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Abstract: In this manuscript, we represent the synthesis, characterization, antibacterial activities, and
theoretical studies (molecular docking and ADME) of VO(IV) complexes of kojic acid and substituted
[B-diketones. The molecular composition of the synthesized compounds [VO(ka)(L)(H.0)], Where
Hka= Kojic Acid, HL=B-diketones viz., methyl acetoacetate, ethyl acetoacetate, benzoyl acetone, or
dibenzoyl methane, has been synthesized. The resulting complexes have been characterized by
elemental analysis, vanadium determination, molar conductance and magnetic measurements, FT-IR,
ESI-MS, and ESR. Then, computational analysis was done using Gaussian 09 software. These studies
have suggested that monomeric distorted octahedron structures are suitable for these complexes. The
proposed structures have been confirmed by examining bond lengths and bond angles for a
representative compound, [VO(ka)(eacac)(H20)] C2. Moreover, a molecular docking study was
performed with human CYP3A4 bound to metformin (PDB ID: 5G5J) to evaluate the antioxidant
activity, and with the ptplb-inhibitor complex (PDB ID: 2QBS) to evaluate the antidiabetic activity.
Finally, the Insilco ADME properties were done with the SwisSADME online server.
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1. Introduction

The field of coordination chemistry is highly interested in 3-hydroxy-2-methyl-4H-
pyrone-4-one (maltol) and 5-hydroxy-(2-hydroxymethyl)-4H-pyrone-4-one (kojic acid) as
ligands [1]. Many species of Aspergillus, Acetobacter, and Penicillium produce H2Ka, a fungal
metabolite. The discovery was made during the investigation of the formation of steamed rice
(Koji). Other food items that contained it included sake, miso (soybean paste), shoyu (soy
sauce), and others. Kojic acid is produced on an industrial scale and added to food for its
antibacterial and fungicidal properties [2]. Due to their flavoring and antioxidant properties,
kojic acid, maltol, and ethyl maltol have been chosen for their use in food production [3].
Researchers have been interested in oxovanadium complexes because of their well-known
biological actions[4,5]. Different ligands have been employed in the successful synthesis of
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vanadium complexes with different oxidation states, and their magnetic properties,
antidiabetic, anti-inflammatory, and catalytic activities have been evaluated [6,7]. The
molecular geometry of the oxovanadium(lV) complex is significantly influenced by the
chelating properties of the ligands, as evidenced by the published literature. Schiff bases are
reported to form stable complexes with vanadium, primarily with coordination numbers of 4,
5, or 6 [8]. For four and five-coordinate complexes, square pyramidal, distorted square
pyramidal, or distorted trigonal bipyramidal geometry have been reported, and for six-
coordinated ones, distorted octahedral structures with the apical position occupied by an
oxygen atom have been observed [9].

Given their wide applications, we aimed to design, synthesize, and characterize
oxovanadium(IV) complexes with an O6 coordination environment involving kojic acid and
substituted [-ketoenolates. After completing successful synthesis and experimentation, we
analyzed theoretical chemistry using DFT, molecular docking, and ADME properties.
Furthermore, antimicrobial screening was performed on these complexes.

2. Materials and Methods

2.1. Experimental

All chemicals used were of analytical reagent (AR) grade. Elemental analysis, X-band
EPR spectrum was recorded at RT on an X-band ESR spectrometer using a powdered sample
at a microwave frequency of 9.11 GHz, and TGA was performed by heating the sample at 10°C
min’t from 25 to 1000°C on a thermal analyzer from SAIF, IIT, Mumbai. Solid-state FT-IR
spectra were obtained using potassium bromide pellets with a Perkin-Elmer model 1620
infrared spectrophotometer, and mass spectra were recorded from SAIF, CDRI Lucknow. The
conductance measurements were made in dimethylformamide solution using a Toshniwal
conductivity bridge and dip-type cell with a smooth platinum electrode of cell constant 1.02,
and magnetic measurements were performed by Guoy’s method with mercury(Il)
tetrathiocyanatocobaltate(ll) as calibrant at SAIF, 11T, Chennai. The decomposition
temperatures (DT) were recorded on a melting-point apparatus with a maximum heating
capacity of 360°C. Electronic spectra were recorded on an ATI Unicam UV-2-100 UV/Visible
spectrophotometer using a 1.0 cm silica cell, and electrochemistry was performed on a BASI
Epsilon electrochemical analyzer with tetrabutylammonium tetrafluoroborate (TBATFB) as
the supporting electrolyte.

2.2. Synthesis of mixed ligand complexes C1-C4.

To a solution of 5-hydroxy-2-(hydroxy methyl)-4-pyrone (kojic acid) (0.001 M; 0.142
g) in 10 mL of ethanol was added 0.001 M of methyl acetoacetate (0.116 g) or ethyl
acetoacetate (0.130 g), benzoyl acetone (0.162 g), or dibenzoyl methane (0.224 g) in 10 mL of
ethanol. The resulting mixture of the two appropriate ligands was added slowly, with constant
stirring, to a solution of 0.001 M VOSO04-5H20 (0.253 g) in 1 mL of water and 10 mL of
ethanol, and a dark green (aguamarine) solution was obtained after refluxing the mixture for
~4 hrs. Thereafter, an ammonium hydroxide solution (50%) was added dropwise to adjust the
pH to 8, and thereby the solution turned a darker green. After 60 minutes of refluxing, the
reaction mixture was collected by vacuum filtration, yielding a dark green and light brown
precipitate. Ethanol-water (1:5) was used to wash it, and it was then dried overnight under
vacuum.
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[VO(ka)(macac)(H20)] C1 Yield; 0.256g 75%, Colour; Light brown, decomposition
temperature; 240°C, Anal. Calc. for C11H14O9V (MW: 341.18); C, 38.73; H, 4.14; V,14.93
Found: C, 38.70; H, 4.18 %. Solubility: DMF and DMSO. IR (KBr, 4000-600 cm™); v(C=0)
1597, v(C=C) 1565, v(C-0) 1280 and v(V=0) 972, and (H.0) 3440 cm™, UV/Vis (DMSO)
Amax NM: 287, 300 and 393.

[VO(ka)(eacac)(H20)] C2 Yield; 0.241 g 68 %, Colour; Light brown, decomposition
temperature; 210°C, Anal. Calc. for C12H1609V (MW: 355.21); C, 40.58; H, 4.54; V, 14.34.
Found: C, 40.53; H, 4.51; V 14.36 %. Solubility: DMF and DMSO, IR (KBr, 4000-400 cm™);
v(C=0) 1602, v(C=C) 1534, v(C-0) 1270, v(V=0) 986 and (H.0) 3446 cm™, UV —Vis
(DMSO) Amax nm: 279, 307 and 380.

