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 ARTICLE INFO    ABSTRACT 
 

 

The study presents the various reaction steps of cisplatin hydrolysis and isomerization to transplatin. 
The formation of H2O-cisplation and 2H2O-cisplatin on dissociation of –Cl atoms as stable 
intermediates has been demonstrated. Similar study for transplatin is also carried out to compare the 
reaction pathway with that of cisplatin and also the relevance of this reaction mechanism for having 
contrasting anticancer property of these isomers. The formation of solvated cisplatin is favorable, which 
may produce inefficiency of DNA binding. In addition transformation of cisplatin to transplatin on 
dissociation of –Cl atom requires energy barrier of  22.7 kcals/mol. The work also discusses the 
probability of transformation from cisplatin to transplatin on dissociation of –Cl atom.  
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INTRODUCTION 
 
Cisplatin emerges as one of the important anticancer drugs and 
it is clinically used for treatment of several cancers (1-10). It 
binds with N7 of guanine within duplex dodecamer at the 
adjacent guanine residues distorting the conformation of major 
and minor grooves (1). However certain disadvantages of this 
drug have been noted due to the formation of H2O-cisplatin 
complex in aqueous medium on dissociation of -Cl atom from 
cisplatin. As a result, the efficiency of cisplatin delivery 
through the cell membrane is reduced because of the various 
interaction of the cationic cisplatin at the cell membrane[1-6]. 
Based on the information reported in several literatures the 
dissociation mechanism of cisplatin is represented in Figure 1, 
where the reaction steps of -Cl dissociation from  cisplatin and 
subsequent formation of H2O-cisplatin are shown as 
simultaneous reactions. Similar reaction steps have been 
proposed for transplatin (Figure 2). The formation of hydrated 
form of cisplatin may interfere in DNA binding not only 
prevent from passing through cell membrane. Again it is also 
possible that charged cisplatin formed on dissociation of –Cl 
atom  may be important intermediate to undergo isomerization 
reaction to form another isomer transplatin. Transplatin is 
considered to be inactive isomer towards cancer cells[7-9].  In 
view of these aspects the stability of cisplatin in aqueous 
medium may be investigated, and the possible role of charged 
cisplatin intermediate to form transplatin may be relevant in 

 
assessing anticancer property of cisplatin.  The dissociation 
ability of -Cl atom from cisplatin is essential reaction step 
since charged cisplatin intermediate may undergo 
isomerization reaction directly to form transplatin. At the same 
time, there is possibility of forming H2O-cisplatin complex as 
referred in many studies[5-10]. No theoretical studies on the 
possibility of forming transplatin isomer from cisplatin as per 
proposed mechanism have been found. The disadvantage of 
forming H2O-cisplatin intermediate has been highlighted in 
many studies, but the generation of another isomer i.e 
transplatin may be important reaction while examining the 
efficiency of cisplatin(7-14). The hydrolysis of cisplatin has 
been predicted as an adverse mechanism in the evaluation of 
efficacy against cancer cells, also other isomer transplatin is 
not an anticancer agent. In fact there are several exploratory 
points from the reaction mechanism of cisplatin. In this case, 
explicit consideration should be taken on the predominance of 
hydrolysis step by dissociation of -Cl from cisplatin as well as 
solvation of intermediate. It may be understood from the 
sequential reaction steps such as, (a) dissociation of -Cl and (b) 
subsequent association with water molecule. Again, 
isomerization pathway from cisplatin to tranplatin isomer on 
dissociation of chlorine may be highlighted. So, we intend to 
investigate the two mechanisms, (a) the formation of H2O-
cisplatin, and  (b) the isomerization of cisplatin to transplatin. 
The study may reveal some information on the disadvantages 
of cisplatin during clinical studies. 

 
ISSN: 0976-3376 

Asian Journal of Science and Technology 
Vol. 11, Issue, 04, pp.10898-10904, April, 2020 

 

Available Online at http://www.journalajst.com 
 

 

ASIAN JOURNAL OF  
SCIENCE AND TECHNOLOGY  

Article History: 
 

Received 17th January, 2020 
Received in revised form  
03rd February, 2020 
Accepted 16th March, 2020 
Published online 30th April, 2020 

Key words:  
 

Cisplatin, Transplatin, DNA binding, 
Isomerization, Reaction  intermediate, 
Anticancer. 

