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Synthesis and Biological Activity of Mixed 

Ligand Metal Complexes of 6-Mercaptopurine - 

Nicotinamide 

1Sheriff O. Ayinla, 2Abdullah O. Rajee, 2Kamil O. Yusuff., 2Ginikachukwu 

G. Mbaeyi, 2;3Hassan K. Busari and 2Joshua A. Obaleye 

Biological activity of a ligand improves when it is coordinated with a metal ion. 
Mixed ligand metal complexes of 6-mercaptopurine and nicotinamide were 
synthesized using one-pot synthetic methods. Spectroscopic methods were used 
to characterize the mixed ligand metal complexes. The spectroscopic analysis of 
the complexes supports the formation of the compounds in which the exocyclic 
sulphur (S-6) atom on the pyrimidine ring of the 6-mercaptopurine and its N(7) 
atom of the imidazole ring allow the ligand to act as bidentate while the 
nicotinamide coordinates as a monodentate ligand only through the nitrogen atom 
of its pyridinic ring. Thermogravimetric analysis of the compounds is in agreement 
with the proposed structures. Evaluation of the thermodynamic activated 
parameters of the complexes shows high positive values for the ΔG and negative 
values for the entropy of activation, which is an indication that the decomposition 
of the complexes is non-spontaneous and the compounds have a more ordered 
structure compared to the ligands. The DFT studies revealed low LUMO–HOMO 
energy gap (ΔE) values of 3.255 eV and 1.029 eV for the compounds (1) 
[Zn(mp)(nic)EtOH] and (2) [Ni(mp)(nic)(Ac)].4H2O respectively, in ethanol 
medium. Compound (1) is a better antioxidant agent compared to compound (2) 
but compound (2) shows improved antimicrobial activity compare to compound 
(1). Experimental results show improved antioxidant activity for the 
[Zn(mp)(nic)EtOH] complex, which correlates with the findings from the docking 
experiment and the complex docked alongside allopurinol at binding pocket I with 
a binding affinity value of –6.4 kcal mol−1, showing its antioxidant potential. 
 
Keywords: 6-mercaptopurine, nicotinamide, thermodynamics activated 
parameters, density functional theory. 

1. Introduction 

An analogue of the natural purine hypoxanthine is 
6-Mercaptopurine (C5H4N4S), which is an 
important antitumor drug for treating human 
leukemia. The study of the synthesis of 6-
mercaptopurine metal complexes has shown the 
ligand to coordinate through atoms of the S(6) and 
N(7) of the pyrimidine ring but preferentially bind 
through the S(6) atom serving as monodentate 
ligand.1,2 Nicotinamide coordinates only through 
the N-atom of its pyridinic ring, therefore regarded 
as a monodentate ligand when the structure of the  
mixed ligand of amoxicillin and 4-
chlorobenzophenone metal complexes was 
elucidated.3 It behaves as an ambidentate ligand, 
coordinating through the nitrogen of the pyridinic 
ring as well as the oxygen atom of  the carbonyl 
group in the synthesis of the nicotinamide and 
2,2ꞌ-bipyridine mixed ligand metal complexes.4 
Trace elements are required in small quantities by 
the body system and are said to be essential to 
the optimal healthy maintenance of the system. 

Such elements are iron, copper, chromium, zinc 
etc. The metals, either in ionic form or molecule, 
are absorbed by the human body by developing 
homeostasis.5 Exclusively, the cationic form of the 
Zn (II) ion is found in systems of living organisms 
but at the cellular level it exists as inorganic or 
organic complexes controlling the concentrations 
of the free Zn (II) ion.6 The common oxidation 
state of zinc in complexes is +2. It exhibits a 
coordination number of 4 as it obeys the 18-
electron rule with such a configuration, but higher 
coordinated complexes have also been 
synthesized and reported.7 Manganese is 
essential in biological processes of metabolism of 
oxygen molecules by the Manganese catalase 
and in enzymatic processes involving a group of 
enzymes, phosphotransferases.8 The biological 
importance of nickel is related to its presence in 
metalloenzymes, but in the formation of its 
complexes, nickel (II) ions mostly exhibit 
octahedral coordination geometry. 9,10 

Thermogravimetric analysis and differential 
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scanning calorimetry provide information on the 
composition, thermal stability, and molecular 
structure of substances. Thermodynamics 
study of the TGA/DSC analysis gives relevant 
information on the bonding degree of ligand 
bound to metal ions and comparative ordered 
system between the reactants and the 
complexes.11 For crystalline compounds, the 
PXRD analysis shows a diffraction pattern with 
sharp and well-defined peaks but narrow and 
significant. Reverse is the case for the 
amorphous compounds, where the PXRD 
pattern is rather smeared peaks with noise 
signals. When the ligands’ XRD patterns are 
correlated with those of metal complexes of the 
same ligands, observation of new peaks 
suggests chelation.12  
In the present study, mixed ligand metal 

complexes of 6-mercaptopurne and nicotinamide 

were synthesized by the one-pot synthetic method 

and characterized using FTIR, UV-Vis 

spectroscopy, elemental CHN analysis, PXRD, 

and thermogravimetric analysis. Molecular 

docking, density functional theory analysis (DFT), 

and in vitro antioxidant and antimicrobial activities 

were also carried out for the synthesized 

compounds. 

