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The IR spectra of the hydrochlorides of 2-aminoquinoxaline (II) 
and its N- oxides are discussed and a comparison of them with the spec- 
tra of the analogous sales of 2-aminopyridine and its N-oxide is made. 
On the basis of the results obtained, it may be concluded that II and 
its 4-N-oxide are protonated at the cyclic atom of nitrogen N(1) ~ O 
group, 

In connection with the study of t au tomer i sm and r e -  
a r r a n g e m e n t  among the N-oxides of 2 -aminoquinox-  
a l ine  [1, 2] it appeared of in te res t  to de te rmine  the po-  
si t ion of protonat ion in these compounds. Jaffe [3], 
us ing  Hammet t ' s  equation for calculat ing the ionizat ion 
constants  of the two possible  cat ions of 4 - a m i n o p y r i -  
dine 1-N-oxide (the base  being I and the cat ions  Ia and 
Ib), showed that the addition of the proton to the exo-  
cyclic n i t rogen atom of the amino group of compound 
I was unl ikely and conf i rmed for i ts  cat ion the s t r u c -  
ture  Ib which had been as sumed  previous ly  by Japa-  
nese workers .  Katr i tzky [5], on the bas i s  of a com-  
par i son  of the UV spec t ra  of 2 -aminopyr id ine  1-N-  
oxide and its methyl  der iva t ive  in neut ra l  and acid 
media  a sc r ibed  the analogous s t ruc tu re  (Ie) to the ca t -  
ion of 2 -aminopyr id ine  1-N-oxide.  
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2-Aminoquinoxal ine  (II) can form two mono-N-oxides  
(III and IV) and a di -N-oxide (V). In 2-aminoquinox-  
al ine 4-N-oxide (III), jus t  as in 2-aminoquinoxal ine  i t -  
self  (II) there  is the amidine  grouping N--~C--NH z that is  
cha rac te r i s t i c  for  all  a - a m i n o  der iva t ives  of N-he te ro -  
cycles.  Cheeseman [6], cons ider ing  the UV spect ra  of 
the base II, i ts  cation, and 2 - i m i n o - l - m e t h y l - q u i n o x -  
al ine came to the conclusion that in the base II, as in 
other o~-amino der iva t ives  of N-he te rocye les  [7, 8], the 
proton adds to the cyclic ni t rogen atom, N0) , involved 
in the amidine grouping, with the format ion of the hy-  
br id  cation (IIa , , I I b ) .  The second cyclic n i t rogen 
atom, N(4) of the base II is  l ess  basic  and cannot com-  
pete with N(~) in the addition of a proton (it is  known 
that the bas ie i ty  of the a romat ic  N-heterocycles  is  

*For  par t  XVI, see [1]. 

cons iderably  lower than the bas ic i t i es  of their  oz- and 
T-amino der ivat ives) .  In 2-aminoquinoxal ine  4-N-oxide 
(III) one may as sume  an analogous mechan i sm of p r o -  
tonation and the format ion of the cation (IIIa ~ IIIb). 
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In this case,  the second competing site of protonat ion 
(the oxygen of the N - -  O group) is  s t i l l  less  likely, s ince 
the basic i ty  of he teroeycl ic  N-oxides is  cons iderably  
lower than the bas ic i ty  of the ini t ia l  bases .  

We have cons idered  the IR spec t ra  of the hydro-  
chlor ides  of the base II and its N-oxides I I I -V.  The 
spect ra ,  taken in the form of tablets  with KBr or of 
mul l s  in paraff in  oil, were identical  with one another;  
only in some cases  was a spl i t t ing of the individual 
bands observed.  The spec t ra  were taken on a UR-10 
spect rophotometer .  As was to be expected, the hydro-  
chloride of the base  II and of 2-aminopyr id ine  have 
s i m i l a r  spec t ra  in the high-frequency region (see Fig. 
1); in these spec t ra  the so-ca l led  "immonium" bands of 

\ + ~  
the group N- -H . . .  X in the 2700-2200 cm -1 region  a r e  
lacking. As a rule ,  these bands a re  observed in the 
IR spec t ra  of sal ts  of a romat ic  N-heterocycles  a n d a r e  
not found in the spec t ra  of the cor responding  a -  or 
T-amino der iva t ives  [9]. 

