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The UV spect ra  of the bases  and cations of a number of 2-substi tuted quinoxaline derivat ives 
were investigated, and their  basici ty constants were determined. The investigated compounds 
were divided into two ser ies ,  character ized,  respectively,  by ortho and meta orientations of 
the substituent and cationoid center, on the basis of corre la t ions  of the pKa values with the 
H a m m e t t - T a f t  (r constants. The effect of the position of the protonation center  relative to 
the substituent on the energy of the v - -~*  t ransi t ions  was examined within the framework of 
the simple MO LCAO method. The resul ts  of the calculations a re  compared with the experi-  
mental ly observed shift in the 1L b band in the UV spectra  of some 2-substi tuted quinoxalines 
on passing f rom the bases  to the monocations.  

The presence  of two nonequivalent protonation centers  (the ring nitrogen atoms in the 1 and 4 posi-  
tions) in 2-substi tuted quinoxaline molecules  corresponds  to two possible s t ruc tures  of the monocations. 
The real izat ion of one of these s t ruc tures  is apparently determined pr imar i ly  by the electronic effects of 
the substituents. 

The UV spect ra  of neutral  and protonated fo rms  of unsubstituted and 2-substituted quinoxalines I-IX 
were  recorded  to study the effect of substituents on the position of the protonation center  during format ion 
of the monocations, and the basici ty constants in water  of III-VII and IX were determined. The experimen- 
tal results ,  supplemented by the data of o thers  [1-3], are  presented in Table 1. 

b 4 

-y'-N 

I - X |  

I R=H; II R=COOtI; Ill I~=COOC2H~; IV R=CONH~; V R=CI; VI R=OCHz; 
VII R=CH3; VIII I~=NH~; IX R=NHCOCHa; X R=NHCH3; XI R=N(CHa)2. 

An examination of the pKa values shows that the effect of substituents in the 2 position on the bastci ty 
cor responds  to the scale of a constants.  An increase  in the basicity constants as compared with the unsub- 
stituted I molecule is observed in compounds containing substituents with high +C [NH2,NHCH s, and N(CHs)2] 
and +I and +C (CH 3) effects. Moreover ,  the e lec t ron-donor  effect of amino and methylamino groups in the 
2 position of quinoxaline (ApK a 3.2-3.5) increases  considerably as compared with 2-aminopyridine [3] 
(ApK a 1.63) and 2-aminoquinoline [3] (ApK a 2.40). This is apparently due to the substantial increase  in 
the contribution of the effect of d i rec t  polar  conjugation of the amino group with the cationoid center  in the 
quinoxaline derivat ives.  

The introduction of substituents w i t h - I , - C ,  and a l s o - I  and +C effects (]I-VI, IX) into the 2 position 
of quinoxaline leads to an increase  in the basicity.  The trend in the decrease  in the basicity constants in 
the order  VI> IV> tII > V is  s imi la r  to the trend in the increase  in the inductive constants of the substiments.  
In addition, the effect of substituents of this type on the basic i ty  of quinoxaline proved to be considerably 
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TABLE 2 

Reaction 
series ~ O o r* 

(rmeta 
apara 
~rneta 
~para 

0,55 
-0,15 

0,84 
0,59 

--4,25 
-- 1,56 

-- 12,88 
--4,26 

0,954 
0,647 
0,919 
0,982 

* Symbol  r i s  the c o r r e l a t i o n  coeff ic ient  for  the de-  
pendence  pK a = p o- + Q. 

TABLE 3 

Structure of 
the mono- 
cation 

Ia(Ib) 
Va 
Vb 

Via 
VIb 

VIllb 
VIIIa 
VIII@ 
VIIN 

H 
C1 

OCH~ 

NHz 

Cationoid 
center 

N, (N4) 
.N: 
N4 
Nj 
N~ 
N4 
Nl 
N~ 
Nl 

ED [ A E ~_>.~, (~g) 
(f]) m->m+l [rn--I 9-rn+l 

3,60 --0,172 -0,265 
3,70 -0,173 --0,269 
3,64 -0,173 -0,262 
4,03 J -0,095 --0,222 
3,93 I -0,213 -0,253 
4,02 I -0,293 --0,207 
4,18 I --0,014 --0,151 
4,32 +0,084 --0,119 
4,5t +0,092 -0,016 

