
1. Introduction
In the 40 years since the discovery of cisplatin, hundreds 
of new platinum(II)-based complexes have been 
synthesized and tested as anticancer drugs [1]. From 
these, only carboplatin and oxaliplatin have received 
world-wide approval [2]. Several new drugs, including 
satraplatin, picoplatin and multinuclear drugs like 
BBR3464, are in various stages of clinical trials [3-5]. 
All these drugs have similar structures: they contain 
one or more platinum atoms coordinated to amine 
or ammine carrier ligands and chloro, carboxylate, 
oxalate or acetate leaving groups [1]. It is assumed 
that carboplatin is a pro-drug for cis-platin [6]. Other 
investigators suggested a ring opening of one of the 
coordinated carboxylate group [7], followed by the 
interaction with guanosine 5’-monophosphate to form 
[Pt(NH3)2(CBDCA-O)(5’-GMP)]. This assumption was 
supported by the kinetic investigation of the reaction of 
[Pd(amine)2(CBDCA)] with inosine-5’-monophosphate 
[8]. The complete displacement of CBDCA by DNA 

constituents was investigated [9,10] from the kinetic 
point of view.                                                                                                           

Work in our laboratories has focused on the studies 
of metal complexes of biological significance [11-16]. 
It seemed of interest to study the behaviour of 
palladium(II) complex with 3-dimethylaminopropylamine 
(DMPA), involving a six-membered chelate ring. The 
increase in the chelate ring size will increase the bite 
angle, which can have the effect of increasing the steric 
interaction between the guanines in the cis-Pt(diamine)
G2 adduct, thereby slowing down the rotation of the 
guanines about the Pt-N7 bonds [17,18].  Such restriction 
may stabilize the DNA adduct. This is consistent with 
the finding that cis-Pt(1,4-DACH)Cl2, (1,4-DACH = 
1,4-diaminocyclohexane ), where a seven-membered 
chelate ring is formed, is more active than cisplatin 
and oxaliplatin in several in vivo and in vitro tests [19].  
Also, the two methyl groups will create steric hindrance 
with the incoming DNA ligand. This will diminish the 
reactivity of the complexes to the same level as for its 
platinum-amine analogues.
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In order to avoid the inert substitution behavior of 
Pt(II) complexes, and on the basis of the remarkable 
analogy between the coordination chemistry of Pt(II) 
and Pd(II) complexes, a series of labile Pd(II) complexes 
have proved useful as models for the Pt(II) complex. In 
the present investigation, the Pd(DMPA)Cl2 complex 
is synthesized and characterized. The interaction of 
[Pd(DMPA)(H2O)2]2+ with dicarboxylic acids is studied. 
The effect of solvent dielectric constant, chloride ion 
concentration of the medium and temperature on the 
complex formation equilibria of cyclobutanedicarboxylic 
acid is investigated. The thermodynamic parameters 
are evaluated.  The displacemet reaction of coordinated 
CBDCA by inosine, taken as an example of DNA 
constituents, is investigated. This reaction measures 
the activity of the Pt/Pd(CBDCA)-based drug.

2. Experimental procedure

2.1. Materials
K2PdCl4, N,N-dimethylaminopropylamine, oxalic acid, 
malonic acid, cyclobutanedicarboxylic acid, succinic 
acid, adipic acid fumaric acid and inosine were obtained 
from Aldrich. For equilibrium studies, [Pd(DMPA)Cl2] 
was converted into the diaqua complex as described 
before [20].  All solutions were prepared in deionized 
water. 

2.2. Synthesis
Pd(DMPA)Cl2 was prepared by dissolving K2PdCl4 
(2.82 mmol)  in 10 mL water  with stirring. 
The clear solution of [PdCl4]2- was filtered and 
N,N-dimethylpropylamine (2.82 mmol) dissolved in 
10 mL H2O was added dropwise to the stirred solution. 
The pH was adjusted to 2-3 by the addition of HCl 
and/or NaOH. A yellowish-brown precipitate of 
Pd(DMPA)Cl2 was formed and stirred for a further 
30 minutes at 50°C. After filtering off the precipitate, it 
was thoroughly washed with H2O, ethanol and diethyl 
ether. A yellow powder was obtained. Anal. Calcd. for 
C5H14N2PdCl2(F.Wt =279.48) : C, 21.49; H, 5.05;  
N, 10.02. Found: C, 21.6; H, 5.2; N, 9.9.

