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Abstract 
 
A tridentate Schiff base ligand was manufactured via the concentration of 4-nitrobenzaldehyde, 2-hydroxybenzaldehyde, 
and p-phenylenediamine and structures were equipped and classified. Structural elucidation of the synthesized Schiff 
base ligand and its metal structures was determined by spectroscopic methods. The NMR spectroscopy confirmed the 
development of Schiff base ligand, manifesting the azomethine protons at 8.91 and 9.04 ppm in 1HNMR spectrum and 
the azomethine carbons at 160.77, and 159.14 ppm in 13CNMR spectrum. Moreover, The FT-IR spectroscopy assisted 
the detection of the prepared SB ligand and its metal structures. For instance, Absorption bands at 1662 cm-1 and 1530 
cm-1 in the FT-IR spectrum of the SB ligand detected the formation of the azomethine groups, and these bands shifted to 
either lower or higher frequencies in the ranges of the structures, proving the management of Schiff base to the selected 
metals.  Meanwhile, the UV-Vis spectroscopy has revealed the excitations of the n → * transition of azomethine group 
at 325 nm, and therefore this transition has been shifted upon structuration along with the apparent d-d transitions. Molar 
conductivity and magnetic moment capacities were utilized to support the evidence of the development of the polymeric 
Schiff base structures. The Ni(II) and Cu(II) structures exhibited antibacterial and antifungal activities, whereas all the 
structures demonstrated considerable anticancer activities against SKOV3 and HeLa human cancer cells.  
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1. Introduction 
 

Schiff bases (SB) are an intensively studied class of organic composites with an imine (azomethine) 
group (>C=N–), discovered by German scientist Hugo Schiff [1,2]. These compounds, having carbon-nitrogen 
double bonds, are generally synthesized by refluxing primary amines with active carbonyl groups, either 
aldehydes or ketones [3–6]. Schiff bases may contain aryl or alkyl groups; however, these may contain 2-
hydroxybenzaldehyde and are more stable owing to the conjugation effect [7–10]. 

In recent years, SB ligands comprising N and O donor sites have emphasized on chemists, chiefly due 
to their potent activities, especially in medicinal chemistry [11-15]. Schiff base ligands of 2-
hydroxybenzaldehyde have been extensively studied as they play a significant role as antibacterial and 
antifungal drugs [16,17]. Moreover, these SB ligands act as chelating agents and coordinate to transition metal 
cations to form metal structures that exhibit various biological effects, including antimicrobial [18–20], 
antiviral and anti-inflammatory [21], cytotoxic [22], and hypoglycemic activities [23]. 

 
The Schiff bases of diamines like p-phenylenediamine can form two series of SB compounds, namely 

the symmetric ones when both amine groups are condensed with the same oxo-compound and asymmetric 
ones when two different oxo-compounds are condensed with the amine groups located at 1 and 4 positions of 
the benzene ring. The scope of our investigation besides the preparation and study of the coordination behavior 
of an asymmetric Schiff base, 2-[(E)-[4-[(E)-(4-nitrophenyl) methyleneamino] phenyl] iminomethyl] phenol, 
is to assess the antibacterial, antifungal and anticancer occurrences of the organized Schiff base and  of its 
polymeric structures.  
 
2. Materials and Methods:  

2.1. Materials and Instrumentation 

4-Nitrobenzaldehyde, 2-hydroxybenzaldehyde, and p-phenylenediamine, and the appropriate metal 
salts were bought from Sigma-Aldrich, Fluka and E. Merck, and utilized as obtained. Precise ethanol and 
DMSO were bought from Sigma-Aldrich for synthesizing Schiff base ligand and its metal structures without 
any further purification. 1H and 13C NMR spectroscopy of the Schiff base ligand was performed on Bruker 
850 MHz and 213 MHz spectrometers, respectively, using DMSO-d6 as the solvent. Electronic UV-Visible 
ranges were documented using the Shimadzu spectrophotometer (UV-1650PC, Japan). C, H and N analyses 
were conducted utilizing Eurovector CHN Elemental Analyzer (EA3000, Italy). Metal percentages were 
measured using Inductively Coupled Plasma (ICP 710-ES Varian). The magnetic measurements were 
measured on Sherwood Scientific’s Magnetic Susceptibility Balances (MSBs). Thermal analyses were 
conducted using the Shimadzu TGA Simultaneous Measuring Instrument in a nitrogen atmosphere in the range 
of 0–500 °C with a heating rate of 10 C/min. The used diffractometer is equipped with a monochromator.  

