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A mechanism for the polarographic  oxidation of azatndolines that includes e lect rochemical  
and chemical  steps is proposed.  The prepara t ive  e lect rolys is  of 1 -pheny t -4 -me thy l -6 -mor -  
pholino-7-azatndoline,  which gives the corresponding 7-azatndole and (7-aza-5-indoltnyl)-  
7-azaindoline,  was accomplished.  

In our preceding communications of this ser ies  [2, 3] we descr ibed the polarographic  oxidation of 
5-aza,  7 -aza - ,  and 5,7-diazaindoltnes.  The subsequent and more profound investigation of the principles in- 
volved in these p rocesses  necess i ta ted  a study of the mechanism of the indicated react ions .  

An important  cha rac te r i s t i c  n e c e s s a r y  for this sor t  of study is the determination of the charac te r  of 
the l imiting current  ar is ing during the e lec t rochemica l  oxidation of azatndoline compounds. In this connec- 
tion, we studied the effect of a number of factors  on the magnitude of the limiting current  of the indicated 
p rocess .  It was established that a l inear dependence of the cur rent  s t rength (t) on the square root  of the 
angular velocity (w) is observed over the investigated range of ra tes  of rotat ion of the electrode (800-4000 
rpm).  In addition, it was experimental ly  determined that a slight increase in the limiting current  ts char -  
ac te r i s t i c  for azaindoline compounds as the tempera ture  r i s e s ,  and this is evidently explained by the t em-  
pera tu re  changes in the magnitude of the diffusion coefficient; the tempera ture  coefficient ranges  f rom 1.5 
to 2.3% per  degree centigrade.  All of these data showed that the magnitude of the current  s trength is de ter -  
mined by the ra te  of diffusion of the depolar izer  to the electrode.  This conclusion enabled us to quantita- 
t ively describe the electrode p rocess  by a convective diffusion equation [4]: 

i = 0,62nFD~',~v- ~/~o~ "~Sc, 

where n is the number of e lectrons part icipat ing in the electrode react ion,  D is the diffusion coefficient, v 
is the kinematic viscosi ty ,  and S is the a rea  of the electrode surface.  

It was established by cyclic volt am pe rome t ry  f rom a compar ison of the half-wave potentials and the 
currents  of the anode and cathode branches that the e lec t rochemical  react ions  have i r revers ib le  charac ter .  

On the basis of the convective diffusion equation presented  above, we determined the number of e lec-  
t rons part icipat ing in the electrooxidation of one azalndoline molecule. In this case,  the diffusion coeffi- 
cients,  as is examined in grea ter  detail in the experimental  section, were found by two independent meth-  
ods - f rom the Stokes - E i n s t e i n  equation [5] and on the basis  of a determination of the changes in the cur -  
rent  s t rengths on a s ta t ionary hemispher ica l  microanode after switching it into the e lec t r ica l  circuit  [6]. 

*See [1] for communicat ion XLVIII. 
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TABLE 1. Half-Wave Potent ia ls  (EI~)  , Limiting Curren ts  (i), Diffu- 
sion Coefficients (D), and Number  of Elec t rons  (n) for  6 -Amino-7 -  
azaindolines and 6-Amino-7-Azaindoles  

c..3 

.: -N- [-N. - , ~  
i ! 
C6H s C6Hs 

A B 

NH2 
NHC4H9 
N (C,~Hg) 2 
NHC~Hs 
N (C~Hs) C~J-I.~ 
Morpholtno 
Pyrrolidino 
4-Methylpiperazino 
N (CH3) 2 

