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\tThcn di-N-oxides ef a-hydroxymethyl derivatives of quinoxaline are 
heated with dimethyl sl~lfoxide, the oxidation of a CH2OH group and 
the reduction of a neighboring N --~ O group takes place. The N-oxides 
of 2,3-bis(hydrox)'methyl)qllinoxaline undergo similar redox processes 
in the presence of alkaline reagents. 

Recen t ly ,  r epo r t s  on the use of d imethyl  sulfoxide 
(DMSO) as an oxidiz ing r eagen t  have begun to appear  
in the l i t e r a t u r e .  It is known that  some  ha loa lkanes  
[1,2] and a lcohols  [3] a re  oxid ized  by DMSO to the 
c o r r e s p o n d i n g  a ldehydes .  The oxidat ion of 2 , 3 - b i s -  
(b romomethy l )qu inoxa l ine  [4] to 2 - f o r m y l - 3 - m e t h y l -  
quinoxal ine  has been d e s c r i b e d .  The r eac t i on  of 
h e t e r o c y e l i c  N - o x i d e s  with DMSO has not p r e v i o u s l y  
been  s tudied.  In v iew of the i n t e r e s t  in N-ox ides  of 
c~-earboxy d e r i v a t i v e s  of quinoxal ine ,  we have s tudied 
the r eac t i on  of DMSO with the 1 , 4 - d i - N - o x i d e s  of 
c~-hydroxymethyl  d e r i v a t i v e s  of quinoxal ine .  Heating 
the 1 , 4 - d i - N - o x i d e  of 2 -hydroxymethy lqu inoxa l ine  (I) 

in DMSO led to the f o r m a t i o n  of 2 -ca rboxyqu inoxa l ine  
4 - N - o x i d e  (II) and quinoxal inea ldehyde  m o n o - N - o x i d e .  
The l a t t e r  was a s c r i b e d  the m o s t  p robab le  s t r u c t u r e  of 

quinoxal ine  - 2 - a l d e h y d e  4 - N - o x i d e .  
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The reaction of 2, 3-bis(hydroxymethyl)quinoxaline 

I, 4-di-N-oxide (III) with DMSO gave a substance with 

the elementary composition C IoHsN203 corresponding 
to 3-formyl-2-hydroxymethyiquinoxaline mono-N- 

oxide. The presence of an aldehyde group was con- 
firmed by the preparation of its 2,4-dinitrophenyl- 

hydrazone. Nevertheless, the IR spectrum of this 
compound had no band characteristic for the C=O 

group in an aldehyde while it had the band of an as- 

sociated OH group (3175 cm-1). On the basis of these 

results, the compound obtained was ascribed the struc- 

ture of the internal cyclic semiacetal of 3-formyl-2- 

hydroxymethylquinoxaline mono-N-oxide (IV). This 

*For part XV, see [5]. 

was confirmed by its I)MI~ ~pectra, in which there 
was no signal of ~he proton of an aldehyde group inthe 

weak-field region: at ~ 5.22 ppm (I = 16 Hz) there was 

a quartet belonging to tlm geminai protons of the CH 2 
group, and doublets from the one proton of the C--H 
group at 5 6.35 ppm (I ~ ~ Hz) and from the one proton 
of the OH group at (5 7.42 ppm (I = 8 Hz) were observed~ 

The assignment of the proton of the OH group was made 
on the basis of the shift of the doublet (5 7.42 ppm) in 
the direction of stronger fields on heating (in all sub- 
sequent PMR spectra of the substances investigated, 

analogous assignments were made). The position of 
the N ~ O group in this compound was shown by its 
identity with substance IV obtained by the saponifica- 
tion in an acid medium of 2-acetoxymethyl-3-(di- 
acetoxymethyl)quinoxaline (V) [5]. Thus, it was shown 
that the action of DMSO on di-N-oxides of c~-hydroxy- 
methyl derivatives of quinoxaline leads to a redox 
reaction consisting in the oxidation of one of the c~- 
hydroxymethy[ groups to an aldehyde group and the 
simultaneous reduction of the N ~ O group adjacent 
to the hydroxymethyl group undergoing oxidation. In 
contrast to the comparatively mild temperature con- 
ditions (60-90 ~ C) in which the oxidation of 2, 3-bis- 
(bromomethyl)quinoxaline was carried out with the aid 
of DMSO [4], the reactions described above took place 
only after I and III had been heated with DMSO at 105- 
Ii0 ~ C for several hours. The reaction, (as with sub- 

sequent ones), was followed by paper chromatography in 

the butanol--5% CH3COOH (I : i) system. 2, 3-Bis(hy- 

droxymethyl)quinoxaline not oxidized at a nitrogen 

atom reacted with DMSO in a different way from 2,3- 

bis(bromomethyl)quinoxaline: at 60 ~ C it gradually 

disappeared from the reaction mixture, but pronounced 

resinification took place, and a large amount of reac- 

tion products which could not be isolated in the individ- 

ual state was detected chromatographically. 

