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Abstract

Background: Cell inhibitors are gradually becoming a tool in drug discovery as this gives a lead to potential compounds with therapeutic
application. Presently, cancer cell inhibitors have shown drug-likeness based on oral bioavailability, pharmacokinetics, global chemical reactivity
and theoretical binding affinities. Herein, we report copper complexes synthesized from aminobenzoic acid moiety, 3-(2-
hydroxybenzylideneamino) benzoic acid copper complex and 4-(2-hydroxybenzylideneamino) benzoic acid copper complex as potential cell
inhibitors of cyclin-dependent kinase 7.

Methods: The complexes were synthesized by condensation of 2-hydroxybenzylideneamino benzoic acid moiety Schiff bases with copper(ll)
chloride and characterized using Fourier Transform Infrared Spectroscopy, Electrospray ionization mass spectrometry, and ultraviolet-vis
spectroscopy. The complexes were optimized using the M062X functional and GENECP basis set. DNA study was carried out on calf thymus
DNA using circular dichroism. Human cyclin-dependent kinase 7 was processed using BIOVIA Discovery Studio 2020, docking simulations were
conducted utilizing PyrxAutoDock. Independent runs at complex binding sites were assessed and ranked utilizing the Vina scoring function.
Results: The planar geometry of the complexes was validated by Density Functional Theory calculations. Results of analysis showed that both
copper complexes are less toxic and exhibited higher binding energies to amino acid residues of cyclin-dependent kinase 7 when compared with
all reference drugs, Epirubicin, Capecitabine, and 5-Fluorouracil. DNA study revealed minor groove binding to copper complexes via hydrogen
bonding and validated by molecular docking.

Conclusion: 3-(2-hydroxybenzylideneamino) benzoic acid copper complex and 4-(2-hydroxybenzylideneamino) benzoic acid copper complex
has shown potential activities that can inhibit cyclin-dependent kinase 7 in cancer therapy.
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Background

The development of new complexes with potential as inhibitors of
human cyclin-dependent kinase 7 (CDK 7) prompted a great
interest in this research, considering the biological importance of
this protein in cancer therapy. Human cyclin-dependent kinase 7 is
a member of the cyclin-dependent protein kinase family which
regulates the activities of other CDKs through phosphorylation on
their activation segment and hence contributes to control of the
eukaryotic cell cycle. It is often overexpressed in various cancers,
making it a promising target for cancer treatment due to its
involvement in both transcription and cell cycle regulation [1].
Human cyclin-dependent kinase is an essential component of the
transcription factor involved in transcription initiation and DNA
repair. For maximum activity and stability, CDK7 requires
phosphorylation in association with cyclin H. It also plays a central
role in the regulation of the initiation phase of messenger RNA
synthesis by RNA pol Il [2] phosphorylating RNA polymerase |
(RNA pol 1) large subunit C-terminal domain (CTD) [3, 4].
Recently, the design and highly specific inhibitors of CDK7 have
been instrumental in revealing the potential of CDK7 as a cancer
drug target [5]. Cell cycle and transcription which are required for
cancer progression can be regulated via cyclin-dependent kinase 7
as these have been evaluated in clinical trials [6]. Preclinical
studies have revealed that cancer cells can be targeted by
transcriptional inhibition because they are more reliant than normal
cells and as such regulate cancer cell proliferation and survival [7,
8]. Presently, four CDK7 inhibitors, namely ICEC0942 [9] SY-1365
[10] SY-5609 [11] and LY340515 [5] have progressed to Phase /1l
clinical trials for the treatment of advanced malignancies. Several
functions of CDK7 [5] include regulating of cell cycle by
phosphorylation [12, 9, 13] gene expression [14] and expression in
tumors [14]. Previously, some Pan-CDK inhibitors such as
flavopiridol [15, 16] and aminothiazole based compound [17] have
been reported though pre-clinical studies have suggested improved
efficacy with longer drug exposure as only marginal activity was
demonstrated. It was also opinioned that Pharmacokinetic factors,
such as binding of the drug to plasma proteins, may have limited its
activity [15]. One of the main factors hindering the further clinical
development of early-generation CDKIs was their lack of
selectivity, which results in increased toxicity [17].

