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The kinetics of the formation of semiquinones has been studied for 
substituted phenazine derivatives, some of which are biologically ac- 
tive compounds. The influence of the substituents on the rate of re- 
duction was investigated. Attempts have been made to correlate the 
rate constants with the o-constants of the substituents by means of 
Hammett's equation. 

In con t inua t ion  of the study begun on the o n e - e l e c -  
t r o n  p r o c e s s  of r educ t ion  with the f o r m a t i o n  of s e m i -  
quinones  in the phenaz ine  s e r i e s  [1], we under took  a 
study of the k ine t i c s  of th i s  p r o c e s s  for  s e v e r a l  1- 
and 2 - s u b s t i t u t e d  phenaz ines  (I-XIII) in o r d e r  to ob-  
t a in  i n f o r m a t i o n  on the inf luence  of e l e c t r o n - d o n a t i n g  
and e l e c t r o n - a c c e p t i n g  groups ,  on the one hand, and 
the pos i t i on  of en t ry  of the subs t i tuent ,  on the o ther  

hand: 

N~. / X  I X ~ H: II, VII I  X =CH3; 

V, XI X=NH2;VI ,KI  X=C . 
VII .  Xl l l  X - COOH l -V I I  V I I I - K i l l  

" o c t t  3 ~.~ :' 

- I CH3SO 4 J 
XIV XV CH 3 XVI CH 3 

In addition, among the compounds  inves t iga ted  were  
included XIV, with two subs t i tuen t s  in d i f fe rent  r ings ,  
and two r e p r e s e n t a t i v e s  of the phenaz ine  s e r i e s  pos -  
s e s s i n g  b io logica l  act ivi ty  (the q u a t e r n a r y  salt ,  N- 
me thy lphenaz ine  me thosu l fa t e  XV and pyocyanin  XVI).  

The r educ t ion  k ine t i c s  were  s tudied spec t rophoto-  
m e t r i c a l l y  unde r  condi t ions  that  we have desc r ibed  
p r e v i o u s l y  for  compounds  I, IV, V, XI, and XIII [1]. 

The abso rp t ion  s p e c t r a  of the s e m i q u i n o n e s  in the 
v i s ib l e  r eg ion  have a shape convenien t  for  the spec t ro -  
pho tomet r i c  r e c o r d i n g  of the kinet ic  p a r a m e t e r s  of 
the r educ t ion  process .**  The s t r o n g e s t  abso rp t ion  band 
is in the 428-494  n m  reg ion .  

Ident i f ica t ion  of the fo rma t ion  of s emiqu inones  was 
c a r r i e d  out by the EPl=i method.  Under  expe r imen ta l  
condi t ions ,  the s e m i q u i n o n e s  of al l  the a b o v e - m e n -  
t ioned subs t ances  gave a HFS of seven  componen t s .  

The k ine t ic  cu rves  obtained a r e  desc r ibed  by a 
f i r s t - o r d e r  equat ion.  The r a t e  cons t an t s  of the p r o -  

*For  p a r t  IX, see [1]. 
**An except ion is the s emiqu inone  of 2 -hydroxphen-  

az ine  IX), the abso rp t ion  cu rve  of which m a s k s  the 
cu rve  of the in i t i a l  q u a t e r n a r y  s a l t ;  consequen t ly  only 
qua l i ta t ive  o b s e r v a t i o n s  of i ts  f o r m a t i o n  were  made .  

t e s s ,  

t ab l e .  

ca lcu la ted  f r o m  these  cu rves ,  a re  given in the 

"1 

~,NH2 

| Cl i 

J -I 
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Rate constant of the reduction of 

phenazine derivatives in an acid 

medium as a function of the ff~- 

constants of the substituents. 

In o r de r  to follow the i n t e r r e l a t i o n s h i p  be tween the 
p r o p e r t i e s  of the subs t i tuen t s  and the changes  in the 
f r ee  energy  of ac t iva t ion  of the r educ t ion  p r o c e s s  on 
p a s s i n g  f r o m  one phenaz ine  de r iva t ive  to another ,  we 
used H a m m e t t ' s  equat ion in the fo rm log (k/k0) = pe + 
+ a, where  kQ is the r a t e  cons tan t  for  the reduc t ion  of 
unsubs t i tu ted  phenaz ine  and k is  the r a t e  cons tant  for 
i ts  de r i va t i ve .  

For  c o r r e l a t i o n  with the va lues  of the po ten t i a l s  of 
the po la rograph ic  r educ t ion  of phenaz ine  de r i va t i ve s  
in an aprot ic  solvent ,  Gordienko [2] used the ~ - c o n -  
s tants  tak ing  into account  only the induct ive  effect of 
the subs t i tuen t .  

