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Four  s e r i e s  of t e t r apheny lpyr ro le  der iva t ives  we re  subjected to polarographic  oxidation. 
It was found that e lec t ron-donor  subst i tuents  in the p posi t ion of the phenyl r ing faci l i ta te  
polarographic  oxidation, while e l ec t ron -accep to r  subst i tuents  in the p posit ion hinder  it. 
Cor re l a t ion  equations in coordinates  of Et/2 and a +  were  found for  all four s e r i e s ,  and a 
co r re l a t ion  between the ha l f -wave  potential  of polarographic  oxidation and the logar i thm 
of the r a t e  constants  for  deeolor iza t ion  of benzene solutions of the cor responding  rad ica l s  
in a i r  was detected.  

The polarographic oxidation of four series of tetraphenylpyrrole derivatives (I-IV) was investigated 
to expose the regularities between the chemical structure and properties of compounds of the tetraryl- 
pyrrole series. The results were compared with kinetic data from an investigation of the air stability of 
benzene solutions of the corresponding radicals. When I-IV are oxidized on a platinum electrode, they 
give well-expressed one-electron reversible waves. The polarographic characteristics of the oxidation of 
tetraphenylpyrrole derivatives are presented in Table I. As seen from Table 1, the introduction of electron- 
donor substituents facilitates polarographic oxidation of tetraphenylpyrroles I-IV, while electron-acceptor 
substituents hinder it; this is in agreement with the general regularities in the polarographic oxidation of 
organic compounds [I]. In series III and IV, the effect of substituents is less appreciable, but the character 
of their effect is retained. 
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To de te rmine  the quantitat ive pr inc ip les  of the effect  of the e lect ronic  p rope r t i e s  of subst i tuents  on 
the ease  of po larographic  oxidation, the co r r e l a t i on  equations in coordinates  of Elfl and a + were  found for 
the invest igated compounds (Table 1). 

As seen f r o m  Fig.  1 and Table  1, there  is a sa t i s f ac to ry  co r r e l a t i on  between the ha l f -wave  potentials  
of polarographic  oxidation and the total e lectrophi l ic  constants  (~ +). The absence  of a co r r e l a t i on  between 
El/2 and the Hammet t  subst i tuent  constants  is probably  explained by the fact  that  the dec is ive  fac tor  in the 
polarographic  oxidation of t e t r apheny lpyr ro le  der iva t ives  is the degree  of conjugation of these  subst i tuents  
with the py r ro l e  r ing.  This is pa r t i cu la r ly  conf i rmed  by the d e c r e a s e  in the absolute value of the reac t ion  
constant  (p) in the co r r e l a t i on  equations when polycyclic hydrocarbon  r e s idues  a r e  p resen t  as subst i tuents  
(Table 1). A c o m p a r i s o n  of the r e su l t s  with the kinetic invest igat ions of the des t ruc t ion  of the rad ica l s  
f o rmed  during the oxidation of the cor responding  der iva t ives  demons t r a t e s  that  a lower  r a t e  constant  for 
des t ruc t ion  of the rad ica l  in benzene solution in air  co r r e sponds  to the read i ly  oxidized der iva t ives ;  this 
apparent ly  can be explained by the dependence of the oxidation potential  of the der iva t ives  on the s tabi l i ty  
of the rad ica l  fo rmed  (Table 1 and Fig.  2) ; 
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Fig, 2, Logarithm of the rate constants for 
the decolorization of benzene solutions of 2,5- 
(p,p' -Ri ,R2-diphenyl)-3,4-diphenylpyrr oles (II) 
as a function of their polarographic oxidation 
potentials. 

