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ABSTRACT. This work aims to give computational studies of Mn(II), Co(II), Ni(II) and Cu(II) complexes of 
gabapentin (Gpn), formulized as [M(Gpn)(H2O)3(Cl)].nH2O complexes (where n = 2-6), using DFT method. They 
were previously synthesized and characterized. DFT calculations are in good agreement with practical studies. Bond 
lengths of metal complexes reduced or increased rather than that of ligand due to complexation. Bond angles of 
complexes predict the octahedral environment around the central metal ions predicting sp3d2 or d2sp3hybridization. 
The calculated energy parameters are negative indicating stability of metal complexes. The small energy band gap 
of compounds predicts the higher biological activity and high tendency of electron transfer. The comparable 
frequencies of theoretical and experimental IR may be attributed to different phases of measurement. The induced 
fit docking SP G-score of the molecular interactions of drug (Gpn) and its metal(II) complexes show that all 
investigated compounds have a good interaction towards sertonine receptor 5-HT2C and D2 dopamine receptor 
proteins. Co(II)-Gpn interacts with active site residues of sertonine receptor 5-HT2C with an excellent dock score 
of -7.370 kcal/mol and RMSD = 1.581 Å. On the other hand, Ni(II)-Gpn has the best dock score of -6.638 kcal/mol 
and RMSD = 1.995 Å with D2 dopamine receptor. 

 
KEY WORDS: Gabapentin, Transition metals, DFT-method, molecular docking 
 

INTRODUCTION 
 

Anaesthesiologists claim that the usage of preoperative opioids as relievers has declined. 
Gabapentin (Gpn) has had a significant impact in this progress [1]. The anticonvulsant gabapentin, 
which belongs to the second generation, is efficient in the treatment of persistent neuropathic pain 
as well as it is advantageous in severe perioperative circumstances [2, 3]. Gpn, lessens confusion, 
afterwards dizziness, vomiting, and chronic post-surgical pain [3, 4]. Gpn, also known as 
Neurontin. It belongs to the class of gamma-aminobutyric acid, C9H17NO2. It is taken in 
conjunction with other medications to treat various psychiatric conditions, anxiousness, and 
dyskinesia as well as to prevent epilepsy [3, 5, 6]. It is a synthetic amino acid containing both 
acidic (COOH) and basic (NH2) groups [7, 8]. Gpn has two pKa values; 3.7 and 10.0 for (COOH) 
and (NH2), respectively and is zwitterionic at pH = 0 [9]. diverse metal complexes of gabapentin 
with La3+, Ce3+, Nd3+, Y3+, and Mn2+ have been synthesized characterized [10, 11]. Biological 
potent Zn(II) and Cu(II) complexes of gabapentin were also reported [12]. The cobalt and nickel 
metal complexes with Gpn were synthesized and investigated to be more potent than Gpn [13]. 
Gp-Au(III) complexes have been prepared and investigated to have medicinal potential [14, 15]. 
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As an effective cancer-preventing, antibacterial, and antimycotic pharmaceuticals, Gpn-AgNPs 
were studied to be compatible with upcoming nanodrugs that may hold great promise for drug 
delivery [16]. Gpn metal complexes were synthesized by solid state reaction of zinc and Cu salts 
with solid Gpn [17]. The Cu2+, Ni2+, Cd2+, Co2+ and Zn2+ metal complexes of Gpn have been 
prepared in solution with (1:2) molar ratio (M:L) [18]. The correlation between the ionisation 
potential, electron affinity, electronegativity, electrophilicity index, hardness, and chemical 
potential was revealed using the HOMO and LUMO analyses for Gpn and its compounds using 
DFT method [19-21]. The molecular docking of gabapentin-cobalt complex has been investigated 
and gives better activity rather than Gpn [13]. The Mn(II), Co(II), Ni(II) and Cu(II) metal 
complexes of gabapentin (Gpn), formulized as [Mn(Gpn)(H2O)3(Cl)].4H2O, 
[Co(Gpn)(H2O)3(Cl)].6H2O, [Cu(Gpn)(H2O)3(Cl)].2H2O, and [Ni(Gpn)(H2O)3(Cl)].3H2O 
complexes, have been already synthesized and full characterized in our previous work [22]. In 
this paper, the quantum chemistry calculations for Gpn and its metal complexes already 
synthesized were checked using the material studio software as integral applications for published 
work. The structures have been optimized and give good agreement with experimental 
suggestions. Furthermore, molecular properties based on the structure were determined for bond 
lengths, bond angles, atomic charges, total energy, electronic properties, and frontier molecular 
orbitals energy in a gaseous environment. Theoretical vibrational frequencies of Gpn have been 
recorded at range 4000-400 cm-1. The energy values of HOMO and LUMO predicts the charge 
transfer inside the molecule. The charge density distribution and chemical reactivity of Gpn are 
given by MEP. Dipole-moment, total, binding energies, and others have been computed. 
Furthermore, molecular docking of (Gpn) and its metal(II) complexes towards sertonine receptor 
5-HT2C and D2 dopamine receptor proteins have been studied.  
 