[VO(ka)(dbm)(H20)] C3 Yield; 0.287 g 64%, Colour; Light green, decomposition
temperature; 180°C, Anal. Calc. for C21H1808V (MW:449.32); C, 56.14; H, 4.04; V, 11.34;
Found: C, 56.33; H, 4.01; V, 10.96 %, Solubility: DMF and DMSO, IR (KBr, 4000-600 cm™);
v(C=0) 1616, v(C=C) 1588, v(C-0) 1350, v(V=0) 974 and (H:0) 3458 cm™, UV-Vis
(DMSO) Amax nm: 289,316 and 361.

[VO(ka)(bac)(H20)] C4 Yield: 0.270 g 70%, Colour; Light green, decomposition
temperature; 200°C, Anal. Calc. for C16H140sV (MW:387.25); C, 56.14; H, 4.04; V, 11.34;
Found: C, 56.21; H, 4.56; V, 11.23 % Solubility: DMF and DMSO, IR (KBr, 4000-600 cm™);
v(C=0) 1708, v(C=N) 1627, v(C-0) 1350, v(C=S) 1135 v(V=0) 974 and (H.0) 3399 cm™,
UV-Vis (DMSQO) Amax nm: 270, 438 and 460.

2.3. Theoretical studies.

The theoretical chemistry was performed using the Gaussian 09 software package [10].
B3LYP/6-311+G and B3LYP/LANL2MB combinations are used to set up the DFT
calculations. To understand the vibrational properties and structural characteristics of a
representative studied compound. The assignment of the calculated wavenumbers was aided
by the animation option in the graphical user interface of GaussView 9.0 for Gaussian
programs, which provides a visual presentation of the shapes of the vibrational modes [11].
DFT at the B3LYP level has been utilized to verify the geometries. In addition, the quantum
parameters indicate the potential bioactivity of the oxidovanadium(lVV) compounds [12].
Visualized demonstrations of molecular electrostatic potentials (MEPs) reveal
electrophilic/nucleophilic reactive sites, which support theoretical biological activities
involving H-bonding interactions [13]. We present and discuss the molecular structures,
vibrational frequencies, FMOs, and atomic charges that have been optimized for kojic acid and
C2.

2.4. Molecular docking interactions.

In recent years, Molecular Docking has become a crucial part of in-silico drug
development. The objective of this technique is to predict the interaction between a small
molecule and a protein at the atomic level [14]. The molecular docking study was performed
on five compounds (kojic acid and four complexes C1-C4) to obtain accurate predictions about
the structure and interactions of the studied compounds in complex with a protein/enzyme
receptor to evaluate the antioxidant and antidiabetic activity. For this study, the following two
proteins/enzymes’ receptors have been imported from the protein data bank
(http://www.rcsb.org/:PDB): Crystal structure of human CYP3A4 bound to metformin (PDB
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ID: 5G5J) [15] to evaluate the antioxidant activity. Crystal structure of the ptplb-inhibitor
complex (PDB ID: 2QBS) [16] to evaluate the antidiabetic activity.

The binding site on the protein/enzyme target's surface was fitted with the complex
compounds studied during the docking simulation. The docking score and hydrogen bonds
formed with amino acid residues in the receptor's active site are used to predict ligand binding
modes, binding affinity, and ligand orientation within the receptor's active site [17,18]. The
docking scores were compared with the score of kojic acid. The protein-ligand complex has
been realized based on the X-ray structure of human CYP3A4 bound to metformin (PDB ID
5G5J) and on the X-ray structure of the ptplb-inhibitor complex (PDB ID 2QBS).

2.5. Insilco ADME properties.

This is the third theoretical approach in the present investigation, which uses the
evaluation of the ADME properties. This investigation is carried out to determine whether the
studied compounds exhibit toxicity upon administration or have a pharmacokinetic profile.
Proceeding for this purpose, Swiss ADME [19] servers were used. Based on the chemical
structure, the desired compounds were characterized to predict their pharmacokinetic
properties, such as absorption, distribution, metabolism, and elimination (ADME), as well as
their pharmacodynamic potential and toxicity, to avoid potential interactions with off-targets
that could cause many side effects.

3. Results and Discussions

The oxovanadium(IVV) complexes were prepared by treating VOSO4 - H.O with kojic
acid and substituting B-ketoenolates in aqueous ethanol, as shown in the following equations.

Ethanol, H,0

VOSO kaH + LH
4 T KAl + Reflux

[VO(ka)(L)(H,0)] + H,S0, (1)

Where Hqka = kojic acid, HL = 3-ketonolates like methyl acetoacetate (Hmacac), ethyl
acetoacetate (Heacac), benzoyl acetone (Hbac), or dibenzoyl methane (Hdbm).

All the synthesized complexes are air-stable and color solid masses. The experimental
section provides information on their thermal stability and decomposition temperatures. These
are insoluble and sparingly soluble in organic solvents, but they are also soluble in DMF,
DMSO, and acetonitrile. The formulation of these complexes can be confirmed by
experimental studies, elemental analysis, magnetic measurements, and spectral analyses.

