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Abstract 
Structure Activity-Relationships (SARs) of the five possible isomers of RuCl2(Azpy)2 were pre-
dicted thanks to DFT method. Azpy stands for 2-phenylazopyridine and the structure of the iso-
mers α-RuCl2(Azpy)2, β-RuCl2(Azpy)2, γ-RuCl2(Azpy)2, δ-RuCl2(Azpy)2 and ε-RuCl2(Azpy)2 call re-
spectively α-Cl, β-Cl, γ-Cl, δ-Cl and ε-Cl are defined according to chlorine atoms orientations. Hence, 
they are divided into two groups. In the first group comprising α-Cl, β-Cl and ε-Cl, both chlorine 
atoms are in cis position and Azpy ligands are intervertical. Whereas the two others isomers (γ-Cl 
and δ-Cl), they form the second group. Here, both chlorine are in trans position and Azpy are pla-
nar. The five synthesized isomers were investigated as potential antitumor agents. Then, regard-
ing the DNA, its bases are stacked by pair. Therefore, complexes are assumed to insert and to stack 
on them through intercalative mode. So the electronic and geometric structures become more 
important to describe their SARs. Consequently, group 2 regarding γ-Cl and δ-Cl presents the best 
structure to allow intercalation between DNA base-pairs. Besides, the energy order of the lower 
unoccupied molecular orbital (LUMO) of the isomers is ELUMO(β-Cl) > ELUMO(α-Cl) > ELUMO(ε-Cl) > 
ELUMO(γ-Cl) > ELUMO(δ-Cl). The energy gap between LUMO and HOMO was also sorted as ∆(L-H)(β-Cl) > 
∆(L-H)(α-Cl) > ∆(L-H)(ε-Cl) > ∆(L-H)(γ-Cl) > ∆(L-H)(δ-Cl). In addition, the total dipole moment was classi-
fied as μ(ε-Cl) > μ(β-Cl) > μ(α-Cl) > μ(γ-Cl) > μ(δ-Cl). Finally, net charge of the ligand Azpy was also 
classified as QL(δ-Cl) > QL(γ-Cl) > QL(ε-Cl) > QL(α-Cl) > QL(β-Cl). All those parameters show that δ-Cl 
isomer displays the highest activity as antitumor drug when intercalating between the DNA base- 
pairs Cytosine-Guanine/Cytosine-Guanine (CG/CG). 
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1. Introduction 
The interest in the bidentate 2-phenylazopyridine ligand (Azpy) is due to its ability to stabilize ruthenium at a 
low state of oxidation [1]-[3]. The complexes performed are so far exploited as electrochemical catalysts or 
photochemistry sensitizers [4] [5]. Recently, the discovery of their cytotoxic activities [6] [7] has increased the 
interest of researchers to find out the origin of that tremendous breakthrough and to check out how those mole-
cules eliminate the tumor cells and hence to see how to improve the process [8].  

Azopyridine ligands as indicated in Figure 1 are actually made of azo group bound to pyridine ring. This 
group of molecule is admitted to be the skeleton of all azopyridine ligands. They form with the metal a stable 
complex of a five atoms ring that limit the ruthenium at a low state of oxidation of II or III. 

The 2-phenylazopyridine is assumed to be the ancestor ligand that is up today the most exploited with ruthe-
nium atom. However, many other types of azo ligand are also being experienced [9] [10]. 

According to the synthesis, the complex of ruthenium performed with Azpy ligand is RuCl2(Azpy)2. However, 
the non symmetry of the ligand Azpy gives actually rise to five isomers complexes named α-Cl, β-Cl, γ-Cl, δ-Cl 
and ε-Cl [12]. The difference between them comes mainly from the position of chloride atoms (cis or trans con-
figuration) and both Azpy ligands as indicated in Figure 2. 
 