'Lb (~'max" am) 

base'~ 

316 
328 

336 

354 

cation 

332 
343 

358 

350 

a%. nm 

16 
15 

22 

-4 

CThe experimental data for bases I, V, and VI pertain to solutions 
in n-heptane [11]. 

l e s s  than that o b s e r v e d  in  the c o r r e s p o n d i n g  2 - s u b s t i t u t e d  p y r i d i n e s  a nd  qu ino l ines .  Thus  the ApK a value  
( -1 .88 )  of 2 - c h l o r o q u i n o x a l i n e  is  lower  by a fac to r  of ~ 2.5 than the va lue  for  2 - c h l o r o p y r i d i n e  [4] (-4.45).  
The ApK a v a l u e s  in a n u m b e r  of 2 -me thoxy  d e r i v a t i v e s  of p y r i d i n e  [5], qu inol ine  [5], and quinoxal ine  a r e  
- 1 . 9 5 ,  - 1 . 7 7 ,  and - 0 . 4 8 ,  r e s p e c t i v e l y .  S ince  the induct ive  effect  a lso  p r e d o m i n a t e s  in the effect  of subs t i t "  
uen t s  of th is  type on the b a s i c i t y  cons t an t s  of p y r i d i n e  and quinol ine  [6], the noted d i f f e r ences  in  the ApK a 
va lues  m a y  ind ica te  a change  in  the pos i t i on  of the p ro tona t ion  c e n t e r  r e l a t i v e  to the subs t i tuen t  in qu in-  
oxal ine  d e r i v a t i v e s  III-VI.  

C o r r e l a t i o n  of the ApK a v a l u e s  of 2 - s u b s t i t u t e d  qu inoxa l i ne s  with the induc t ive  cons tan t s  (cri) and 
con juga t ion  cons t an t s  (O'c~ [7] showed that  the inves t iga ted  compounds  a r e  divided into two s e r i e s .  Except  
for  the NHCOCH 3 group,  the s u b s t i t u e n t s  that lower  the  b a s i c i t y  of qu inoxa l ine  l ie  on a s ingle  l ine  on the 
g raph  of the dependence  of the ApKa/crc~ va lues  on o-i/O-c~ (Fig. 1): 

ApK,~ = - 4.378~1 - 1.066r176 0.085. (1) / ,  
The po in t s  that  c o r r e s p o n d  to e l e c t r o n - d o n o r  s u b s t i t u e n t s  (VII, VIII, X, and XI), which r a i s e  the ba -  

s ic i ty  of qu inoxal ine ,  and to the NHCOCH 3 group l ie  below l ine  (1) and f o r m  ano the r  s e r i e s :  

ApK~ = - 7.066a~- 8.010cr~ ~  0. 127. (2) 

The s e p a r a t i o n  of 2 - s u b s t i t u t e d  qu inoxa l ines  into two s e r i e s  appa ren t ly  c o r r e s p o n d s  to two d i f fe ren t  
p ro tona t i on  c e n t e r s  du r ing  the f o r m a t i o n  of the monoca t ions .  It i s  known that 2 - a m i n o q u i n o x a l i n e  i s  p r o -  
tonated  at N 1 [2]; it  is  n a t u r a l  to a s s u m e  that p ro tona t ion  of al l  of the" r e s t  of the compounds  of th i s  s e r i e s  
a l so  o c c u r s  at th i s  c e n t e r  to f o r m  m o n o c a t i o n s  VIIa-XIa.  The s t r u c t u r e s  of the ca t ions  of compounds  that 
l ie  on l ine  (1) c o r r e s p o n d  to the add i t ion  of a p ro ton  to N 4 {IIIb-VIb).* 

" C:N  
~ N ~ R  n 

Hb-vI b vii a-Xl a 

The correlation of the ionization constants (PKa) with the Hammett o-recta and (rpara constants [8] is 
examined for each of the series obtained (Table 2). Satisfactory correlation for series (i) is obtained only 

* 2 - C a r b o x y q u i n o x a l i n e  (II), the pK a of which c ou l d  not  be  d e t e r m i n e d  by  spee t ropho tome t ry ,  can  a lso  be 
assigned to this series. 

