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Abstract

In  our study, the bidentate  N-[(2E,3E)-3-{[(pyridin-4-
yl)methylJimino}butan-2-ylidene]hydroxylamine oxime ligand and its
Ni(ll) and Co(ll) metal complexes were synthesized using a jacketed
glass reactor, and structures were elucidated using some spectroscopic
methods. LC/MS-MS and FT-IR spectra were investigated. The geometry
of the optimized ligand was calculated by the DFT/B3LYP method at 6-
31 G (d, p) levels. 13C-NMR and 'H-NMR chemical shift results, MEP
maps, HOMO and LUMO gap energies, FT-IR spectra and geometric
structure of the compound were characterized by the same method. It
was shown that the experimental and theoretical calculations of 13C-
NMR, H-NMR chemical shift results and FT-IR spectra were compatible
with each other. Theoretical drug similarity studies were conducted for
the synthesized molecules. Molecular docking studies have been used to
elucidate the binding sites of molecules. The studies showed that the
ligand molecule has high chemical stability.

Keywords: Oxime, Ni(II) and Co(II) complexes, Homonuclear
complex, DFT.

Ozet

Calismamizda bidentat N-[(2E,3E)-3-{[(piridin-4-il) metil] imino}
biitan-2-iliden] hidroksilamin oksim ligandi ve Ni(Il) ve Co(Il) metal
kompleksleri ceketli cam reaktor kullanilarak belirlenen sicakliklarda
sentezlendi ve yapilart bazi spektroskopik yontemlerle aydinlatildi.
LC/MS-MS ve FT-IR spektrumlari incelendi. Optimize edilmis ligandin
geometrisi 6-31 G (d, p) seviyelerinde DFT/B3LYP yoéntemi ile
hesaplandi. 13C-NMR ve !'H-NMR kimyasal kayma sonuglari, MEP
haritalar;, HOMO ve LUMO bosluk enerjileri, FT-IR spektrumlari ve
bilesigin geometrik yapist ayni yéntemle karakterize edildi. 13C-NMR,
IH-NMR kimyasal kayma sonuglari ve FT-IR spektrumlarinin deneysel
ve teorik hesaplamalarinin birbiriyle uyumlu oldugu gésterildi.
Sentezlenen molekiiller icin teorik ila¢ benzerligi calismalart yapildi.
Molekiillerin  baglanma yerlerinin aydinlatilmasinda molekiiler
kenetleme c¢alismalart  kullanildi.  Yapilan  calismalar  ligand
molekiiliintin ytiksek kimyasal kararliliga sahip oldugunu gdostermistir.

Anahtar Kkelimeler: Oksim, Ni(Il) ve Co(Il) kompleksleri,
Homoniikleer kompleks, DFT.

1 Introduction

Organic compounds featuring both pyridine and oxime groups
have attracted significant attention from researchers due to
their diverse applications across various fields, including
medicine, agriculture, and industry. These compounds exhibit a
remarkable range of biological activities, including antioxidant
and anti-inflammatory properties, making them promising
candidates for developing novel therapeutic agents.

Oximes, characterized by their versatility and reactivity, are
valuable building blocks in organic synthesis. They act as
precursors to amines and nitro compounds and play a critical
role as intermediates in important reactions like the Beckmann
rearrangement [1],[2]. Moreover, oximes are known for
forming stable complexes with metal ions, leading to the
development of various metal-based catalysts and materials
[31.[4].

The pyridine ring, a common structural motif in many
biologically active compounds, can enhance molecules
pharmacological properties. Its presence often improves
solubility, bioavailability, and target specificity [5]-[7]. When
combined with the oxime functionality, the pyridine ring offers
the potential to create compounds with unique properties and

*Corresponding author/Yazisilan Yazar

a wide range of applications. For instance, the presence of both
pyridine and oxime groups in a molecule can lead to the
formation of strong hydrogen bonds with biological targets,
contributing to their enhanced biological activity.