A pa t te rn  s i m i l a r  to this is also found in the spec-  
t r um of the hydrochlor ide of the N-oxide III (see Fig. 
1), which conf i rms  for  the cation III the s t ruc tu re  
I I Ia  ~. ; IIIb, analogous to the s t ruc tu re  of the cat ions 
of compounds I and II. Some difference in the high-  
f requency region of the spec t rum of the sal t  of this N- 
oxide cons is t ing  in the somewhat c l e a r e r  appearance  
of the broad band in the 2660-2800 cm -1 region pos -  
s ibly indicates  a g rea t e r  local izat ion of the posi t ive 
charge in the Cation IIIa ~ > IIIb and a predominance  
of the IIIa form. 

In the molecule  of 2-aminoquinoxal ine  1-N-oxide 
{IV), by analogy with the N-oxides of 2- and 4 - a m i n o -  
pyr id ine  [3, 5], protonat ion may take place at the oxy- 
gen of the N0) --* O group with the format ion of the ca t -  
ion IVa. However, in this N-oxide, in con t ras t  to 
compound II and the 4-N-oxide III, there  is no s t rongly 
basic  amidine grouping and, in view of this, the pos -  
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Name 

Hydrochloride of 2- 
aminoquinoxalioe 4-N-oxide 

Hydroehloride of 2-amino- 
quinoxaline 1,4-di-N-oxide 

Hydrochloride of  
2-aminoquinoxaline 

Hydrochloride of 2,3- 
dimethylquinoxaline 
1,4-di-N-oxide 
Hydrobromide of  
2,3-bis(bromomethyl)quinox- 
aline 1,4-di-N-o xide 

Salts of Quinoxaline Der ivat ives  

Mp (decomp.), 
~ 

18 22 [ 21.26 

16.24 19,67 

I9.65 ! 23.14 

15,39 12.36 

56.20 6.53 

Empirical formula 

I 

242.5 CsHTNaO - HCI 21.0I 
(from anhydrous 

ethanol). 
248 CsHTNaO~ �9 HC1 19.55 ! 

(from anhydrous 
I ethanol). 

221 CsHrNa �9 HCI 23.02 
(from anhydrous i I 

i ethanol). 
179--180 C~0H~oN20~ �9 HCI 12,08 

t 
I 

167 C~oHsB'~NzO~ HBr!  6.60 
' " i 

Found, [ Calcu- 
% lated, % 
I halo- halo- 

N gen N gen 

17.94 

16.60 

19,53 

1 5 . 6 4  

55.86 

sibility of competition between two centers of proton- 
ation--the oxygen of the N(i ) ~ O group and the cyclic 
nitrogen N(4 ) (the cations IVa and IVb)--is not excluded. 
A consideration of the spectrum of the hydroehloride 

of compound IV shows a marked difference from the 

spectra of the hydroehlorides of compounds I and II. 
The s t re tch ing  v ib ra t ions  of the NH 2 group in this a re  
shown in the fo rm of we l l -ma rked  bands in the 3295 
and 3095 cm -1 reg ions ,  be ing displaced only sl ightly 
in compar i son  with the spec t rum of the base IV (3300 
and 3130 cm-1), and in the 2560-2680 cm -1 region 
there  is a broad in tense  band (Fig. 2). 

If, by analogy with the cation of 2 -aminopyr id ine  
N-oxide, the cation of the N-oxide IV is a sc r ibed  
s t ruc tu re  IVa, the broad  band at 2560 cm -1 mus t  r e -  

\ + / /  
late to the s t re tch ing  v ib ra t ions  for the N - - O - - H . . .  
group. Moreover ,  it is known that in the IR spect ra  of 
sa l ts  of pyr id ine  N-oxide and i ts  methyl  der iva t ives  
the bands of the s t re tch ing  v ib ra t ions  of this group are  
genera l ly  located in the lower - f requency  region,  namely  
2200-2400 cm -1 [10, 11]. The bands of 

H 

J t 
OH O 

IYa IYb  

o ? ? 

V l  VII Va 

ci 

\ + / /  
the stretching v ibrat ions of the N- -O- -H~ groups in 
the hydrochlor ide  of 2, 3-dimethylqui~aoxaline 1, 4 - d i -  
N-oxide (VI) (2160 cm -1, Fig. 2) and the hydrobro -  
mide of 2, 3 -b is (bromomethyl )quinoxal ine  1, 4 - d i - N -  
oxide (VII) (2130-2210 cm-1), which we have prepared ,  
a re  found in approximate ly  the same region  of the 
spec t rum.  However, the IR spec t ra  of the hydro -  
chlor ides  of pyr id ine  and picol ine N-oxides and of the 
d i -N-oxide  hydrochlor ide  VI and the hydrochlor ide  
co r re spond ing  to VII can hardly  be taken as models  for 
the spec t rum of the hydrochlor ide of the 1-N-oxide 
IV, s ince the p re sence  in the la t te r  of an o - a m i n o  
group may have a subs tan t ia l  effect on the f requency 