3.1. Spectral studies.

The experimental section presents the infrared spectral bands of kojic acid and its
compounds, along with their likely assignments. The vibrational bands at 1700 and 1660 cm-
1 are most likely due to the non-hydrogen-bonded and hydrogen-bonded carbonyl vibrational
modes, respectively. When kojic acid forms a complex with the vanadium ion, the former mode
disappears, and the latter shifts to lower frequencies and merges with v(C=0) (acetyl/benzoyl)
of B-diketone ligands used as co-ligands in the present investigation (vide infra). The strong
bands appearing at 3220 and 3265 cm™ are due to v(OH) (phenolic) and v(OH) of the CH,OH
group of the kojic acid. The v(OH) (phenolic) disappears after complexation, and this suggests
the coordination of phenolic oxygen after deprotonation with vanadium. This is further
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supported by the upward shift of the free v(C-O) phenolic of kojic acid, which appears in the
range 1270-1287 cm™* after complexation. The appearance of v(OH) of the CH,OH group of
kojic acid at a bit lower frequency (3190-3200 cm™) indicates that the OH group of the CH,OH
moiety is inert towards coordination. These results conclude that kojic acid serves as a bidentate
(O, O) chelating ligand. The illustrative absorption frequencies due to coordinated methyl
acetoacetate, ethyl acetoacetate, benzoyl acetone, or dibenzoyl methane anions are v(C=0)
(acetyl/benzoyl) and v(C=C) modes, and these have been observed in the region 1594-1616
and 1534-1588 cm?, respectively. Most of the VO(I1) complexes show a strong band close to
1000 cm™*, which has been assigned to the v(V=0) [20]. In contrast, several VO(IV) complexes
have been reported in which this stretching mode appears at quite lower wave numbers, around
900 cm™* [21]. The shift of the v(V=0) band to lower wavenumbers has been suggested due to
the presence of a slight ---VV=0---VV=0--- type interaction occurs between one molecule's vanadyl
oxygen and a vanadium metal in another molecule [22]. According to the present study, (V=0)
is discovered at 972-993 cm™, indicating no interaction between V=0....V=0...V=0..
interaction in these complexes. All complexes exhibit a broad band in the infrared spectrum at
3399-3458 cm. This suggests the presence of coordinated water molecules/lattice water
molecules. An almost identical resemblance can be seen between the experimental and
theoretical IR spectra of a representative complex, C2, and the important spectral bands in
Figure 1. Supplementary Figures 1 and 2 depict the theoretical IR spectrum of Kojic acid and
the experimental IR of C3, respectively.
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Figure 1. (a) Experimental; (b) theoretical FT-IR Spectrum of C2.
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The electronic spectra of all the complexes were recorded in 10° M
dimethylformamide, and their results are summarized in Table S1. Besides high-intensity
charge transfer transitions, all these complexes {except compound C2} show C2 to C3 low-
intensity d-d transitions, as shown in Figures S3 and S4.

The ESI-Mass spectrum of C1 was recorded and presented in Figure S5. The spectral
peaks observed in a compound at 149, 177, 199, 223,251, 279, 298, and 361 m/z are probably
due to the two fragmentation routes shown in Scheme S1.

The X-band EPR spectrum of C2 at liquid nitrogen temperature (LNT) was recorded
on a powdered sample at 9.1 GHz, without using DPPH as a marker, as shown in Figure S6.
The g factor is a dimensionless constant, and its actual value for a free electron is 2.0023. The
shifting of the g value from 2.0023 towards the lower side suggests the mixing of the metal
orbitals with the unpaired-electron orbitals in molecular orbitals. It can be said, in other words,
that the metal-ligand bonds are covalent, and the compounds are paramagnetic [23].

3.2. Magnetic and conductance measurements.

The magnetically dilute VO(IV) complexes generally exhibit magnetic moments to
their spin-only value of ~1.73 BM at room temperature. The magnetic moments observed for
the studied complexes are in the range of 1.74 -1.79 B.M., which is typical for
oxovanadium(lV) complexes that are magnetically dispersed. The magnetic moments are
presented in the experimental section. These compounds had a molar conductance range of
19.7-23.4 ohm™ cm? mole™! when tested in 10-3 M dimethylformamide solutions. The non-
electrical nature of these complexes is evident in these values [24].

3.3. Powder XRD.

Figure 2a depicts the XRD pattern of the sample at room temperature. The XRD pattern
shows the monoclinic crystal structure having a =5.0246, b =4.982, ¢ =2.540. The lattice
parameters of the selected unit cell were refined using the X’pert High Score Software
(#JCPDS 00-050-1491), and all the peaks are indexed in Figure 2b. The average crystallite size
and microstrain are calculated from the Williamson-Hall Relation [25].

Isu,::‘uc: B * Cos(Th) = 0.526393 + -0.597889 * Sn(Th)I

square: 0.0076186
0.5 1

Intensity

(@ (b)
Figure 2. (a) XRD Patterns of a complex C2; (b) Williamson-Hall plot of a complex C2.

Bhk-cos B = % + 4esin 0 @)

Where Sy, represents the full width at half maximum intensity of individual peaks, A
is the wavelength of incident radiation, k represents a shape factor of about 0.94, D is crystallite
size, and ¢ is the microstrain of the sample. The crystallite size is found to be 167Aor 16.7 nm
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from the intercept, and the microstrain is about 0.2608% from the slope of the linear fit of the
W-H plot, as shown in Figure 2b.

3.4. Electrochemistry.

Cyclic voltammetry has been used to study the electrochemistry of C2 and to monitor
spectral and structural changes associated with electron-transfer reactions. The voltammogram
was recorded in DMSO with tetrabutylammonium tetrafluoroborate, [CH3(CH.)3]aNBF4
(TBATFB), as the supporting electrolyte over the potential range £1000 mV versus current.
Figure 3 depicts the voltammogram of C2 and shows an irreversible redox wave. This may be
due to a slow electron transfer reaction. The unusually high values of AE again fall within the
range of 346.3-403.9 mV, not meeting the reversibility criterion [26]. The oxidations and
reductions of the complex are achieved by the redox wave, which is the one-electron reduction
at 403 mV, and the one-electron oxidation wave, which is the oxidation at -728 mV. The
complex showed redox couples with a peak-to-peak separation (AEp) of 1131 mV, indicating

a single-step one-electron transfer process.
Y Run for BASI-Epsilon

B3

38

current {uA)
=

L L L L
1000.0 000 oo -500.0 -1000.0

Fotential {m')

Figure 3. Cyclic voltammogram of C2 in 0.20 M (TBATFB) [scan rate: 200 (mV/s)].
3.5. Theocratical chemistry.
3.5.1. DFT studies.

DFT is used to investigate the computed geometrical properties of C2, which are shown
in Figure 4. The central vanadium ion is surrounded by six coordinates as V{O}6 environment.
The first four coordination is associated with two monomeric bidentate mixed ligands like kojic
acid and ethyl acetoacetate, which are in planar as V-O(2); 2.037 A pyrone of kojic acid, V-
0(3); 1.917 A hydroxyl of kojic acid, V-O(4); 1.906 A keto form, and V-O(5); 1.973 A enolic
form of ethyl acetoacetate. The fifth and sixth sites are equatorially coordinated by oxo oxygen,
as V-0(6) (1.598 A) and V-O(7) (2.177 A), from the water molecule of the studied compound.
The distorted octahedral geometry of C2 is defined by the based on significant fifteen selected
bond angles (°) along the vanadium center are: O(2)-V-0(3); 82.953, O(2)-V-0(4); 168.232,
0(2)-V-0(5); 93.112, O(2)-V-0O(6); 95.178, O(2)-V-O(7); 81.064, O(3)-V-0(4); 91.634, O(3)-
V-0(5); 165.306, O(3)-V-0(6); 98.804, O(3)-V-0O(7); 83.873, O(4)-V-O(5); 88.616, O(4)-V-
0O(6); 99.486, O(4)-V-O(7); 84.459, O(5)-V-0(6); 95.642, O(5)-V-0O(7); 81.528 and O(6)-V-
O(7); 172.209.