J A 

I E V..' V 

I 0,40 
0.29 
0,32 
0,43 
0,4l 
0,40 
0,42 
0,32 
0,32 

10,0 
7,2 
6,1 
62 
7,2 
6,1 
8,4 
6,4 
7,0 

~D �9 10 ~ 
2iTl2/$eC 

5,4 
6.0 
4,9 
5,2 
4,9 
5,3 
5,4 
52 
5,6 

I n 

2,2--2,0 
1,6--2,0 
1,8---2,0 
1,8--2,0 
1,7--2,0 
1,8--2,0 

2,0 
1,6---2,0 
1,6--2,0 

E I.:~, V 

0,53 
0,66 
0,64 
0,63 

�9 0,72 

The two methods gave D values that coincide. The n values found f r o m  the equation were  two. The l imit ing 
c u r r e n t s ,  diffusion coeff ic ients ,  and numbers  of e lec t rons  involved in the oxidation of some  7-azaindoline 
der iva t ives  a re  p r e s e n t e d  in Table 1 as examples .  It p roved  to be imposs ib le  to de te rmine  the n values by 
a m i c r o c o u l o m e t r i c  method in these  cases ,  inasmuch as pro longed e lec t ro lys  is is accompanied  by the f o r -  
mat ion of poor ly  conductive f i lms on the su r face  of the p la t inum anode even at low concentra t ions  of the 
compounds (5- 10 -4 1V0. 

The de te rmina t ion  of the n values and the analogy with the r e su l t s  of chemical  oxidation of azaindoline 
compounds [2] enabled us to a s s u m e  that the final products  of the e l ec t rochemica l  reac t ions  a re  the c o r r e -  
sponding 7-aza tndoles .  To conf i rm this assumpt ion ,  we c a r r i e d  out the p r e p a r a t i v e  e l ec t ro lys i s  of aza in-  
doline compounds at a control lable  potent ial  under conditions close to those of the po la rographic  m e a s u r e -  
ments  with isolat ion and identif ication of the final e l ec t ro lys i s  products .  The p r o c e s s  was studied in g r e a t -  
es t  detail  in the case  of 1 -pheny l -4 -me thy l -6 -morpho l ino -7 -aza indo l ine  (I), for  which the isolat ion and 
identif ication of the e l ec t rochemica l  oxidation products  was p roved  to be ea s i e s t  in a p r e p a r a t i v e  r e s p e c t  
[7]. The e l ec t ro lys i s  was c a r r i e d  out at a potential  cor responding  to the s t a r t  of the l imit ing cu r ren tp l a t eau .  
Individual s amples  of the r eac t ion  mix tu re  se lec ted  during the e l ec t ro lys i s  were  analyzed po l a rog raph ic -  
al ly ,  and 1 -pheny l -4 -me thy l -6 -morpho l ino -7 -aza indo l e  (II), the concentra t ion of which inc reased  during the 
e lee t ro lys  is,  was detected in the e lec t rooxidat ion  products ;  the concentra t ion of s t a r t ing  azaindoline I de-  

c r e a s e d  s imul taneous ly  (Fig. 1). 

Gas - l i qu id  ch romatography  (GLC) was addit ionally used for  the identification of I and II and a lso  for 
the de te rmina t ion  of the r a t io  of these  products  during e lec t ro lys  is. After  the p r e p a r a t i v e  e l ec t ro ly s i s ,  
azaindole II, identical  to a genuine s am p l e ,  was isolated f r o m  the e l ec t rochemica l  oxidation products  by 

column ch romatography  with a luminum oxide. 

Deactivat ion of the p la t inum anode due to deposit ion of a l ight -yel low substance  on its su r face  was ob-  
s e rved  during the expe r imen t s  involving the p r e p a r a t i v e  e l ec t rochemica l  oxidatioff of azaindoline I, and this 
led to a dec rea se  in the cu r ren t  and necess i t a t ed  per iod ic  pur i f ica t ion of the p la t inum sur face .  In addition, 
the fo rmat ion  of a p rec ip i ta te  f r o m  the working solution with p r o p e r t i e s  s i m i l a r  to those of the subs tances  
deposited on the anode was obse rved  during the e lect rooxidat ion,  and the pH of the solution dec rea sed  f r o m  

3.6 to 1.8. 

Alkal tzat ion of the sol id obtained by f i l t ra t ion of the e l ec t ro lys i s  solution gave 1 -pheny l -4 -me thy l -5 -  
(1 -pheny l -4 -me thy l -6 -morpho l ino -7 -aza indo l in -5 -y l ) -6 -morpho l ino -7 -aza ind~  (III), the s t ruc tu re  of 
which was conf i rmed by data f r o m  the m a s s  and PIVIR spec t r a .  