2. Materials and Methods 
Sigma Aldrich, Germany, is the source for the 6-
mercaptopurne as well as nicotinamide ligands. 
The source of metal salts was British House 
Chemical Limited in England. Analytical - grade 
solvents were used throughout the experiment. All 
chemical reagents and solvents were used as 
received with no further purification. 
2. 1 Synthesis of Metal-Ligand Complexes  

A one – pot synthetic method was employed in the 
synthesis of the complexes with little modification 
.13 20 ml of ethanol/water or methanol/water was 
used to dissolve 1 mmol of metal salts. 1mmol 
(0.122 g) of nicotinamide and 1 mmol (0.170 g) of 
6-mercaptopurine in 10 ml of hot ethanol were 
added to the metal salt solutions. The solutions 
obtained were stirred for 5 hours. The products 
obtained were filtered, washed in acetone, and air 
dried. 

MX.nH2O
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N

N
N

N

SH

+ +

N

OH2N

Hot EtOH
[M(mp)(nic)X].H2O
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Scheme 1: Synthesis of Metal Complexes of 6-
Mercaptopurine and Nicotinamide (M = Zn or Ni) 

2.2 Characterization Methods 

FLASH WA 1112 Series of CHN-Thermo Finnigan 
Italy was used to analyze the elemental 
composition of the complexes. A FTIR-8501 

Shimadzu Spectrometer was used to record the 
FTIR spectra between 4000 and 400 cm-1. At a 20 
mL/min nitrogen gas flow rate and a temperature 
range of 25 to 1000 °C, the complexes were 
subjected to thermogravimetric analysis (TGA) 
using the TA SDT 650 instrument from Shimadzu. 
At a constant rate of 10 °C min−1, about 5 mg of 
the solid samples were heated in an aluminum 
pan, sealed and non-hermetic. PXRD patterns 
were recorded on the EMPYREAN diffractometer 
system. The PXRD for the synthesized complexes 
of 6-mercaptopurine and nicotinamide were 
scanned and recorded in the range 2θ = 5.0287–
79.9607o and at a wavelength, λ of 1.5406 Ȧ. 

2.3 Computational Studies and Docking 
Experiment - DFT calculations 

2.3.1 DFT Analysis 
The DFT computations were done for the 
Zn(mp)(nic)EtOH and [Ni(mp)(nic)(Ac)].4H2O 
complexes. Compounds’ structures were 
modeled with the aid of Avogadro software.14 
B3LYP functional with the 6–31G(d) basis set was 
utilized to ascertain the structures' geometry 
optimization. 15, 16 With ethanol as the solvent, the  
polarizable continuum solvation model (PCM) was 
also employed. B3LYP functionals in combination 
with the 6–31G(d) basis set have been reported to 
show better performance and are more suitable in 
determining electronic and thermochemical 
properties of several classes of compounds. 17-21  
For the vibrational frequency calculations, using 
the time-dependent TD-DFT at the B3LYP/631-
G(d) theoretical level, the electronic transitions of 
the optimized structures were explained [22, 23]. 
The solvent ethanol used for the recrystallization 
of the complexes in the experiment was also 
employed in the DFT calculations. The DFT 
calculations were used to evaluate the global 
molecular reactivity descriptors (GMRD) such as 
the energies of the lowest unoccupied molecular 
orbital (ELUMO), highest occupied molecular orbital 
(EHOMO), LUMO–HOMO energy gap (ΔE), 
chemical potential (μ), ionization energy (I), 
electrophilicity index (ω), global hardness (η), 
global softness (S)  electron affinity (A), and 
electronegativity (χ). The chemical compounds’ 
toxicity in terms of site selectivity and reactivity 
can be established through GMRD. 24–28 Two 
frontier orbitals, i.e., the LUMO and HOMO, are 
essential parameters for chemical behavior 
description.29,30 The energy gap (ΔE), which 
explains a molecule's electrical transport 
characteristics, is mathematically expressed as 
the difference between ELUMO and EHOMO:  
ΔE = ELUMO−  EHOMO -------  (1)  

The ionization energy and electron affinity are 
calculated using Koopman's theorem 31, 32 as:  