The frontier molecular orbitals (FMOSs), especially the highest occupied molecular
orbitals (HOMOs) and the lowest unoccupied molecular orbitals (LUMOS) have been widely
used by chemists to understand the reactivity and regioselectivity of various chemical systems
[27]. The energy difference between the HOMO and LUMO is termed the HOMO-LUMO gap
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(AE) [28]. Although the HOMO-LUMO gap obtained from density functional calculations
should be referred to as Kohn—Sham (KS) gap [29].

Figure 4. Optimized molecular structure of C2 by B3LYP/LANL2MB basis set.

The sub-adjacent orbitals are labeled as NHOMO (the next-to-highest occupied
molecular orbital) and SLUMO (the second-lowest unoccupied molecular orbital). These are
also commonly referred to as HOMO-1 and LUMO+1, respectively. In the present
investigation, we have selected six FMOs, namely, [HOMO-2] the third-highest, [HOMO-1]
second highest, and [HOMO] highest occupied MO, the [LUMO], the lowest [LUMO+1]
second-lowest, and [LUMO+2] third-lowest unoccupied MO’s of kojic acid (Hzka) and C2 are
shown in Figure S7 and Figure 5, respectively. The energies of the three HOMOs and three
LUMOs of kojic acid in eV are HOMO-2; -7.509, HOMO-1; -6.557, HOMO,; -6.375, LUMO;
-1.219, LUMO-1; -0.2862, and LUMO-2; 1.283. The AE of HOMO-LUMO; 5.156, HOMO-
1-LUMO+1; 6.271 and HOMO-2- LUMO+28.793 eV. Meanwhile, the FMOs of C2 observed
energies in the same order are -3.592, -3.176, -2.429, 0.541, 1.141, and 1.935 eV. The energy
gap is also in the same order: 2.970, 4.455, and 5.526 eV. FMOs are one of the parameters that
determine the magnetic properties of molecules. Kojic acid's diamagnetic properties are
attributed to the presence of paired electrons in the HOMO. Although compound C2 is a
paramagnetic compound, it does not have an unpaired electron in HOMO. Thus, the HOMO
of C2 is regarded as a molecular orbital (SOMO) that has a single occupancy. The energy gap
serves as an indicator of the compound's kinetic stability and chemical reactivity [30,31]. This
abbreviation may also be extended to semi-occupied molecular orbital. Koopmans's theorem
[32,33] is used to calculate the energies of the frontier orbitals of molecules, including their
ionization energy and electron affinity.

-Eromo =IE ©)
-ELumo = EA 4)

The absolute electronegativity (yans) and absolute hardness (n) are associated with 1A

and EA [34] as given below:
xabs = (IE + EA)/2= (Enomo + ELumo) / 2 5)
n = (IE - EA)/2= (EHomo - ELumo) / 2 (6)

The energy gap (AE) defines the softness and hardness of a molecule. If a molecule has
a large energy gap, it is hard; soft molecules have a small energy gap [34]. The absolute
electronegativity (yaps), absolute hardness (n) of kojic acid, and C2 are calculated using
equations (3) to (6) and are represented in Table S2. There is a much smaller energy gap in the
complex than in the ligands. Another important property related to the dipole moment and
hardness is the electrophilicity index (), and global softness (S) is calculated by given
equations (7) and (8). The values of ® and S are given in Table S2.
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Figure 5. FMO's structure with energy level diagram of C2 values is given in eV.

In chemistry, the charge of an atom is a fundamental and classical concept. DFT is used
to perform the charge analysis, which is a crucial parameter for molecules. Mulliken's atomic
charge [35] is defined in terms of orbitals. All electronic charge contributions from orbitals
centered at that atom are summed up for each atom, and electronic overlap clouds between two
atoms are distributed evenly between them. Here, we investigated charge analysis of C2 by
two reliable and well-known methods: (i) Natural population analysis (NPA) and (ii) Mulliken
analysis with a B3LYP/LANL2MB basis set. Comparing the analyses is difficult due to the
diverse theoretical backgrounds of the methods. Upon reviewing the results, 1 noticed
surprising differences between Mulliken’s and NPA charges. According to the results, NPA
and Mulliken analyses indicate that all hydrogens and carbons, such as C10, C11, C13, C22,
C25, and V1, have a positive charge. All oxygens 02, O3, 04, O5, 06, 07, 016, 020, and
030, as well as the remaining atoms, C9, C23, C24-C26, and all oxygens 02, O3, 04, O5, 06,
07, 016, 020, and O30, exhibit a negative charge. Positive charges are present in Mulliken
analysis for the atoms named C12, C17, and C31, while negative charges are present in NPA.
Figure S8 depicts the presentation of these in a graph. The color scale of positive and negative
charges for (a) Mulliken atomic charges and (b) NPA atomic charges is shown in Figure S9,
and data are charted in Table S3.

The MESP is an acronym for the molecular electrostatic potential surface; it is used to
understand the reactive behavior of a molecule in its negative and positive regions, which can
be regarded as nucleophilic and electrophilic sites, respectively. The molecular electrostatic
potential surface is used to record the molecular shape, size, and electrostatic potential values
of kojic acid and C2. The MESP diagram of kojic acid shows that the carbonyl oxygen and
hydroxyl oxygen atoms represent the large negative potential regions, while in the case of C2,
the coordination environment with {O6} and vanadium (central atom) is the region of most
negative potential. The hydrogen atoms in kojic acid bear the region of maximum positive
charge, while the regions of maximum positive charge are the hydrogens of the two ligands,
kojic acid, and ethyl acetoacetate, in the case of C2, as shown in Figure S10. The coordinated
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water molecule has two most electropositive hydrogens attached to its electronegative oxygen,
which is noteworthy. A potential halfway point between red and dark blue is where the
predominant green region in the MESP surfaces lies.

