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The reaction of quinoxaline N-oxides with bcnzenesulfonyl chloride 
and benzoyl chloride is investigated, and its mechanism discussed. 
The reaction products are investigated. 

It is known that when the chlorides of inorganic 
acids (POCI~, SO2CL2, etc. ) a re  heated with pyridine 
and quinoline N-oxides,  and some other heterocycl ic  
compounds, they halogenate the ring p r i m a r i l y  at the 
c~- and y-posit ions,  with the accompaniment  of deox- 
ygenation of the N - -  O group [1-3].  Fu r the rmore  
under s imi l a r  conditions a romat ic  sulfonyi chlorides,  
e .g .  tolyl chloride (I) or  benzenesulfonyl chloride 
(II), chlorinate only the alkyl side chain. Thus the 
react ion of ~-picol ine  N-oxide with I or  H gives 
c~-chloromethylpyridine [4, 5J, but when I o r  II  r e -  
acts with N-oxides of unsubstituted pyridine or quin- 
oline, the main react ion  products a re  arylsufonyloxy 
der ivat ives  m [6] (with pyridine N-oxide) and IV 
(with quinoline N-oxide) [7]. 

~'~-o~ ~=oR ~" 

We previous ly  showed that, unlike pyridine and 
quinoline N-oxides,  quinoxaline 1, 4-d i -N-oxide  is 
readi ly  chlorinated by II, giving 2-chloroquinoxaline 
1-N-oxide benzenesulfonate,  converted by neut ra l -  
ization to 2-chloroquinoxaline 1-N-oxide (VI) [8]. 
Closer  investigation of this react ion  showed that  in 
addition to base  VI (yield 66-69%) a mixture  of side 
react ion products  a r i se s ,  f rom which an ins igni f i -  
cant quantity of  2-hydroxyquinoxaline 4-N-oxide can 
be isolated, and the p resence  of 2, 3-dihydroxyquin-  
oxaline also being shown by paper  chromatography.  
In addition, chloroquinoxaline N-oxide (VII)is i so -  
lated in 2.0-2.5% yield (VII), i s om er i c  with the main  
reac t ion  product  VI. Prev ious ly  this  compound was 
tentat ively assigned the s t ruc tu re  2-chloroquinoxa-  
line 4-N-oxide (V~I) [8], but it proved not to be 
identical  with compound VIII synthesized by a known 
method, [9]. The re fo re  it  could be a quinoxaline 
mono=N-0xide chlorinated in the benzene pa r t  of the 
molecule .  This  was conf i rmed by the P1VIR s pec t rum 
of VII. The lat ter 's  having two doublets at 8.61 and 
8.80 ppm, cor responding  to the H~ and H a protons of 

quinoxaline 1-N-oxide,  indicated that the hydrogens 
in the pyrazine par t  of the molecule were  unsubstituted. 
In addition changes were  observed in the multiplet  due 
to benzene r ing proton signals,  showing that one of the 
hydrogens had been replaced.  * The position of the 
halogen in the benzene par t  of the molecule remains  
to be specified. 

A number of workers  have studied the mechanism 
of the react ion of N-oxides of pyridine, quinoline, 
isoquinoline, and their  s - m e t h y l  der ivat ives  with 
chlorides of carboxyl ic  and arylsulfonic acids.  They 
have shown that  the f i r s t  stage is formation of type 
IX quaternary  sal ts ,  whose fur ther  splitting and con- 
vers ion  to end products  proceed p r i m a r i l y  by an ionic 
mechan i sm involving he te ro lys i s  of the N--OR bond 
[4, 5, 10, 11]. There  was no question of a f ree  radica l  
mechan i sm for  the react ion,  as adding inhibitors of 
rad ica l  reac t ions  to the reac tants  was without effect 
on the yields of the main products  [12]. 