371 



~o 
10 

6 

o! 
- 2 -  

- 6  7 

H 3 

~ccH3)~k \ 

~H2 \o CH3\ CONH2 
'~ '~o  COOC~,~ 

- 3 - 2 - ' I  0 } 2 3 4 dE 
~t 

Fig. 1. Cor re la t ion  of the 
aXpK a values  in 2 - subs t i -  
tuted quinoxalines with the 
ci and Cc ~ substi tuent  con- 
s tants .  

when a m e t a  constants  a r e  used (r= 0.954), while sa t i s fac tory  cor re la t ion  
(r= 0.982) is obtained for  s e r i e s  (2) only with (rpara constants.  This resu l t  
and the re la t ive  values  of the coeff icients  of o" i and ae  ~ in Eqs.  (1) and (2) 
a r e  in agreement ,  r espec t ive ly ,  with me ta  and ortho or ienta t ions  of the sub- 
sti tuent and the eationoid cen te r  in these  se r i e s ,  

The effect  of the re la t ive  or ienta t ion of the subst i tuent  and the cat -  
ionoid center  on the changes in the UV spec t r a  on pass ing f r o m  the base  to 
the corresponding moaocat ions  was examined in addition to the cor re la t ion  
ana lys i s  of the ionization constants .  Th ree  absorpt ion  bands,  p rev ious ly  
c lass i f ied  (Platt) in o r d e r  of increas ing  energy as  ~L b, ~La, and ~Bb types 
[9, 10], a r e  observed  i n t h e  spec t r a  of the neutral  molecu les  of the inves t i -  
gated compounds at 210-400 nm. P e r k a m p u s  [10] has  shown that the ob- 
se rved  v ibra t iona l  s t ruc tu re  of the long-wave absorpt ion pe r t a ins  mainly 
to the 1L b band. The 1L a band does not appea r  in the spec t r a  of mos t  of 
the 2-subst i tu ted  quinoxalines because  of over lap with the v ibra t ional  quan- 
tum of the 1Lb band. 

An examinat ion of the data in Table 1 d e m o n s t r a t e s  that the t rans i t ion  
f r o m  the ba se s  to the monocat ions of mos t  of the invest igated compounds 

is  accompanied  by a long-wave shift  of the observed  absorpt ion  bands.  The mos t  noticeable ba thochromic  
shift and dist inct  i nc rea se  in intensi ty is exper ienced by the low-energy 1L b band (Ak =9-24 am). An ex- 
ception to this is observed  in the case  of 2 -amino-  and 2 -methy lamino  de r iva t ives  of quinoxaline (VIII, X, 
and XI), the protonation of which leads to a shor t -wave  shift in the 1L b band of 4-14 am.  

Our p rev ious  calculat ion of the e lec t ronic  spec t r a  of quinoxaline (I) and its 2-chloro  (V), 2-methoxy 
fqI), and 2-amino (VIII) de r iva t ives  by the P a r i s e r - l ~ a r r - P o p l e  method with allowance for  in terac t ion  of 
12 singly excited configurat ions [11] demonst ra ted  that the long-wave IL b band is  due to the in teract ion of 
predominant ly  (by 94-98%) two configurations cor responding  to the one -e l ec t ron  r m - ~  r  1 and r m - 1  
r  t rans i t ions  (m is  the upper  occupied MO here) .  This m a k e s  it poss ible  to quali tat ively examine the 
effect  of the position of the protonat ion cen te r s  of molecu les  of I, V, Vt, and VIII on the re la t ive  changes in 
the energ ies  of the indicated t rans i t ions  within the f r a m e w o r k  of the s imple  MO LCAO method. 