 

Citation: Baruah, R.S., Kalita, R.M. and Medhi, C. 2020. “Theoretical studies on the hydration of cisplatin and isomerization of cisplatin to transplatin”, 
Asian Journal of Science and Technology, 11, (04), 10898-10904. 
 



The complete quantum mechanical calculations of the reaction 
steps for both the cisplatin and transplatin should be taken up 
to extract certain information of drug property. It is also 
possible to undergo conformational change from ionized 
cisplatin or transplatin to form a common intermediate after 
dissociation of -Cl  . This area has not illustrated in literatures. 
This study will focus to describe the possibility of 
rearrangement from cisplatin to transplatin through these 
reaction steps. From the results, it may be possible to explain 
certain adverse effect of cisplatin from the sequential reaction 
steps. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In addition, redox mechanism is very important for predicting 
metabolic stability during drug action. The relationship 
between redox potential and metabolic stability is required in 
profiling potential drugs. It is a simple approach of analyzing 
drug like molecules. There are several functionals in biological 
system which follow redox active mechanism such as electron, 
proton transfer and protein carboxylation. Complexes may be 
well documented from the redox potential. In this study, 
analysis of oxidation energies of cisplatin and transplatin may 
be done to gain ideas of electronic behavior toward biosystem.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Mechanism of hydrolysis of cisplatin 
 

 
 

Figure 2. Mechanism of hydrolysis of transplatin 
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It is applicable for understanding suitable molecules having 
active component adaptable to biological system. From the 
electronic properties, it may be possible to predict the mode of 
action of molecules and corresponding  predominant pathway.   
 

MATERIALS AND METHODS 
 
The calculations have been carried out with SDD basis set in 
the B3LYP method (15). The structures of cisplatin, 
transplatin and other intermediates  are completely optimized. 
A complete investigation of the reaction pathways through 
various reaction steps have been carried out (Figures 1 and 2). 
The energies required for the reaction steps are calculated and 
other associated changes in the structures of the intermediates 
are analysed from the optimised geometries. The net charge 
densities (NPA) obtained from  natural population analysis are 
also computed. The molecular geometry was initially 
constructed with the help of Gaussview and complete 
geometry optimization was carried out for both cisplatin and 
transplatin,  and the intermediates involved in these reactions. 
The primary assumption of studying these two mechanisms 
separately is that the geometry of the intermediates and also 
the respective energies of the reaction steps may indicate 
reasonable information on the cisplatin to transplatin 
conversion. It is possible to analyse the results of cisplatin 
water association that may be relevant to the effectiveness of 
this drug. Here we proposed the essential reaction steps of 
cisplatin to transplatin conversion also through common 
intermediate.  
 

RESULTS AND DISCUSSION 
 
Transplatin is not effective anticancer drug. As we know that 
transplatin can not target DNA effectively and considered to 
be biologically inactive candidate. From the proposed two 
reaction pathways, it is possible to describe the more realistic 
description of these two molecules (Figures 1 and 2). The 
computed Pt coordinated bond lengths and net charge densities 
(NPA) on Pt and other bonding atoms of cisplatin are shown in 
Table 1, the corresponding values for transplatin are given in 
Table 2.  The variation of bonding distances and NPA of 
intermediates shown in the reaction steps of cisplation are 
shown in Tables 3-7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 The association of water molecule in step II as given by the 
energy difference of the molecules involved for this reaction. 
The major changes in the geometry after dissociation of –Cl is 
due to the rearrangement of - NH3  and -Cl in the optimized 
geometry of intermediate. We have observed stabilizing 
interaction of the hydrated complex in step II. The energy 
values for –Cl atom dissociation and association of water may 
be compared for both cisplatin and transplatin (Table 8). The 
Ru-O distances are shown in hydrated complexes of cisplatin 
and bond distances are given in Tables 5-7. The stabilizing 
interaction in reaction steps II and III support the formation of 
hydrated intermediates. It is possible that the -NH3 may change 
the configurational space after   dissociation of -Cl. The energy 
values obtained from B3LYP functions with SDD bases set 
shows the substantial variation of energies of intermediates in 
the reaction steps. Similar to cisplatin, the intermediate I of 
transplatin exists on dissociation of –Cl , and the energy of the 
reactions and energies of each of the intermediates  are shown 
in Table 8. The.  Since the hydration of intermediate-I after 
dissociation of Cl is predicted, the formation of stable hydrated 
form is clarified from the energy values of this reaction step.  
Moreover the conformation of -NH3 are changed quite 
significantly to provide enough space for interaction with 
water molecule. Obviously, cisplatin and transplatin should 
pass through  similar intermediate on dissociation of –Cl atom 
because the conformations of the intermediate I of the reaction 
pathways of cisplatin and transplatin  usually converge to the 
most favored geometry. The relative energies profile of 
intermediates involved in reaction pathways of cisplatin and 
transplatin are shown in Figures 3 and 4. The present studies 
on cisplatin and transplatin are taken to explain why cisplatin  
is bioactive in nature  but not transplatin. The only difference 
is the geometrical structures in these complexes is that the 
configuration of two chlorine atoms.  The electron transfer 
abilities for these isomers are also analysed from the one 
electron oxidation energies (Pt-II to Pt-III) of cisplatin and 
transplatin are shown in Table 9. The oxidation energies of 
both these isomers are almost equal and the net charge density 
obtained from NPA analysis shows no drastic variation for Pt 
atom in these complexes. The NPA charges on certain atomic 
centres of cisplatin and transplatin are considered because of 
their importance in biochemical interaction, particularly Pt to 
the N7 of guanine.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Computed  bond lengths between Pt-coordinated atoms and  NPA charges on the atoms co-ordinated to platinum(Pt) in 
cisplatin complex  along with the free ligand (NH3) 