Npy

N1 N2

R

R1 R1

R2 R2 OH
R =

R1 = R2 = H,  CH3  
Figure 1. Skeleton of azopyridine ligand with several substituants R, R1 
and R2. The bidentate state of the ligand consists of the ligand binding to 
ruthenium or central metal by Npy and N2 [11]. Azpy corresponds to R1 = 
R2 = H and R equal to phenyl ring.                                      
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Figure 2. The five isomers of RuCl2L2 complexes. L stands for all azopyri- 
dine ligand comprising Azpy. The arcs represent azopyridine ligands high- 
lighting their bidentate state.                                        
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In reality, they have been synthesized by different team of researchers regarding their fascinating activity. 
Except β-Cl, all of them present a C2 symmetry. Thus, both azopyridine ligands are equivalent. Besides, regard-
ing the symmetrical complexes, only δ-Cl shows different chloride atoms. Hitherto, the major synthesis consist 
of merging reactant RuCl3·3H2O with Azpy ligand [13] [14]. Here, only γ-Cl and δ-Cl are obtained with this 
process. Then, the three others are assumed to be obtained otherwise [15]. Nonetheless, even if the ε-Cl has been 
synthesized once [16], it has not yet been properly characterized. Therefore, the most tested isomers by experi-
ment Among them up today remain only α-, β-, γ-[RuCl2L2] where L stands for 2-phenylazopyridine (Azpy), 
o-tolylazopyridine and 4-methyl-2-phenylazopyridine as drug against tumors cell [17] [18]. Regarding RuCl2 
(Azpy)2 complexes, α-Cl isomer was experimentally assumed to be the most stable and the most biologically ac-
tive as antitumor drug. Moreover, its activity is outstanding since it is recognized to replace the known cisplatin 
(cis-PtCl2(NH3)2) [7]. Whereas RuCl2(Mazpy)2 (Mazpy = 4-methyl-2-phenylazopyridine), Chen et al. admitted 
by theoretical approach that the most active complex is γ-Cl [19] confirming the experimental work performed 
by Hortze et al. [18].  

Furthermore, the cytotoxic activity consists of the complex binding to DNA that will induce the death of the 
cell. However, there exist two processes through which the ruthenium complexes bind to DNA base-pairs simi-
larly to platinum drugs. The first trend indicates that the chloride atoms are actually hydrolyzed. Therefore the 
ruthenium is allowed to bind covalently to the nucleobase of the DNA [20] [21]. Moreover, the coordination of 
ruthenium can be mono or bifunctional with bases like adenine [22] [23]. The second and the most accepted 
trend indicates that the bonding is performed between the azopyridine ligand and the DNA base-pairs by a π-π 
stacking interaction [19] [24]. Here, the necessity for chloride atoms to hydrolyze is not required. Anyhow, the 
complex is necessarily bound to DNA base-pairs that are assumed to be the electron donor. Therefore, the ag-
gregate must hydrolyze subsequent to the apoptosis of tumor cell owing to the coordination of the complex to 
the DNA base. Furthermore, it is accepted that during the coordination, the anticancer drugs insert and stack 
between the base-pairs of double helical DNA defining thus an intercalative binding mode [25] [26]. In reality, 
the stacking DNA has been theoretically studied by Kurita and Kobayashi. According to them, the stacking of 
DNA is made by the exclusive combination performed between Thymine pairing Adenine and Cytosine binding 
to Guanine by hydrogen bond according to Watson-Crick hydrogen bonds theory. Besides, three modes of com-
bination of both bases Cytosine and Guanine through the double-helical strands were possible: Cytosine-Gua- 
nine/Cytosine-Guanine (CG/CG), Cytosine-Cytosine/Guanine-Guanine (CC/GG) and Guanine-Cytosine/Gu- 
anine-Cytosine (GC/GC). They also assumed that the most stable combination was CG/CG both with and with-
out sugars and phosphate groups backbones [27]. Besides, it can also be assumed that the intercalation of the 
ruthenium complexes is the most privileged when it is only performed over this CG/CG combination with π-π 
interaction. Yet, CG couple is displayed in Figure 3. 

It was reported that the possibility of the interaction between DNA and ruthenium complexes requires to 
know the electronic structure of both of them. It is to say that the energies, the components of the frontier mole-
cular orbitals, the atomic charge populations and the geometrical structure of not merely ruthenium complexes 
but also HOMO-LUMO predictions of the DNA play an important role [17]. Thus, it becomes interesting to find 
out the DNA-binding affinities of complexes and further to study their structure-activity relationships (SARs).  
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Figure 3. Combination mode of both bases of DNA according to 
Watson-Crick hydrogen bonds theory. That couple of bases plays the 
key role when DNA binds to ruthenium complexes by intercalating 
the ruthenium complexes through a π-π stacking interaction.           