 

2.2. Synthesis of the Schiff Base 

The ligand, 2-[(E)-[4-[(E)-(4-nitrophenyl)methyleneamino]phenyl]iminomethyl]phenol, was 
prepared by the following process. To an enthused in a round flask solution of p-phenylenediamine (0.108 g, 
1 mmol) and hot absolute ethanol (30 mL), a solution of 2-hydroxybenzaldehyde (0.118 g, 1 mmol) and 4-
nitrobenzaldehyde (0.15 g, 1 mmol) in 20 mL absolute ethanol was integrated gradually. The combination was 
refluxed with heating for 4 h and stirred without heating overnight, following which the mixture’s color was 
altered from brown to yellow. Finally, the precipitated yellow product was inaccessible by filtration and 
washed several times with hot absolute ethanol and vacuum-dried. Yield: 86.6%. “Decomposition Point: 160 
°C. 1H NMR (850.000 MHz, DMSO-d6): δ (ppm): 13.08 (s, 1H, Ar-OH), 9.04 (s, 1H, HC=N), 8.91 (s, 1H, 
HC=N), 8.23-6.99 (m, 12H, Ar-H). 13C NMR (213.77 MHz, DMSO-d6) (δ, ppm): 163.6, 160.8, 159.1, 149.7, 
149.3, 147.2, 142.0, 133.8, 133.1, 130.2, 124.6, 123.1, 123.04, 123.01, 122.9, 119.8, 119.7, 117.1. IR, v(cm−1): 
3100(O-H), 1662(C=N), 1530(C=N), 1245(C-O). UV-Vis (DMSO), λmax (nm): 250 (π → π*), 325 (n→π*). 
Elemental Analysis (%) For C20H15N3O3 Calculated: C: 69.4, H: 4.38, N: 12.17; Found: C: 68.56, H: 4.28, N: 
12.15.” Molar conductance (DMSO): 4.7 Ω−1.mol−1.cm2. 
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2.3. Synthesis of the Schiff Base-Transition Metal Structures 
All structures were manufactured in a similar manner. To a stirred solution of the synthesized ligand 

of (0.340 g, 1mmol) in hot absolute ethanol (20 mL), the adequate metal salts and FeCl3.6H2O in hot absolute 
ethanol (15mL), were added separately. The solutions were refluxed for 3 h for complete precipitation. Then, 
the products were eroded with absolute ethanol numerously and desiccated by vacuum. 

 
2.4.[NiLCl(H2O)3] 

Yield: 68.4 %. Decomposition Point: “250 °C. IR, v(cm−1): 1669 (C=N), 1530 (C=N), 1240 (C-O), 
510 (M-O), 450 (M-N). UV-Vis (DMSO), λmax (nm): 268 (π → π*), 319 (n→π*), 490.0 (3A2g(F) → 3T1g (P)). 
Elemental analysis (%): computed for C20H20N3O6NiCl: C: 50.62, H: 3.82, N: 8.73, Cl: 7.47, M: 12.37; Found: 
C: 50.54, H: 3.78, N: 8.69, Cl: 7.43, M: 12.35. Molar conductance (DMSO): 7.5 Ω−1.mol−1.cm2. µeff (BM): 
3.15”. 