The m a s s  s p e c t r u m  of I has a molecu la r  ion peak  with m / e  295, and the subsequent  f ragmenta t ion  of 
the ion is r e a l i z e d  p r i m a r i l y  through cleavage of the morphol ine  r ing  to give ions with m / e  264, 250, 238, 

210, and o thers :  
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+ 
CH3 ~ Clt3 CH 3 

s H2C CH2 C6H5 H2C C6H~ 

m/e ~S ~/e 2e,~ ~/e 23s 

1 1 

] 
CsH ~ 

role 2,50 m/e 210 

A molecu la r  ion peak  with m / e  588 is obse rved  in the mass  s p e c t r u m  of III,  and the mos t  i n t e n s e f r a g -  
ment  ion has m / e  294 and is evidently a s soc ia t ed  with d is in tegra t ion of the "d imer i c  ' s t r u c t u r e  TTI into 
" m o n o m e r i c "  r ad i ca l s .  The subsequent  f ragmenta t ion  of the f r agmen t  with m / e  294 is s i m i l a r  to the above-  
p r e s e n t e d  f ragmenta t ion  of the molecu la r  ion of I (peaks with m / e  263, 249,237,  209, etc.) .  Ions with m / e  
557,543,  531, and 503, which a re  a lso  due to dis integrat ion of the morphol ine r ing  s i m i l a r  to that  La "mono-  
m e r i c "  product  I, a r e  obse rved  in the h igh -molecu la r -we igh t  por t ion  of the s p e c t r u m  of III. The PMR s p e c -  
t r a  of I and HI a r e  p r e sen t ed  in the exper imenta l  sect ion.  

The ma te r i a l  ba lance  of the potentiostatEc e l ec t ro lys i s  p r o c e s s ,  which was de te rmined  f r o m  the r e -  
sults  of po la rograph ic  analysis  with al lowance for  the amount  of e l ec t r i c i ty  consumed (463 C}, enabled us 
to calculate  the yield of II with r e s p e c t  to the cur ren t  (84%) and with r e s p e c t  to the compound (40%); the 
yield of the "d imer ic"  product  III was 15% with r e s p e c t  to the compound. 

The r e l a t ive ly  low yield of II with r e s p e c t  to the compound and the fo rmat ion  of "d imer i c "  product  III 
(the amount  of which inc reases  if the e l ec t ro ly s i s  p r o c e s s  is in ter rupted,  during which the amount of s t a r t -  
ing azaindoline I s imul taneous ly  continues to dec rea se ,  whe reas  the concentra t ion of azaindole II r e m a i n s  
constant} as a r e su l t  of anode oxidation const i tutes  evidence for the complex  c h a r a c t e r  of the t r a n s f o r m a -  
tions under investigation.  The e lec t rode  oxidation of the azaindoline compounds apparen t ly  includes two 
types of r eac t ions  - e l ec t rochemica l  and pu re ly  chemical .  Some of the pecu l ia r i t i e s  of the po la rography  of 
the azaindoline compounds also a t tes t  to th is .  Thus,  for  example ,  when the Et/~ values of 6 - a m i n o - 7 - a z a i n -  
doline and 6 -amino-7 -aza indo le  der iva t ives  a re  compared  (Table 1}, it is seen  that  the l a t t e r  a re  oxidized 
at more  posi t ive  potent ia ls  (AE1/2 ~ 0.2 V}. Two oxidation waves  with AE1/2 ~ 0.2 V a re  obse rved  on the 
p01arograms  of mix tu res  of subst i tu ted 6 -amino-7 -aza indo l ines  and the cor responding  azaindoles .  In addi-  
tion, only one wave appears  on the p o l a r o g r a m  of the oxidation of subst i tu ted 6 -amino-7 -aza indo l ines ,  and 
waves of oxidation of the products  of the e lec t rode  r eac t ion  a r e  absent .  This phenomenon is not a s soc ia t ed  
with reac t ion  of the p roduc t s  of e l e c t rochem ica l  oxidation of azaindoles  with solution components  or  the 
e lec t rode  ma te r i a l .  The overa l l  f o r m  of the v o l t - a m p e r e  ca rves  does not change when var ious  base  e l ec -  
t ro ly tes  - 0.1 M solution of l i th ium chloride in ethanol,  a 0.1 M solution of hydrochlor ic  acid,  and a 0.1 M 
solution of t e t r abu ty l ammon ium hydroxide in ethanol - a re  used, whe reas  the El/2 values va ry  with the i r  
usual dependence on the pH values of the working solutions.  Compara t ive  po la rograph ic  invest igat ions with 
ro ta t ing  disk e lec t rodes  p r e p a r e d  f r o m  pla t inum and SU-2500 carbon g lass  show that  E1/~ and the overa l l  
f o r m  of the po la r iza t ion  curves  a r e  p r ac t i c a l l y  independent of the anode ma te r i a l .  

