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This study addresses the synthesis and characterization of seven new complexes of
a hydrazone ligand derived from a non-steroidal anti-inflammatory drug (ibuprofen) via
condensation with p-nitroacetophenone, followed by reaction with cobalt(IT), nickel(II),
copper(Il), zinc(Il), and cadmium(II) chloride and nitrate salts. All complexes were
prepared in a 1:2 metal-to-ligand molar ratio. The ligand and its complexes were
characterized using FTIR, UV-Vis, |H NMR, magnetic susceptibility measurements,
molar conductivity, powder XRD, density functional theory (DFT), molecular docking,
and bacteriological activity assays. Based on the physicochemical measurements and
infrared spectral data, the ligand behaves as a neutral bidentate chelator, coordinating
through the azomethine nitrogen and the amide oxygen. The combined evidence indicates
the formation of hexa- and tetracoordinate complexes, consistent with octahedral, square-
planar, or tetrahedral geometries. The research aims to prepare new ibuprofen-derived
hydrazone complexes with potential applications in multiple fields. In pharmacological
contexts, the prepared complexes may exhibit antimicrobial activity, as such compounds
can interact with essential enzymes or disrupt bacterial cell walls. They may also show
anti-inflammatory effects if part of the parent drug’s activity is retained, potentially with
improved efficacy or reduced side effects. In addition, hydrazone complexes containing
metals such as cobalt(I) and copper(I) have been reported in multiple studies to interact
with DNA or inhibit enzymes linked to cancer cell proliferation. Some complexes may
also act as electron donors, enabling free radical scavenging and reducing oxidative
stress associated with several diseases.

In coordination chemistry and analytical applications, these complexes can serve as
models for understanding drug-metal interactions in vivo, supporting the design of new
metallodrugs or improved drug absorption. Some complexes also exhibit fluorescence or
visible spectral changes upon binding to specific molecules, enabling their use as sensors
for ions or biomolecules. In organic chemistry, certain nickel- or copper-containing
complexes can act as catalysts in oxidation and addition reactions.

(“ CITE @ JUAPS)

Corresponding author
Fayhaa.K Al-Jarah
fayhaakamal60@ gmail.com

Keywords: Hydrazide, Ibuprofen, NSAIDs, P-nitro acetophenone

1 INTRODUCTION

Hydrazides are important chemical compounds that
contain the hydrazide group (-NH-NH>), and they
play significant roles in various chemical reactions. These
compounds have been used in a wide range of industrial
and pharmaceutical applications because of their unique
chemical and biological properties, which have made

them a focus of research in organic and biochemical
chemistry [1]. Hydrazides can be synthesized by several
methods, with one of the most common being the reaction
of esters with aqueous hydrazine in ethanol. Hydrazides
are also employed in various industrial applications,
particularly as intermediates in the production of dyes and
pesticides. In addition, these compounds have demon-
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strated notable biological activity, making them valuable
for developing new compounds with high efficiency and
improved functionality [2]. Among the derivatives of
hydrazides, hydrazone complexes are particularly impor-
tant chemical compounds and have been widely used
in industrial and research fields. These complexes are
formed by the reaction of hydrazones with transition
metals, yielding compounds with key properties, such
as high stability and biological activity. Recent studies
have shown that certain hydrazone-metal complexes can
interact with cancer cells and inhibit their growth [3].
In the medical context, nonsteroidal anti-inflammatory
drugs (NSAIDs) are widely used medications to relieve
pain and inflammation. These drugs work by inhibiting
cyclooxygenase (COX) enzymes, thereby reducing the
production of prostaglandins, which are responsible for
pain and inflammation. Ibuprofen, one of the most
commonly used NSAIDs, is extensively prescribed to
reduce inflammation and relieve pain [4]. It is used to
treat several conditions, including headaches, joint pain,
toothaches, and fever. Research has demonstrated that
ibuprofen is effective in alleviating mild to moderate pain
and has superior efficacy in some cases, such as dental
pain or menstrual cramps [5].