2.3. 
  
Potentiomtric titrations were performed with a Metrohm 
686 titroprocessor equipped with a 665 Dosimat. The 
titroprocessor and electrode were calibrated with 
standard buffer solutions, prepared according to NBS 
specifications [21]. All titrations were carried out at 

25.0 ± 0.1ºC in a purified nitrogen atmosphere using 
a titration vessel described previously [22]. Elemental 
analysis was done using a CHNS Automatic Analyzer, 
Vario ElIII-Elementar. 

The acid dissociation constants of the dicarboxylic 
acids were determined by titrating 0.05 mmole 
samples of each with standard NaOH solutions. The 
acid dissociation constants of the coordinated water 
molecules in [Pd(DMPA)(H2O)2]2+ were determined 
by titrating 0.05 mmole of complex with standard 
0.05 M NaOH solution. The formation constants of 
the complexes were determined by titrating solution 
mixtures of [Pd(DMPA)(H2O)2]2+ (0.05 mmole) and the 
ligand in the concentration ratio of 1:1 (Pd:ligand) for 
the dicarboxylic acid and 1:2 for  inosine.  The titrated 
solution mixtures each had a volume of 40 mL and the 
titrations were carried out at different temperatures and 
in dioxane-water solutions of different compositions 
and 0.1 M ionic strength (adjusted with NaNO3). 
A standard 0.05 M NaOH solution was used as the 
titrant. The pH meter readings were converted to 
hydrogen ion concentration by titrating a standard HNO3 
solution (0.01 M), the ionic strength of which was 
adjusted to 0.1 M with NaNO3, with standard NaOH 
(0.05 M) at 25°C. The pH values were plotted against 
p[H] values. The relationship pH - p[H] = 0.05 was 
observed.

The species formed were characterized by the 
general equilibrium

pM + qL + rH   (M)p(L)q(H)r                          (1)
                           
for which the formation constants are given by

                                                                                    (2)                

Where M, L and H stand for [Pd(DMPA)(H2O)2]2+ ion, 
ligand  and proton, respectively. The calculations were 
performed using the computer program MINIQUAD-75 
[23]. The stoichiometry and stability constants of the 
complexes formed were determined by trying various 
possible composition models for the systems studied. 
The model selected was that which gave the best 
statistical fit and was chemically consistent with the 
magnitudes of various residuals, as described elsewhere 
[23]. Tables 1-4 list the stability constants together with 
their standard deviations and the sum of the squares of 
the residuals derived from the MINIQUAD output. The 
concentration distribution diagrams were obtained with 
the program SPECIES, (L.D. Pettit, IUPAC Stability 
Constants Database, Academic Software)

Apparatus and experimental 
measurements
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3. Results and discussion
3.1. Acid- base equilibria 
The acid dissociation constants of the ligands were 
determined under the experimental conditions used to 
determine the stability constants of the Pd(II) complexes. 
The values obtained are consistent with data reported 
in the literature [24]. 

The coordinated water molecules are usually more 
acidic than the bulk water molecules. [Pd(DMPA)
(H2O)2]2+ may undergo hydrolysis. Its acid-base 
chemistry was characterized by fitting the potentiometric 
data to various acid-base models. The best-fit model 
was found to be consistent with three species: 10-1, 
10-2 and 20-2. The first two, 10-1 and 10-2, are due to 
deprotonation of the two coordinated water molecules, 
as given in Eqs. 3 and 4. The third species, 20-2, is 
the dimeric di-µ-hydroxy complex of two 10-1 species 
according to Eq. 5.