EXPERIMENTAL  
 
Synthesis of (Gpn) metal complexes  
 
Gabapentin metal complexes (Figure 1) were prepared and fully characterized as discussed in our 
previous work [22]. The FTIR spectral data of [Mn(Gpn)(H2O)3(Cl)].4H2O, 
[Co(Gpn)(H2O)3(Cl)].6H2O, [Cu(Gpn)(H2O)3(Cl)].2H2O, and [Ni(Gpn)(H2O)3(Cl)].3H2O 
complexes were recorded. 
 

 
 

Figure 1. The structure of synthesized Mn(II), Co(II), Ni(II) and Cu(II)-Gpn complexes, where,  
 n = 2 for Cu(II), 3 for Ni(II), 4 for Mn(II) and 6 Co(II). 

Geometry optimization   

Utilizing the DMOL3 program from the Materials Studio package [23], computational studies 
were carried out [24-26]. Double numerical basis sets and polarization functional (DNP) were 
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used in the computations of DFT semi-core pseudopods (dspp) [27]. The generalized gradient 
approximation (GGA), the best correlation functional, serves as the foundation for the RPBE 
functional [28, 29]. 

 
Molecular docking 
 
I. Preparation of ligand. The default protocol of the Ligprep program in the Schrodinger's suite 
[30] has been utilized for molecular docking of the drug (Gpn) and its CoII, MnII, NiII, and CuII 

metal complexes. Using the induced fit receptor docking with SP protocol glide redocking, all 
compounds were docked to the target protein. Docking employs the SP protocol as well as post-
docking reduction. For the best-docked ligands, the SP G-score was employed as a ranking 
parameter.  
 
II. Protein specification. Protein Data Banking was used to download the 3D complex structures 
of the 5-HT2C sertonine receptor (PDB ID: 6BQH) and the D2 dopamine receptor (PDB ID: 
6CM4) [31, 32]. The D2 Dopamine receptor is better matching the interaction with gabapentin 
because it is considered one of the best receptors used in the treatment of many diseases and 
medical disorders such as Parkinson's disease, hyperprolactinemia, nausea and vomiting. 
Moreover, dopamine is used in targeted drugs to treat substance abuse such as amphetamines, 
cocaine, and opioids [32]. Additionally, drugs that target several serotonin receptors are useful in 
treating obesity, substance abuse and schizophrenia. Serotonin is also a potential therapeutic target 
for depression, schizophrenia, drug addiction, and other disorders [31]. The protein preparation 
wizard program from the Schrödinger suite [33], the protein structures have been constructed by 
removing water molecules (> 5A radius) as well as other tiny molecules from the structural 
section. The PDB structures were modified by adding hydrogens and forming disulphide linkages. 
The optimized potential for liquid simulations (OPLS-2005) force field has been exposed to 
confined imperf minimization using default settings. Induced fit receptor docking had been 
applied to the resultant structures. The resultant data was evaluated using the XP G-score and 
RMSD, where RMSD stands for root mean square deviation, expressed in units of Å, from the 
original ligand (positive control) which in our study were Ritanserin, and Risperidone that 
originally binds to protein; sertonine receptor 5-HT2C (PDB ID: 6BQH) and D2 dopamine 
receptor (PDB ID: 6CM4) [31, 32]. The induced fit docking can be accomplished using precision 
SP, which involves utilizing the sample ring confirmation of ligands with a binding strength of 
2.5 kcal/mol, as well as the receptor inner box of 10 Å and auto outer box. The parameters for 
induced fit docking are binding site A:2001 and A:1201 for Dopamine and Sertonine receptors, 
respectively, with trim side chains of receptor van der waals scaling 0.70 kcal/mol, ligand van der 
waals scaling 0.50 kcal/mol, and employing the forcefield OPLS_2005. Additionally, the 
refinement of the ligand distance cutoff is limited to within 5.0 Å. Finally, induced redocking into 
the receptor within 30 kcal/mol of the 20 best ligand structures. 
 