2 EXPERIMENTAL

2.1 Preparation of an ester derived from ibuprofen
(EP)

Ibuprofen structure is shown in Figure 1 [6]. The
Ibuprofen ester, which naturally contains a carboxyl group,
was prepared by dissolving 8.25 g of pure ibuprofen in 45
mL of ethanol and adding drops of concentrated sulfuric
acid. The mixture was heated for about 16 h. After
cooling, it was neutralized with a sodium bicarbonate
solution. The ester separated as an oil layer and was
extracted with ether. The ester was finally obtained as a
colorless oil, with a boiling point of 107-110 °C [7].

CHs

H4C

Fig. 1 Chemical composition of ibuprofen
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2.2 Preparation of hydrazide derived from ibuprofen
(HP)

The hydrazide was prepared by reacting 7.02 g of
ester (EP), dissolved in 35 mL of ethanol, with 0.09
mol of aqueous hydrazine (23 mL). The mixture was
heated for 30 h, after which the solvent was evaporated
by concentration. It was then treated with ice water under
stirring; the precipitate was separated and recrystallized
from ethanol [8].

2.3 Preparation of hydrazones derived from ibupro-
fen hydrazide

Hydrazones were prepared by reacting equimolar
amounts (1:1) of hydrazide (0.04 mol), dissolved in 50
mL of ethanol, with 0.04 mol of the carbonyl compound
(p-nitroacetophenone), with the addition of a few drops of
glacial acetic acid. After the addition was complete, the
mixture was refluxed for 6 h. The solvent was evaporated,
and the precipitate was collected, filtered, and washed
with absolute ethanol. It was then recrystallized from
ethanol.

2.4 Preparation of ligand complexes derived from
ibuprofen

The complexes were prepared according to methods
reported in the literature [9, 10]. The molar ratio was
calculated as (1:2) (metal: ligand). A total of 0.002 mol
of the salt MCI2-xH20 or M(NO3)2-xH20 was dissolved
in 20 mL of absolute ethanol and added to a solution of
ligand (0.008 mol) dissolved in 60 mL of hot absolute
ethanol. The mixture was heated with continuous stirring
for 3 h and then cooled. A precipitate formed, which was
separated by filtration and washed with small amounts of
ethanol [7,8]. The reaction conditions, including solvent,
temperature, and reaction time, are shown in Tables 1, 2,
and 3. All preparation steps of the ligand are summarized
in Figure 2.

2.5 Antibacterial activity

A bacterial suspension of the studied species was
prepared in Nutrient Broth medium at a concentration of
1.5 x 103, standardized against a 0.5 McFarland standard
tube in physiological buffered normal saline. A ligand
suspension was prepared at a concentration of 3 mg/mL by
dissolving the compounds in DMF (Dimethylformamide).
Bacterial culture plates containing sterile Mueller—Hinton
agar were prepared. After the medium solidified, wells
were made in the agar using a cork borer to create holes
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with a diameter of 6 mm. Using a sterile cotton swab,
the surface of the nutrient agar was inoculated with the
bacterial suspension prepared in step (1) for each of
Escherichia coli (E. coli) and Staphylococcus aureus
separately. This was done by dipping a sterile swab into
each bacterial suspension, then spreading it over the agar
surface in the wells. 50 pL of the ligand solution (3
mg/mL) was added to each well, while the solvent served
as a control. The plates were incubated at 37 °C for 24
hours. The diameter of the inhibition zone around the
wells was measured to assess the inhibitory effect of the

tested compound on the growth of the bacteria studied.

Samples of the antibiotics naproxen and ibuprofen were
used as reference standards.

Table 1 Experimental Conditions for the Preparation of
Ibuprofen Derived Compounds

Step | Compound | Solvent Reactants / Catalysts | Conditions Product Form
Reflux for 16 hours; then
1 Ibuprofen Ethanol lf::p;;)(l;e: focznjncg ), neutralized with NaHCO3 Colorless oil
Ester (EP) | (45 mL) H,SO. P : and extracted with (b.p. 107110°C)
204 petroleum ether
) Ester (7.02g), Heated for 30 hours; White
Hydrazide | Ethanol . solvent evaporated, then .
2 Aqueous hydrazine . crystalline
(HP) (35 mL) treated with ice water and .
(23 mL, 0.09 mol) . N solid
recrystallized from ethanol
g;’j;s;;;e (0.04 mol), Reflux for 6 hours; solvent
Ethanol evaporated, product filtered, | Crystalline
3| Hydrazone | 5 ) compound (0.04 mol) | 4 \with absolute solid
, few drops glacial .
Lo ethanol, and recrystallized
acetic acid
Absolute Metal salt (0.002 Heated with :urr.mg for3 .
Metal R hours; after cooling, Solid
4 ethanol (20 mol), Ligand (0.008 L . ..
Complex precipitate filtered and precipitate
mL + 60 mL ) | mol) 3
washed with ethanol