 
2.5.[CuLCl(H2O)3] 

Yield: 79.8 %. Decomposition Point: “>300 °C. IR, v(cm−1): 1669 (C=N), 1530 (C=N), 1253 (C-O), 
517 (M-O), 461(M-N). UV-Vis (DMSO), λmax (nm): 249 (π → π*), 330 (n→π*), 450.0 (2B1→ 2E), 495.0 (2B1→ 
2B2). Elemental analysis (%): computed for C20H20N3O6CuCl, C: 50.11, H: 3.78, N: 8.77, Cl: 7.40, M: 13.26; 
Found: C: 50.04, H: 3.71, N: 8.75, Cl: 7.39, M, 13.23. Molar conductance (DMSO): 11.8 Ω−1.mol−1.cm2. µeff 
(BM): 1.70”. 

 
2.6.[ZnLCl(H2O)3] 

Yield: 81.2%. Decomposition Point: “280 °C. 1H NMR (850.000 MHz, DMSO-d6): δ (ppm): 9.00 (s, 
1H, HC=N), 8.90 (s, 1H, HC=N), 8.23-6.49 (m, 12H, Ar-H). IR, v(cm−1): 1667 (C=N), 1530 (C=N), 1238(C-
O), 523 (M-O), 453(M-N). UV-Vis (DMSO), λmax (nm): 244 (π → π*), 327 (n→π*). Elemental analysis (%): 
computed for C20H20N3O6ZnCl, C: 49.92, H: 3.77, N: 8.73, Cl: 7.37, M: 13.59; Found: C: 49.88, H: 3.75, N: 
8.69, Cl: 7.35, M: 13.52. Molar conductance (DMSO): 13.4 Ω−1.mol−1.cm2. µeff (BM): Diamagnetic”. 

 
2.7.[CoLCl(H2O)3] 

Yield: 89.8%. Decomposition Point: “290 °C. IR, v(cm−1): 1670 (C=N), 1530 (C=N), 1255 (C-O), 514 
(M-O), 459(M-N). UV-Vis (DMSO), λmax (nm): 238 (π → π*), 329 (n → π*), 370 (4T1g(F) → 4T1g (P)), 518 
(4T1g(F) → 4A2g). Elemental analysis (%): computed for C20H20N3O6NiCl,: C: 50.60, H: 3.82, N: 8.85, Cl: 7.47, 
M: 12.48; Found: C: 50.55, H: 3.79, N: 8.82, Cl: 7.46, M: 12.46. Molar conductance (DMSO): 9.1 
Ω−1.mol−1.cm2. µeff (BM): 4.19”. 

 
2.8.[FeLCl2(H2O)2] Structure 

Yield: 75.6%. “Decomposition Point: >300 °C. IR, v(cm−1): 1651 (C=N), 1530 (C=N), 1239 (C-O), 
520 (M-O), 446 (M-N). UV-Vis (DMSO), λmax (nm): 258 (π → π*), 325 (n → π*), 381 (4T2g(G) → 6A1g), 462 
(4T2g(G) → 6A1g), 492.0 (4T2g(P) → 6A1g). Elemental analysis (%): computed for C20H18N3O5FeCl2, C: 49.11, 
H: 3.30, N: 8.59, Cl: 14.50, M: 11.42; Found: C: 49.04, H: 3.27, N: 8.56, Cl: 14.47, M: 11.39. Molar 
conductance (DMSO): 23.1 Ω−1.mol−1.cm2. µeff (BM): 5.94”. 

 
2.9. Antimicrobial Activity 

The prepared Schiff base ligand and its Fe(III), Co(II), Ni(II), Cu(II), and Zn(II) structures were 
diluted with DMSO to produce 0.3185 mol/L of the SB ligand and 0.2317 mol/L for all structures and were 
experimeted for their activities against Salmonella typhi and C. albicans using the hole plate diffusion method 
[24,25]. Various amounts of each compound (30, 20, and 10 μL) have been introduced into each hole using a 
sterile micropipette tip. Gentamicin (10 µg/mL) was utilized as an affirmative control for the antibacterial 
assay and clotrimazole (10 µg/mL) for the antifungal assay. 
2.10. Anticancer Activity 
 

Briefly, 80% of the confluent proliferating cells were trypsinized, sowed into a 96-well plate, and 
refined for 24 h. Subsequently, the plate was washed with glacial acetic acid (1% v/v), for removing any 
staining. Then, the IC50 values (drug dose that eradicates survival to 50%) were determined [27]. 
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3. Results and discussion  