RESULTS AND DISCUSSION 
 
DFT studies   
 
Using the density functional theory (DFT) method, the molecular modelling was created, and 
several energetic parameters were estimated, including bond length, bond angle, chemical 
reactivity, MEP, total energy, dipole moment, and binding energy for drug ligand and its metal 
complexes. The optimized molecular structures of the gabapentin ligand and its metal complexes 
are displayed in structures 1-6, along with an atom numbering scheme. Data listed in Tables 2S-
6S of the optimized bond lengths and bond angles for gabapentin and its metal complexes, and 
from these data the following remarks have been concluded: (i) The bond lengths of gabapentin 
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(Gpn) moiety is slightly altered; the most substantial change is triggered in C(7)-N(8), N(8)-
H(25), N(8)-H(26), C(10)-O(12), O(9)-C(10) and O(9)-H(27) bond lengths which, as a result of 
bonding, are either decreased or increased upon complexation [34]. (ii) The bond angles in 
[Ni(L)(H2O)3Cl] and [Mn(L)(H2O)3Cl] complexes are close to octahedral geometry, which 
predicts sp3d2 or d2sp3 hybridization. Furthermore, [Co(L)(H2O)3Cl] and [Cu(L)(H2O)3Cl] 
complexes show distorted Oh geometry [35]. (iii) A strong M-O bond forms, shortening the 
C(10)-O(9) bond distance for gabapentin complexes while lengthening C(10)-O(12) bond 
distance of the carbonyl group, making the C-O bond weaker [36]. Because the M-N bond forms 
and weakens the C-N bond, the C(7)-N(8) bond distance lengthens in all gabapentin complexes 
[37]. (iv) As a result of the stronger bonds between Mn-N and Cu-N, their bond distances in 
[Mn(L)(H2O)3Cl] and [Cu(L)(H2O)3Cl] complexes are shorter than those between Ni-N and Co-
N in those complexes. In gabapentin complexes, the M-O bond distances are comparable, 
indicating that the bond strength will also be comparable. 
 The chemical reactivity and site selectivity of the molecular frameworks are explained by the 
density function theory (DFT) approach. For the gabapentin ligand and its metal complexes 
Structures 7-18, the energies of the frontier molecular orbitals (EHOMO, ELUMO), energy band 
gap that explains the inevitable charge exchange cooperation within the molecule, 
electronegativity (χ), chemical potential (μ), global hardness (η), global softness (S), and global 
electrophilicity index (ω) [38-40] have been computed using Equations 1-5 and are shown in 
Table 1. 

� (electronegativity) =  −
�

�
 (����� +  �����)                                                                                 (1) 

� (potential) =  −� =  
�

�
 (����� +  �����)                                                                              (2) 

η (hardness) =   
�

�
 (����� −  �����)                                                                                                   (3) 

� (softness) =   
�

�
 η                                                                                                                      (4) 

� (electrophilicity) =
��

��
                                                                                                             (5) 

