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The nature of the $-* ~* t rans i t ions  in the spec t ra  of quinoxaline 1-N-oxides  as  compared 
with unoxidized quinoxalines was examined on the basis  of an e x p e r i m e n t a l  study and cal-  
culation by the ]Pa r i s e r - ]Pa r r - ]Pop l e  configurational  in teract ion method. 

We have m e a s u r e d  the UV spec t ra  of quinoxaline 1-N-oxides (I-IX) in n-heptane,  ethanol, and water .  
The e l ec t ron ic  s t ruc tu re s  and spec t ra  were  calculated for  I-V by the P a r i s e r - P a r r - P o p l e  method with 
allowance for  in te rac t ion  of nine singly exci ted configurations.  

N~ 
O 

I-IX 

I X=H; II X=2-C~; tII X=3-CI; IV X=2-OCH3; V X=3-OCH3; VI X=2-COOCH3; 
VII X=3-COOC2Hsi VIII X=2-NH~; IX X=3-NH2 

Three  ~--" ~* t rans i t ions  at 316 nm (~=5840), 280 nm (~=2600), and 232 nm (c= 26,700), which a re  of 
the tLb, 1La, and 1B b types,  respec t ive ly ,  according to the ]Platte c lass i f icat ion [1-3], were  isolated in the 

e lec t ron ic  spec t rum of quinoxaline in nonpolar media  at > 210 nm. 
The tL b and IL a bands a re  overlapped to a considerable  degree.  In 

,- ~i b addition to the absorpt ion regions charac te r i s t i c  for  quinoxaline, the 
I spec t rum of quinoxaline 1-N-oxide (I) in heptane (see Fig. 1 and Ta-  

3- ;,It, 1 ble 1) contain bands at 248-254 nm (c= 13,200-16,000) and 347 nm 
] ] 1 /  (g=9100).  The i r  high intensi t ies  make it  possible to ass ign these 

i 2 bands to ~'-" ~* t rans i t ions .  As the polar i ty  of the solvent inc reases ,  
i both bands undergo a hypsochromic  shift and a re  not observed in the 

~ '-' ~ spec t rum of an aqueous solution. It is known [4] that a hypsochromic  
" shift  as  the polar i ty  of the medium inc rea se s  is  a cha rac te r i s t i c  p rop-  

3 -  "- ' . . . .  e r t y  of the $--* v* bands of a romat i c  N-oxides.  This is associa ted  
~ .  with charge t r a n s f e r  f rom the oxygen atom of the N --~ O group to the 
, a he te ro r ing  on pass ing f rom the ground state to the exci ted s tates .  
: I When heptane is  replaced by water ,  a band appears  at 290 nm (c= 

5000) in the spec t rum of I, whereas  the absorpt ion at  320-337 nm is 
', .-- re ta ined  and undergoes only a cer ta in  dec rease  in the intensi ty and 

..... Weakening of the vibrat ional  s t ruc tu re .  It might be assumed  that the 
240 280 320 360 

~.nm ~ absorpt ion at  300-337 nm in heptane is due to two overlapped bands. 
Thus the spec t rum of quinoxaline 1-N-oxide in the invest igated r e -  

Fig,  1. UV Spec t ra  of quin- gion Consists of five ~- -  lr* bands, which a re  numbered in Table 1 in 
oxaline (A) and its 1-N-oxide  o rde r  of inc reas ing  energy.  The ass ignment  of the bands in the spec-  
(B) in n-heptane ( ~ )  and t ra  of 1-N-oxides  of monosubst i tuted quinoxalines (H-VII) were  s i re-  
water  ( - - - ) .  
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TABLE i. UV Spec t ra  of Qu inoxa l ine  1 -N-Oxide  in  n - H e p t a n e  

C o n 2  - 

pound 

I 

II 

.IIl 

IV 
V 

VI 
VII 

I 

347 (3,96) 337 

338 

35il 

367 (3,14) 346 
a54 

057 (3,49) 
365 (,3,59) 

. rr 7- ~.*b_an_dS_ Xmax, nm (log ~) . . . . . . . . . . . .  
2,3 

(3,88) 3{~I, (4,04) 3,24 (3,99) 
3I¢8 (3,98) ai2 (3,89) 