To c a r r y  out this examination,  we calculated the energy indexes of the neutra l  and protonated f o r m s  
of I, V, VI, and VIII molecu les  by the s imple  MO LCAO method with the Pul lman parazneters  [12]. The cal -  
culated changes  in the energ ies  of the examined ~r ~ *  t rans i t ions ,  which a r e  due to protonat ion of the mo l -  
ecules  at both the N l a tom and the N 4 atom, a re  compared  in Table  3 with the exper imenta l ly  observed  shift 
in the IL b band. In the case  of the calculat ion of the two protonated f o r m s  of 2-ch!oroquinoxa!ine (Va and 
Vb), it can be seen  that protonat ion at both N 1 and N 4 leads  to correspondingly  close changes in the energies  
of both of the t rans i t ions  under  considera t ion in the p r e sence  of a substi tuent with a high - I  effect  (to the 
deg ree  to which this  is taken into account by the re la t ive  changes in the p a r a m e t e r s  used). In this case, 
b o t h A E  in V a re  Close to the corresponding va lues  found for  the unsubsti tuted I molecule .  This  resu l t  is 
in a g r e e m e n t  with the close va lues  of the ba thochromic  shift of the 1L b band (Ak) obse rved  during pro tona-  
tion of these  compounds. In addition, it follows from_ these  data that for  subst i tuents  of this  type c o m p a r i -  
son of the calculated and exper imenta l  changes in the energy of the 1L b band does  not enable one to draw 
any conclusions regard ing  the posi t ion of the protonation center  of the molecule ,  t 

A d e c r e a s e  in the -~t effect and a s imul taneous  i nc rea se  in the +C effect  of the substi tuent in VI and, 
pa r t i cu la r ly ,  in VIII leads to a m o r e  se lec t ive  effect  of protonat ion on the re la t ive  changes in the energ ies  
of both t rans i t ions .  It follows f r o m  the r e s u l t s  of the calculat ion that  protonat ion of 2-methoxyquinoxaline 
at the N 1 a tom should lead to a l e s s e r  d e c r e a s e  in the energy of the IL  b t rans i t ion  as compared  with the un- 
subst i tuted I molecule ,  while protonat ion at the N 4 a tom should lead to a g r e a t e r  d e c r e a s e  in this energy.  
A compar i son  of the Ak values  obse rved  in I and VI shows that the exper imenta l  data a re  in be t te r  a g r e e -  
ment  with the s t ruc tu re  of monocat ion VIb. 

A compar i son  of the calculated and exper imen ta l  data  for  2-amtnoquinoxal ine a lso  conf i rms  the con- 
clusion that this molecule  is  protonated at N l, and the energy indexes calculated for  monocat ion s t ruc tu re s  

t~11is conclusion is undoubtedly l imited by a cons idera t ion  of the energy indexes within the f r a m e w o r k  of 
the s imple  MO LCAO method.  Calculat ion of the energ ies  of the t rans i t ions  in the monocat ions by m o r e  
r igorous  methods will  poss ib ly  lead to a different  resu l t .  
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that cor respond  to deloeal izat ion of the posi t ive charge  on the exocycl ic  amino group (VIIIc and VIIId) a r e  
in bes t  a g r e e m e n t  with the expe r imen ta l  data. It is in teres t ing to note that s t ruc tu re  V]IId also co r responds  
to the g r e a t e s t  energe t ic  favorabi l i ty  of the monocation; this is  quite dist inct ly mani fes ted  in the re la t ive  de-  
local izat ion energ ies  (ED). 

N~ 

It tt 

VIIIc VIIId 

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

The UV spe c t r a  of the compounds were  recorded  with a Hitachi EPS-3 spec t rophotometer .  The ba-  
s ic i ty  constants  were  de te rmined  spec t ropho tomet r i ca l ly  at 25 ~ in aqueous solutions of sulfuric  acid with 
a known acidity function (H0) [13, 14]. The concentra t ions  of the sulfur ic  acid solutions were  determined 
by po ten t iomet r ic  t i t ra t ion  with an LP-58  po ten t iomete r  with an e lec t rode  Pair  (glass e l e c t r o d e -  sa tura ted  
ca lomel  e lectrode) .  The optical  densi t ies  at the analyt ical  wavelengths were  m e a s u r e d  with an SF-4  spec-  
t ropho tomete r .  
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