Development of new CDK?7 inhibitory compounds has become
necessary to facilitate the pharmaceutical development of new
cancer drugs and minimize undesirable adverse effects to treat
cancers which have acquired resistance to other drugs. A search
through literature shows that Schiff bases and their metal
complexes have not received much attention as CDK7 cell
inhibitors in cancer therapy, despite the low toxicity reported for
most Schiff base metal complexes [18, 19]. Schiff bases are
compounds containing the imine functional group. Over the years,
several biological activities have been reported [19], also the
mechanism of action have reported DNA binding and cleavage [20]
especially in the development of cancer drugs [21, 22].

The aim of this work is to synthesize and investigate in-silico Schiff
base copper complexes of aminobenzoic acid moiety as CDK 7
inhibitors in cancer therapy. This would add to the literature and lay
foundation for further research into this class of compounds for in-
vitro study.
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Methods

Materials

The chemicals and reagents used were purchased from Sigma-
Aldrich chemical Co Ltd and used without further purification. They
include ethanol, copper (Il) chloride dihydrate CuCl,.2H,0.
Electrospray lonisation (ESI) analyses were performed in positive
ionisation mode on a Micromass LCT Time of Flight Mass
Spectrometer; Fourier Transform Infrared spectroscopy (FTIR) of
the compounds were recorded on the spectrometer in the range of
4000 to 400 cm?' wusing Perkin Elmer FTIR Spectrum
Version10.4.00. All the characterizations were carried out at the
University of Birmingham, United Kingdom.
3-(2-hydroxybenzylideneamino)  benzoic acid (S1), 4-(2-
hydroxybenzylideneamino) benzoic acid (S2) were previously
synthesized, characterized and used as starting material in this
work.

Synthesis of Schiff bases

Schiff bases synthesized from salicylaldehyde and 3-aminobenzoic
acid (S1), salicylaldehyde and 4-aminobenzoic acid (S2) have
been reported by Ejiah et al [23].

Synthesis of Schiff base copper complexes

An ethanolic (40 ml) solution of Schiff base (4 mmol.) was mixed
with Cu(ll) chloride (2 mmol.) in ethanol (20 ml) solution keeping
ligand-metal ratio 2:1. The solution was made alkaline with
triethlyamine and heated to reflux for 4 h. The solid product formed
was collected by filtration, washed in ethanol, dried and stored in a
desiccator over silica gel. This afforded the desired product.

3-(2-hydroxybenzylideneamino) benzoic acid copper complex
(S1-Cu)

Yield: 83 %; CHN Analyses: calculated: CzsH20CuN,Og: C, 61.82;
H, 3.71; N, 5.15. Found: C, 61.36; H, 3.52; N, 5.48; 5.25; ESI-MS:
544.06; m/z: 543.06 (100.0%), 545.06 (44.8%), 544.07 (30.7%),
546.06 (13.9%), FTIR (cm™); 3065, 1686, 1611, 1554, 1285, 1188,
904, 753, 693, 545, 485; UV-vis,, (DMSO): 352 (n—1m*), 406
(d—d)

4-(2-hydroxybenzylideneamino) benzoic acid copper complex (S2-
Cu)

Yield: 77 %; CHN Analyses: calculated: CsH20CuN,Og: C, 61.82;
H, 3.71; N, 5.15. Found: C, 61.36; H, 3.52; N, 5.48; 5.25; ESI-MS:
544.06; m/z: 543.06 (100.0%), 545.06 (44.8%), 544.07 (30.7%),
546.06 (13.9%), FTIR (cm™); 3059,1598, 1533, 1390, 1153, 754,
574, 472; UV-visy, (DMSO): 324 (n—1%), 412 (d—d)

