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ABSTRACT

Objective: This work aimed at synthesizing tridentates asymmetrical Schiff base ligands containing sulfur atom and using them for preparing metal 
complexes with the iron triad metals. The prepared compounds were assayed in vitro for antimicrobial potential and in vivo molluscicidal activity.

Methods: The unsymmetrical tridentate Schiff bases (SL1, SL2, and SL3) were prepared using 2-aminothiophenol as primary amine and condensed 
with 2-carboxybenzaldehyde, 2-hydroxy-1-naphthaldehyde, and 7-formyl-8-hydroxyquinoline. These ligands were used in preparing metal complexes 
with iron triad metals. The synthesized Schiff base ligands and their corresponding metal complexes were characterized and their proposed structures 
were confirmed using different physical and spectroscopic analytical techniques. All ligands and their corresponding metal complexes were assayed 
against different bacterial and fungal strains using the agar disk-diffusion technique. The molluscicidal activity was performed according to the 
standard reported methods as cited in the literature and by observing the toxicity and lethal dose according to the WHO guidelines.

Results: The synthesized ligands behave as tridentate (NOS) ligands and form mononuclear complexes with the general formula [M(SL)2] with 
an octahedral geometry around the central metal ion. Metal complexes were non-electrolytic in nature. The in vitro antibacterial and antifungal 
examination results showed weak activity of the ligands, and there was enhanced activity with the complexes. The in vivo molluscicidal activity of the 
tested compounds showed good activity.

Conclusion: The targeted compounds were prepared successfully, characterized, and showed some biological activity but lower than the standard 
reference drugs.

Keywords: Asymmetrical Schiff base ligands, Iron triad metals, Metal complexes, Molluscicidal, Antibacterial, Antifungal.

INTRODUCTION

Metal complexes involving Schiff base ligands constitute a leading 
active and fertilize research area [1-3]. The literature is very rich 
in the published work on Schiff base complexes, and many studies 
reported wide-ranging applications of Schiff base metal complexes in 
many scientific areas particularly, the pharmaceutical and medicinal 
field[4-7]. The biological significance of the Schiff base complexes is of 
no doubt due to the presence of the azomethine group and the ability 
to design metal complexes containing model systems that able to mimic 
biological systems [8-10].

Investigating symmetrical and asymmetrical systems of Schiff base ligands 
for chelation with metal ions and assessing their biological application 
represent an important research issue in coordination chemistry[3,11-14]. 
The interest in designing and preparation of symmetrical and 
unsymmetrical Schiff bases derived from the ease of preparation using 
different molar ratio condensation reactions between different carbonyl 
and amine compounds. The interest in studying this type of compound 
is generated from their prospective applications in biologically active 
drugs and as models in bioinorganic chemistry [12,15,16]. Moreover, the 
attention for preparing metal complexes with unsymmetrical Schiff base 
ligands is because most of the coordinated ligands in natural systems 
around the central metal atom are unsymmetrical [11]. Unsymmetrical 
Schiff base ligands have an advantage over their symmetrical counterparts 
in the elucidation of compounds structure and prediction of geometry in 
the bioinorganic system [10,17].

The unsymmetrical Schiff base ligands containing soft-hard donor 
atoms (N, O, and S) have been reported to increase the chelation ability 
forming highly stable versatile complexes with different structures and 
having different applications in bioinorganic, medicinal, optical, and 
thermal fields [1,18-20].

In view of the facts mentioned above, we are encouraged and 
considered interesting to design new Schiff base ligand compounds 
in a trial to develop chemical compounds with different scaffolds 
in one structure, which may lead to interesting biologically active 
agents. The suggested ligands were synthesized using the primary 
amine compound 2-amino thiophenol, which was condensed with 
2-carboxybenzaldehyde, 2-hydroxy-1-naphthaldehyde, and 7-formyl-
8-hydroxyquinoline. The synthesized asymmetrical Schiff bases were 
used to synthesize metal complexes by reaction with iron triad metal 
(Fe, Co, and Ni) salts in proper molar ratio. Moreover, free ligands and 
their corresponding metal complexes were characterized and examined 
for their molluscicidal, antibacterial, and antifungal potentials.