K. Bamba et al. 
 

 
4 

We remind that the stability of the stacked CG/CG was determined by comparing the HOMO energies of all the 
three isomers since it is admitted that the bonding between the stacked DNA base-pairs and the drug comes from 
electrons exchange. So, HOMO should belong to DNA and LUMO comes from the drug. 

In this paper, we study theoretically the structure-activity relationships SARs of the five α-, β-, γ-, δ- and 
ε-RuCl2(Azpy)2 isomers named respectively α-Cl, β-Cl, γ-Cl, δ-Cl and ε-Cl. This will be the occasion to figure 
out which of all the complexes shall actually have the highest cytotoxic activity. We remember that only the first 
three complexes have been experimentally studied [7]. Besides, the theoretical prediction of SARs has been so 
far slightly studied [27]. Regarding RuCl2(Azpy)2 complexes, they have never been theoretically considered be-
fore. Therefore, this study has to compare the activity of the five isomers though their energies are very close. 
So, we will performed the calculation by using the widespread intercalative mode of ligands between the DNA 
base-pairs CG/CG. 

2. Method  
All the calculations were performed with DFT method using Becke’s three-parameter hybrid B3LYP [28] and 
the double-zeta pseudo-potential LANL2DZ [29] basis set. Before each calculation, the complexes were opti-
mized first with frequency analysis to know of the absence of eventual imaginary frequencies. This method al-
lows to perform calculations over the most stable molecules in their ground states. The energy of the frontier 
molecular orbital (HOMO and LUMO) was analyzed. The natural orbital population analysis NPA was also car-
ried out. Regarding the HOMO energy of the staked DNA base-pairs CG/CG, it was calculated by Kurita and 
Kobayashi [27]. Besides, all these calculations were performed thanks to Gaussian 03 package [30].  

3. Results and Discussion 
3.1. Geometrical Parameters 
Table 1 displays some selected computational bond lengths and angles of the five isomers. Those values have 
been compared to experimental data. We can see that experimental data match well with theoretical ones with 
almost the same slight difference for all complexes. Regarding α-Cl, it displays as well as γ-Cl, δ-Cl and ε-Cl 
one data per bond indicating its C2 symmetrical structure. Whereas β-Cl isomer, it indicates two values for each 
actually indistinguishable pair of bonding. It confirms its non symmetrical structure. As mentioned in Figure 2, 
the five isomers are in reality divided in two groups referred to the chloride atoms positions. The first group 
concerns α, β and ε-RuCl2(Azpy)2 isomers where both Cl atoms are in cis position. Necessarily, both Azpy li-
gands are vertical and Cl-Ru-Cl angles are respectively 90.60˚, 90.18˚ and 94.10˚. Regarding the second group 
comprising γ- and δ-RuCl2(Azpy)2, they display both Cl atoms in trans position. Here, Cl-Ru-Cl angles are re-
spectively 170.71˚ and 180˚. In consequence, both ligands are horizontal. Regarding γ-RuCl2(Azpy)2, the short-
ness value than 180˚ of Cl-Ru-Cl angle must be due to Yahn-Teller effect [31]. 

3.2. Electronic Structure Parameters 
3.2.1. Free Enthalpy and Frontier Molecular Orbital Energies 
Table 2 compares the free enthalpy and orbital frontier’s energy of each isomer. As divided in two groups, the 
group 1 comprising α, β, ε-RuCl2(Azpy)2 displays the most stable isomers. In fact, even if all energies are closed, 
the most stable isomer showing up the lowest energy is α-RuCl2(Azpy)2. However, the complex that presents the 
highest energy is γ-RuCl2(Azpy)2. Generally speaking, we can establish the order of free enthalpy by G˚(α-Cl) < 
G˚(β-Cl) < G˚(ε-Cl) < G˚(δ-Cl) < G˚(γ-Cl). 