Biophysical Experiment

Ultrapure water was used throughout all biophysical work. DNA
samples were made up from Calf thymus DNA sodium salt (sigma
Aldrich) by dissolving in milli-Q water and washed using a 10kda
MWCO centrifuge tube. The solution was then quantified by UV-vis
spectroscopy (Cary 5000 NIR spectrometer) by €258 = 13200 mol*
dm® cm? to give a concentration in DNA base pairs. This stock
solution was kept in the fridge with fresh aliquot being taken out for
each experiment. Fresh buffer was made up before each
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experiment. Cobalt complexes were dissolved in 1% DMSO with
fresh solutions being used for each batch of experiments.

Circular dichroism (CD) spectra were recorded on a Chirascan+
spectrometer (Applied Photophysics limited). The samples were
scanned in a 1 cm path length cuvette between 400 and 200 nm
with 3 repeats at 1 nm step size and 0.5 s dwell time S37 per point.
Titrations were carried out at a constant concentration of DNA,
sodium chloride (40 mM) and Tris HCI buffer (200 mM, pH 7.4) by
adding compensating solutions of 2x DNA/Buffer of equal volume
to the titre of the complex solution. The concentration of complex in
the cuvette was increased step wise by adding set volumes of a
stock complex solution. The R value refers to the ratio of DNA base
pairs to complex, i.e. R60 = 60bp for every 1 complex, R4 = 4bp
per complex

DFT Calculations-Geometry Optimization

The geometries of S1-Cu and S2-Cu were optimized in their
ground states using the M062X functional [24] and the GENECP
basis set. For Cu atom, the LANL2MB basis set was employed,
while 6-31G* [25] was used for C, O, H, and N atoms. To verify the
accuracy of these geometries, vibrational frequency calculations
using second-order analytical derivatives was employed. A tight
convergence criterion was enforced during the self-consistent field
(SCF) calculations. To determine the absorption spectral properties
of these compounds, the time-dependent density functional theory
(TD-DFT) calculations were carried out on the optimized
geometries at the MO62X/GENECP level in acetonitrile. Solvation
effects were modelled using the Integral Equation Formalism
Polarizable Continuum Model (IEFPCM) for solvation. All
theoretical simulations were carried out using the Gaussian 16
software package, with computational resources provided by
SEAGrid [26, 27, 28].

Molecular Reactivity Descriptors

Single-point energy calculations were performed on the neutral,
cationic, and anionic forms of the molecules at the
MO62X/GENECP level to determine their electronic energies.
Following this, the polarizability (a), global molecular electrophilicity
index (w), global hardness (n), chemical potential (u), vertical
ionization potential (VIP), and vertical electron affinity (VEA) were
calculated for S1-Cu and S2-Cu. A tight convergence criterion was
applied for the SCF calculations, and the molecular descriptors
were obtained using Equations 1-5, in the gas phase.

Vertical lonization Potential (VIP) = E(N — 1) — E(N)
@
Vertical Electron Affinity (VEA) = E(N) — E(N+1)
@
where, E(N — 1), E(N) and E(N+1) are the energies corresponding
to (N — 1), (N) and (N+1) electron systems respectively.
n=VIP - VEA
©)
__ (VIP+VEA)
- 2
4
- W
=

®)
Docking Methodology

Selection of cancer protein receptor
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The crystal structure of the human cyclin-dependent kinase 7
(CDKY7) (an essential component of the transcription factor involved
in transcription initiation and DNA repair) (PDB ID: 1UA2) HAP
protein molecule, with a resolution of 3.02 A was acquired from the
Protein Data Bank at rcsb.org [13, 14]. The structure was obtained
in the pdb format and subsequently processed using BIOVIA
Discovery Studio DS 2020 to eliminate any unwanted ligands and
water molecules. In addition, polar hydrogen atoms were added to
the structure as required.