 

Bond length between Pt and coordinated atom 
pm 

NPA charges on atoms co-
ordinated with Pt 

NPA charges on atoms of  free   NH3  
ligand. 

Atom              Charges Atom                  Charges 
Ru-N2   = 2.156 N2                -0.930 N                        -1.278 
Ru-N4   = 2.158 N4                 -1.156  
Ru-Cl3   = 2.444 Cl3                  0.255  
Ru-Cl5  = 2.444 Cl5                 0.166  
 Pt           0.645  

 
Table 2. Computed  bond lengths between Pt-coordinated atoms and  NPA charges on the atoms co-ordinated to platinum(Pt) in 

transplatin complex  along with the free ligand (NH3) 
 

Bond length between Pt and coordinated atom 
pm 

NPA charges on atoms co-ordinated with Pt NPA charges on atoms of  free   NH3  ligand. 

      atom              Charges    Atom                  Charges            
Ru-N4   = 2.117       N4                -1.074    N                        -1.278 
Ru-N5   = 2.165       N5                 -1.063  
Ru-Cl2   = 2.445       Cl2                  0.158  
Ru-Cl3  = 2.472       Cl3                 0.099  
        Pt           0.651                      
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The ability of two –NH3 to donate electron towards Pt for 
these two isomers are not equal. It indicates that the stabilities 
of cisplatin and transplatin also affect the one electron 
oxidation of Pt II to Pt III. Hence the configuration of –NH3 
groups, and the stabilities of the complexes produce resultant 
effect on the oxidation energies of cisplatin and transplatin. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The oxidation energies of Pt-II to III is very important to 
comparing the coordination ability of Pt of these isomers 
towards N7 of guanine.  Although the complete structure of 
transplatin bonded with DNA is not available, the oxidation 
energy is computed for comparison with that of cisplatin. 
Oxidation energy may not be the concrete reason for the  

 
                                                             (a)                                                                                                  (b)  
 

Figure 3. Variation relative energies of intermediates of (a) Cisplatin(b) Transplatin 
 

 
 

Figure 5. Conversion of Cisplatin to Transplatin 
 

Table 3. Computed bond length between Pt-coordinated atom and NPA charges on the atoms co-ordinated to platinum(Pt) in 
cisplatin intermediate-I along with the free ligand (NH3) 

 

Bond length between Pt and coordinated atom 
A0 

NPA charges on atoms co-ordinated with Pt NPA charges on atoms of free NH3  ligand. 

      atom              Charges    Atom                  Charges            
Pt-N2   = 2.112       N2                -0.485    N                        -1.278 
Pt-N4   = 2.114       N5                 -0.457  
Pt-Cl5   = 2.430       Cl5                  0.056  
        Pt            0.855                     