A study has  now been made of the effects of radia l  
reac t ion  inhibitors and p r o m o t e r s  on the course  of the 
reac t ion  between quinoxaline di-N-oxide (V) and II, 
and it has been found that it does not proceed as do 
the reac t ions  of II, and it has  been found that it does 
not proceed as do the react ions  of II with pyridine or 
quinoline N-oxides .  The p resence  of smal l  quantities 
of p-benzoquinone considerably lowered the yield of 
compound IV (see table), indicating that the main 
reac t ion  involves f ree  rad ica ls .  The yield of VI is 
p rac t ica l ly  unal tered by the p resence  of benzoyl pe r -  
oxide, and this can obviously be explained by ac t iva-  
t ion of side rad ica l  reac t ions .  It can be postulated 
that the f i r s t  s tage in the reac t ion  is :a lso format ion 
of qua te rnary  sal t  Xa, but that the splitting of the 
l a t t e r  and the ul t imate  convers ion to end product  VI 
involves a f ree  rad ica l  mechanism,  with homolytic  
breaking of the N - O R  bond. Format ion  of a type X 

O 

xX x 
R-COCH 3 , SO;~CeH~(;Hs, p-SOsCsH I X a R-SO~C6H~ 
R' -  X. CN~ Xb R - COC(H s 

*For  Pa r t  XII see  [17] 

*The P1VIR spec t rum of compound VII was de te r -  
mined with a JNM4H100~spectrometer ,  in CDCI~ solu-  
tion, with SiMe 4 as  the in ternal  s tandard.  
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R e a c t i o n  B e t w e e n  Q u i n o x a l i n e  D i - N - o x i d e  (V) a n d  B e n z e n e s u l f o n y l  

C h l o r i d e  ilI) in t h e  P r e s e n c e  o f  R a d i c a l  R e a c t i o n  I n h i b i t o r s  o r  

P r o m o t e r s .  

Amount of  Amount of  ! 
V II Amount of  ] 

Run :_ p-benzo- Amount of  Reaction Reaction 

g g/mole mi g/mole ,quinone, g Bz202 tempera-ture, o C time, hr n o .  

1 
2 
3 
4 
5 
6 
7 
8 

4.0 
4.0 
4,0 
4.0 
4.0 
4.0 
4.0 
4.0 

0.0247 
0.0247 
0.0247 
0.0247 
0.0247 
0.0247 
0.0247 
0.0247 

9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 
9.6 

0,0753 
0.0753 
0.0753 
00753 0.15 
0,0753 ] 0.15 
0.0753 i 0.15 
0.0753 ,] - -  
0.0753 i - -  

- -  20- -25  
- -  20- -25  
- -  20--25 T 

-- 20--25 

- -  20- -25  
- -  i 20- -25  

0.15 ] 2 0 - - 2 5  
0.15 ' 20- -25  

i 

48 
48 
64 
48 
48 
68 
48 
68 

Yield of  
Compound 

% 
g Theo- 

retical 

!3.0 67.4 
2.90 65.0 
3.10 69.6 
1.38 31.0 
t ,62 36.4 
1.80 40,4 

[2.92 65.6 
!2.~0 62.9 
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s a l t  s h o u l d  b e  m a d e  h a r d e r  b y  u s i n g  c h l o r i d e s  o f  l e s s  
r e a c t i v e  a c i d s ,  e . g .  b e n z o y l  c h l o r i d e  ( s a l t  Xb) .  
A c t u a l l y ,  u n l i k e  II, b e n z o y l  c h l o r i d e  d id  n o t  r e a c t  
w i t h  V a t  r o o m  t e m p e r a t u r e  [8].  F u r t h e r  s t u d y  of  t h i s  

r e a c t i o n  s h o w e d  t h a t  b e n z o y l  c h l o r i d e  r e a c t e d  w i t h  V 
a t  e l e v a t e d  t e m p e r a t u r e  ( 9 0 - 9 5 ~  bu t  t h a t  i t  l e d  to  
f o r m a t i o n  o f  b e n z o x y l  d e r i v a t i v e  XI  i n s t e a d  of  to  r i n g  

c h l o r i n a t i o n ,  t h e  s t r u c t u r e  o f  XI  b e i n g  p r o v e d  b y  i t s  
c o n v e r s i o n  to  t h e  p r e v i o u s l y  d e s c r i b e d  2 - h y d r o x y -  

q u i n o x a l i n e  1 - N - o x i d e  (XII) [13] .  Such  a d i f f e r e n c e  
b e t w e e n  t h e  end  p r o d u c t s  o f  r e a c t i o n  o f  V w i t h  II  a n d  