Preparation of complexes and docking

Docking simulations were conducted utilizing PyrxAutoDock,
employing the Lamarkian genetic algorithm and default protocols
for docking a flexible complex to a rigid protein. Initially, blind
docking was performed to pinpoint potential binding sites on the
target protein within a 75 x 75 x 75 cubic grid centered on the
protein, encompassing its entirety. A grid spacing of 1.00 A was
utilized to calculate the grid maps via the autogrid module of
AutoDock tools. For each complex and reference drug, energy
minimization and conversion into protein data bank partial charge
and atom type (pdbqt) format were executed. Subsequently, nine
(9) independent runs of the protein were carried out against all
complexes and reference drugs, whose structures were drafted
using Chemdraw 14.0 and saved in simulation description format
(SDF). Based on the identified potential binding sites, energetically
favorable binding conformations were chosen using AutodockVina
[29]. Docking of complexes to these sites commenced after
potential binding sites were recognized, aiming to determine the
most probable and energetically favorable binding conformations
[30]. Independent runs at complex binding sites were assessed
and ranked utilizing the Vina scoring function. The binding modes,
accompanied by their respective binding affinities and RSB (upper
and lower) values, were acquired to facilitate the selection of the
highest scoring binding conformation for each complex. The
binding mode with the optimum binding affinity was selected. All
software applications were executed on PC-based machines
operating the Microsoft Windows 10 operating system. Resulting
structures were visualized and analyzed using DS visualizer.

Results and Discussion

Synthesis and characterization of Schiff base copper complexes

R>
Ry R
Ry .
EtOH, I
reflux, 4 hrs (o) N
+ CuCly.2H,0 ———> N ] /
—
N< ~ gu o
2 OH & 2
1

R;=COOH, Ry=H, S1-Cu
R;=H, R,=COOH, S2-Cu

Scheme 1. Synthesis of Schiff base copper complexes
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The Schiff base copper complexes were synthesized by refluxing
each Schiff base ligand with copper(ll) metal salt as shown in
Scheme 1. Both complexes are represented in Figure 1.

ESI-MS

ESI-MS confirmed the exact mass and structures of the
compounds as the found and calculated were in good agreement.
Evident from Figures 2 and 3 are ESI-MS of S1-Cu, 544.0677,
545.0648 544.0748 and S2-Cu, 544.0677, 545.0648, 544.0646
respectively. Their m/z [M+H]*544.06 (100.0%); 545.06 (44.8%),
544.07 (30.7%), 546.06 (13.9%) for S1-Cu and [M+H]* 544.06
(100.0%); 545.06 (44.8%), 544.07 (30.7%), 546.06 (13.9%) for S2-
Cu complex.

FTIR

The IR spectra of the Schiff bases and copper complexes are
presented in Figures 4. The Schiff base ligands, S1 and S2
displayed bands at 3059-3065 cm™, 1685 cm®, 1604-1613 cm*
and 1184-1179 cm ! which is characteristic of the OH, C=0Oqcq,
C=N, -C-OH group respectively. Absence of the band at 1720-1740
cm? due to C=Oadenyqe indicates the formation of the Schiff bases.
On coordination to copper(ll) metal ion, a shift in imine band was
observed in the range 1611-1598 cm™, and 1188-1153 cm
suggesting that the copper ion coordinated via the imine nitrogen
and hydroxyl oxygen. Bands associated to Cu-O and Cu-N bonds
was observed around 545-574 cm™ and 472-485 cm respectively.

UV-spectroscopy

The UV-visible measurement was carried out between 200-600 nm
at room temperature using DMSO as solvent. The UV-vis spectrum
of S1 and S1-Cu are shown in Figure 5A. The solution of the free
ligands S1 gave peak at 271 and 343 nm, which is attributed to
m— T* and n — T* transitions of the aromatic ring and non-
bonding electrons present on the nitrogen of imine functional group
respectively [31]. On coordination with copper(ll) metal ion, a shift
to lower energy band was observed for imine nitrogen (352 nm)
and a new band around 406 nm confirming the coordination of the
metal ion to the ligand. A similar trend was observed for S2 and S2-
Cu (Figure 5B). Coordination of metal ion to ligands can lead to
shift in bands either to lower or higher energy, in addition to
appearance of new bands due to d—d transitions. Also, weak and
broad absorption bands in the lower energy (400-500 nm) can be
ascribed to the spin-allowed metal-to-ligand charge transfer
(MLCT), supporting coordination [32].

