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A further  s tudy o f  the  c h e m i c a l  b e h a v i o r  o f  q u i n o x a l i n e  and  its c~ 

m e t h y l  and  hydr0xy  de r iva t ives  and  the i r  N-ox ides  in o x i d a t i o n  

reactions and reactions with acetic anhydride has been carried out. 
The features of these reactions connected with the s~ueture of the 
reacting N-oxides are discussed. 

In deve lop ing  our i nves t iga t ion  of the r e a c t i o n s  of 
quinoxal ine  N - o x i d e s  and the i r  d e r i v a t i v e s  with anhy-  
d r i d e s  and c h l o r i d e s  of o rgan ic  ac ids  [1 -4 ] ,  i t  ap -  
p e a r e d  of i n t e r e s t  to s tudy the inf luence  of i nh ib i t o r s  
and p r o m o t e r s  of f r e e - r a d i c a l  p r o c e s s e s  on the r e a c -  
t ion of qu inoxal ine ,  1 , 4 - d i - N - o x i d e  (I) and 1 , 3 - d i m e t h -  
y lquinoxal ine  1 , 4 - d i - N - o x i d e  (II) with ace t i c  anhydr ide .  
The  addi t ion  of p -benzoqu inone  or  benzoyl  p e r o x i d e  
in the r e a c t i o n  of I with aee t i c  anhydr ide  gave  r e s u l t s  
ana logous  to those  obta ined in the r e a c t i o n  of I with 
benzenesu l fony l  ch lo r ide  [4]: p -benzoqu inone  m a r k e d l y  
lowered the yield of 2-acetoxyquinoxaline 1-N-oxide 

(Ill) (from 48.5-50 to 24-25%) while the addition of 
benzoyl peroxide did not appreciably affect the yield 
of Ill. These results indicated the participation of 
free-radical processes in the main direction of the 
reaction and the presence of parasitic radical pro- 
cesses which were also enhanced in the presence of 
benzoyl peroxide. Apart from compound Ill and quin- 
oxaline mono-N-oxide, isolated in the form of the 

picrate, several other spots were detected in the 
reaction mixture by paper chromatography** one of 
which was similar to 2,3-dihydroxyquinoxaline from 
its Rf value (0.64-0.66) and its fluorescence in UV 
light (bright blue). Completely different results indi- 
cating the a b s e n c e  of f r e e - r a d i c a l  p r o c e s s e s  in the 
main  d i r e c t i o n  of the r eac t i on ,  we re  obta ined in the 
r e a c t i o n  of the d i - N - o x i d e  II with ace t i c  anhydr ide .  In 
this  case ,  the add i t ion  of p -benzoqu inone  or  benzoyl  
p e r o x i d e  had no a p p r e c i a b l e  inf luence  on the y ie ld  of 
2,3-bis(aeetoxymethyl)quinoxaline (IV). The same re- 
sults permitting the authors to deny the free-radical 
mechanism of the reaction, were obtained earlier in 
a study of the influence of inhibitors of free-radical 
processes on the yield of 2-aeetoxymethylpyridlne in 

the reaction of c~-picoline N-oxide with acetic anhy- 

dride [5]. 
2,3-Bis(acetoxymethyl)quinoxaline 1,4-di-N-oxide 

(V), on being boiled with acetic anhydride, again 
underwent  a r e a r r a n g e m e n t  with the f o r m a t i o n  of a 

* F o r  p a r t  XIV, see  [10]. 
-**Here  and be low,  p a p e r  c h r o m a t o g r a p h y  was c a r -  
r i e d  out in the butanol -5% ace t i c  ac id  s y s t e m .  

