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The Affinity of Isonicotinic Hydrazide
for Metals

Is has been shown that isenicotinic hydrazide (I)
combines with cupric ions to give the 1:1-complex (111}
and the 2:1-complex (IV)1, and it has been claimed that
the action of (I} against tuberculosis iz vifro is increased
when copper is supplied in excess of that normally
present in the medium?.
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A good deal of work has been done in this Department
on the determination of the stability-constants govern-
ing the equilibria between biologically active substances
and their complexes with the ions of heavy metals?,
Moreover, in collaboration with S. D. Russo and Mrs.
GissoN of the University of Melbourne, we have been
able to show that 8-hydroxyquinoline (and related
substances) are toxic to bacteria only when traces of iron
or copper are present in the medium?®. In this case, the
1:1-complex has been shown to be the true toxic agent5.
Thus the likelihood exists that a 1:1 metallic complex
of (I) is the true curative agent in tuberculosis,

Accordingly it was interesting to determine the
stability constants K’ governing the reaction (I)=>(III)

. [complex (ITI)]
" [free metallic ions] [free complex-forming species (I11)]
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This was done by potentiometric titration in 0-002 M-
solution at 20°, by the method previously described.
First of all, the ionization constants of (I)? were deter-
mined and the pK, values were found to be 10:77
(- 0-05) for the acidic group, and 3-34 (4 0-04) and
1-85 {4- 0-04} for the two basic groups. Thus, é¢sonicotinic
hydrazide is an acid of approximately the same strength
as phenol, and “free complex forming species” in the
equation refers to the anion (1I). The two basic functions
are very weak, and so close together that they had to be
separated by the method of Noves® The higher value
probably belongs to the ring-nitrogen (cf. 5-2 for pyri-
dinet) and the lower ome to the more remote of the
hydrazine nitrogens (cf. 2-4 for glycine hydrazides). Of
these three constants for (I}, only the stronger basic one
has previously been determined® and the result (3-52) is
in excellent agreement.

The following values of log K’ were obtained for the
1:1-complexes of type (III):

Cut+ (8:0); Nitt (5-5); Zn*t (5:4); Cott (4-8)

No values for Fet+ or Mn** could be obtained because
of the sparing solubility of the complexes. Fettt ap-
peared to form no complex, in contrast to aureomycin
and terramycin? which combine more avidly with this
cation than with the common bivalent ions which give
values of log K’ very similar to those obtained for (I).

Values of log K, were sought for (I). This is the
constant which governs the equilibrium between (I) and
the 2:1-complexes of type (IV)8. Because of solubility
difficulties, log K, was obtainable only for Nit+, where
it was found to be 9-8.

All these values for the metal complexes of (I} are low
when compared with the corresponding values for the
complexes of the amino-acids. This suggests that these
complexes would be most stable in those cells where the
concentration of free amino-acids was low. It would be
interesting to determine whether the toxic action of
isonicotinic hydrazide on various strains of mycobacteria
is in inverse proportion to their content of free aminc-
acids (or other intracellular metal-binding material). The
abundance of such substances in the tissues of the host
is commonly assumed and, if established, could explain
the selectivity of (I).
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Zusammenfassung

Die Konstanten, welche das Gleichgewicht zwischen
Isonikotinsdurehydrazid (I) und den mit Schwermetallen
gebildeten Komplex (ITI) beherrschen, werden ermittelt.
Die Bedeutung dieser Konstanten fiir die Chemotherapie
der Tuberkulose werden diskutiert,
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value is not a constant but varies with the hydrogen ion concentration

have determined (spectrometrically) a value for This