                                pKa1

[Pd(N-N)(H2O)2]2+ [Pd(N-N)(H2O)(OH)]+ + H+   (3)                   
         100                            10-1                 
    
                                          pKa2 

[Pd(N-N)(H2O)(OH)]+ [Pd(N-N)(OH)2] + H+        (4)               
         10-1                                10-2

N

N
Pd

OH

OH2

 

N

N
Pd

O

O

N

N
Pd

H

H
 

+

2 + 2 H2O   (5)
logKdimer 

10-1 20-2

2+

              

(5)

The pKa1 and pKa2 values for [Pd(DMPA)(H2O)2] 2+ are 
7.84 and 9.34, respectively, The equilibrium constant 
of the dimerisation (5) can be calculated using the 
relationship:

log Kdimer = logβ20-2-2 logβ10-1 = -11.87-2(-7.84) = 3.81

3.2. Complex-formation equilibria
The potentiometric data of the dicarboxylic acid 
complexes with Pd(DMPA) was fitted considering the 
formation of the 1:1 complex. The results, given in 
Table 1, show that the formation constant of the 
complexes formed with cyclobutanedicarboxylic acid, 
oxalic acid and malonic acid, where five and six-
membered chelate rings are more stable than those of 
succinic acid and adipic acid, where seven- and eight-
membered chelate ring are formed. The extra-stabiliy of 

the complexes involving five- and six-membered chelate 
ring is described on the basis that the chelate rings 
formed are more favoured energetically. It is to be noted 
that CBDCA complex has higher stability constant than 
that of malonic acid, both of them form six-membered 
chelate rings. This may be explained on the premise that 
pKa values of CBDCA are higher than those of malonic 
acid. Succinic acid and adipic acid form in addition to 
the 1:1 complex (110) the protonated form (111). The 
pKa of the protonated complex (pKa = log β111 – log β110) 
are 4.28 and 4.26 for succinic acid and adipic acid 
complexes respectively. These values are close to the 
second acid dissociation constant of the corresponding 
acid. Inosine forms the 1:1 and 1:2 complexes in addition 
to the protonated form of the 1:1 complex.  
The distribution diagram of [Pd(DMPA)]2+ - CBDCA 
complex was given in Fig.  1. The main species in the 
physiological pH range is the ring-closed form, 110, 
which reaches a maximum concentration of 98.5% at 
pH ca. 5.9.

3.3. Effect of solvent
Some biochemical micro-environments as active sites 
of enzymes and side chains in protein have lower 
polarity [25-28]. Dioxane-water mixtures approximately 
correspond to these properties. From the biological 
point of view, a study of Pd(DMPA)-CBDCA complex 
in dioxane-water solutions will be interesting. 
The acid-base equilibria of CBDCA and [Pd(DMPA)
(H2O)2]2+ and formation equilibria of Pd(DMPA)-CBDCA  
complex are investigated in solutions of different dioxane 
percentage. The equilibrium constants are given 
in Table 2.  

The hydrolysis of   [Pd(DMPA)(H2O)2]2+ complex in 
dioxane-water solutuon does not lead to the formation 
of the dihydroxo-bridged dimer and the mono- and 
dihydroxy species are detected. The pKa values of the 
coordinated water molecules in [Pd(DMPA)(H2O)2]2+  

and those of CBDCA increase linearly with increasing 
dioxane content. This is discussed in terms of the 
ability of a solvent of relatively low dielecric constant to 
increase the electrostatic attraction between the proton 
and the hydrolysed form of Pd(II) species and that 
between proton and ligand anion in case of CBDCA. 
The stability constant for Pd(DMPA)-CBDCA complex 
increases with increasing dioxane concentration. This is 
due to complex formation, involving oppositely charged 
ions as in the Pd(DMPA)-CBDCA complex. The results 
show that CBDCA complex with Pd(DMPA)2+ will be 
more favoured in biological environments of low dielecric 
constant.     
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3.4. 

The pKa values of the first and second coordinated 
water molecules in [Pd(DMPA)(H2O)2]2+ increase with 
increasing chloride ion concentration. The results are 
given in Table 3. This may be explained on the premide 
that the chloride ion competes with OH- ion for reaction 
with [Pd(DMPA)(H2O)2]2+ complex. This means that the 
hydrolysis is suppressed by increasing the chloride ion 
concentration. The results of the effect of chloride ion 
concentration on the stability of Pd(DMPA)-CBDCA 
complex are given in Table 3. The stability constant of the 
CBDCA complex tends to decrease with increasing [Cl-]. 
This is discussed on the basis that the active species, 
the diaqua- complex, decreases with increasing [Cl-] 
and consequently the stability constant of the complex 
decreases.