\ + / /  
of the v ib ra t ions  of the N - - O - - H . . .  group. In this case,  
we may use as model compounds the hydrochlor ides  
of 2 -aminopyr id ine  N-oxide and 2-aminoquinoxal ine  
1, 4 -d i -N-oxide  (Va). A compar i son  of the IR of these 
compounds with the spec t rum of the sa l t  of the N-oxide 
of IV showed their  s i m i l a r i t y  in the high-frequency 
region.  In the spec t rum of Va, just  as  in the spec t rum 
of the hydrochlor ide of IV, there  are  s t rong bands of 
the s t re tch ing  v ibra t ions  of the NH z group at 3305 and 
3090 cm -1 (VNH 2 of the base IV, 3320 and 3120 cm-1) 

\ m r  
and a broad in tense  band of the N- -O--H~ group at 
2590-2690 cm -1 (Fig. 2). These spect ra ,  in their  turn,  
a re  ve ry  s i m i l a r  to the spec t rum of the hydrochlor ide 
of 2-aminopyridine N-oxide in which the band of the 

\+f 
stretching vibrations of N--O--H.,. appears in the form 
of a broad intense band in the 2530-2650 cm -i re- 
gion (Fig. 2). Thus, the presence of an a-amino 
group in the molecules of the salts of heterocyclic 

N-oxides studied does in fact shift the band of the 
\+// 

stretching vibrations of the N--O--H... group into the 

higher-frequency region by approximately 350-400 
cm -i. On the basis of the similarity of the bands inthe 

high-frequency region of the spectrum of the hydro- 
chlorides of compounds IV and V and of 2-aminopyri- 
dine N-oxide, it may be concluded that the protonation 

of compound IV takes place at the oxygen atom of the 

N(D ~ O group with the formation of the cation IVa. 
In the IR spectra of the bases II, IV, and V three 

strong absorption bands are found in the region of the 
deformation vibrations of the NH z group and of the 
stretching vibrations of the C==C and C~-N bonds: one 
at 1645-1660 cm-i and two in the lower-frequency re- 
gion at 1625-1575 em -1. In the spec t rum of the N- 
oxide III, there  are  found bands in the 1625-1560 cm-1 
region  (1625, 1610, 1590, and 1560 cm-1). On the bas i s  
of a compar i son  of the spec t ra  of the deuterated and 
nondeuterated compounds II, III, IV, and V tile bands 
of highest frequency (1660 in If, 1625 in III, and 1645 
cm -i in IV and V must be ascribed to the deformation 
vibrations of the NH 2 group. The other bands in this 
region obviously relate to the stretching vibrations of 
the ~ and C~N bonds of the ring. The bands of the 
deformation vibrations of the NH 2 groups in the spee- 
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t r a  of the sa l t s  of both the ini t ia l  amine  II and its N- 
oxides III, IV, and V are  displaced into the h ighe r -  
f requency region by 15-45  cm -~ as compared  with the 
co r respond ing  bases .  

We have shown prev ious ly  that in the spec t ra  of the 
N-oxides III, IV, and V there  a re  s t rong bands in the 
1200-1300 em -1 reg ion  in which the bands of the s t r e t c h -  
ing v ibra t ions  of the N - -  O group usual ly  appear  which 
a re  absent  f rom the spec t rum of the in i t ia l  amine  II 
(1220 in III, 1200 cm -1 in IV and V) [1]. In the spec -  
t rum of 2 -aminopyr id ine  N-oxides (1) the ve ry  s t rong  
band at 1200 cm -1 mus t  be asc r ibed  to the v ibra t ions  
of the N - -  O group. The format ion  of a sal t  has a con-  
s iderab le  effect on this region  of the spectra .  Thus, 
in the spec t ra  of sa l ts  of the N-oxides IV and I inwhich 
protonat ion takes place at the oxygen of the N~O group, 
these bands have d isappeared ,  and in the spec t ra  of 
sa l ts  of the 4-N-oxide III and the 1 ,4 -d i -N-ox ide  V, in 
which protonat ion takes place at the n i t rogen or at one 
of the N - -  O group presen t ,  the bands of the s t r e t c h -  
ing v ibra t ions  of the N - -  O groups are  displaced into 
the h ighe r - f r equency  region.  

The hydroehlor ides  were obtained f rom the e o r r e -  
sponding bases  by the act ion on them of an ethanolic 
solution of hydrogen chlor ide (the hydrochlor ide of 
compound IV has been obtained prev ious ly  [2]). 
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