A = −ELUMO  -------  (2)  
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I = −EHOMO  -------  (3)  

The electronegativity (χ) can be calculated by 
taking the average of the ionization energy (I) and 
the electron affinity (A). 26, 33 

 χ = 
𝐼+𝐴

2
-------  (4)  

The electronegativity (χ) value is used to calculate 
the chemical potential (μ) as negative value.31, 32-

34 

μ = -χ = −(
𝐼+𝐴

2
) -------  (5)  

The electrophilicity index (ω) of the molecule was 
determined from chemical potential (μ) and the 
global hardness (η) values using the 
expression.31, 32, 35 :  

ω = 
𝜇2

2𝜂
  ------- (6) 

The global hardness (η) was obtained from the 
electron affinity (A) and  ionization energy (I) using 
the expression.31, 32, 36: 

η =  
𝐼−𝐴

2
-------  (7)  

The global softness (S) which is the reciprocal of 
the global hardness (η) 31, 32, 37 was obtained as:  

S = 
1

𝜂
-------  (8) 

2.3.2: The Docking Experiment 
The hypoxanthine–xanthine oxidase (H-XO) 
complex, which was used as the receptor with an  
experimental crystal structure referenced as PDB 
ID 3NRZ [38] , was downloaded from the repository 
of the  Protein Data Bank (PDB) 
(http://www.rcsb.org.pdb), while, the structures for 
the standard drugs reported as potent inhibitors of 
xanthine oxidase; allopurinol 39 and febuxostat 40 , 
with reference Pubchem CIDs 135401907 and 
134018, respectively were gotten from the 
repository of PubChem.41The hypoxanthine-
xanthine oxidase experimental structure's water 
molecules and co-crystallized molecules were 
eliminated for the docking experiments, resulting 
in the free xanthine oxidase (XO), which serves as 
the receptor's initial structure (Figure. 2). The 
molecular modeling tool Auto-DockVina was 
employed for the analysis of the molecular 
docking experiments involving the two referenced 
ligands (allopurinol and febuxostat) and the two 
complexes Zn(mp)(nic)EtOH and 
[Ni(mp)(nic)(Ac)].4H2O.29 The receptor – ligand 
complexes were formed through successful 
targeted docking of each of the two referenced 
ligands and the two complexes with XO receptor38 

binding sites in the H-XO complex. The receptor–
ligand interactions pattern and magnitude of the 
binding affinity were determined with reference to 
the AutoDock4 docking protocol.42 The scoring 
function for the semi-empirical free energy force 
field, which indicates the ligand–receptor 
interaction’s potential energy surface, was 
implemented with the LGA stochastic search 
method in the docking experiment.43 A cut-off 
distance of 3.0 A was defined in the three 
Cartesian (x-, y-, and z-) directions around the 
binding site from the outermost atoms of the 
bounding simulation box of the XO receptor.  
 

2.4. Biological Studies 

2.4.1. Antimicrobial Study 

Three bacteria were among the six microbial 
strains that were chosen for the antimicrobial 
investigation: Pseudomonas aeruginosa, 
Staphylococcus aureus, and  Escherichia coli, 
and three fungi: Candida albicans, Aspergillus 
niger, and Aspergillus flavus. The agar diffusion 
method as reported in literature was employed in 
evaluating the antimicrobial study for the ligands 
and the complexes. Fluconazole and ciprofloxacin 
are the positive controls for the antifungal and 
antibacterial studies, respectively. The procedure 
was repeated in duplicate. 

2.4.2 Antioxidant Study 

The antioxidant potential of the complexes was 

evaluated with the DPPH (2,2-diphenyl-1-

picrylhydrazyl)-free radical scavenging assay 

method. 0.02540 mM stock of the DPPH solution 

in absolute ethanol was prepared. 2 ml of each 

sample solution in absolute ethanol was shaken 

vigorously with an equivalent volume of DPPH 

solution (0.0254 mM) and incubated in the dark for 

45 minutes. At 518 nm, the absorbance of each 

solution mixture was measured to determine the 

percentage inhibition. The app: www.ic50.tk was 

employed to determine the IC50 value for each 

complex. Solution of ascorbic acid in absolute 

ethanol was used as standard. 

 

3. Results and Discussion 

Selected physical properties and elemental 
composition analysis of the complexes are 
presented in Table 1.  
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Table 1: Physical Properties and Elemental Analysis of the Complexes 

 
Table 2: TGA/DSC Analysis of Zinc Metal Complex of 6-Mercaptopurine and Nicotinamide 

Complex Temperature 
Range (oC) 

DTG Peak (oC) % Weight loss 
Found (Calc.)  

