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Abstract. The properties and stability of six octahedral cobalt(II) complexes were evaluated by means of DFT 

computations. Three types of ligands were assigned: heterocycles like 1,3-thiazole and 1,2,4-thiadiazole (unsubstituted, 

and substituted with amine and hydrazine groups, respectively), water molecules and chlorine. The results suggest that 

the major influence on the chemical properties of the complexes is given by the substituents, and only in a small extent 

by the heterocycle type. Taking into account the major health issue of the antibiotic resistance, the design of new 

compounds with antibacterial properties has attracted an increased interest. In this regard, the antibacterial activity of the 

proposed cobalt complexes has been evaluated by means of molecular docking. Three receptors have been employed, 

namely S. aureus tyrosyl-tRNA, E. coli DNA polymerase II, and Methicillin-resistant S. aureus, a panthetonate 

synthetase. The results show that the best results have been obtained for the complexes where the heterocycle is substituted 

with hydrazine group, followed by the amino-substituted ones. 
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1. Introduction 

Together with the elucidation of the structure of vitamin 

B12, cobalamin, the interest in cobalt-based compounds 

has increased. The various forms of cobalamin are 

necessary for the proper formation of red blood cells, the 

synthesis and regulation of DNA, and the maintenance 

of normal brain and nerve function [1-3]. Also, 

cobalamin is involved in fatty acid and amino acid 

metabolism. As a result of these biologic activities 

implications, humans have developed mechanisms to 

overcome excess cobalt [4, 5]. Given that cobalt is less 

toxic to humans than platinum, the cobalt-containing 

compounds are considered a less toxic alternatives to 

platinum-based cancer drugs [4, 5]. 

One of the first known cobalt-based drug is Doxovir, 

a cobalt(III) complex of bis(acetylacetone)-

ethylenedimine, with two axially coordinated 2-

methylimidazole ligands. This experimental drug 

exhibits strong microbicidal effects on drug-resistant 

strains of the herpes virus [6]. Cobalt(II) complexes 

containing 2,6-bis(2,6-

diethylphenyliminomethyl)pyridine showed better 

cytotoxicities against colorectal adenocarcinoma (HCT 

15) and cervical adenocarcinoma (HeLa) cells, with IC50 

values ranging from 45 to 100 µM. A complex of 
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cobalt(III) with Schiff bases derived from the reaction 

between salicylaldehyde and ethylenediamine showed 

moderate activity (IC50 < 100 µM) against MCF-7 

cancer cells [6]. Cobalt(III) complexes with two ligands 

[2-(2-hydroxybenzylideneamino)phenol] inhibited 

HeLa cell growth, but to a lesser extent than cisplatin 

[6]. Other cobalt coordination complexes, such as those 

containing bidentate ligands (such as phenanthroline 

and bipyridine) also show promising in vitro activities 

against cancer cells [6]. 

Antibacterial and antifungal effects were determined 

for some octahedral complexes of cobalt(III) with 

sulfathiazole [7]. The cobalt(III) ion forms a complex 

with the nitrogen atoms of sulfathiazole molecules that 

has shown moderate in vitro antifungal activity against 

A. fumigatus and A. flavus. As an antibacterial agent, the 

complex showed in vitro good activity against 

Pseudomonas aeruginosa [7]. Different biologic 

activities, including antibacterial, antifungal, 

anthelmintic and antitumor properties, have been 

determined for several amphiphilic metal complexes 

(metallosurfactants) [8]. The structural groups that 

metallosurfactants usually have in common are long 

alkyl chains (hydrophobic part) and metal ions that 

coordinate mainly to nitrogen donor ligands 
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(hydrophilic part) [8]. Other cobalt complexes with 

antimicrobial activity are cobalt(III) complexes with 

substituted thiosemicarbazones of 7-hydroxy-4-oxo-

4H-chromene-3-carbaldehyde as ligands [9] as well as 

metal(II) complexes of salicylaldehyde and 

benzenesulfonyl hydrazone [10]. Antifungal activity has 

been also reported for new mononuclear cobalt(II) 

complexes with N-donor ligands like 

hexamethylenetetramine and meso-tetrakis[4-

(benzoyloxy)phenylporphyrin [11]. 