Table 2 Chemical formulas of the prepared compounds and
some of their properties

Melting

Yield
Symbol Formula The color point ( CO) percentage (%)
EP Ci5H2 0o White - 88
HP Ci3Hpg N>,O White 76 — 78 82
L Cy1Hy5 N3 O3 Orange 178 — 180 74

Table 3 Chemical formulas of the prepared complexes and
some of their properties

Complex Melting Yield Molar elec.:tl:ical
Chemical Formula The color . 0\ | percentage conductivity
number point (C?) 2 1 —1
(%0) (ecm?.0hm'.mol™")

1 [Co(L),Cl] Light Yellow 267-270 73 54.6

2 [Co(L),(H20),] (NO3), Brown 242-245 30 118.6

3 [Ni(L)2Cly] Light Yellow 255-258 34 435

4 [Ni(L), (NO3),] Golden brown 266-269 77 125.5

5 [Cu(L)2] Cl, Yellow 256-259 70 382

6 [Cd(L),] Cl, Greenish Yellow | 144-147 65 1148

7 [Zn(L),CL] Yellow >300 38 298

© 2026 The Author(s).
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o
Ethanol 9
o
OH "Cone H SO, o, Ethasol a
Touprofen P75 NHGNH, Ho.0 NH, ————

Touprofen Etlyl Ester(EP) H

Tbuprofen Hydrazone (L)

glacial
acetic acid

Fig. 2 Preparation steps of the ligand

3 RESULTS AND DISCUSSION

3.1 Molar electrical conductivity

The conductivity measurements were consistent with
the proposed structural formulae of the prepared complex-
es. The prepared complexes (1, 3, and 7) were classified
as neutral. In contrast, the generated complexes (2,4,5,6)
were classified as electrolytes; their molar conductivity
values indicate a (1:2) ratio. Table 3 lists the molar
conductivity values of the generated complexes [11].

The proposed geometries of the new complexes are
as follows: the Co(II), Ni(II), Cu(Il), Zn(II), and Cd(II)
complexes are octahedral, tetrahedral, and square planar.
This assignment is supported by the magnetic property
data and UV-Vis spectroscopy results, which are consis-
tent with those reported in the literature. The results are
summarized in Table 4.

Spectral data indicate that the hydrazone ligand co-
ordinates with the metal ions through the azomethine
nitrogen and the carbonyl (amide) oxygen atoms. In the
Fourier-transform infrared (FT-IR) spectrum, the C=N
stretching band shifts to lower frequencies compared with
the free ligand, indicating involvement of the azomethine
nitrogen in coordination. In addition, the decrease
or disappearance of the C=0 stretching band suggests
coordination through the carbonyl oxygen. New bands
appearing in the lower-frequency region (400-600 cm™')
are often attributed to the formation of M—N and M-O
bonds. Furthermore, the UV—-Vis spectrum shows clear
shifts in the position and intensity of the absorption bands
upon complexation, reflecting alterations in the ligand’s
electronic environment upon metal binding. Collectively,
these spectral changes provide strong evidence that the hy-
drazone ligand coordinates through both the azomethine
nitrogen and the carbonyl oxygen.

3.2 FTIR

The infrared spectra of the ligand and the prepared
complexes were recorded in the range of 400-4000 cm™,
Figures 3 and 4. Table 5 shows the band values and their
positions in the recorded spectra. The absorption bands
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Table 4 The effective magnetic moment data and electronic spectral data of ligand and complexes

No. | compound UV, Vis bands (cm™") Assignment Uer B.M | Proposed Structure
L | Cy1Hys N3O3 42275,39763 n—-a,n—na" - -
11325 — 13245 cm™! T, g(F) - *T, g(F) (v1)

14836 — 15685 cm™! 4Ty g(F) = %Ay g(F) (v2) 4.66 | Octahedral
16766 — 22749 cm™! 4T g(F) — *Ti1g(P) (v3)
11172 — 13467 cm™! T e(F) = *Tyg(F) (v1)