Various synthetic methods have been employed to synthesize
compounds containing both pyridine and oxime groups. These
methods include condensation reactions, cyclizations, and
metal-catalyzed coupling reactions [1],[8]-[10]. The choice of
synthetic strategy is crucial and depends on factors such as the
desired structure and complexity of the target molecule, the
availability of starting materials, and the desired reaction yield
and purity.

Research has demonstrated that organic compounds
containing both pyridine and oxime groups exhibit excellent
anti-inflammatory and antioxidant activity [1]. These
compounds have shown strong binding energies and inhibition
constants with cyclooxygenase enzymes (COX-2), suggesting
their potential as anti-inflammatory agents [1],[10]. The anti-
inflammatory effects of these compounds are attributed to their
ability to inhibit the production of pro-inflammatory mediators,
such as prostaglandins, which are involved in pain and
inflammation.
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Additionally, these compounds demonstrate promising
antioxidant activity, which is attributed to their ability to
scavenge free radicals and prevent oxidative damage [1],[7]-
Oxidative stress plays a role in various diseases, cardiovascular
disease, including cancer and neurodegenerative disorders.
Therefore, the development of effective antioxidants is of
significant importance.

The combination of pyridine and oxime functionalities in a
single molecule has opened up exciting avenues for the
development of novel materials and catalysts. Researchers
have explored the potential of these compounds as ligands for
transition metal complexes, which have found applications in
various catalytic processes, including Suzuki cross-coupling
reactions.

The spectroscopic characterization of these compounds is
crucial for understanding their structure, bonding, and
electronic properties [1],[4],[8]. Techniques such as IR, NMR
and UV-Vis spectroscopy are employed to elucidate the
structural features and properties of these compounds.

Computational studies using density functional theory (DFT)
calculations have also significantly contributed to
understanding the electronic structure, reactivity, and
properties of these compounds [1]. DFT calculations provide
valuable insights into the molecular orbitals, energy levels, and
electronic transitions, enabling researchers to predict and
interpret experimental results.

In conclusion, organic compounds containing both pyridine and
oxime groups represent a fascinating class of compounds with
promising applications in various fields. Their unique
properties, arising from the combination of these two
functional groups, have led to the development of novel
therapeutic agents, catalysts, and materials. Continued
research in this area will undoubtedly yield further exciting
discoveries and advancements, paving the way for new and
innovative applications of these remarkable compounds.

Breast cancer is one of the most prevalent cancers among
women worldwide, posing a significant threat to public health.
Conventional treatments like chemotherapy often encounter
challenges due to drug resistance and the potential for cancer
recurrence. The quest for new molecules with enhanced
efficacy in eradicating cancer cells remains an urgent priority.
Oximes, with their unique chemical properties, have garnered
increasing interest for their potential role in bolstering
biological effects in drug development [11],[12]. Our study
targets pharmaceutical agent compounds that will contribute
to the treatment of breast cancer, one of the hormonal cancers,
by using a type of protein called ER-a (Estrogen receptor alpha)
[13].

Oxime groups, characterized by two H-bond acceptors (N and
0) and one H-bond donor (OH), distinguish themselves from
their carbonyl group counterparts. This distinction, along with
their inherent polarity, may facilitate interactions with receptor
binding sites, potentially leading to enhanced therapeutic
effects. Moreover, the metabolic breakdown of oximes can
release nitric oxide (NO). NO plays a crucial role in various
physiological processes and has demonstrated anti-
inflammatory and anticancer properties [14],[15].

Computational methods like molecular docking have
revolutionized drug design by enabling the prediction of ligand-
receptor interactions. These in silico approaches, coupled with
DFT calculations, provide valuable insights into the binding

mechanisms and molecular properties of potential drug
candidates. The integration of spectroscopic data, DFT studies,
and molecular docking analysis forms a powerful strategy for
understanding the efficacy and selectivity of oxime compounds
in targeting breast cancer. This holistic approach holds the
promise of identifying novel therapeutic agents with improved
potency and reduced side effects [16],[17].