3.5.2. Molecular docking evaluation.

All the ligands were docked on the crystal structure of human CYP3A4 bound to
metformin. The co-crystallized metformin (MF8) creates one hydrogen bond with ARG 212
(2.937 A). The docking pose of the co-crystallized metformin (MF8) interacting with amino
acid residues of the active site is shown in Figure 6 and Table 1. Kojic acid was used as a
reference ligand to compare the docking results of all the studied compounds. Kojic acid
showed the occurrence of four hydrogen bonds, two with the same amino acid, co-crystallized
MF8, ARG 212 (2.886 A; 2,926 A), and two with ARG 105 (2.806 A; 2.972 A). These are
shown in Figure 7. The docking score of all ligands is greater than the docking score of the co-
crystallized and the docking score of Kojic acid. The docking studies have shown that C1 forms
seven hydrogen bonds: four with the same amino acid as co-crystallized MF8, ARG 212 (2.986
A; 3.063 A; 3.171 A; 3.236 A), and ARG 106 (3.043 A), and two with GLU 374 (3.238 A;
2.916 A). The C2 (docking score: -44.22; RMSD: 0.11 A) shows the occurrence of seven
hydrogen bonds, three with the same amino acid as co-crystallized MF8, ARG 212 (3.108 A;
2.941 A, 2.862 A), with ARG 105 (3.105 A), SER 119 (2.807 A), ARG 372 (3.144 A) and with
ALA 370 (2.609 A). Also, C3 (docking score: -43.41; RMSD: 0.03 A) forms six hydrogen
bonds, five with the same amino acid as co-crystallized MF8, ARG 212 (3.150 A, 2.893 A,
3.164 A, 3.074 A, 3.186 A) and with SER 119 (3.109 A), and two with GLU 374 (3.238 A,
2.916 A). C4 has been predicted to have a significant docking score (-53.52, RMSD: 0.05);
this compound forms four hydrogen bonds with ARG 212 (3.048 A), ARG 372 (3.008A), ALA
370 (3.056 A), and ILE 369 (2.847 A). The docking pose of the co-crystallized ligand and its
interaction with the amino acid residues of the active site of 5Q5J are shown in Figure 8. The
amino acid residues forming the interacting groups for each ligand are listed in Table 2. The
docking score decreases in order: C4 (docking score-53.52, RMSD: 0.05)> C2 (docking score:
-44.22; RMSD: 0.11 A)> C3 (docking score: -43.41; RMSD: 0.03 A)>C1 (docking score: -
40.02; RMSD: 0.03 A)>Kojic acid (docking score -35.44, RMSD: 0.03)>co-crystallized
(docking score: -28.21; RMSD: 0.11 A). It is presented in Figure 9.

Table 1. The list of intermolecular interactions between the compounds docked with 5G5J.

RMSD - Bond length
Ligand Score* i Group interaction Hydrogen bond on Aeng
Co- ARG 105, SR 119, ILE 301, PHE X
. . ’ N06)- N sp?-AR:
crystallized | -28.21 0.1 304, ARG 212, ALA 305, ALA Nsp (0 02)1 ) sp-ARG 2.937
MFS8 370, ARG 372, LEU 373

3(O1)-N sp-ARG 212 2.
ARG 105, GLU 374, SER 119, gspz ((82)) fjjﬁ AR((}} o~ N Sig

Kojicacid | -3544 | 0.03 ARG 375, ARG 372, ALA 370, P P '
LEU 373, ALA 305, ARG 212 O'sp”(03)-N'sp™- ARG 105 2.806
’ ’ ’ O sp? (04)-N sp? - ARG 105 2,972

2 B 2.

ARG 105, PHE 108, ASP 76, PRO 8 :g , Egg 1;11 z‘; , f}ig gg i‘zig’

107, ARG 106, GLU 374, SER '
’ ’ ’ O sp? (020)-N sp? - ARG 212 3.171

119, ARG 375, ARG 372, ALA s .

1 4002 | 003 | o b, | OsP(O7)-Nspi- ARG 212 3.236
ALA 305, ARG 212, PHE 304, ILE | O P, (017)-0 sp* - GLU 374 3238
S ’ 0 sp? (O17)- N sp? -ARG 106 3.043
' 0 sp? (017)-0 sp>- GLU 374 2916
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RMSD . Bond length
Ligand Score* AS Group interaction Hydrogen bond™ on Aeng
2 _ 2 _
ARG 105, PHE 108, ARG 106, Osﬂ (02) Nsp ARG 105 3155
0 sp* (020)-N sp? - ARG 212 3.108
ILE 420, GLU 374, SER 119, ARG | (0, 0 o, 0 00 oal
372, ALA 370, MET 371, PHE 57, Py oS '
2 4422 | 011 oy a8l PHE 515 LEU 480, | © sP*(O1D-N'sp? - ARG 212 2.862
. ’ | Osp*(07)- Osp’— SER 119 2.807
LEU 373, PHE 213, ALA 305, . ,
ARG 212, PHE 304, ILE 301 O'sp” (OI7)-N'sp™- ARG 372 3144
. . ' 0 sp* (017)-0 sp> ALA 370 2.609
ARG 105, ARG 106, GLU 374, | () > 18)-N sp?- ARG 212 3.150
SER 119, ARG 372, ALA 370, , ,
0 sp? (O18)-N sp? - ARG 212 2.893
MET 371, ILE 369, PHE 57, GLY | 28, (/0 2, T "
3 4341 | 003 | 481, PHE2I5, GLY 81, LEU 482, P P '
LEU 483, PHE 213, ALA 305 O'sp”(O11)-N'sp” - ARG 212 3074
’ ' " | 0'sp?(021)- N sp?- ARG 212 3.186
ARG 212, THR 309, PHE 304, 0 5 (026)-0 s> SER 119 3 106
PHE 302, ILE 301, ILE 118. P P '
ARG 105, ARG 106, GLU 374,
PRO 107, ILE 120, SER 119, PHE | s 10 o yoco 3008
108, LEU 373, ARG 372, ALA | %, 7o T 0 3056
4 5352 | 005 | 370,MET37L,ILE369,PHES7, | ~'°F) o2 o 2 360 e
PHE 215, GLY 81, LEU 482, LEU Osp2(020)Nsp2 ARG 12 s oag
483, PHE 213, ARG 212, THR P P :
309, PHE 304.

*The docking score (PLANTSp.p score) is a function described in [36]. ** The numbering of the atoms was
done according to the software (Figure 11).

(@

Figure 6. Docking pose of th

e (a) co-crys

C4, interacting with amino acid residues of the active site.

N )
Figure 7. Hydrogen bond (blue dotted lines) between (a) co-crystallized metformin MF8 and ARG 212 amino
acid; (b) kojic acid and ARG 212 and ARG 105 amino acids; (¢) C1 and ARG 212, ARG 106 and GLU 374
amino acids; (d) C2 and ARG 212, ARG 105, ARG 372, SER 119 and ALA 370 amino acids; (e) C3 and ARG
212 and SER 119 amino acids; (f) C4 and ARG 212, ARG 372, ILE 359 and ALA 370 amino acids.
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Figure 9. Docking scores of all the molecules.