Further investigation of the chemical properties of 
N-oxides of c~-hydroxymethyl derivatives of quinoxaline 

showed that in the presence of alkaline reagents these 
compounds undergo analogous redox processes. Thus, 

when 2, 3-bis(hydroxymethyl)quinoxaline i, 4-di-N- 

oxide (Ill) was treated with alkali in ethanol, a mixture 

consisting of substance IV and the product of its fur- 
ther redox transformations--the cyclic hydrate of 2, 3- 

diformylquinoxaline (VII)--was formed. When the 

amount of alkali was increased, compound VII was 
f o r m e d  a l m o s t  quant i ta t ive ly .  Its s t r u c t u r e  was e s t a b -  
l i shed  on the ba s i s  of the r e s u l t s  of e l e m e n t a r y  ana ly -  
s i s ,  its IR and PMR s p e c t r a ,  and a lso  by the i so la t ion  
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f r o m  it  on s u b l i m a t i o n  of 2, 3 - d i f o r m y l q u i n o x a l i n e :  
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S i n c e  in t he  P M R  s p e c t r u m  of c o m p o u n d  VII  in  p l a c e  

of t h e  e x p e c t e d  one  d o u b l e t  t h e r e  a r e  two  d o u b l e t s  of 

p r o t o n s  of C - - H  g r o u p s  a t  5 6 .40 p p m  (I = 8 Hz) a n d  
6 .17  p p m  (I = 8 Hz) ,  a n d  t h e  d o u b l e t  b e l o n g i n g  to  t he  

p r o t o n  of t h e  O - - H  g r o u p  a t  7.21 p p m  (I = 8 Hz) i s  s p l i t  

f u r t h e r ,  t h e  a s s u m p t i o n  w a s  m a d e  t h a t  c o m p o u n d  VII  

i s  a m i x t u r e  of s p a t i a l  i s o m e r s ,  t h e  r a t i o  of t h e  i n t e n -  

s i t i e s  of t h e  d o u b l e t s  a t  5 6 .40 a n d  6 .17 p p m  s h o w i n g  

t h a t  one  of t h e  i s o m e r s  p r e d o m i n a t e s .  A p p a r e n t l y  t h i s  

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

VII  i s  s o m e w h a t  l o w e r  t h a n  t he  f i g u r e s  g i v e n  in  t h e  
l i t e r a t u r e  [4]. I t  i s  a n  i n t e r e s t i n g  f a c t  t h a t  t h e  o x i d a -  
t i o n  of c o m p o u n d  IV w i t h  h y d r o g e n  p e r o x i d e  in a n  a l k a -  

l i n e  m e d i u m  l e d  t o  t h e  d e o x i d a t i o n  of t he  N ~ O g r o u p  
a n d  to t h e  f o r m a t i o n  of 2, 3 - d i c a r b o x y q u i n o x a l i n e .  2,  3 -  

B i s ( h y d r o x y m e t h y l ) q u i n o x a l i n e  1 - N - o x i d e  (VIII) u n d e r -  

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

t i o n s ,  f o r m i n g  c o m p o u n d  IX: 

~ - c . ~ o .  a .  o, ac% r~-r-'N-.'-r'C~ ~ 

/ 
O VIII IX 1 t 0 / \  

I t  w a s  e s t a b l i s h e d  t h a t  a t m o s p h e r i c  o x y g e n  i s  n o t  i n -  

v o l v e d  in t h e  p r o c e s s e s  t a k i n g  p l a c e ,  s i n c e  w h e n  III 

w a s  h e a t e d  in m e t h a n o l  in  t h e  p r e s e n c e  of a l k a l i  in  a 

c u r r e n t  of n i t r o g e n  (wi th  p r e v i o u s  e v a c u a t i o n  of t h e  a i r  

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

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

s t u d i e d  m i g h t  b e  c o n n e c t e d  w i t h  s o m e  p r e v i o u s l y - o b -  

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

of t h e  N - o x i d e s  of ce -a lky l  d e r i v a t i v e s  of q u i n o x a l i n e .  

