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The po la rograph ic  behavior  of 3-  and 4 ' -n i t ro f l avones  on a dropping m e r c u r y  e lec t rode  in 
Br i t ton--Robinson buffer  solutions was invest igated.  It is shown that ,  depending on i ts  p o s i -  
t ion, the n i t ro  group displays  p r o p e r t i e s  that a re  typica l  only for  a r o m a t i c  n i t ro  compounds 
or a combinat ion of p r o p e r t i e s  of a r o m a t i c  and al iphatic  c~-unsaturated n i t ro  compounds.  
The deciding fac tor  is the rea l iza t ion  of py ry l ium and pyrone s t ruc tu r e s ,  depending on the 
pH of the med ium.  The kinetic p a r a m e t e r s  of the chemical  t r a n s f o r m a t i o n  of the ni t ro  form 
to the aci f o r m  of 3-nt t rof lavone in an alkaline med ium are  p resen ted .  

A pecu l ia r i ty  of flavonoids is t he i r  abi l i ty under  ce r ta in  conditions to f o r m  a unified conjugated sys tem,  
which is r e spons ib le  for  t he i r  dual c h a r a c t e r :  They display p r o p e r t i e s  that a r e  typica l  fo r  both olefinie and 
a r o m a t i c  compounds [1, 2], and this  de te rmined  the i r  e l ec t rochemica l  behavior  to a cons iderable  extent .  

In an invest igat ion of the po la rograph ic  reduct ion of flavone and i ts  chloro and hydroxy de r iva t ives  on a 
dropping m e r c u r y  e lec t rode  we observed  the equi l ibr ium exis tence  of pyrone  (I) and p y r y l i u m  (II) f o r m s .  We 
showed that  the m o r e  a r o m a t i c  py ry l ium s t ruc tu re  is r ea l i zed  in an acidic  med ium,  while the pyrone f o r m  
p redomina te s  in an alkaline med ium [3~5]. 
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An important  f ac to r  that  a f fec ts  the p r o p e r t i e s  of f lavones is a l so  the pos i t ion  of the subst i tuent  - in the 
composi t ion  of the 7 - p y r o n e  r ing or in the a r o m a t i c  f r a g m e n t s ,  in this connection, it s eemed  of in te res t  to 
study the e l e c t rochem i ca l  reduct ion of n i t rof lavones  that  contain a po la rograph ica l ty  ac t ive  n i t ro  group in the 
3 and 4 '  pos i t ions .  This makes  it poss ib le  to e s t ima te  the change in the a r o m a t i c  c h a r a c t e r  of the pyrone 
fraffraent as  a function of the pH when the e l ec t rochemica l  p r o p e r t i e s  of the n i t ro  group a re  used as an "in-  
d ica to r . "  

The ni t ro  group in 4 ' -n i t ro f l avone  has c l ea r ly  e x p r e s s e d  a roma t i c  c h a r a c t e r  and during e l ec t ro ly t i c  
reduct ion d isplays  p r o p e r t i e s  that a r e  ts~pical for  a r o m a t i c  ni t ro  compounds,  as ,  for  example ,  in the case of 
n[ t robenzene [6]. In both acidic  and alkal ine media  the ni t ro  group of 4 ' -n i t ro f l avone  is reduced in two s teps  : 
The f i r s t  f o u r - e l e c t r o n  step co r re sponds  to reduct ion to the cor responding  hydroxylamine ,  while the second 
t w o - e l e c t r o n  step is in a g r e e m e n t  with subsequent  reduct ion to an amine or its sa l t ,  depending on the pH (Figs. 
1 and 2, curves  A and B), in con t ras t  to n i t robenzene,  the reduct ion of which in an alkal ine med ium re su l t s  in 
the fo rma t ion  of hydroxylamine .  

This dis t inct ive pecu l ia r i ty  in the reduct ion of 4 ' -n i t ro f l avone  may  be assoc ia ted  with an inc rease  in the 
conjugation chain, which p romotes  an inc rease  in the bas tc i ty  of the hydroxylamino group.  

The product  of s i x - e l e c t r o n  t r a n s f e r  is fu r the r  reduced at m o r e  negat ive potent ia ls  in the s a m e  way as 
4 ' - aminof lavone ;  th is  follows c l ea r ly  f r o m  the c h a r a c t e r  of the dependence of the magnitude of the cur ren t  
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Fig.  1. Dependence of the ha l f -wave  potential on the pH: A), 
B), C), and D): for 4 ' -n i trof lavone;  E) and F) for 4 ' - a m t n o -  
f lavone.  