The term "softness", σ, is used to refer to the inverse of the global hardness, as seen in the 
following: σ = 1/  η.  
 According to data reported in Table 1, as the molecular weight of a compound increases, the 
gas phase energy declines. The calculated energy parameters are negative indicating that the 
prepared compounds are stable [41]. In contrast to LUMO energy, which is closely associated to 
nucleophilic attack reactivity, HOMO energy is closely related to electrophilic attack reactivity. 
The coordination sites for an electrophilic attack can be predicted using the frontier orbital theory. 
The narrow energy gap for the gabapentin ligand facilitates the flow of charge and consequently 
this can be used in biological as well as solar cells applications. It is easier to characterize the 
kinetic stability and chemical reactivity of molecules because of the small energy band gap, which 
can also provide a considerable stability index. Moreover, the small energy band gap of 
gabapentin confers it a strong propensity to coordinate metal ions especially that the HOMO level 
is mostly localized on the oxygen and nitrogen atoms of (C-O) and (N-C) bonds [39]. The higher 
HOMO energy of molecule enhances its ability to donate electrons to the lower LUMO energy 
[42]. Global hardness (η) and global softness (S) are important characteristics to gauge the 
stability and reactivity of molecules. A soft molecule has a lower value for its energy gap 
compared to a hard one. The metal ion functions as a Lewis acid during complex formation, 
whereas the ligand functions as a Lewis base. Because metal ions are soft acids, soft base ligands 
are best for forming complexes with them. This leads to the conclusion that a correct value (S) 
gabapentin ligand has a good propensity to efficiently chelate metal ions [40]. The computed 
chemical potential (μ) supports this as well. One of the most crucial quantum chemical descriptors 
for defining the reactivity and sites that contribute to the toxicity of different contaminants is the 
electrophilicity index [41]. Electrophilicity also accurately measures the biological activity of 
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drug receptor contact. This new reactivity index gauges the energy stabilization that occurs when 
a system picks up an extra electrical charge from its surroundings. The higher total energy (ΔEtot) 
of nickel(II) and cobalt(II) complexes are -8.88105 and -9.04105 kcal/mol, respectively 
corresponding to higher electrophilicity index (ω/ev) reflecting the high potency of those 
compounds. Nickel(II) and cobalt(II) complexes show good interaction with protein according to 
the later molecular docking studies. For the gabapentin ligand and its metal complexes, the energy 
components (total energy, binding energy, and dipole moment) were determined using the DFT 
approach outlined in Tables 2. According to the computed binding energy, the metal chelate has 
a larger binding energy than the ligand. This suggests that the produced metal complexes are more 
stable than free ligand. 
 
Table 1. Calculated EHOMO, ELUMO, energy band gap (EH – EL), chemical potential (μ), electronegativity (χ), 

global hardness (η), global softness (S), global electrophilicity index (ω) and softness (ϭ) for 
gabapentin ligand and its metal complexes. 

 
  Compound EH/Ev EL/Ev H-EL/ ev χ/ev µ/ev η/ev S/ev-1 ω/ev ϭ/ev-1 

             Gabapentin ligand -5.143 -0.845 -4.298 2.994 -2.994 1.0745 0.5372 4.1712 0.930 
             Gabapentin (Enol) -4.874 -0.325 -4.549 2.5995 -2.599 1.1372 0.5686 2.9709 0.8793 

          [Co(L)(H2O)3Cl] -3.783 -3.014 -0.769 3.3985 -3.3985 0.1922 0.0961 30.038 5.2015 
         [Ni(L)(H2O)3Cl] -4.528 -2.822 -1.706 3.675 -3.675 0.4265 0.2132 15.833 2.344 

           [Mn(L)(H2O)3Cl] -2.281 -0.852 -1.429 1.5665 -1.566 0.3572 0.1786 3.4344 2.799 
          [Cu(L)(H2O)3Cl] -4.454 -0.301 -4.153 2.3775 -2.377 1.0382 0.5191 2.7221 0.963 

 
Table 2. Some energetic properties of gabapentin ligand and its metal complexes calculated by DMOL3 

method using DFT- method. 
 

                Compound 
Total energy 
(kcal/mol) 

       Binding energy 
(kcal/mol) 

Dipole moment 
(D) 

                Gabapentin   -3.51E+05 -2928.171 3.4303 
 Gabapentin (enol) -3.51E+05 -2935.100 13.3110 
[Co(L)(H2O)3Cl] -8.88E+05 -3748.008 12.3257 
[Ni(L)(H2O)3Cl]  -9.04E+05 -3747.850 6.9831 
[Mn(L)(H2O)3Cl]  -8.59E+05 -3679.268 5.8734 
[Cu(L)(H2O)3Cl]  -9.23E+05 -3677.101 16.6612 

 

 
 

