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A study of the electrochemical oxidation of 3,4-dihydro-2-quinoxalinone deriva- 
tives on a rotating platinum disk electrode with a ring showed that their reduc- 
tion includes the successive detachment of two electrons and two protons. 

The dihydro compounds that are formed in the reactions of q-deficient aromatic com- 
pounds with nucleophiles have different stabilities. In the case of oxidation under the 
influence of the starting ~ acceptors or specially added oxidizing agent they are con- 
verted to stable products of nucleophilic substitution of hydrogen [i]. The half-wave po- 
s of the electrochemical oxidation of the dihydro compounds may serve as a quanti- 
tative measure of this process that characterizes the tendency of these compounds to undergo 
oxidation. The application of electrochemical modeling [2] has also made it possible to 
ascertain the peculiarities of dehydrogenation as a function of structural factors and the 
acid--base properties of the solvent. Thus it was recently shown that the electrochemical 
oxidation of the o complexes formed by m-dinitrobenzene with acetone proceeds via the suc- 
cessive detachment of an electron, a proton, and an electron (EPE) [3]. Depending on their 
structures, as well as on the properties of the medium, dihydroacridine derivatives are 
oxidized in turn via EPE [4], EEP [5], or PEE [6] scheme~. 

It has been reported [7, 8] that the activated nitro group of 2-quinoxalinone, as in 
the case of aromatic polynitro compounds [9], reacts readily in the presence of diethylamine 
with aliphatic ketones. However, instead of anionic a complexes I, uncharged and extremely 
stable addition products II are formed in this case. The final products (III) of substitu- 
tion of hydrogen are not formed under the reaction conditions. In order to quantitatively 
evaluate the resistance of dihydro compounds II to oxidation and to ascertain the peculiar- 
ities of their dehydrogenation, in the present research we investigated the principles of 
the electrochemical oxidation of lla-c. 
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The oxidation of dihydro compounds lla-c on a rotating platinum disk electrode with a 
ring [I0] showed that all of them are oxidized with the irreversible transfer of two elec- 
trons (Table i). In contrast to the previously investigated dihydro compounds [3, 5], cat- 
ion radicals IV are much less stable (Table i), as evidenced by the low coefficients of the 
yields with respect to the current on the ring (Econst r corresponds to the foot of the wave 
for oxidation on a disk) and the rate constants for monomolecular decomposition of the cat- 
ion radicals estimated by the method in [ii]. A cathode wave of reduction of two protons 
is observed in the case of scanning of the potential of the ring electrode at a constant 
disk potential (Econst d) corresponding to the beginning of the plateau of the limiting cur- 
rent in the oxidation of lla-c [5] (Table i). It should be noted that the oxidation poten- 
tials of dihydro compo/~nds lla-c are relatively independent of substituent R and have much 
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TABLE I. Results of Electrochemical Oxidation of 3,4-Dihydro- 
2-quinoxalinone Derivatives (IIa-c) on a Rotating Disk Elec- 
trode with a Ring in DMF 

C o r n  - 

pound 

l la  

IIb 

I[[c 

Alkal i  
concH, ,  * 

m o l e  - 
i t e r  "1 - i 0"4 

0 E r=  +0,80 
o -o,G  
o - = + 1,20 

2,5 i - -  
5,0 

{Er= 0 ' +0,80 
iEr= O ~, Iz: d= - 0,65 

0 -I- 1,30 
2,5 

5,0 

5,0 

E r = + 0,80 
Er= - --0,65 
E d= + 1,20 

+ 1,00 
+ 1,00 

+ ~29 
+ 1,03 
+ ,3,29 
+ 1,05 

+ 1,09 
+ I,o9 

~: 1;10 
3,38 

-F 1,12 
,1,02 

1,02 

+ 1,05 

Disk 

AlL i~m, 
mV 

2,5,0 
25,0 

70 
23,0 
5,6. 

20,0 
28,6 
28,6 

2G 
26,0 

6,4 
2;3,0 

28,0 
28,0 

5,2 
22,5 

Ring 

E,,.v 1 l i l im, ~A 

- -  <0,00'i 
+ 1,01 2,6. 
-O ,W 2,6 

1,1o 0,00( 
-+ 1,12 217 
-0,47 2,7 

~- 1,o2 o,o0~ 
-F 1,03 2,9 
-0 ,46  2,7 

Q,% 

<0,2 
208 
208 

18 ~ 
189 

200,3 

193 

k, SeC -1 

> 1000 

650 

870 

*Tetrabutylammonium hydroxide was used as the alkali. 

more positive values as compared with dihydroacridine derivatives (+0.70 V [4]) as well as 
with anionic o complexes (E,/2 = 0.24-0.6 V [3]). 

In analogy with the results obtained in [4, 5], it may be assumed that the first step 
in the oxidation of dihydro compounds IIa-c is electron transfer leading to cation radicals 
IV. The decomposition of the latter takes place vary rapidly (see the k values in Table i) 
and may lead to different radical particles as a function of which aproton Of the heteroring 
is split out in the process. If one takes into account the results of the electrochemical 
oxidation of dihydropyridines [12, 13], the detachment of a proton from the nitrogen atom 
with the formation of radicals V seems most likely. As a rule, the radicals are oxidized 
more readily than the starting compounds [3-6], and they will therefore undergo oxidation 
to cations VI at the potential of the first wave. The detachment of a proton from cations 
VI leads to final dehydrogenation products III. 
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The rate-determining step in dehydrogenation via this scheme is detachment of the first 
electron or proton. In fact, when alkali is added to the investigated solutions of lla-c, 
an intense coloration is observed and, in addition, a new oxidation wave appears in the 
region of more negative potentials. The limiting current of this wave increases as the 
amount of added alkali is increased, while the limiting current of the wave of oxidation of 
uncharged lla-c undergoes a corresponding decrease so that their sum remains virtually con- 
stant (Table i). It may be assumed that this results in the production of anion VII, which 
exists in prototropic equilibrium with o complex I, the oxidation of which proceeds in the 
same way as the oxidation of anionic o complexes [3] and also leads to substitution products 
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Thus a study of the electrochemical behavior of the products of addition of ketones to 
6-nitro-2-quinoxalinone showed that they are oxidized with the successive detachment of 
two electrons ( E )  a n d  t w o  p r o t o n s  ( P )  a n d  t h a t  p a t h  E P E P  o r  P E E P  i s  r e a l i z e d ,  d e p e n d i n g  o n  

the acid--base properties of the medium. 
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EXPERIMENTAL 

The method used to record the volt--ampere curves on the rotating disk electrode and 
its construction, characteristics, and preparation are described in [14]. The number of 
electrons transferred on the disk electrode was calculated relative to the first one-elec- 
tron wave of the oxidation of N,N,N',N'-tetramethyl-p-phenylenediamine (ili m = 16 ~A) 
starting from the assumption that the coefficients of diffusion of the depolarizer are in- 
versely proportional to the square root of the molecular weight. The concentration of the 
compounds was 5.10 -~ mole/liter. A saturated calomel electrode served as the reference 
electrode, and the base electrolyte was 0.i N Bu~NCI04. 
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