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The po la rographic  oxidation of a s e r i e s  of 5-azaindoline,  7-azaindoline,  and 5,7-diazaindoline 
de r iva t ives  (22 compounds} was studied, and the r e su l t s  a r e  compared  with the ease  of dehy-  
drogenat ion of these  subs tances  under  the influence of quinones. It is shown that El/2 in- 
c r e a s e s  on pass ing f r o m  7-azaindol ines  to 5-azaindol ines  and then  to 5 ,7-diazaindol ines .  
The effect  of subst i tuents  is sa t i s fac to r i ly  descr ibed  by c r o s s - c o r r e l a t i o n  equations, while 
the deviat ions f r o m  the co r r e l a t i on  a r c  a s soc ia t ed  with the pecu l ia r i t i e s  of the l a c t a m - l a c -  
t im t au tomer ic  equi l ibr ium in a number  of 6 -hydroxy-5 -  and 7-azaindol ines .  

In connection with the i nc rea se  in the r e s i s t a n c e  to oxidation on pass ing f r o m  7-azaindol ines  to the 
cor responding  5-azaindol ines  and 5,7-diazatudolines,  which is a l so  well  known f r o m  chemica l  exper iments ,  
for  the i r  po la rographic  study we used  a 0.5 M solution of s i l ve r  p e r c b l o r a t e  in anhydrous ace toni t r i le  {which 
has a decomposi t ion  potent ia l  of 2.2 V) as the inert  e lect rolyte ;  this  made  it poss ib le  to study the e l ec t ro -  
chemica l  p r o c e s s e s  over  a wider  range.  

Most  of the invest igated compounds have r a t h e r  high El/2 values .  On pass ing f r o m  7-azaindol ines  to 
the analogous 5-aza indol ines  and then to 5,7-diazaindolines,  the oxidation potential  inc reases  (compare,  fo r  
example,  XII, II, and XXI), but El/2 i n c r e a s e s  (up to 1.49 V) pa r t i cu l a r ly  sharp ly  in the case  of a s t rong e l ec -  
t r o n - a c c e p t o r  acyl  subst i tuent  in the 1 posit ion. (XVIII). The introduction of chlorine a toms  into the 4 and 
6 posi t ions  of va r ious  azaindoline molecu les  leads to an inc rease  in El/2 (for example ,  I, Hi, and VI or  II 
and IV). A phenyl r ing at tached to the pyr ro l ine  ni t rogen has a s i m i l a r  but weaker  effect.  The effect is in- 
tensi f ied (I and II, HI and IV, X]I, XVI, and XVII) when e l ec t ron -accep to r  subst i tuents  (nitro or  cyano groups)  
a r e  introduced into the p a r a  posi t ion of the phenyl ring. The i n c r e a s e  in the oxidation potent ia ls  of c o m -  
pounds that contain an aza  function in the  5 posi t ion is apparent ly  assoc ia ted  with the l a rge  contribution and 
the high s tabi l i ty  of the m e s o m e r i c  p-quinoid s t ruc tu re  as  compared  with the m e s o m e r i c  o-quinoid s t r u c -  
t u r e  fo r  the 7 -aza - subs t i tu ted  compounds.  The g r e a t e r  contr ibution of the p-quinoid s t ruc tu re  in the case  
of 5- and 6-aza indoles  as  compared  with the o-quinoid m e s o m e r i c  f o r m  in 4-  and 7-aza indoles  was p r e -  
v iously  a l so  used  by-Adler  and Alber t  in explaining the d i f fe rences  in the pecu l i a r i t i e s  of 5- and 6-aza indoles  
as  compa red  with 4-  and 7-aza indoles  [2]. Dist inct  S-shaped  v o l t - a m p e r e  curves  a r e  c h a r a c t e r i s t i c  fo r  all  
of the 7-azaindole  der iva t ives ,  while the p o l a r o g r a m s  of the 5-aza indoles  a r e  m i s r e p r e s e n t e d  by the max ima .  
This  phenomenon is apparent ly  due to r e t a rda t ion  of the e lec t rode  p r o c e s s  by the e lect rooxidat ion products  
on the e lec t rode  sur face .  The products  of e lect rooxidat ion of 7-azaindol ines  adsorbed  on the anode do not 
have  this so r t  of effect.  