In this study, the new ligand was synthesized by reacting
diacetyl monoxime with pyridine. Subsequently, Ni(II) and
Co(II) metal complexes of this ligand were successfully
synthesized. A comprehensive suite of experimental methods
including FT-IR, 1H-NMR, 13C-NMR, and LC/MS-MS were used
for the characterization of the ligand and its complexes. In
parallel, theoretical calculations including vibrational analysis,
HOMO and LUMO energy determinations, geometric structure
analysis, MEP analysis, and theoretical 13C-NMR and !H-NMR
calculations were performed to provide further insights and
enable comparison with experimental data.

2 Materials and method

2.1 Material

The chemicals used during the study were supplied by
companies named Fluka, Merck and Sigma Aldrich. Sodium
metal, butyl nitrite, diethyl ether, ethanol, methanol,
acetonitrile, acetophenone, acetic acid, pyridine amines,
triethylamine (EtsN), P20s, CaClz were used in our experiments.
Ethyl alcohol was used during the crystallization processes, and
acetonitrile and methanol were used in the synthesis process.
NMR analyses were performed with a Bruker AVANCE III 400
MHz Model. FT-IR measurements were performed with a
Perkin Elmer ATR-IR Spectrum Two Model instrument at 400-
4000 cm-L. Mass spectra were obtained with (ESI) TSQ Fortis™
Triple Quadrupole Mass Spectrometer. Melting points were
measured with the Stuart SMP10 Model [18].

2.2 Synthesis of the N-[(2E,3E)-3-{[(pyridin-4-yl)
methyl] imino} butan-2-ylidene] hydroxylamine
oxime ligand

Diacetyl monoxime (10 mmol), 4-(Aminomethyl) pyridine (10
mmol) were dissolved in 10 mL of acetonitrile solvent and
reacted with stoichiometric amounts (1:1) at room
temperature using the classical method called condensation
reaction. The reaction was terminated after continuing for 24
hours. The reaction was followed by a thin layer. After
removing the solvent, the new oxime ligand was crystallized in
ethyl alcohol. Then, it was dried over calcium chloride in a
vacuum Figure 1 [19]. Structures of the synthesized ligand were
characterized by TH-NMR,13C-NMR, FTIR and LC/MS-MS [20].

— HO—N CH,
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Figure 1. Synthesis of ligand.

405



Pamukkale Univ Muh Bilim Derg, 32(2), 404-413, 2026
S. Angin, S. Alkan Kaba, T. Topal, E. Karapinar

C10H13N30 Yield 82.6%. M.p.: 194-195 °C. FT-IR (cm-1): 1004
(N-O), 1561 (C=N)oxime, 1608 (C=N)imine, 1625 (C=N)pyridine, 2923
(C-H)aliphatic, 3019 (C-H)aromatic, 3265 (0-H). tH-NMR (400 MHz,
Chloroform-de, ppm): § 2.16 (s, 3H, -CH3), 6 2.19 (s, 3H, -CHz), §
4.66 (d, 2H, Ar pyridine ‘H), 6741 (d, 2H, Arpyridine 'H), 6 8.59 (S,
2H, aliphatic-H), § 8.80 (s, 1H, O-H). 13C NMR (100 MHz,
Chloroform-de, ppm): § 9.09 (-CHs), 6 13.90 (-CHs), 6 54.05 (C
aliphatic), 8 122.73, 122.73, 132.66, 149.55, 149.55 (C-Arpyridine),
158.87 (C=Noxime), 165.90 (C=Nimine). LC/MS-MS Ms: (ESI) m/z=
191.22 [M]~.

2.3 Synthesis of the complexes

Ni(NO3)2.6H20 (0.290 g, 1 mmol), Cu(NO3)2.3H20 (0.241 g, 1
mmol) and Co(NO3)2.6H20 (0.290 g, 1 mmol) in 10 mL methanol
solution were added separately to the ligand (0.382 g, 2 mmol)
in 20 mL methanol solution. The resulting solution was boiled
under reflux for 3 h and then cooled to 20 °C [21]. In addition,
these complexes were verified by FTIR and LC/MS-MS [22]. The
general representation of the synthesized [L:Ni] and
[L2C0.2H20] compounds is shown in Figure 2(a) and 2(b).