There are also known a number of cobalt complexes 

with antitumor role. For instance, the IC50 value of 

substituted pyridoxal N(4)-thiosemicarbazone cobalt 

(III) complexes showed significant activity against 

MCF-7 and HeLa cell lines [12]. The complexes 

demonstrated good cytotoxicity against all cell lines 

compared to the free ligands, which means that the 

biological activity is largely attributed to the presence of 

the central metal ion cobalt(III) [12]. Also, the synthesis 

and studies on the structure of complexes of colbalt with 

indomethacin have been reported [13]. The interaction 

of the metal complexes of indomethacin with DNA and 

their antioxidant activity give them the possibility to be 

used in further investigations as potential antitumor 

agents [13]. Other promising antitumor agents are cobalt 

and ruthenium complexes with pyrimidine Schiff bases 

[14], as well as a salen-based cobalt(III) complex that 

induces apoptosis in Nalm6 cells (leukemia) and BJAB 

cells (lymphoma) [15]. The complex shows synergistic 

effects with daunorubicin and vincristine and has a high 

selectivity towards tumor cells [15]. 

Several biomedical applications of cobalt were 

reported, such as cobalt supplements to treat anemia; 

cobalt nanoparticles as carrier for cytotoxic drugs; 

radioactive 60Co in different types of cancers [16]. Also, 

cobalt has applications in dental and orthopedic 

prosthetics due to its ability to improve the mechanical 

characteristics as rigidity, but monitorization of 

potential toxicity of the implants is recommended, as 

they can release cobalt particles into the body that may 

lead to thyroid or neurological dysfunctions [16]. Some 

inorganic compounds have also biomedical 

applications: cobalt chloride is used by athletes to 

increase the oxygenation capacity of the blood, while 

cobalt oxide nanoparticles for treatment of some 

microbial infections [16]. The cobalt atom is highly 

toxic for bacteria and fungi because it interacts with their 

outer membrane and inhibits their enzyme activity and 

growth. 

Cobalt complexes show promise in antibacterial 

drug design, offering a potential solution to the growing 

problem of antibiotic resistance. The unique properties 

of cobalt, such as its multiple oxidation states and 

diverse coordination geometries, allow for novel 

mechanisms of action against bacteria. The 

effectiveness of a cobalt complex as an antibacterial 

agent depends on its design and great importance is 

given to the choice of ligands. They can be used to adjust 

the stability, solubility, and reactivity of the complex. 

For instance, using ligands that are themselves 

antibacterial can lead to a synergistic effect, enhancing 

the potency of the complex.  

Thiazole is an essential component in many drugs, 

including vitamin B1 (thiamine), antibiotics or 

antifungals. Also, the thiadiazole core is considered a 

versatile scaffold in drug discovery due to its ability to 

modulate various biological pathways and its relatively 

good liposolubility, which helps it cross cell membranes 

[17]. Some previous studies of our team members delt 

with the investigation of different heterocyclic 

compounds [18, 19]. The amino group basic properties 

allow it to interact with biological targets such as ion 

channels and receptors, and it can also be manipulated 

to influence a drug's absorption, distribution, 

metabolism, and excretion properties [20]. Several 

applications are known for the hydrazino group [21, 22], 

so the theoretical evaluation of metal complexes 

properties - substituted with the aforementioned groups 

- may bring useful information regarding the potential 

biologic activity of the investigated compounds.  

Given the continuous interest for the identification of 

new antibacterial compounds due to the antibiotic 

resistance issue, the present study deals with the design 

and investigation of the antibacterial properties of six 

cobalt(II) octahedral complexes, with thiadiazole and 

thiazole ligands. Their antibacterial activity has been 

investigated by means of the in silico studies, against 

three different strains. There will be discussed topics 

like: (1) the effect of the substituents on the stability and 

chemical properties of the complexes; (2) the influence 

of the proposed ligands on ADME properties; (3) 

identification of the interactions of each proposed cobalt 

complex with the bacteria strains by means of molecular 

docking study.  

