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The electronic  spec t ra  of neutral  molecules  and monocations of N-oxides of 2-  and 3 - sub-  
st i tuted pyraz ines and quinoxalines were  measured ,  and thei r  ionization constants in water  
were  determined.  The posit ion of the protonation center  in the investigated compounds 
was established. 

The protonation of pyrazine  and quinoxaline N-oxides were  previously investigated by PMR spec-  
t roscopy  [1]. It was shown that the protonation of unsubstituted pyrazine and quinoxaline 1-N-oxides  occurs  
initially at  the unoxidized r i n g - n i t r o g e n  atom (N4). However, when the spec t ra  of protonated N-oxides in 
aqueous acid solutions a r e  measured ,  the N - H  signal and the constants  for  s p i n - s p i n  coupling with this 
proton cannot, as a rule,  be fixed because of rapid proton exchange. Most der ivat ives  of diazine N-oxides 
a r e  only slightly soluble in solvents suitable for  PMR spect roscopy.  In this connection, it seemed of in ter-  
est  to determine the ionization constants  and examine the e lectronic  spect ra  of protonated diazine N-oxides. 

We measured  the e lect ronic  spec t ra  and ionization constants  in water  of a number of pyrazine (I-IX) 
and quinoxaline (X-XIX) monoxides and N,N'-dioxides .  
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=2-NHCOCHa; V, XtlI X=2-C]; VI, XVX=3-XHo; Vii X=3-COOCHa: X1V X=2-COOCH.< 

XVI X=3-OCtI.~: XVII X=3-COOC21-% 

It follows f rom an analysis  of the spec t ra  of the neutral  molecules  and cations of pyridine [2] and its 
N-oxide [3] that protonation of these sys tems  has an opposite effect on the position and intensity of the 
t ransi t ions  observed above 210 nm. The addition of a proton to the pyridine nitrogen atom leads to a de- 
c r ea se  in the energ ies  and an increase  in the force  of the osc i l la tors  of both long-wave t ransi t ions,  where -  
as  protonation at the oxygen a tom of the N - -  O group causes  an increase  in the energies  of the t ransi t ions  
and a decrease  in the intensity of the 1A 1 --" 1A 1 transi t ion.  The changes in the spect ra  of N-oxides of 
monosubst i tuted pyridines on passing f rom neutral  molecules  to the monocations depend to a considerable  
degree  on the type of substituent and its position relat ive to the N - -  O group [4]. However, the hypso-  
chromic  shift and the dec rease  in the intensity of the long-wave band in the spect ra  of a number of 2-  and 
4-subst i tu ted derivat ives  a re  sufficiently charac te r i s t i c  indications of protonation at the oxygen atom of the 
N --" O groups.  The spec t ra  of the cations of pyridine derivat ives  a re  s imi la r  to the spect ra  of cations of 
the corresponding N-oxides.  On the basis  of these data and a p re l iminary  study of the spect ra  of pyrazine 
and aminopyraz ine  N-oxides [5], one can isolate two principal  experimental  c r i t e r i a  that make it possible 
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TABLE 1. UV Spectra of N e u t r a l  Molecu les  and Monoca t ions  and 
Ion iza t ion  C o n s t a n t s  in W a t e r  of p y r a z i n e  N-Oxides  

C o m -  
F t'~ u~Ou~ a Lraax,Ilm (lg 8) pKa Medium 

I O,001'N H~S04 
12,7 N H2SO4 

I I, 'VH = 4 ,0  
7,1 N H2SO4 

III 0~(~01'N H2804 
IdA N H2SO4 

IV" D,001N H2,SO4 
�9 8~58 N H2SO4 

V 0,,1 N H2S04 
15,3 N H2,SO4 

Vt: pH=6,0 
: " 2,36 N H~SO 4 

VII: i1,;08 N HzSO4 
' :  t:15,3 N H~,SO4 

VIII 0,0'I N H2SO4 
:::7 !20,0 N H2SO4 

IX 0,0OI'N H~SO~ 
' ',,.: ']14,dN B2SO4 

334 (3,80) 
,364 (3,86) 
3ff~ (3,85) 
3?4 (3,98) 284 (3,86) 
314 (3,82) 258 (3,95) 
333 (3,94) 287 (3,85) 
297 (3,44} 264 (4,00) 
393 (3,83) 286 (3,97) 
336 (3,67) r2~2 (,3~92) 
3~ (3J3) 27,9 (3~95) 
39o (a3o) ~vc (3 ,~ )  
�9 320 ,(3,51 ) 291~ (3,,92) 
: 308 (4,35) 

294 (4;18) 
364 (3,89) ~95 (4,15) 

�9 34,:3 (,3. ,~I:,) .2,82 (3,95) 

263 (4,09) 214 (4,11) 
286 (4;11) '2'29 (4,02) 
'248 (3,74) 229 (4,39) 
285 (3,61) 24~ (4,32) 
260 (3,89) ~220 (4,23) 

236 (4;1!1) 
238 (4,39) 
253 (4,36) 
222 (4,22) 
239 (4,t3) 
235 (4,29) 
257 (r 
228 (4,24) 
24t (4,03) 
222 (4,:24) 
225(4,07) 
,261 (4,03) 235 (4,29) 
230 (4,32) " :,, . . . .  