Docking evaluation on ptplb-inhibitor complex (PDB ID: 2QBS): Kojic and all the
synthesized complex compounds were also docked on the crystal structure of the Protein
Tyrosine Phosphatase complex (PTP-C). The co-crystallized 4-bromo-3-(carboxymethoxy)-5-
[3-(cyclohexylamino)phenyl]thiophene-2-carboxylic acid (024) created seven hydrogen bonds
with TYR 46 (3.078 A), LYS 120 (3.125 A), GLN 266 (2.897 A), PHE 182 (2.746 A), and two
hydrogen bonds with ARG 221(3.060 A, 3.052 A). The docking pose of the co-crystallized
(024) interacting with amino acid residues of the active site is shown in Figure 10. Kojic acid
was used as a reference ligand to compare the docking results of all studied compounds. Kojic
acid shows the occurrence of five hydrogen bonds with TYR 46 (3.074 A), LYS 120 (3.107
A), ARG 221(3.124 A), PHE 182 (3.095 A), and GLN 266 (2.911 A) (Figure 10). The docking
studies revealed that C1 formed two hydrogen bonds with TYR 46 (3.075 A) and with LYS
120 (2.904 A) (Figure S11). Compound 2 shows the occurrence of four hydrogen bonds, two
with ARG 47 (2.750 A; 3.322 A) and two with ASP 48 (3.085 A, 2.925 A) (Figure S11). The
C3 has been predicted to have a significant docking score (-57.22, RMSD: 0.20); this
compound forms three hydrogen bonds with ASP 48 (3.187 A) and two GLN 262 (2.978 A,
2.933 A). It was observed that C4 does not form hydrogen bonds with the amino acid residues
in the protein receptor's active site.
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Figure 10. Docking pose of the (a) co-crystallized (024); (b) kojic acid and complexes; (c) C1; (d) C2; (e) C3;
() C4 interacting with amino acid residues of the active site.

Figure 11. Tube representation of the optimized molecular structure of studied compounds kojic acid and C1-
C4 (the numbering of the atoms was done according to the Spartan software).

The docking pose of the co-crystallized and the ligands interacting with amino acid
residues of the active site of 5Q5J are shown in Figure S12. The amino acid residues forming
the interacting groups for each ligand are listed in Table S5. The docking score decreases in
order: co-crystallized (docking score: -78.21; RMSD: 0.42A)>C3 (docking score: -57.22;
RMSD: 0.20A) > C4 (docking score-47.85, RMSD: 0.06) > Kojic acid (docking score -39.68;
RMSD: 0.01) > compound 2 (docking score: -39.26; RMSD: 0.53A) >C1 (docking score: -
36.02; RMSD: 0.01A) Table S5. The docking studies revealed that the docking scores of all
the ligands are lower than that of the co-crystallized ligand (024), and only 2 complex
compounds, C3 and C4, have higher docking scores than kojic acid (Figure 7).

After analyzing the data from the docking study, it was observed that all the studied
compounds were placed in the same binding site of the protein receptor (PDB ID: 2QBS) as
the co-crystallized ligand and kojic acid. Only C1 showed the occurrence of two hydrogen
bonds with the same amino acids TYR 46 and LYS 120 as the co-crystallized, 4-bromo-3-
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(carboxymethoxy)-5-[3-(cyclohexylamino)phenyl]thiophene-2-carboxylic acid (024) and the
kojic acid Figure S11. The number of violations of the Lipinski rules allows drug-likeness
evaluation for a molecule. All the studied compounds were observed to respect Lipinski’s rule
of five. According to Lipinski’s rule, the calculated parameters are the number of hydrogen
donors < 5, the number of hydrogen acceptors < 10), molecular weight < 500 Da, and the
octanol-water partition coefficient (log P) <5 (Table 2).

Table 2. Calculated properties of compounds.

Weight Flexible Lipinski Hydrogen Hydrogen

Compounds Atoms (Daltons) bonds violations donors acceptors LogP
Co-crystallized” 24 133.20 3 1 8 5 1.15
Co-crystallized™ 45 452.32 7 1 1 6 6.84

Kojic acid 16 142.11 1 0 2 4 0.59
Cl 35 341.16 2 0 3 9 1.84
C2 38 355.19 3 0 3 9 2.21
C3 48 449.30 3 0 3 8 4.56
C4 41 387.23 4 0 3 8 3.30

* PDB ID: 5G5J; ** PDB ID: 2QBS.3.5.3. Insilco ADME studies.

The online server was used to obtain the in silico ADME properties. Details are
provided in the experimental section. This method uses Classical physicochemical properties
to predict absorption, distribution, metabolism, excretion, and toxicity (ADMET). The
biological potential and oral administrative activities of these studies are showing good results.
The Swiss ADME predictor gives more data on drugs, including molecular hydrophobicity (log
P), topological polar surface area (TPSA), and bioavailability. Five CYP models (i) CYP1A2,
(i) CYP2C19, (iii) CYP2C9, (iv) CYP2D6, and (v) CYP3A4 inhibitors, along with one
phosphatase glycoprotein (P-GP) substrate, are used to predict the metabolism. These
parameters were computed and confirmed in agreement with their standard ranges. The in silico
ADME properties of all the complexes are charted in Table S6. Figure S13 depicts the Egg
model of cheminformatics and the physicochemical properties of C1-C4. The topological polar
surface area is a highly applicable physicochemical parameter, analyzed using hydrogen-
bonding metrics, and is useful for predicting drug transport properties across various body
compartments, including the gastrointestinal tract and blood-brain barrier penetration. The
compound contains several hydrogen bond donors (HBD) and some hydrogen bond acceptors
(HBA). The compound's composition includes nine rotatable bonds, indicating that it is
intended for oral administration. Observations of our compounds that meet only the two criteria
of first rotatable bonds (10 or fewer) and second polar surface area equal to or less than 140
A2 (or 12 or fewer H-bond donors and acceptors) will have a high probability of good oral
bioavailability in the rat. Moreover, the bioactive score is greater than zero, indicating a higher
probability, and the biological activity of the examined compound increases. Lipophilicity, as
measured here by computed logP values, plays a vital role in determining ADME parameters
and the molecule's potency. According to Lipinski’s rule, the log P values are less than 5,
indicating a greater tendency to facilitate penetration of the cell membrane. The log P values
of the studied compounds were less than 5, indicating a greater tendency to penetrate the cell
membrane. The solubility score (logS) explains the solubility of the molecules. It is defined in
the given scale < 0; highly soluble, < -2; soluble, < -4; moderately soluble < -6; poorly soluble,
and < -10; insoluble. The log S values for the studied complexes C1 and C2 are below -2.00,
indicating low solubility in water, while the complexes C3 and C4 have moderate solubility in
water because their log S values are above -2.00.