The investigated compounds have the general 

formula [CoL2Cl2(H2O)2], where L is the heterocyclic 

ligand with the following general structure: 

S N

X
Y  

Figure 1. General structure of the ligand L 

Complex X Y 

1a CH H 

1b CH NH2 

1c  CH NH-NH2 

2a  N H 

2b  N NH2 

2c  N NH-NH2 

2. Computational details 

The structures of the six cobalt complexes were first 

geometrically optimized at semi-empirical level (PM6 

method), and the obtained structures were refined at 

B3LYP/LanL2DZ level of theory. The geometric 

optimization of the compounds has been performed with 

Gaussian 09W software [23]. The same computational 

program was employed for the calculation of the frontier 

molecular orbitals HOMO and LUMO energies, as well 

as the spin density at the cobalt atom (B3LYP/LanL2DZ 

level of theory).  

The global descriptors of reactivity, namely the 

chemical potential (µ), chemical hardness (η) and 
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electrophilicity (ω) have been computed by means of 

equations (1)-(3) [24]: 

𝜇 =
𝐸𝐻𝑂𝑀𝑂+𝐸𝐿𝑈𝑀𝑂

2
 (1) 

𝜂 =
𝐸𝐿𝑈𝑀𝑂−𝐸𝐻𝑂𝑀𝑂

2
 (2) 

𝜔 =
𝜇2

2𝜂
   (3) 

For the graphic representation of the frontier 

molecular distribution, as well as for the computation of 

partition coefficient logP and steric parameters like the 

Connolly Accessible Area and Connolly Solvent-

Excluded Volume, polar surface area and topological 

diameter, the Chem3D Pro software has been employed. 

The Multiwfn_3.3.4 software [25] has been employed 

for the graphic representation of the ELF (Electron 

Localization Function). 

The stability of the cobalt complexes has been also 

evaluated through the BDE parameter (Bond 

Dissociation Energy) at B3LYP/LanL2DZ level of 

theory, using the following reaction: 

[Co(Het)2Cl2(H2O)2] → Co2+ + 2Het + 2Cl- + 2H2O 

BDE = ECo2+ 2EHet + 2ECl- + 2EH2O - EComplex 

In this regard, the structures of the ligands and 

central cobalt atom were optimized at B3LYP/LanL2DZ 

level of theory and the obtained energies were employed 

throughout the calculation.  

The ADME properties of the six investigated ligands 

were computed with SwissADME software [26].  

Autodock Vina software [27] has been employed for 

the evaluation of the antibacterial properties by means 

of the molecular docking. In this regard, three proteins, 

namely S. aureus tyrosyl-tRNA (1jij.pdb) [28], E. coli 

DNA polymerase II (1q8i.pdb) [29] and Methicillin-

resistant S. aureus, a panthetonate synthetase (2x3f.pdb) 

[30] were used as target molecules. Their structures 

were downloaded in pdb format from the Protein Data 

Bank of the Royal Society of Chemistry [31]. The 

following steps have been performed for the preparation 

of the receptors: (1) the water molecules have been 

removed; (2) the non-polar hydrogen atoms were not 

taken into account; (3) the Gasteiger charges have been 

computed. The proteins were assigned as receptors and 

a grid box of 40x40x40 Å was used, the center of the 

grid box being considered the center of the target 

molecule. Together with the optimized geometries at 

B3LYP/LanL2DZ level of theory, another geometry 

optimization of the cobalt complexes has been 

performed (UFF followed by M06L/TZ2P level of 

theory), implemented in ADF 2014 software [32]. Two 

approaches have been employed for the molecular 

docking: the optimized structures of the complexes were 

loaded as ligands and the torsions along the rotatable 

bonds were assigned (flexible ligand docking) and, also, 

rigid ligand docking (with no internal rotational bonds, 

using the optimized geometry as input). 

The results of the molecular docking study are 

compared to the ones obtained for Cefazolin, a first-

generation cefalosporin. The structure was downloaded 

from PubChem [33] and subjected to both rigid and 

flexible molecular docking, without other geometric 

optimization. 

3. Results and discussion 

3.1. Characterization of the cobalt(II) complexes 

3.1.1. Global and local descriptors of reactivity. The 

calculation of the global reactivity descriptors for the 

compounds resulting from the substitution was used to 

highlight the role of the two substituents –NH2 and –

NH-NH2, as well as the heterocyclic skeleton, on the 

chemical reactivity of the investigated compounds. 