According to the frontier orbital molecular definition, the high activity of the complex is proportional to the 
low value of the energy gap ∆E(L-H). Otherwise, the molecule is admitted to be active if the HOMO-LUMO gap 
is small. Therefore, through Table 2 we can classify the energy gap of isomers as ∆E(β-Cl) > ∆E(α-Cl) > 
∆E(ε-Cl) > ∆E(γ-Cl) > ∆E(δ-Cl). Thus, the most active complex is δ-Cl. Actually, it is reported regarding the 
intercalative mode that the biological reactivity of the complex is due to facile exchange of electron between 
HOMO of the DNA base-pairs and the LUMO of the complex knowing that the bonding of both molecules re-
quires electronic interaction between them [32]. So the most active complex is assumed to display the lowest 
LUMO energy. In reference to that, the classification of the reactivity by LUMO energy is ELUMO(β-Cl) > 
ELUMO(α-Cl) > ELUMO(ε-Cl) > ELUMO(γ-Cl) > ELUMO(δ-Cl) always confirming that the most active complex is  
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Table 1. Selected geometrical parameters of the five isomers calculated at B3LYP/LANL2DZ level. Distances are written in 
Å and angles in. They are compared to experimental data [9].                                                     

Atoms 
RuCl2(Azpy)2 

α-Cl β-Cl γ-Cl δ-Cl ε-Cl 

 Theory Experiment Theory Experiment Theory Experiment Theory Experiment Theory 

N1=N2 1.32 1.28 1.32 
1.32 

1.29 
1.3 1.32 1.31 1.31 1.28 1.32 

Ru-N2 2.03 1.98 2.02 
2.05 

1.96 
2.0 2.03 1.99 2.06 2.02 2.05 

Ru-Npy 2.06 2.05 2.05 
2.07 

2.02 
2.06 2.10 2.11 2.10 2.06 2.06 

Ru-Cl1 2.48 2.40 2.48 2.40 2.48 2.38 2.51 2.38 2.49 

Ru-Cl2 2.48 2.40 2.48 2.41 2.48 2.38 2.49 2.38 2.49 

Cl1-Ru-Cl2 90.60 89.50 90.18 91.10 170.71 170.50 180.00 180.00 94.10 

Npy-Ru-Npy 178.37 174.50 99.21 101.90 102.86 103.80 167.53 180.00 93.58 

N2-Ru-N2 101.49 93.50 104.58 103.00 104.99 104.10 178.58 180.00 169.48 

 
Table 2. Three enthalpy and HOMO-LUMO gaps (∆EL-H) of some frontiers orbitals in a.u.                              

Isomers 
LANL2DZ  

HOMO LUMO ∆E(L-H) G˚ 

α-RuCl2(Azpy)2 −0.205 −0.122 0.082 −1301.072 

β-RuCl2(Azpy)2 −0.203 −0.118 0.0845 −1301.067 

γ-RuCl2(Azpy)2 −0.198 −0.124 0.074 −1301.059 

δ-RuCl2(Azpy)2 −0.192 −0.126 0.066 −1301.061 

ε-RuCl2(Azpy)2 −0.198 −0.123 0.075 −1300.062 

 
δ-Cl. Moreover, Figure 4 displays the LUMO graphs of the isomers. We can see that the components carrying 
the energy come from p orbitals of N and C atoms. Therefore, we can actually assume that LUMO energy is 
carried by the ligand Azpy. 

3.2.2. Dipole Moment 
The hydrophobic value Log P that expresses the solubility of compound either in organic solvent or in water can 
be determined by the computed dipole moment. In fact, the dipole moment indicates the water-solubility 
strength of a molecule. In consequence, the high value implies the poor solubility in organic solvent and a strong 
solubility in water. Actually, the efficient drugs are fat-soluble since many antimetastatic drugs perform their ac-
tivity in organic solvent [33]. Therefore, Table 3 emphasizes the solubility of the isomers of RuCl2(Azpy)2 by 
comparing their computed dipole moment. We can observe the order as following μ(ε-Cl) > μ(β-Cl) > μ(α-Cl) > 
μ(γ-Cl) > μ(δ-Cl). It means that δ-Cl represents here the most active compound whose Log P is significant. 
Therefore, it shall display the highest cytotoxicity. 

3.2.3. Atomic Net Charge 
The population of atomic net charge has been determined on behalf of the natural atomic population (NPA). It 
shows the affinity for atom or molecule to gain electron. Regarding Table 4, Ru atom and Azpy ligands display 
the positive charge while the negative charge is carried by Cl atoms. As aforementioned that the intercalation of 
ruthenium complexes between DNA base-pairs allows the ligands to be the electron acceptor since they display 
the LUMO of the complexes and because of their electron affinity. Regarding the energy, the stacked DNA 
base-pairs CG/CG was predicted by Kurita and Kobayashi and its HOMO energy was −1.27 eV. However, when 
comparing to LUMO energies of the complexes that are comprised between −3.22 and −3.43 eV (1 a.u. = 27.21  
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Table 3. Dipole moment of the five isomers calculated in Debye.                              

