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Abstract
A new coordination complexes of cobalt and nickel are synthesized using Gabapentin, [1-(amino methyl)-1-cyclohexane acetic
acid] as a ligand. Complexes have been characterized by XRD. single crystal x-ray diffraction studies reveal that the cobalt
complex (1) is coordinated with four gabapentin molecules and nickel complex (2) is with one gabapentin. Further, the ligand is
in the neutral form in the complex (1) and in zwitter ion form in complex (2). Molecular docking study of complex (1) reveals
that this complex may have better activity than gabapentin.
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Introduction
1-(amino methyl)-1-cyclohexane acetic acid commonly known as gabapentin is a neuroleptic drug that is usually prescribed
in combination with other medication for the prevention of seizure disorders and for the treatment of some mood disorders,
anxiety and tardive dyskinesia [1]. More recently gabapentin has been advanced for the treatment of neuropathic pain [2]
however, the mechanism of action of gabapentin remains a subject of considerable discussion [3] many papers have been
recently published on conformational studies of gabapentin-containing peptides [4], on stereochemistry [5] and on
cyclization reactions involving gabapentin [6-10] and transition metal (Ru, Os, and Ir) catalysts. However, no coordination
compounds of gabapentin with biologically active metal complexes have been reported except one in recent communication
reported by Braga et.al [11] in which the mechanochemical preparations of zinc and copper complexes of gabapentin were
reported. Since the knowledge on how the gabapentin molecule binds with the metal ions in the biological system is
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important to understand the mechanism of action of the gabapentin, we started the invitro synthesis and study of the
gabapentin metal complexes. In this paper, we report the efficient and simple solution phase synthesis and structural
characterization of gabapentin complexes with cobalt and nickel as metals for coordination. The molecular docking study on
gabapentin-cobalt complex is also described in the present paper. The gabapentin complexes with cobalt and nickel can be
easily achieved in the laboratory by heating the Stoichiometric quantity of metal salts (cobalt or nickel) with gabapentin, in
water. Concentrating and cooling gave a precipitate of the resulting complex 1 and 2.

Experimental
Synthesis of cobal[gabapentin]4; {Co(H2O)2[gabapentin]4}
0.8 g (4.66 mmol) of gabapentin and 0.34 g (1.167 mmol) of cobaltous nitrate were taken in a 100 mL beaker and 50 mL of
water was added, heated the mixture and reduced the volume to 20 mL, cooled in a refrigerator. Fine red color crystals start
forming after 3 days. Crystals were separated by filtration. Yield: 65%. Elemental Analysis: Calc. C:46.03, H: 4.26,
N:7.96% Found. C: 46.11, H: 4.22, N: 8.01%.

Synthesis of {Nickel (H2O)5[Gabapentin] SO4}
0.6g NiSO4.6H2O (2.326 mmol) and 0.8 g of gabapentin (2.326 mmol) were taken in a 100 mL beaker and 50 mL of water
was added, heated the mixture and reduced the volume to 20 ml, cooled in a refrigerator. Fine green color crystals start
forming after 3 days. Crystals were separated by filtration. Yield: 60%. Elemental Analysis: Calc. C: 29.95, H: 6.49, S:7.78
N: 3.36% Found: C: 29.87, H: 6.49, S: 7.84, N: 3.38%.

Results and Discussion
Crystal structures of 1 and 2
Single crystal formation of 1 and 2 was achieved by dissolving the complex in a minimum amount of water and subject to
the slow evaporation in the laboratory conditions. A crystal of suitable size was mounted using a Mitigen micromount, and
single-crystal data collection was done on a Bruker Smart X2S bench-top diffractometer equipped with a micro-focus MoKα
radiation (λ=0.71073) at room temperature [8]. The machine was operated at 50 kV and 1 mA. Data reduction was
performed using SAINTPLUS. Scaling, absorption correction was done using SADABS, all embedded in the Apex 2
software suite [8]. The crystal structure was solved by direct methods using XS and the structure refinement was done using
XLin the SHELXTL package [9]. The position and thermal parameters of all the non-hydrogen atoms were refined. The
hydrogens were fixed in geometrically calculated positions and refined isotropically. The ORTEP diagrams and packing
diagrams were created using Mercury 3.0 and POV ray. Crystal and experimental data for compound 1 and 2 are listed in
TABLE 1 and 2 respectively. Powder data were collected with para analytical x’pert pro equipped with x’Celerator detector.
A Cu anode was used as X-ray source at 40 kV and 40 mA. The programme powder cell-2.2 was used for calculation of Xray powder patterns.

The X-ray structure determination allowed us for the unambiguous identification of the formation of the complex1. (FIG. 1).
In which the Cobalt is octahedrally coordinated with two water molecule and four gabapentin molecules. The gabapentin
coordinated via carboxylate oxygen with the Co-O bond length 2.064(2) A° and 2.088(2) A° all the bond lengths are within
the expected range (FIG. 2). The detailed structural information is given in the TABLE 1. In the complex 2, (FIG. 3-7) the
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gabapentin present in the zwitter ion form and the corboxylate oxygen is binds to nickel with the bond length Ni.....O is
about 2.036 A°. The detailed structural information is given in the TABLE 2.