Loss Fragment/ 
No of Molecules 

[Zn(mp)(nic)(EtOH)]  47 -197     111 10.3( 11.5) - (1EtOH) 

197 -700    416 69.0 (71.4) - (mp + nic) 

700 - 989 -------- 20.4 (21.1) ZnO 

Table 3: TGA/DSC Analysis of  Nickel Metal Complex of 6-Mercaptopurine and Nicotinamide 

Complex Temperature 
Range (oC) 

DTG Peak (oC) % Weight loss 
Found (Calc.)  

Loss Fragment 
No of Molecules 

[Ni(mp)(nic)(Ac)]. 4(H2O)  40 - 289     102 15.4 (15.5) - (4 H2O) 

289 - 927    497 45.0 (48.6) - (nic + mp - SH) 

927 - 981 -------- 31.1 (32.4) - (Ac ) + NiS 

 
Table 4: Thermodynamics Activated Parameters of Zinc Metal Complex of 6-Mercaptopurine- 
Nicotinamide [Zn(mp)(nic)EtOH] and Nickel complex [Ni(mp)(nic)Ac].4H2O 

Compound Stage Tp (K) E* (kJ/mol) ΔS* (J/mol) ΔH* (kJ/mol) ΔG* 
(kJ/mol) 

(1).[Zn(mp)(nic)EtOH] First 452 53.16 - 176.71  1.80 81.63 

Second 681  4.03 -309.42 - 9.69 201.06 

(2).[Ni(mp)(nic)Ac].4H2O First 375 49.14 -161.39 46.02 106.55 

Second 770 1.38 -319.68 -5.24 248.83 

 
 
Table 5: Selected UV-Vis Spectra data of 6-Mercaptopurine-Nicotinamide Mixed Metal Complexes 

Ligand/Complex Medium Wavelength(nm) Assignment Geometry 

(1). [Zn(mp)(nic)(EtOH)] DMF 270 
313 
331 

π→ π* 
n→ π* 
LMCT 

Tetrahedral 

(2).[Ni(mp)(nic)(Ac)].4H2O DMF 275 
307 
375 

π→ π* 
n→ π* 
LMCT 

Square planar 
 

 
Table 6: Global molecular descriptors of the Synthesized complexes obtained from DFT calculations 

Parameters (eV) Zn comp (g) Zn comp (sol) Ni comp (g) Ni comp (sol) 

EHOMO -5.369 -5.606 -5.861 -6.116 

ELUMO -2.038 -2.351 -4.632 -5.087 

ΔE (ELUMO - EHOMO) 3.331 3.255 1.229 1.029 

I 5.369 5.606 5.861 6.116 

A 2.038 2.351 4.632 5.087 

η 1.666 1.628 0.615 0.515 

S 0.600 0.614 1.627 1.944 

χ 3.704 3.979 5.247 5.602 

μ -3.704 -3.979 -5.247 -5.602 

ω 11.422 12.880 8.457 8.072 

 

The mixed ligand metal complexes have melting 
points higher than the melting points of the 
ligands, nicotinamide and 6-mercaptopurine (128 
and 313 oC, respectively) showing that there is 
coordination of the metals and mixed ligands, 6-
mercaptopurine and nicotinamide, and the 
compounds have good thermal stability.44 The 
solvent ethanol partakes in the formation of the 
compounds (1), while compound (2) has 
characteristic uncoordinated water molecules 
outside the coordination sphere. Compound (1) is 

a whitish powder, while compound (2) is greenish 
in colour. The transition metals with vacant 
orbitals have characteristic colour on forming a 
complex due to available vacant orbitals and 
possible transitions except zinc with completely 
filled d-subshell orbitals. The elemental CHN 
analysis of the complexes is in good correlation 
with the experimental value supporting the 
formation of the complexes. 

 

Complexes Mol. 
Weight 
(g/mol) 

Colour Melting 
Point 
(oC) 

Elemental Analysis:  
%found (%calc) 

C H N 

(1).[Zn(mp)(nic)(EtOH)] 383.8 White 317 41.51 
(40.80) 

2.74 
(3.42) 

21.11 
(21.96) 

(2).[Ni(mp)(nic)(Ac)].4(H2O) 463.1 Greenish 322 32.95 
(33.79) 

2.62 
(4.14) 

17.77 
(18.19) 
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3.1.2 FTIR Analysis of the Complexes 