Quantum-mechanical calculations can be used to 

calculate parameters that evaluate the stability and 

reactivity of the molecular structure. The absolute 

hardness is calculated by means of the following 

equation: 

𝜂 =
1

2
(𝐼𝐸 − 𝐸𝐴), 

where: IE is the ionization energy, and EA represents the 

electron affinity. 

According to the Koopman theorem, ionization 

energy can be defined as IE = -EHOMO, and the electron 

affinity EA = -ELUMO. A higher energy of the HOMO 

orbitals corresponds to a higher reactivity in the reaction 

with electrophiles, while a lower LUMO energy is 

essential for the reaction with nucleophiles. 

The chemical hardness corresponds to the energy 

difference between the two frontier molecular orbitals 

and estimates the resistance of a molecule to a change in 

the electronic distribution. 

The global electron affinity can also be used in 

combination with the ionization energy to calculate 

another global descriptor of reactivity, the electronic 

chemical potential (μ), which can be defined as follows: 

μ = -1/2(IE + EA) 

The HOMO (Highest Occupied Molecular Orbital) 

and LUMO (Lowest Unoccupied Molecular Orbital) 

energies represent one of the most frequently used 

molecular descriptors. HOMO energy is directly related 

to the ionization potential and characterizes the 

susceptibility of the molecule to an electrophilic attack. 

LUMO energy is directly proportional to electron 

affinity and characterizes the susceptibility of the 

molecule to a nucleophilic attack. The computed 

HOMO energies show a greater susceptibility to the 

attack of an electrophilic species for the type 2 

complexes, compared with their type 1 analogues.   

Table 1. Frontier molecular orbital energies 

(B3LYP/LanL2DZ) 

Complex 
E HOMO 

(a.u.) 

E LUMO 

(a.u.) 

Δ (HL gap)  

(eV) 

1a -0.19877 -0.05065 4.028 

1b -0.18964 -0.05061 3.782 

1c -0.19235 -0.02563 4.535 

2a -0.19434 -0.06843 3.425 

2b -0.19572 -0.04197 4.182 

2c -0.19701 -0.03293 4.463 

The distribution of the HOMO orbitals is very 

similar for all the investigated compounds; for all the 

complexes, they appear to be localized on the thiazole 
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and thiadiazole rings. This similarity is also reflected in 

the close values calculated for the energy of the HOMO 

orbitals.  

Graphical distribution of the frontier molecular 

orbitals is depicted in Figure 2. 

  

HOMO orbitals of 1a complex LUMO orbitals of 1a complex 

  

HOMO orbitals of 1b complex LUMO orbitals of 1b complex 

  

HOMO orbitals of 1c complex LUMO orbitals of 1c complex 

Figure 2. Frontier molecular orbitals of the Co(II) complexes with thiazole ligands 

The complexes 1c and 2c are also the ones with the 

lowest values of the LUMO orbitals within the 

investigated series, and show the same distribution of 

the orbitals, namely on the heterocyclic ring the 

hydrazine groups. The lowest values of the LUMO 

orbitals energies lead also to the lower results of the 

electrophilicity index, among the investigated 

complexes. For the complexes 1a and 1b, the frontier 

molecular orbitals LUMO appear mostly localized on 

the two chlorine atoms; almost equal values of their 

energies being obtained. Also, these energies are the 

second highest within the series, following the one 

calculated for the complex 2a, where the LUMO appear 

on both the chlorine atoms and one water molecule. 

  

HOMO orbitals of 2a complex LUMO orbitals of 2a complex 

  
HOMO orbitals of 2b complex LUMO orbitals of 2b complex 
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HOMO orbitals of 2c complex LUMO orbitals of 2c complex 

Figure 3. Frontier molecular orbitals of the Co(II) complexes with thiadiazole ligands 

According to the computed HOMO-LUMO gaps, 

the most stable compounds are the type c complexes, the 

ones substituted with NH-NH2 groups. Also, the global 

reactivity parameters of the complexes have been 

computed. 