 μ 

 x y z Total 

α-RuCl2(Azpy)2 0 0 −7.2606 7.2606 

β-RuCl2(Azpy)2 −1.7373 0.9617 8.6087 8.8347 

γ-RuCl2(Azpy)2 0 0 1.6738 1.6738 

δ-RuCl2(Azpy)2 0 0 −1.3303 1.3303 

ε-RuCl2(Azpy)2 0 0 −10.0245 10.0245 

 
Table 4. Atomic net charge of Ru, ligand Azpy and Cl atoms in |e|.                              

RuCl2(Azpy)2 
Total natural charge 

Ru Ligand Azpy Cl 

α-Cl 0.59 0.43 −1.02 

β-Cl 0.58 0.42 −1.00 

γ-Cl 0.55 0.48 −1.03 

δ-Cl 0.55 0.52 −1.07 

ε-Cl 0.58 0.48 −1.06 

 

 
Figure 4. LUMO graphs of RuCl2(Azpy)2 complexes displayed by group. The energy of LUMO is carried by 
N and C atoms of both ligands Azpy.                                                             

 
eV), we notice that the DNA energy is higher. In consequence, ligands are reported to play a key role in affect-
ing their binding affinity to DNA. i.e. the lower LUMO energy of the complex must bind easily to the DNA [19]. 
Moreover, the ligand displaying the highest charge is also assumed to develop a strong affinity to bind to the 
DNA. Therefore, the charge order computed of the ligands is QL(δ-Cl) > QL(γ-Cl) > QL(ε-Cl) > QL(α-Cl) > 
QL(β-Cl) stressing that the most positive charge of ligands belongs to isomer δ-Cl. So, we can assume that the 
most active complex to bind to DNA according to ligands positive charge is δ-RuCl2(Azpy)2. 
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3.3. Structure-Activity Relationships (SARs) 
SARs consists of finding out a relation between electronic properties of ruthenium complexes and their cyto-
toxicity activities. As assumed before, Velders et al. [7] have already experimentally carried out the test in 
vitro of the three isomers α-Cl, β-Cl and γ-Cl of RuCl2(Azpy)2 over seven types of human cancer presented in 
Table 5. 

In Table 5, the three isomers were compared to the Cisplatin (CPT) and the 5-Fluorouracil (5-FU) that were 
before admitted to be the most active molecules ever discovered. Here, α-Cl was found more antitumor active 
than β-Cl and γ-Cl isomers. Moreover, its activity was better than that of CPT and 5-FU regarding the breast 
cancer (MCF-7, EVSA-T), Melanoma (M19-MEL) and colon cancer (WIDR). Besides, the activity of the three 
complexes was classified as following : A(α-Cl) > A(β-Cl) > A(γ-Cl). Furthermore, three reasons seemed ex-
plain for the high activity of α-Cl isomer [34]: 

1) The increase in the rate of chloride hydrolysis due the π-acceptor effect of the azopyridine ligands increas-
ing the effective charge on the metal ion so that the hydrolysis rates are in the range of cisplatin;  

2) The increased hydrophobic or intercalative interactions with DNA, which may facilitate covalent binding;  
3) And the geometric effects exerted by the ligands, which may facilitate (or inhibit) protein binding to the 

nucleic acid. 
Herewith, ruthenium complex was admitted to undergo a chloride hydrolysis before binding covalently to 

DNA base. Also, the bonding was performed between ruthenium and the DNA base purine and guanine deriva-
tives [35]. However, considering that the most important DNA-binding mode remains the intercalative one since 
the drugs are assumed to insert and to stack between the base-pairs of DNA strands [36], it becomes necessary 
to consider this mode and compare then the activity of all RuCl2(Azpy)2 isomers. Therefore, the parameters af-
fecting DNA-binding affinities of the complex must be the ligands planarity structure, the energy and population 
of the lowest unoccupied molecular orbital (LUMO) of the complex [37].  

Regarding the geometrical structure of the complexes, their structure-activity relationship can be enhanced if 
both Azpy ligands are in the same plan. Hence, only γ-Cl and δ-Cl match with that structure [19]. Concerning 
the first group comprising α-Cl, β-Cl and ε-Cl, both ligands are perpendiculars. Therefore, the intercalative 
mode between the DNA base-pairs is hindered. Therefore, the most practical and competitive structures that fa-
vor the binding are γ-Cl and δ-Cl.  

