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Metal complexation equilibria in the binary complexing systems of the type 
M - - L  [M = Cu(II), Ni(II), Co(II), Zn(II), Cd(II), and UQ(VI); L = A Z N  = 8- 
azaguanine] have been examined potentiometrically. The work has further 
been extended to investigating the ternary complexing systems of the type 
M - - A - - L  VA = 2,2' bipyridine, 1,10 phenanthroline or nitril0triaeetic acid]. 
Measurements were done at 25 ~ and at an ionic strength of 0.1M (NaCI04) in 
50 ~ (v/v) aqueous ethanol medium. Stabilities of the ternary complexes as 
compared to those of the corresponding binary complexes of A Z N  are also 
discussed. 

Biologisch relevante Verbindungen aIs" Liganden: Biniire und terniire Komplexe 
yon 5- A v~ino- 7-hydroxy-triazolo [ 4,5--d ]pyrimidin ( ,,8-A zaguanin " ) in Ldsun9 

E s  wurden Komplexierungsgleiehgewichte vom binSzen Typ M - - L [ M  = 
=Cu(II) ,  Ni(iI), Co(lI), Zn(II), Cd(II) und UQ(VI); L = A Z N = 8 -  
Azaguanin] potentiometrisch untersucht. Die Untersuehungen wurden auf 
tern~re Systeme yore Typ M - - A - - L  ausgedehnt [A = 2,2'-Bipyridin, 1,10- 
Phenanthrolin oder NitrilotriessigsgureJ. Die Messungen wurden bei 25 ~ bei 
Ionensts yon 0,1M (NaCI04) in 50yo w/;gr. Ethanol durehgeffihrt. Die 
Stabilit~t der ternS~ren Komplexe im Vergleieh zu den entspreehenden bin/iren 
wird diskutiert. 

Introduction 

8-Azaguanine ( A Z N  ; 5 -amino~7-hydroxy- t r iazolo[4 ,5- -dJpyr-  
imidine) is one of the unna tu ra l  purine bases, not. available normal ly  in 
biological systems.  

a. Present address: M.L.N. Medical College, Allaha.bad 211002: India. 
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The action of such unnatural bases seems to be twofold: (i) bases generally 
block some stage or the other in the process of biosynthesis of the normal purine 
nucleotides, e.g. inhibition of biosynthesis of guanosine monophosphate (GMP) 
by A Z N  1, and (ii) the bases themselves after conversion to nueleotides, are 
incorporated in varying degrees into R NA  and/or DNA,  ultimately resulting in 
an abnormal form of nucleic acid, e.g. incorporation of A Z N  at the expense of 
guanine into the R N A  of tobacco mosaic virus (TMV) 2 and to still a larger 
extent into the RaVA of bacillus eereus~. 

I t  was considered to be of interest to investigate the avidity of A Z N  with 
various metal ions especially in the context of the hypothesis that metal ions 
are involved in the stabilization of the Watson and C~ick double helix of DNA 
by way of some bonding to phosphate groups and others to the purine and 
pyrimidine bases present 4. 

The chelat ing behaviour  of  various purine bases have been widely 
studied, bu t  work on m e t a l - A Z N  complexes is scanty~. Here, the 
results of  studies on the in teract ion of Cu(II) ,  Ni(I1), Co(II) ,  Zn(I I ) ,  
Cd(II) ,  and UO2(VI) ions in b inary  complexat ion  with A Z N ,  and also 
their t e rna ry  complex format ion  involving A Z N  as a secondary  and 
2,2 '-bipyridine ( B I P  Y). l, 10-phenanthroline ( P H E N )  or nitri lotri acetic 
acid ( N T A )  as a p r imary  ligand are reported.  B 1 P Y ,  P H E N ,  and 
N T A  are all biologically impor t an t  6-s. pH~metric t i t ra t ion  technique 
of Irving and Rossotti 9 and its modif icat ion by  Chidambaram and 
Bhattacharya 1~ have been employed.  All the exper iments  were carried 
out  at  25~ and at  an ionic s t rength  of 0 .1M (NaC1Q) and 50% (v/v) 
aqueous-ethanol  medium. 