3.1. Chemistry 

The 2-[(E)-[4-[(E)-(4-nitrophenyl)methyleneamino]phenyl]iminomethyl]phenol was prepared by 
refluxing 2-hydroxybenzaldehyde, 4-nitrobenzaldehyde and p-phenylenediamine utilizing a method 
previously reported by Sevens et al. [10]. The synthesized SB compound was dissolved fairly in organic 
solvents including MeOH, EtOH, DMF, and DMSO, whereas the metal compounds were found to be 
inexplicable in water and moderately soluble. The data obtained from instrumental analyses confirmed the 
desired compounds, as shown in Schemes 1 and 2. 

 
Scheme 1. Preparation scheme for the Schiff base (C20H15O3N3).

 
 

Scheme 2. Proposed structures of Schiff base-transition metal structures. 
 

3.2. 1H NMR Spectroscopy: 
1H NMR spectroscopy of the prepared Schiff base ligand (C20H15O3N3) was performed using DMSO-

d6 as the solvent. 1HNMR spectrum of the Schiff base is exhibited in Figure 1. The observed chemical shifts 
confirmed the expected structure of the Schiff base ligand. All the aromatic protons of the free ligand occurred 
in the expected aromatic region (6.9–8.3 ppm) as structure multiplets [28]. The two strong singlets at 8.9 and 
9.0 ppm are attributed to the HC=N protons [29]. The singlet at 13.0 ppm (downfield region) is attributed to 
the phenolic proton [28,29]. The 1H NMR spectrum of Zn(II) structure, presented in Figure S2, revealed the 
absence of the singlet of phenolic proton, confirming the engagement of the oxygen in structureation to Zn(II) 
metal [4]. The chemical shift values of other hydrogens (H ) are close to the appropriate (H)values identified 
in the 1H NMR spectrum of the free ligand. 
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Figure 1. 1HNMR of Schiff base ligand 
 

Figure 2. 1HNMR of Zn(II) structure 
 

3.3. 13C NMR Spectroscopy: 
13C NMR spectrum of Schiff base is presented in Figure S3. It exhibited signals at 163.67, 160.77, and 

159.14 ppm. These signals are attributed to the phenolic, azomethine, and azomethine carbons, respectively 
[28]. Signals that appeared in the range 117.09–149.69 ppm are ascribed to the aromatic carbons [29]. 
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Figure 3. 13CNMR of Schiff base ligand 
 

3.4. FT-IR and Far Infrared Spectroscopies 

The high-intensity bands of the Schiff base ligand at 1662 and 1530 cm−1 can be characterized to the 
widening modes of the azomethine [28,29] group. The broadband of the Schiff base ligand at 3100 cm−1 is 
ascribed to the phenolic group [29]. Shifting of the band position belongs to the C=N band modes at 1662 cm1 
in the IR ranges of the organized transition metal structures confirms that  azomethine group is structureed 
with the transition metals [28]. The new broad bands in the structures at 3600–3300 cm-1 could be allocated to 
the symmetric and asymmetric stretching methods of the coordinated water molecules [23]. Moreover, the 
band belongs to the widening mode of C-O bonds found in the free Schiff base at 1245 cm-1 is also shifted in 
the IR ranges of the metal structures settling the deprotonation and development of phenolate type (N,N,O) 
coordinated Schiff base-transition metal structures [29]. The bands of M-O were experiential in the area of 
510–523 cm-1 and the bands ascribed to M-N bands occurred in the area of 446–461 cm-1 [4].  