Table 2. Global reactivity descriptors of the complexes: 

chemical potential, chemical hardness, electrophilicity index 

Complex 

μ 

(chemical 

potential) 

eV 

η 

(chemical 

hardness) 

eV 

ω 

(electrophilicity) 

eV 

1a -3.392 2.014 2.856 

1b -3.267 1.891 2.822 

1c -2.965 2.267 1.939 

2a -3.574 1.712 3.730 

2b -3.233 2.091 2.500 

2c -3.127 2.231 2.192 

The lower values of the LUMO energies computed 

for the type c complexes, the ones substituted with –NH-

NH2 groups, are also reflected in the calculated chemical 

potential and electrophilicity index. The chemical 

hardness follows the same trend as the HL gap, higher 

values being obtained for the 1c and 2c complexes. 

To evaluate the stability of the complexes, the BDE 

parameter (Bond Dissociation Energy) was calculated. 

The following general equation was employed for the 

BDE index calculation: 

[Co(Het)2Cl2(H2O)2]2+ → Co2+ + 2Het + 2Cl- + 2H2O, 

where Het = thiazole or thiadiazole, respectively. 

Table 3. BDE (Bond Dissociation Energy) parameter 

computed for the investigated complexes (B3LYP/LanL2DZ) 

Complex 
BDE 

(kcal/mol) 

1a 764.9 

1b 530.8 

1c 695.9 

2a 754.3 

2b 696.5 

2c 760.5 

According to the above-mentioned results, the most 

stable complexes are the unsubstituted ones (1a and 2a) 

and 2c (thiadiazole ring with hydrazine group), 

respectively. 

In order to evaluate the influence of both the 

heterocycle and the substituents on the properties of the 

investigated complexes, the spin density at the cobalt 

atom and the ELF (Electron Localization Function) have 

been computed. 

The spin densities calculated for the cobalt atom of 

the six complexes show similar values, regardless the 

substitution or the heterocycles type. 

Table 4. Spin density computed for the Co atom 

(B3LYP/LanL2DZ) 

Complex Spin density 

1a 0.868 

1b 0.891 

1c 0.885 

2a 0.875 

2b 0.882 

2c 0.871 

The graphic representation of ELF (Electron 

Localization Function) brings important information for 

the reactivity of compounds; higher values of it indicate 

regions with a pronounced localization (a covalent bond 

or a pair of non-participating electrons). 

A more pronounced density of electrons is evident 

around the N and S atoms of the heterocyclic rings, as 

well as at the central cobalt atom of the complexes. 

 

Figure 4. Electron localization function for the complex 1a 

(B3LYP/LanL2DZ) 

 

Figure 5. Electron localization function for the complex 1b 

(B3LYP/LanL2DZ) 
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Figure 6. Electron localization function for the complex 1c 

(B3LYP/LanL2DZ) 

 

Figure 7. Electron localization function for the complex 2a 

(B3LYP/LanL2DZ) 

 

Figure 8. Electron localization function for the complex 2b 

(B3LYP/LanL2DZ) 

 

Figure 9. Electron localization function for the complex 2c 

(B3LYP/LanL2DZ) 

3.1.2. Steric parameters of the compounds. In the field 

of drug design, molecular shape descriptors are crucial 

for clarifying the mechanisms of action. The free 

transfer energy needed to transfer a molecule from an 

aqueous solvent to a non-polar solvent, like a lipid 

environment, is frequently determined using the 

accessible surface. The location of the center of the 

solvent, as it is rolled over the molecular model, is 

defined as the Connolly Accessible Area (CAA) [34]. 

The ovality of a compound quantifies the degree of 

deviation from the spherical shape [34]. 

Table 5. Steric parameters of the investigated compound: 

CAA (Connolly Accessible Area); CSEV (Connolly Solvent-

Excluded Volume) and ovality 

Complex 
CAA 

(Å2) 

CSEV 

(Å3) 
Ovality 

1a 416.991 191.616 1.294 

1b 457.461 210.441 1.341 

1c 493.893 228.047 1.383 

2a 415.609 188.137 1.297 

2b 455.697 205.293 1.356 

2c 499.249 224.536 1.404 

The results outlined that the major influence is due 

to the presence of the substituents, larger values being 

obtained for the compounds substituted with hydrazine 

groups (type c). The nature of the heterocycle does not 

significantly influence the values of the steric 

parameters. 