(3,89) 322 (3,96) 31,1 (3,83) 

(3,77) 335 (3,&2) 321 (3,99) 
~310 (3,90) 

(8,75) z31 (3,87) 
(3,69) 388 (3,73) 324 (3,60) 

a; t (8,99) 299 (3,88) 
~.90 (3,72) ~80 (3,,~6) 

340 (3,84) 325 (,3,85) 315 (3,81) 
345 (3,94) 331 (3,97) 320 (,3,84) 

4 5 

254 {4,121 2,38 (4,46) 
:248 (420) 236 (4,45) 
255 (4,461 247 (4,40) 

24~2 (4,49) 
~ 0,34) 244 (4,60) 

'252 (4,.49) 240 (4,34) 
247 (4,54) 2~.12 (4,47) 

.'2~t (4¢2 i ) 

258 (4,37) ~42 (4,51) 
264 (4,30) 242 (4,41) 
~7 (4.39) 237 (4,32! 

TABLE 2. V i b r a t i o n a l  S t r u c t u r e  of the O v e r l a p p e d  Bands  in  the 
Spec t r a  of Qu inoxa l i ne  and I ts  1 -N-Oxide  (cm -1) 

Quinoxaline [3] 
Transitions 

v A'v [ 

0--0 31600 i 
32150 1300 i O--~l 32900 
33500 1300 

9--~ 3~200 

Quinoxaline 1-N-oxide 

A"v 

,29670 
750 30,210 ti90 i 650 3O860 

31'480 
700 32050 1190 ] 57'0 

i 

TABLE 3. Ca l cu l a t ed  and  E x p e r i m e n t a l l y  O b s e r v e d  Spec t r a  of 
Qu inoxa l ine  1 - N - o x i d e s  

C o I I ~  - 

pound  transitions aE, e V  

C aic. 

III 

IV 

I 
2 
3* 
4 
5 
I* 
2 
3* 
4 
5 
1" 
2 
3* 
4 
5 
t 
2 
3* 
4 
5 
1" 
2 
3 
4 
5 

3,58 
3,70 

5,00 
5,26 

3,83 

4,80 
5,13 

3 , 5 3  

4,81 
5,09 
3,38 
3,58 

4,93 
5,17 

3,50 
4.29 
5,03 
5,13 

91~ 
98O0 

I ~  
2 ~  

9 l~  

29000 
31~00 

9800 

2 2 ~  
40000 
,1460 
74O0 

31000 
2200O 

4OOO 
5200 

36000 
26OOO 

...... L ~e. ev i [ 
! 

3,55 
3,79 
4,29 
4,98 
526 
3,6t 
3,76 
4,26 
4,87 
5,,20 
3,60 
3,81 
4,36 
4,99 
5.29 
3,61 
3,76 
4,26 
4,86 
5,20 
3,60 
3,81 
4,36 
4,99 
5,28 

033 
0,07 
0,28 
0,75 
0,81 
0,20 
0,08 

l 0,23 
0,72 
0,74 
0,16 
0/35 
0,34 
0.80 
0,88 
0,21 
O,Og 
0.'2-3 
0,82 
0,76 
0,16 
&0a 
0,2,3 
0,71 
0,67 

* The 2 band  i s  ove r l apped  in  the e x p e r i m e n t a l  s p e c t r u m .  

i l a r l y  a s s i g n e d .  The  s p e c t r a  of 2-  and  3 - a m i n o q u i n o x a l i n e  1 - N - o x i d e s  (VIII and  IX) in  heptane  w e r e  not  
m e a s u r e d  b e c a u s e  of t h e i r  excep t i ona l l y  low s o l u b i l i t i e s .  