S2 free ligand exhibited two absorption bands, 281 and 351 nm
attributed to m— T* and n — T, which on coordination to
copper(ll) metal ion, the imine band shifted to 324 nm with a new
band around 412 nm due to d—d confirming complex formation.

Optimized structure

The optimized structures of compounds S1-Cu and S2-Cu are
presented in Figure 6. The influence of substitution on the copper
complex is evident in the bond angles and lengths near the central
metal and nitrogen atom connected to the substituted ring. In
structure (a), the C-N bond angles are computed to be 120.69° and
120.24°, which are larger than the corresponding angles in
structure (b), recorded at 118.63" and 118.28" respectively. This
difference is expected because the —COOH substitution in (a) is
positioned meta to the imine group, whereas in (b), it is positioned
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para to the imine group. The variation arises from a stronger
electronic effect due to resonance, which is more pronounced at
the para position than at the meta position, where such resonance
is absent. In addition, this resonance effect contributes to the
planar geometry of (b), resulting from a more extensive electron
distribution along the imine compared to (a). A similar interplay of
electronic and resonance effects accounts for the slightly longer C-
N imine bond lengths in (b) compared to (a).

Global Molecular Descriptors and Electronic Properties

Table 1 presents the global molecular properties and frontier
molecular orbital energies of S1-Cu and S2-Cu. These include the
electronic energies of the neutral molecule (with N electrons), the
cation (N-1 electrons, after losing one electron), and the anion
(N+1 electrons, after gaining one electron). The more negative
electronic energy, E(N), of S1-Cu suggests slightly greater
thermodynamic stability compared to S2-Cu, with an energy
difference of 0.0035 atomic units (equivalent to 9.2 kJ/mol). This
small difference arises from substitution effects: the meta-
substituted S1-Cu benefits from stabilization via an inductive effect,
whereas the para-substituted S2-Cu does not exhibit the same
degree of stabilization. Despite their similar thermodynamic
stability, reflected in the small E(N) difference, S2-Cu’s larger
energy gap indicates greater kinetic stability, a critical factor for
applications in materials science or biology.

S1-Cu exhibits a higher VIP value, indicating that it is more
resistant to oxidation, and a higher VEA, suggesting a greater
tendency to accept an electron. These trends align with
observations in copper Schiff base complexes, as noted by Richter
et al. [33]. n, which measures resistance to charge transfer, is
higher in S2-Cu, reflecting greater stability and lower reactivity,
consistent with its larger Egsp. In contrast, the more negative p
value of S1-Cu indicates it is a less effective electron donor, in line
with its higher VIP. Additionally, the higher w value S1-Cu points to
stronger electrophilic behaviour, which could be advantageous in
catalytic applications. The large Egsp Observed in S2-Cu suggests
greater kinetic stability and lower reactivity, a pattern frequently
observed in metal complexes [34]. The energy gap, ranging from
5.5 to 5.8 eV, implies absorption in the ultraviolet region, a
characteristic feature of Schiff base complexes. In S2-Cu, para-
substitution enhances resonance with the salicylaldehyde moiety,
elevating the LUMO energy and thereby increasing both Eg., and
n. Conversely, the meta-substitution in S1-Cu, which lacks direct
conjugation, exerts a stronger inductive effect, leading to a higher
dipole moment and electrophilicity.