Fig. 2. Dependence of the l imit ing current on the pH: A), B), 
C), and D) for 4Y-nttroflavone; E) and F) for 4 t -aminof lavone  
(the des ignat ions  correspond to the curves  in Fig.  17. 
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Fig. 3. Dependence of the hal f -wave potential on the pH: 
A), B), C) and D) for 3-ni trof lavone;  E) for 3 -aminof lavone .  

Fig. 4. Dependence of the l imit ing current  on the pH: A), 
B), and C) for 3-n[trof lavone;  E) for 3 -aminof lavone  (the 
des ignat ions  correspond to the curves  in Fig.  3; catalytic  
wave  D is not shown).  

and the ha l f -wave  potential  on the pH of the so lut ion when the E and F curves  are compared with the C and D 
curves  (F ig s .  1 and 2). The certain overs ta tement  of the El/2 value in favor of negative potentials  for 4 ' -n t tro -  
f lavone can be explained by the effect of heredity ,  as wel l  as by the dif ference in the l imit ing currents .  

3 -Ni trof lavone ,  in which the nitro group is included in the compos i t ion  of the T~pyrone ring,  displays  the 
greates t  s imi lar i ty  to a r o m a t i c  nitro compounds in an acidic  medium,  in which a pyryl ium structure is rea l i zed .  
At pH< 5 four waves  are  observed  on the po larogram of 3-ni trof lavone  (Figs.  3 and 4). The f irst  s i x - e l e c t r o n  
wave (A} has diffusion character  and is due to  reduct ion of the nitro group to the corresponding amine:  

O O O 
\ H  +.- ' 

The format ion  of 3 -aminof lavone  in this  step was  proved by mt l l i cou lometry  at a control lable  potential  
with subsequent  ana lys i s  of the solut ion by m e a n s  of th in - layer  chromatography (TLC) by the r e f e r e n c e - s p o t  
method.  
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TABLE 1. Dependence of the Potential and the Slope of the Firs t  
Reduction Wave of 3-Nitroi]avone on the pH 

pH -Eli,, V r n a pH -E,&, V cz - n,, 

3,05 
4,05 
5,20 
6,18 

0,430 
0,485 
0,500 
0,575 

0,62 
0,66 
0,70 
0J7 

7,13 
8,15 
9,55 

10,38 

0,600 
0,660 
0,735 
0,750 

0,81 
0,83 
0,86 
O.92 

TABLE 2. Kinetic P a r a m e t e r s  of the 
Chemical  Transformat ion  of 3 -Ni t ro -  
flavone in Solutions with Different 
Acidities 

pH k ~s - 10 3, AH =~, -AS =~ J /  
min-I ld/rnote mole" ~ 

10,4 
10,8 
t 1,2 

12,7 
63,1 
78,8 

70,6 
62,3 
59,4 

44,3 
58,1 
67,3 

However, as the pH is increased,  the l imit ing current  of wave A decreases  to a four-e lec t ron  current  at 
pH 6.2, after  which it again increases .  This behavior  of 3-nitroflavone is probably due to the possibili ty of the 
formation of a hydrogen bond between the pyryliura hydroxy group and the nitro group, while the increase in 
conjugation makes 3-nitroflavone c loser  to 4-nitrodiphenyl with respec t  to its e lect rochemical  charac ter i s t ics  
[7]. 

The second weakly expressed  wave (BI) has adsorpt ion charac te r  the  slope of the line in coordinates of 
log ill m and log H is close to unity). Its interpretat ion is difficult. In an acidic medium the reduction of the 
amine formed in the f i rs t  step resul ts  in a f o u r - e l e c t r o n p r o c e s s  (wave C), which at pH > 6 becomes a two- 
e lec t ron  p rocess .  

~ ~ 1  ] : 6H3 4e'4 H+ ~ A ~ ' ~ ' C ~  if5 

NH~ ~NH~ 
0 OH 

This is due to the fact that as the pH is increased,  the possibi l i ty for protonation of the molecules de-  
c reases  and resul t s  in convers ion of the pyryl ium fo rm to the pyrone form,  which is reduced with the consump- 
tion of two e lec t rons  in neutral  and alkaline media,  as has been observed for  flavone [3]. The analogy in the 
oharacte/~ of the dependence of the l imit ing current  and Ellt 2 on the pH of the corresponding waves for 3 -n i t ro -  
flavone and 3-aminoflavone (Figs. 3 and 4, curves  C and E) serves  as additional evidence for this.  