The o v e r l a p p e d  2 and  3 bands  in  the s p e c t r a  of the N-ox ides  a r e  s i m i l a r  to the IL b and  1L a bands  in  
the  s p e c t r a  of the  c o r r e s p o n d i n g  unox id ized  q u i n o x a l i n e s  [3] with r e s p e c t  to t h e i r  pos i t ion ,  i n t ens i t y ,  c h a r -  
a c t e r  of t h e i r  v i b r a t i o n a l  s t r u c t u r e ,  and  s u b s t i t u t i o n  e f fec t s .  Thus  two v i b r a t i o n s  with A ' u  = 1190 em -1 and  
A " v = 5 7 0 - 6 5 0  cm - i ,  which a r e  c lose  to the two v i b r a t i o n a l  quan ta  in  the s p e c t r u m  of qu inoxa l ine  (A 'v=  
1300 cm -1 and  Ar ' v  = 700-750 era- i} ,  a p p e a r  i n  the s p e c t r u m  of I ( see  Tab le  2). I n a s m u c h  a s  the ~4bra t ional  

s t r u c t u r e  of the ove r l apped  bands  of qu inoxa l ine  a r e  r e l a t e d  to the l ong - w a ve  iL b band  [3], the fine s t r u c -  
t u r e  of the  o v e r l a p p e d  2 and  3 bands  i n  the s p e c t r u m  of I can be a s s i g n e d  to the 2 band.  O ve r l a pp i ng  of the 
iL b and  iL a bands  i s  weakened  in  the s p e c t r u m  of 2 - m e t h o x y - q u i n o x a l i n e  [3] a s  c o m p a r e d  ~4th qu inoxa t ine .  

103 



TABLE 4. 
Group to the MO of Quinoxaline 1-N-Oxide* 

Contr ibut ions of the AO of the Oxygen Atom of the N - -  0 

Corn- | m--2 m - 1  m m + l  m + 3  

, pound ! -} 
I ! 0,01~2 0,105 0,432 0,185 0,0116 

II '~ 0,104 0,0&q 0,476 0,170 0,~18 
I I I O, 1'10 0,079 0,~I5 O, 185 0,0.18 
IV i 0,108 0,036 0,476 0,1169 0,0,18 
V ! 0;109 0,081 0,416 0,I85 0,018, 

;~ F o r  I -V,  the contr ibut ion of the AO of the oxygen a tom to the MO 
is  ~rn+2NO ~ -, 0. 

TABLE 5. Contr ibut ions of the  AO of the He te ro r ing  (r to the. MO 
of Quinoxaline,  2-Chloroquinoxal ine  (~ j ) ,  and The i r  1-N-Oxides  
(~j~o) 

Quinoxatines Quinoxaline N-oxides 

H 

AO 

5,6,7,8 
2,3,6,7,9,10 
1,2,3,4 
5,6,7,8,9~10 
2,3,6,7,9,10 
5,6,7,8 
2,3,6,7,9,10 
1,2,3,4,5,,8 
2,3,6,7,9,10 
5,6,7,8,9~10 

Mo i zc" i Mo 
I ] 

m 0, 6~v~0 I m -- I 
m -  l t 0,996 [ m-  2 
m+ 1 j 0,746 m+4 
m+2 i 0,998 m+2 
m+3 ~, 0,892 ra+3 
m ~ 0,7t0 I m--2 
m-  I I~ 0,990 I m-  1 
m+ 1 i 0,870 t m+ 1 m+2 0,988 m+2 
rn+3 1 0,826 m+3 

0,647 
0,905 
0,586 
0,996 
0,887 
0,7~6 
0,867 
0,713 
0,985 
0,882 

2-C1 

TABLE 6. P redominan t  Configurat ions in the r - *  ~* Trans i t ions  
Qu inoxa l ine  1 -N-Oxides  

Configt~ation [ trami- 
I tions 

'' Quinq~aline 
~N -OXlOe .. 

T ~ 

~fm N O_~ltf  m + 1 N O 1 
~'va-- I N O--~llYm + I NO 3 2 
~!tm - 2  N O - - * ~ m  + I N 0 
~trm N O_~lFm +~i~ o 4 
qs m N o.+~F.~+3N o 5 

0,720 
0,674 
0.556 
0,487 
0,592 

Monosubs~ituted quinoxaline 1-N-oxide 

~ransi- 
tions 

0,804 
0,483 
0,608 
0,585 
0,771 

III 

T ~ 

I ~ v  

0,689 ! 0,894 
0~63 0,500 
0,537 0,629 
0523 I 0,5s5 
0,ill0 i 0,774 

of 

. . . . . . . . .  (7 ...... 