w i t h  b e n z o y l  c h l o r i d e ,  c o u l d  h a v e  b e e n  due  to  a d i f f e r -  
e n c e  b e t w e e n  t h e  s t r u c t u r e s  of  t h e  r e a c t i n g  a c i d  c h l o r -  

i d e s .  S t r i k i n g  w a s  t h e  f a c t  t h a t  c h l o r i n a t i o n  w i t h  II  
t o o k  p l a c e  a t  r o o m  t e m p e r a t u r e ,  w h i l e  b e n z o x y l a t i o n  

t o o k  p l a c e  a t  e l e v a t e d  t e m p e r a t u r e ,  s o  i t w a s  i n t e r e s t -  

i n g  to  i n v e s t i g a t e  t h e  e f f e c t  of  t e m p e r a t u r e  o n  t h e  
c o u r s e s  o f  t h e s e  r e a c t i o n s .  T h e  r e a c t i o n  of  V w i t h  

II  w a s  c h o s e n  f o r  t h i s  p u r p o s e  s i n c e ,  u n l i k e  t h e  r e -  

a c t i o n  w i t h  b e n z o y l  c h l o r i d e ,  i t  c o u l d  b e  e f f e c t e d  a t  
v a r i o u s  t e m p e r a t u r e s .  A t  6 0 - 6 5  ~ V a n d  II r e a c t e d  

m a i n l y  a s  a t  2 9 - 2 5  ~ i . e .  t h e r e  w a s  r i n g  c h l o r i n a t i o n ,  
b u t  a t  9 0 - 9 5  ~ t h e  r e a c t i o n  p r o c e e d e d  d i f f e r e n t l y .  A t  

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

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

s h o w e d  to  c o n t a i n  o n l y  t r a c e s  of  c h l o r i n a t i o n  p r o d u c t  

VI,  b u t  2, 3 - d i h y d r o x y q u i n o l i n e  c o u l d  b e  i s o l a t e d .  T h e  

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

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

c h l o r i d e s .  I t  m a y  b e  t h a t  t h e  p r i m a r y  r e a c t i o n  p r o d u c t  

i s  2 - c h l o r o q u i n o x a l i n e  1 - N - o x i d e  (VI), w h i c h  i s  c o n -  

v e r t e d  to  t h e  c o r r e s p o n d i n g  h y d r o x y  ( a r y l o x y )  d e r i v a -  

t i v e s  b y  h e a t i n g  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  f a c t  t h a t  V r e a c t e d  q u i t e  o t h e r w i s e  w i t h  II  in  

t h e  p r e s e n c e  o f  p y r i d i n e  i s  o f  i n t e r e s t .  T h e n  m i x i n g  
the  r e a c t a n t s  a t  r o o m  t e m p e r a t u r e  l e d  to  c o n s i d e r a b l e  
h e a t  e v o l u t i o n ,  a n d  t h e  r e a c t i o n  g a v e  s a l t  XII I .  T h i s  

w a s  s i m i l a r  to  t h e  r e a c t i o n  of  q u i n o l i n e  N - o x i d e  w i t h  
I [14] .  

0 r 
,~ ~-,,.c~ % N 

OCC H A -  
v "N I[ 6 5 

o 
O 0 
Xl V Xlll  A=OSO2C6H 5 

t 

0 0 
x n  X|V 

Decomposition of salt XIII by the method usually used 
with compounds of that s tructure,  i . e .  heating with 
a n i l i n e  [14],  g i v e s  3 - a m i n o q u i n o x a l i n e  1 - N - o x i d e .  

I t  w a s  p r e v i o u s l y  s h o w n  [13],  t h a t  q u i n o x a l i n e  

m o n o - N - o x i d e  (XV),  u n l i k e  i t s  d i - N - o x i d e  (I), i s  u n -  

c h a n g e d  w h e n  h e a t e d  w i t h  a c e t i c  a n h y d r i d e  [13] .  F u r -  

t h e r  i n v e s t i g a t i o n  s h o w e d  t h a t  m o n o - N - o x i d e  X V  r e -  

a c t s  w i t h  b e n z e n e s u l f o n y l  c h l o r i d e  w i t h o u t  h e a t i n g ,  

to  g i v e  2 - c h l o r o - q u i n o x a l i n e  (XVI)  (~50% t h e o r e t i c a l ) ;  

t h e  o t h e r  50% o f  t h e  s t a r t i n g  m o n o - N - o x i d e  u n i t e s  w i t h  

t h e  b e n z e n e s u l f o n i e  a c i d  f o r m e d ,  to  g i v e  s a l t  XVII :  

4 
O XVI O 

XV XV I I  

I a m  v e r y  g r a t e f u l  to  P r o f .  O. Yu.  M a g i d s o n  f o r  
h i s  i n t e r e s t  i n  t h e  p r e s e n t  w o r k .  

