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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 continuation of the study begun on the one-elec-
tron process of reduction with the formation of semi~
quinones in the phenazine series [1], we undertook a
study of the kinetics of this process for several 1-
and 2-substituted phenazines (I-XIII) in order to ob-
tain information on the influence of electron~donating
and electron-accepting groups, on the one hand, and
the position of entry of the substituent, on the other
hand:
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In addition, among the compounds investigated were
included X1V, with two substituents in different rings,
and two representatives of the phenazine series pos-
sessing biological activity (the quaternary salt, N-
methylphenazine methosulfate XV and pyocyanin XVI).

The reduction kinetics were studied spectrophoto-
metrically under conditions that we have described
previously for compounds I, IV, V, XI, and XTI [1].

The absorption spectra of the semiquinones in the
visible region have a shape convenient for the spectro-
photometric recording of the kinetic parameters of
the reduction process ** The strongest absorption band
is in the 428—494 nm region.

Identification of the formation of semiquinones was
carried out by the EPR method. Under experimental
conditions, the semiquinones of all the above-men-
tioned substances gave a HFS of seven components.

The kinetic curves obtained are described by a
first~order equation. The rate constants of the pro~

*For part IX, see [1].

**An exception is the semiquinone of 2-hydroxphen-
azine (X), the absorption curve of which masks the
curve of the initial quaternary salt; consequently only
qualitative observations of its formation were made.
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cess, calculated from these curves, are given in the
table.
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Rate constant of the reduction of

phenazine derivatives in an acid

medium as a function of the 0'6-
constants of the substituents,

In order to follow the interrelationship between the
properties of the substituents and the changes in the
free energy of activation of the reduction process on
passing from one phenazine derivative to another, we
used Hammett's equation in the form log (k/ky) = po +
+ a, where k; is the rate constant for the reduction of
unsubstituted phenazine and k is the rate constant for
its derivative.

For correlation with the values of the potentials of
the polarographic reduction of phenazine derivatives
in an aprotic solvent, Gordienko [2] used the g~con-
stants taking into account only the inductive effect of
the substituent.

In the case of the 2-substituted phenazines, we
found the best correlation when we used the Gp+—con—
stant, taking into account the polar conjugation of a
substituent in the para position with the reaction cen-
ter {3]. The numerical value of p was 0.330 (see
figure).

It must be mentioned that for 2~chlorophenazine
(XII) no correlation was observed. Apparently, the
chlorine atom participates in this process as an elec-
tron-donating substituent hindering reduction. This
behavior from the chlorine atom can be explained by
the fact that the p-electrons of its unshared pair are
strongly displaced in the direction of the central het-
erocycle, which has a deficient electron density in
quaternary phenazine salts.
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Values of the Rate Constants for the Production of a Number

of Phenazine Derivatives

No. Cé)mpound kX103, sec!
11 | 1-Methylphenazine 0.253
111 | 1-Methoxyphenazine 0.449
1V | 1-Hydroxyphenazine 2.846
V | 1-Aminophenazine 34.350
VI | 1-Chlorophenazine 0.458
VI | Phenazine-1-carbox- - 4.394
ylic acid
XV |N-Methylphenazine 13.200
methosulfate !
1 | Phenazine ‘: 0.650

Because of the influence of the chlorine atom,
relation is disturbed also for 7-chloro-2-methoxy-
phenazine (XIV) .

An amino group in position 2 gives a very marked
deviation, but this can be explained by the fact that,
by participating in the formation of a readily-reduced
quinoid structure, the amino group, partially becomes
a reaction center of the molecule.

t
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For the 1-substituted phenazines, this correlation
is followed less strictly. The deviations observed for
1-amino- (V), 1l-hydroxy- (IV), and 1-chlorophen-
azines (VI) are explained by the factors mentioned
above.

Attention is also drawn to the fact that N-methyl-
phenazine methosulfate (XV) and pyocyanin (XVI)
possess high reduction rate constants. In the first
case this is explained by the considerable noncompen-
sated positive charge in the phenazine system due to
the formation of the quaternary salt, and for pyocyanin
by a disturbance of the stable aromatic system and the
formation of a labile o-quinoid structure.

This capacity of N-methylphenazine methosulfate
for readily undergoing conversion into a semiquinoid

No. Compound k X1073, sec’l
VIII | 2-Methylphenazine 0.562

1X | 2-Methoxyphenazine 0.408

X | 2-Hydroxyphenazine —

XI | 2-Aminophenazine 23.780
XII | 2-Chlorophenazine 0.141
XIII | Phenazine-2-carbox- 1.085

ylic acid

XV1 :Pyocyanin 83.100
X ‘ 7-Chloro-2-methoxy- 0.290

{ phenazine \

form agrees well with its antihypoxic property [4, 5] and
that of pyocyanin with its antibacterial activity.

In summary it can be said that with an increase in
the reduction rate constant one may expect an increase
in biological activity of the phenazine derivatives act-
ing as electron-transfer agents.

We express our gratitude to Yu. S. Rozum for
kindly making some samples of compounds available
to us.
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