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Preparation, Characterization, and Antimicrobial
Evaluation of a Cefepime Derivative with Divalent
Transition Metals

Zahraa A. Jaber® *, Israa H. Ibraheem®, Sahar S. Hassan

Department of Chemistry, College of Science for Women, University of Baghdad, Baghdad, Iraq

ABSTRACT

The Schiff base ligand (L)- 1-((7-((Z), was recently synthesized 2—(2-((Z)-5,5-diethyl2-(methoxyimino)acetamido)-
2-(methoxycarbonyl)-2,6-dioxotetrahydropyrimidin-4(1H)-ylideneamino) thiazol-4-yl8-oxo-5-thia , the next mineral
ions, Ni**, Cu?, Zn?', and Co?', are permitted to react with 1-azabicyclo[4.2.0]oct-2-en-3-yl)methyl)-1-
methylpyrrolidinium, leading to the formation of new metal complexes with distinct geometric shapes. By detecting
the shifting in the azomethines band and the appearance of M-N and M-O bands, FT-IR confirmed the occurrence of
coordination through N of azobenzene and two O atoms of beta lactam and ester, indicating the development of Schiff
base complexes as well as the original Schiff base. Additionally, we can use such equipment to find out if there are
any aquatic water molecules inside the coordination sphere. By observing the shifting of electronic transitions that
occurred in the ligand at the ultra violet region, the UV-Vis spectra of all the resultants demonstrated the formation
of coordination. TGA analysis of the ligand. Furthermore, the results of the FAA and molar accessibility were more in
line with the counting results. The diagnosis revealed trientate dental behavior, tetrahedral geometry for the cobalt
complex, and octahedral geometry for the remaining complexes, along with mononuclear complexes. As described in
the publication, we have evaluated the antibacterial property of Schiff base and its complexes on a variety of microbes.

Keywords: Barbiton, Biological activity, Cefepime, MetalComplexes, Schiff base, Thermogravimetric analysis

Introduction

Hugo Schiff discovered the Schiff Base after he
found out about the reversible acid-catalyzed con-
densation process containing primary amine plus
carbonyl compounds.' Researchers are interested in
the chemistry of metal complexes caused by Schiff
Base ligands that contain nitrogen and oxygen, such
as donor atoms. It is known that ligands can interact
with metal atoms in a variety of ways depending on
the circumstances of the reaction. The condensation
reaction between primary amines and aldehydes pro-
duces ligands. The biological activity of Numerous
Schiff base metal complexes has a range of medicinal
uses. For instance, the biological features of transi-

tion metal complexes of Schiff Base ligands having
“N” and “O” donor atoms, such as their antibacterial,
anti-inflammatory, antioxidant, antitubercular, anti-
convulsant, antifungal analgesic, and anthelmintic
effects, make them highly focused.?

The activity technique’s key characteristic is the
core metal ion. Coordination agents like Schiff bases
can be used to combat a range of medical issues
associated with toxicity from free metal ions.> More-
over, the quantity, kind, and proportionate location
of the ligand donor atoms allow a strong control over
the stereochemistry of the metallic, contributing to
the number of ions in hetero and homo-polynuclear
complexes.* Schiff bases are superior candidates for
the preparation of metal complexes of interest in
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Scheme 1. Preparation of ligand (L).
Table 1. Physical -properties element microanalysis studies of ligand and complexes.
Found Elemental Analysis(cal.)
Compounds C H N o M S M.P°C Color %Yield s cm™!
Cao7H37Ng06S2 (50.71) (5.31) (15.96) (16.01) — (8.97) 230-231 Dark 87% —
@ 50.82 5.64 16.93 16.92 9.69 yellow
Co7H37CoNgO6S2 (46.02) (5.11)  (17.09) (13.12) (79.5)1 (9.88)  240-242 Blue 63% 14.00
(CoL) 46.82 5.38 16.18 13.86 8.50 9.26
C27H41NiNgOgS2 (43.93) (15.21) (13.42) (17.19) (7.04) (7.34)  250-251 Light 83% 63.03
(NiL) 43.16 15.50 13.89 17.84 7.27 7.95 green
Co7H41CuNgOgS2  (42.06) (5.07) (13.23) (17.45) (7.33) (7.51) 243-245 Dark 77% 71.66
(Cul) 42.90 5.46 13.80 17.74 7.83 7.90 green
Co7H41ZnNgOgS2  (42.22) (5.12) (13.58) (17.32) (7.94) (7.11) 254-255 Light 89% 78.93
(Zn'L) 42.81 5.45 13.77 17.70 8.04 7.88 yellow
Table 2. FTIR absorption bands of metal complexes.
n (NH) n (C=0) n (C=0)
Comp. amid n (C=N) B-Lactam amid n(M-N) n(M-O)
L) 3220 1666 1766 1700 —_— —
(Col) 3243 1669 1770 1718 456 510
(NiL) 3233 1673 1769 1730 425 512
(Cul) 3250 1672 1768 1720 416 505
(ZnL) 3224 1676 1775 1743 433 520

