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Formation constants of 1:l binary complexes of Cu(II), NYII), Co(I11) and Mg(II) with nuckic acid 
baser such as adenine, 8iuaadenine, cytosine and uradl are reported at 30" at an ionic strength of 
0.1M (KNO,). The acid dialociation constants of the above ligands are reported at 30 and 60" together 
with the thermodynamic parameters involved in their diuodation reaction#. In general the f i s t  diuo- 
ciation ia favourable and the itability of the 1:l metal complexes decreorcs in the order Cu(1I) > 
Ni(I1) > Co(1I) > Mg(1l). There b a good correlation between the basicity of the ligands and the 
stability of the 1:l metal complexes. No significant interaction b obmved in the caie of uracllwith 
any of the metal ion# investigated. 

INTRODUCTION 

Recently there have been extensive studies on the transition metal complexes of purines 
and pyrimidines.'* These studies have been motivated because of the biological relevance 
of metal binding to DNA constituents. Moreover the carcinostatic activity of some substi- 
tuted purines and pyrimidines*-" also prompted investigations. As a part of a broad 
programme to  study the interaction of metal ions with complicated molecules like poly- 
nucleotides it was considered appropriate to start with simple ligands such as nucleic acid 
bases. Thus the present investigation attempts a detailed study of the interaction of metal 
ions such as Cu(lI), Ni(II), Co(I1) and Mg(II) with adenine, 8-azaadenFne, cytosine and 
uracil at 30" in aqueous solution. A similar study was carried out at 45' in this laboratory 
previously. a 

EXPERIMENT AND CALCULATIONS 

Potentiometric titrations were carried out using an L1-120 Elico digltal pH meter with a 
combined electrode. The electrode system was calibrated and the titrations were carried 
out as described previously.la The reagents were of AnalaR grade and the metal nitrates 
were standardised by the methods outlined earli~r.'~ Carbonate-free sodium hydroxide 
was prepared and standardised by titration with potassium hydrogen phthalate. 

The dissociation reactions of the ligands can be expressed as shown in equations (1) 
and (2) and the constants were calculated by a direct algebraic method." 

~~ ~ 

tAuthor to whom correspondence nhould be addreusd, at the DopPrtment of Chamlrtry, Wert 
Virginia Univsrdty, Morgmtown, WV-26506, USA. 
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Formation of the 1 :1 binary complex b indicated by the following equilibrium. 

Chrges in the above equilibrium expnsriom are omitted for simplicity. The stabilities 
of the complexes were calculated using methods described ~ar l ie r . ’~  

RESULTS AND DISCUSSION 

Add dissodation conatantr of the ligandr calculated by a direct algebraic method from 
the potentlometric titration datr obtained from Figure 1 and are presented in Table 1. 
Adenine, 8-amdenine and cytorine were protonated by adding one equivalent of hydro- 
chloric add. Titration c u m  dmih  to  that in Figure 1 were obtained in all other ma. 

Thermodynamic parameters d a t e d  with the dissociation reactions of the lignnda 
calculated from their comsponding temperature coeflldent data are presented in Table 2. 
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FIGURE 1 Potentlometric titration auvw for d d ~ ~  with Cu(1J) ud WII) in 1:l m t b  of llgnd 
to metal b n  i t  30’ tad c - 0.1M (KNO,). L = P n e  hpnd curve, A = Cu(10 - Adenine curve. B - 
WIJ) - Adenine curve ud i - number of mobr of bue added per mok of Ugand. 
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EQUILIBRIUM STUDY ON BINARY COMPLEXES 
TABLE 1 

Acid dirmodstion conitmti of the purine lad pyrimidine busr at cc = 0.1 M(KN0,). 
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30" 60" 
Ligand PL, P h  PL, Pha 

adenine 4.34 i 0.01 9.63 i 0.01 4.09 i 0.03 9.31 i 0.06 
Oazaadenine 3.51 i 0.06 6.68 i 0.06 3.29 i 0.05 6.35 i 0.06 
cytosine 4.76 t 0.03 11.55 f 0.06 4.20 i 0.03 10.60 i 0.06 
uracil 9.14 i 0.06 - - 8.66 t 0.06 

TABLE 2 
Thermodynamic poramctcn amdated with the Ugand dinodntloru 

~~ ~~ ~~ ~ ~ 

AHi AGi ASi 
Ligand kJ mol- kJ mol- J K* m o l l  

adenine 16.1 25.2 -30.0 
20.7 55.9 -1 16.3 

Bunadenine 14.2 
21.3 

cytosine 36.1 
61.3 

20.4 
38.8 
27.6 
67.1 

-20.4 
-57.6 

21.9 
-19.1 

uracil 31.00 53.1 -72.9 

The 1 : 1 formation constants for the interaction of metal ions with the liganda ham 
been calculated at 30'. The titrations could not be completed because of the separation 
of a solid phase before the inflection point. However calculations were carried out in the 
region of the titration curve well ahead of the precipitation point. No ri@ficant interac- 
tion was observed in the caw of uracil with any of the metal iom. The reacting species, 
the anionic form of uracil, is present only in small amounts in the pH range employed in 
this investigation. The formation constants calculated are &en in Table 2. 

The acid dissociation constants reported in Table 1 fall in line with d u e s  reported 
earlier~1~'6-'s even though different experimental conditions were employed. The 
thermodynamic parameters reported here clearly show that both enthalpy and entropy 
factors favour the first dissociation reaction of all the ligandr. 

The stability of the above 1 :1 metal complexe, mma to be independent of the metal 
ion concentration indicating that the possibility of polynuclear specie0 be@ formed is 
not important. 

TABLE 3 
1:l formation constanti for the intendion of the metal iom with the b- at 30" 
p = 0.1 M(KNO,): 

CU(l1) 7.4 
7.1 

corn 6.8 
Mdll) 6.7 

5 .I 
5.5 
5.3 
5.1 

7 .O 
5.2 
5.2 
2.2 

'i0.1 log K d t r .  
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adenine 

(a) 

cytosine 

(b) 

X=H;  uracil 
X= C)s; thymine 

(C) 

FIGURE 2 The bases involved in this study. 

Regarding the nature of metal ion binding in these complexes, the ligands act mostly 
as monodentates in their coordination to transition metal ions though chelation is seen as 
a possible alternative.19ia When chelation is considered as the preferred alternative, 
purine bases can form stable chelates (a 5-membered ring (Fig. 2a) involving the substi- 
tuent at position 6, the metal ion and N(7)). whereas metal chelation in pyrimidines 
involves a less stable 4-membered ring (Fig. Zb, 2c). In the present investigation it is 
found that the stability of both purine and pyrimidine metal complexes are almost equal. 
This indirectly suggests that both these ligands may be acting as monodentates making 
use of the common pyrimidine ring. 

Another conclusion which may be drawn here is that the stabilities of the 1:l binary 
complexes are in perfect agreement with the basicities of the ligands which decrease in 
the order adenine > 8-azaadenine > cytosine. Thus the increased basicity of adenine 
makes its metal complexes more stable. Introduction of an aza-group in position seven 
decreases the overall basicity of the purine ring system as seen in the case of 8-azaadenine. 
The absence of an imidazole ring in cytosine likewise decreases its overall basicity. The 
higher stability of the Cu(I1)cytosine complex compared with that of 8-azaadenine 
cannot be explained on the basis of our present investigation, but it may be due to  the 
predominant influence of factors other than the basicity of the lignd. Finally, with 
respect to the metal iona, the stabilities of the 1:l binary complexes decrease in the 
order Cu(1I) > Ni(1I) > Co(II) > Mg(Il), as expected. 
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