 
Structure 1: The optimized geometry of 
gabapentin (keto form) 
 
 
 
 
 
 
 

 
Structure 2: The optimized geometry of 
gabapentin (enol form) 
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Structure 3 : The optimized geometry of 
[Co(L)(H2O)3Cl] complex 
 

 
Structure 4: The optimized geometry of 
[Cu(L)(H2O)3Cl] complex 

 
Structure 5 : The optimized geometry of 
[Mn(L)(H2O)3Cl] complex 
 

 
Structure 6 : The optimized geometry of 
[Ni(L)(H2O)3Cl] complex 

 

 
Structure 7: The optimized geometry of 
HOMO of gabapentin 
 

 
Structure 8 : The optimized geometry of 
HOMO of gabapentin (enol form) 

 

 
Structure 9: The optimized geometry of LUMO 
of gabapentin (keto) 

 
Structure 10: The optimized geometry of 
LUMO of gabapentin (enol) 
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Structure 11: The optimized geometry of 
HOMO of [Co(L)(H2O)3Cl] Complex 
 

 
Structure 12: The optimized geometry of 
HOMO of [Cu(L)(H2O)3Cl] complex 

 
Structure 13: The optimized geometry of 
HOMO of [Mn(L)(H2O)3Cl] complex 

 
Structure 14: The optimized geometry of 
HOMO of [Ni(L)(H2O)3Cl] complex 

 
 

 
 
Structure 15: The optimized geometry of 
LUMO of [Co(L)(H2O)3Cl] Complex 
 

 
Structure 16: The optimized geometry of 
LUMO of [Cu(L)(H2O)3Cl] Complex 

 
 

Structure 17: The optimized geometry of 
LUMO of [Mn(L)(H2O)3Cl] complex 

 

Structure 18: The optimized geometry of 
LUMO of [Ni(L)(H2O)3Cl] complex 

 
Molecular electrostatic potential (MEP) 

The MEP is a sketch of the electrostatic potential V(r) at a given point r (x, y, z) onto the surface 
of constant electron density. Additionally, it is extremely helpful in the study of molecular 
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structure along with its physicochemical properties as well as hydrogen bonding interactions [43-
47]. Figs. 2, 3 show the 3D plots of keto and enol forms of gabapentin. The red color indicates 
the high electron density which is the potential site for electrophilic attack. However, the blue 
color indicates the electron deficient region that is more likely for the nucleophilic attack. 
Potential increases in the color’s red, green, and blue, with blue displaying the most attraction and 
red the strongest repulsion. The oxygen and nitrogen atoms have regions of negative potential 
(nitrogen and oxygen atoms have high negative values; N(8)= -0.926, O(9) = -0.533, O(12) =         
-0.523) however, the regions above the hydrogen and carbon atoms (the high positive values 
belong to C(26) = +0.352, C(10) = +0.579) are those with a positive potential.  

 

 

              
 
Figure 2. Molecular electrostatic potential map for gabapentin (keto form). 

 

 
Figure 3. Molecular electrostatic potential map for gabapentin (enol form). 
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Theoretical IR spectra for gabapentin ligand  
 
An insight to fig. 4, there is a small deviation between the computed and the experimental infrared 
frequencies. This may be attributed to the frequency calculations of the molecule that have been 
computed in vacuum while experimental IR spectra were measured for solid sample. Due to the 
low symmetry of ligands, the vibrational modes are extremely complex. In particular, the in-plane, 
out-of-plane, and torsion modes lead to the difficulty to assign most of vibrational modes [48]. 
Nevertheless, the IR spectrum contains a few potent frequencies that are relevant for 
characterization.  

4000 3500 3000 2500 2000 1500 1000 500
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500
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100

 
 

Figure 4. Experimental IR versus theoretical IR spectra of gabapentin. 
 