EXPERIMENTAL 

Reaction of quinoxaline di-N-oxide with benzenesulfonyl chloride 
(II) without heat. i00 ml (0. 784 mole) II was added to 20 g (0.123 
mole) V, and the whole stirred for 48 hr at 20-25 ~ The V gradually 
dissolved, and 2-chloroquinoxaline 1-N-oxide benzenesulfonate began 
crystallizing out after 24-26 hr. Finally the solid was filtered off and 
washed successively with benzenesnlfonyl chloride and ether, yield 
81.5 g, mp 159-160 ~ (ex CHCIa). The salt thus obtained was treated 
with aqueous NaHCO s, and the 2-chloroquinoxaline l-N-oxide (VI) 
filtered off (14.5-15.5 g, 66.5-69.5%0), mp 115-116" (ex EtOH) [8]. 
The salt of compound VI was also decomposed to VII, by heating in 
water or EtOH. After removing the VI, the bicarbonate solution was 
extracted with CHCls, and the liquid distilled off, leaving a solid 
residue (3 .8-4 .0  g), which was heated at 40-45 ~ for 15-20 min, with 
10 ml 2.5 N NaOH. The insoluble material was filtered off, and the 
filtrate acidified to pH 2. The 2-hydroxyquinoxaline 1-N-oxide (XIII) 
that separated (1.30 g), was purified by reprecipitating from NaHCO s 
solution, mp 211-212" [13]. The solid undissolved by alkali (0.47 g) 
melted at 159-154" (ex MeOH). Depressed mixed mp with 2-chloro- 
quinoxaline 4-N-oxide [9]. Found: C1 19.68; N 15.48~ calculated 
for CsHsCIN20:C1 19.63; N 15.5(~]0. The bicarbonate solution was 
acidified to pH 3 and again extracted with CHC13. Evaporation of the 
CHClz gave 0.3 g material, which was crystallized from EtOH, to give 
0.2 g compound (mp 270-271") identified by mixed mp and paper 
chromatography as 2-hydroxyquinoxaline 4-N-oxide [15], Ether was 
added to the main products solution after removing the salt of com- 
pound VI, until cloudiness vanished. The resinous precipitate obtained 
was treated with NaHCO s solution, and the dark brown solid (2.2 g) 
filtered off. Paper chromatography of this, using markers, revealed 
2,3-dihydroxyquinoxaline and two compounds Of unknown structure.* 

Reaction of qttinoxaline di-N-oxide (V) with benzene~ulfonyl 
chloride (II) at elevated temperature. 2 g @.0123 mole) Di-N-oxide 
V was stirred for 4 hr at 60-62 ~ with 10 ml (0.0784 mole) compound 
II, to give 2.8 g benzenesulfonate of compound VI. 

b) 2 g Di-N-oxide Y was stirred for 1 hr at 75* with 10 ml com- 
pound II, then for 4 hr at 90-96 ~ After cooling there was a viscous 
dark mass that did not crystallize, which was treated with ether to 
give a solid that was filtered off and mixed with aqueous NaHCOs. 
The whole was again filtered, to give 1.57 g solid. Paper chromato- 
graphy of this solid using markers showed a strong spot of 2,3-dihy- 
dryoxyquinoxaline (Rf 0.66, bright bluish-violet fluorescence in 
UV light) [16], a very weak spot of 2-chloroquinoxaline 1-N-oxide, 
and 2 spots of unknown substances. Reprecipitation from alkali and 
treatment with hot acetone gave 0.40 g 2,3-dihydroxyquinoxaline, 
which did not melt up to 360*, Rf 0.66 [16]. 