It  was es tab l i shed  on the bas i s  of po la rograph ic  analys is  by the method of " latent"  l imi t ing cur ren t s  
[8] that the azaindoles f o rm ed  in the e l ec t ro lys i s  do not r e a c t  with the s t a r t ing  azaindolines (Fig. 2). 

In addition, a second wave c h a r a c t e r i s t i c  for oxidation of the cor responding  azaindoles a r i s e s  in add[- 
t ion to the wave of the azaindoline compound during an osc i l lographic  invest igat ion of azaindoline c o m -  
pounds with mult iplex imposi t ion of fas t  po la r i za t ion  pulses  (0.125-4.0 V/sec)  on a s t a t iona ry  p l a t i n u m e l e c -  
t rode.  The height of the f i r s t  wave in the succes s ive  v o l t - a m p e r e  curves  r e m a i n s  constant ,  while the 
height of the second wave i n c r e a s e s .  This phenomenon a lso  may  be a s soc ia t ed  with the complex  c h a r a c t e r  
of the e l ec t rochemica l  oxidation of azaindoline compounds.  It  is poss ib le  that the r a t e  of the final chemical  
s tep in the p r o c e s s  is lower  than that of e l ec t rochemica l  oxidation and that  the in te rmedia tes  have t ime  t o  
diffuse into the solution. 

When mult ip lex cu r r en t  pu l ses  a r e  used, the e lec t rode  su r face  changes qual i ta t ively with r e s p e c t  to 
the type of a n o d e - c a t h o d e  act ivat ion,  and this fac i l i ta tes  the reproduc ib i l i ty  of the l imit ing cu r ren t  of the 
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Fig. 1. Dependence of the cu r r en t  s t rength  (1), 1 -phenyl -4-  
me thy l -6 -morpho l ino -7 -aza indo l ine  concentra t ion (2), and 1- 
p h e n y l - 4 - m e t h y l - 6 - m o r p h o l i n o - 7 - a z a i n d o l e  concentra t ion (3) 
on the t ime  (t) during the e l e c t ro ly s i s .  

Fig. 2. Dependence of the ove ra l l  l imi t ing  cu r r en t  (I) on the 
concentra t ion of azaindole II at a constant  azaindoline I concen-  
t r a t ion  (5 �9 10 -4 hi). 

azs /ndol ine  compound. The changes in the e lec t rode  su r face  p robab ly  ca ta lyze  the oxidation p r o c e s s  in the 
r a t e - d e t e r m i n i n g  s tep,  and there  is suff icient  t ime  for  r eco rd ing  of the fo rmat ion  of azaindole der iva t ives  
on the e lec t rode  su r face ;  this  is de te rmined  f r o m  the appearance  of a second wave.  