METHODS

Chemicals, analytical, and physical measurements
The starting chemicals used in this study were of analytical grade purchased 
from Sigma-Aldrich, Acros Organics, and Luba Chemical Companies and 
were used in reactions as received without further purification. 7-fromyl-
8-hydroxyquinoline precursor was synthesized in our laboratory, as given 
below following well-known literature procedures [21,22].
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The melting points were measured utilizing the digital melting point 
apparatus model A9100 electrothermal series.

Elemental analysis was performed using the Thermo Fisher Scientific 
CHN/S/O analyzer instrument (Leco Model VTF-900 CHN-S-O 932 
version 1.3× USA). Mass spectra were recorded on the Thermo 
Scientific-LCQ fleet ion trap mass spectrometer using electrospray 
ionization method. For determining the metal percentage in the 
prepared compounds, we used an inductively coupled plasma (ICP) 
spectrophotometer (Thermo Scientific ICP-7000 plus Series ICP-OS).

Fourier-transform infrared (FT-IR) spectra were recorded using the 
Thermo Scientific Nicolet iS50 FT-IR spectrophotometer in the range 
of 400–4000 cm−1 utilizing attenuated total reflection method for direct 
measurement of the IR spectrum for the powder solid samples. The 
ultraviolet (UV)-visible absorption spectra were recorded in dimethyl 
sulfoxide (DMSO) solutions on an evolution 300 UV-visible double 
beam spectrophotometer (Thermo Fisher scientific company).1H 
nuclear magnetic resonance (NMR) and13C NMR spectra were recorded 
on Varian Mercury-400BB (400 MHz) spectrometer. Molar conductivity 
was measured using AP85 Portable Waterproof pH/conductivity meter 
using 1.0×10−3 M solutions in DMSO or dimethylformamide (DMF) at 
room temperature. The magnetic susceptibility measurement of the 
prepared metal complexes was measured using Gouy’s Apparatus 
(Model No: HO-ED-EM-08) at room temperature. Thermogravimetric 
analysis (TGA) was performed on Shimadzu Thermogravimetric 
Analyzer Model DTG-60H in a dynamic nitrogen atmosphere 
(20 ml/min) at a heating rate of 10°C/min in the temperature range of 
25–1000°C.

Synthesis of 7-formyl-8-hydroxyquinoline
The precursor compound 7-formyl-8-hydroxyquinoline was prepared 
from 8-hydroxyquinoline following the reported method [21,22]. 
A  mixture of 1.45  g (0.1 mol) of 8-hydroxyquinoline, 8.5  mL of 
chloroform and 90 mL of 15% NaOH were heated under reflux for 4 h on 
a water bath. The reaction mixture was cooled at room temperature and 
the pH of the solution was adjusted between 5.5 and 5.8 using 0.1 M HCl 
solution. A pale brown product was separated out and left to coagulate. 
The precipitate was collected by filtration and then recrystallized from 
80% ethanol to get pale brown solid. The yield (87.35%) obtained was 
in good quantity. The melting point measured was 210°C.

Preparation of Schiff base ligand 2-{[(2-mercaptophenyl)imino]methyl}
benzoic acid (SL1)
The organic unsymmetrical Schiff base ligands used in this investigation 
were generally synthesized according to the standard reported 
methods, as cited in the literature [23,24]. Schiff base ligand (SL1) was 
prepared by mixing 20  mL solution of 2-aminothiophenol (5 mmol, 
0.63 g) and 20 mL solution of 2-carboxybenzaldehyde (5 mmol, 0.76 g) 
in absolute ethanol. The reaction mixture was refluxed for about 8 
h with continuous stirring. After cooling at room temperature, the 
obtained precipitate was filtered and washed with n-hexane and finally 

dried in the open air. The yellowish-white solid was recrystallized 
using hot ethanol to give a pure compound with a yield of 83.54%. The 
melting point found to be 130°C. The reaction for the synthesis of SL1 
ligand is illustrated in Scheme 1.