( )
1| [Co(L)xCla] ( )
2 |
2 | [Co(L)2 (H20),] (NO3), | (14718 — 16476 cm™) 4T g(F) = %Ay g(F) (v2) 4.89 | Octahedral
( )
( )
( )
( )
( )

18684 — 23522 cm™! 4Tg(F) - *T1g(P) (v3)

12156 — 13624 cm™! A g(F)=3Thg(F) (v)
15265 — 18162 cm™! 3A2(F)=3Tig(F)  (v2) 3.10 | Octahedral
22823 — 27395 cm™! 3A2(F) = 3T g(P)  (va)

3 | [Ni(L)Cly]

4 | [Ni(L),] (NO3), 11268 — 13083 cm™! STI(F) = 3Ti(P) (v3) 3.71 | Tetrahedral

5 | [Cu(L)] Cl, 16548 ~Blg—Eg 1.84 | Squreplanar
Big—*Ag

6 | [Cd(L);] Cl, 45725,39188 T na,n—o - Tetrahedral

7 | [Zn(L),Cl,] 46547,38532 T—-na,n—na" - Octahedral

of the ligand were identified, and changes in the shape, tion [17].
intensity, and position of these bands upon coordination
with metal ions to form complexes were examined. These a0 w0  s20 280 200 200 160 2w e

5 < ! ! ! L ! ! L ! 95

spectral changes were then used to determine the coordi-
nation mode of the organic (hydrazone) ligand with the
metal ions used in complex preparation [12—-16].

T T T T T T T T
4000 3600 3200 2800 2400 2000 1600 1200 800
Wavenumber cm-1

Fig. 4 FTIR of [Co(L),Cl;]

‘Wawvenumber cm-1
Fig. 3 FTIR of ligand .
Table 5 FTIR measurements of the prepared ligand and
prep g
complexes
3.3 'H — NMR spectroscopy
. v v v v v v 1 v v
Nuclear magnetic resonance (NMR) spectroscopy [™ @™l || 83| ©=N) [ (€=0)|©0)| OB | (©-1)| 08| 0r0)
. . . L = C3;Hys5 N3O3 3046 | 1064 1596 1669 1233 | 3200-3300 | 1340 - -
is used to Study the nuclei of certain atoms, such as Co(L):CL] 3046 | 1011 | 1513 | 1596 | 1165 | 3200-3300| 1342 | 499 | 613
13 1 31 . . . Co(L), (H20),] (NO3), | 3042 | 1026 1576 1605 1220 | 3200-3300 1338 458 590
C,'H, and °'P. This technlque emp]oys radlofrequency Ni(D)>Ch] 3048 | 1036 | 1570 | 1602 | 1235 | 3200-3300| 1332 | 520 | 646
R o X Ni(L),] (NO3), 3046 | 1016 | 1565 1508 | 1222 |3200-3300 | 1324 | 432 | 615
(RF) waves, which are low_energy radiation with ]ong Cu(L);] Cly 3040 | 1032 | 1556 | 1612 | 1218 [3200-3300] 1330 | 478 | 628
. . .. Cd(L)2]¢cr 2 3046 | 1036 1552 1618 1225 | 3200-3300 1325 526 652
wavelengths; their effect is observed through transitions [Z@D.cll 502 [ 1028 | 1578 | 1614 | 1234 [32003300] 1328 | 518 | 660

between nuclear spin energy levels. All prepared ligands

were examined by '"H NMR spectroscopy. Tetramethyl- The 'H NMR spectrum of the ligand (L) shows a
silane (SiMe4) was used as the reference standard, and doublet at 1.58 ppm assigned to the protons of two
DMSO- dg was used as the solvent. The spectra were equivalent methyl groups ( d, 3H, 2CH3 ) adjacent to the
interpreted based on chemical shift values and integra- ( —CH- ) group. A doublet at 2.11 ppm is assigned to

© 2026 The Author(s). 193 CCBY 4.0
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a methyl group (d, 3H, —CH3) adjacent to the (—CH-)
group. Two multiplet signals attributed to the ( —-CH-
) protons appear at 2.94 and 3.53 ppm . A singlet at
3.08 ppm is assigned to the methyl protons (' s, 3H, —CH3
) adjacent to the ( —C = N- ) group, and a doublet
at 3.38 ppm is assigned to the ( CH2— ) protons. In
addition, aromatic protons appear as signals within the
range 7.97 —8.90ppm(m, 4H, Ar—H ). A singletat 11.43
ppm is assigned to the amide proton (s, 1H, -NH-) [18],
Figure 5.