bioinorganic chemistry, encapsulation, separation,
transport, and catalytic processes because of all these
characteristics. This study served as a guide for
synthesizing a Cefepime derivative (Cefepime is a
fourth-generation cephalosporin antibiotic) with di-
valent transition metals, the structures of which were
determined by a number of characterization analyses.
On the other hand, specific metal complexes demon-
strated a strong ability to operate as antifungal,
antiviral, anticancer, and unique biological activities,
such that the combined effects of multiple therapeutic
agents are shown to increase in efficacy.>® Schiff

Base metal complexes are considered one of the most
important fields of research, with the primary goal of
discovering effective and safe therapeutic agents for
treating cancer and bacterial infections.”

Materials and methods

The metal salt provided by Fluka (CoCl,.6H-0,
NiCl,.6H,0, CuCl,.6H,0, and ZnCl,.6H,0) was used
in this study. The Shimadzu 8400 Fourier-Transform-
Infrared Spectroscopy was employed to record the
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Fig. 1. The FTIR-spectrum of ligand (L).
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Fig. 2. The FTIR-spectrum couper complex (CuL).
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Fig. 3. TGA for ligand (L).

FTIR, with a wavelength range of 4000-200 cm™ and
UV-Vis (1600A). The electronic spectra in the wave-
length range of 190-1100 nm were recorded using
Shimadzu. A Perkin-Elmer 500 Atomic-Absorption -
Spectrophotometer was employed for analyzing the

metal. A Conductivity-Meter 220 provided with a
Gall encamp was utilized to measure the molar
conductivity in ethanol as a solvent at room tem-
perature. B-6000.01 M.F. was employed as a melting
tool.
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Scheme 2. The mass fragmentation patron of ligand (L).

Preparation of Ligand (L): A mixture of barbitone
(0.184g. 0.524 m. mole) and (0.553 g.0. 533m.mole)
of cefepime dissolved in hot ethanol (20 ml), then
2ml of glacial acetic acid was added. The reaction
mixture was heated below refluxing for six hours at
60°C with unceasing stirring. A yellow precipitate was
formed, and the solution color was changed to dark
yellow. TLC monitored the progress of the reaction.

The product was filtered afterward and then washed
by a hot mix of methanol: water (v:v) (80:20) % and
recrystallized from ethanol, Scheme 1.8
Preparation of Complexes: To prepare novel
metal complexes, a general procedure was followed:
(0.237,0.237,0.17,0.136 g,1 m mole) of hydrate
metal salts of cobalt, nickel, copper, and zinc dis-
solved in 10 ml of 100% ethanol was reacted with,
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and (0.73 g. 1 m mole) of ligand was mixed within
the same solvent. At room temperature, the reaction
mixture was refluxed for three hours at 60°C. TLC

BAGHDAD SCIENCE JOURNAL 2026;23(2):435-446 439

Table 3. The mass loss percentage of ligands and their complexes for TGA.

Comp. No. Steps  Estimated mass loss (Cal.) Remnant mass loss (Cal.)

L) 2 83.17 16.83
(83.16) CU(16.81)

(CoL) 3 87.52 12.48
(87.94) (12.06)

(Ni L) 4 80.74 19.26
(80.89) (19.11)

(Cul) 4 91.81 8.19
(91.95) (8.05

(Zn L) 4 85.32 14.68
(85.85) (14.15)

Table 4. The electronic absorption of ligands and their complexes.