3.5. Effect of temperature
The hydrolysis constants of [Pd(DMPA)(H2O)]2+,the 
protonation constants of CBDCA and the formation 
constants of [Pd(DMPA)(H2O)]2+ complex with 
this ligand are shown at different temperatures and 

0.1 M ionic strength in Table 4. The thermodynamic 
parameters ∆H and ∆S were obtained by linear least 
square fit of lnK versus 1/T, leading to an intercept ∆S/R 
and a slope of -∆H/R, Figs. 1-3. The results obtained 
are summarized in Table 5 and explained as follows:

a) The formation constant for the hydrolyzed 
species of [Pd(DMPA)(OH)]+, expressed as βOH, can 
be calculated from:

log βOH  = pKw + log β11-1

The hydrolysis reactions are accompanied by 
endothermic liberation of ordered water of hydration from 
the reactants to form bulk water of greater disorder and 
are accompanied by a significant increase in entropy. 
However, the ∆H values in Table 5 can be considered 
as the net summation of two opposing effects, namely 
the exothermic hydrolysis reaction and the endothermic 
liberation of ordered water of hydration. The hydrolysis 
Reactions 1 and 2 in Table 15 are exothermic reactions. 
Reaction 1 comprises attraction between a divalent 
cation and OH-, while Reaction 2 comprises attraction 
between a monocation and OH-. As such, Reaction 1 is 
more exothermic than Reaction 2. Also, the first water 
molecule to be removed in Reaction 1 is more bound 

Table 1. Formation constants for complexes of [Pd(DMPA)(H2O)2]
2+ with dibasic acids and inosine at 25°C and 0.1 M ionic strength.

System M  L  Ha   Logβb pKa
c

Cyclobutane-1,1- dicarboxylic acid

0  1  1
0  1  2
1  1  0
1  1  1

5.48(0.01)
8.27(0.02)
4.49(0.04)
8.03(0.10)

5.48
2.79

3.54

Malonic acid

0  1  1
0  1  2
1  1  0
1  1  1

5.25(0.02)
7.85(0.03)
 3.83(0.04)
 7.39(0.10)

5.25
2.60

3.56

Oxalic acid

0  1  1
0  1  2
1  1  0
1  1  1

3.96(0.02)
5.67(0.03)
 3.55(0.05)
6.45(0.10)

3.96
1.71

2.90

Succinic acid

0  1  1
0  1  2
1  1  0
1  1  1

5.54(0.02)
9.57(0.03)
 3.30(0.03)
 7.94(0.07)

5.54
4.03

4.64

Adipic Acid

0  1  1
0  1  2
1  1  0
1  1  1

5.45(0.03)
9.64(0.04)
 3.77(0.01)
7.49(0.10)

5.45
4.19

4.37

Fumaric acid
0  1  1
0  1  2
1  1  0
1  1  1

4.47(0.04)
6.93(0.04)
3.51(0.10)
8.47(0.06)

4.47
2.46

4.96

Inosine
0  1  1
1  1  0
1  2  0
1  1  1

  8.80(0.02)
  7.32(0.03)
12.38(0.03)
12.12(0.04)

8.80

4.80
aM, L and H are the stoichiometric coefficients corresponding to Pd(N-N), dibasic acids, and H+ respectively. blog β of Pd(DMPA)- dibasic acids; 

Standard deviations are given in parentheses; sum of square of residuals are less than 5×10-7. cThe pKa of the protonated species is given by 
pKa = log β111 -log β110.

Effect of chloride ion concentration on 
the equilibrium constants of [Pd(DMPA)
(H2O)]2+ complexes
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than the second water molecule in Reaction 2. This 
results in the ∆S value of Reaction 1 being higher than 
that of Reaction 2 

b) The protonation Reactions 4 and 5 in Table 5 
of CBDCA are exothermic with negative ∆H values, 
because they are all neutralization reactions.

c) The complexation Reaction 6 is exothermic with 
a negative ∆H value. This is attributed to the charge 
neutralization between the positive Pd(DMPA)2+ species 
and negative ligand.

