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The Affinity of Isonicotinic Hydrazide 
tor Metals 

Is  h a s  b e e n  s h o w n  t h a t  isonicotinic h y d r a z i d e  (I) 
c o m b i n e s  w i t h  c u p r i c  ions  t o  g ive  t h e  1 : 1 - c o m p l e x  ( I I I )  
a n d  t h e  2 : 1 - c o m p l e x  (IV) ~, a n d  i t  h a s  b e e n  c l a i m e d  t h a t  
t h e  a c t i o n  of  (I) a g a i n s t  t u b e r c u l o s i s  in  vitro is i n c r e a s e d  
w h e n  c o p p e r  is s u p p l i e d  in  excess  of t h a t  n o r m a l l y  
p r e s e n t  i n  t h e  m e d i u m  ~. 
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A good  dea l  of w o r k  h a s  b e e n  d o n e  in t h i s  D e p a r t m e n t  
o n  t h e  d e t e r m i n a t i o n  of t h e  s t a b i l i t y - c o n s t a n t s  g o v e r n -  
i ng  t h e  e q u i l i b r i a  b e t w e e n  b io log ica l ly  a c t i v e  s u b s t a n c e s  
a n d  t h e i r  c o m p l e x e s  w i t h  t h e  ions  of h e a v y  m e t a l s  3. 
Moreove r ,  i n  c o l l a b o r a t i o n  w i t h  S. D. RUBBO a n d  Mrs.  
GIBSON of t h e  U n i v e r s i t y  of M e l b o u r n e ,  we h a v e  b e e n  
ab le  t o  s h o w  t h a t  8 - h y d r o x y q u i n o l i n e  ( and  r e l a t e d  
s u b s t a n c e s )  a re  t o x i c  to  b a c t e r i a  o n l y  w h e n  t r a c e s  of i r on  
or  c o p p e r  a re  p r e s e n t  in  t h e  m e d i u m  4. I n  t h i s  case ,  t h e  
1 : 1 - complex  h a s  b e e n  s h o w n  to  b e  t h e  t r u e  t o x i c  a g e n t  s. 
T h u s  t h e  l i ke l ihood  ex i s t s  t h a t  a 1 : 1  m e t a l l i c  c o m p l e x  
of (I) is t h e  t r u e  c u r a t i v e  a g e n t  in  t ube rcu lo s i s .  

A c c o r d i n g l y  i t  was  i n t e r e s t i n g  to  d e t e r m i n e  t h e  
s t a b i l i t y  c o n s t a n t s  K" g o v e r n i n g  t h e  r e a c t i o n  ( I )~ - ( I I I )  

I f ' =  [ complex  ( I I I ) ]  
[free me ta l l i c  ions] ~free c o m p l e x - f o r m i n g  species  (II)] 
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Th i s  was  d o n e  b y  p o t e n t i o m e t r i c  t i t r a t i o n  in  0.002 M- 
s o l u t i o n  a t  20 °, b y  t h e  m e t h o d  p r e v i o u s l y  desc r ibed  ~. 
F i r s t  of all, t h e  i o n i z a t i o n  c o n s t a n t s  of (I)2 were  deter-  
m i n e d  a n d  t h e  ptg~ va lues  were  f o u n d  to  be  10.77 
(4- 0-05) for  t h e  ac id ic  g roup ,  a n d  3.54 (4-  0.04) and 
1-85 ( 4- 0-04) for  t h e  t w o  bas i c  g roups .  T h u s ,  isonicotinic 
h y d r a z i d e  is a n  ac id  of a p p r o x i m a t e l y  t h e  s a m e  s t r e n g t h  
as  pheno l ,  a n d  " f r e e  c o m p l e x  f o r m i n g  s p e c i e s "  in  the  
e q u a t i o n  re fe r s  to  t h e  a n i o n  (II) .  T h e  two  bas ic  func t ions  
a re  v e r y  weak ,  a n d  so close t o g e t h e r  t h a t  t h e y  h a d  to  be 
s e p a r a t e d  b y  t h e  m e t h o d  of NoYEs  3. T h e  h i g h e r  value  
p r o b a b l y  be longs  to  t h e  r i n g - n i t r o g e n  (cf. 5.2 for  pyri- 
d ine  4) a n d  t h e  lower  one  t o  t h e  m o r e  r e m o t e  of the 
h y d r a z i n e  n i t r o g e n s  (ci. 2 '4 for  g lyc ine  hydraz ideS) .  Of 
t h e s e  t h r e e  c o n s t a n t s  for  (I), o n l y  t h e  s t r o n g e r  bas ic  one 
h a s  p r e v i o u s l y  b e e n  d e t e r m i n e d  ~ a n d  t h e  r e s u l t  (3.52) is 
in  exce l l en t  a g r e e m e n t .  