Molecular formula (C14H11NO2S), m/z: 256.00 [L–H]+ (Mol. 
Wt. = 257  g mol−1). Elemental analysis: Calculated (found) %C 
65.36 (65.52); %H 4.31 (4.15); %N 5.45 (5.50); %O 12.44 (12.40); %S 
12.44 (12.62).

Preparation of Schiff base ligand 1-((E)-(2-mercaptophenylimino)
methyl)naphthalen-2-ol (SL2)
The Schiff base ligand (SL2) was prepared by mixing 20 mL ethanolic 
solution of 2-aminothiophenol (10 mmol, 1.25 g) and 30 mL ethanolic 
solution of 2-hydroxy-1-naphthaldehyde (10 mmol, 1.72 g) in round-
bottom flask and the reaction mixture was refluxed using a condenser 
fitted with guard tube with calcium chloride for 1 h. The reaction 
mixture was cooled after completion of the reaction in an ice bath 
and kept overnight where on light yellow crystalline precipitate was 
formed. The product was filtered off, washed with ethanol, and finally 
dried in the open air. The yield obtained was about 65.50% and the 
melting point was measured at 131.3°C. The reaction for the synthesis 
of SL2 ligand is illustrated in Scheme 2.

Molecular formula (C17H13NOS), m/z: 278.08 [L–H]+ (Mol. 
Wt. = 279  g mol−1). Elemental analysis: Calculated (found) %C 
73.10  (72.96); %H 4.69  (4.43); %N 5.02  (5.4.9); %O 5.73  (5.66); %S 
11.46 (11.17).

Preparation of Schiff base ligand 7-((E)-(2-mercaptophenylimino) 
methyl)quinolin-8-ol (SL3)
SL3 ligand was prepared by mixing a solution of 2-aminothiophenol 
(5 mmol, 1.25 g) in 20 mL absolute ethanol with a solution of 7-formyl-
8-hydroxyquinoline (5 mmol, 1.73 g) in 40 mL chloroform. The whole 
mixture was refluxed for about 8 h with continuous stirring using hot 
stage magnetic stirrer and maintaining the temperature between 65°C 
and 80°C. After completion of the reaction, the mixture was cooled at room 
temperature when a brownish-orange solid precipitate was obtained, 
which was filtered and dried in the open air at room temperature. The 
obtained Schiff base product was purified by recrystallization using 
chloroform and ethanol mixture (50:50). The yield obtained was about 
85.23% and the melting point was measured 260°C. The reaction for the 
synthesis of SL3 ligand is illustrated in Scheme 3.

Molecular formula (C16H12N2OS), m/z: 279.08 [L-H]+ (Mol. 
Wt. = 280  g mol−1). Elemental analysis: Calculated (found) %C 
68.55 (68.24); %H 4.32 (4.15); %N 10.00 (10.33); %O 5.71 (5.78); %S 
11.42 (11.58).

General procedure for preparation of metal complexes
The targeted Fe, Co, and Ni metal complexes were prepared following 
the general reported method by the reaction between the solution of 
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the hydrated metal salts of Fe, Co, and Ni with the solution of the Schiff 
base ligands [2,18]. The proper amount of the metals salt was dissolved 
in the proper solvent and mixed with the solution of the prepared Schiff 
base ligands (in proper metal to ligand stoichiometric ratio) in the 
round-bottom flask and refluxed and stirred using hot stage magnetic 
stirrer for 4–6 h until the reaction is completed. Then, the isolated 
crude products were filtered washed sequentially with hot ethanol and 
finally with ether. The compounds were purified by recrystallization, 
dried, and weighted. The yield and color observed are shown for each 
complex below. All metal complexes obtained were colored, air-stable 
compounds, and insoluble in common organic solvents but soluble in 
DMSO and hot DMF solvents. The measured melting points for all metal 
complexes were >300°C.