-0,15" 

'0,79 

- -  0 ,51  

-1,31 

1,47 

'" -2,4,5 

i 
-0,18 

TABLE 2. 1L w Band in  the Spec t ra  of N e u t r a l  Molecu les  and 
Ca t ions  and  Ion iza t ion  C ons t a n t s  of Qu inoxa l ine  N-Oxides  in 

W a t e r  

Compound 

X 
XI 

XII 
XIII 
XIV 
XV 

XVI 
XVII 

XVIII 
XIX 

~'m a x" nrn (lg 8) 

base 

339 (3,88) 
368 (3,81) 
a~  (3,S0) 
343 (3,82) 
312 (3,76) 
379 (_ 3~73) 

34̀ 3 (3,95) 
372 (4,23) 
4,04 (3,79) 

c a t i o n  

342 (4,06) 
3r (3,90) 
377 (a,85) 
348 (3,99) 
351 (3,88) 
37~ (~,76) 

352 (3,99) 
346 (4,08) 
370 (3,72) 

PKa 

0,25 
1,09 

--0,60 
--I,21 
--9,63 

~,68 
--I,54 
--~,19 

1,06 

* The iden t i f i ca t ion  of the 1L w t r a n s i t i o n  in  the s p e c t r u m  of XVI 
is d i f f icul t  b e c a u s e  of ove r l a pp i ng  of the bands .  

to e s t a b l i s h  the c e n t e r  of p r o t o n a t i o n  of p y r a z i n e  and qu inoxa l ine  N - m o n o x i d e s :  1) the change  in  the p o s i -  
t ion and i n t e n s i t y  of the long-wave  (1Lw) band when these  compounds  ,are conve r t ed  f r o m  the n e u t r a l  to 
the m o n o p r o t o n a t e d  f o r m ;  2) c o m p a r i s o n  of the s p e c t r a  of the m o n o c a t i o n s  of the 1 -N-ox ides  with the s p e c -  
t r a  of the m o n o c a t i o n s  of the c o r r e s p o n d i n g  p y r a z i n e  and qu inoxa l ine  d e r i v a t i c e s  and t he i r  1 , 4 - N , N - d i o x -  
ides .  If the i nves t iga t ed  compound is p ro tona t ed  at  the oxygen a tom of the N ~ O group  ( s t r u c t u r e  a), the 
s p e c t r u m  of i t s  m o n o c a t i o n  should be s i m i l a r  to the s p e c t r u m  of the monoca t i on  of the c o r r e s p o n d i n g  d i -  
az ine  (c). 

O 
N 1 

N 

OH 0 OH 

d b c d 

The  s i m i l a r i t y  in the  s p e c t r a  of the m o n o c a t i o n s  of the 1 - N - o x i d e s  and  the c o r r e s p o n d i n g  1 , 4 - N , N - d i o x i d e s  
(d) should  c o r r e s p o n d  to the add i t i on  of a p ro ton  to the n i t r o g e n  a t o m  of the h e t e r o r i n g  (b). 

t ) ro tona t ion  of p y r a z i n e  (VI I I ) and  2 - a m i n o p y r a z i n e  (IX) 1 , 4 - N , N - d i o x i d e s  (Table 1) is a c c o m p a n i e d  by 
a d i s t i nc t  h y p s o c h r o m i c  shi f t  (Ak = --14 and  - 2 1  rim) and a d e c r e a s e  in the i n t e n s i t y  of the long-wave  band.  
The  n u m b e r  of t r a n s i t i o n s  o b s e r v e d  in the i n v e s t i g a t e d  r e g i o n  of the s p e c t r u m  of  m o n o c a t i o n  IX d e c r e a s e s  
a s  c o m p a r e d  wi th  the s p e c t r u m  of the n e u t r a l  m o l e c u l e .  Consequen t ly ,  the add i t ion  of a p ro ton  to the oxy-  