Experimental 

Materials 

Solutions were prepared using reagent grade chemicals and doubly distilled 
water, either by direct weighing or by standardization employing usual 
methods: (a) metal ions: 0.01M perchlorates of Cu(II), Ni(II), Co(lI), Zn(II), 
Cd(II) and UQ(VI) in 0.02M perchlorie acid; (b) 1.0M sodium perchlorate; (e) 
0.02M perehlorie acid; (d) 0.1M sodium hydroxide; (e) primary ligand (A): 
0.01M each of B I P Y ,  P H E N  and N T A ;  and (f) secondary ligand(L): 0.01M 
A Z N  in 0.02M NaOH. 

Procedure 

All the measurements were carried out at 25 ~ using a Leeds and NoI%hmp 
pH-meter with a glass calomel electrode assembly. 

The following mixtures were prepared for binary and ternary systems: 
(A) 5.0ml perehlorie acid (0,02M) § 5.0m] sodium perchlorate (].0M) 

+ 15.0 ml water + 25.0 ml ethanol, 
(B) 10.0ml perehloric acid (0.02M)+ 5.0ml sodium perchlorate (I.0M) 

+ 5.0 ml L (0.0IM in 0.02M NaOH) + 5.0 ml water + 25.0 m] ethanol, 
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(C) 9.0ml perchloric acid (O.02M)+ 5.0ml sodium perchlorate (1.0J//) 
+ 1.0 mt metal perchlorate (0.01M in 0.02M perchloric acid) + 5.0 ml L (0.01M 
in 0.02M NaOH) + 5.0 ml water + 25.0 ml ethanol, 

(D) 5.0ml perchloric acid (O.02M)+ 5.0ml sodium perchlorate (1.0M) 
+ 5.0 ml A (0.01M) Jr 10.0ml water + 25.0 ml ethanol, 

(E) 5.0ml metal perehlorate (0.01M in 0.02M perchloric a c id )+  5.0ml 
sodium perchlorate (1.0M) + 5.0ml A (0.01M) + 10.0ml water + 25.0mI 
ethanol, and 

(F) 5.0ml perchlorie acid (0.02M)+ 5.0ml metal perehlorate (0.0IM in 
0.02M perchloric acid) + 5.0ml sodium perehlorate (1.0M) + 5.0ml A (0.01M) 
+ 5.0ml L (0.01M in 0.02M NaOH) + 25.0ml ethanol. 
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pH 

Fig. 1. Formation curve: .4Z.u protonation system 

< 1"41 

The mixtures A to F were individually t i t rated against 0.1M NaOH (Figs. 
of the t i t rat ion curves A .F are omitted to economize space). 

In the calculations for the mixed ligand formation constants with NTA, an 
allowance tbr the three protons liberated by way of complexation with various 
metal ions in the tbrmation of (MA'TA) was made. BIPY and PHEN are 
neutral ligands. 

C a l c u l a t i o n s  

M-L System,~ 

The  t i t r a t i o n  curves  A,  B and  C were  e m p l o y e d  for e v a l u a t i n g  9 the  
ave rage  n u m b e r  of  p ro tons  b o u n d  per  free l igand  ion (hA), ave rage  
n u m b e r  of  l igands  a t t a c h e d  per  m e t a l  ion (rT) and  free l igand  e x p o n e n t  
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Fig. 2. Formation curves: [M-AZI~J systems -o  - o - Cu(II), - | - ~ -UO2(VI), 
- O - Q -  N i ( I I ) ,  - o -  �9 Co(II), - o -  o -  Z n ( I I ) ,  - ~  - @  - Cd(II) 
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Fig. 3. Formation curves: [M~ systems - o  �9 Cu(iI)~ ~ - ~ -  
Ni(II), - e -  e -  Co(II), -o - o -  Zn(II) 

(pL). The  f o r m a t i o n  curves  cor respond ing  to p r o t o n - l i g a n d  (Fig.  1) and  
me ta l - l i gand  (Fig.  2) were then  p lo t t ed .  A p p r o x i m a t e  va lues  of  the  
fo rma t ion  cons t an t s  o b t a i n e d  b y  i n t e rpo l a t i on  a t  ha l f  nA(~) va lue  
m e t h o d  and  more  precise va lues  d e t e r m i n e d  b y  the  ave rage  va lue  
m e t h o d  are  r ecorded  in Tab le  1. 