Table 1. Characteristic IR absorption bands (cm-1) of the prepared Schiff base ligand and its metal (II) and 
Metal (III) structures 

 
Compound v(OH) v(C=N) v(C-O) v(M-O) v(M-N 

L = C20H15O3N3 3100 1662–1530 1245 - - 

[NiLCl(H2O)3] - 1659–1530 1240 510 450 

[CuLCl(H2O)3] - 1669–1530 1253 517 461 

[ZnLCl(H2O)3] - 1667–1530 1238 523 453 

[CoLCl(H2O)3] - 1670–1530 1255 514 459 

[FeLCl2(H2O)2] - 1651–1530 1239 520 446 

 

3.5. CHN Analyses 

All the data obtained from the CHN elemental analyzer were in effective pattern with the prepared 
structures and the calculated values of the C, H, and N content. The found values agreed with the anticipated 
values (Table 2). 
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Table 2. Physical data and analytical properties of the Schiff base and its transition metal structures 
 

Compound D.P. 
(°C) 

M C H N Cl 

  Calculated (Found) (%)  
L = C20H15O3N3 160 - 69.56 (69.54) 4.38 (4.33) 12.17(12.1) - 

[NiLCl(H2O)3] 250 12.37 (12.35) 50.62 (50.54) 3.82 (3.78) 8.73 (8.69) 7.47 (7.43) 

[CuLCl(H2O)3] >300 13.26 (13.23) 50.11 (50.04) 3.78 (3.71) 8.77 (8.75) 7.40 (7.39) 

[ZnLCl(H2O)3] 280 13.59 (13.52) 49.92 (49.88) 3.77 (3.75) 8.73 (8.69) 7.37 (7.35) 

[CoLCl(H2O)3] 290 12.48 (12.46) 50.60 (50.55) 3.82 (3.79) 8.85 (8.82) 7.47 (7.46) 

[FeLCl2(H2O)2] >300 11.42(11.39) 49.11 (49.04) 3.30 (3.27) 8.59 (8.56) 14.50 (14.47) 

 

3.6. Electronic (UV-Visible) Ranges 

The UV-Visible (UV-Vis) spectrum of each compound was documented in DMSO (1  10−4 M, Table 
3). The spectrum of 2-[(E)-[4-[(E)-(4-nitrophenyl)methyleneamino]phenyl]iminomethyl]phenol exhibits 
bands at 250 and 325 nm, which are ascribed to the  → * changes of the C=C aromatic rings and n → * 
changes of C=N azomethine groups, respectively [30,31]. These bands are shifted in the ranges of metal 
structures, which can be attributed to the metal-ligand coordination [30]. The electronic ranges of the Ni(II), 
Cu(II), Co(II) and Fe(III) structures exhibits d-d transitions at 490 nm (spin-allowed 3A2g(F) → 3T1g (P)), at 
450 and 495 nm (2B1 → 2E and 2B1 → 2B2, respectively), at 370 and 518 nm and at 381, 462, and 492 nm 
indicating octahedral arrangements in all four structures [23, 30–33]. The Zn(II) structure has completely filled 
d orbitals and does not shows any d-d transition. 

 

Table 3. Electronic UV-Vis rangesl assignments. 

 
Compound -* n-* d-d 

 (nm) (nm) (nm) 
L = C20H15O3N3 250 325 - 

[NiLCl(H2O)3] 268 319 490 

[CuLCl(H2O)3] 249 330 450, 495 

[ZnLCl(H2O)3] 244 327 - 

[CoLCl(H2O)3] 238 329 370, 518 

[FeLCl2(H2O)2] 258 325 
 

381, 462, 492 
 

 

3.8. Molar Conductivity 

The molar conductivities (10−3 M) of the prepared structures dissolved in DMSO were determined at 
room temperature (Table 4) This is further supported by adding AgNO3 solution to the structures and no white 
precipitate has formed, confirming that all chlorine ions are involved in coordinating with the metals and not 
located outside the coordination sphere [30,32].  
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3.9. Magnetic Moment 

The room temperature magnetic moments are listed in Table 4. The magnetic moment of the Ni(II) 
structure was 3.15 BM [33], whereas, for Cu(II) structure, it was 1.70 BM, indicating one unpaired electron 
in the outer valence shell [34] and an octahedral geometry. The Co(II) structure exhibited 4.19 BM, owing to 
the occurrence of three ungrouped electrons in the outer valence shell [34], whereas Fe(III) structure 
demonstrated a magnetic moment of 5.94 BM, suggesting an octahedral geometry [35]. The Zn(II) structure 
is diamagnetic owing to its d10 formation [11]. 