Comp Anm AbsorptionBands cm™!  Assignment
L 340 29411 w-m* (C=C)
230 43478 n-7*(CO, CN)
221 45488
Col 3370 from FTIR 4T1g — *Tog
770 5288 (cal.) 4Tig — *T1g
380 12987 4T1g — *Asg
351 26315 LL
28490 LL
NiL 892 11211 3Asg — 3T og
635 15748 SA2g — 3T1gm
480 20833 A28 — Tigw)
277 36101 LL
Cul 820 12195 2Eg —2T,g
378 26455 Charge Transfer
220 45454 LL
ZnL 368 27173 LL
228 43859 C.T
2.00 T T T T
1.50 —
1.00 —
N
0.50 W ¥ _
0.00 ! ! !
200.00 400.00 600.00 800.00 1100.00

nm

Fig. 5. The electronic-spectrum of ligand (L).

monitored the progress of the reaction. The product
was filtered afterward, then washed with water and
recrystallized from ethanol.®
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Fig. 6. The electronic spectrum of cobalt complex (Co L).

1100.00

Fig. 7. The electronics plectrum of the capper complex (Cu L).

Table 5. The THNMR shifts.

No.of Protons S (ppm)
s(3H-CH3) 1.95
DMSO 2.49
s(3H-OCH3) 2.55
s(4H - CHy) 3.07
s(5H- B- lactam) 3.71
s(8H- C4HS8 Cyclo) 3.81
s(3H - NH) 7.23
s(8H- Barbiton) 7.62
s(3H—N-0O-CH3) 8.82

Table 6. The '3*CNMR

shifts of ligand.

No. of Carbon S (ppm)
m(DMSO) 39.06-40.73
m 4(C4Hg) 9.64
s2(COCH3) 21.82
s2(CHy) 23.63
s6(B-lactam) 31.65
s6(Barbiton) 55.16
s3(C=N) 56.89
s2(C=S) 150.38
s2(C-NH) 173.51

Results and discussion

The complexes were stable at room temperature as
colored powders. Table 1 summarizes their physico-
chemical characteristics based on the analytical data,
amolar ratio of 1:1 (M: L) for all produced complexes.

FT-IR analysis

FTIR spectroscopy for the ligands and their com-
plexes were investigated, verified, and compared to
values reported in the literature.'%!! The creation of
Schiff’s base was confirmed by the C=N stretching
band, which caused several notable ligand absorption
bands at 1666 cm~. In addition, the ligand contains
essential aggregates such as the C=0 band in B-
Lactam group,'%'® where the absorption packets for
these groups in the free ligand were diagnosed with
the following- The result of these packages in terms
of location, severity, and shape when coupled with
metal ions where the ligand showed absorption pack-
ages C=0 band for amide & B-lactam 1700 and 1766
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cm™! respectively. The C=N stretching band of Liang
was shifted to a higher-wave number in the range of
3-10 cm™ as a result of the ligand complexing with
metal.! Additionally, for the all-metal coordination,
the absorption band at 3220 cm™! corresponding to
the NH stretching of the ligand was moved to the
4-30 cm™ range. The M-N system is responsible for
the emergence of a new absorption band below 500
cm™.'%15 Linkage in the range of 505-520 cm™ due
to M-O coordination. A compound can be formed
by ligands complexing with metals in all absorption
bands. Table 2 and Figs. 1 and 2 illustrate the main
FTIR absorption bands.

TGA

The results of thermal analysis for ligands and
their synthesized complexes are exhibited in Figs. 3
and 4, respectively. Scheme 2 provides an overview
of the metal complexes’ preliminary decomposition
reaction. Based on the thermograms, stages of decom-
position, the decomposition products’ temperature
ranges, and weight-loss complex percentages, they
were determined. There was an agreement of es-
timated values and thermal decomposition results,
proving the elemental analysis results. It was noticed
that carbon remained in the ligand, while the re-
maining metal oxide was in the ligand and metal
complexes of Co, Ni, Cu, and Zn. The ligand decom-
poses and the complexes in 2-4 phases according to
the results of the thermogravimetric tests, '° The tech-
nique proves that the ligand (L) was analyzed in two
steps. Fig. 3 shows the mass loss percentage; it was

revealed that the estimated mass loss was 83.17%,
and the remnant was 16.83%, where the calculated
mass loss was 83.16%, and the remnant was 16.84%.
The mass loss of all complexes is illustrated in Table 3.

Electronic spectrum

Using the information in the Tanabe-Sugano dia-
gram, the electronic absorption spectrum was applied
to forecast the geometry based on the quantity and
shape of observed peaks plus those calculated once.