The FTIR spectra of the complexes (1) and (2) are 
found on supplementary files X1 and X2, 
respectively. The band at 1617 and 1614 cm-1 
assigned to the deformation on the pyrimidine ring 
in the 6-mercaptopurine and nicotinamide had 
shifted to 1603 cm-1 in the spectra of the zinc 
compound (1) upon complexation. This implies 
the participation of the pyrimidine ring in the 
formation of the complex, and similar coordination 
modes were reported.45 The sulphur exocyclic (S-
6) atom on the pyrimidine coordinated the central 
zinc metal as indicated by a shift of the -C=S band 
from 1222 to about 1202 cm-1 coupled with a 
decrease in intensity. Participation of the 
imidazole ring in the complexation is also 
indicated by a shift in the band 1409 cm-1 assigned 
to the deformation of the imidazole ring to 1440 
cm-1. The nicotinamide coordinated to the central 
zinc metal in compound (1) through the nitrogen 
of the pyridinic ring. Similar coordination mode 
was observed for the other complex, but the 
compound (2) of nickel metal-6-mercaptopurine 
and nicotinamide complex IR spectra shows a 
broad peak in the region 3552–3200 cm-1 

assigned to uncoordinated water molecules. 46 - 47   
New peaks in the fingerprint region 437 to about 
555 cm-1 suggest metal–ligand coordination in the 
complexes. 

3.1.3 TGA and Thermodynamic Parameters 
Analysis of the Complexes 

Thermogravimetric analysis results of compound 
(1) are presented on Table 2, while the thermal 
decomposition, pattern is shown on Figure 1. 
Compound (1) shows two stages of thermal 
decompositions with the final step involving the 
formation of an oxide of zinc metal. The first stage 
is the loss of one molecule of ethanol with 11.5% 
calculated weight loss 10.3% found. The stage is 
an endothermic decomposition process at a peak 
temperature of 111 oC. The second stage of 
decomposition involves simultaneous loss of the 
ligands, 6-mercaptopurine and nicotinamide, with 
a calculated percentage loss of 71.4% (69.0% 
found). The second stage of decomposition was 
inferred as an exothermic process at a peak 
temperature of 415.9 oC. The calculated moiety 
loss at various stages is consistent with the 
proposed compositions of the compound.48 The 
thermal decomposition pattern of compound (2) 
[Ni(mp)(nic)(Ac)].4H2O (Table 3; Figure 2), 
indicates the loss of four uncoordinated water 
molecules in the first stage, with 15.4% wt loss 
found against 15.5% wt loss calculated. The 
second stage in the temperature range of 289 to 
927 oC is an exothermic simultaneous elimination 
of the mixed ligands, with 45.0% wt loss found and 
48.6% wt loss calculated. The decomposition 
process becomes constant at a temperature of 

about 927 oC, involving residual formation of the 
metal sulphide and elimination of the coordinated 
acetate group. 
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Figure 1: Thermal Decomposition Pattern Curve for 
Zinc Metal Complex of 6-Mercaptopurine and 
Nicotinamide 
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Figure 2: Thermal Decomposition Pattern Curve for 
Nickel Metal Complex of 6-Mercaptopurine and 
Nicotinamide 

 

The thermodynamics activated parameters: 
activation energy, enthalpy change, entropy, and 
Gibb’s free energy change for the compounds (1) 
and (2) are listed on Table 4. The activated 
parameters were obtained from the data of the 
thermal decomposition curve coupled with the 
Coat - Redfern equation.49, 50 A plot of log Q 

against 
1

𝑇
 was obtained for each stage of 

decomposition; activation energy was estimated 
using the value of the slope, while frequency 
factor Z was estimated from the intercept. 

 

Equation 1: Coat- Redfern equation where log Q 
represent the L.H.S expression of the equation. 

Mass loss at the completion of the reaction is  Wf  

, mass loss up to temperature T is W; R is the gas 
constant, activation energy in kJ/mol is E*, θ is the 
heating rate while the expression (1‐ (2RT/E*) ≈ 1. 
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The numerical activation energy, E*, for the first 
and second stage decomposition of compound 
(1), [Zn(mp)(nic)EtOH]  were evaluated from the 
slope of the curves, Figures 3 and 4, with values 
of -2776.60 and 210.264, respectively. The 
activation energies determined are 53.16, and 
4.03 kJmol-1, respectively, while the entropy of 
activation, -176.71 and -309.42 Jmol-1, are 
evaluated for the first and second stages of 
decomposition, respectively. Activation energy 
being positively high and the entropy of activation 
being negative is an indication that the complex is 
stable and has a more ordered structure than the 
ligands, which is supported by the high positive 
values of the activated Gibb’s free energy change. 
Also the thermal decomposition of the compound 
(1), [Zn(mp)(nic)EtOH], is accompanied by the 
appearance of endothermic and exothermic 
peaks, as indicated by the activated enthalpy 
change ΔH* values of 1.80 and -9.69 kJmol-1 for 
stages one and two respectively, (Table 4). 
Similar results were reported by Chaudhary and 
Mishra51 for mixed ligand metal complexes of 
streptomycin and amoxicillin with negative values 
for entropy of activation and higher activation 
energy in the range 16.58– 114 Jmol-1. Compound 
(2) also shows high values for the activation 
energy, which implies stability of the complex as it 
undergoes the two stages of decomposition, but 
the negative entropy values for the two stages 
shows the compound to possess a more ordered 
structure compared to the reactants.52 The 
evaluated ΔH* negative value for the second 
stage of decomposition supports the exothermic 
process, as the exothermicity is not compensated 
for by the energy heat of degradation released 
during the process. The higher activated Gibb’s 
free energy change values for the two stages 
support the more ordered nature of the 
compounds compared to the ligands, and 
degradation of the compound is therefore 
nonspontaneous (Table 4). 
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Figure 3: Plot of  logQ against 1/T for stage 1 TGA 
Decomposition of [Zn(mp)(nic)(EtOH)] 
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Decomposition of [Ni(mp)(nic)(Ac)].4H2O 