Foina
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Fig. 5 The proton nuclear magnetic resonance of the ligand

3.4 Antibacterial activity

The bacteriological activity of the prepared ligands
and some of their metal complexes was evaluated.
This study included testing biological activity against
laboratory-identified bacterial isolates using biochemical
and microscopic methods. These bacteria are associ-
ated with many human diseases. The study included
three human pathogenic bacteria: the Gram-positive
Staphylococcus aureus and the Gram-negative bacteria
Escherichia coli.

The method was based on preparing wells in the
culture medium using a cork borer sterilized with absolute
ethanol. The bacterial inoculum was then swabbed and
spread evenly over the surface of Mueller-Hinton agar
using sterile cotton swabs to ensure uniform distribution
across the plate. The plates were left at 37 °C to allow
absorption. Solutions of the prepared compounds were
prepared at a concentration of 10 pg/mL in DMF, and 100
pL was added to each well. The plates were sealed with
tape and incubated for 24 hours at 37 °C. The inhibition
zone diameters were then measured using the method of
Prescott (1996) with a ruler to determine the sensitivity of
the tested compounds. Ciprodar was used as the antibiotic
control. The prepared compounds showed very good
effectiveness, as shown in Table 6 [19].

© 2026 The Author(s).
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Table 6 Bacterial activity of ligand with complexes

Bacteria

Ne Tested comp E.coli.(Graham negative) | Staph. (Graham positive)
L Cy1Hps N3O3 Zero Zero

i [Co(L)>ClL] 30 mm 24 mm

2 [ [Co(L); (F20),] (NOsY, 16 mm 17 mm

3 [Ni(L),Cl] 17 mm 23 mm

4 [Ni(L),] (NO3), 14 mm Zero

5 [Cu(L),] Clp 30 mm 37 mm

3 [Cd(L)2] Cly 37 mm 28 mm

7 [Zn(L),Cl,] 16 mm 9 mm

The antibacterial activity of the above two bacterial
strains was monitored in this study for each of the
selected synthesized compounds and compared with the
standard antibiotics ibuprofen and naproxen. As shown
in Figure (6), the compound [Cu(L),]Cl, exhibited the
highest inhibitory effect among the other compounds
against Staphylococcus aureus bacteria. This activity
may be attributed to the combined effect of the functional
groups present in the compound, namely the hydrox-
yl, azomethine, methoxy, and amide carbonyl groups,
which may have a direct or indirect effect on bacterial
functions. Meanwhile, the compound [Cd(L),]Cl, also
showed greater inhibitory ability, compared with the
other compounds, against E. coli bacteria. This may
be due to the presence of the alkyl functional group,
which may contribute to antibacterial activity against
the targeted strain. These results are consistent with
those obtained by the researcher for other synthesized
compounds containing the same functional group.

Fig. 6 Inhibition diameter of ligand and complexes
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3.5 Molecular docking studies

Molecular docking was performed for the most ef-
fective compounds in inhibiting bacterial activity by
targeting DNA gyrase, an enzyme involved in bacterial
DNA replication. The study was conducted for two
bacterial species, the Gram-negative Escherichia coli and
the Gram-positive Staphylococcus aureus. The enzyme
structures were obtained from the Protein Data Bank
(RCSB PDB) for both species (ID: 1KZN and ID: 3G7B,
respectively), as shown in Figure 7.

For docking of the ligand (L) with the DNA gyrase
enzyme (ID: 1KZN) from coliform bacteria, the binding
energy of the complex (enzyme + L) was (AG total
binding energy = -6.8 kcal/mol), which was higher than
that of the (enzyme + ibuprofen) complex (AG total
binding energy = -5.5 kcal/mol). Key interactions in-
cluded three hydrogen bonds involving VAL120, ALA96,
and SER121. Additional interactions were observed
with ASP45, ILE48, ILE194, ILE197, GLU42, and
ILE165, which were associated with electrostatic and
other noncovalent forces (van der Waals, m—alkyl, and
C—-H interactions, etc.) [20].

