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Abstract

The synthesis of a new ligand, Ns Tetra (Methel
Azometine)-Di Phenylen hydrazide (TMADPH), was
carried out by condensing 1,2-diacetylhydrazine with
1,4 -phenylendiamin to obtain the ligand TMADPH.
After confirming the structure of the bond using FT-IR,
UV-VIS, *H-NMR and *C-NMR, its metal complexes
with Zr**, Mn**and Ni?* were prepared and studied
using FT-IR, UV-VIS spectroscopy, electrical
conductivity and metal ratio analysis.

The results indicated that all the metal complexes had
a mononuclear structure. Furthermore, the biological
activity against Pseudomonas aeruginosa and
Staphylococcus aureus bacteria was studied, revealing
that the prepared metal complexes exhibited greater
biological activity than the macrocyclic ligand.

Keywords: Macrocyclic ligand, 1, 2-Diacetylhydrazine, 1,
4-Phenylendiamin. Schiff bases ligand, Schiff bases
complexes.

Introduction

The chemistry of macrocycles and their metal complexes has
garnered significant attention, evolving into an expanding
field of research due to their exceptional applications in
biology, supramolecular chemistry and the development of
new materials®2. The interest in macrocyclic complexes,
particularly those with polydentate ligands, largely arises
from the unique chemical properties that macrocyclic
ligands confer upon these complexes. Additionally, the
diverse geometric configurations and the potential
encapsulation of metal ions within the rings contribute to
their appeal®. Macrocyclic ligands play a crucial role in
bioinorganic chemistry, catalysis, metal ion extraction from
solutions and various other applications. Macrocyclic
complexes with transition metal ions exhibit intriguing
properties and biological functions including their role as
models for metalloproteins and oxygen carrier systems’.

Structural factors, such as ligand rigidity and the type and
arrangement of donor atoms, are crucial in determining the
binding characteristics of macrocyclic ligands toward metal
ions!®. Macrocyclic Schiff bases have been extensively
studied for their selective chelation of specific metal ions
depending on the number, type and position of their donor
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atoms, the metal ion's ionic radius and the coordinating
properties of counterions?. These complexes are particularly
important due to their resemblance to naturally occurring
macrocycles, such as porphyrins (including hemoglobin,
myoglobin, cytochromes and chlorophylls), cobalamins,
corrins (like vitamin B12) and antibiotics (such as
valinomycin and nonactin)®417:18,

Cyclic and macrocyclic transition metal complexes are of
significant interest for their application as diagnostic agents
in magnetic resonance imaging. Macrocyclic molecules
have profoundly influenced the fields of chemistry, biology
and medicine®>!%%3 and are renowned for their anticancer,
antibacterial and antifungal properties**®. In this study, we
aim to prepare Zr(IV), Mn(11) and Ni(Il) complexes with the
new macrocyclic ligand tetra (Methel Azometine)-Di
Phenylen hydrazide (TMADPH).

Material and Methods

Materials and Apparatus: All chemicals used in this work
were purchased from BDH, Aldrich and Merck companies
and were used without further purification. NMR spectra
were recorded on a Bruker instrument (400 MHz)
spectrometer. Chemical shifts were reported in (8) ppm
relative to tetramethylsilane (TMS). Data were reported as
follows: chemical shift, multiplicity, coupling constant (Hz),
integration and assignment. FT-IR spectra (v, cm™) were
recorded on a JASCO Spectrum (FT—IR 4100) spectrometer
using KBr pellets. UV-Vis spectroscopy was measured
using a Jasco-V630-UV-Vis at the wavelength range of
200-1000 nm, using matched quartz cells (1 cm) and DMSO
as the solvent.

Synthesis of the ligand Tetra (Methel Azometine)-Di
Phenylen hydrazide (TMADPH): A hot methanolic
solution (60 ml) of 1,2-diacetylhydrazine (0.327 g, 2 mmol)
and a methanolic solution (60 ml) of 1,4-phenylenediamine
(0.220 g, 2 mmol) were mixed slowly under constant
stirring. This mixture was refluxed at 65°C for 48 hours in
the presence of a few drops of concentrated HCI (the pH was
6). Upon cooling, a brown—colored compound precipitated
out. This was filtered, washed with hot methanol and dried
under vacuum over P,Os. Yield: = 56.732 %; M.P. 160°C.
The preparation structural formula of the ligand are shown
in fig. 1.