3.1.4 UV-Vis Spectra Analysis of the 
Complexes 
The compound (1), which is a zinc metal complex, 
has intraligand transitions at 270 nm and 313 nm, 
but the observed band at 331 nm can be assigned 
to the ligand metal charge transfer transition 
(Table 5). Three major bands in the region 230–
390 nm are typically observed for Zn (II) 
complexes. The compound shows no d → d 
transition as expected for the d10 configuration of 
Zn(II) compounds; the compound is therefore 
proposed as a tetrahedral complex (Figure 5), 
while the compound (2) of the nickel metal 
complex UV-Vis spectrum shows two bands at 
307 and 375 nm transition, which are assigned to  
n→π* and LMCT, respectively, therefore 
proposed as a square – planar geometry nickel 
complex (Figure 6).53 

N

N
N

N

S

Zn

OCH2CH3

NO

H2N

Compound (1): [Zn(mp)(nic)EtOH]  

Figure 5: Proposed Structure of Compound (1), 
[Zn(mp)(nic)EtOH] 

 

Figure 6: Proposed Structure of Compound (2), 
[Ni(mp)(nic)(Ac)].4H2O 
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3.1.5 PXRD Analysis of the Complexes 

Sharp crystalline peaks are observed for the X-ray 
diffractogram patterns of compound (1) 
[Zn(mp)(nic)EtOH], showing its crystalline phase 
to be better than compound (2) (Figures 7 and 8). 
A similar report on crystallinity was reported by 
Khan54 for zinc (II) complexes having sharp peaks 
with line broadening. While the sharp peaks 
suggest higher crystallinity of the complex, the line 
broadening indicates incorporation of water 
molecules in the structure of the complex. The 
absence of peaks with line broadening in 
compound (1) suggesting no water molecule in 
the structure of this compound compared to the X-
ray diffractogram patterns of compound (2) with 
line broadening peaks indicates incorporation of 
water molecules in the structure of the complex. 

 

Figure 7: PXRD Diffractograms Pattern for Compound 
(1), [Zn(mp)(nic)EtOH] 

 

Figure 8: PXRD Diffractogram Pattern for Compound 
(2), [Ni(mp)(nic)(Ac)].4H2O 

 

3.2 Results of Computational Studies and 
Docking Experiment  

3.2.1 DFT Results 

The results of the chemical reactivities of the 
Zn(mp)(nic)EtOH and [Ni(mp)(nic)(Ac)].4H2O 
complexes in the gas phase and ethanol from the 
DFT study computed in terms of the global 
molecular reactivity descriptors were shown on 
Table 6. Lower values of (ELUMO and EHOMO), 

global softness (S), and chemical potential (μ), as 
well as the correspondingly higher values of 
global hardness (η), ionization energy (I), 
electronegativity (χ), and electrophilicity index (ω), 
suggest significant effect of the presence of 
solvent in the formation of Zn(mp)(nic)EtOH and 
[Ni(mp)(nic)(Ac)].4H2O complexes. The LUMO–
HOMO energy gap (ΔE) values for 
Zn(mp)(nic)EtOH and [Ni(mp)(nic)(Ac)].4H2O 
complexes in ethanol medium are 3.255 eV and 
1.029 eV, respectively. The 
[Ni(mp)(nic)(Ac)].4H2O complex which is a d8 