D=

Fig. 7 The location of the ligand within the protein cavity ID
1KZN of coli bacteria in three D form, it shows the most
important interactions between the functional groups in ligand
and the amino acids ID 1KZN in a three D form, the location
of the HB acceptor and donor that is formed between the
amino acids and functional groups in L, it shows the most
important interactions between the L functional groups and
the type of amino acids ID 1KZN in a two dimensional form

After docking of the ligand (L) with DNA gyrase from
Staphylococcus aureus (ID: 3G7B), the binding energy

© 2026 The Author(s).
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for the (enzyme + L) complex was (AG total binding
energy = -7.3 kcal/mol), which was higher than that of the
(enzyme + ibuprofen) complex (AG total binding energy
= -6.9 kcal/mol). Key interactions between amino acid
residues on the enzyme surface and the ligand included
four hydrogen bonds involving LYS78, THR80, GLN66,
and LYS170. Additional interactions were observed with
THR141, VAL174, ILE148, HIS143, VAL165, ARG84,
ASN54, ILE175, and ILES]1, including m—alkyl, van der
Waals, and m — & stacking interactions, among other
forces. Figure 8 shows the simulation results of (L) with
Staphylococcus aureus DNA gyrase (ID: 3G7B) [21].

Fig. 8 The location of L within the protein cavity ID three g
seven b of the staphylococcal bacteria in three D form, the
interactions between the functional groups in ligand and the
amino acids ID three g seven b in a three D format, HB
acceptor and donor that is formed between the amino acids
and functional groups in L, interactions between the ligand
functional groups and the type of amino acids ID: three g
seven b in a two dimensional form

3.6 Powder xrd studies

X-ray diffraction (XRD) is an analytical technique that
provides information on the crystalline structure, chem-
ical composition, and physical properties of materials
and thin layers. This technique depends on monitoring
the scattering intensity of an X-ray beam incident on
the sample, as well as the angle of incidence, scattering,
polarization, and wavelength. X-rays are electromagnetic
radiation with photon energies and wavelengths in the
range (0.1-100 A) within the cosmic spectral series; in
diffraction applications, only short-wavelength X-rays are
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used. These powerful X-rays can penetrate deeply into
materials and provide information about the structure of
matter. The ligands and their complexes were examined
using a device (Xrdx, Pert Phillips Holland). Data for
these models were obtained and entered into a computer
program prepared by a Dutch company called (X, perthigh
score software package). Charts were obtained showing
the relationship between intensity of absorption (intensity)
and the measured diffraction data [22]. Analysis of the
data obtained with (X, perthigh score software package)
showed sharp diagnostic peaks in the charts, indicating
the crystalline nature of the cobalt and nickel binary com-
plexes; that is, the complexes have crystalline forms with
crystalline planes and lattice structures. To interpret the
results, Bragg’s law [22] was used to calculate the spacing
between crystalline planes (d-spacing), which represents
the spacing between crystalline spaces. Tables 7 and
8 show the XRD data. In addition, the Debye—Scherer
Raman and Jeyamurugan approach [22] was applied using
the relationship (D = KA/B8 X cos(6)) to calculate the
crystallite size of complexes (1 and 3) for the metal ions
Ni(II) and Co(II) coordinated with the ligand, Figures 9
and 11 show the Co(II) and Ni(II) complexes, Figures 10
and 12 show the X-ray diffraction (XRD) of Cobalt and
Nickel complexes.

N
\O\(CHJ B
HiC
H

Fig. 9 Co(Il) formed complex

3.7 Antioxidant activity

The antioxidant activity was determined us-
ing the DPPH free radical (2,2-diphenyl-1-
trinitrophenylhydrazine). The ligand and its complexes
were dissolved in a minimum volume of DMF and then
further diluted with ethanol. These compounds donated
hydrogen to reduce DPPH, producing a color change from
dark purple to yellow. The DPPH radical-scavenging
efficiency was evaluated by measuring absorbance at 517
nm, and the scavenging activity was calculated using the

© 2026 The Author(s).
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following equation:

DPPH scavenging ability (%) =
( Abs.control — Abs.sample )/( Abs.control ) x 100

The first column below, titled “Ligand,” represents the
antioxidant activity of the ligand and its metal complexes.
The ligand and the copper complex exhibited better
antioxidant capacity than the other metal complexes at the
higher concentrations tested. The RSA of the ligand and
copper complex may be related to their hydrogen-donating
ability [10]. Likewise, the high scavenging activity of
the ligand may also contribute to its mild antimicrobial
action; however, this interpretation should be supported
by the antimicrobial data presented above [23].