Table 6. Number of HBA (Hydrogen Bond Acceptors), HBD 

(Hydrogen Bond Donors) and partition coefficient (logP) 

Complex HBA HBD logP 

1a 4 2 1.117 

1b 6 4 -0.937 

1c 8 6 -0.205 

2a 6 2 0.403 

2b 8 4 -1.651 

2c 10 6 -0.919 

As regards the hydrophilicity/hydrophobicity of the 

complexes, the results outline that the most hydrophobic 

character has been obtained for the unsubstituted 

thiazole complex, followed by the unsubstituted 

thiadiazole one. The presence of the amino group 

increases the hydrophilic character compared to the 

hydrazino one, while the presence of the second nitrogen 

atom within the thiadiazole moiety also leads to a more 

pronounced hydrophilic character. 

Table 7. Polar Surface Area (PSA) and topological diameter 

(TD) 

Complex 
PSA 

(Å2) 
TD (Bonds) 

1a 57.60 6 

1b 109.64 8 

1c 133.70 10 

2a 82.32 6 

2b 134.36 8 

2c 158.42 10 

The polar surface area computation reflects the 

presence of the second nitrogen atom of 2-type 

complexes in the larger values calculated for the 

compounds 2a-2c, compared to 1a-1c. 

3.2. In silico evaluation of the biological activity of 

the metal complexes 

The antibacterial activity of the cobalt complexes has 

been investigated towards three different targets: S. 

aureus tyrosyl-tRNA (1jij.pdb), E. coli DNA 

polymerase II (1q8i.pdb) and Methicillin-resistant S. 

aureus, a panthetonate synthetase (2x3f.pdb). 

The antibacterial activity of the cobalt complexes 

will be compared with the one corresponding to 

Cefazolin, a first-generation cephalosporin antibiotic. Its 
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chemical structure is characterized by a central 

cephalosporin nucleus, with two side chains attached: a 

tetrazole ring is attached to the β-lactam cycle, while a 

thiadiazole moiety is attached to the dihydrothiazine 

cycle. 

Table 8. The final Lamarckian genetic algorithm docked state - binding affinities of complexes with the molecular targets (kcal/mol) 

(B3LYP/LanL2DZ geometry, flexible docking (regular)/rigid docking (italics)) 

Complex S. aureus tyrosyl-tRNA E. coli DNA polymerase II 
Methicillin-resistant S. 

aureus 

1a -4.52/-4.90 -4.85/-5.24 -4.38/-4.76 

1b -5.08/-5.76 -5.60/-6.11 -5.16/-5.56 

1c -5.59/-6.15 -5.88/-6.60 -5.81/-6.30 

2a -4.63/-4.91 -3.49/-5.11 -4.36/-4.57 

2b -5.19/-5.70 -5.52/-6.12 -5.03/-5.56 

2c 

Cefazolin 

-5.73/-6.17 

-6.12/ 

-5.96/-6.56 

-6.43/ 

-5.83/-6.06 

-5.54/ 

Table 9. The final Lamarckian genetic algorithm docked state - binding affinities of complexes with the molecular targets (kcal/mol) 

(MO6/TZ2P geometry, flexible docking (regular)/rigid docking (italics)) 

Complex S. aureus tyrosyl-tRNA E. coli DNA polymerase II 
Methicillin-resistant S. 

aureus 

1a -4.58/-4.83 -5.06/-5.30 -4.45/-4.92 

1b -5.34/-5.78 -5.41/-6.02 -5.20/-5.47 

1c -5.90/-6.38 -5.92/-6.43 -5.83/-6.16 

2a -4.67/-4.96 -4.90/-5.38 -4.46/-4.83 

2b -5.33/-5.47 -5.36/-6.15 -5.04/-5.38 

2c 

Cefazolin 

-5.85/-6.31 

-6.12/-6.87 

-5.87/-6.63 

-6.43/-7.23 

-5.52/-6.13 

-5.54/-6.83 
 

For all the three proteins employed as receptors, best 

binding affinities have been obtained for the type c 

complexes, the ones substituted with hydrazine groups. 