 

Table 4. Molar conductivities and magnetic moments for the prepared Schiff base and its transition metal 
structures 

 
Compound 

Molar Conductivity Magnetic Moment 

 Ω−1.mol−1.cm2 B.M 
L = C20H15O3N3 4.7 - 

[NiLCl(H2O)3] 7.5 3.15 

[CuLCl(H2O)3] 11.8 1.70 

[ZnLCl(H2O)3] 13.4 Diamagnetic 

[CoLCl(H2O)3] 9.1 4.19 

[FeLCl2(H2O)2] 23.1 5.94 

 

3.10. Thermogravimetric Analyses 

Figures 5–9 show the TGA curves of all the prepared transition metal structures. They exhibited three 
steps of thermal decomposition. The first step was in the 150–245 °C range, where the Ni(II), Cu(II), Zn(II), 
and Co(II) structures lost 10% of three coordinated water molecules, and Fe(III) structure lost 7% of  two 
synchronized water molecules [35]. The calculated mass losses agreed well with the experimental ones (Table 
S2). The second decomposition step occurred over 250 °C covers with each other and belong to the loss of 
chloride content (as HCl), 7% for the Ni(II), Cu(II), Zn(II) and Co(II), and 14% for Fe(III).  The third step is 
the degradation of Schiff base ligand [35,36]. The overall weight loss (70.12–75.08%) agrees well with the 
development of the appropriate metal oxides [37,38]. 

 
 

Figure 5. The TGA curve of Ni(II) structure 
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Figure 6. The TGA curve of Cu(II) structure 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 7. The TGA curve of Zn(II) structure 
 

 
 
 

Figure 8. The TGA curve of Co(II) structure. 
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Figure 9. The TGA curve of Fe(III) structure 

 

3.11. X-Ray Diffraction Analysis 

X-ray diffractions patterns (XRD) are presented in Figure 7. They were collected at room temperature. 
The crystal structure data of the synthesized materials are presented in Table 5. The Fe(III), Co(II), Ni(II), 
Cu(II), and Zn(II) structures possessed crystal sizes in the range 17.10–35.40 nm, indicating that they are on 
a nanometre scale. This is also supported by peak widening in the XRD trends, which indicates that the 
particles were on a nanometre scale.  These parameters can be acquired free of charge from 
http://www.crystallography.net/cod/. 

 

Table 5. XRD analysis data for all structures. 

Structure a (Å) b (Å) c (Å) α (°) β (°) γ (°) 
Cell Volume  

(Å) 
Crystal Size 

(nm) 
Crystal 
Type 

Space Group 

Ni(II) 8.7 6.4 7.7 90.0 90.0 90.0 2671.482 17.10 
orthorhomb

ic 
P mmm 

Cu(II) 6.2 19.9 14.8 90.0 90.0 90.0 1663.36 32.30 
orthorhomb

ic 
P bmn 

Zn(II) 5.6 5.6 8.0 90.0 90.0 120.0 2610.47 19.60 hexagonal P-6 

Co(II) 8.5 11.7 13.0 90.0 92.0 90.0 1292.06 25.90 monoclinic P21/c 

Fe(III) 11.4 11.4 11.4 90.0 90.0 90.0 1481.54 35.40 cubic Pa-3 

 

4. Biological Activity 

4.1. Antibacterial Activity 

In vitro antibacterial activities of the Schiff base ligand and its structures against Salmonella typhi are 
listed in Table 6. The findings indicated that the ligand and its Zn(II), Co(II), and Fe(III) structures did not 
show antibacterial activity. In contrast, the Ni(II) structure demonstrated intermediate activity across all 
sample volumes and the Cu(II) structure portrayed intermediate activity at the sample volumes of 20 μL and 
10 μL and high activity at 30 μL (Figure S8). Notably, Ni(II) and Cu(II) structures demonstrated higher 
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antibacterial activities than that of the free Schiff base ligand. The Ni(II) and Cu(II) structures have manifested 
greater results against Salmonella typhi than the results obtained by Alorini et al. [30]. 