Reaction of quinoxaline di-N-oxide (V) with benzenesulfonyl 
chloride in the presence of pyrtdine. 4 ml II was added to 2 g V in 
12 ml dry pyridine. After 3 min heating was observed, accompanied 
by rapid rise of the temperature to 90 ~ and separation of a precipi- 
tate. The mixture was cooled with ice water to 80*, after which, 
the temperature gradually fell to room temperature, without external 
cooling. It was then stirred for 1 hr more, cooled to 10-15 ~ and the 
1-(4'-N-oxide quinoxalyl-2') pyridinium benzenesulfonate (XIII) 
filtered off, mass 4.3 g (89.9%), mp 223-~24 ~ (ex EtOH). Found: 
C 59.65; H 4.04; N 10.88; S 8.58%, calculated for C19HIsNsO4S: 

' * T h e  c h r o m a t o g r a p h i n g  w a s  d o n e  in  t he  s y s t e m  

B u O H - 5 % A c O H  (1:1). 
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C 59.80; H 3.97; N 11.00; S 8.4~o, AcOEt was added to the main 
products solution after removing XIII, the resinous solid filtered off 
and recrystallized from a small amount of EtOH. The substance thus 
obtained (2.6 g), was identical with pyridine hydrochloride. 

Decomposition of salt XlII, 7.5 ml Aniline was added to 3.6 g 
(0.0094 mole) XIII in 60 ml absolute EtOH, and the mixture refluxed 
for 45 rain. The products were cooled and the solid filtered off, mass 
1.24 g (81.5a]o) Compound XIV obtained melted at 278 ~ (decomp). 
It was identified as 3-aminoquinoxaline 1-N-oxide by a mixed mp 
test and by paper chromatography. [16]. 

Reaction of quinoxaline all-N-oxide (V) with benzoyl chloride. 
1 g (0.0062 mole) Di-N-oxide V was heated with 3 ml (0.9256 mole) 
benzoyl chloride at 90-95 j for 45 rain, until completely dissolved, 
and then for 3 hr more at 80-85". The reaction products were cooled 
and the 2-benzoxyquinoxaline 1-N-oxide (XI) filtered off, yield 0.73 
g (44.5%), mp 162-163~ MeOH). Found: C 68.00; H 4.00; N 
10.73%, calculated for C15HIoNsOs: C 67.67; H 3.78; N 10.52~ 

3 ml 2.5 N NaOH was added to 0.6 XI, and the mixture heated on 
a steam bath until XI was completely dissolved, after which the so- 
lution was filtered and acidified to pH 1-2, the precipitate filtered 
off, dried, and treated a few times with ether. Evaporation of the 
ether gave 1.5 benzoic acid. The ether-insoluble material (0.30 g) 
had map 215-216 ~ and gave an undepressed mixed mp with known 
2-hydmxyquinoxaline 1-N-oxide, prepared as described in [13]. 

Reaction of quinoxallne mono-N-oxide (XV) with benzenemlfonyl 

chloride. 2 g XV in 12 ml benzenesulfonyl chloride was left for 4 hr 
at room temperature, and the quinoxaline mono-N-oxide of benzene- 

sulfonate (XVII) filtered off (2.1 g). Colorless crystals, mp 152-153 ~ 
(ex absolute EtOH). Found: C 55.55; H 3.83; N 9.24; S I0.6'2a/0, cal- 

culated for C14HIiN204S: C 55.25; H 3.97; Y 9.24; S 10.54%. 
NaHCOa solution was added to the salt XVII (~ g) until evolution of 
CO 1 ceased. The products were extracted with CHCls, to give the 
N-oxide XV (1 g) mp 125-126 ~ (ex ether-EtOH), picrate mp 184- 
185 ~ After removing XVII, the main reaction products were 
treated with ether, the solution separated from the resin that precipi- 
tated, and the ether distilled off. The residue was treated (with cool- 
ing) with ammonia. The resultant crystalline mass was repeatedly 
extracted with petrol ether, and petrol ether-ether.  The extracts 
were dried and the solvent distilled off, to give 0.88 g oily material, 
which crystallized on keeping, mp 46-47 *(ex petrol ether)- Unde- 
pressed mixed mp of the XVI prepared with 2-chloroquinoxaline. 
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