Summar iz ing  the r e s u l t s  of our invest igat ion,  the overa l l  m e c h a n i s m  of the e l ec t rochemica l  oxidation 
of 7-azaindol ines  can be r e p r e s e n t e d  by the following probab le  s cheme :  

I L ~ I t 
R R ~ R + R 

t 1 
R R 

This s eheme  makes  it poss ib le  to explain the format ion ,  as a r e s u l t  of the e lec t ro lys i s  of azaindoline 
eompounds,  of two types of produets  - azs/ndole  der iva t ives  and d imer i e  compounds - and a lso  the changes 
in the r a t ios  of the amounts  of these  produets  in those eases  in whieh e l ec t ro lys i s  is in ter rupted,  to under-  
s tand the r ea sons  for  the i r r e v e r s a b i l t t y  of the e l ec t rochemica l  oxidation of azaindoline eompoands,  ete.  
Never the le s s ,  this s c h e m e  does not p re t end  to give a complete  descr ip t ion  of the m e c h a n i s m  of e l e c t r o -  
oxidation of azaindoles and is only a f i r s t  working hypothesis  that  opens up the poss ib i l i ty  of f a r the r  r e -  
s e a r e h  in this direet ion.  

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

The PMR s p e c t r a  we re  r e c o r d e d  with a JNM-4H-100 s p e c t r o m e t e r  with t e t r amethy l s  [lane as the in- 
t e r n s / s t a n d a r d .  The LR s p e c t r a  of m i ne r s /  oil suspens ions  of the compounds were  r e c o r d e d  with a UR-10 
s p e c t r o m e t e r .  The UV s p e c t r a  of ethanol solutions of the compounds were  r e c o r d e d  with an EPS-3 spec -  
t ropho tomete r .  The m a s s  s p e c t r a  we re  r e c o r d e d  with an LKB-9000 s p e c t r o m e t e r  at an ion iz ing-e lec t ron  
ene rgy  of 70 eV. Gas - l i qu i d  chromatograph ic  analys is  was c a r r i e d  out with a P y e - U n i c a m  104 c h r o m a -  
tograph with a f l ame- ion iza t ion  de tec tor  and a 1 .5  m b y  4 m m  glass  column; the s t a t ionary  phase  was FS-1 
s i l icone e l a s t o m e r  (3%) applied on s i l an ized  Celi te (80-100 mesh) ,  the column t e m p e r a t u r e  was 235 ~ and 
the ni t rogen f low- ra te  was 30 m l / m i n .  

The v o l t - a m p e r e  ca rves  we re  r e c o r d e d  with a PA-101 po la rog raph  (Yanagimoto, Japan).  In all  cases  
except  for  those spec ia l ly  s t ipula ted in the text ,  the El/2 values  were  de te rmined  by po la rograph ic  oxidation 
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on a rotating (1880 rpm) platinum disk electrode (S =0.031 em 2) in an inert electrolyte - 0.5 M NaCIO 4 in 
ethanol - at 25.0 • 0.I~ the comparison electrode was a saturated calomel half-cell, and the accuracy in the 
measurements was • 0.01 V. The cyclic volt-amperograms were recorded under the same conditions with 
a stationary platinum electrode (5 mm by 0.5 mm wire) at various rates of measurement of the potential 
(from 2 to I000 mV/sec). Artkficially prepared mixtures with a constant concentration (5" i0 -4 M) of I and 
a variable concentration (10-4-10 -3 M) of II and, vice versa, with a constant concentration of II and a vari- 
able concentration of I were used in the polarographlc analysis by the method of "latent 'v limiting currents. 

The apparatus for preparative electrolysis at a controllable potential consisted of an electrolyzer 
(cell) and an ASA-100-1C potentiostat (Tacussel, France). The anode was platinum gauze (60 by 65 ram), 
and the cathode was prepared from tin (S = 80 cm2). To avoid reduction of the starting compounds and the 
electrolysis products the experiments were carried out in an electrolyzer with a ceramic diaphragm, which 
was a cylindrical beaker terminating in a conical part (for seating in the electrolyzer): the height of the 
beaker was I00 ram, and the height of the cone was 50 ram. To improve the electrical conductivity, the dia- 
phragm was treated with electrolyte prior to placement in the vessel, from which the air was evacuated, 
after which the electrolyte was drawn in from another vessel. This operation was repeated two to three 
times, after which the diaphragm was retained in the vessel with the electrolyte. Stirring during the elec- 
trolysis was accomplishedwith a magnetic stirrer; the inert electrolyte was an 1 M solution of LiCIO 4 in 
ethanol, and the comparison electrode was a saturated calomel half-cell. To eliminate deactivation of the 
platinum anode by the film deposited on the surface, it was treated periodically with hot 50% sulfuric acid 
and washed with distilled water. 