3.6. Displacement   reaction   of    coordinated  
       cyclobutanedicaroxylic acid
The preference of Pd(II)  to coordinate to N-donor 
ligands was previously documented [29,30]. 
The antitumour activity of carboplatin is based 

on the displacement and/or the ring opening 
of coordinated cyclobutanedicarboxylate by DNA. 
Consequently, the equilibrium constant for such 
a displacement reaction is of biological significance. 
Consider inosine as a typical DNA constituent 
represented by HA and cyclobutanedicaboxylic 
acid represented by H2B. The equilibria involved 
in complex-formation and displacement reactions 
are: 

HA H+ + A-                                                                                   (5a)

H2B  2H+ +B2-                                                  (5b)

[Pd(DMPA)]2+ + B2-  [Pd(DMPA)B]         (6a)
   (100)                                                  (110)

Table 2. Formation constants for the complex of [Pd(DMPA)(H2O)2]
2+ with CBDCA at different concentrat ions of solvent (dioxane) 

                          and at 25° C and 0.1 M ionic strength.

Dioxane (%) M  L  Ha Logβb

Pd(DMPA)
Dioxane

  (%) 
M  L  Ha Logβb

Pd(DMPA)

0%

1  0 -1
1  0 -2
2  0 -2
0  1  1
0  1  2
1  1  0
1  1  1

 -7.84(0.01)
-17.18(0.02)
-11.87(0.07)

5.57(0.01)
8.57(0.02)
4.49(0.05)
8.03(0.02)

12.5%

1  0 -1
1  0 -2
2  0 -2
0  1  1
0  1  2
1  1  0
1  1  1

-8.01(0.01)
-17.84(0.02)
-12.08(0.01)

5.73(0.01)
8.75(0.01)
5.36(0.02)
9.84(0.02)

25%

1  0 -1
1  0 -2
2  0 -2
0  1  1
0  1  2
1  1  0
1  1  1

-8.52(0.01)
-18.50(0.02)
-12.95(0.01)

6.18(0.01)
9.71(0.01)
6.02(0.02)
9.84(0.02)

37.5%

1  0 -1
1  0 -2
2  0 -2
0  1  1
0  1  2
1  1  0
1  1  1

-8.79(0.01)
-19.15(0.02)
-13.34(0.02)

6.85(0.01)
10.51(0.02)
6.68(0.03)

10.69(0.03)

50%

1  0 -1
1  0 -2
2  0 -2
0  1  1
0  1  2
1  1  0
1  1  1

 -9.21(0.01)
-19.81(0.02)
 -14.09(0.01)

6.99(0.01)
11.30(0.01)
7.27(0.02)

11.48(0.02)
aM, L and H are the stoichiometric coefficients corresponding to Pd(DMPA), CBDCA, and H+ respectively; bStandard deviations are given in 
parentheses; sum of square of residuals are less than 5×10-7.

y = 3816.2x + 1.4608

y = 1722.9x + 3.7599

y = 25.564x + 7.3653
6

11

16

0.0032 0.00325 0.0033 0.00335 0.0034 0.00345 0.0035

1/T

ln
K

a

b

c

Figure 1. Effect  of  temperature on the hydrolysis of [Pd(DMPA)(H2O)2]
2+, where  a, b  and c correspond  to  Reactions 1, 2 and 3  in Table 5,  

        respectively.
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β110
[Pd(DMPA)B] = [Pd (DMPA)B ]/[Pd(DMPA)2+] [B2-] (6b)

[Pd(DMPA)]2+ + A- [Pd(DMPA)A]+       (7a)                 
         100                                            110

β110
[Pd(DMPA)A]+ = [Pd(DMPA)A+]/[Pd(DMPA)2+] [A-](7b)           

                                         Keq

[Pd(DMPA)(B)] + A-  
                        Keq

                 [Pd(DMPA)(A)+]  +  B2-            (8)        

The equilibrium constant for the displacement reaction 
given in Eq. 8 is given by 