system, has a lower ΔE value than the  
Zn(mp)(nic)EtOH complex, a d10 system. This is 
likely due to the occurrence of additional d-d 
transitions within the Ni(II) metal ion, which 
confers extra stability on the complex. The 
[Ni(mp)(nic)(Ac)].4H2O has lower values of global 
hardness and chemical potential than that of 
Zn(mp)(nic)EtOH. Energy gap and global 
hardness have relatively lower values, suggesting 
that the [Ni(mp)(nic)(Ac)].4H2O complex is a softer 
molecule than Zn(mp)(nic)EtOH with lower kinetic 
stability but higher chemical reactivity; higher 
electro-optic response indicated that it is more 
magnetisable and polarizable.55, 56 The optimized 
structures of the complexes are shown in Figure 
9. The surface plots for the energy gap between 
the frontier orbitals (LUMO–HOMO) of 
Zn(mp)(nic)EtOH and [Ni(mp)(nic)(Ac)].4H2O 
complexes are displayed in Figure 10. For the 
frontier orbitals, the HOMO are primarily electron 
donors, while LUMO are electron acceptors. The 
degrees of chemical stability of molecules are a 
function of the energy gap between LUMO and 
HOMO.57 In the Zn(mp)(nic)EtOH complex, the 
surface plot of the LUMO showed that electron 
density is majorly distributed on the nicotinamide 
ligand, while for the HOMO, the electron density 
is distributed mainly on the 6-mercaptopurine 
ligand. Thus, the main bonding and anti-bonding 
electrons for the formation of the Zn (II) complex 
are from electron donor atoms of the 6-
mercaptopurine ligand and the electron acceptor 
atoms of nicotinamide ligand, respectively. 
Similarly, for the [Ni(mp)(nic)(Ac)].4H2O complex, 
the surface plot of the LUMO revealed that the 
electron density is majorly distributed on the 
nicotinamide ligand and the nickel and carboxyl 
oxygens of the acetate, while for the HOMO the 
electron density is distributed mainly on the 6-
mercaptopurine ligand. 

 
Figure 9: The optimized structures of (a) 
Zn(mp)(nic)EtOH and (b) [Ni(mp)(nic)(Ac)].4H2O 
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Figure 10: Surface plots of the Energy gap (LUMO–
HOMO) for (a) Zn(mp)(nic)EtOH complex and (b) 
Ni(mp)(nic)(Ac) complex 

3.2.2 Molecular Docking Results 
Antioxidants prevent oxidative stress that causes 
deadly diseases such as cancer. Some 
substances, when ingested, inhibit Xanthine 
oxidase (XO), thereby preventing uric acid from 
generating reactive oxygen species (ROS). Such 
substances are therefore regarded as potent 
exogenic antioxidants. The purine based 
inhibitors are allopurinol, oxypurinol, and 
tisopurinol, while non-purine-based inhibitors are 
topiroxostat, febuxostat, and inositols. 58 59 These 
are the two classes of XO inhibitors, each acting 
on two different binding pockets (I and II) of the 
XO. The free Xanthine oxidase cartoon and 
surface representations are shown in Figure 11. 
Results from our molecular docking studies, as 
shown in Figure 12, revealed that only the  
Zn(mp)(nic)EtOH complex docked at one of the 
active sites of XO, the purine-based inhibitor 
binding pocket, while the [Ni(mp)(nic)(Ac)].4H2O 
complex docked at position different from the two 
binding pockets of xanthine oxidase. Therefore, it 
can be concluded that the [Ni(mp)(nic)(Ac)].4H2O 
complex is not likely to possess antioxidant 
property since it does not bind at any of the two 
active binding sites of xanthine oxidase and thus 
lacks the potential to act as an xanthine oxidase 
inhibitor. On the other hand, the Zn(mp)(nic)EtOH 
complex, which docked alongside allopurinol at 
binding pocket I with a binding affinity value of -
6.4 kcal mol−1, showed antioxidant potential. It is 
also worthy to note that the binding affinity of  -6.4 
kcal mol−1, for Zn(mp)(nic)EtOH is lower than that 
of allopurinol (− 5.3 kcal mol−1). The findings from 
this docking experiment agree perfectly with 
experimental findings that Zn(mp)(nic)EtOH 
complex possesses good antioxidant potential. 
 

 
Figure 11: The free Xanthine oxidase (a) cartoon 
representation, (b) surface representation 

 
Figure 12: Inhibitors docked in Xanthine oxidase  (a) 
cartoon representation of inhibitors docked in XO, (b) 
surface representation of XO showing binding pocket I 
with Allopurinol and Zn(mp)(nic)EtOH docked inside the 
pocket and (c)  surface representation of XO showing 
binding pocket II with Ni(mp)(nic)(Ac) docked outside 
the pocket. 