The  absence  of p r o t o n a t e d  and  po lynue l ea r  species was conf i rmed  
b y  us ing severa l  concen t r a t ions  of the  r eac t an t s ,  where  the  resul t s  
o b t a i n e d  were ident ica l .  I n  all the  sys t ems  p r e c i p i t a t i o n  occur red  soon 
a f te r  the  1:1 ( M : L )  s tage  and  s tudies  b e y o n d  this  r ange  were 
impossible .  Hence,  M L s  and  the  h y d r o x o  species l ike ly  to  be fo rmed  
a f te r  this  s tage  could no t  be considered.  
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Fig. 4. Formation curves: [M-PHEN-AZ,u systems - o - �9 Cu(II), - ~- $-  
Ni(II), - e  -O- Co(II),- |  - a -  Zn(II), - | o -  Cd(lI) 
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Fig. 5. Formation curves: [M-NTA-AZN] systems - | @- Cu(iI), - | | 
N i ( I I ) , - | 174174174  Z n ( I I ) , - o - ~ - O d ( I I )  

M - A - L  Systems 

Curve F depar ts  from curve B only  aRer  the complete  fo rma t ion  of 
1:1 ( M ' B 1 P Y )  2+ or ( M ' P H E N )  2+ complex species a nd  before the 
fo rmat ion  of their  hydroxo  species (vide curves A, D and  E). 
( M ' N T A ) -  does no t  undergo  hydroxo  complex fo rmat ion  even at  
higher p H  values. Thus,  the average n u m b e r  of secondary  l igand 
molecules a t t ached  per M A  ions, ~mix were calculated us ing:  

(V v i -  vii)(No q- Eo) 
~mix ( V o + v') nA TC~IA~ 
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Table 1. Stability constants of binary and ternary "metal complexes 
[ 5 0 ~  (v/v) aqueous-ethanol  medium, ~ = 0.1] 

React ions log(Equil .  Const.) b 
Method a Method 

L 2- + H + ~ L H -  10.90 10.77 
L H -  + H + r LH2 6.67 6.81 
Cu 2+ + L 2 ~ CuL 12.30 12.24 
UO 2+ + L~- ~- U Q L  9.70 9.69 
Ni 2+ + 1_7- ~ NiL 9.47 9.47 
Co 2+ + L 2 ~ CoL 8.00 8.07 
Zn 2+ + L 2 ~- ZnL  7.60 7.68 
Cd 2+ + L 2- ~ CdL - -  7.64 
(Cu " B I P Y )  2+ + L~ ~ (Cu " B I P Y  "L) 10.84 
(Ni " B I P Y )  z+ + Le ~ (Ni " B I P Y ' L )  7.60 7.56 
(Zn " B I P Y )  2+ + L 2- ~ (Zn " B I P Y  "L) - -  7.35 
(Co" B I P  Y)e* + L 2- ~ (Co" B I P  Y" L) 7.45 7.45 
(Cu ' P H E N )  ~+ + L 2- ~ (Cu" P H E N '  L) - -  11.07 
(Zn" P H E N f l  + + L 2- ~ (Zn �9 P H E N "  L) - -  7.36 
(Ni " P H E N )  2+ + L 2 ~ (Ni " P H E N  "L) 9.35 9.36 
(Co" P H E N )  ~§ + L 2 ~ (Co" P H E N .  L) 7.55 7.57 
(Cd" PHEAr) 2+ + L u- ~ (Cd'  P H E N "  L) - -  6.59 
(Cu N T A ) -  + L 2 ~- (Cu" N T A  �9 L) a- 5.55 5.53 
(Zn ' N T A ) -  + L 2 ~ (Zn " N T A  "L) 3- 4.03 4.03 
(Ni " N T A )  + L 2- ~ (Ni " N T A  "L) a 4.83 
(Co " N T A ) -  + L 2 ~ ( C o - N T A  'L)  a - -  4.55 
(Cd " N T A )  + L 2- ~ (Cd "NTA "L) 3- - -  3.67 

a Interpolat ion at  half  5A(Fz) value method. 
b Average value method.  

w h e r e  v vi, v ii a n d  v' a r e  t h e  v o l u m e s  of  a lka l i  c o n s u m e d  to  r e a c h  t h e  s a m e  

p H  v a l u e  in t h e  c u r v e s  F ,  B a n d  A r e s p e c t i v e l y ,  TCMAo = t o t a l  in i t i a l  

c o n c e n t r a t i o n  o f  M A  (which  is e q u i v a l e n t  to  in i t i a l  m e t a l  ion  

c o n c e n t r a t i o n  t a k e n  in m i x t u r e  E or  F ) ;  V 0 is t h e  in i t i a l  vol .  o f  t h e  

t i t r a t i o n  m i x t u r e  ; E 0 is t h e  in i t i a l  c o n c e n t r a t i o n  of  pe r ch lo r i c  ac id  a n d  

N 0 is t h e  c o n c e n t r a t i o n  of  a lka l i  used.  