https://nanobioletters.com/ 14 of 26


https://doi.org/10.33263/LIANBS151.039
https://nanobioletters.com/
https://en.wikipedia.org/wiki/Partition_coefficient

https://doi.org/10.33263/LIANBS151.039

3.6. Antibacterial studies.

The biological activity of the kojic acid and oxovanadium(lV) complexes C1-C4 were
tested against (Gram-positive bacteria Lactobacillus and E. Cocus) and (Gram-negative
bacteria E. coli and S. Typhi) using Ampicillin as a standard antibacterial drug. The diffusion
agar technique [37] (of 300 ug cm™ in DMSO) was used to evaluate the activity. The results of
bactericidal screening of the synthesized compounds are recorded in Table 3, and a graphical
representation is shown in Figure S14. Antibacterial activity of the metal complexes is found
to be greater than the ligand and depends upon the metal ions, i.e., size, charge distribution,
shape, and redox potential of the metal chelates and chelation [38]. Certainly, steric and
pharmacokinetic factors also play a decisive role in deciding the potency of an antimicrobial
agent. Metal complexes possess an antibacterial property, a complex blend of multiple
contributions.

Table 3. Antibacterial activity of kojic acid and two representative complexes in mm.

Compounds Gram-positive bacteria Gram negative bacteria
Lactobacillus E. Cocus S. Byphi E-Coli
Kojic acid 5 - 10 -
[VO(ka)(macac)(H20)] C1 22 - 11 14
[VO(ka)(dbm)(H20)] C3 - 12 10 12
Ampicillin >10 >10 >10 >10

4. Conclusions

In this manuscript, we synthesized the VO(IV) complexes of monomeric bidentate
mixed-ligands: kojic acid and substituted B-ketoenolates. These complexes were formulated as
[VO(ka)(L)(H20)] where ka = kojic acid and LH= pB-ketonolates. Physiochemical and
spectroscopic techniques have characterized these complexes. Theoretical chemistry was
performed using DFT calculations, molecular docking, and an in silico ADME approach. The
molecular structure, vibrational wavenumbers, and infrared intensities were obtained for the
molecule using the B3LYP density functional theory (DFT) with the standard B3LYP/6-
31+G(d, p)/LANL2DZ basis set. Theoretical calculations, primarily geometry optimization,
charge distributions, and FMOs, were performed using density functional theory. The
experimental results and the calculated molecular parameters, including interatomic distances
and angles, revealed a distorted octahedral geometry for the compound. Moreover, the in silico
ADME parameter, log P was observed to be less than 5 (C1; -1.79, C2; -1.51, C3; 0.23, and
C4 -0.63), representing a higher tendency to penetrate the cell membrane. The solubility score
(logS) of C1 and C2 is less than -2.00, representing the solubility in water, while C3 and C4
are moderately soluble in water because the log S values are more than -2.00.
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Supplementary materials

Table S1. Electronic spectral data of the synthesized complexes.

Complexes Amax v € Peak Assignment
(nm) (em™) (L mol! cm™)
287 34843 1961 Charge transfer spectra
[VO(ka)(macac)(H20)] C1 300 33333 0458 Charge transfer spectra
393 25445 0247 Charge transfer spectra
279 35842 2855 Charge transfer spectra
307 32573 2852 Charge transfer spectra
[VO(ka)(eacac)(H20)] C2 446 22422 0092 by— ar*
571 17513 0160 by— a*
[VO(ka)(dbm)(H20)] C3 289 34602 2702 Charge transfer spectra
316 31646 2838 Charge transfer spectra
361 27701 3013 Charge transfer spectra
405 24691 2700 by— ar*
485 20619 0215 by— a*
270 37037 1693 Charge transfer spectra
[VO(ka)(bac)(H20)] C4 438 22831 0078 by— ar*
460 21739 0033 by— as*

Table S2. Absolute electronegativity (yabs) and absolute hardness (1) electrophilicity index (), global softness