Preparative Electrolysis of l-Phenyl-4-methyl-6-morpholino-7-azaindoline (1). A solution of 2.08 g 
of azaindoline I in 700 ml of ethanol containing 74 g of LiCIO 4 was electrolyzed at 0.5 V for 20 h, after which 
the resulting precipitate (0.73 g) was removed by filtration. The alcohol solution, which, according to the 
results of polarographic determination, contained 0.25 g of starting azaindoline I and 0.51 g of II, was vac- 
uum evaporated to dryness. Water (200 ml) and 5 ml of a 50% potassium carbonate solution were added to 
the residue, and the mixture was extracted with benzene. The benzene extract was dried with potassium 
carbonate and evaporated to give 0.96 g of residue, which was aI~plied to a chromatographic column (24.5 
by 3.5 cm) filled with A1203; the reaction products were eluted with ether -hexane (7 : 3) with monitoring of 
the separation from the luminescence of the substances in UV light. The contents of the column were then 
separated mechanically into six fractions, which were eluted separately with chloroform. The purity of the 
eluted products was monitored by thin-layer chromatography (TLC) on plates with AI203 in ether-hexane 
(7 : 3) and detection by UV irradiation. In connection with the fact that the eluates of the first three frac- 
tions contained impurities, they were not subjected to further workup. The eluates of the next three frac- 
tions (0.43 g of material), according to TLC data, contained only l-phenyl-4-methyl-6-morpholino-7-aza- 
indole (II) containing a small amount (5%) of azaindoline I. Recrystallization from acetone gave 0.2 g of 
pure azaindole 11 with mp 147-148 ~ No melting-point depression was observed for a mixture of this prod- 
uct with an authentic sample of II [7]. The two samples had identical UV and IR spectra. 

The solid material (0.73 g) that was removed by filtration from the alcohol solution after electrolysis 
(rap 258-260 ~ was, according to the results of elementary analysis, a perchlorate salt. It was treated with 
4 ml of 10% aqueous sodium hydroxide solution, and the resulting base was extracted with benzene. The 
benzene solution was dried with potassium carbonate and evaporated to give 0.64 g (15%) of base HI with 
mp 307-308 ~ (from ethyl acetate). Found: C 73.2; II 6.9; N 14.2%. C36Ht0NGO 2. Calculated: C 73.4; H 6.9; 
N 14.3%. PMR spectrum: 5 1.99 (s, CH3) , 4.05 (t, CH 2 in the ~ positions relative to the pyrroline nitrogen 
atom), 3.53 (t, CH20), 305 (m, CH 2 in the P positions of the pyrroline rings and the ~ positions relative to 
the nitrogen atoms of the morpholine rings), 6.92 (t), 7.34 (t), and 7.75 (d) ppm - signals of the protons of 
the phenyl ring in, respectively, the para, recta, and ortho positions relative to the pyrroline nitrogen 
atoms. The absence of the signal of the 5-H proton of the azaindoline rings constitutes evidence for joining 
of the azaindoline systems in the 5 and 5' positions. 

PIVIR spectrum of azaindoline h 5 2.09 (s, CH3), 3.94 (t, CH 2 in the ~ positions relative to the pyr- 
roline nitrogen atom), 2.89 (t, CH 2 in the ~ position), 3.04 (m, CH 2 in the ~ positions relative to the nitro- 
gen atom of the morpholine ring), 3.75 (m, CH20 to the oxygen atom), and 5.76 (s, 5-H), 6.89 (t), 7.28 (t), 
and 7.75 (d) ppm - signals of the protons of the phenyl ring in, respectively, the para, meta, and ortho posi- 
tions relative to the pyrroline nitrogen atom. 