Va lues  of  n,4 a t  d i f f e r e n t  p H  were  a v a i l a b l e  f r o m  t h e  b i n a r y  

c o m p l e x i n g  s y s t e m .  F r o m  t h e  v a l u e s  o f  nmix, PLmix was  c a l c u l a t e d  b y  : 

; .] 
/ f i ,  ~ \ a n t i l o g  B ]  r ~ + v v' 

P Lm~x 
l~176 L T C  LO--  ftmix T C  l~IAO V o _] 

~mix WaS p l o t t e d  a g a i n s t  p Lmi x to  ge t  f o r m a t i o n  c u r v e s  (Figs.  3 5), a n d  
v a l u e s  o f  f o r m a t i o n  c o n s t a n t s  a re  r e c o r d e d  in T a b l e  1. 
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Results and Discussion 

Proton-Ligand System 

The depar ture  between curves B and A is equivalent  to the 
dissociation of two protons in AZN (phenolic and iInino H). 
Dissociation of the imino proton in purines at  higher p H  values is not 
uncol~imon 11. 

OH O" 

/L~N ~N~ m ' IN J ~  --'N + H + 
H2N ~ H2 N/L~ N~'N "N 

H H 

(AZN) ( AZN )- 

0" O- 

,~~N ~. N ~'~ H+ 
H 

(AZN)- (AZN) 2.- 

Binary M-AZN Complexes 

In  all the b inary  systems only 1:1 (M:L)  complexes could be 
detected. Opacity,  turb id i ty  or precipitat ion occurred at higher pH 
and the constants  for 1 : 2 (M : L) complexes could not be obtained. The 
order of stabil i ty of 1 : 1 complexes (Table 1) is : 

Cu(II) > UQ(VI) > Ni(II) > Co(iI) > Zn(iI) > Cd(II) 

which is as usual. Generally with 0 , O-  donors U Q ( V I )  forms stronger 
complexes than  Cu(II),  bu t  this may  be reversed in ligands with 0 , N -  
donors 1~, as in this case. 

Ternary M-A-AZIV Complexes 

The systems Cd(II)-BIP Y-AZN,. UQ(VI)-BIP Y-AZN, UOe(VI)- 
PHEN-AZN and UO2(VI)-iVTA-AZN could not be studied either due 
to occurrence of precipitation, opaci ty  or turbidi ty,  ol- the necessary 
conditions 10 were not applicable. 

F rom statistical considerations, the stabilities of t e rnary  complexes 
in M-BIP Y or PHE,gr-L systems should be appreciably lower than  the 
first step format ion constant  of ML as the concentrat ion of electrons 
around the metal  ion in (M-BIPY) 2+ would be more than  in 
[M(H20)n] 2+ owing to B I P Y  being more strongly coordinating than  
H20. But  it is noted here tha t  values are not much lower (Table 1) ; the 
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reason bei.ng in (M" B I P  y)2+ species the M - N  bond is influenced not 
only by L - +  M a-interaction, but  there also occurs to some extent  
M ~ L (d = ~  ~)-interaction, which does not permit  the concentration 
of electrons around the metal  ion to increase significantly 10. Results 
with 1,10-phenanthroline as a p r imary  ligand (Table 1) are similar to 
those with 2,2'-bipyridine, perhaps due to the structural  similarity 
between P H E N  and B I P  Y. 

On the other hand, the formation constant  corresponding to the 
association of A Z N  with (M " N T A ) -  is much less than  the first step 
formation constant  of M L  (Table 1). This appears  to be due to Coulomb 
repulsion between the L 2- and N T A  a- anions, which lowers the stabil i ty 
of the mixed ligand chelates. No such repulsion, however, is 
encountered during the process of M L  formation. 

The order of s tabil i ty of mixed ligand complexes follows the same 
pa t te rn  as in the binary A Z N  complexes. 
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