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The assoc ia t ion  of 2 ,3-dicarboxyquinoxal ine and its N,N-dioxide in d ime thy l fo rmamide  and 
carbon  t e t rach lo r ide  was studied. The concentra t ion and t e m p e r a t u r e  dependences of the 
chemica l  shif ts  of  the protons  of  the carboxyl  groups  in the NMR spec t ra  were  measu red ,  
Assumpt ions  regard ing  the s ta te  of these  compounds in solutions a r e  expressed .  

In the p re sen t  r e s e a r c h  we have studied the concentra t ion and t e m p e r a t u r e  dependences of the c h e m i -  
cal  shift  of  the NMR signals  of  the protons  of  the carboxyl  groups  of 2 ,3-dicarboxyquinoxal ine and i ts  N,N- 
dioxide in o r d e r  to a s c e r t a i n  the s t ruc tu re s  of these  compounds in solution. The invest igated compounds 
a r e  p rac t i ca l ly  insoluble in iner t  so lvents ,  and we the re fo re  used mix tu res  of d ime thy l fo rmamide  (DMF) 
with carbon te t rach lor ide .  The m e a s u r e m e n t s  were  made  with a Varian A-60A s p e c t r o m e t e r  equipped with 
a the rmos ta t t ing  device.  The t e m p e r a t u r e  was control led with an accu racy  of ~- I~ 

The NMR s p e c t r u m  of  2,3-dicarboxyquinoxal ine cons is t s  of  a mult iplet  of  the AA'BB'  type centered  
at �9 = 1.83 ppm,  which is due to the a and fl protons of the benzene r ing,  the chemical  shifts  of which a r e ,  
r e spec t ive ly ,  1.92 and 1.74 ppm,  and a s inglet  f rom the protons  of the carboxyl  groups,  the posi t ion of which 
depends substant ia l ly  on the t e m p e r a t u r e .  As seen  f r o m  Table 1, the signal of the protons  of the carboxyl  
group is shifted to weak field,  i . e . ,  in the d i rec t ion  opposi te  to that  which is expected on c leavage  of h y d r o -  
gen bonds [1], when the 2,3-dicarboxyquinoxal ine concentra t ion is constant  and the f rac t ion  of C C14 in the 
solvent  composi t ion i n c r e a s e s .  This fact  is probably  explained by the change in the type of a ssoc ia t ion  as  
the solvent composi t ion changes.  It can be a s sumed  that  as the CC14 f rac t ion  i n c r e a s e s ,  the a s soc ia t e s  of 
2,3-dicarboxyquinoxaline with DMF decompose  and yield to acid d i m e r s  in which the hydrogen bond is 
s t ronger .  A s i m i l a r  phenomenon was prev ious ly  obse rved  when acet ic  acid was diluted with an iner t  s o l -  
vent [1, 2]. The dependence of ~COOH on the solvent  composi t ion for  a fixed 2,3-dicarboxyquinoxaline con-  
cent ra t ion  is  l inear .  When the concentra t ion  of the invest igated compound is  decre.ased fu r the r ,  this d e -  
pendence is  desc r ibed  by a family  of s t ra igh t  l ines ,  the slope of which d e c r e a s e s  correspondingly .  Ext rap-  

COOH olation of these  l ines  to ze ro  DMF concentra t ion made  it poss ib le  to es tabl i sh  the dependence of T on 
the 2,3-dicarboxyquinoxal ine concentra t ion in CC14 (Fig. 1). Because of the poor  solubil i ty of  the inves t i -  
gated compound in ine r t  so lvents ,  the m i n i mum percen tage  of DMF for  the ent i re  studied s e r i e s  of concen-  
t r a t ions  was 33%. Extrapolat ion of the l ines  to ze ro  DMF concentra t ion  s e e m s  of  l i t t le  re l iabi l i ty  for the 
DMF concentrat ion in the dissolved mix ture .  However ,  we supposed that  this so r t  of ext rapola t ion  is p e r -  
m i s s ib l e  on the bas i s  that  the c h a r a c t e r  of  the shif t  of  the band of  the carboxyl  group is re ta ined  for  a 2 ,3-  
dicarboxyquinoxaline concentra t ion  of 0.02 m o l e / l i t e r ,  where  the DMF content in the mix tu re  could be 
lowered to 6%. As seen f rom Fig. 1, the dependence of v COOtt on the concentra t ion is l inear  for low con-  
cent ra t ions  of the invest igated subs tance  (0.05-0.01 m o l e / l i t e r ) ;  this makes  it poss ib le  to a s s u m e  a mono-  
m e r - d i m e r  equi l ibr ium of 2 ,3-dicarboxyquinoxal ine under these  conditions. When the concentra t ion is 
r a i sed  f r o m  0.075 to 0.200 m o l e / l i t e r ,  deviat ion of the  dependence f r o m  l inea r  c h a r a c t e r  is  observed;  this 
is apparent ly  due to the fo rmat ion  of o ther  types  of  a s soc i a t e s .  
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T A B L E  1. Dependence of, r of  2 ,3-Dicarboxyquinoxal ine  on 
the Concentrat ion and Composi t ion  of  the Solvent 

Solvent com-  
position, 
DMF : CCI 4 
(vol.) 

