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XXXIX.* POLAROGRAPHIC STUDY OF N-BENZYLIDENEIMINOPYRIDINIUM IODIDES 

Y u .  P .  K i t a e v ,  T .  V.  T r o e p o l ' s k a y a ,  UDC 547.821.3:543.253 
a n d  L .  N.  O r l o v a  

The po la rograph ic  behav ior  of a n u m b e r  of N-benzyl idene iminopyr id in ium iodides in aqueous 
alcohol buf fer  solut ions was studied over  a wide range  of pH values .  The m e c h a n i s m  of the i r  
reduct ion on a dropping m e r c u r y  e lec t rode  and the f ac to r s  affect ing the c leavage of the N - N  
bond a re  d i scussed .  The reduct ion p r o d u c t -  the pyr id in ium i o n -  induces the catalyt ic  evolu- 
t ion of hydrogen.  

The po la rog raph ic  behav io r  of N-a lky lpyr id in ium sa l t s  has been  desc r ibed  in quite some  detail .  On 
a dropping m e r c u r y  e lec t rode  (DME) they f o r m  one -e l ec t ron  r e v e r s i b l e  diffusion reduct ion waves that c o r -  
r espond  to the fo rma t ion  of a r ad ica l  [2]. 
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The ha l f -wave  potent ia l  and the wave height a r e  independent of the pH. The rad ica l  that  a r i s e s  di-  
m e r i z e s  or  r e a c t s  with the solvent ,  as  a r e su l t  of which the n i t rogen a tom loses  i ts  ammonium c h a r a c t e r  
and b e c o m e s  capable  of accept ing a proton,  t he reby  inducing catalyt ic  hydrogen c u r r e n t s .  The cata lyt ic  
waves  on the p o l a r o g r a m s  of a lky lpyr id ium sa l t s  have been examined in detail  in a number  of pape r s  [3-5]. 

In a po la rog raph ic  r e spec t ,  the p r e v i o u s l y  uninvest igated N-benzyl ideneiminopyr id in ium iodides {I) 
that  we studied in the p r e s e n t  r e s e a r c h  should be c l o s e r  to hydrazones  than to a lkylpyr idininm sa l t s .  How- 
ever ,  one should a lso  note s e v e r a l  d i f ferences ,  inasmuch  as compounds (I) have a pos i t ive ly  charged  n i t ro -  
gen a tom included in a he te ro r ing  of a rom a t i c  cha rac t e r ,  while a ry lhydrazones  should be protonated  at the 
m o r e  bas ic  imine  n i t rogen a tom.  

! 

R = H, P and m-CH~, p and m-NO2, m-C1, p OCH3, p -Br, p N (CHa)2, P CH (CH3)2. 

In fact, with r e s p e c t  to the i r  behav ior  on a DME, sa l t s  (I) d isplay  a g rea t  s i m i l a r i t y  to both a ry lhydra -  
zones  [6] and to 1,2.4-- tr iazolyl imines of the benzaldehyde s e r i e s  [7]. In acid buffer  solutions they all f o r m  
two two-e l ec t ron  waves  of equal height (the number  of e lec t rons  going into the reduct ion of the inves t igated 
compounds was es tab l i shed  f r o m  the I I 'kovich equation). 

The El/2 value of these  waves  depends on the pH, and this a t tes t s  to p r i o r  protonat ion of the com-  
pounds. It  can be  a s s u m e d  that the protonat ion  cen te r  is  the n i t rogen a tom of the C ~ N  bond, although one 

*See [1] fo r  communica t ion  XXXVIH. 
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cannot exclude protonation at both nitrogen atoms.  The f irs t  of these waves, which has a m o r e  posit ive E1/2 
value, has a constant height at pH ~ 4, which rapidly dec reases  to ze ro  as the pH is increased  further,  while 
the second wave increases  s imultaneously on its own account, reaching the height of a four -e lec t ron  wave. 
This sor t  of phenomenon has also been observed for some arylhydrazones ,  dimethylhydrazones,  and 1,2,4- 
t r iazolyl imines  [6, 7]. It can evidently be explained by a change in the mechanism of the electrode reaC- 
tion - by t ransi t ion f rom a two-step reduction with the intermediate  formation of an imine as a kinetically 
independent par t ic le  to a lmost  simultaneous addition of four electrons of the depolar izer  molecule as the 
electrode reaches  a sufficiently negative potential due to a decrease  in the pH of the medium. In both cases  
the final products  a re  the same.  