In the case  of the 2 - subs t i t u t ed  phenaz ines ,  we 
found the bes t  c o r r e l a t i o n  when we used the ~p+-con-  
stant ,  taking into account  the po la r  conjugat ion  of a 
subs t i tuen t  in the p a r e  pos i t ion  with the r e a c t i o n  cen-  
te r  [3]. The n u m e r i c a l  va lue  of p was 0.330 (see 
f igure) .  

It mus t  be ment ioned  that  for  2 - ch lo rophenaz ine  
(XH) no c o r r e l a t i o n  was o b s e r v e d .  Apparent ly ,  the 
ch lo r ine  atom p a r t i c i p a t e s  in th is  p r o c e s s  as an e l ec -  
t r o n - d o n a t i n g  subs t i tuen t  h inde r ing  r educ t ion .  This  
behav ior  f rom the ch lo r ine  a tom can be explained by 
the fact  that  the p - e l e c t r o n s  of i ts  u n s h a r e d  p a i r  a re  
s t rong ly  d i sp laced  in the d i r e c t i on  of the cen t r a l  he t -  
e rocyc le ,  which has a def ic ien t  e l e c t r o n  dens i ty  in 
q u a t e r n a r y  phenaz ine  s a l t s .  
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Values of the Rate Constants for  the Product ion of a Number 
of Phenazine Der iva t ives  

No. Compound 

II 1-Methylphenazine 

| I ]  1-Methoxyphenazine 

IV 1-Hydroxyphenazine  

V : 1-Aminophenazine 

VI  1-Chlorophenazine 

VII  Phenazine- l -carbox-  
ylic acid 

XV N-Methylphenazine 
methosulfate  

| Phenazine 

kXlO-3,  see-1 

0.253 

0.449 

2.846 

34.350 

0,458 

4,394 

13.200 

0.650 

No. 

VIII 2-Methylpheoazine 

]X 2-Methoxyphenazine 

X 2-Hydroxyphenazine 

XI 2-Aminophenazine 

XII 2-Chlorophenazine 

X I I I Phenazine-2-carbox- 
ylic acid 

I XV] ' Pyocyanin 

XIV i %Chloro-2-methoxy- 
! phenazine 

Compound 

0.562 

0.408 

23.780 

0,141 

1.085 

83.100 

0.290 

k XI0 "3, sec "1 

n f 

Because of the influence of the chlor ine  atom, 
re la t ion  is d i s turbed  a lso  for  7 - c h l o r o - 2 - m e t h o x y -  
phenazine (XIV). 

An amino group in posi t ion 2 gives a ve ry  marked  
deviation,  but th is  can be explained by the fact  that, 
by pa r t i c ipa t ing  in the fo rmat ion  of a r e a d i l y - r e d u c e d  
quinoid s t ruc tu re ,  the amino group, p a r t i a l l y  becomes  
a reac t ion  cen te r  of the molecule .  

~l NH 

For  the 1-subs t i tu ted  phenazines,  th is  co r r e l a t i on  
is followed l e s s  s t r i c t l y .  The deviat ions observed  for 
1 -amino-  (V), 1 -hydroxy-  (IV), and 1-ch lorophen-  
azines (VI) a r e  explained by the f ac to r s  mentioned 

above. 
Attention is also drawn to the fact  that  N-methyl -  

phenazine methosulfate  (XV) and pyocyanin (XVI) 
p o s s e s s  high reduct ion r a t e  cons tants .  In the f i r s t  
case  this  is  explained by the cons ide rab le  noncompen- 
sated pos i t ive  charge  in the phenazine sys t em due to 
the format ion  of the qua te rnary  salt ,  and for  pyocyanin 
by a d i s tu rbance  of the s table  a romat ic  sys t em and the 
format ion  of a lab i le  o-quinoid s t ruc tu re .  

This capaci ty  of N-methylphenazine methosulfate  
for  r ead i ly  undergoing convers ion  into a semiquinoid 

form ag ree s  well  with i ts  antihypoxic p r o p e r t y  [4, 5] and 
that of pyocyanin with i ts  an t ibac te r ia l  act iv i ty .  

In s um m a r y  it can be. said that  with an i nc rea se  in 
the reduct ion r a t e  constant  one may expect an inc rease  
in biological  act ivi ty  of the phenazine der iva t ives  ac t -  
ing as e l e c t r o n - t r a n s f e r  agents .  

We express  our gra t i tude  to Yu. S. Rozum for  
kindly making some samples  of compounds avai lable  

to us .  
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