T h e  fo l lowing  v a l u e s  of l o g K '  were  o b t a i n e d  for  the 
1 : 1 -complexes  of t y p e  ( I I I ) :  

Cu++ (8.0); Ni  ++ (5-5); Z n  ++ (5 '4) ;  Co ++ (4.8) 
No  v a l u e s  for  Fe  ++ or  M n  ++ could  be  o b t a i n e d  because 

of t h e  s p a r i n g  s o l u b i l i t y  of t h e  complexes .  Fe  +++ ap- 
p e a r e d  t o  f o r m  n o  c o m p l e x ,  in  c o n t r a s t  to  a u r e o m y c i n  
a n d  t e r r a m y c i n  7 w h i c h  c o m b i n e  m o r e  a v i d l y  w i t h  this 
c a t i o n  t h a n  w i t h  t h e  c o m m o n  b i v a l e n t  ions  w h i c h  give 
v a l u e s  of l o g K '  v e r y  s i m i l a r  to  t h o s e  o b t a i n e d  for  (I). 

V a l u e s  of  l o g K  s were  s o u g h t  for  (I). T h i s  is the 
c o n s t a n t  w h i c h  g o v e r n s  t h e  e q u i l i b r i u m  b e t w e e n  (I) and 
t h e  2 : l - c o m p l e x e s  of  t y p e  (IV) s. B e c a u s e  of  so lub i l i ty  
di f f icul t ies ,  l o g K  8 was  o b t a i n a b l e  o n l y  for  Ni  ++, where 
i t  was  f o u n d  to  be  9-8. 

All  t he se  v a l u e s  for  t h e  m e t a l  c o m p l e x e s  of (I) a re  low 
w h e n  c o m p a r e d  w i t h  t h e  c o r r e s p o n d i n g  va lues  for the 
c o m p l e x e s  of t h e  a m i n o - a c i d s .  Th i s  sugges t s  t h a t  these 
c o m p l e x e s  w o u l d  be  m o s t  s t a b l e  in  t h o s e  cells whe re  the 
c o n c e n t r a t i o n  of f ree  a m i n o - a c i d s  was  low. I t  would  be 
i n t e r e s t i n g  to  d e t e r m i n e  w h e t h e r  t h e  t ox i c  a c t i o n  of 
isonicotinic h y d r a z i d e  on  v a r i o u s  s t r a i n s  of m y c o b a c t e r i a  
is in  i nve r se  p r o p o r t i o n  to  t h e i r  c o n t e n t  of free amino- 
ac ids  (or o t h e r  i n t r a d e l l u l a r  m e t a l - b i n d i n g  m a t e r i a l ) .  The 
a b u n d a n c e  of s u c h  s u b s t a n c e s  in  t h e  t i s sues  of t h e  host 
is c o m m o n l y  a s s u m e d  and ,  if  e s t ab l i shed ,  cou ld  explain 
t h e  s e l e c t i v i t y  of ( I ) .  
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Zusamme¢~]assz~ng 

Die  K o n s t a n t e n ,  we lche  das  G l e i c h g e w i c h t  zwischen 
I s o n i k o t i n s i i u r e h y d r a z i d  (I) u n d  den  Ilfit Schwerme ta I l en  
g e b i l d e t e n  K o m p l e x  (III) b e h e r r s c h e n ,  w e r d e n  e rmi t t e l t .  
Die  B e d e u t u n g  d ieser  K o n s t a n t e n  fi ir  die C h e m o t h e r a p i e  
de r  T u b e r k u l o s e  w e r d e n  d i s k u t i e r t .  
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have determined (speetrometrically) a value for [I] [Cu++~----] ' This 

value is not a constant but varies with the hydrogen ion concentration 