subs t ance  having the e l e m e n t a r y  c o m p o s i t i o n  C l~H ~N z 07 
which, on being hea ted  with an ac id i f i ed  so lu t ion  of 
2 , 4 - d i n i t r o p h e n y l h y d r a z i n e ,  gave  a h y d r a z o n e  with 
the c o m p o s i t i o n  C~GH12NGO6. On the b a s i s  of these  
r e s u l t s ,  the r e a c t i o n  p roduc t  obta ined and i ts  h y d r a -  
zone have been  a s s i g n e d  s t r u c t u r e s  VI and VII, r e s -  
pe c t i ve ly .  
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An inves t i ga t i on  of the r e a c t i o n s  of 2 - h y d r o x y q u i n o x a -  
l ine  4 - N - o x i d e  (VIII) and 2 -hyd roxy (ace toxy )qu inoxa l i ne  
with ace t i c  anhydr ide  showed that  the  4 -ox ide  VIII 
r e a d i l y  r e a c t e d  (on heat ing)  with ace t i c  anhydr ide ,  
f o r m i n g  2 ,3 -d ihyd roxyqu inoxa l i ne  (IX), while  2 - h y -  
droxy(acetoxy)quinoxaline 1-N-oxide exhibited a con- 
siderable resistance to the action of acetic anhydride. 
Thus, after 2-hydroxyquinoxaline 1-N-oxide (X) has 
been boiled with acetic anhydride for 5 hr, the main 
product was 2-acetoxyquinoxaline 1-N-oxide (XI), with 

only a s m a l l  amount  of a m i x t u r e  of o the r  s u b s t a n c e s  
one of which p o s s e s s e d  ac id i c  p r o p e r t i e s  and,  on 
p a p e r  c h r o m a t o g r a p h y ,  gave  a spo t  with a Rf  va lue  
c l o s e  to that  of compound IX but  d i f f e r e d  f r o m  i t  s o m e -  
what  in i t s  f l u o r e s c e n c e  in UV light:  a m i x t u r e  with 
IX gave a d e p r e s s i o n  of the me l t i ng  point .  The  s tudy 
of the s t r u c t u r e  of this  subs t ance  is  p r o c e e d i n g .  

The  e a s e  of oxida t ion  of C(3 ) in compound VIII has  
been  o b s e r v e d  in o ther  r e a c t i o n s ,  as  wel l .  Thus ,  i t  
was found that  so lu t ions  of VIII conta in ing  FeCI~ and 
not  a t  f i r s t  g iv ing a c o l o r  r e a c t i o n  a c q u i r e d  a g r a d -  
ua l ly  deepen ing  blue c o l o r a t i o n  on s t and ing .  I t  has  
been shown that  this  phenomenon i s  connec ted  with 
the oxida t ion  of compound (VIII) by  the  F e  ~+ ca t ion  
with the formation of 2,3-dihydroxyquinoxaline 1-N- 

oxide (XII-~- Xllla) for which a blue-red coloration with 

FeCI~ is c h a r a c t e r i s t i c .  
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E a r l i e r ,  in an a t t e m p t  to obta in  the N - o x i d e s  of 
2 , 3 - d i c a r b o x y -  and 3 - c a r b o x y - 2 - h y d r o x y q u i n a z o t i n e s  
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b y  o x i d i z i n g  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  

w i t h  h y d r o g e n  p e r o x i d e  i n  a c e t i c  a c i d ,  t h e  o x i d a t i o n  

o f  t h e  ~ - c a r b o n  a t o m s  o f  t h e  r i n g  a c c o m p a n i e d  b y  

c l e a v a g e  o f  t h e  C-- -C b o n d  a n d  t h e  r e s u l t i n g  f o r m a t i o n  

o f  2 , 3 - d i h y d r o x y q u i n o x a l i n e s  w a s  o b s e r v e d  [6 ] .  

W e  f o u n d  a n  a n a l o g o u s  p h e n o m e n o n  i n  t h e  o x i d a -  

t i o n  o f  c o m p o u n d  I V  w i t h  a s o l u t i o n  o f  p e r a c e t i e  a c i d .  

I n  t h i s  r e a c t i o n ,  t o g e t h e r  w i t h  t h e  d i - N - o x i d e  V,  c o m -  

p o u n d  IX w a s  i s o l a t e d  a s  o n e  o f  t h e  b y - p r o d u c t s  w i t h  

a y i e l d  o f  5 - 5 . 5 % .  W e  a l s o  o b s e r v e d  t h e  f o r m a t i o n  o f  
c o m p o u n d  IX (yield 7 . 5 - 8 % )  in the oxidation of quin- 
oxaline with a solution of peracetic acid. 