The higher dipole moment of S1-Cu reflects greater charge
asymmetry, likely due to the meta-substitution disrupting molecular
symmetry compared to the more symmetric para-arrangement in
S2-Cu. S2-Cu, with its higher n and Egs,, exhibits lower reactivity,
making it well-suited for stable applications. In contrast, the high w
and pD calculated for S1-Cu indicate greater electrophilicity and
polarity, suggesting potential utility in reactive roles such as
catalysis. Polarizability (a), which measures the deformability of the
electron cloud in an electric field, is slightly higher in S2-Cu. This
increase likely stems from enhanced conjugation due to para-
substitution, making it more responsive to external electric fields.
The frontier molecular orbital diagrams are presented in Figure 7,
illustrating the spatial distribution of the highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecular orbital
(LUMO). In Figure 7(a), the HOMO exhibits 11 character and is
predominantly localized on one side of the salicylaldehyde moiety.
In contrast, the corresponding LUMO displays m* character and is
distributed across the entire salicylaldehyde unit. Similarly, in
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Figure 7(b), the HOMO is localized on one of the salicylaldehyde
moieties and retains 1 character, while its LUMO counterpart also
shows 1" character with a comparable distribution across the same
region. The kind of transitions involved in both compounds are
T—TT* transition.

DNA binding study

For any given DNA, a major groove or a minor groove separation is
expected. To analyze an optically active material such as DNA,
amino acids and proteins, circular dichroism (CD) spectroscopy is
employed. CD signals are also used to determine conformational
changes and mode of interaction between biological molecules and
therapeutic agents [35]. The CD can also monitor the
conformational transiton of DNA. In our study, CT-DNA
conformation showed two distinctive bands in the CD spectrum, a
positive band at 275 nm (due to base stacking) and a negative
band at around 245 nm (due to polynucleotide helicity) which are
the characteristic features of DNA in its right-handed B form. The
interaction was observed on DNA:metal complex base pair ratio.
Circular dichroism spectroscopy (Figure 8) shows the B-DNA
structure retained both at low and at higher loading of the copper
complexes. It is possible that the complexes are not perturbing the
B-DNA conformation as some metal complexes do, but only a
minor binding into the groove was observed for both complexes.
Circular dichroism spectroscopy indicates that the interaction of
complexes S1-Cu and S2-Cu with DNA is weak, not of an
intercalative nature, but may be due mainly to electrostatic and H-
bonding type of interactions [36], this corroborates the molecular
docking results as revealed in Figure 10. The copper(ll)
complexes, on the other hand, did not display additional bands
which may be attributed to charge-transfer transitions [37].

Molecular docking

Figure 9 shows the structures of synthesized complexes alongside
reference drugs docked against CDK7 while Table 2 shows the
binding energies of the synthesized copper complexes with human
CDK?7. Significantly, the binding energies of the complexes were
far more than what were obtained for the reference drugs. The 3D
image extraction and analysis of docking results obtained using DS
studio receptor-complex interaction are shown in Figures 10 (A-D)
and 11 (A-D).

It is obvious that synthesized compounds S2-Cu and S1-Cu
complexes far outperformed the three selected standard drugs
used as reference. S2-Cu complex was the most active of all
compounds tested with binding score of -22.60 kcal/mol (Table 2).
The presence of binding interactions such as hydrogen bond, alkyl/
m-alkyl, T-sigma, - 1 stacked, m-anion/cation, carbon-hydrogen
and van der Waals between the lead S2-Cu complex (Figure 10B)
and the amino acid residues of cyclin-dependent kinase 7 (Figure
10A) such as Tyr27, Lys14, Glul3, Arg30, Thr34, Asp31, Asp79,
Lys32 amongst others exhibiting moderate to strong bonding
values confirmed the complex as a potential inhibitor. The 3D
structure of CDK7 revealing the most active sites (circled in red)
(A), S2-Cu complex (B), interacting residues of CDK7 with S2-Cu
complex (C) and its extended interacting effects within active site of
CDKZ7 (D) is shown in Figure 10A-D.