— —
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Figure 2. Synthesis of a) [L2Ni] and b) [L2Co.2H20] complexes.

[L2Ni] C20H26N6NiO2 Yield 88.3%. M.p.: > 300 °C. FT-IR (cm-1):
2922 (C-H)aliphaticc, 2993 (C-H)aromatic, 3239 (0-H), 1551
(C=N)oxime, 1615 (C=N)imine, 1676 (C=N)pyridine, 1024 (N-O), 484
(Ni-N). LC/MS-MS Ms: (ESI) m/z= 440.33 [M-1]*.

[L2C0.2H20] C20H30N6C004 Yield 70.8%. M.p.: > 300 °C. FT-IR
(cm): 3242 (0-H), 3413 (Hz0), 3077 (C-H)aromatic, 2922 (C-
H)aliphatic, 1563 (C=N)oxime, 1614 (C=N)imine, 1614 (C=N)pyridine,
1007 (N-0), 482 (Co-N). LC/MS-MS Ms: (ESI) m/z= 478.17
[M].

2.4 Calculation

In our study, the theoretical data of the synthesized ligand were
calculated with the 6-31G(d,p) basis set using DFT/B3LYP. The
theoretical and experimental data of the synthesized ligand
were elucidated using Gaussian 09w and Gaussian View 6.0
package programs [23]. The vibration data obtained with
VEDA4 (Vibrational Energy Distribution Analysis) Vibration
Energy Distribution Analysis were obtained with Potential
Energy Distribution (PED). The optimized molecular structure
of the ligand by DFT/B3LYP/6-31G(d,p) method is shown in
Figure 3. Also MEP analysis, HOMO and LUMO studies, NMR
studies, geometric calculations were elucidated using this
method [24]-[26].

9w 1

Figure 3. Optimized molecule.

3 Results and discussion

3.1 Structural analysis

The optimization process was used to determine the most
stable and lowest energy conformation of the ligand molecule.
The structure was characterized by determining the bond
lengths, bond angles and energies of the molecules. The
characterized ligand consists of 27 atoms. It is seen that the
structure has 43 bond angles, 27 bond lengths and 51 dihedral
angles. The lengths for the optimized structure are C=N 1.2778
A and 0-H 0.9669 A (Table 1).

Table 1. Selected theoretical bond lengths, dihedral angles and bond angles of the ligand.

Atom Bond length (A°) Atom Bond angles (°) Atom Dihedral angles (°)
C1-C2 1.3959 C1-C2-C3 118.8182 C1-C2-C3-C4 0.0611
C3-C4 1.3993 C2-C1-Hé6 119.8099 C16-C15-C20-N25 -136.8919
C5-N10 1.3402 N25-026-H27 101.9678 N25-C20-C21-H22 -52.0923
026-H27 0.9669 H22-C21-H23 106.5223 C15-C20-C21-H24 7.4739
N25-026 1.4040 C4-C3-C11 120.2668 C11-N14-C15-C20 -178.2862
N14-C15 1.2778
C20-C21 1.5076
C5-H9 1.0889
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3.2 NMR analysis

The experimental and theoretical 1H and !3C-NMR chemical
shift values of the ligand molecule are in good agreement with
the theoretical data. Experimental 'H-NMR and 13C-NMR
spectrums of the ligand are shown in Figures 4 and Figure 5.

When the 1H NMR spectrum was examined, the experimental
proton attached to the oxime group (-N=0H) was observed at
8.80 (1H) ppm and the theoretical proton at 7.17 ppm.
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Figure 4. Experimental 1H-NMR spectrum of the ligand.
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Figure 5. Experimental 13 C-NMR spectrum of the ligand.