(S) of kojic acid and C2.
Compounds Y abs n ) S
kojic acid -3.7967 -2.5779 -1.6847 -0.3879
[VO(ka)(eacac)(H20)] -0.9441 -1.4851 -14.5455 -0.6734
Table S3. Representation data of Mulliken and NPA atomic charges of C2.
Atoms Mulliken NPA Atoms |Mulliken Analysis NPA
Analysis
V@) 0.0417 0.1118 0(20) -0.2324 -0.2537
0(Q) -0.1834 -0.2139 H(21) 0.1779 0.1928
(0]K)] -0.2196 -0.2599 C(22) 0.2249 0.3390
04 -0.2054 -0.2478 C(23) -0.1625 -0.2323
0(5) -0.2147 -0.2633 H(24) 0.0803 0.0597
0(6) -0.1079 -0.1862 C(25) 0.1468 0.2552
O(7) -0.2637 -0.3335 C(26) -0.2296 -0.2075
H(8) 0.2285 0.2604 H(27) 0.0843 0.0669
C©) -0.1191 -0.1618 H(28) 0.0885 0.0724
c10) 0.1273 0.1995 H(29) 0.0957 0.0794
(g8 0.0719 0.0914 0(30) -0.1574 -0.1665
C12) -0.0134 0.0267 C(31) -0.0406 0.0528
c13) 0.1164 0.1726 H(32) 0.0884 0.0523
H(14) 0.1132 0.0880 H(33) 0.1061 0.0703
H(5) 0.1038 0.0619 C(34) -0.2230 -0.1870
0(16) -0.1204 -0.1070 H(35) 0.0839 0.0654
cam -0.0548 0.0027 H(36) 0.0844 0.0671
H(18) 0.0835 0.0499 H@37) 0.0810 0.0624
H®19) 0.0846 0.0519 H(38) 0.2345 0.2673
Table S4. Calculated all (i,3,a) components, (p,a)-total and (Bo, Act) of C2.
Kojic acid C2 Kojic acid C2
X 1.8705 3.5702 XXX -8.0700 243.1519
Y -2.7221 2.3257 YYY -26.7453 27.8300
Z -0.1568 5.0130 777 8.7077 49.0942
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Kojic acid C2 Kojic acid C2
u Tot. 2.9472 6.5792 XYY -3.7411 -18.9604
XX -65.1101 -88.7723 XXY -18.4990 29.2549
YY -53.2055 -124.1600 XXZ -2.7255 -14.1298
77 -53.7255 -123.2983 XZZ 9.0287 -0.8001
XY 17.5333 0.9162 YZZ 0.7366 3.9440
X7 0.1852 -6.8153 YYZ 0.8585 2.2987
YZ 0.4059 -3.0306 XYZ 6.0174 -3.3865
a -57.3470 -112.0797 So 45.1162 234.5566
Aa 11.6533 34.9648
Table SS. The list of intermolecular interactions between the compounds docked with 2QBS.
Ligand Score* | RMSD Group interaction Hydrogen Bond™ Bond
A Length
A
Co- -78.21 0.42 | ARG 47, ASP 48, VAL 49, LYS 0 sp?(07)- O sp>-TYR 46 3.078
crystallize 120, TYR 46, ALA 217, SER O sp?(07)-N sp*>-LYS 120 3.125
d 216, CYS 215, GLU 215, ARG O sp? (08)-N sp>-LYS 120 2.900
221, ILE 219, PRO 180, ASP | O sp?(028)-N sp>- ARG 221 3.060
181, VAL 49, PHE 182, GLY | O sp?(028)-N sp*- ARG 221 3.032
183, MET 258, GLN 266, ARG | O sp*(028)-N sp? - GLN 266 2.897
254, ARG 24, GLN 262, GLY | O sp*(028)-N sp?- PHE 182 2.746
259.
Kojic acid -39.68 0.01 LYS 120, TYR 46, ALA 217, 0 sp*(01)-0 sp- TYR 46 3.074
SER 216, GLU 115, ARG 221, 0 sp*(02)-N sp3- LYS 120 3.107
ILE 219, GLY 220, PRO 180, 0 sp%(02)-N sp- ARG 221 3.124
ASP 181, PHE 182, GLY 183, O sp*(04)-N sp? - PHE 182 3.095
GLN 266, GLN 262, THR 263. O sp*(04)-N sp? - GLN 266 2,911
C1 -36.02 0.01 ARG 47, ASP 48, VAL 49, LYS 0 sp*(017)-N sp>-LYS 120 2.904
120, ARG 45, TYR 46, ALA 0 sp*(016)-0 sp°TYR 46 3.075
217, SER 216, ARG 221, ASP
181, VAL 49, PHE 182, GLN
262.
C2 -39.26 0.53 ARG 47, ASP 48, VAL 49, LYS O sp*(017)-N sp* ARG 47 3.066
120, TYR 46, ALA 217, SER 0 sp*(017)-0 sp*- ASP 48 3.197
216, GLY 218, CYS 215, ARG O sp}(016)-N sp*- ASP 48 2.925
221, ILE 219, ASP 181, GLY O sp%(016)-N sp?-ARG 47 3,322
220, PHE 182, GLN 262, GLN
266.
C3 -57.22 0.20 | ARG 47, ARG 45, ASP 48, VAL | O sp*(029)-O sp*- GLN 262 2.978
49,LYS 120, TYR 46, ALA 217, 0 sp*(029)-N sp?- GLN 262 2.933
SER 216, GLU 115, ARG 221, 0 sp*(026)-0 sp*- ASP 48 3.187
ILE 219, ASP 181, PHE 182,
MET 258ARG 24, GLN 262,
GLY 259.
C4 -47.85 0.06 | ALA 27, ARG 47, ASP 48, VAL - -
49,LYS 120, TYR 46, ALA 217,
SER 216, ARG 221, GLY 220,
ILE 219, VAL 49, PHE 182,
MET 258, ARG 254, ARG 24,
TYR 20, LEU 260, GLN 262,
GLY 259.

*The docking score (PLANTSpp score) is a function.
** The numbering of the atoms was done according to the software Figure 12.

Table S6. /n silico ADME properties of the compound C1-C4.

Parameters

C1 C2

C3

C4

MW (g/mol)

341.16 355.19

449.30

387.23
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Parameters C1 C2 C3 C4
heavy atoms 21 22 30 25
Aromatic heavy atoms 0 0 12 6
Fraction Csp3 0.27 0.33 0.05 0.12
Rotatable bonds 2 3 3 2
H-bond acceptors 9 9 8 8
H-bond donors 2 2 2 2
Molar Refractivity 61.09 65.90 100.38 79.91
TPSA (A?) 117.59 117.59 108.36 108.36
Log P -1.79 -1.51 0.23 -0.63
LogS -1.24 -1.49 -3.93 -2.70
GI absorption High High High High
BBB permeant No No No No
P-gp substrate No No Yes Yes
CYP1A2 No No No No
CYP2C19 No No No No
CYP2C9 No No No No
CYP2D6 No No No No
CYP3A4 No No No No
Log Kp cm/s -9.04 -8.86 -7.68 -8.20
Bioavailability 0.56 0.56 0.56 0.56
Synthetic accessibility 4.56 4.65 4.90 4.63
IR Spectrum
. ;Vgi ;\‘/ . 711l
I [e] H
] : $
- Lo "3
\C (o] H -
<000 ] VIO B
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Figure S1. Theoretical IR spectrum of kojic acid.
|
Figure S2. IR Spectrum of [VO(ka)(dbm)(H-O] C3.
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Figure S3. Electronic Spectrum of [VO(ka)(macac)(H,0)] C1.
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Figure S4. Electronic Spectrum of [VO(ka)(dbm)(H,O)] C3.
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Figure S5. ESI-Mass Spectrum of [VO(ka)(macac)(H>O] C1.
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Figure S7. HOMO-LUMO Structure with energy level diagram of kojic acid.
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Figure S8. Graphical representation of Mulliken atomic charges and Natural Population Analysis of C2.
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Figure S9. Structural representation of Mulliken atomic charges (a) and natural population analysis (b) of C2.
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Figure S10. Molecular electrostatic potential (MESP) of (a) kojic acid and (b) C2 with color range, along with
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Figure S11. Hydrogen bond (blue dotted lines) between (a) co-crystallized (024) and TYR 46, LYS 120, ARG
221, PHE 182 and GLN 266 amino acids, (b) Kojic Acid and TYR 46, LYS 120, ARG 221, PHE 182 and GLN
266 amino acids, (c) C1 and TYR 46 and LYS 120 amino acids, (d) C2 and ARG 47and ASP 47 amino acids,
(e) C3 and GLN 262 and ASP 48amino acids, (f) C4 (no hydrogen bonds).
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Figure S12. Docking pose of the co-crystallized, of the studied compounds in the binding site of 2QBS.
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Figure S13. Insilico ADME egg models of C1-C4.
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Figure S14. Antibacterial activity of kojic acid and two representative complexes.
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