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

N - o x i d e  a n d  i t s  r a p i d  i r r e v e r s i b l e  c o n v e r s i o n s  in  a n  
a l k a l i n e  m e d i u m  h a v e  b e e n  a s c r i b e d  to  t h e  p o s s i b i l i t y  

of t a u t o m e r i s m  of t he  X ~ XI t y p e  [6]. 
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W e  h a v e  s h o w n  t h e  c o n s i d e r a b l e  i n c r e a s e  in  t h e  

m o b i l i t y  of t h e  h y d r o g e n  a t o m s  of t h e  c e - m e t h y l  g r o u p  
in  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  N - o x i d e s  in  t h e  p r e s -  

e n c e  of a l k a l i n e  r e a g e n t s  [7, 8] .  I t  m a y  b e  a s s u m e d  
t h a t  u n d e r  t h e  r e a c t i o n  c o n d i t i o n s  t h e  N - o x i d e s  of t h e  
c e - h y d r o x y m e t h y l  d e r i v a t i v e s  of q u i n o x a l i n e  e x i s t  p r e -  

d o m i n a n t l y  in  t h e  f o r m  of t y p e  XI I I ;  t h e  s u b s e q u e n t  

s p l i t t i n g  out  of t h e  e l e m e n t s  of w a t e r  m u s t  l e a d  to  t h e  

d e o x i d a t i o n  of one  of t h e  c y c l i c  n i t r o g e n  a t o m s  a n d  

c o n v e r s i o n  of t h e  n e i g h b o r i n g  h y d r o x y m e t h y l  g r o u p  

i n to  a n  a l d e h y d e  g r o u p .  In t he  r e a c t i o n s  w i th  D M 8 0 ,  
a c t i v a t i o n  of t he  r e a c t i n g  m o l e c u l e s  p o s s i b l y  t a k e s  

p l a c e  t h r o u g h  t he  f o r m a t i o n  of c o m p l e x e s  of t y p e  XIV.  

I t  m u s t  a l s o  b e  m e n t i o n e d  t h a t  the  p r o d u c t s  of t he  r e -  
a c t i o n s  of c o m p o u n d s  I and  III w e r e  i s o l a t e d  in the  
f o r m  of s u l f u r - c o n t a i n i n g  a d d u e t s  t h e  c o m p o s i t i o n  of 

w h i c h  i t  h a s  no t  b e e n  p o s s i b l e  to  d e t e r m i n e  b e c a u s e  

of  t h e i r  i n s t a b i l i t y ,  

W e  e x p r e s s  o u r  d e e p  g r a t i t u d e  to  P r o f ,  O. Yu.  

M a g i d s o n  f o r  t he  a t t e n t i o n  d e v o t e d  to  t he  p r e s e n t  w o r k .  

EXPERIMENTAL 

Reaction of 2-hydroxymethylquinoxaline 1, 4-di-N-oxide (I) with 
DM80. A solution of 1.2 g (0.006 mole) of compound I in 24 ml of 
DMSO (rap 16.5" C) was heated at 105-110 ~ C for 40 hr. The reaction 
solution was evaporated in vacuum to small volume. The residue was 
poured into water. The precipitate that formed was separated off and 
dissolved in aqueous NaHCOs solution, The alkaline solution was ex- 
tracted with chloroform, whereupon a precipitate of the sodium salt of 
2-carboxyquinoxaline 4-N-oxide precipitated. It was filtered off and 
dissolved in water, and a 2.5 N solution of hydrochloric acid added 
(pH 1-2). This gave 0.2 g of 2-earboxyquinoxaline 4-N-oxlde (II). 
mp 186.5-187" C (from acetone). A mixture with the compound II 
obtained previously [9] gave no depression of the melting point. Found, 
90: C 57.04; H 3.34; N 14.53. Calculated for CgH6N~Oa, %: C 56.84; 
H 3.181 N 14.74. The alkaline solution remaining after the chloroform 
extraction was treated with a 2.5 N solution of hydrochloric acid (pH 1 - 
2). This gave another 0.2 g of compound II, mp 184-185" C. The total 
yield of II was 30.7%. 