The El/2 va lues  de te rmined  f r o m  the method set  fo r th  above in the p re sen t  pape r  (in acetoni t r i le)  and 
f r o m  the method p resen ted  in a p rev ious  p a p e r  [3] with the B r i t t o n - R o b i n s o n b u f f e r  a r e  in good agreement .  
Thus,  for  example,  fo r  1 -pheny l -4 -me thy l -7 -aza indo l ine  (XII) these  values  a re  0.87 and 0.88V, respec t ive ly ,  

* See [1] fo r  communicat ion  XLI.  
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T A B L E  1. R e s u l t s  of the P o l a r o g r a p h i c  Oxidat ion of A z a -  and 

D iaza indo l ine s  

Ii 3 Ra 

- - 2 H  + - 2 e -  
IF  R~ 

I I 
R' R ~ 

Com- 
pound 

I 
II 

III 
IV 

V 

VI 
VII 

VIII 

IX 

X 

XI 

XII 

XIII 

X1V 
XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

Name and reference to the 
synthetic method used 

5-Azaindoline [6] 
1-Phenyl-5 -azMndoline [6] 
6-Chloro- 5-azaindoline [7] 
1-Phenyl-6-chloro-5- 

azain[toline [6] 
1-Benzyl-6-chloro-5- 

azaindoline [6] 
4,6-Dichloro-5-azaindoline [8] 
1-Pheny_l-6-hydroxy-5- 

azain~loline I6] - 
1-Benzyl-6-hydroxy-5- 

azaindoline [6] 
5-MethyI-6-oxo-5- 

azaindoline [9] 
6-Isopropxy.5.aza_ 

indoline [9] 
l-Benzvl-6-isopropoxy- 

5-azgindoline [9] 
1-Phenyl-4-methyl-7- 

azaindoline [10] 
4-Methyl-6-chloro-7- 

azaindoline [11] 
4-Methyl-7- azaindoline [11] 
4-Methvl-6-methoxv-7- 

azaindoline [11] " 
1-(p-C y.anophenyl)-4- 

methyl-7-azaindoline [12] 
1-(p-Nitrophenyl)-4.methyl_ 

7 -azaindoline [12] 
1-Acetyj-4.methyl_7_ 

azain[loiine [11J 
1-PhenvI-4-methvl_6. 

hydro~y-7-azairidoline [13] 
l-Butyl-4-methyl-6_hvdrox - 7 . . . . .  Y -azamdohne [13] 
1-Phenvl-5.7.diaza- 

indolfne [14] 
1-Beng2/1-5.V-diaza- 

indohne [15] 

N 
N 

N 

N 

N- -CH3 

N 

N 

2H 

2H 

2H 
2H 

CH 

CH 

CH 

CH 

CI-I 

N 

N 

C[ 
Ct 
C[ 
CF 

CI~ 

CI- 
CI- 

CI- 

Ct 

CF 

CI- 

N 

N 

N 
N 

N 

N 

N 

N 

N 

N 

N 

W 

H 
C6Hs 
H 
CGHs 

CH2C6H~ 

H 
C6H5 

CH2Cslts 

H 

H 

CH2C6H~ 

C6Hs 

H 

H 
H 

R-C6H4CN 

p-C~H4NO2 

COCHa 

CsH5 

C4H9 

CsHs 

CH2C6tts 

Ra 

H 
H 
CI 
CI 

CI 

CI 
HO 

HO 

O 

OCH (CHa) 2 

OCH (CHa) 2 

H 

CI 

H 
OCHa 

H 

H 

H 

HO 

HO 

H 

H 

Ra + El4, 
V 

H 0,95 
H 0,97 
H 1,07 
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H 1,24 