The electronic-spectrum of the L, Fig. 5, displays
three key bands. The w-7* transitions in the (C=C)
group were responsible for the primary absorption
bands at 29411 cm™. The absorptions 2 and 3 oc-
curred at 43478, and 45488 cm™! and were ascribed
to n-rr*. These groups might be situated in the (C=0,
C=N, CS, and NH) groups”.

Co L complex’s UV-vis spectra showed a band at
12987 cm~! in the present research, to “Ay — 4T (p).
Since the “A, — 4T, and v2 4A, — 4T, transitions
are out of the UV device’s scale, they do not show
up in the spectrum. The IR spectrum is used to com-
pute these transitions. The measured value was 3370
cm~!. Using the Tanabe-Sugano diagram for the d’
system, the second transition was theoretically com-
puted from Eq. 15B = v3 + v2-3v1. A transition was
observed at 5288 cm™!. NiL complex has four bands
(11211, 15748, and 20833) cm™'. CuL!'°complex dis-
played three-bands in wave-number (12195, 26455,
and 45454) cm™. ZnL complex'”!® exhibited two
bands in the wave number of 27173, and 43859
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Fig. 10. The mass-spectrum of ligand (L).

Table 7. The effect of ligand and its metal complex on staphylococcus
aureus, escherichia coli, and candida albicans. ¢ in 5 mM.

Staphylococcus aureus  Escherichia Coli ~ Candida albicans

Comp. 5Mm S5mM S5Mm
CoL 20 22 18
NiL 16 24 11
CuL 17 11 9
ZnL 18 20 10

L 18 22 16

EtOH - - -
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Fig. 11. The effect of prepared compounds on staphylococcus aureus, escherichia coli, and candida albicans in 5 mM.
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Fig. 12. The suggested structure of the complexes.

cm™ All transition bonds are illustrated in Table 4  illustrated in Table 5 and Figs. 8 and 9 '*C-NMR
and Figs. 5to 7. (DMSO-d® 30-40) & others in Table 6 and Fig. 9.

Mass spectrum of ligand (L)
"TH-NMR &'3C-NMRSpectrum of ligand
The mass spectrum of ligand L was measured using
The 'H-NMR and !'3C-NMR spectra'® of ligand a mass device. This method is crucial for characteri-
(L), Scheme 1, demonstrate these spectra’ chemical  zation and works in tandem with other methods to
shifts. 'H-NMR (DMSO-d®,2.5 ppm) and others are  determine the compound’s molecular weight based
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on the relation (m/z)20. Scheme 2 displays the re-
trieved mass and the fragmentation pattern based on
the ligand’s mass information. The mass spectrum
chart is illustrated in Fig. 10.

The evaluation of antibacterial-activity

The metal complexes of the mixed ligand were
tested against the bacteria in order to investigate the
in vitro biological screening effects. Nutrient agar was
used as the medium, and the disk diffusion technique
was used to accomplish this. Using a micropipette, the
test solution was added to the well, and the plates
were then incubated for 24 hours at 37°C. Using a
ruler, the inhibition zone of each pore was measured
in millimeters. By evaluating the growth inhibition
around the disk, the findings were recorded.?° The
theory of Chelation and the overtone concept can be
used to explain why the metal complexes possess a
higher inhibition zone compared to the ligand. Be-
cause of the ligand orbital overlap and partial sharing
of the metal’s positive charge in the donor groups
during chelation, the polarity of the metal ion will
be reduced more than it was previously.

In addition, it raises the w-electrons delocalization
over the full chelating ring, blocks the metal bind-
ing sites in microorganisms’ enzymes, and improves
complexes’ penetration into the lipid membranes.
Chelation theory and the overtone idea can explain
why the metal complexes have a higher inhibition
zone than the ligand.?"?? The result is illustrated in
Fig. 11 and Table 7.

The suggested structure of synthesized complexes
is illustrated in Fig. 12.

Conclusion

This study developed the ligand cefepime deriva-
tive and its metal complexes, which were studied
by a variety of physicochemical and spectral tests.
The results indicated that the produced ligand forms
a six-member ring when it is attached to the metal
ion in a tridentate via the amide, the nitrogen atom
of the azomethane group, and two oxygen atoms
of the carbonyl group; thermogravimetric tests also
characterized the complexes. The findings regarding
antifungal and antibacterial data proved that some
metal complexes exhibit more biological activity in
comparison to their parent ligand.
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