Table 7 XRD data of the [Co(L),Cl]

Complex (1)
Molecular Formula C4H;50Cl,CoNgOg
Molecular weight 864.73 g/mol
Crystal system Cubic
Space group Fm-3m
Space group number: 225

a=54650°A «=90(10°)
b =5.4650°A S =90(10°)
¢ =5.4650°A y =90 (10°)

Unit cell dimensions

Radiation Cuq rotating anode

Calculated density ( g/cm” ) | 5.42

Volume of cell ( 10"6pm”™ ) | 163.22

4 2.00

Theta Range 45.6549 6 - 16.0121
1<h<4

Index ranges 1<k<3
0<L<2

[ [

Counts

FY2

800

600

400+

200+

T T T T
20 30 40 50 60 70

Position [*2Theta

Fig. 10 XRD for [Co(L),Cl;]
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oM

Fig. 11 Ni(II) formed complex

N3y

Table 8 XRD data of [Ni(L),Cl,]

Complex (3)

Molecular Formula

C42Hs50Cly NgNiOg

Molecular weight 864.49 g/mol
Crystal system Rhombohedral
Space group R-3
Space group number: 148
a=5.0380°A @ =90(10°)
Unit cell dimensions b =5.0380°’A  B=90(10°)

c=13.7720°A y = 120(10°)

Radiation Cua rotating anode

Calculated density ( g/cm” ) 5.26

Volume of cell ( 10"6pm” ) 302.72

Z 6.00

Theta Range 13.75-77.16 6
0<h<4

Index ranges 1<k<3
0<L<14

Yyyy v Yoy WYy ¥y ¥y vy
Counts

3

1500

1000 +

500

T T T
20 30

40
Position [*2Theta]

T T T
50 60 70

Fig. 12 XRD of [Ni(L),Cl]

© 2026 The Author(s).

197

Table 9 anti oxidant function of the ligand and complexes

Percentage scavenging activity of ligand and complexes

Complex 20p g/ml | 40u g/ml 60u g/ml
L = Cy;1Hps N3O3 78 76 82
[Co(L),Cly] 74 76 79
[Ni(L),Cl,] 76 72 74
[Cu(L),2] Cl, 80 85 88
Ascorbic acid 84 86 92

3.8 Computational studies (dft)

The frontier orbitals, namely the highest occupied
molecular orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO), are among the most important
orbitals in a molecule. The frontier-orbital energy gap
(E_LHOMO - E_LUMO) is a key parameter that provides
information about the chemical reactivity and stability of
a molecule and is also related to its electronic properties.
A small energy gap ( AE ) is generally associated with
higher chemical reactivity and lower stability, and such
systems have been described as more reactive (soft)
molecules [24].

The HOMO and LUMO energies of the ligand and
its prepared complexes were calculated using density
functional theory (DFT). These orbital energies were
then used to calculate descriptors related to molecular
stability and reactivity, including hardness (77), softness
(o), electronic chemical potential (u), the global elec-
trophilicity index ( w ), and the excitation energy ( eV
). The stability order of the prepared complexes was
discussed based on the global electrophilicity index ( w ),
where higher w values indicate greater stability (Figure
13). Figure 14 indicates the suggested structures of the
complexes.
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Fig. 13 HOMO and LUMO positions of the ligand and its

prepared complexes
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Fig. 14 suggested structures of the complexes
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4 CONCLUSION

Chemical, physical, and spectroscopic analyses car-
ried out in accordance with the above studies could indi-
cate the structures of the complexes prepared by reacting
the metals cobalt(Il), nickel(Il), copper(Il), zinc(II), and
cadmium(II) with their hydrazone ligands derived from
some non-steroidal drugs (ibuprofen). All complexes
were prepared in a metal:ligand molar ratio of (1:2), and
the ligands were present as neutral bidentate species,
thereby coordinating through the oxygen atom of the
carbonyl group and the nitrogen atom of the azomethine

group.
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