The experimental single peak belonging to the -CHz protons
acting as a bridge between 4-(Aminomethyl) pyridine and
Diacetyl monoxime appeared at 4.66 (2H) ppm and the
theoretical peaks at 4.64 and 4.65 ppm. The experimental
protons attached to the pyridine ring appeared as a single peak
at 8.59 ppm and the theoretical peaks 8.87 and 8.79 ppm and
the other pyridine protons appeared as a single peak at 7.41
and the theoretical peaks 841 and 7.39 ppm. The title
coumpound has a two methyl groups, experimental peaks
belonging to the one methyl group (-CH3) in the structure was
observed at 2.19 ppm (3H) and the theoretical peaks 2.22, 2.07
and 2.01 and the other methyl group experimental peaks at
2.16 ppm (3H) and the theoretical peaks 2.46, 2.27 and 1.80
ppm [27]. Proton NMR of the structure is in good agreement
with the literature data.

The experimental 13C peaks of (C=N)imine and (C=N)oxime are
165.90 and 158.87 ppm, and the theoretical peaks are 154.26
and 146.37 ppm. Experimental peaks belonging to the aromatic

pyridine ring are between 122.73-149.55 ppm and theoretical
peaks are between 107.93-136.63 ppm. The experimental
peaks of the methyl group were found as 13.90 and 9.09 ppm,
while the theoretical peaks were found as 9.21 and 4.98 ppm.
Calculated data and experimental values are given in Table 2.

Table 2. Theoretical and experimental chemical shift data of

the ligand.

Atom Exp. DFT Atom Exp. DFT

H(27) 8.80 7.17 C(15) 165.90 154.26
H(6) 8.59 8.87 C(20) 158.87 146.37
H(9) 8.59 8.79 c(1) 149.55 135.62
H(7) 7.41 8.41 C(5) 149.55 134.32
H(8) 7.41 7.39 C(3) 132.66 136.63
H(12) 4.66 4.65 c(2) 122.73 108.75
H(13) 4.66 4.64 C(4) 122.73 107.93
H(17) 2.19 2.22 c(11) 54.08 44.74
H(18) 2.19 2.01 c(16) 13.90 9.21

H(19) 2.19 2.07 C(21) 9.09 498

H(22) 2.16 2.46

H(23) 2.16 2.27

H(24) 2.16 1.80

Correlation graphs of tH-NMR and 13C-NMR's respectively y =
0.9845x + 0.0428 (R* = 0.9601) Figure 6 and y = 0.9529x-
4.5468 (R?=0.9906) Figure 7. Theoretical and experimental
NMR results are in good agreement.

10 - IH-NMR
y=09845x + 0.0428 o
g - R*=0.9601 .
— . L
~
E 6 -
&
£ 4 ¢
= e
2 - (]
0 T 3
0 Exper#uental 10
Figure 6. Correlation graph of calculated and experimental 1H-
NMR of the ligand.
200 5 HC-NMR
y=0.9529% - 4 5468
150 4 R*=0.9906 o®
- . 9
g
£ 100 1 .
g >
= 50 4 . ‘
U -—f T T T 1
0 af 100 150 200

Experimental

Figure 7. Correlation graph of calculated and experimental $3C-
NMR of the ligand.

3.3 FT-IR analysis

In our study, vibration modes were characterized in detail. The
data were obtained using a correction factor of 0.9614.
Theoretical and experimental data are in good agreement
Figure 8, [18].
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Figure 8(a): Experimental FT-IR. (b): Theoretical FT-IR
spectra of the ligand compound.

In our study, a total of 140 vibration modes were found for the
ligand, including 43 stretching, 48 bending, 44 torsion and 5
out. In general, 3 important IR absorbance bands were
emphasized in the ligand compound, these are v(0-H), v(C=N)
and v(N-0) vibrations. Experimental (C=N)oxime, (C=N)pyridine,
(C=N)imine, vibration peaks of this ligand were observed at 1561
cm-1, 1608 cm-! and 1625 cm-1, while theoretical vibrations
were observed at 1590 cm-1, 1615 cm-! and 1664 cm-!
(Table 3).