 
Table 4. Computed bond length between Pt-coordinated atoms and  NPA charges on the atoms co-ordinated to platinum(Pt) in cisplatin 

intermediate-II  complex along with the free ligand (NH3) 
 

Bond length between Pt and coordinated atom 
A0 

NPA charges on atoms co-ordinated with Pt NPA charges on atoms of  free   NH3  ligand. 

      atom              Charges    Atom                  Charges            
Pt-N2   = 2.040       N2                -0.374    N                        -1.278 
Pt-N4   = 2.305       N4                 -0.384  
Pt-Cl3   = 2.429       Cl3                 -0.142  
        Pt                 1.147                     

 
Table 5. Computed the bond length between Pt-coordinated atoms and  NPA charges on the atoms co-ordinated to platinum(Pt) in 

cisplatin intermediate-III  complex along with the free ligand (NH3) 
 

Bond length between Pt and coordinated atom 
A0 

NPA charges on atoms co-ordinated with Pt NPA charges on atoms of  free   NH3  ligand. 

      atom              Charges    Atom                  Charges            
Pt-N2   = 2.112       N2                -1.292    N                        -1.278 
Pt-N4   = 2.113       N4                 -1.162  
Pt-O3   = 1.931       O3                 -0.727  
        Pt                  0.898                     
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difference of biological properties of these isomers. Hence 
forth we have explored the hydrolysis of cisplatin on 
dissociation of -Cl atom from cisplatin and transplatin. The 
sequential reaction steps given in Figures 1 and 2 have been  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
studied, hence the energies of formation of the several 
intermediates are calculated (Table 8). Initially it is essential to 
examine the reaction step I where -Cl atom dissociated to form 
intermediate I. The values for both the isomers are somewhat 

Table 6. Computed bond lengths between Pt-coordinated atoms and NPA charges on the atoms co-ordinated to platinum(Pt) in cisplatin 
hydrated  complex along with the free ligand (NH3) 

 

Bond length between Pt and coordinated atom 
A0 

NPA charges on atoms co-ordinated with Pt NPA charges on atoms of  free   NH3  ligand. 

atom              Charges Atom                  Charges            
Pt-N2   = 2.114 N2                 -0.610    N                        -1.278 
Pt-N5   = 2.112 N5                  -0.422  
Pt-Cl6   = 2.430 Cl6                  0.147  
Pt-O4   = 1.935 Pt                   0.652  

 
Table 7. Computed bond lengths between Pt-coordinated atoms and NPA charges on the atoms co-ordinated to platinum(Pt) in cisplatin 

dihydrated  complex along with the free ligand (NH3) 
 

Bond length between Pt and coordinated atom 
A0 

NPA charges on atoms co-ordinated with Pt NPA charges on atoms of  free   NH3  ligand. 

atom              Charges Atom                  Charges 
Pt-N2   = 2.114 N2                   -1.197 N                        -1.278 
Pt-N5   = 2.116 N5                    -1.108  
Pt-O4   = 1.937 O4                    -0.723  
Pt-O6  = 1.936 O6                   -0.796  
 Pt                    0.710  

 
Table 8. Energy of formation of intermediates (ΔE) for Cisplatin and Transplatin  aquation 

 

Complexes/ Molecules ΔE (kcal/mol) Complexes/ Molecules ΔE (kcal/mol) 

Cisplatin  Transplatin  
intermediate-I    109.185 intermediate-I 122.990 
 Cisplatin hydration - 621.225 Transplatin hydration -358.302 
 Cisplatin intermediate-II    379.010 Transplatin intermediate-II 121.107 
 Cisplatin dihydration   - 80.32 Transplatin dihydration -84.085 

 
Table 9. Oxidation energies and HOMO-LUMO gap(Ε ) of cisplatin and transplatin 

 

Complex  Oxd. State Energy difference,  kcal/mol Ε 

 Cisplatin Pt(II)  0.2695 
 Pt(III) 446.152  
Transplatin Pt(II)  0.0579 
 Pt(III)  448.662  

 

  
                                                                    (a) Cisplatin                                        (b)HOMO-LUMO(Cisplatin) 

 

 
                                           (c) Transplatin                                            (d) HOMO-LUMO (Transplatin) 
 