The chloroform extract was evaporated. The resinous residue was 
treated with an ethanolic solution of 2, 4-dinitrophenylhydrazine and 
three drops of 2.5 N hydrochloric acid solution. The mixture was heated 
in the water bath for 5 min, to give 0.2 g of quinoxaline-2-aldehyde 
4-N-oxide 2, 4-dinitrophenylhydrazone, mp 286.5* C (decomp,), 
Found, %: C 51o01; H 2.96; N 23.96. Calculated for Cl~H10N6Oa, %: 
C 50.86; H 2.84; N 23.73. The combined mother liquors yielded a 
further 0.5 g of quinoxaline-2-aldehyde 4-N-oxide 2, 4-dinitrophenyl- 
hydrazone, the total yield of hydrazone being 0,7 g which corresponds 
to 0.35 g (31.6%) of quinoxaline-2-aldehyde ,i-N-oxide. 

Reaction of 2, 3-bis(hydroxymethyl)qutnoxaline 1,4-di-N-oxide 
(III) with DMSO, A solution of 8 g (0.036 mole) of compound HI in 
160 ml of DMSO was heated at 105-]19 ~ C for 50 hr. The reaction 
mixture was evaporated in vacuum to a small volume, and the residue 
was poured into water. The precipitate formed was filtered off and 
dissolved with cooling in 2.5 N NaOH solution; the solution was rapidly 
purified with carbon, filtered, and treated with 2.5 N hydrochloric acid 
(pH 1-2). The precipitate that deposited was filtered off to give 5 g 
(68%) of 1-hydroxy-1,3-dihydrofuro[3, 4-b]quinoxaline (IV), mp 212.5" 
C (decomp., from water), Rf 0.64 (violet in UV). Found, %: C 58.68; 
H 3.98; N 13.87. Calculated for CloHsN=Os, %: C 58.81; H 3.95; 
N 13,75. 

1-Hydroxy-1,3-dihydrofuro[3, 4-b]quinoxaline 4-N-oxide (IV). 
0.6 g (!.7 raM) of 2-acetoxymethyl-3-(diacetoxymethyl)quinoxaline 
I-N-oxide (V) was added to 8 ml of 2.5 N hydrochloric acid solution 
heated to 90 ~ C. The reaction mixture was heated at the same temper- 
ature for 5 rain and cooled, and the precipitate was filtered off. This 
gave 0.34 g of compound IV, mp 212,5 ~ C (decomp., from water), 
Rf 0.64 (violet). A mixture with the compound IV obtained above gave 
no depression of the melting point, and the IR spectra of the two com- 
pounds coincided. 

Action of alkali on 2, 3-bis(hydroxymethyl)qulnoxaltne 1,4-di-N- 
oxide (Ill). a) A mixture of l g  (4.5raM) of compound III, 7 ml of eth- 
anol, and 0.25 ml of 8% methanolic NaOH wasboiled for 30 rain. After 
cooling, the precipitate that had deposited was filtered off, giving 
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0.28 g (33~/b) of compound IV, mp 211 ~ C (decomp.), Rf 0.64 (violet). 

A mixture with the compound IV obtained above gave no depression of 
the melting point, and the IR and PMR spectra of the two compounds 
coincided. 

The mother solution remaining after the separation of compound IV 
was evaporated at room temperature. The residue was treated with 
water and neutralized with 2.5 N hydrochloric acid solution. This gave 
0.22 g (24%) of 1,3-dihydroxy-1,3-dihydrofuro[3, 4-b]quinoxaline 
(VII) [4], mp 171.5-172.5 ~ C (from aqueous methanol), R] 0.88 (dark 
violet). Found, % : C 58.94; H 3.83; N 14.00. Calculated for Cl0HsNzOa, 
% : c 58.81; H 3.95; N 13.75. 

2, 4-Diformylqninoxaline [4] was obtained by the sublimation of 
compound VK at a bath temperature of 115-120 ~ C (2 ram), mp 175- 
176 ~ C (decomp.). Found, %: C 64.70; H 3.20; N 18.32. Calculated 
for (h0HGN20 ~, %: C 64.521 H 3.25; N 15.06. 

b) A mixture of 1 g (4.5 raM) of compound III and 10 ml of 2.5% 
methanolic NaOH solution was kept at 22-24 ~ C for 3 hr 30 rain. The 
reaction solution was evaporated at the same temperature, and the 
residue was treated with water and neutralized with 2.5 N hydrochloric 
acid. This gave 0.85 g of compound VII, mp 170-171 ~ C (decomp.,  
from aqueous methanol), Rf 0.88 (dark violet). 

c) The reaction was performed as in paragraph (b) with the differ- 
ence that the air was previously evacuated from the apparatus and it 
was twice purged with oxygen-free nitrogen. The reaction was carried 
out in a current of nitrogen. This yielded 0.82 g of compound VII, 
mp 170-171 ~ C (decomp.,  from aqueous methanol). 