Molecular docking 
 
Figures 5 and 6, show the 3D molecular interactions of drug (Gpn) in its two forms; keto and 
zwitterion forms as well as its metal(II) complexes. The Dotted lines in the below figures (each 
yellow and purple) refer to H-bonding and halogen bonds or salt bridge, respectively between 
protein and drug (Gpn) entity. The 2D representations of the interactions between the drug in both 
structures and the serotonin receptor 5-HT2C and D2 dopamine receptor proteins are shown in 
Figures 7 and 8. Figure 7a shows the interaction between Gpn in its zwitterion form and D2 
dopamine, revealing that the residues TYR408H2O(C-O-), HIE393H2O(C-O-), 
TYR408(C=O), and (NH3

+)ASP114 had established hydrogen bonds. Additionally, (NH3
+)--

--ASP134 showed Salt bridge interactions. Figure 7b shows the interaction between Gpn in keto 
form and serotonin, revealing that the residues SER193H2O(C=O), HIE393H2O(C=O), 
(NH2)ASP114, and (NH2)TYR418 had established hydrogen bond. Figure 8a shows the 
interaction between Gpn in its zwitterion form and serotonin, revealing that the residues 
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LEU209H2O(C=O), LEU20(C-O-), and (NH3
+)ASP134 had established hydrogen bonds. 

Additionally, (NH3
+)----ASP134 showed Salt bridge interactions. Figure 8b shows the interaction 

between Gpn in keto form and serotonin, revealing that the residues LEU209H2O(OH) had 
established hydrogen bond. The results with docking XP G-score Tables 3 and 4 exhibits that all 
investigated have an interaction towards serotonin receptor 5-HT2C and D2 dopamine receptor 
proteins. The highest G-score (-7.370 kcal/mol and RMSD = 1.581 Å) belongs to Co(II)-Gpn 
complex indicating the good interaction with the active site of serotonin receptor. However, 
Ni(II)-Gpn has the best dock score of -6.638 kcal/mol and RMSD= 1.995 Å with D2 dopamine 
receptor. According to the data tabulated in Table 3 and 4, the following remarks have been 
concluded. As a glance of one can conclude the following remarks: (i) Gpn has the low SP G-
score values (-3.982 kcal/mol) towards D2 dopamine receptor and relatively greater value of 
binding potential (-4.649 kcal/mol) towards sertonine receptor 5-HT2C. This suggests the stronger 
interaction of GPn-serotonin rather than GPn-dopamine. However, in case of zwitterions of Gpn 
with serotonin and dopamine the values of binding energies are relative (-5.528 and -5.588 
kcal/mol) for sertonine receptor 5-HT2C and D2 dopamine, respectively. (ii) The only interaction 
of Cu(II)-Gpn with D2 dopamine receptor is Solvent exposure (Figure 6f). (iii) Most interactions 
of investigated compounds with both receptors were hydrogen bonds. Moreover, Gpn as 
Zwitterions structure exhibits H-bonds as well as one salt bridge of NH3

+ with the amino acid 
ASP134 (Figures 5b and 6b). (iv) Co(II)-Gpn have three interactions with sertonine receptor 5-
HT2C via hydrogen bond (LEU209(C=O), H2OASP134 and (NH2)ASP134) with distances 
1.70, 1.56 and 2.02 Å, respectively (Figure 5d). While, the interaction of Ni(II)-Gpn with D2 
dopamine receptor through hydrogen bond ASP114H2O(C=O) and H2OTHR412 with 
distance (1.55, 1.90) and 1.67 Å, respectively (Figure 6e). 
 
Table 3. Molecular interactions with serotonin receptor 5-HT2C (6BQH). 

 
compound Interactions Type distance 

(Å) 
SP  
G-score 

RMSD 
(Å) 

Gpn H2O(OH)                 1.75, 1.69 
Gpn 
(Zwitterions structure) 

LEU209H2O(C=O) 
LEU20(C-O-) 
(NH3+)ASP134 
(NH3+)----ASP134 

H-bond  
H-bond 
H-bond  
Salt bridge 

1.75, 1.70 
1.93 
1.67 
2.62 

-5.528 1.389 

Mn(II)-Gpn LEU209(C=O) 
H2OASP134 
(NH2)ASP134 

H-bond 
H-bond 
H-bond 

2.54 
1.61 
2.36 

-4.954 1.893 

Co(II)-Gpn LEU209(C=O) 
H2OASP134 
(NH2)ASP134 

H-bond  
H-bond 
H-bond 

1.70 
1.56 
2.02 

-7.370 1.581 

Ni(II)-Gpn LEU209(C=O) 
(NH2)ASP134 

H-bond  
H-bond 

2.53 
2.24 

-6.083 1.683 

Cu(II)-Gpn LEU209(C=O) 
H2OASP134 
(NH2)ASP134 

H-bond  
H-bond 
H-bond 

1.82 
1.48 
1.90 

-6.204 1.460 

SP G-score: kcal mol-1. 
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Table 4. Molecular interactions with D2 dopamine receptor (6CM4). 
 