 

3.3 Results of Biological Activity of the 
Complexes 

3.3.1 Antimicrobial Studies of 6-
Mercaptopurine-Nicotinamide Mixed Metal 
Complexes 

Antimicrobial activity of the mixed 6-
mercaptopurine and nicotinamide synthesized 
complexes is shown in Figures 13 and 14. The 
compounds generally show a remarkable 
increase in antibacterial activity against the three 
bacterial strains, Pseudomonas aeruginosa 
(Pseudo), Escherichia coli (E-coli), and 
Staphylococcus aerues (Staph aerues). 
Compound (2) [Ni(mp)(nic)(Ac)].4H2O shows the 
strongest activity against Pseudomonas 
aeruginosa compared to the ligand 6-
mercaptopurine and the ciprofloxacin positive 
reference standard; Figure 13. 
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Figure 13: Antibacterial Activity of Mixed 6-
Mercaptopurine-Nicotinamide Metal Complexes 

 

The antifungal activity of the metal complexes is 
shown in Figure 14, indicating the zone of 
inhibition against the fungal strains, aspergillus 
flavus, aspergillus niger, and candida albicans. 
Compound (1) shows no inhibition against 
candida albicans, while compound (2) of the 
nickel (II) metal complex shows moderate 
inhibition against candida albicans. The 
compounds only show moderate inhibition against 
aspergillus niger and aspergillus flavus. The 
observed improved antimicrobial activity of the 
compounds can be explained through the 
chelation theory also supported by the lipophilicity 
concept. When the metal ion chelates the ligands, 
polarity of the metal atom is diminished because 
of partial sharing of its positive charge with the 
donor atoms of the ligands and delocalization of 
the π-electrons on the rings of the ligands. This 
facilitates the lipophilicity of the metal complexes 
and eases the permeation through the lipid layers 
of the cell membrane and inhibits further growth of 
the organisms, but the cell membranes with 
characteristic lipopolysaccharides in the outer 
membrane as observed in the structures of    
Gram-negative bacteria can explain the improved 
antibacterial activity against Pseudomonas 
aeruginosa.60  

 
 
Figure 14: Antifungal Activity of Mixed 6-
Mercaptopurine-Nicotinamide Metal Complexes 

 

3.3.2 Antioxidant Study of 6-
Mercaptopurine-Nicotinamide Mixed Metal 
Complexes 

The compound (1) shows antioxidant percentage 
inhibition against DPPH less than ascorbic acid of 
similar concentrations but better than the ligand 6-
mercaptopurine, while compound (2) of nickel 
metal mixed 6-mercaptopurine and nicotinamide 
shows the lowest percentage inhibition of 57.17% 
at a concentration of 0.05 mg/ml (Figure 15). The 
IC50 values determined are presented in Figure 16 
for compounds (1) and (2). Compound (1) of the 
zinc (II) metal complex shows the lowest IC50 of 
0.58, which suggests its effectiveness as an 
antioxidant agent. The presence of organic 
moiety, ethanol, and the enzymatic nature of zinc 
metal in the structure of compound (1), can 
explain the lowest IC50 value of 0.58 for the 
compound (1) which implies its effectiveness as 
an antioxidant agent, unlike the lowest antioxidant 
percentage inhibition reported for the compound 
(2) with four uncoordinated water molecules.61 
The mechanism of antioxidant activity for the 
compounds can be explained by the fact that the 
DPPH solution receives electrons from the 
synthesized metal complexes, i.e., the 
antioxidant, which brings about colour change, 
and the free-radical scavenging is inversely 
related to the absorbance of the resultant solution 
measured. Other structural factors of compounds 
that affect their antioxidant activity are the 
presence of functional groups like carboxylic 
groups and phenolic hydroxyl groups.61, 62 
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Figure 15: Percentage Inhibition of Mixed6-
Mercaptopurine-Nicotinamide Metal Complexes 
against DPPH Solution 

 

Figure 16: IC50- Values of Mixed 6-Mercaptopurine-
Nicotinamide Metal Complexes.  
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4. Conclusion 
 
We have successfully synthesized mixed-ligand 
metal complexes of 6-mercaptopurine-
nicotinamide. 6-mercaptopurine acts as bidentate 
ligand while nicotinamide acts as monodentate 
ligand in the formation of the compounds (1) 
[Zn(mp)(nic)EtOH] and (2) 
[Ni(mp)(nic)(Ac)].4H2O. Supporting the 
spectroscopic analysis is the computational 
study’s report for the Zn(mp)(nic)EtOH complex. 
The electron density of the LUMO is primarily 
distributed on the nicotinamide ligand, but the 
electron density of the HOMO is smeared majorly 
on the 6-mercaptopurine ligand. Compound (1) 
[Zn(mp)(nic)EtOH] is a better antioxidant agent 
compared to compound (2) 
[Ni(mp)(nic)(Ac)].4H2O, but compound (2) shows 
improved antimicrobial activity compared to 
compound (1). The findings from the docking 
experiment are in agreement with the 
experimental results on the positive antioxidant 
potential of the Zn(mp)(nic)EtOH complex (1), 
which docked alongside allopurinol at binding 
pocket I with a binding affinity value of -6.4 kcal 
mol−1, showing its antioxidant potential. 
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