The kh~ematic viscosity (9) was measured with an Ubelhode viscosimeter (VPZh-2); p =2.16-10 -2 
cm2/sec for the working 0.5 M solution of NaCIO 4 in ethanol. The Stokes -Einstein equation was used for 
the determination of the diffusion coefficients. 
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The dynamic v i scos i ty  of the med ium (7) was de te rmined  f r o m  the equation 77 = ~ p ,  where  v is the 
k inemat ic  v i scos i ty  and p is the densi ty of the solution found expe r imen ta l ly  by means of a pycnomete r .  
The densi t ies  (d) of the azaindoline compounds were  a lso  m e a s u r e d  with a pycnomete r  with a liquid that did 
not d issolve the compound but e n s u r e d t h a t  it was comple te ly  mois tened;  the s a tu ra t ed  (at 25 ~ solution of the 
subs tance  to be analyzed in ethanol was f i l te red.  The following values we re  found for  1 -pheny l -4 -me thy l -  
6 -d ibuty lamino-7-aza indol ine  at 25~ p =0.860 g / c m  3, d = l . 2  g / c m  3, and ~ =1 .86 .10  -2 g / s e c ,  cm. 

The D values w e r e  de te rmined  by  a second method as follows: a p la t inum e lec t rode  was t r ea t ed  
thoroughly with hot 50% sul fur ic  acid,  washed with wa te r ,  and maintained at  25 ~ for 5-10 rain and 0.03 V, 
a f te r  which the potent ia l  cor responding  to the s t a r t  of the p la teau  of the l imit ing cu r ren t  was es tab l i shed  
and the r e c o r d e r  of the po la rog raph  was s imul taneous ly  switched on. Inasmuch as the r a t e  of movemen t  of 
the pape r  of the r eco rd ing  appara tus  is constant (10 era / ra in) ,  the graphical  dependence of the cu r r en t  
s t rengths  on the t ime  was au tomat ica l ly  r eco rded .  After  b r i e f  e l ec t ro lys i s  (2-18 sec) ,  the diffusion f ront  
was p ropaga ted  at a v e r y  smal l  dis tance as c o m p a r e d  with the radius  of curva tu re  of the e lec t rode ,  and, in 
this connection, the change in the cu r ren t  s t reng th  in the f i r s t  seconds a f te r  the su rge  is subject ,  on a 
sphe r i ca l  e l ec t rode ,  to the l inear  diffusion law [6], whereas  the change in the a r e a  of the e lec t rode  s i tua ted  
under the cur ren t  for  no more  than 25 sec  is s l ight  due to the l ibe ra ted  subs tances .  Each new surge  c u r -  
ren t  was r eco rde d  with a comple te ly  depolar ized  e lec t rode ,  the degree  of depolar iza t ion  of which was con- 
f i r m e d  by r e t u r n  of the a r r o w  of the r e c o r d e r  to the ze ro  posi t ion.  The graph of the dependence of i on 
1 / 4 - t ,  which was desc r ibed  by the equation i =a +bt 1/2, conf i rming tha t  the l inear  diffusion law is in good 
a g r e e m e n t  in the f i r s t  second a f te r  the cu r ren t  surge ,  was cons t ruc ted  f r o m  the exper imenta l  data. The a 
and b coefficients  in the equation a r e ,  r e spec t ive ly ,  ncDFSr  -1 and ncD1/2FSr-1/2, where ,  in addition to the 
symbols  ment ioned above,  r ,  the exper imen ta l ly  de te rmined  e lec t rode  rad ius ,  is used. The D value found 
by  this  method for 1 -pheny l -4 -me thy l -6 -d ibu ty lamino-7 -aza indo l ine  was 4 . 83 . 10  -6 cm2/sec .  The diffusion 
coefficients  for  the other  compounds were  calculated f r o m  the equation D i D  2 =4"'M2/V-M 1, where  M s and 
M 2 a r e  the molecu la r  weights [9]. 
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