The c lose - to - theore t i ca l  dependence of El/2 on the pH (AEI/2/APH = - 5 0  mV, Fig. 3; - 5 3  to -59  mV for 
nitrobenzene [6, 8]), as well as the closeness  of the reduction potential to that for nitrobenzene, constitutes 
evidence in favor of the a romat ic  charac te r  of the nitro group. The increase in the steepness of the curve in 
neutral  and alkaline media  and the cha rac te r  of the dependence of the slope of the wave on the pH (Table 1) 
constitute evidence in favor of the aliphatic charac te r  of the nitro group of 3-nitroflavone.  

3-Nitroflavone displays its g rea tes t  s imi la r i ty  to aliphatic nitro compounds at pH > 9. As in the case of 
ni troalkanes [6], the l imiting current  of wave A (Fig. 4) decreases  rapidly with t ime as the pH is increased,  
but wave t32, which lies in the region of more  negative potentials and corresponds  to s ix-e lec t ron reduction, 
inc reases .  We are  evidently dealing with a case in which the ni tro form of 3-nitroflavone under the influence 
of hydroxide ions is converted to the polarographical ly  act ive aci form (as in the case of phenylnitromethane 
[9, 19]): At high pH values the competit ive effect of protonation is eliminated, 3-nitroflavone takes on a pyrone 
s t ruc ture ,  and an appreciable (with time) p rocess  involving the format ion of the aci form is observed.  We 
studied the kinetics of this p rocess  at various pH values; the resul ts  are  presented in Table 2. 

The existence of wave D, which descr ibes  the catalyt ic  l iberat ion of hydrogen {wave D is not presented in 
Fig. 4), may be due to the format ion in one of the steps of the electrolyt ic  reduction of a catalytically active 
product such as a hydroxylamine derivat ive,  one of the reduced fo rms  of which, as has been demonstrated in the 
case of aliphatic hydroxylamines [11], has catalytic activity on the electrode.  
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E X P E R I M E N T A L  

The po la rograph ic  m e a s u r e m e n t s  were  made with an LP-7  po la rograph  with a dropping m e r c u r y  e l ec -  
t rode  with the following c h a r a c t e r i s t i c s :  m = 2 .244  m g / s e c ,  and t =3.96 sec .  The ha l f -wave  potent ia ls  were  
ass igned with r e s p e c t  to a sa tu ra ted  ca lomel  e l ec t rode .  A 0.1 M solution of po tass ium chloride in aqueous 
alcohol (50%) Br i t ton-Robinson buffer  solutions [12] s e rved  as  the base  e lec t ro ly te  fo r  all of the compounds.  
Because of its l imi ted solubil i ty,  4 ' -n i t ro f l avone  was a lso  studied in 60% ethanol; it was es tabl i shed that its 
reduct ion ha l f -wave  potent ia ls  in the cited s y s t e m s  coincide with an accu racy  up to the e r r o r  in the m e a s u r e -  
men t s  (10 mV).  The acidi t ies  of the buffer  solutions were  m e a s u r e d  with a pH-340 pH m e t e r  with a g lass  e l e c -  
t rode .  The invest igat ion was made  at 25 • 0.1~ at a depo l a r i ze r  concentra t ion of 0.5-10 -2 M. The oxygen was 
r emoved  by bubbling in a rgon  for  10 rain. A 0.1% solution of gelat in  two  to th ree  drops)  was added to supp re s s  
the po la rograph ic  m ax i m a .  

The kinet ics  of the t au tomer i c  convers ion  of the ni t ro  f o r m  to the act  f o r m  were  studied f r o m  the de -  
c r e a s e  with t ime  of the f i r s t  reduct ion wave of 3-n i t rof lavone  under  po la rograph ic  conditions.  The sum of the 
reduct ion waves  of both t au tomer i c  f o r m s  r ema ined  constant  and cor responded  to a s i x - e l e c t r o n  p r o c e s s .  

The products  l ibe ra ted  in the course  of the mi l l i cou lomet r i c  m e a s u r e m e n t s  were  identified by the r e f e r -  
ence - spo t  method in TLC [Silufot, c h l o r o f o r m - b e n z e n e  (4 : 1), c h l o r o f o r m - m e t h a n o l  (98 : 2)]. 

The invest igated compounds were  synthes ized  by known methods  and had the following c h a r a c t e r i s t i c s :  
3-n i t rof lavone  had mp 140-141~ [13], 4 ' -n i t ro f l avone  had mp 236-238~ [14], 4 ' - aminof lavone  had 234-236~ 
[15], and 3-aminof lavone had rap 134-136~ [16, 17]. 
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