5 : !  
4 : 2  
3 :3  
2 : 4  
0 :6"  

Colic., M 

0,200 

4,43 
4,10 
3,73 
3,41 
2,72 

0,150 

4,63 
4,25 
4,05 
3,72 
3,07 

0,100 

5,03 
4,68 
4,42 
3,97 
3,28 

0,075 

5,32 
4,95 
4,74 
4,28 
3,57 

0,040 

6,27 
5,98 
5,87 
5,63 
5,10 

0,025 

6,42 
6,25 
6,15 
5,93 
5,67 

* The data w e r e  obtained by extrapolat io  n 

0,010 

6,50 
6,49 
6,52 
6,50 
6,50 

TABLE 2. Dependence of T CO O I{  of 2 ,3-Dicarboxyquinoxal ine  on 
the Tempera ture  and Composi t ion  of  the Solvent (c 0.200 lVl) 

Solvent composition, 
DMF : CC14 (vol.) 

5:1 
4 : 2  
3 : 3  
2 : 4  
0 : 6 '  

25 

4,30 
3,93 
3,53 
3,20 
2,45 

4,36 
3,98 
3,63 
3,30 
2,58 

Temperature, "C 

I 38 45 

4,43 4,53 
4,08 4,19 
3,73 3,83 
3,40 3,47 
2,71 2,27 

50 

4,59 
4,24 
3,88 
3,53 
2,82 

60 

4,58 
4,35 
4,00 
3,68 
3,00 

The data w e r e  obtained by extrapolat ion.  

T, COOfl 

5,5 ~ 

4,5 ~ 

~,o 

3,5 |  

3,0 

f n i I I 
o,o= o,os o,12 o,~s o,2o e, mole/liter 
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3,00 
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2,80 

2,70 

2,60 
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Fig. 1. Dependence of  the ch emica l  shift  of  the carboxyl  groups of  2 ,3 -d i carboxy-  
quinoxal ine on the concentrat ion in CC14. 

Fig. 2. Temperature  dependence of  the chemica l  shift  o f  the proton of the carboxyl  
group of  2 ,3-dicarboxyquinoxal ine  in CC14. 

The re su l t s  of an invest igat ion  of the dependence of  ~COOH of  2 ,3-dicarboxyquinoxal ine  at a c o n c e n -  
trat ion of  0.200 m o l e / l i t e r  on the t emperature  and compos i t ion  of  the solvent  are  presented  in Table 2. The 
~-COOH value  is  shifted to s trong  field as  the t emperature  r i s e s ,  and this  at tes ts  to decompos i t i on  of  the 
a s s o c i a t e s  formed due to the hydrogen bonds.  At different t e m p e r a t u r e s ,  this dependence is  descr ibed  by a 
s e r i e s  of  l ines  with identical  s lopes .  Extrapolation of  the l ines  to z e r o  DMF content made it poss ib le  to 
es tabl i sh  the dependence of ~-COOH on t empera ture  in CC14. This dependence i s  l inear  (Fig. 2) and is  d e -  
scr ibed by the fol lowing equation,  obtained by the method of  l eas t  squares :  1 -COOtt = 2.10 + 1.52-  10 -2 t,  
r 0.991. 
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In an invest igat ion of the effect  of  subst i tuents  and solvents  on the s t ruc tu re  of  the NMR spec t r a  of 
quinoxaline de r iva t ives  [3, 4], i twas  found that 2 ,3-dicarboxyquinoxal ine behaves  in a d i f ferent  manne r  than 
the o ther  quinoxaline de r iva t ives  with subst i tuents  that  a r e  not capable  of fo rming  hydrogen bonds.  Thus,  
in con t ras t  to the narrowing of the benzene mul t ip le t  and shift  of it  to weak field that  a r e  observed  for  m o s t  
compounds on pass ing f r o m  solutions in dimethyl  sulfoxide (DMSO) or  DMF to solut ions in t r i f iuoroace t i c  
acid {TFA), the cor responding  signal of 2 ,3-dicarboxyquinoxal ine is broadened and is shifted to s t rong  field. 
This  fact  should apparent ly  be  explained by the change in the s ta te  of this compound under  the influence of 
the solvent.  It can be a s s um ed  that  the dissolving of 2 ,3-dicarboxyquinoxal ine in concent ra ted  TFA leads to 
decomposi t ion of the a s s o c i a t e s ,  while the o ther  de r iva t ives ,  which a r e  incapable of forming hydrogen bonds 
when they d isso lve  in T FA, a r e  only protonated.  

The oxidation of 2,3-dicarboxyquinoxal ine to the co r respond ing  N,N-dioxide leads to a substant ia l  
change in the NMR spec t rum.  At 39 ~ it  cons i s t s  of two s inglets  with T = 2.9 ppm and �9 = - 1.68 ppm,  r e -  
spect ive ly ,  for  the protons of the benzene r ing and the carboxyl  groups.  The shift  to the s trong-field region 
as the t e m p e r a t u r e  r i s e s ,  which is desc r ibed  by the equation TCOOtt = 2.09 + 6.61 �9 10 -3 t ,  and the absence  
of a shift  in this band as  the N,N-dioxide concentra t ion in DMSO changes make it poss ib le  to a s s u m e  the 
fo rmat ion  of i n t r amolecu l a r  hydrogen bonds,  i .e . ,  they a t t es t  predominant ly  to the monomer i c  fo rm of this 
compound in solution. 

On the bas i s  of the above invest igat ion,  it can be a s sumed  that 2 ,3-dicarboxyquinoxal ine fo rms  seve ra l  
types of a s soc i a t e s  in DMF-CC14,  while i ts  N,N-dioxide exis ts  p r i m a r i l y  in the monomer i c  f o r m  under  
these  conditions. 
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