The solvent accessible surface area provides insights into the
structural folding/unfolding dynamics of a protein molecule in the
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aqueous environment and it is the extent to which atoms on the
surface of a protein can form contacts with solvent [38] while
hydrophobic/hydrophilic interactions also ensure the protein is
stable and biologically active through decrease in surface area,
thereby reducing the undesirable interactions with water where
necessary. The information obtained could be helpful to analyze if
the complex is retained inside the binding pockets of the protein
[39]. Compound S2-Cu complex inhibitory potential as an
anticancer agent was also revealed in its total hydrophobic (Figure
11C) and solvent accessibility (Figure 11D) interactions with the
amino acid residues of CDK7 showing its desirability, stability and
biologically activity necessary in binding interactions, thus showing
the drug-likeness, inhibitory properties and ability of the metal
complex to dissolve in the cell fatty layers such as fatty acids,
cholesterol, and lipophilic hormones [40] with good solvent
accessibility. Some unique features such as charge-to-charge -
anion/cation interaction and strong hydrogen bonding was
observed between the oxygen atom of Asp31 and hydrogen atom
of Glul3 respectively to the oxygen atoms of S2-Cu complex on
one side of the complex while an unfavorable interaction Lys14
was observed from the other side (Figure 12). To avoid
unfavorable interactions, selection of the best geometry/positioning
of the complex within the active pockets of the protein was
necessary and this was taken care of during mode selection in the
course of the docking.

Bioactivity score

To predict the bioactivity of synthesized complexes (alongside the
selected reference drugs for comparison purpose) drug-likeness
analysis was employed where the SMILES representations of the
compounds were submitted to Molinspiration web server
(https://www.molinspiration.com/) and the resulting data carefully
extracted and examined. The drug likeness/bioactivity scores
obtained for G-protein-coupled receptors (GPCR) ligand, ion
channel modulator (ICM), kinase inhibitor (KI), nuclear receptor
ligand (NRL), protease inhibitor (Pl) and enzyme inhibitor El) are
presented in Figure 13. For an average bioactive molecule, the
bioactivity score when greater than 0.00 is defined as active, - 0.50
to 0.0 is moderately active, and if less than - 0.50 then inactive
[41]. Figure 13 revealed that synthesized S2-Cu and S1-Cu
complexes competes effectively with Epirubicin and Capecitabine
while 5-Fluorouracil fell below the bioactivity standards.

Comparison of toxicity prediction of synthesized compounds with
reference drugs

The synthesized S1-Cu and S2-Cu complexes and the selected
common references were also subjected to toxicity testing by
inputting their SMILES representation (drawn using ChemDraw
14.0 and saved as an.sdf file) into Protox Il web server (https://tox-
new.charite. de/protox_Il/). The web server provided data on
hepatoxicity,  carcinogenicity, immunotoxicity, = mutagenicity,
cytotoxicity, amongst others which were then extracted [42, 43].
The results obtained as shown in Table 3 revealed that the
synthesized compounds S1-Cu and S2-Cu complexes are less
toxic when compared with all the reference drugs.
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Figure 3. ESI-MS for S2-Cu, ESI-MS: 544.06 ; m/z: [M+H]" 544.06
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Figure 6. The optimized structures of (a) S1-Cu and (b) S2-Cu.
The optimization was performed with the M062X method. The bond lengths and angles are presented in angstrom (A) and degree (°)

(b)

Figure 7. The FMOs of the complexes, calculated using the M062X DFT method. (a) S1-Cu and (b) S2-Cu
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Figure 11. 3D structures of CDK7-S1-Cu complex (A and B) and CDK7-S2-Cu complex (C and D) showing hydrophobic/hydrophilic (A and C)
and solvent accessibility surface (B and D) interactions respectively.

Figure 12. 3D ball and stick (A) and line (B) structures of CDK7-S2-Cu complex interactions, bond distances and key atomic charge-to-charge
and hydrogen bond interactions.
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Figure 13. Bioactivity scores of synthesized complexes and three anticancer reference drugs

Table 1. The calculated electronic properties of the metal complexes performed at the M062X DFT method.