0,692 
0,260 
o,.524 
0,51 t 
0,599 

The in t roduct ion of a methoxy  group into the 3 posi t ion of quinoxaline 1-N-oxide  has  a s i m i l a r  effect  on 
the r e l a t ive  posi t ion of the 2 and 3 bands.  Absorp t ion  m a x i m a  a t  280-300 nm,  which can be ass igned  to the 
3 band, a p p e a r  in the s p e c t r u m  of V. Like the 1L b band of the unoxidized base  [3], the 2 band of quinoxaline 
1 -N-oxide  is  shif ted to the long-wave region under  the influence of subst i tut ion in the py raz ine  ring, and 
the magni tude of the ba thochromic  shif t  in both s e r i e s  of compounds i n c r e a s e s  as  the e l ec t ron -donor  p r o p -  
e r t i e s  of the subs t i tuent  ineJrease. The 5 band of quinoxaline 1-N-oxide  is  only sl ightly sens i t ive  to the e f -  
f e c t s  of  the m e d i u m  and substi tut ion.  Wi th  r e s p e c t  to these  f ea tu r e s  and a lso  with r e s p e c t  to i t s  in tens i ty  
and posi t ion in the s p e c t r u m ,  i t  d i sp lays  a s i m i l a r i t y  to the 1B b band of quinoxaline.  The 1 and 4 bands do 
not have ana logies  in unoxidized quinoxalines.  They a r e  ea s i ly  identif ied f r o m  the c h a r a c t e r i s t i c  hypso-  
ch romic  shif t  a s  the po la r i ty  of  the solvent  i n c r e a s e s .  A 4 band i s  obse rved  in the s p e c t r a  of al l  of the in -  
ves t iga t ed  compounds in heptane.  The in tens i ty  of the t hand in the s p e c t r a  of 1 -N-ox ides  of subst i tu ted 
quinoxalines d e c r e a s e s ,  and i t  i s  p robab ly  over lapped  by the 2 band in the s p e c t r a  of II, III, and V. 

In a g r e e m e n t  with the expe r imen ta l  obse rva t ions ,  the calculat ion r evea l s  five v - "  r* t rans i t ions  > 210 
nm (see  Tab le  3). The calcula ted  ene rg ie s  of  the t r ans i t ions  in a l l  of  the compounds a r e  in s a t i s f a c t o r y  
a g r e e m e n t  with the obse rved  values .  The AEexp value of the 3 band (4.29 eV) found f r o m  the s p e c t r u m  of 
3-methoxyquinoxal ine  1 -N-ox ide (V)  is  in s a t i s f a c t o r y  a g r e e m e n t  with the ca lcula ted  ene rgy  of the th i rd  
e l ec t ron ic  t r ans i t ion  (AEth = 4.36 eV). A c o m p a r i s o n  of the r e su l t s  of the calculat ion of the e lec t ron ic  
s t r u c t u r e s  and s p e c t r a  of quinoxaline and i ts  monosubs t i tu ted  de r iva t ives  [5] with the va lues  fo r  the c o r -  
responding N-oxides  showed that  1-N-oxida t ion  leads to the appea rance  of an addit ional  bonding m o l e c u l a r  
orb i ta l  (MO), wh e rea s  the n u m b e r  of antibonding MO does  not change. F r o m  an ana lys i s  of the coeff ic ients  
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Fig. 2. Molecular diagrams of the ground (N) and first 
excited W) states of quinoxaline l-N-oxides (I-V). 