gen  a t o m  of the N -* O g roup  has a s i m i l a r  effect  on the s p e c t r a  of the N-ox ides  of the c o r r e s p o n d i n g  
pj r r id ine  and  p y r a z i n e  d e r i v a t i v e s .  Opposi te  changes  in  the s p e c t r a  o c c u r  on p ro tona t ion  of p y r a z i n e  1 - N -  
ox ides  I-VII .  The  n u m b e r  of a b s o r p t i o n  bands  does not  change  on p a s s i n g  f r o m  n e u t r a l  m o l e c u l e s  to the 
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Fig.  1 .  UV spectra:  a) monocations of quinoxal ine and its 1 -N-  
oxide and 1,4-N,N-dioxide; b) monocations of 3-aminoquinoxaline 
1-N-oxide and 2-aminoquinoxaline 1,4-N,N-dioxide; e) neutral  
molecule  and monocat ion of 3-carbethoxyquinoxaline 1-N-oxide 
and the monocat ion of 2-carbethoxyquinoxaline;  d) neutral  mole-  
cule and monocat ion of 3-methoxyquinoxaline 1-N-oxide and 
monocat ion of 2-methoxyquinoxaline; e) neutral  molecule and 
monocation of 2-methoxyquinoxaline 1-N-oxide;  f) neutral  mole-  
cule and monocation of 2-aminoquinoxaline 1-N-oxide and mono-  
cation of 2-aminoquinoxaline.  The neutral  molecules  a re  desig-  
nated by ~ �9 ), the monocations of the 1-N-oxides  a re  
designated by (------) ,  the monocations of the 1,4-dioxides a re  
designated by ( . . . . .  ), and the monocations of the unoxidized 
quinoxalines a re  designated by ( . . . . . . . .  ). 

cor responding monocations.  Both low-energy t ransi t ions  a re  shifted to the long-wave region, and an in- 
c r e a s e  in the intensity of the 1L w band is observed  for  al l  of the compounds. The spect ra  of monocations 
I-VII  differ sharp ly  f rom the spec t ra  of the monocations of the corresponding pyrazine derivat ives [6]. In 
addition, a complete analogy between the spect ra  of the monocations of pyrazine l -N-ox ides  (I) and 3- 
aminopyraz ine  1-N-oxide  (VI) and the corresponding 1,4-N,N-dioxides VIII and IX is observed.  These data 
make it possible to conclude that the protonation of the investigated pyrazine 1-N-oxides  (I-VII) occurs  at  
the unoxidized r ing-n i t rogen  atom (N4) (structure b). This is in complete agreement  with the resul ts  of a 
study of the PMR spec t ra  [1]. All of the bands in the spec t rum of the cation of 3-aminopyraz ine  1-N-oxide 
(VI) a r e  located in the h ighe r -ene rgy  region as compared  with the spec t rum of the cation of 2 -aminopyra -  
zinc 1-N-oxide (II). The same de fe rences  are  observed in the spec t ra  of the cations of 2-  and 3 -amino-  
pyraz ines  [6], and this cor responds  to an ortho and meta or ientat ion of the amino group relat ive to the N 4 
cationoid center  in VIb and lib, The decrease  in the magnitude of the bathochromic shift of the iL w band 
on protonation of VI (Ak = 6 nm) as  compared  with II (AX = 30 nm) is probably due to the part ial  contr ibu-  
t ion of the o-quinoid s t ruc ture  with t r ans fe r  of positive charge  to the amino group in the monocation of VIb. 
A s imi la r  effect is apparent ly  the r eason  for  the hypsochromic shift of the 1L w band (Ak = - 9  nm) ob- 
se rved  on passing f rom the neutra l  molecule to the monocation of 3-aminoquinoxaline 1-N-oxide (Table 
2, XV). The protonation of this compound and of unsubstituted quinoxaline 1-N-oxide (X) occurs  at  the N 4 
atom. This is conf i rmed by the complete  analogy between the spec t ra  of the monocations of X and XV and 
the spec t ra  of the monoeations of the corresponding 1,4-N,N-dioxides XVIII and XIX (Fig. 1). Consequently, 
all  of these compounds add a proton to the N 4 atom. The identical s t ruc tu res  of the monocations of 2-  and 
3-methoxyquinoxaline 1-N-oxides  were  establ ished by PMR spec t roscopy  [1]. 
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Thus the bathochromic shift of the iL  w band is a sufficiently charac te r i s t i c  indication of protonation 
of diazine 1-N-oxides  at  the unoxidized ring ni trogen atom. On the other  hand, at least  two effects - addi-  
tion of a proton to the oxygen a tom of the N --* O group and redis t r ibut ion of the positive charge  in ions of 
the amidinium type - may  be the r eason  for  the hypsochromic  shift of this band. In the lat ter  case,  more  
rel iable  information regarding the position of the protonation center  of the molecule can be obtained on the 
basis  of a compar ison  of the spect ra  of the monocation_s of the investigated and model compounds. P r o -  
ceeding f rom these data, the considerable  hypsochromic  shift (AX = --19 nm) found in the spec t rum of 2-  
aminoquinoxaline 1-N-oxide (XI) does not cor respond  to pro.tonation of this molecule at N4, inasmuch as 
the cat ion of XIb is not an amidinium ion. On the other hand, the spec t rum of the cation of XI proved to be 
ex t remely  s imi la r  to the spec t rum of the cation of 2-aminoquinoxaline (Fig. 1). Consequently, the oxygen 
atom of the N -* O group is the p re fe r r ed  center  of protonation of 2-aminoquinoxaline 1-N-oxide.  This r e -  
sult is in agreement  with the data obtained by IR spec t roscopy  of salts of 2-aminoquinoxaline N-oxides [7]. 