For the rigid ligand docking, slightly better results are 

obtained for the cobalt complexes with thiazole ligands, 

compared to the thiadiazoles. When flexible ligand 

docking has been performed, thiadiazoles were slightly 

favored. The results depicted in tables 8 and 9 clearly 

suggest that better binding affinities have been obtained 

when the rigid docking method has been employed. The 

binding energies calculated for the nine conformations 

of each ligand-receptor interaction are given in the 

supplementary file (tables S1-S12), together with the 

graphical representation of the best binding affinity 

cobalt complex-target protein (figures S1-S12). The 

compounds 2c and 1c, the ones with the highest binding 

affinities, are also the compounds characterized by the 

larger Connolly Accessible Area, Connolly Solvent-

Excluded Volume and larger polar surface area. 

The ligand-receptor interactions, for the best binding 

affinities, are detailed in tables 10-12. 

Table 10. The main interactions of the cobalt complexes with S. aureus tyrosyl-tRNA 

Complex Hydrogen bond length (Å) (Donor-acceptor interaction) 
Hydrophobic interactions 

(atoms in close contact) 

1a 

(LanL2DZ) 

(1) 1.905 O (H2O) - [2-amino-3-(4hydroxyphenyl)-

propionylamino]-(1,3,4,5-tetrahydroxy-4-hydroxymethyl-

piperidin-2-yl)-acetic acid 

(2) 1.785 O (H2O) - [2-amino-3-(4hydroxyphenyl)-

propionylamino]-(1,3,4,5-tetrahydroxy-4-hydroxymethyl-

piperidin-2-yl)-acetic acid 

(3) 1.995 O (H2O) – His47 

Thr42; Lys84; His50;  

1b 

(TZ2P) 

(1) 2.182 O (H2O) – Asp195 

 

Leu223; Val224; His47 

1c 

(TZ2P) 

- Leu223; Asp195; Thr225; 

Lys226; Phe232; Lys231 

2a 

(TZ2P) 

-  Gly49; His47; Asp195 

2b 

(LanL2DZ) 

(1) 2.771 O (H2O) - [2-amino-3-(4hydroxyphenyl)-

propionylamino]-(1,3,4,5-tetrahydroxy-4-hydroxymethyl-

piperidin-2-yl)-acetic acid 

His47; Ala43; Thr42; His50 

 

2c 

(TZ2P) 

Cefazolin 

- 

 

- 

Asp195; Val224 

Asp195; His50; His47; Ala43; 

Val224 
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Table 11. The interactions of the cobalt complexes with E. coli DNA polymerase II  

Complex Hydrogen bond length (Å) (Donor-acceptor interaction) 
Hydrophobic interactions 

(atoms in close contact) 

1a 

(TZ2P) 

- Thr121; Leu376 

1b 

(LanL2DZ) 

(1) 1.87 N(NH2) – Gly476 Leu488; Glu479; Thr357; 

Thr121 

1c 

(LanL2DZ) 

- Ile469; Asn472; Leu376; 

Thr357; Pro144 

2a 

(TZ2P)  

- Thr121; Pro144; Leu376 

2b 

(TZ2P) 

- Thr121; Pro144; Thr357; 

Val358 

2c 

(TZ2P) 

- Thr121; Phe119; Arg380; 

Asn472; Leu376 

Cefazolin - Phe119; Leu376; Asn472; 

Val358 

Table 12. The interactions of the cobalt complexes with Methicillin-resistant S. aureus 

Complex Hydrogen bond length (Å) (Donor-acceptor interaction) 
Hydrophobic interactions 

(atoms in close contact) 

1a 

(TZ2P) 

(1) 1.797 O (H2O) – Gly124 Asp127 

1b 

(LanL2DZ) 

(1) 1.932 O (H2O) – Asp115 

(2) 2.012 N (NH2) – Gly119 

(3) 2.135 O (H2O) – Asp127 

Ala114; Val110; Lys109 

1c 

(LanL2DZ) 

- Gly102; Pro112; Leu113; 

Val116; Leu251 

2a 

(TZ2P)  

-  Leu61; Gly124; Asp127 

2b 

(LanL2DZ) 

(1) 1.943 N (NH2) – Gly119 Ala114; Asp115; Val110; 

Lys109; Asp127 

2c 

(TZ2P) 

- 

 

Gln12; Lys163; Val169; 

Asn166; Pro101 

Cefazolin - Val169; Val162; Lys163 

 

Some of the ADME properties have been computed, 

namely the solubility, gastro-intestinal absorption and 

the skin permeation coefficient. The results suggest that, 

except for complex 1a, all the other five are slightly 

soluble. High GI absorption has been obtained only for 

the unsubstituted 1a and 2a complexes, while the logKp 

values suggest a reduced permeation potential for all the 

compounds. 