of the atomic orbital (AO) of the oxygen atom of the N--*O group to the MO of quinoxaline 1-N-oxides (Ta- 
ble 4) i t  follows that ~ 80% of its contribution is distributed among three higher occupied and three lower 
vacant MO. The contribution of the AO of the oxygen atom to the higher occupied MO of the investigated 
N-oxides (~I'mNO) is 40-50%, and this MO consequently cannot have an analog in the unoxidized systems. 
The AO of the quinoxaline two-membered ring that make the maximum contributions to the )~IO of quin- 
oxalines and their  1-N-oxides are  presented in Table 5. It is apparent from these data that the bonding 
MO of quinoxaline 1-N-oxide (¢m_l NO and ~I,m_2 NO) display a s imilari ty to the bonding MO of quinoxaline 
(~I, m and ~m- 1, respectively).  Thus the composition of the ~m_t NO and ~m MO includes a 65% contribu- 
tion from the AO of the benzene ring. The AO of the carbon bridge (C3, C10) and the carbon atoms in the 
2, 3, 6 and 7 positions of the two-ring system make the predominant contribution to the ~I'm_2 NO and ~I'm. 1 
MO (96.5 and 99.6%). With respect  to the AO contributions, there is an analogy between the three lower 
vacant MO of quinoxaline (~m+l, ¢m+2, and ~m+3) and its 1-N-oyAde (~m+l NO, ~m+2 NO, and ¢m+3NO). The 
paraIIelism in the MO is retained for  monosubstituted quinoxalines and their  1-N-oxides, but the sequence 
of the corresponding (with respect  to the AO contributions) bonding MO of the N-oxides and the unoxidized 
bases changes. In the case of the chioro derivatives it was shown that the ~I' m and ~m- t  MO of 2-substi- 
tuted quinoxalines are  s imilar  to the ~m_2 NO and ~m_l NO MO of the 1-N-oxides, respectively. 
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TABLE 7. Coulombic  and Resonance  I~a rame te r s  

Atom vqq, eV Bond t (M 13~p, eV 

C 
N 
N-~(O) 
O~-(N) 
O(CH3) 
CI 

t 1,13 
12,34 
t 6,76 
t8,08 
1,4,38 
14,25 

(C--C}fing 
�9 (C--N}fing 
N-,-O 
C:-O(CH3) 
C--Ct 

1,39 
1,36 

127 
1,50 
1,70 

--2.39 
--230 
-2,60 
-r 
--2.27 

TABLE 8. UV Spec t ra  of Quinoxaline 1-N-Oxides  in Ethanol and 
Water* 

C o m  - pound )'max, nm (log e) 

! 

II 

1II 

:IV 

V 

VI 

VII 

VtlI 

tX 

341 (3,84), 324 (3,93), 238 (4,53) 
339 (3,88), 325 (3,92), 290 (3,70), 236 (4,62) 
341 (3,77), 322 (3,95), 246 (4,66) 
343 (3,88), 328--322 (3,98), ~ 298, 244 (4,76) 
350 (3,77), 334 (3~82), 321 (3,98), 310 (3,87), 296 (3.73), 246 (4,66), 244 (4,64) 
349 (3,92), 335 (3,84), 321 (3,87), 310 (3,82), 290 (3,77), 244 (4,68) 
355 (3,81),341 (3,83), 325 (3,94), 245 (4,69) 
352 (3,82), 340 (3,86), 322 (3,95), ~290, 243 (4,71) 
354 (3,72), 340 (3,74), 306 (3,80), 296 (3,84), 288 (3,78), 246 (4,47), 222 (4,33) 
354 (3,70), 343 (3,73), 303 (3,72), 294 (3,75), 281--275 (3,77), 245 (4,40), 222 

(4,38) 
342 (3,71), 325 (3,84), 315 (3,82), 246 (4,53) 
341 (3,76), 327 (3,81), ~300, 275 (3,77), 245 (4,40), 222 (4,38) 
344 (3,94), 332 (3,98), 250 (4,49) 
344 {3,94), 333 (3,98), 250 (4,63) 
379 (3,77), 315--307 (3,55), 252 (4,62) 
369 (3,77), 313--304 (3,60), 248 (4,64) 
370 (3,68), 312 (3,72), 301 (3,79), 256 (4,34), 234 (4,41) 
371 (3,76), 311 (3,64), 300 (3,68), 256 (4,31), 232 (4,10) 

* The uppe r  l ine pe r t a i n s  to spec t r a  of 96% ethanol solut ions,  and 
the lower  line pe r t a in s  to w a t e r  solut ions.  