Table 3. Selected vibrational assignments level of the ligand.

Scaled IR Intensity Assignments (%PED)

3665.93 85.68 v OH(100)

3106.96 2.85 v CH (98)

3057.38 25.16 v CH (79)+ v CH(20)

3038.51 31.56 v CH(89)

2995.68 7.18 v CH(-94)

2978.71 7.99 v CH(-99)

293591 9.02 v CH(77) +v CH(-10)+ v CH(10)

2924.85 476 v CH(86)

2856.64 24.63 v CH(97)

1665.31 56.34 vNC (-77)

1615.88 60.88 vNC (77)

1051.93 9.9 8 CCN (31) + § HCN (23)+ § HCN(12)
THCCC (19)+ THCCC (-11) +v

1037.13 8.55 ON(20)

967.63 1.39 THCNC(82)

958.285 31.45 THCCC(22) + vON(33)

643.667 12.35 8§ CNO (62)

586.281 2.84 y CCNC(54)

In addition, the O-H peak due to the oxime group appeared at
3664 cm-1 according to quantum calculations, while this peak
appeared at 3265 cm-! in experimental studies [28]. In
experimental and theoretical studies, the peaks observed at
3019 cm-!and 3026 cm-! are attributed to the aromatic C-H
peaks belonging to the pyridine ring [19],[29],[30]. Aliphatic C-
H peaks were also observed at the same peak value (2923 cm-1)

in experimental and chemical calculation studies. Again, N-O
peaks belonging to the oxime group were observed at 1004
cm-! and 984 cm-l. As a result, when the computer-based
calculation program and experimental data of the compound
were evaluated [31], it was seen that the results were very
compatible with each other and the equality in the linear and
correlation diagram was y=0.9464x + 56.276 (R? = 0. 0.9935)
Figure 9.
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Figure 9. Correlation plot between experimental and
calculated frequencies of the molecule ligand.

3.4 Analysis of complexes

The FTIR spectrum of complexes stretching vibrations at 1614
and 1676 cm1, 1614 and 1615 cm! for [L2C0.2H20] and [L2Ni]
belong to (C=N)pyridine and (C=N)imine. A shift in these bands was
observed compared to the ligand. It was concluded that the (N-
0) vibration bands of the complexes were 1007 and 1024 cm-1.
The (0O-H) peaks that are decisive for oxime are 3242 and 3239
cm-l. The peaks belonging to the (M-N) bond, which are not in
the ligand but observed in the complexes, at 484 cm-! for the
[L2Ni] and 482 cm-! for the [L2Co0.2H20], Figure 10-11.

soof———— (AP —

\ 1]
\ r-‘"'\ N
[N
Ly

ol |

Figure 11. FT-IR spectrum of [L2Co.2H20].

The mass spectrum results for the complexes were found to be
(m/z, ESI) 440.33 [M-1]*, 100% relative abundance and (m/z,
ESI) 478.17 [M+1]*, 10% relative abundance for [L2Ni] and
[L2Co.2H20] respectively Figures 12-13.
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Figure 12. LC-MS/MS Spectrum of [L2zNi].
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Figure 13. LC-MS/MS spectrum of [LzCo0.2H20].

For [L2Ni] complex other fragmentation peaks were seen at
(m/z, ESI) 424.14, 382.06, 215.84 and 229.87 with abundances
of 6%, 19%, 62% and 25%. The complex is square planar in
structure. For [L2C0.2H20] other fragmentation peaks were
seen at (m/z, ESI) 441.39, 424.38, 351.27, 340.28 and 274.18
with abundances of 10%, 80%, 18%, 10%, 100% and 95%.
According to mass spectroscopy results, two water molecules
were observed at (m/z, ESI) 478.17 (10%) [19]. Experimental
results are by the structures suggested for the complexes. The
complex has an octahedral structure. Mass spectra data and
fragmentation products of the complexes are shown in Table 4.