In some cases  [(I), R = p-Br ,  m-Cl ,  and m-NO2], the overall  height of these waves was somewhat de- 
pressed ,  although hydrolysis  did not take place in acidic media (in contras t  to 1,2.4- tr iazolyl imines) .  In 
these instances,  substantial kinetic l imitations were observed:  specifically, the t empera tu re  coefficients 
exceeded the values charac te r i s t i c  for pure ly  diffusion p rocesses .  Because of the high adsorbabil i ty of the 
depolar izer  on the DME, its desorption as the tempera ture  r i ses  could even lead to a negative tempera ture  
coefficient.  Phenomena of this type have been observed for  arylhydrazones  [6] and were  explained by the 
kinetics of the dehydration of these compounds in acidic media, which precedes  the s t r ic t ly  electrode 
p r o c e s s .  It can be assumed that the pos i t ive ly-charged nitrogen atom in (I) promotes  their  hydration in 
aqueous solutions, shifting the electron density on the carbon atom of the C = N  bond toward the posit ive 
center .  

An analysis  of the graph of the dependence Ilim/~-H =f(~-H-) (Ill m is the l imiting cur ren t  and H is the 
height of the m e r c u r y  rese rvo i r )  provided evidence for the kinetic charac te r  of the f i rs t  wave. The second 
wave proved to be a diffusion wave. For  it. Ilim/~rH = const. The kinetic l imitations imposed by the dehy- 
dration react ion apparently also reduce the maximum limiting cur ren ts  of reduct ion for (I) as well. As one 
should have expected, these phenomena are  most  distinctly seen in compounds with e lec t ron-aecep tor  R 
substituents that decrease  the electron density on the carbon atom of the azomethine grouping. 

The N - N  + bond in N-benzylideneiminopyridinium iodides is cleaved more  readi ly  than the N-N  bond 
in benzaldehyde arylhydrazones  because of its g rea te r  polar i ty  (its disintegrative charac ter ) .  The overall  
height of the waves of the investigated compounds reaches  a maximum at pH 5- 6 and then dec reases  rapidly 
to approximately the two-e lec t ron  level. The reduction also occurs  in alkaline solutions. An adsorption 
wave with El/2 f rom - 0 . 8  to - 1 . 0  V is observed for  pH > 6. 

In the case of some of the slightly soluble substances {R = p-Br ,  p-NO2), at p H ~ 4 . 0  there  appears a 
smal l  elongated wave (caused by a change in the capaci ty of the DME because of desorption of a large  po r -  
tion of the depolar izer  f rom the electrode surface  [6]) with El/2 f rom - 1 . 2  to - 1 . 6  V. which is masked by 
the base e lectrolyte  at lower pH values. It reaches  a maximum and then dec reases  in neutral  media. The 
dependence of the height of this wave on the p r e s s u r e  on the dropping m e r c u r y  and the t empera tu re  indicates 
its kinetic charac te r .  Anomalously high catalytic waves for  hydrogen evolution with E1/2 = -1 .73  V, which 
merged  with the base e lect rolyte  at pH < 3 and vanished at pH ~ 7.0, were observed for  all of the compounds 
in acidic media. 