Page 11 of 13

Electronic properties S1-Cu S2-Cu
E(N) (a.u.) -1835.4342 -1835.4307
E(N-1) (a.u.) -1835.1328 -1835.1319
E(N+1) (a.u.) -1835.5303 -1835.5186
VIP (eV) 8.202 8.130

VEA (eV) 2.615 2.391

n (eVv) 5.587 5.738

y (eV) -5.409 -5.260

w (eV) 2.618 2.411
Erowmo (eV) -7.064 -7.083
ELumo (eV) -1.529 -1.323

Egap (€V) 5.535 5.760
a(a.u.) 388.099 389.208

up (Debye) 7.57 5.96

Table 2. Summary of binding energies of copper complexes and anticancer reference drugs
RMSD/UB=root mean square deviation/upper bound; RMSD/LB= root mean square deviation/lower bound

Ligand-metal-protein complex Binding affinity (kcal/mol) RMSD/UB RMSD/LB
1UA2_S2-Cu -22.60 0 0
1UA2_S1-Cu -22.00 0 0
1UA2_Epirubicin (ID: 41867) -10.30 0 0
1UA2_Capecitabine (60953) -7.80 0 0
1UA2_5-Fluorouracil (3385) -5.20 0 0

Table 3. Toxicity prediction and probability of synthesized complexes and common anticancer standard drugs using Protox Il webserver

| Toxicity Targets | S1-Cu ‘ S2-Cu | Epirubicin ‘ Capecitabine ‘ 5-Fluorouracil
| Hepatotoxicity Active (0.55) | Active (0.55) e - 055 Inactive (0.78)

| Neurotoxicity

| Nephrotoxicity

| Respiratory toxicity

[Active (0.63) Active (0.63) EEcE e - 05y

[Inactive (0.66) \ Inactive (0.66) |Active (0.64)

|Active (0.50) Active (0.50)

| Carcinogenicity |Inactive (0.63) Inactive (0.63) _‘ Inactive (0.61) _
| Mutagenicity |Inactive (0.54) ‘ Inactive (0.54) ___
| Cytotoxicity |Inactive (0.68) ‘ Inactive (0.68) _ﬁ_
| BBB-barrier |Inactive (0.56) ‘ Inactive (0.56) _‘ Inactive (0.52) _



https://comptox.charite.de/protox3/index.php?site=models#organ/model_liver
https://comptox.charite.de/protox3/index.php?site=models#organ/model_neuro
https://comptox.charite.de/protox3/index.php?site=models#organ/model_nephro
https://comptox.charite.de/protox3/index.php?site=models#organ/model_respi
https://comptox.charite.de/protox3/index.php?site=models#organ/model_cardio
https://comptox.charite.de/protox3/index.php?site=models#Toxicological_endpoints/model_carcinogenecity
https://comptox.charite.de/protox3/index.php?site=models#Toxicological_endpoints/model_immunotoxicity
https://comptox.charite.de/protox3/index.php?site=models#Toxicological_endpoints/model_mutagenecity
https://comptox.charite.de/protox3/index.php?site=models#Toxicological_endpoints/model_cytotoxicity
https://comptox.charite.de/protox3/index.php?site=models#Toxicological_endpoints/model_bbb
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Conclusion

As a conclusion, the present study shows the prospects of Schiff
base copper complexes containing aminobenzoic acid moiety S1-
Cu and S2-Cu as potential cell inhibitor of cyclin-dependent kinase
7. The complexes binding positions were deduced from in-silico
study and serves as a lead towards exploring other complexes of
different moiety. S2-Cu complex was the most active of the
compounds tested. A deeper understanding of CDK7 biology and
selection of specific cancer types for personalized therapeutics
continues. Further research and in-depth study will reveal the true
value of this therapeutic strategy.
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