Table 4. Mass spectra data and fragmentation products of the

complexes.
Molecule m/e Relative Fragment
abundance (%)
440.33 100 [M-1]* C20H26NsNiO2
[L2Ni] 424.14 6 [M+1]* C20H25NsNiO
C20H26N6NiO2 382.06 19 [M+1]*C17H19N6NiO
215.84 62 [M+2]* CsHoN4NiO2
229.87 25 [M-2]* C¢H11N4NiO2
478.17 10 [M+1]* C20H30N6C004
441.39 80 [M+1]* C20H26N6C002
[L2Co.2H20] 424.38 18 [M-5]* C20H25N6CoO
C20H30NsCoOs4  351.27 10 [M-2]* C16H16NsCo
340.28 100 [M+2]* C16H19N5Co
274.18 95 [M]* C11H13NsCo

3.5 HOMO-LUMO studies

The energy difference between LUMO and HOMO having
energy levels in the molecule makes an important contribution
to the determination of spectroscopic properties, stability,
chemical properties, chemical reactivity and electronic
transitions of the structure in the molecule. The HOMO-LUMO
energy orbitals examined are shown in Figure 14.
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Figure 14. HOMO-LUMO orbitals of the ligand.

The green colored parts show negative areas and the red
colored parts show positive areas. E Lumo -1.0966 eV, E nowmo -
6.5851 eV, E Lumo+1-0.3319 eV, E Homo-1 -6.3810 eV were found.
When the calculations are examined, the energy values
between LUMO-HOMO and LUMO+1-HOMO-1 for the ligand
were 5.4885 eV and 6.0491 eV. This showed that the structure
has low chemical reactivity and high kinetic stability. The
parameters that determine the reactivity and stability of the
structure are chemical hardness and chemical softness 2.7442
and 0.1822; electronegativity 3.8408; chemical potential -
3.8408; ionization potential 6.5851 and electron affinity 1.0966
[18], [32],[33].

3.6 MEP analysis

The charge distribution in the molecule gives the molecular
electrostatic potential. In the map, red areas represent
electrophilic attack and negative sites, while blue areas
represent positive sites and nucleophilic attack sites. Also, the
blue color represents attraction, and the red color represents
repulsion. MEP results of the ligand were found as -5.848 e2
and 5.848 e2 Figure 15. Negative sites were found on the
hydrazone and nitrogen atom. 2D map proves proton transfer
[19],[32]-[34].

3.7 Drug-Likeness of ligand and complexes

Lipinski's five rules, which allow the preparation and design of
drugs and predict properties such as clogP, the number of
hydrogen bond donors and acceptors, molecular weight are as
follows:

1. Number of hydrogen bond acceptors <10,

2. Molecular weight (MW) <500 Da,

3. Capacity to pass through the cell membrane miLogP
<5,

4. Number of hydrogen bond donors <5,

5. Polar surface area of the molecule (TPSA) <140.

The drug similarity of ligands and complexes was determined
with the application of Molinspiration
(http://www.molinspiration.com/) [35],[36]. The molecular
weight is less than the limit value for all molecules. Having a
small molecular weight is an important criterion for the drug to
pass into the bloodstream, into the intercellular space and be
excreted from the body.
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(b)
Figure 15(a): 3D map and (b): 2D contour map for ligand.

The cell membrane permeation capacity, which should be less
than 5, is below this value for all three molecules. The donor
hydrogen bond number is nOHNH < 5 and the results are below
this value except for [L2C0.2H20]. The hydrogen bond potential
is suitable for the molecules. The hydrogen bond number of
nON < 10 is suitable for this value [31]. The drug similarity
values calculated for the three molecules are shown in Table 5.
It was determined that the [L2Ni] complex showed better drug
similarity than the [L2C0.2H20] complex.