The overal l  scheme of the reduct ion of N-benzylideneiminopyridinium iodides in acidic media can be 
represen ted  in the following manner:  

4,5: ~ <! '~--N=CH--C6H4RI- -H ~+|~/L ~'N-N=CH-CsH4R' [ I -  J .. . . . . . .  ~ /  (/ 'NH+ I- ~f2e'2 H ~ 
~.~=c.-c6.,R pH< 

t + 
catalytic H 2 evolution N.3~_CH2--C6B,LR 

l 
catalytic H 2 evolution 

The unprotonated form of these compounds at pH > 7.0 is also reduced. However,  we were  unable to 
detect t h e s i g n a l  of a f ree  radical  in C2HsN+NH2 I" and (CsHsN+N = CH-C6Hs)I-  solutions atpH 9 .2bymeans  
of ESR spect roscopy.  The one-e lec t ron  wave of the f i r s t  compound apparently cor responds  to the fo rma-  
t ion of a radical  that is not sufficiently stable under these conditions. 

577 



All of the inves t igated compounds a lso  have an anode wave at - 0 . 2 4  V, which is due to the fo rmat ion  
of an insoluble m e r c u r y  sa l t  with the iodide anion. In the case  of compounds that  contain a p o l a r . g r a p h i c a l l y  
ac t ive  NO 2 group, one a l so  o b s e r v e s  i ts  reduct ion waves,  which have a l r eady  been adequately studied and~ 
a re  t h e r e f o r e  not desc r ibed  here .  

The reduct ion of the s t a r t ing  N-aminopyr id in ium iodide may,  to a ce r ta in  degree,  s e r v e  as a model  
of the f i r s t  step in the e lec t rode  reac t ion  with the par t i c ipa t ion  of i ts  de r iva t ives  {I). This compound is r e -  
duced in acidic buffered  m e d i a  via  one two-e l ec t ron  wave of diffusion cha rac t e r ,  the E1/2 value of which 
depends subs tant ia l ly  on the pH (AE l f i /ApH = 90 m V / p H  unit). This AE~/2/ApH value can be explained by the 
pa r t i c ipa t ion  in the e lec t rode  r eac t ion  of a l a r g e r  number  of protons  {han e lec t rons  as a consequence of 
pro tonat ion  of the amino group. 

. .+ , . l + , , "  
, . j . 7  = , _  

When pH > 6.0. the wave fal ls  rap id ly  to the one -e l ec t ron  level  with El/2 = - 1 . 6  V. It  is poss ib le  that the 
unprotonated  N-aminopyr id in ium iodide undergoes  one -e l ec t ron  reduct ion in alkaline media  to give a f r ee  
radica l ,  as desc r ibed  for  N-a lky lpyr id inum sa l t s  [2]. 

~I-~--NH2 e" f "~--~/N--NH2~C~TNH2 ] ~ 1 -  . dimerization or reaction with the solvent. , 

It  is in te res t ing  to note that  m a x i m a  (suppressed  by gelatin), which a r e  apparent ly  assoc ia ted  with 
the g r e a t e r  adsorbab i l i ty  of the d i m e r s  as c o m p a r e d  with the s ta r t ing  depo la r i ze r  (see [8]). appea r  on the 
p o l a r . g r a m s  at pH > 6.0. An anode wave f r o m  in terac t ion  of the iodide ion with the e lec t rode  ma te r i a l  and 
a cata lyt ic  wave of hydrogen evolution a r e  a lso  obse rved  for  N-aminopyr id in ium iodide. 

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

The methods  fo r  the p r e p a r a t i o n  of the inves t iga ted  compounds and the i r  spec t r a l  and p h y s i c . c h e m i -  
cal  c h a r a c t e r i s t i c s  have been desc r ibed  in a p rev ious  communica t ion  [1]. The p o l a r . g r a m s  of 20~ e thanol -  
w a t e r  Br i t t on -Rob inson  buf fer  solutions with pH 1.7-11 were  r eco rded  with a Met rohm P o l a r e c o r d  p o l a r . -  
graph:  the depo la r i ze r  concentra t ion  in the cel l  was 5" 10 -4 m o l e / l i t e r .  The compar i son  e lec t rode  was a 
s i l v e r  chlor ide  e lec t rode .  The dropping m e r c u r y  e lec t rode  has the following cha rac t e r i s t i c :  t l /6m 2/3 = 
(1.554 m g / s e c )  2/3. sec  1/6 = 1.342. 
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