Table 13. ADME properties of the investigated complexes 

Complex log S 
GI 

absorption 

log Kp 

(cm/s) 

1a -4.17 high -6.23 

1b -3.18 low -7.27 

1c -3.00 low -7.62 

2a -3.28 high -6.71 

2b -3.86 low -6.93 

2c -2.91 low -7.78 

Based on the aforementioned results, it may be stated 

that the cobalt complexes with enhanced antibacterial 

activity are characterized by the following properties: 

HOMO-LUMO gap ~ 4.5 eV; ovality ~1.4; Connolly 

Accessible Area ~ 490-500Å2; Connolly Solvent-

Excluded volume ~225-300 Å3 (the highest values 

among the investigated compounds); lopP ~ -1.0. 

Accordingly, our future studies will pursue the design 

and characterization of metal complexes with larger 

values of both HOMO-LUMO gaps and steric 

parameters.  

4. Conclusions 

The present study dealt with the in silico design and 

investigation of the chemical properties, stability and 

antibacterial activity of six cobalt(II) complexes. 

According to the computed HOMO-LUMO gaps, 

the most stable compounds are the complexes of type c, 

the ones substituted with hydrazine moieties, followed 

by the unsubstituted ones. A greater stability for the c-

type complexes is also predicted by the BDE (Bond 

Dissociation Enthalpy) values. In this case, the lowest 

stability has been determined for the b-type complexes. 

As regards the energies calculated for the frontier 

molecular orbitals, no significant differences have been 

obtained for the HOMO orbitals; this can be observed in 

the similar distribution of the above-mentioned orbitals. 

Differences appear among the LUMO orbitals energies, 

lowest values being obtained for complexes 1c and 2c 

(thus the larger HOMO-LUMO gaps calculated). These 

differences among the calculated energy values are also 

reflected in the LUMO orbitals distribution. For the c-
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type complexes, the LUMO orbitals appear at the 

heterocyclic ring and hydrazine moiety. 

The graphical representation of the ELF (Electron 

Localization Function) outlines that the regions with a 

higher electron density are the ones around the N and S 

heteroatoms, and also especially on the amine group of 

b-type complexes. Most of the atoms in close-contact 

interactions with the receptors are given by the 

heterocyclic moieties and the grafted amino groups, the 

ones with an increased electron density. 

The computation of some steric parameters of the 

complexes like the Connolly Accessible Area, Connolly 

Solvent-Excluded Volume and ovality, outlines that the 

main influence on the obtained results is given by the 

substituent type, not the heterocycles employed as 

ligands. 

The evaluation of the antibacterial activity outlines 

that highest affinities have been computed towards E. 

coli DNA polymerase II. Type-c complexes have given 

the best results, being the compounds with larger values 

for ovality, topological diameter and polar surface area. 

Some of the complexes form hydrogen bonds with 

different amino acid residues by means of one or both 

the water ligands; only the N atoms of the amino group 

(type b-complexes) are involved in the formation of the 

hydrogen bonds. Higher binding affinities are mainly 

related to an increased number of atoms-in close-contact 

interactions, rather than depending on the formation of 

hydrogen bonds. Comparison of the biologic activity of 

the investigated cobalt complexes to Cefazolin shows an 

enhanced antibacterial activity of the latter compound. 

Among the investigated compounds, complexes 1c and 

2c are the ones with the closest values of their binding 

affinities. The analysis of the Cefazolin interactions 

shows amino acid residues common to those of the 

cobalt complexes: Asp195, His47 and His50, Val224 

towards S. aureus tyrosyl-tRNA (1jij.pdb); Phe119, 

Leu376, Asn472 and Val358 towards E. coli DNA 

polymerase II (1q8i.pdb); Val169 and Lys163 towards 

Methicillin-resistant S. aureus, a panthetonate 

synthetase (2x3f.pdb). 
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