Table 5. Calculated drug-likeness parameters of complexes

and ligand.
Ligand [L2Ni] [L2C0.2H20]
miLogP 0.73 -6.51 -6.79
TPSA 57.85 78.26 125.02
natoms 14 29 31
MW 191.23 441.16 477.43
nON 4 8 10
nOHNH 1 2 6
nviolations 0 0 1
nrotb 3 4 4

3.8 Molecular docking

The best way to examine the interactions between ligand and
protein is molecular docking studies. This technique has been
frequently used in recent years to elucidate drug-target protein
interactions by providing the best simulation. Thanks to the

Autodock vina algorithm, the interaction with the lowest
binding energy and the most hydrogen bonds was taken as the
basis for determining the position between the ligand and
protein [37]. Hydrogen bonding and other interactions of the
compounds with the 1U3G, Figure 16 protein were performed
using Biovia Discovery Studio (DS) visualizer [38].

Figure 16. Main protease (1U3G) of breast cancer.

The parameters were kept at their default settings and a 30 x
30 x 30 grid box was taken. The size of the grid box X= 0.90,
Y=19.47,7=24.82. The binding affinity of the ligand to the 1U3G
protein was determined as -6.7 and it exhibited four types of
interactions. Hydrogen bonding between the ligand and amino
acid residue GLUS5S5, Pi-cation with ARG115, Pi-Pi T-Shaped
with TYR122, Pi-alkyl interactions with LYS120 were observed
[13]. When the interactions were evaluated in general, two
hydrophobic, one electrostatic and one hydrogen bond
interactions were shown in Figure 17.
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SO
ol g™
M = :
‘AllS o [
¢ "Q —
Pt ;"GLU\«A
. s a3y
TYR A:120
Al22
Interactions
- Conventional Hydrogen Bond - Pi-Pi T-shaped
Pi-Cation [ Pkt
(b)

Figure 17(a): Ligand interaction with the active site of 1U3G.
(b): 2D structure of ligand-receptor interaction.
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Seven interactions were observed between the nickel complex
and breast cancer protease. These were determined as two
conventional hydrogen bonds with MET1 and ASP2, two
hydrogen bonds with ASP151:01 and ASP151:02, one pi-sigma
and two pi-alkyl Figure 18.

(b)
Figure 18. Complexes interaction with the active site of 1U3G.
(a): [LaNi]. (b): [L2Co.2H20].

Pi-sigma and Pi-alkyl bonds in the hydrophobic category also
have low binding energy [18]. The binding affinity of the Ni
complex was found to be -7.9. Six types of interactions were
observed between the Co complex and 1U3G amino acid
residues. One conventional hydrogen bond interacted with
LEU127, two hydrogen bonds with ASP154 and GLN156, one
Pi-Anion bond with ASP158, one Pi-Sulfur bond with MET128,
and one Pi-alkyl bond with VAL155 residues. The binding
affinity of the Co complex against breast cancer was found to be
7.4. When the inhibitor-receptor interactions of the compounds
were evaluated in general terms, the highest binding affinity
was observed in the Ni complex, revealing that this compound,
with the strongest binding, has the best inhibitory capacity
[39],[40]. This is consistent with the theoretical drug similarity
studies.

4 Conclusion

N-[(2E,3E)-3-{[(pyridin-4-yl) methyl] imino} butan-2-ylidene]
hydroxylamine oxime was synthesized and characterized by
spectroscopic methods. Experimental data are in agreement

with the literature. DFT calculations were performed for the
ligand molecule, 13C-NMR and 1H-NMR, FT-IR, HOMO-LUMO
analysis, geometric parameters and MEP mapping studies were
performed. It was seen that the theoretical results of NMR and
vibrational analysis studies were consistent with the
experimental results. The HOMO-LUMO difference was found to
be 5.4885 eV. Molecular electrostatic potential was mapped to
identify electrostatic fields and nucleophilic reactions. Studies
have shown that the ligand molecule has high chemical
stability. As a result of the theoretically calculated drug
similarity study, more compatible results were obtained for the
ligand and [L2Ni] complex. As a result of molecular docking
studies, the binding affinities of the ligand, Ni complex and Co
complex are -6.7, -7.9 and -7.4 kcal/mol, respectively. It was
seen that the [L2Ni] complex had better docking compared to
the ligand and [L2Co.2H20] complex.
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