Keq = [Pd(DMPA)(A)+][ B2-] / [Pd(DMPA)(B)][A-]      (9)  

Substitution from Eqs. 6b and 7b in Eq. 9 results in:

Keq
 = β110

[Pd(DMPA)A+]/β110
[Pd(DMPA)(B)]                                  (10)      

 
log β110 values for [Pd(DMPA)(A)+] and [Pd(DMPA)B] 
complexes, taken from Table 1, amount  to 7.32 and 

Table 3. Formation constants for complexes of [Pd(DMPA)(H2O)2]
2+ w i th CBDCA at different concentrations of chlorides at 25° C and 

                         0.30  M ionic strength.

[Cl-]
mol L-1

M  L  Ha Logβb

Pd(DMPA)
[Cl-]

mol L-1
M  L  Ha

Pd(DMPA)
Logβb

Pd(DMPA)

0.0

1  0 -1
1  0 -2
2  0 -2
1  1  0
1  1  1

-7.84(0.01)
-17.18(0.01)
-11.87(0.07) 

4.49(0.05)             
8.03(0.02)

0.2

1  0 -1
1  0 -2
2  0 -2
1  1  0
1  1  1

-8.45(0.01)
-18.48(0.01)
-13.32(0.01) 

3.84(0.01)   
7.65(0.09)

0.05

1  0 -1
1  0 -2
2  0 -2
1  1  0
1  1  1

-7.92(0.01)
-17.57(0.01)
-12.09(0.01) 

4.23(0.08)             
7.81(0.06)

0.25

1  0 -1
1  0 -2
2  0 -2
1  1  0
1  1  1

-8.65(0.01)
-18.79(0.01)
-13.82(0.02)

3.72(0.01)             
7.69(0.08)

0.1

1  0 -1
1  0 -2
2  0 -2
1  1  0
1  1  1

-8.11(0.01)
-17.87(0.01)
-12.51(0.01)

4.11(0.08)           
7.75(0.07)

0.3

1  0 -1
1  0 -2
2  0 -2
1  1  0
1  1  1

-8.88(0.01)
-19.17(0.02)
-14.35(0.01) 

3.51(0.01)
7.65(0.08)

0.15

1  0 -1
1  0 -2
2  0 -2
1  1  0
1  1  1

-8.32(0.01)
-18.21(0.01)
-12.97(0.01)

3.97(0.07)
7.68(0.06)

aM, L and H are the stoichiometric coefficients corresponding to Pd(DMPA), CBDCA, and H+ respectively; blogβ of Pd(DMPA)-CBDCA. Standard 
deviations are given in parentheses; sum of square of residuals are less than 6×10-8.

Table 4. Formation constants for complexes of [Pd(DMPA)(H2O)2]
2+ with CBDCA at different temperatures and 0.1 M ionic strength.

Temp.  (ºC) M  L  Ha Logβb Temp.  (ºC) M  L  Ha Logβb

15

1  0 -1
1  0 -2
2  0 -2
0  1  1
0  1  2
1  1  0
1  1  1

-7.84(0.04)
-17.85(0.01)
-12.45(0.05)

5.61(0.01)
 8.66(0.01)
 6.55(0.1)
10.92(0.1)

30

1  0 -1
1  0 -2
2  0 -2
0  1  1
0  1  2
1  1  0
1  1  1

-7.67(0.05)
-17.33(0.01)
-12.05(0.04)

5.54(0.01)
 8.52(0.01)
6.51(0.08)

10.63(0.08)

20

1  0 -1
1  0 -2
2  0 -2
0  1  1
0  1  2
1  1  0
1  1  1

-7.79(0.04)
-17.67(0.01)
-12.34(0.05)

5.59(0.01)
 8.62(0.01)
 6.53(0.08)
10.84(0.08)

35

1  0 -1
1  0 -2
2  0 -2
0  1  1
0  1  2
1  1  0
1  1  1

-7.57(0.04)
-17.08(0.01)
-11.92(0.04)

5.51(0.01)
 8.48(0.02)
 6.49(0.07)
10.55(0.08)

25

1  0 -1
1  0 -2
2  0 -2
0  1  1
0  1  2
1  1  0
1  1  1

-7.69(0.04)
-17.48(0.01)
-12.20(0.05)