I express my deep gratitude to Prof. O. Yu. 
Magidson for the attention which he has devoted to 
this work. 

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

Reaction of qutnoxallne t i t-N-oxide (!9 with acetic anhydride. 
a) A mixture of 4.5 g (0.028 mole) of I and 23 ml  of acetic anhy- 
dride was boiled with stirring for 1 hr and then the acetic anhydride 
was driven off in vacuum and the reaction product was separated from 
resinous substances by distillation, a fraction boiling between 120 and 
150 ~ C (2 mm),  which rapidly crystallized being collected. After 
recrystallizar/on from 5 ml of methanol,  2.37 g (41.5%) of 2-acetoxy-  
quinoxaline 1-N-oxide (iII) with mp 111-112~ [2]. was obtained 
The  methanolin solution was evaporated and the residue was treated 
with r 5 ml of 2.5 N NaOH solution and left for 15-20 rain, after 
which all  the substance had gone into solution. From the alkaline 
solution chloroform extracted quinoxaline mono-N-oxide  (0.3 ~), 
after which it was acidified and the substance that separated out was 
reprecipitated f~om an aqueous solution of NaHCO~. This gave 0.31 g 
(7%) of 2-hydroxyquinoxaline i -N-oxide  (X), mp 210-211~ [2]. 

b) The reaction was carried out in the same way as in experiment  
(a) except that 0.1 g of p-benzoquinone was added to the mixture 
before the beginning of the reaction. The yield of compound III was 
1.13 g (19.8%) and that of compound X was 0.2 g (4.4%). 

c) The reaction was carried out in a similar manner  to experi- 
ments  (a) and (b) with the addition of 0.1 g of benzoyl peroxide to 
the reaction mixture. The yield of compound iII was 2.33 g (40.9%) 
and that of compound X 0.4 g (90%). 

l~act ion of 2 ,3-dimethylqutnoxal tnedi -N-oxlde  (ID wlth acetic 
anhydride, a) With stirring, 20 ml  of acetic anhydride was added to a 
solur/on of 5 g (0.024 mole) of II in 15 ml  of glacial  acetic acid 
heated to 115-116~ over 7 -10  rain and then the temperature was 
raised to the boiling point over 10 rain and the mixture was boiled 
for 20 min. After the end of the reaction vacuum distillation yielded 
a fraction boiIing between 140 and 170 ~ C (1 mm),  which rapidly 
crystallized on standing. After recrystallization from 5 ml of me th -  
anol, 4.28 g (69.8%) of 2,3-bis(acetoxymethyl)quinoxaline (IV), 
mp 90-91~ [1], was obtained. 

b) The reaction was carried out in the same way as in experiment 
(a) but 0.1 g of p-benzoquinone was added to the reaction mixture 
before the beginning of the reaction. The yield of compound IV was 
4.27 g (89.8%), mp 89-90~ 

c) The reactio~ was carried out as in experiments (a) and (b), but 
0.1 g of benzoyl peroxide was added to the reaction mixture before 
the beginning of the reaction. The yield of compound IV was 4.6 g 
(67%), mp 92-93~ 

Reaction of 2,3-bls(acetoxymethyllquinoxaline 1 ,4-di -N-oxlde  
(V) with acefic anhydride. A solution of 1.6 g (0.005 mole) of V in 
10 ml  of acetic anhydride was boiled for 2 hr and then the acetic 
anhydride was distilled off in vacuum and the residue was triturated 
with ether. This gave 0.8 g (50%) of 2 -ace toxymethyl -3-d iace toxy-  
methylquinoxaline 1-N-oxide (VI), mp 138-137~ (from methanol).  
Found, %: C 55.37; H 4.58; N 8.27. Calculated for ClsHsN2OT, %: 
C 55.17; H 4.63; N 8,04. 

2- Acetoxymethyl-  3- formylq uinoxaline 2,4-dinitrophenylhydrazone 
(VII) was obtained by heating compound VI with an acidified solution 

of dinitrophenylhydrazine for 10-15 rain; bright yellow crystalline 
substance, mp 219-220~ Found, %o: C 50.32; H 3.30; N 21.78. 
Calculated for C16HlzN606, %0: C 50.00; H 3.14; N 21.87. 