Considering the frontier molecular orbital, the reaction is the most efficient between two molecules when the 
HOMO of the first molecule (electron donor) is close to the LUMO of the second one (electron acceptor). If the 
HOMO is carried by the DNA base-pairs and the LUMO by ruthenium complex then the most reactive complex 
must have the lowest LUMO energy. In consequence, knowing the HOMO energy of DNA fixed to −1.27 eV 
according to Kurita and Kobayashi, the LUMO energy of isomers provided by Azpy ligands was classified as 
following ELUMO(β-Cl) > ELUMO(α-Cl) > ELUMO(ε-Cl) > ELUMO(γ-Cl) > ELUMO(δ-Cl). Here again, δ-Cl is assumed 
to display the most available ligands to easily accept electrons from HOMO of DNA base-pairs. 

Regarding the hydrophobic parameter expressed by log P, it expresses the absorption of the pharmaceutical 
drug. It is actually a main parameter regarding the studies of the quantitative structure-activity relationship 
QSAR of biological molecules [38]. Theoretically, the parameter that describes the hydrophobic factor is dipole 
moment. In fact, high dipole moment means high water-soluble and difficult absorption. However, the low value 
of dipole moment imply an efficient fat-soluble and effortless absorption. Therefore, in reference to Table 3, the 
 
Table 5. IC50 (the concentration of material required to inhibit the growth of a pratical cell line by 50%) values (µM) of α-Cl, 
β-Cl, γ-Cl, Cisplatin (CPT) and 5-Fluorouracil (5-FU) against a series of tumor cell lines.                                

 MCF-7 EVSA-T WIDR IGROV M19 A498 H266 

α-RuCl2(Azpy)2 0.6 0.1 1.9 0.8 0.2 1.2 1.5 

β-RuCl2(Azpy)2 4.1 1.9 11.2 7.3 2.5 8.8 10 

g-RuCl2(Azpy)2 5.9 5.4 16.6 11.8 4.5 15.3 14.8 

5-FU 5.8 3.7 1.7 2.3 3.4 1.1 2.6 

CPT 2.3 1.4 3.2 0.6 1.9 7.5 10.9 
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classification of computed dipole moment of isomers as μ(ε-Cl) > μ(β-Cl) > μ(α-Cl) > μ(γ-Cl) > μ(δ-Cl) shows 
up that δ-Cl shall display the highest cytotoxicity. 

Finally, the atomic net charge of complexes must have an effect on their ability to bind by intercalation be-
tween DNA base-pairs. As DNA base-pairs possess the HOMO molecular orbitals, they carry naturally negative 
charge. Therefore, they bonding to ligands requires that the ligands carry high positive charge. Thus, Table 4 
presents the net charge of ligands QL in the isomers. The classification of ligands charges as follow QL(δ-Cl) > 
QL(γ-Cl) > QL(ε-Cl) > QL(α-Cl) > QL(β-Cl) highlights that the ligand Azpy in δ-Cl isomer has the highest affini-
ty to accept electron from the DNA.  

4. Conclusion 
The cytotoxicity of five isomers α-RuCl2(Azpy)2, β-RuCl2(Azpy)2, γ-RuCl2(Azpy)2, δ-RuCl2(Azpy)2 and ε-RuCl2 
(Azpy)2 were theoretically investigated by DFT-B3LYP method using the pseudo-potential LANL2DZ basis set. 
Their Structure activity-relationships (SARs) were performed by analyzing their electronic and geometric struc-
ture and relating them to their cytotoxic activities. Besides, three modes regarding their bonding to DNA base- 
pairs are discussed nowadays. The most accepted mode that regards the insertion and the stacking of complexes 
between the double helical DNA base-pairs consists of intercalation of ligands. Therefore, it requires that the 
complex displays ligands in the same plan. Its LUMO energy must be low to allow the bonding to the electron 
donor DNA base-pairs. Also, the complex must possess a low dipole moment that characterizes its absorption in 
organic solution. Moreover, as the bonding is performed between DNA and electron acceptor ligands Azpy, the 
ligand must consequently display the high positive charge. Considering the aforementioned properties, we can 
assume that the most cytotoxic isomers by intercalative mode between DNA base-pairs is δ-RuCl2(Az-py)2. 
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