H 0,98 
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whi le  the va lues  ob ta ined  for  4 - m e t h y l - 7 - a z a i n d o l i n e  (XIV) and 4 - m e t h y l - 6 - m e t h o x y - 7 - a z a i n d o l i n e  (XV) a re ,  
r e s p e c t i v e l y ,  0.82 and 0.84 V and 0.61 and 0.58 V. The  El/2 va lues  d e t e r m i n e d  in a c e t o n i t r i l e  fo r  XVI and 
XVII, which have e l e c t r o n - a c c e p t o r  s u b s t i t u e n t s  in the p a r a  p o s i t i o n  of the phenyl  r i ng ,  a r e  in  good a g r e e m e n t  
with the  t h e o r e t i c a l  v a l u e s  ca l cu l a t ed  for  t hese  s u b s t a n c e s  f r o m  the c r o s s - c o r r e l a t i o n  equat ion  [3] de r ived  
on the b a s i s  of a p o l a r o g r a p h i c  a n a l y s i s  of subs t i t u t ed  7 - a z a i n d o l i n e s  in  B r i t t o n - R o b i n s o n  buf fe r  so lu t ions  
(for XVI, ca l cu l a t ed  0.98, found 1.07; f o r  XVII, ca l cu la t ed  1.00, found 1.12). F o r  4 - m e t h y l - 6 - c h l o r o - 7 - a z a -  
indo l ine  (XIII), the El/2 va lue  found in a c e t o n i t r i l e  (0.95) is  in  m u c h  b e t t e r  a g r e e m e n t  wi th  the va lue  c a l c u -  
l a t ed  f r o m  the c o r r e l a t i o n  equa t ion  (0.91) than that d e t e r m i n e d  p r e v i o u s l y  in  [3], in which the m e a s u r e d  po-  
t e n t i a l  v a l u e s  a r e  c lose  to the decompos i t i on  po ten t i a l  of the e l e c t r o l y t e  used .  F o r  6 - h y d r o x y - 7 - a z a i n d o l i n e  
d e r i v a t i v e s  (XIX and XX), which a r e  c h a r a c t e r i z e d  by l a c t a m - l a c t i m  t a u t o m e r i s m  [13], the e q u i l i b r i u m  
s ta te  of which  is  d e t e r m i n e d  by the p o l a r i t y  of the solvent ,  e x t r e m e l y  d i f f e r en t  El/2 va lues  a r e  obse rved ,  
depend ing  on the m e d i u m  in  which they a r e  d e t e r m i n e d .  Thus ,  for  example ,  XIX in a c e t o n i t r i l e  has  Ei/2 
0.90 V as  c o m p a r e d  with 0.36 V in d i m e t h y l f o r m a m i d e - a q u e o u s  B r i t t o n - R o b i n s o n b u f f e r ,  and the c o r r e -  
sponding va lues  f o r  X X  a r e  0.79 V and 0.32 V. Such a sha r p  d e c r e a s e  in the  oxidat ion po ten t i a l  is a p p a r -  
en t ly  a s s o c i a t e d  wi th  the s ta te  of the t a u t o m e r i c  e q u i l i b r i u m  in the ind ica ted  med ia .  F o r  6 - h y d r o x y - 5 - a z a -  
indo l ines  (VII and VIII), in which,  as  is we l l  known, the t a u t o m e r i c  e q u i l i b r i u m  is p r a c t i c a l l y  comple te ly  
shif ted to the oxo fo rm,  r e g a r d l e s s  of the p o l a r i t y  of the so lven t  [4], El/2 is  found to be qui te  high (1.21- 
1.45 V), and no sha rp  d e c r e a s e  in it is obse rved  on p a s s i n g  to the  B r i t t o n - - R o b i n s o n b u f f e r  (The El/2 va lues  
of the s u b s t a n c e  l i e  beyond the l i m i t s  of the oxidat ion po ten t i a l  of the e l ec t ro ly te ) .  

It i s  i n t e r e s t i n g  to note  that  the  El/2 va lues  f o r ' f i x e d '  t a u t o m e t r i c  f o r m s  of 6 - h y d r o x y -  and 6 - o x o - 5 -  
a z a i n d o l i n e s  d i f fe r  sha rp ly .  The  El/2 va lue  fo r  the "fixed" oxo f o r m  (IX) i s  1.24 V and is  c lose  in m a g n i -  
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rude to unfixed 6-oxo-5-aza indol ines  (VII and VIII). The , f ixed ,  hydroxy f o r m  (X and XI) is cha r ac t e r i z ed  
by another  o r d e r  of magnitude of El/2 values,  equal to 0.96-0.98 V. 

The r e su l t s  of the dehydrogenat ion of aza -  and diazaindoline de r iva t ives  to the cor responding  aza -  
and diazaindoles  under  the influence of quinones and o ther  oxidizing agents  a r e  also in good ag reemen t  with 
the data f r o m  pola rographic  ana lys i s .  Thus, all  of the subs tances  with El/2 values  lower  than 1.1 V a r e  oxi- 
dized to azaindoles  by chloroanil ,  while a s t ronge r  oxidizing a g e n t -  d ich lo rod icyanoqu inone-  is r equ i red  
fo r  the dehydrogenat ion of compounds with El/2 values  f r o m  1.1 to 1.2 V. Substances  with El/2 values  above 
1.4 V cannot be  conver ted  to the cor responding  azaindoles  even on heating with sul fur  to 240 ~ o r  with s e l e -  
n ium to 300 ~ or by dehydrogenat ion with pal ladium. 

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

The po la rograph ic  oxidation of the compounds was  ca r r i ed  out on a p la t inum rotat ing disk anode (with 
a d i a m e t e r  of 2 m m  and an angular  r a t e  of rota t ion of 1480 rpm).  The methods  used in the r e s e a r c h  and 
pur i f ica t ion of the e lec t rode  were  p rev ious ly  descr ibed  in [2]. The compar i son  e lec t rode  was a sa tu ra ted  
ca lomel  e lec t rode  connected to the t es t  solution by an e lec t rolyt ic  switch fil led with an inert  e lec t ro ly te .  
The ace toni t r i le  was purif ied by the method in [5]. The depo la r i ze r  concentrat ion was 5" 10 -4 M. The vol t -  
a m p e r e  cu rves  were  r eco rded  with a PA-101 elect ronic  po la rograph  (Yanagimoto, Japan).  The r e su l t s  a r e  
p re sen ted  in Table  1. 
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