Action of alkali on l-hydroxy-l ,  8-dihydrofnro[3, 4-b]qulnoxaline 
4-N-oxide (IV). A mixture of 1 g (5 raM) of compound IV and 8 ml of 
2.5% methanolie NaOH was kept at 22-24 ~ C for 2 hr. The reaction 
solution was treated as in paragraph (b) of the preceding experiment. 
This gave 0.88 g (88%) of 1,3-dihydroxy-1,3-dihydrofuro[3, 4-b]quinox- 
aline (VII), mp 170-171 ~ C (decomp.,  from aqueous methanol), Rf 
0.88 (dark violet), A mixture with the compound VII obtained above 
gave no depression of the melting point. 

Action of alkali on 2, 3-bls(hydroxymethyl)quinoxaline l -N-oxlde 
(VIII), A mixture of 0.4 g (2 raM) of compound VIII, 4 ml of methanol, 
and 0.12 ml of 8% ethanolic NaOH solution was boiled for 30 rain. 
After cooling, the precipitate that had deposited was filtered off to 
give 0.10 g of nnchanged compound VIII, mp 14t-342 ~ C (from etha- 
nol), Rf 0.52 (violet). The mother solution was evaporated and the 
residue was treated with water and neutralized with 2.5 N hydrochloric 

acid. This gave 0.16 g of 1-hydroxy-1,3-dihydrofuro[3, 4-b]quinoxaline 
(IX), mp 158-159 ~ C (from water). Rj 0.78(violet). Found,%: C68.87; 
H 4.35: N 14.45. Calculated for C~HsN~O 2, % : C 63.80; H 4.28; N 
14.88. 

The PMR spectrum has a quartet from the two protons of the CH 2 
group (6 5.16 p p m ,  I = 16 Hz), a doublet of the proton of the C--H 
group (6 6.35 ppm, I = 8 Hz), and a doublet of the O--H proton 
(6 7.28 ppm, I = 8 Hz). (The PMR spectra were recorded on a JNM-4H- 
100 instrument in solution in a mixture of DMSO + CC14 with TMS as 
internal standard; the chemical shifts are given in the 3 scale. ) 

The IR spectrum exhibits the absorption band of an associated O--H 
group (3220 era-i). 

3- Formyl - 2 -hydroxym ethylquinox aline 2, 4 - dinitrophenylhydra zone 
was obtained in the usual way, mp 204 ~ C (decomp.). The substance 
was purified by repeated boiling with ethanol. Found, %: N 21.94. 
Calculated for ClsHnNGO4, %: N 22.22. 

Action of alkali on 2, 3-bis(hydroxymethyl)quinoxaline (Vl), A 
mixture of 0.1 g (0.6 raM) of VI (rap 165-165.5 ~ C), 1.5 ml of metha- 
nol, and 0.04 ml of 8% metbanolic NaOH was boiled for 30 rain. After 
cooling, the precipitate was filtered off te give 0.08 g of unchanged 

starting material VI, mp 164.5-]65 ~ C, Rf 0,62 (violet). 
Oxidation of 1-hydroxy-1,3-dihydrofuro[3, 4-b]qulnoxallne 4-N- 

oxide (IV), A mixutre of 0.8 g of compound IV, 10 ml of 3fie hydrogen 
peroxide solution, and 12 ml of 2 N NaOH solution was heated at 42- 
45 ~ C for 4 hr. Then another 10 ml of 3~70 hydrogen peroxide solution 
was added, and the mixture was heated at the same temperature for 
another 6 hr. The reaction solution was cooled and extracted with 
chloroform. The aqueous layer was treated with 2.5 N hydrochloric 
acid (pH 2-3),  and the precipitate' that formed was separated off to 
give 0,75 g (87.5 %) of 2,3-dicarboxyquinoxaltne, mp 189.5 ~ C (de- 
comp.,  from water) [10]. Found, %: C 54.78; H 2.77; N 12.84. Cal- 
culated for CIoH6N204, %" C 55.05; H 2.77; N 12.85, The 2,3-di- 
ethoxycarbonylquinoxaline had mp 82.5-83.5 ~ C (from aqueous acetic 
acid). A mixture with a sample of 2,3-diethoxyearbonylquinoline ob- 
tained by another method [11] gave no depression of the melting point, 
Found, %-" C 61.57; H 5.02; N 10.22. Calculated for CI4HI4N204, %: 
C 61.27; H 5.14; N 10.22. 

8. A. S. 
[Chemistry 

9. A. S. 
161, 1955. 
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