Table 6. Antibacterial activities of the Schiff base ligand and its metal structures. 

Compound 
Volumes 

30 μL 20 μL 10 μL 
Gentamycin (10 μg/mL) Positive 

Control 
L = C20H15O3N3 0 0 0 

2 

[NiLCl(H2O)3] 9 7 6 
[CuLCl(H2O)3] 12 10 6 
[ZnLCl(H2O)3] 0 0 0 
[CoLCl(H2O)3] 0 0 0 
[FeLCl2(H2O)2] 0 0 0 

 

 

4.2. Antifungal Activity 

The antifungal occurrences of the Schiff base and its metal structures took in three different sample 
volumes were assessed against Candida albicans growth Table 7. Figure S displays active compounds against 
C. albicans. The Ni(II) structure portrayed a high antifungal activity at 30 μL and intermediate activities at 20 
μL and 10 μL. The Cu(II) structure demonstrated the highest antifungal activities at 30 μL and 20 μL and 
intermediate activity at 10 μL. The Schiff base ligand and Co(II) structure showed intermediate antifungal 
activities at 30 μL and 20 μL and weak activity at 10 μL. However, Zn(II) and Fe(III) structures did not show 
antifungal activities against C. albicans growth. Higher antifungal activities for Ni(II) and Cu(II) structures 
and equal antifungal activity for Co(II) structure were observed in comparison with the study performed by 
Gomathi et al. [38]. 

Table 7. Antifungal activities of the Schiff base ligand and its metal structures. 

Compound 
Volumes 

30 μL 20 μL 10 μL Clotrimazole (10 μg/mL Positive Control) 
LC20H15O3N3 6 5 3 

2 

[NiLCl(H2O)3] 12 10 6 
[CuLCl(H2O)3] 13 11 6 
[ZnLCl(H2O)3] 0 0 0 
[CoLCl(H2O)3] 9 7 3 
[FeLCl2(H2O)2] 0 0 0 

 

4.3. Anticancer Activities 

The anticancer activities of the free ligand and its Ni(II), Cu(II), Zn(II), Co(II), and Fe(III) metal 
structures were evaluated against PC-3, SKOV3, and HeLa cell lines. Final concentrations of the Schiff base 
ligand used to analyze the anticancer activities were 0.000029, 0.00029, 0.0029, 0.029, 0.29, and 2.9 mM; of 
the Ni(II), Cu(II), Zn(II), and Co(II) structures were 0.000021, 0.00021, 0.0021, 0.021, 0.21, and 2.1 mM; and 
of the Fe(III) structure were 0.000020, 0.00020, 0.0020, 0.020, 0.20, and 2.0 mM. Table 8 discloses the IC50 
values for the free ligand and its structures. By comparing the obtained IC50 values with those in a previous 
report by Aroua et al., we deduced that the synthesized compounds in our study demonstrated considerable 
anticancer activities alongside the chosen human cell lines [23]. However, the Fe(III) structure showed weak 
anticancer activity against PC-3 cancer cells, and the Ni(II) structure demonstrated a moderate effect on 
SKOV3 cancer cells. Notably, the Cu(II) structure exhibited the highest anticancer activity (IC50 = 0.0002 and 
0.0001 mM) against SKOV3 and HeLa cells. 
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Table 8. IC50 values (mM) of the prepared compounds against PC-3, SKOV3, and Hela cancer cells. 