Figure 5 (a) Structure of Cisplatin (b) HOMO-LUMO (Cisplatin) (c) Structure of Transplatin (d) HOMO-LUMO (Transplatin) 
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different. The results indicate that oxidation of Pt indirectly 
links with the coordination ability with N7 of guanine. As a 
result, both the isomers should have similar behaviour. 
Eventually the progress of the sequential reaction steps are 
concerned, the formation of intermediate I of cisplatin  is more 
favourable than that of transplatin. This observation also 
somewhat provides how the coordination of cisplatin should 
be efficient than transplatin. In turn, the solvation energy of 
intermediate II is found to be large negative value for cisplatin 
than transplatin. It shows that the cisplatin Pt-II ion can exists 
a stable species in aqueous solution.  We have further extended 
the study after dissociation of second -Cl atom from both 
cisplatin and transplatin and subsequently solvation energies 
are calculated with water molecules (Table 8). The 
dissociation of second -Cl is not a feasible pathway, however 
we extend to study the hydration with two water molecules 
since hydration of cisplatin is well known adverse pathway in 
cisplatin drug administration. The results shown in Table 8 for 
cisplatin and transplatin are significantly different, but 
hydration with second water molecule is less feasible than the 
monohydrated forms of cisplatin and transplatin. From the 
solvation energy, it is possible to understand the reason of 
inefficient drug action of cisplatin. The formation of stable 
intermediate II(H2O-Cisplatin) may be the criteria for this 
adverse effect in drug action. However transplatin also can 
form less stable hydrated complex with than cisplatin. Another 
aspect to explain the inefficiency of cisplatin may be due to 
transformation of cisplatin to transplatin from intermediate I. 
There may be fair chance of transforming the configuration of 
intermediate I to due to large accessible conformational space 
occupied by two -NH3 and one -Cl. It is likely that transplatin  
can generate same intermediate II. The potential energy plot 
for the transformation of cisplatin to transplatin through 
intermediate I is shown in Figure 5. Hence the possibility of 
forming ineffective isomer transplatin may be another 
pathway, since transplatin is more stable isomer than cisplatin. 
 
Considering all the possible aspects, the only information 
procured is the solvation of cisplatin(intermediate I) might be 
the reason for the inefficiency of cisplatin in drug 
administration. But another characteristic feature of cisplatin 
compared to transplatin is that Pt-Cl bond may not dissociate 
efficiently for binding with DNA. So the energy of formation 
of intermediate I for transplatin is slightly more than that of 
cisplatin. Under physiological condition, transplatin may not 
release –Cl atom before  binding with DNA. It may be related 
to the inactivity of transplatin. On the other hand , we have 
explored the Frontier orbital diagrams around cisplatin and 
transplatin. The shapes of the electron densities of cisplatin 
and transplatin and HOMO-LUMO gaps are very 
different(Figure 6, Table 9). The association of transplatin 
with DNA is not known, so it is not possible how the variation 
of electronic behavior of transplatin from cisplatin affect the 
binding with DNA. The results only provide the difference of 
electronic behavior of transplatin from cisplatin.  On the other 
hand solvation of cisplatin is a favorable step on dissociation 
of –Cl atom. In this case dissociation of –Cl and subsequent 
binding of Pt with N7 of guanine is the acceptable pathway of 
forming cisplatin-DNA complex. Here H2O association of 
Intermediate I is quite favorable and the formation of H2O-
cisplatin complex is possible. On the contrary for the 
conversion of cisplatin to transplatin, Intermediate I must 
attain additional energy barrier of 22.7 kcal/mol to change the 
conformation to transplatin. It is also quite possible since 

intermediate I may consequently convert to the more stable 
conformation i.e transplation.  
 
Conclusion 
 
The investigation so far carried out on the proposed 
mechanism clearly shows the stabilizing interaction between 
H2O and cisplatin on dissociation of –Cl atom. Based on the 
findings,  aquation of cisplatin may be one of the adverse 
effect  during  drug action. Transplatin follows similar energy 
profile of intermediates as assigned in the proposed 
mechanism. The distinctive feature is that cisplatin acquires 
more negative solvation energy than that of transplatin, and 
also dissociation of –Cl from transplatin requires more energy 
than cisplatin. Inspite of contrasting anticancer  property of 
cisplation and transplatin, oxidation energies are not very 
different but the variation of HOMO-LUMO gap is quite 
significant. The isomerization reaction from cisplatin to 
transplatin on dissociation of –Cl atom is another possible 
mechanism. 
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