5.57(0.01)
8.57(0.01)
6.52(0.10)

10.72(0.07)
aM, L and H are the stoichiometric coefficients corresponding to Pd(DMPA), CBDCA, and H+ respectively; blog β of Pd(DMPA)-CBDCA. Standard 
deviations are given in parentheses; sum of square of residuals are less than 5×10-7.
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Table  5. Thermodynamic parameters for the equilibria of Pd(DMPA) complexes.a

Equilibriumb ∆H kJ mol-1 ∆S kJ -1 mol-1 ∆G kJ mol-1

Pd(DMPA)(H2O)2
2+

1) M(H2O)2
2+  + OH-  M(H2O)(OH)+ + H2O

-31.73(0.60) 12.15 (0.9) -35.35(0.5)

2) M(H2O)(OH)+ + OH- 
 M(OH)2 

 + H2O
-14.32(0.60) 31.26(0.7) -23.64(0.5)

3) 2M(H2O)(OH)+  M2(OH)2
2+ +2H2O

-0.21(0.50) 61.23(0.5) -18.46(0.4)

Cbdca

4) L2-  +  H+
  LH- -8.47(0.31) 78.10(0.9) -31.70(0.3)

5) LH-  + H+
  LH2 -7.15(0.25) 33.50(0.4) -17.20(0.2)

6) M(H2O)2
2+  + L2-  ML  +2H2O

-27.52(0.60) -11.76(0.7) -24.01(0.5)

7) ML + H+  
 M(LH)+ -4.75(0.20)  108.90(0.3) -37.20(0.2)

aM denotes Pd(DMPA) and L denotes ligand; Standard deviations are given in parentheses. b Stepwise formation constants.

y = 1.02E+03x + 9.39E+00

y = 8.60E+02x + 4.04E+00

0

5

10

15

0.0032 0.0033 0.0034 0.0035

1\T

ln
 K

a

b

Figure 2. Effect of temperature on acid-base equilibria of cbdca, where a and b correspond to Reactions 4 and 5 in Table 5, respectively. 

y = 5.72E+02x + 1.31E+01

y = 3.31E+03x - 1.42E+00
6

9

12

15

18

0.0032 0.00325 0.0033 0.00335 0.0034 0.00345 0.0035

ln
 K

a

b

Figure 3.  Effect  of  temperature  on  the  stability of  [Pd(DMPA)(CBDCA)],  where a  and  b  correspond  to  Reactions  6  and  7 in  Table 5,  
          respectively. 
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 acids and inosine: Thermodynamic model for carboplatin drug

4.49, respectively, and by substitution in Eq. 10 results 
in log Keq = 2.83. This value clearly indicates how a 
DNA constituent such as inosine, the main target in 
tumour chemotherapy, can displace the coordinated 
cyclobutanedicarboxylate. At the same time, the 
DNA adduct is deactivated by displacement of the 
coordinated DNA by sulphur containing biomolecules 
as reported previously [31,32].

4. Conclusions
It is generally accepted that the antitumour activity 
of carboplatin and oxliplatin can be ascribed to 
the displacement of coordinated dicarboxylate by 
DNA. Therefore a study of the Pd(DMPA)-CBDCA 
complex stability and the displacement of CBDCA 
by inosine is of biological significance. Using aqueous 

solutions containing  ~10-50%  dioxane, one may 
expect to simulate to some degree the situation 
in active site cavities [28], and extrapolate 
the data to physiological conditions. From the 
biological point of view, it is interesting to find that 
the CBDCA complex will be more favoued 
in biological environments of lower dielectric 
constant.

In human blood plasma the concentration of Cl- ion 
is 0.16M [33]. Under this high chloride ion concentration, 
the Pt(II)-amine complex  exists in the dichloro- form. 
The net zero charge on the complex favours its passage 
through cell walls. Inside the cell, the Cl- ion concentration 
is much lower, only 4 mM and the reactivity of the Pt(II)-
amine complex increases. Therefore, investigating 
the effect of [Cl-] ion on the stability constants 
of the complexes will extrapolate the present study to 
biological condition.
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