The proposed s t ruc ture  of the protonated pyrazine and quinoxaline N-oxides i s  in agreement  with the 
ionization constants of these compounds (Tables 1 and 2). Most of the investigated N-oxides are  weak bases.  
As in a number of the corresponding unoxidized diazines [8], COOR, C1, and OCH 3 groups reduce the bas-  
icities of pyrazine and quinoxaline N-monoxides.  In this case,  the inductive effect predominates  in the in- 
fluence of substituents such as C1 and OCH3. The basici t ies  of pyrazine and quinoxaline 1-N-oxides  a re  
reduced considerably  more  markedly  when such substituents a re  introduced into the 3 ra ther  than the 2 
position. Inasmuch as the inductive effect falls as  the  distance to the cationoid center  increases ,  this o rde r  
of dec rease  in the basic i t ies  cor responds  to  protonation of these compounds at N 4. 

An amino group reduces  the basic i t ies  of pyrazine and quinoxaline N-oxides.  The ApK a values of 2-  
and 3-aminopyraz ine  1-N-oxides  (H and VI) (+ 0.94 and +1.62) and of 3-aminoqtiinoxaline {XV) (+2.43) 
proved to be close to the values for  3-  and 2-aminopyr id ines  (+0.75 and +1.63) and 2-aminoquinoline (+2.49) 
[9]. These data a re  in agreement  with an ortho orientat ion of the NH 2 group relat ive to the N 4 basic cen te r  
in VI and XV and a meta  orientat ion in II. The considerable  difference in the ionization constants of 2-  
aminopyrazine  1-N-oxide and 1,4-N,N-dioxide (0.79 and -0 .18)  confi rms the conclusion that these com-  
pounds are  protonated at different centers .  However, the close PKa values for  2-aminoquinoxaline 1-N-  
oxide and 1,4-N,N-dioxide (1.09 and 1.06) cor respond  to protonation of both compounds at the same center  
(N i- O). 

Inasmuch as quinoxaline 1-N-oxides XII-XV have the same relative orientation of the substituent and 
cationoid center as the corresponding unoxidized quinoxalines [8], it was of interest to examine the effect 
of N-oxidation on the basicity. This effect can be characterized by the A, pK a values, which are the dif- 
ferences between the pKg values of the 1-N-oxide and the PKa values of the~unoxidized quinoxalines [8]. 
1-N-Oxidation of quinoxaline and its 2-methoxy and 3-amino derivatives leads to a decrease in the basicity 
that is greater, the greater the +C effect of the substituent (A, pK a = --0.31, --0.68, and -1.28). The nega- 

tive inductive effect of the N -~ O group predominates in these compounds. The ionization constants of 2- 
chloro- and 2-carbomethoxyquinoxaline 1-N-oxides, on the other hand, prove to be higher than the ioniza- 
tion constants of the corresponding quinoxalines (&, pK a = +0.ii and +0.07). The inductive effect of the 
N -* O group in this case is probably compensated by stabilization of the protonated form through resonance 
with the p-quinoid structure, which is impossible in the unoxidized system. In 3-aminoquinoxaline 1-N- 
oxide resonance of this type apparently does not play a substantial r01e , and, as in unoxidized a-aminoazines, 
resonance with the o-quinoid structure of the amidinium type, which corresponds to transfer of positive 
charge to the exocyclic amino group, makes the primary contribution to stabilization of the protonated form. 

H H H H 

t II I 
0 0 0 .3 

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

The UV spect ra  of the investigated compounds were  measured  with an EPS-3-spec t ropho tomete r .  
The ionization constants  were  determined spec t rophotometr ica l ly  at 25 ~ in aqueous solutions of sulfuric 
acid with a known acidi ty function (H0) [10]. The acid concentrat ion was determined by potentiometric 
t i t ra t ion with an OP-205 pH-meter .  The optical densit ies at the analytical  wavelengths were  measured  
with an SF-4 spect rophotometer .  
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