It  i s  known [5] tha t  configurat ions co r respond ing  to the one~-electron t r ans i t ions  ~I 'm_l-*~m+l,  ~m ' - "  
~m+l ,  and ~ m - *  if'm+2, r e spec t ive ly ,  p redomina te  in the iLb, ILa,  and iB b t r ans i t ions  of quinoxaline. The 
configurat ions that  m a k e  the m a x i m u m  contr ibut ions to the f i r s t  five exci ted  s ta tes  of quinoxaline 1 -N-  
oxides a r e  p r e s e n t e d  in Table  6. I t  fol lows f r o m  the ca lcula t ions  that  the second and th i rd  e lec t ron  t r a n -  
s i t ions  in quinoxaline 1 -N-oxide  a r e  due ma in ly  to the ~m_2 N O ' *  ff'm+l NO and ~I'm_INO-- ~ m + l  NO con- 
f igura t ions ,  r e spec t ive ly .  Taking into account  the analogy in the MO, one m a y  conclude that  the ~m_l  -'~ 
~m+l  and ~m--*ff, m+l configurat ions r e spons ib le  for  the 1L b and iL a bands co r respond  to these two con-  
f igura t ions  in the s p e c t r u m  of quinoxaline. A c o m p a r a t i v e  examinat ion  of the data on the configurat ional  
in te rac t ion  with a l lowance  fo r  the analogy in the cor responding  MO for  ch lo ro-  and methoxy-quinoxal ines  
and the i r  1 -N-oxides  leads  to a s i m i l a r  conclusion.  Thus it  follows f r o m  both the theore t ica l  ana lys i s  and 
f r o m  the expe r imen ta l  data  that  two t r ans i t ions  (2 and 3) in the spec t r a  of quinoxaline 1-N-oxides  a r e  s i m -  
i l a r  in na ture  to  the 1L b and 1L a t r ans i t ions  in unoxidized quinoxalines.  The p redominan t  configurat ions of 
the th ree  r ema in ing  t r ans i t ions  in the inves t iga ted  compounds a r e  a s s o c i a t e d  with ff'mNO MO, which does 
not have an analogy in the unoxidized molecu les .  In the exper imen t s ,  these  data co r respond  to the fact  
that  the 1 and 4 bands  of the N-oxides  do not have analogies  in the s p e c t r a  of quinoxalines.  In addition, i t  
fol lows f r o m  the ca lcula t ions  that  the 5 band in the s p e c t r u m  of quinoxaline 1-N-oxide  is  located in the 
s ame  ene rgy  range  a s  the 1B b band o f  quinoxaline.  

A calculat ion of the m o l e c u l a r  d i a g r a m s  of the ground s ta te  and the f i r s t  exci ted s ta te  (Fig. 2) showed 
tha t  in al l  of the examined  compounds the l o w - e n e r g y  t rans i t ion  i s  accompan ied  by cons iderable  t r a n s f e r  
of r - e l e c t r o n  charge  f r o m  the oxygen a tom of  the N - * O  group to the he te ror ing .  This  ef fec t  co r r e sponds  
to the expe r imen t a l l y  obs e rved  h y s o e h r o m i c  shift  o f  the 1 band as  the po la r i ty  of the solvent  i n c r e a s e s .  

EXIJERIME NTAL 

The e lec t ron ic  s p e c t r a  w e r e  ca lcula ted  by P a r i s e r - P a r r - P o p l e  configurafional  in te rac t ion  method 
with a p r o g r a m  composed  in conformi ty  with the data in [6]. The eoulombic and resonance  p a r a m e t e r s  
used  in these  ca lcu la t ions  a r e  p r e sen t ed  in Table  7. The one -cen t e r  i n t eg ra l s  for  the a toms  making up the 
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N-'-O bond were  close to those desc r ibed  in [4]. The two-cen te r  in tegra ls  were  calculated f rom the 
Ma taga -Ni sh imo to  formula  [7]. The methyl  group in IV and V was examined with r e spec t  to an inductive 
model,  according to which i t  lowers  the potential  of the atom bonded to it  [8]. 

The UV spec t ra  were  measu red  with an EPS-3 spec t rophotometer .  The authors  s incere ly  thank A. 
S. Elina fo r  kindly providing us with the compounds. 
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