Compound PC-3 SKOV3 HeLa 
Doxorubicin 4.80×10-3 ± 4.00×10-5 4.00×10-3 ± 4.00×10-4 3.50×10-3  ± 7.00×10-5 

L = C20H15O3N3 1.53×10-2 ± 1.90×10-3 1.30×10-2 ± 2.00×10-3 1.53×10-2 ± 2.60×10-3 
[NiLCl(H2O)3] 1.41×10-2 ± 3.00×10-3 3.03×10-2 ± 2.50×10-3 3.20×10-3 ± 6.00×10-4 
[CuLCl(H2O)3] 4.40×10-3 ± 5.00×10-4 2.00×10-4  ± 2.00×10-5 1.00×10-4 ± 2.00×10-4 
[ZnLCl(H2O)3] 5.60×10-3 ± 8.00×10-4 1.50×10-3 ± 2.00×10-4 7.30×10-3 ± 1.00×10-3 
[CoLCl(H2O)3] 1.87×10-2 ± 1.50×10-3 6.00×10-4 ± 2.00×10-4 1.30×10-3 ± 4.00×10-4 
[FeLCl2(H2O)2] 6.42×10-2 ± 2.20×10-3 2.70×10-3 ± 2.00×10-4 1.27×10-2 ± 2.20×10-3 

 

Conclusions 

In this study, facile synthetic methods for a Schiff base and its change metal structures (Fe(III), Ni(II) 
Cu(II), Co(II), Zn(II)) were demonstrated. The Schiff base was prepared from 4-nitrobenzaldehyde, 2-
hydroxybenzaldehyde, and p-phenylenediamine. Characterization of the as-synthesized materials via FT-IR, 
and UV-Vis spectroscopy, CHN elemental and thermogravimetric analyses, X-Ray Diffraction Analysis, 
molar conductivity, and magnetic vulnerability capacities revealed that all the structures own an octahedral 
geometry. The assessment of in vitro antibacterial and antifungal happenings of the manufactured Schiff base 
and its polymeric transition metal structures showed that only Ni(II) and Cu(II) structures portrayed the highest 
activities in contradiction of S. typhi and C. albicans. All structures, except the Fe(III) structure against PC-3 
cells, demonstrated considerable anticancer activities in contradiction of PC-3, SKOV3, and HeLa cell lines. 
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ᢝ لقاعدة شᘭف غᢕᣂ المتماثلة ᘻشᘭᚏد  ᢔᣐم البيولوᘭف والتقيᘭوالتوص NNO  ةᘭة الانتقالᘭلها المعدنᝏاᘭالمانحة وه  

 

  الملخص العربي 

فينيلينديامين وتم تجهيز وتصنيف الهياكل.  - هيدروكسي بنزالدهيد، وب-2نيتروبنزالدهيد،  -4ليجند قاعدة ترايدنتات شيف عبر تركيز   تشييدم  

الهيكلي لقاعدة شيف المركبة وهياكلها المعدنية باستخدام الطرق الطيفية. أكد التحليل الطيفي للرنين المغناطيسي النووي    التركيبتم تحديد  

وكربونات الآزوميثين  HNMR   1جزء في المليون في طيف    9.04و  8.91ليجند قاعدة شيف، حيث أظهر بروتونات الآزوميثين عند    تركيب

 SB في الكشف عن رابطة FT-IR علاوة على ذلك، ساعد التحليل الطيفي   .13CNMRجزء في المليون في طيف   159.14و   160.77عند  

 SB للرابطة FT-IR في طيف  1-سم  1530و  1- سم  1662يل المثال، كشفت نطاقات الامتصاص عند  المحضرة وهياكلها المعدنية. على سب 

عن تكوين مجموعات الآزوميثين، وتحولت هذه النطاقات إما إلى ترددات أقل أو أعلى في نطاقات الهياكل، إثبات إدارة قاعدة شيف للمعادن  

  325لمجموعة الآزوميثين عند   *n →π المختارة. في هذه الأثناء، كشف التحليل الطيفي للأشعة المرئية وفوق البنفسجية عن إثارة انتقال

تم استخدام الموصلية المولية وقدرات العزم المغناطيسي   .d-d نانومتر، وبالتالي تم تحويل هذا التحول عند التركيب مع التحولات الواضحة

الهياكللدعم الأدلة على تطور الهياكل الأساسية لشيف البوليمرية.   للبكتيريا والفطريات، في حين   Cu(II)و Ni(II) أظهرت  أنشطة مضادة 

  HLaو SKOV3 أظهرت جميع الهياكل أنشطة كبيرة مضادة للسرطان ضد الخلايا السرطانية البشرية 