Synthesis of [Zr(TMADPH)CI,]-Cl, Cl,complex: 0.188 g,
0.5 mmol was dissolved in 20 ml of methanol in a clean two-
necked round bottom flask (250 mL) equipped with a
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magnetic stirrer and reflux condenser. ZrCls (0.116g,
0.5mmol) was added drop by drop to the ligand solution. The
pH was adjusted to 11 using KOH and the mixture was then
stirred at 65°C for 21 hours. The resulting precipitate was
filtered, washed with methanol and then diethyl ether, dried
and weighed. The melting point was determined as >300°C.
Electrical conductivity was measured for the metal
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complexes and it was 169 ps, leading to the conclusion that
the prepared metal complex was an electrolyte. Silver nitrate
solution was used as an indicator for the determination of
chloride ions, showing that the chloride ions were linked
with metal ions in the coordination sphere. Metallic
calculations indicated that the complex was monometallic.
The structural formula of the complex is shown in fig. 2.
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Fig. 1: Preparation and structural formula of the ligand
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Fig. 2: The structural formula of the metal complex
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Synthesis of [Mn (TMADPH)] -Cl, complex: 0.188 g, 0.5
mmol was dissolved in 20 ml of methanol in a clean two-
necked round bottom flask (250 mL) equipped with a
magnetic stirrer and reflux condenser. MnCl, (0.064 g,
0.5mmol) was added drop by drop to the ligand solution. The
pH was adjusted to 11 using KOH and the mixture was then
stirred at 65°C for 18 hours. The resulting precipitate was
filtered, washed with methanol and then diethyl ether, dried
and weighed. The melting point was determined as >300°C.
Electrical conductivity was measured for the metal
complexes and it was 145 ps, leading us to conclude that the
prepared metal complex was an electrolyte. Silver nitrate
solution was used as an indicator for the determination of
chloride ions, showing that the chloride ions were not linked
with metal ions in the coordination sphere. Metallic
calculations indicated that the complex was monometallic.
The structural formula of the complex is shown in fig. 3.
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Synthesis of [Ni(TMADPH)CI;] complex: 0.188 g, 0.5
mmol was dissolved in 20 ml of methanol in a clean two-
necked round bottom flask (250 mL) equipped with a
magnetic stirrer and reflux condenser. NiCl, (0.065 g,
0.5mmol) was added drop by drop to the ligand solution. The
pH was adjusted to 11 using KOH and the mixture was then
stirred at 65°C for 12 hours. The resulting precipitate was
filtered, washed with methanol and then diethyl ether, dried
and weighed. The melting point was determined as >300°C.
Electrical conductivity was measured for the metal
complexes and it was 25.8 ps, leading us to conclude that the
prepared metal complex was an electrolyte. Silver nitrate
solution was used as an indicator for the determination of
chloride ions, showing that the chloride ions were linked
with metal ions in the coordination sphere. Metallic
calculations indicated that the complex was monometallic.
The structural formula of the complex is shown in fig. 4.
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Flg 3: The structural formula of the metal complex
Table 1
The physical properties of the prepared compounds
Comp. Formula M (g.mol?) | Color Melting Yield
point °C (%)
TMADPH CaoH24Ns 376.4572 Brown 180 56.732
[Zr(TMADPH)CI,]-Cl, Ca0H24ClaNgZr 609.4932 Dark >300 63.157
Brown
[Mn(TMADPH)]‘C|2 C20H24C|2N3Mn 502.31 Dark >300 56.800
Brown
[Ni(TMADPH)CI;] C20H24Cl2NgNi 506.06 Dark >300 84.126
Brown
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Fig. 5: 'H NMR spectrum of TMADPH

Results and Discussion

NMR characterization:. TMADPH compounds were
characterized using *H-NMR, 13C-NMR as follow: The 'H-
NMR spectrum of the ligand (TMADPH) showed no signal
corresponding to primary amine protons. This suggests the
derivatization of carbonyl groups: *H NMR (400 MHz,
DMSO) 6 3.1 ppm (S, 12H), 3.63 ppm (S, 4H), 4 6.83 ppm
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(S, 8H). 3C NMR (125 MHz, DMSO): § 25.37, 119.42,
134.39, 168.76 ppm.

FT-IR of TMADPH ligand and its complexes: The IR
spectrum of the free ligand exhibited no bands
corresponding to the free primary diamine or a free keto
group. This suggests complete condensation of the amino
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groups with the keto groups. The bands at 1636 and 1615
cm™ are due to v(C=N) vibrations of the azomethine. The
bands at 3326 cm™* belongs to N-H. The strong and sharp
absorption bands appearing in the regions 2925-3010 and
1385cm™ in the spectra of all complexes may be due to CH3
stretching and bending vibrations respectively. The bands at
1505 cm* belong to C=C. The bands at 1568 cm™* belongs

Res. J. Chem. Environ.

to C-N-H and the bands at 3414 cm belongs to Caromatic—
N8 On complexation, the position of the v(C=N) band
shifted by 9-14 cm™ to lower wavenumbers, indicating
coordination through the N atoms of the imine groups. The
most important IR data of the TMADPH ligand and its
complexes are summarized in table 2.

