.17; H 4.58; 
N 27.47. Calculated for Ce;H7NsO2, 070: C 47.1; H 4.61; N 27.45. Then 
eluIion was continued with ethyl acetate. After the ethyl acetate had been 
distilled off, these fractions yielded 0.6 g (21.5%) of IV, mp 256- 
257 ~ C (from 96% ethanol), Rf 0.56 -0.5% dark violet spot in UV 
light on a plate covered with A12Os. Pound, 070: C 47.52; H 4.50; 
N 27.59. Calculated for CsHTN302, %: C 47.1; H 4.61; N 27.45. 
The last fractions, eluted wkh methanol, yielded 0.3 g (8.1%) of V. 

2) A mixture of 2 g (0.015 mole) of If, 39 ml (0.045 mole) of 
8.5~ peracetic acid, 0.589 g of CHsCOONa, and 0.001 g of 
Na4P 207 was heated at 65-70 ~ C for 18 hr. The amount of peracetic 
acid that reacted was 2.07 g (0.027 mole). The acid that had not 
reacted was decomposed with a saturaEed aqueous solution of Na 2 SO s 
(3 g) at a temperature not above 20 ~ C. The reaction mixture was 
evaporated to dryness. The dry residue was extracted with hot CHC1 s. 
After the evaporation of the CHCls, the solid residue (2.32 g) was 
recrysEallized from 96% ethanol to give 1.12 g (45.4%) of V, mp 
215.5-216 ~ C (decomp., from 96%oethanol). Found, 070: C42.64; H4.21; 
N 25.06. Calculated for CeH7NsOs, 070: C 42.6; H 4,17; N 24.85. 

2-Aminopytazine l-N-oxide (VI). A mixture of 0.4 g (0.003 mole) 

of Ill and 1.54 ml (0.004 mole) of 2.5 N HCI was heated at 105 ~ C 

for i0 rain. The acid solution was neutralized with saturated aqueous 

sodium hydrogen carbonate to pH 7 and was evaporated to dryness in 

vacuum. The dry residue was extracted with hoe CHCI s. Evaporation 

of the CHCI 3 yielded 0.22 g (76%) of VI, mp 186-187 ~ C (from ab- 

solute ethanol), giving an intense blue coloration with aqueous FeCI~, 

Rf 0.31-0.32 on paper chromatography (violet spot in UV light). 

Found, %: C 43.45; H 4.66; N 37.20. Calculated for C4H~NsO, %: 
C 43.2; H 4.54; N 37.78. 

2-Aminopyrazine 4-N-oxide (VII). Compound IV was saponified 
under the same conditions as III. After the evaporation of the CHCIs 
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in vacuum, 69% of VII with mp 177.5-178 ~ C (from ethanol) was 
obtained; it gave no coloration with aqueous FeCI~; P,] 0.27-0.28 
on paper chromatography (light blue spot with a dark center in UV 
light). Found. %o: C 43.30; H 4.70; N 37.38%, Calculated for 
CaHsN~Oz, %: C 43.2; H 4.54; N 37.78%. 

2-Aminopyrazine 1,4-di-N-oxide (VIII). A mixture of 0.6 g 
(0.0036 mole) of V and 2.4 ml (0.006 mole) of 2.5 N HC1 was heated 
at 100-105" C for 10 rain. Then it was cooled and brought to pH 
4.5-5 with 2.5 N NaOH, and 0.38 g of VIII (84.5%) was filtered off; 
mp 265-266 ~ C (decomp., from 96% ethanol), Rf 0.07 on paper 
chromatography (dark violet spot in UV Light), forming a violet-red 
coloration with aqueous FeC13. Found, %: C 37.54; H 3.98; N 32.71%. 
Calculated for C4HsN3Oz, %: C 37.75; H 3.97; N 33.05%. 
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