FIG. 1. The molecular structure of [Co(H2O)2(Gabapentin)4].

FIG. 2. Powder XRD pattern of complex 1.
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FIG. 3. The molecular structure of [Ni(H2O)5(Gabapentin)]SO4.

FIG. 4. Powder XRD pattern of complex 2.

FIG. 5. The target receptor Voltage-dependent calcium channel subunit alpha-2/delta-1 (Green colored ribbon)
docked with Cobalt-tetragabapentin (colored wireframe).
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FIG. 6. The target receptor Voltage-dependent calcium channel subunit alpha-2/delta-1 (Ash colored molecular
surface) docked with Cobalt-tetragabapentin (colored wireframe).

FIG. 7. The target receptor Voltage-dependent calcium channel subunit alpha-2/delta-1 (Ash colored molecular
surface) docked with Gabapentin (Blue colored wireframe).

Molecular Docking of complex 1
In silco study: Chem-Sketch of ACDLABS 10.00 software was used to design the ligands Cobalt-tetra-gabapentin and
gabapentin followed by 3D optimization. The Sybyl Mol2 format files of these ligands were converted into Protein data
bank (pdb) format using Open Babel software [10]. The Gabapentin target receptor Voltage-dependent calcium channel
subunit alpha-2/delta-1 and its amino acid sequence were elicited from Drugbank [11]. A 3D model of the amino acid
sequence of target protein was built by ESyPred3D web server [12] using the 3D structure PDB Id: 3LIA chain 'A' as
template. Gastieger atom charges, solvent deletion and hydrogens were added into the receptors files for the preparation of
receptor in docking simulation by Autodock 4.2 [13]. Docking analysis was done using Autodock 4.2 [13-17]. Torsions in
ligands were set to 6 and non-polar hydrogens present in receptors were merged. AutoGrid 4.2 program, supplied with
AutoDock 4.2 was used to produce grid maps. The grid box size was set at 62, 62 and 62 A° (x, y, and z) to include all the
amino acid residues present in the active site of macromolecule. The Lamarckian Genetic Algorithm (LGA) was chosen for
the search of best conformers with lowest binding energy. Results were analyzed to study the interactions, binding energy
and hydrogen bond interactions for the best conformers and given in the TABLE 3.
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This result clearly indicates that the complex 1 may have better efficiency over gabapentin alone.

TABLE 1. Structural information of complex 1.
Compound identification

Red crystal

Chemical formula

CoC27H30N4O10

Formula mass

703.80

Crystal system

Triclinic

Space group

P-1

a (Å)

12.5889 (6)

b (Å)

12.6216 (5)

c (Å)

14.3626 (7)

β (Å)

100.466 (4)

Unit cell volume (Å3)

2197.02

Z

15

Temperature (K)

296 (2)

ρcalc (g cm-3)

1.172

F(000)

1840

Crystal size (mm3)

0.30 × 0.27 × 0.19

No. of reflections measured

4229

No. of independent reflections

2717

Rint

0.0571

_ρmin, max (e Å−3)

-0.32, 0.24

Final R1 values (I>2σ(I))

0.054

Final wR(F2) values (I>2σ(I))

0.143

Final R1 values (all data)

0.098

Final wR(F2) values (all data)

0.167

Goodness of Fit (GOOF)

1.012

TABLE 2. Structural information of complex 2.
Compound identification

Green crystal

Chemical formula

C9H27NSO11Ni

Formula mass

416.09

Crystal system

Triclinic

Space group

P-1

a (Å)

6.0146 (4)

b (Å)

8.5196 (4)

c (Å)

35.0416 (19)

β (Å)

93.688(4)
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Unit cell volume (Å3)

1791

Z

0

Temperature (K)

296 (2)

ρcalc (g cm-3)

1.693

F(000)

1840

Crystal size (mm3)

0.30 × 0.24 × 0.19

No. of reflections measured

2717

No. of independent reflections

2717

Rint

0.0622

_ρmin, max (e Å−3)

-0.32, 0.24

Final R1 values (I>2σ(I))

0.0711

Final wR(F2) values (I>2σ(I))

0.143

Final R1 values (all data)

0.096

Final wR(F2) values (all data)

0.161

Goodness of Fit (GOOF)

1.078

TABLE 3. Comparative molecular docking results of Gabapentin and Cobalt-tetragabapentin generated from
Autodock 4.2.
Parameters

Gabapentin

Cobalt-tetragabapentin

Binding energy

-5.5

-7.64

Ligand efficiency

-0.46

-0.15

Inhibition Constant

92.71 µM

2.5 µM

Intermolecular energy

-7.29

-15.1

Electrostatic energy

-2.72

-5.69

Vdw_hb_desolvation energy

-4.57

-9.4

Total internal energy

0.05

0.31

Torsional energy

1.79

7.46

Unbound energy

0.05

0.31

H-bonds

03

03

Conclusion
For the first time we have studied the gabapentin complexes that contain cobalt and nickel metal ions. Molecular docking
studies shows the complexes are more active than the gabapentin alone. Further, in vivo studies of the complexes to prove
the efficacy and safety as a drug are underway.
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