H;C CH;
\C=N4©7N=C/
L, l,
C=—N N=—=C,
H,c/ @ \CHJ
C=N Cirn Ca, DMSO CH,
165 155 145 135 TT124 121 118 115 270 255 24
1
180 165 150 135 120 105 90 75 60 45 30 15 ppm
Fig. 6: 3C NMR spectrum of TMADPH
Table 2
The absorption bands of TMADPH and its complexes
Comp Caromatic—N N—H C:N C:C C—N—H CHS (bend)
v, Cm? 9, Cm? 9, Cm? v, Cm? 9, Cm! 9, Cm!
TMADPH 3414 3326 1636 1505 1586 1385
1615
[Zr(TMADPH)CI;]-Cl; 3342 3203 1625 1510 1573 1384
1606
[Mn(TMADPH)]-Cl; 3325 3176 1627 1510 - 1384
1605
[Ni(TMADPH)CI] | - 3419 1624 1508 - -
1606
100
o0
or Caromatic-N l
W% [ 3414 Cm—l _ CH3(bend)
70 ~ ) 1385 cm™!
N e
1615 cm™
(1] N-H C-N-H \» Cc=C
3326 cm’! 1568 em™ | 1505 em!
w00 ' 3u|c|:- zl:-I:m ] u:-l:m 00
Wavenumber [cm-1)
Fig. 7: FT—IR spectrum of TMADPH.
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Fig. 8: FT—IR spectrum of TMADPH compared with 1, 2-Diacetylhydrazin and 1,4 —Phenylendiamin.
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Fig. 9: FT-IR spectrum of [Zr(TMADPH)CI2]-Cl;
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Fig. 10: FT-IR spectrum of [Zr(TMADPH)CI2]-Cl, Compared with TMADPH.
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Fig. 11: FT-IR spectrum of [Mn(TMADPH)]-Cl..
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Fig. 13: FT-IR spectrum of [Ni(TMADPH)CI;].
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Fig. 14: FT-IR spectrum [Ni(TMADPH)CI,] Compared with TMADPH
Table 3
The electronic transitions for TMADEH and their complexes.
Comp. T — T * n-m* d-d L-M
TMADPH 264 nm 300 nm | --—--
[Zr(TMADPH)CI,]-Cl 264 nm 320 nm 580 nm
[Mn(TMADPH)]-Cl> 264 nm 290 nm 500 nm
[Ni(TMADPH)CI,] 264nm | 528 nm
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UV-Vis characterization: The electronic spectra of the
TMADPH ligand and its complexes show the electronic
transitions between energy levels. Figures (15 to 19) present
the UV—Vis spectra of TMADPH ligand and its complexes.

Elemental analysis for ligand: The macrocyclic ligand was
subjected to elemental analyses. The results of the elemental
analyses (C, H and N) of the ligand are given in Table 4.

Res. J. Chem. Environ.

Antibacterial Activity Study: The antibacterial efficacy of
the prepared compounds was tested against Pseudomonas
aeruginosa and Staphylococcus aureus bacteria, using
gentamicin as a reference. Two different concentrations (50
and 100 mg/ml) of the compounds and gentamicin were
selected for the antibacterial assay.

Abs

1.2

1 264 nm

300 nm

200 300 400 500

600 700 800 900

wavelength (nm)
Fig. 15: UV-Vis spectrum of TMADPH.
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Fig. 16: UV-Vis spectrum of [Zr(TMADPH)CI,]-Cl

Table 4
The Elemental analysis for TMADEH.
Comp. Ca0H24Ng
Calculated % Found %
C 63.50 63.80
H 6.41 6.42
N 29.75 29.76

https://doi.org/10.25303/2910rjce01011
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Fig. 17: UV-Vis spectrum of [Mn(TMADPH)]-Cl..
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Fig. 18: UV-Vis spectrum of [Ni(TMADPH)CI;]
Table 5
Biological test results of the P. aeruginosa and S. aureus
50 (ng/mL) 100 (png/mL)
Staphylococcus Pseudomonas Staphylococcus Pseudomonas
aureus aeruginosa aureus aeruginosa
(*) () (*) ()
Gentamicine 23 23 27 24
DMSO 0 0 0 0
TMADPH 13 12 13 14
[Mn(TMADPH)]-Cl, 15 14 13 16

In our research, we chose to study P. aeruginosa and S.
aureus bacteria because of their widespread presence in
society, impacting daily human life. P. aeruginosa is a type
of bacteria commonly found in the environment, such as soil
and water. Among the various types of Pseudomonas,
Pseudomonas aeruginosa is the most common cause of

https://doi.org/10.25303/2910rjce01011

infections in humans, leading to conditions such as
bloodstream and lung infections (pneumonia), or infections
in other parts of the body after surgery’®. Staphylococcus
aureus is a significant bacterial pathogen in humans,
responsible for a diverse range of clinical symptoms®. The
results are arranged in the table 5.
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The graphical presentation of the antibacterial activity against tested bacteria at (50 pg/mL) and (100 pg/mL)

Conclusion

In summary, a new macrocyclic ligand and its metal
complexes were successfully prepared and characterized
using 'H-NMR, BC-NMR, UV-Vis, FT-IR. The results
indicate a mononuclear structure in the metal complexes.
The biological activity against Pseudomonas aeruginosa
and Staphylococcus aureus bacteria was studied. It was
found that the prepared metal complexes have higher
biological activity than Schiff base ligands, which promised
amazing results for the prepared compounds in various
pharmacological applications.
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