Reaction of  2-hydroxyqtttnoxaline 4-N-oxide  (VIII) with acetic 
anhydride. A mixture of 0.5 g (0.004 mole) of compound VIII and 
5 ml  of acetic anhydride was boiled for 1 hr 30 min,  and the solid 
mat ter  (0.48 g) was filtered off and crystallized from acet ic  acid. 
The substance obtained did not mel t  below 360 ~ C; on paper chro- 
matography with a reference sample (compound IX) [7], it  gave a 
spot identical with IX in R~ value (0.86) and fluorescence in UV 
light (bright blue-violet).  Found, %: C 59.32; H 3.79; N 17.28. 
Calculated for CsH6NzOz, %: C 59.27; H 3.73; N 17.28. 

Reaction of compound VIII with FeCl s. A concentrated aqueous 
solution of FeC13 was added to a solution of 0.3 g of  compound VIII 
in 100 ml  of ethanol and the mixture was teft at 20-25~ for 48 hr. 
The reaction solution gradually acquired a coloration which toward 
the end of the period became dark lilac. The ethanol was distilled 
off. Theres idue  was treated with 2 -3  ml  of 2.5 N NaOH solution and 
the mixture was boiled for 5-10 min  and filtered, after which the 
filtrate was acidified to pH 1-2 .  This gave 0.18 g of a substance 
with mp 280-281~ (decomp., from aqueous methanol)  identical  with 
the 2,3-dihydroxy-quinoxaline 1-N-oxide (XII) obtained by known 
methods [8, 9] (a mixture gave no depression Of the mel t ing  point, 
Rf 0.85--pink spot on ordinary i l inmination, dark cherry-red color 
reaction with FeClb). 

Production of 2,3-dlhydrox~tulnoxaline (IX) in the oxidation of 
2,3-bB-(acetoxymethyl)quinoxal tne (IV) and quinoxaline with pexace- 
t ie  acid. a) To a 9% solution o f  peracetic acid prepared from 180 mI 
of 30% hydrogen peroxide and 840 m l  of acet ic  anhydride in the 
presence of 8.4 m l  of  HaSO4 (d 1.~4) were added 15 g of CHsCOONa , 
1 g of NaePzOT, and 94 g of compound IV. Oxidation was carried out 
for 19 hr at 55-80~ At the end of the reaction, the amounts of 
unconsumed hydrogen peroxide and peracetic acid were determined 
and they were decomposed at 10-15~ with the calculated quantity 
o f  NazS Q .  The reaction solution was evaporated to small  buIk, neu- 
tralized with aqueous NaHCO s solution, and extracted with chloro- 
form. The 2,3-bis(acetoxymethyl)quinoxaline 1 ,4-d i -N-oxide  (V) 
passed into the chloroform. The residue, insoluble in the chloroform 
weighing 2.8 g (5%0) did not mel t  below 360~ and on paper chro- 
matography gave a spot identical  in RJ value and fluorescence in 
UV light with 2,3-dihydroxyquinoxaline [7]. 

b) Filky grams of quinoxaline was oxidized and the reaction solu- 
tion was t~eated in the same way as in experiment  (a). The residue, 
insoluble in chloroform (4.9 g, 7.8%), was identical with 2,3-dihy- 
droxyquinoxaline [7]. 

Reaction of  2-hydroxyquinoxallne l -N-ox ide  (X) with acetic 
anhydride. A mixture of 1 g of  X and 5 ml  of acetic anhydride was 
boiled for 6 hr and cooled, and the precipitate that had separated 
out was filtered off, weight 0,20 g. The substance obtained was 
treated with alkali and after 15-20 rain the resin insoluble in the 
alkali was filtered off and the filtrate was acidified. This gave 0.15 g 
of a substance with mp 307-309~ a mixture of which with IX 
melted at 303-305~ The acetic anhydride was distilled off from 
the reaction solution in vacuum and the residue was treated with 
2 N NaOH solution, the mixture was filtered, and the filtrate was 
acidified. The crystalline substance obtained was reprecipitated from 
NaHCO s solution giving 0.8 g of X, mp 209-210"C,  
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