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The binding of DNA nucleotides to a platinum group metal complex concomitantly through the purine/pyrimidine 
ring and phosphate residue sites is described for the first time by a unified rate law based on the results of a 
com pre hensive ki netic study . 

The evidence for phosphate binding in addition to normal base 
binding on treating platinum group metal complexes with 
DNA nucleotides has largely resulted from structure-related 
studies. 1-3 The few available kinetic studies435 on the subject 
neither present a mechanism reflecting the relationship 
between phosphate and base binding nor a rate law for the 
entire complexation process. This paper is the first to address 
these shortcomings by virtue of a comprehensive kinetic 
study. It represents the results obtained with one nucleotide 
(cytidine-5'-monophosphate) only, since it serves as an 
introduction to a more comprehensive paper6 covering all of 
the nucleotides of DNA. 

The general mechanism in Scheme 1 for the substitution 
reactions at the square-planar Pd(dien)Cl+ and Pd(dien)- 
(OH#+ (dien = diethylenetriamine) centres, which have 
been selected as a labile reference system for the interaction of 
antitumour complexes with DNA, is such that for L = strong 
nucleophile the two-term rate law kobs = k l  + k&] applies 
and k,,, is a non-rate-determining step. It was shown previ- 
ously,7 however, that with L = free bases, nucleosides and 

5'-nucleotides of DNA, the anation step (kaJ is slowed to 
such an extent that it becomes rate determining and renders 
the aqua complex as the only entity reacting with DNA. 

The selected pseudo-first-order rate constants kobs in Table 
1 for the free base (cytosine) and nucleoside (C) are totally 
different from those for the nucleotide (CMP) at neutral pH,  
whereas at p H  = 3 the values for the three entities are very 
similar. This indicates that the phosphate residue of the 
nucleotide, in view of its pK, - 6,s serves as an additional 
coordination site to the normal pyrimidine ring nitrogen N(3) 
at neutral pH. 

The effect of phosphate binding is to lower, through 
preequilibrium K3 in Scheme 2, the fraction of aqua complex 
available to react with the pyrimidine N(3) atom, in much the 
same way as the fraction of aqua complex is diminished 
through preequilibrium K 1  by the addition of chloride ion 
(kobs decreases with increasing [Cl], in Table 1). The 
instability constant for the phosphate-bonded complex was 
determined to be K3 = 18.4 s-1/1.2 x 104 dm3 mol-1 s-1 = 
1.53 x 10-3 mol dm-3, in good agreement with the average 

Table 1 Selected (pH = 3 and 7 only) rate constants (measured stopped-flow spectrophotometrically at h = 350 nm) for the reaction o f  
Pd(dien)(0H2)?+ ([Cl], = 0) and Pd(dien)Cl+ (1 X < [Cl]T G 5 x mol dm-3) with cytosine, C and CMP. [Complex] = 
1 x 10-3 mol dm-3; ionic strength = 1 x 10-1 mol dm-3: T = 25°C. 

Cytosine,C 3 0.010 2.14rt0.15 1.43rf10.15 0.96rt0.02 0.53rf10.02 
CMP 3 0.010 2.08 k 0.09 1.59 * 0.03 1.03 k 0.07 0.53 k 0.01 
Cytosine,C 7 0.010 32.7 f 0.6 17.2 rt 0.5 12.7 k 0.9 6.8 k 0.5 
CMP 7 0.010 7.3 rt 0.1 7.4 rt 0.2 7.3 f 0.2 5.5 rt 0.2 
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value K = 1.43 x 10-3 mol dm-3 extracted from the literature9 
for comparable phosphato complexes. This value is of the 
same order of magnitude as the instability constant K1 = 1.13 
x 10-3 mol dm-3 10 for the chloro complex, implying that the 
fraction of aqua complex available for coordination with the 
pyrimidine N(3) atom is decreased to almost the same extent 
by the phosphate group and chloride ion (/cobs shows no [C1IT 
dependence for CMP at neutral p H  in Table 1). 

The pyrimidine ring site N(3) (pKL = 4.45)" binds to the 
central metal atom by displacement of the water molecule of 
the aqua complex, the available fraction of which is deter- 
mined by equilibria K 1  and K2 in the case of the free base and 
nucleoside and K1, K2 and K3 in the case of nucleotide. The 
observed second-order rate constant k,, for the formation of 
the N(3)-bonded complex was determined at each p H  in the 
range 2 G p H  G 8 from the slope of a plot of kobs versus 
faqua[LIT. with the value of faqua calculated by using eqn. (1) 

without the last term in the denominator for the free base and 
nucleoside and with the last term in the denominator for the 
nucleotide. For such calculations, the values K 1  = 10-2.95, K2 
= 10-7 38, K3 = 10-2.82 were either measured or  taken from 
the literature.1O-12 [phosphate] = [L]=K,/(K, + [H+]) was 
calculated using K ,  = 10-6.08 and [Cl-] was determined by 
computer simulation of the equilibrium concerned. The 
intercepts of the plots of kobs versus faqua[LIT are always zero 
for 2 6 p H  < 5 ,  but a distinct intercept is observed for the 
nucleotide at p H  2 5 .  This may be attributed to a reverse 
aquation reaction of the N(3)-bonded complex with rate 
constant k,,  ( c f .  Scheme 2 )  in view of the relatively low 
percentage (e.g. 16.4% of the nucleotide as opposed to 99.7% 
of the nucleosidelfree base at p H  = 7) of the incoming ligand 
available for N(3) coordination under the conditions con- 
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Fig. 1 The pH profile for reaction of Pd(dien)(OH2)*- with cytosine, 
C and CMP. A Cytosine, C observed, 0 CMP observed, H predicted. 

K2 = 10-738.11.12 The values of k,, obtained at different 
p H  were fitted to  eqn. (2) using a standard non-linear 
least-squares procedure with kanl and kan2 as adjustable 
parameters. The values turned out to be kanl = (3416 k 100) 
dm3 mol-1 s-1 and kan2 ca. 0, indicating that the DNA 
components are capable of coordinating in the unprotonated 
form only. The predicted values of k,, derived from the data 
fit for the three D N A  components at various p H  are compared 
with the corresponding observed values by virtue of the p H  
profile in Fig. 1. The correspondence between observed and 
predicted rate constants and the realistic pK values (4.4 and 
7.4 as compared to 4.45 and 7.38 for the ligand and aqua 
complex, respectively) shown by the dotted lines at the 
inflection points, support the proposed mechanism and 
corresponding rate law. The maximum of the profile corre- 
sponds to  the p H  at which high percentages of unprotonated 
ligand (97%) and reactive complex species (96%) exist in 
solution simultaneously. This represents the optimum condi- 
tion for coordination in the present case and illustrates the 
biological importance of such p H  profiles for complexation 
processes involving active antitumour complexes. 
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