TABLE I. Polarographic Characteristics of the Oxidation of 
Tetraphenylpyrrole Derivatives in Anhydrous Dimethylformamide 

Comp. R, R~ E * /<, ,  Pararset.ers of 
'h ~Tma x b $ corre~auon 

equation 

I a 
Ib 
Ic 
Id 
le 
If 

IIa 
lib 
IIc 
lid 
II,e 
IIf 
IIg 

IIIa 
IIIb 
IIIc 
IIld 
IIIe 
IVa 
IVb 
IVc 
IVd 
IVe 

H 
OCH3 
O C 2 H 5  

Br 
OCHa 
OCHa 
CH3 
CHa 
C1 
CI 
CI 
OCH3 
OC~H5 

OCH3 
OC2Hs 
CH3 
H 
CI 

H 
H 
H 
H 

OC2H5 
OCH3 
OC2H~ 
CH3 
OCH3 
CH3 
Br 
C6Hs 
C6H5 
CsHs 
CsHs 
C6H5 

0,910 
0,805 
0,800 
0,877 
0,955 
0,966 
0,735 
0,762 
0,800 
0,875 
0,855 
0,950 
1,008 
0,830 
0,836 
0,905 
0,921 
0,962 
0,828 
0,826 
0,907 
0,922 
0.943 

15,36 
19,44 
19,81 
18,33 
19,81 
14,99 
17,96 
15,92 
17,40 
19,25 
17,03 
21,29 
12,27 
17,96 
12,03 
19,44 
14,25 
10,74 
14,81 
12,59 
11,11 
16,29 
8,33 

76 
76 
79 
75 
93 
78 
85 
77 
73 
79 
76 
82 
68 
92 
86 
87 
87 

100 
80 
89 
78 
78 
84 

242 
161 
192 
212 
255 
273 
125 
120 
130 
133 
154 
165 
189 
163 
175 
230 
185 
262 
I02 
ll0 

131 
134 

p=0,17 
r=0.987 
s=0,04 

p=0,15 
r=0,989 
s = 0,05 

p=0,14 
r = 0,982 
s = 0,05 

p=0,13 
r = 0,980 
s = 0,05 

*Relat ive  to a saturated calomel  electrode (in volts) .  
t The limiting diffusion current in microamperes .  
* The slope of the polarographic wave in mil l ivol ts .  
* * The rate constants for the destruction of the corresponding 
radical in benzene in air (in l i ters  per mole  per minute). 

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

S u b s t i t u t e d  2 , 5 - D i a r y l - 3 , 4 - d i p h e n y l p y r r o l e s .  T h e s e  c o m p o u n d s  w e r e  o b t a i n e d  by  D a v i d s o n  c o n d e n s a -  

t i o n  of  a r y l  b e n z y l  k e t o n e s  and  a r y l  c ~ - h y d r o x y b e n z y l  k e t o n e s  w i t h  a m m o n i u m  a c e t a t e  in  g l a c i a l  a c e t i c  a c i d  

[2,3] .  T h e  p o l a r o g r a p h i c  o x i d a t i o n  of  t h e  t e t r a p h e n y l p y r r o l e  w a s  c a r r i e d  out  in a n h y d r o u s  d i m e t h y l f o r m -  

a m i d e  w i t h  a r e f e r e n c e  e l e c t r o l y t e  o f  0.1 M l i t h i u m  p e r c h l o r a t e  in  a t h e r m o s t a t t e d  c e l l  a t  25 ~: 0.2 ~ . T h e  

i n d i c a t o r  e l e c t r o d e  w a s  a r o t a t i n g  p l a t i n u m  d i s c  e l e c t r o d e  w i t h  an  a r e a  of  0 .785 m m  2 and  a r a t e  of  r o t a t i o n  

of  a b o u t  600 r p m .  T h e . p o l a r o g r a m s  w e r e  r e c o r d e d  w i t h  an  L R - 6 0  e l e c t r o n i c  r e c o r d i n g  p o l a r o g r a p h .  T h e  

h a l f - w a v e  p o t e n t i a l  w a s  d e t e r m i n e d  r e l a t i v e  t o  a s a t u r a t e d  c a l o m e l  e l e c t r o d e  and  w a s  m o n i t o r e d  by  m e a n s  

o f  a P P T V - 1  p o t e n t i o m e t e r .  T h e  h a l f - w a v e  p o t e n t i a l s  w e r e  c a l c u l a t e d  f r o m  t h e  g r a p h  in  c o o r d i n a t e s  of E 

and log (ima x - i) / i. 
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Pur i f ica t ion  of Dimethy l fo rmamide .  P u r e  d imethy l fo rmamide  was shaken with calcined po tass ium 
carbonate ,  f i l te red,  and vacuum dist i l led to give a product  with bp 38-40 ~ (10 mm).  
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