compound Interactions Type distance 
(Å) 

SP G-
score 

RMSD 
(Å) 

Gpn SER193H2O(C=O) 
HIE393H2O(C=O) 
(NH2)ASP114 
(NH2)TYR418 

H-bond  
H-bond 
H-bond  
H-bond 

1.75, 2.11 
1.67, 2.11 
1.86 
1.95 

-3.982 1.916 

Gpn (Zwitterions 
structure) 

TYR408H2O(C-O-) 
HIE393H2O(C-O-) 
TYR408(C=O) 
(NH3+)ASP114 
(NH3+)----ASP134 

H-bond  
H-bond 
H-bond 
H-bond  
Salt bridge 

1.77, 1.97 
1.70, 1.97 
1.71 
1.86 
2.72 

-5.588 1.128 

Mn(II)-Gpn ASP114H2O(C=O) H-bond 1.76, 2.10 -5.681 0.938 
Co(II)-Gpn ASP114H2O(C=O) 

NH2ASP114 
H-bond 
H-bond 

1.50, 1.14 
2.47 

-4.086 1.376 

Ni(II)-Gpn ASP114H2O(C=O) 
H2OTHR412 

H-bond 
H-bond 

1.55, 1.90 
1.67 

-6.638 1.995 

Cu(II)-Gpn Solvent exposure --- --- -5.514 0.905 

  SP G-score: kcal mol-1. 
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Figure 5. 3D molecular interaction of (a) gabapentin, (b) gabapentin (Zwitterions structure), (c) 

Mn(II)-gabapentin, (d) Co(II)-gabapentin, (e) Ni(II)-gabapentin and (f) Cu(II)-
gabapentin with sertonine receptor 5-HT2C (6BQH).  
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Figure 6. 3D molecular interaction of (a) gabapentin, (b) gabapentin (Zwitterions structure), (c) 

Mn(II)-gabapentin, (d) Co(II)-gabapentin, (e) Ni(II)-gabapentin and (f) Cu(II)-
gabapentin with D2 dopamine receptor (6CM4). 

 

CONCLUSION 
 
In this paper, as a complementary studying to what has been done, four Mn(II), Co(II), Ni(II) and 
Cu(II) metal complexes of gabapentin (Gpn) as well as (Gpn) have been studied using DFT 
method. The previous study have suggested that the metal complexes have the general formulae 
of [M(Gpn)(H2O)3(Cl)].nH2O (where n = 2-6). Those compounds were synthesized and fully 
characterized with known physicochemical as well as spectral studies. Geometry optimization and 
the energy calculations show that (i) the computed bond lengths of all metal complexes are 
reduced or increased rather than that of (Gpn) ligand may be attributed to complexation. (ii) The 
calculated bond angles of all metal complexes predict the octahedral environment (sp3d2 or d2sp3 
hybridization) around the central metal ions. (iii) The negative values of the calculated energy 
parameters indicate stability of all metal complexes. (iv) The smaller band gap of all metal 
complexes rather than (Gpn) predicts the facility of electron transfer from HOMO to LUMO. (v) 
The comparable frequencies of theoretical and experimental IR may be attributed to different 
phases of measurement. The docking XP G-score of the molecular interactions of drug (Gpn) and 
its metal(II) complexes show that all investigated compounds have a good interaction towards 
sertonine receptor 5-HT2C and D2 dopamine receptor proteins. The docking XP G-score shows 
(i) an excellent dock score of -7.370 kcal/mol and RMSD = 1.581 Å̊ for Co(II)-Gpn compound 
suggesting that there is good interaction with active site residues of sertonine receptor 5-HT2C. 
(ii) On the other hand, Ni(II)-Gpn has the best dock score of -6.638 kcal/mol and RMSD = 1.995 
Å ̊ with D2 dopamine receptor. 
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