[Fe(SL1)2]: Dark brown solid; yield = 88.21%; mp: >300°C. Molecular 
formula (FeC28H18N2O4S2), m/z: 567.10 (Mol. Wt.: 566.43 g/mol). 
Elemental analysis: Calculated (found) %C 59.16  (58.82); %H 
3.55 (3.68); %N 4.93 (5.12); %O 11.27 (10.86); %S 11.26 (11.46); %Fe 
9.83 (9.65).

[Ni(SL1)2]: Dark green solid; yield = 96.74%; mp: >300°C. Molecular 
formula (NiC28H18N2O4S2), m/z: 569.67 (Mol. Wt.: 569.28 g/mol. 
Elemental analysis: Calculated (found) %C 58.87  (58.60); %H 
3.53 (3.74); %N 4.91 (4.90); %O 11.22 (10.96); %S 11.20 (11.46); %Ni 
10.28 (10.72).

[Co(SL1)2]: Dark green solid; yield = 85.07%; mp: >300°C. Molecular 
formula (CoC28H18N2O4S2), m/z: 570.00 (Mol. Wt.: 569.52 g/mol). 
Elemental analysis: Calculated (found) %C 58.84  (59.20); %H 
3.53 (3.76); %N 4.90 (5.10); %O 11.20 (11.57); %S 11.20 (11.16); %Co 
10.32 (10.63).

[Fe(SL2)2]: Dark brown solid; yield = 98.96%; mp: >300°C. Molecular 
formula (FeC34H22N2O2S2), m/z: 610.53 (Mol. Wt.: 611.23 g/mol). 
Elemental analysis: Calculated (found) %C 66.67  (67.00); %H 
3.95 (4.22); %N 4.58 (4.34); %O 5.23 (5.65); %S 10.45 (10.84); %Fe 
9.13 (9.50).

[Ni(SL2)2]: Brown solid; yield = 97.13%; mp: >300°C. Molecular formula 
(NiC34H22N2O2S2), m/z: 613.25 (Mol. Wt.: 613.37 g/mol). Elemental 

analysis: Calculated (found) %C 66.36  (65.90); %H 3.93  (4.23); %N 
4.56 (4.15); %O 5.20 (5.00); %S 10.40 (10.72); %Ni 9.55 (9.50).

[Co(SL2)2]: Dark brown solid; yield = 95.57%; mp: >300°C. Molecular 
formula (CoC34H22N2O2S2), m/z: 613.92 (Mol. Wt.: 613.61 g/mol). 
Elemental analysis: Calculated (found) %C 66.33  (65.96); %H 
3.93 (4.25); %N 4.55 (4.30); %O 5.20 (5.58); %S 10.40 (10.12); %Co 
9.58 (9.61).

[Fe(SL3)2]: Brown solid; yield = 82.45%; mp: >300°C. Molecular formula 
(FeC32H20N4O2S2), m/z: 612.25 (Mol. Wt.: 612.25 g/mol). Elemental 
analysis: Calculated (found) %C 62.54  (62.37); %H 3.61  (3.96); %N 
9.12 (8.85); %O 5.21 (5.41); %S 10.42 (10.79); %Fe 9.10 (8.82).

[Ni(SL3)2]: Light brown solid; yield = 79.80%; mp: >300°C. Molecular 
formula (NiC32H20N4O2S2), m/z: 615.76 (Mol. Wt.: 615.35 g/mol). 
Elemental analysis: Calculated (found) %C 62.26 (62.20); %H 3.59 (3.66); 
%N 9.08 (9.23); %O 5.19 (5.68); %S 10.37 (10.13); %Ni 9.52 (9.16).

[Co(SL3)2]: Brown solid; yield = 82.65%; mp: >300°C. Molecular formula 
(CoC32H20N4O2S2), m/z: 614.84 (Mol. Wt.: 615.59 g/mol). Elemental 
analysis: Calculated (found) %C 62.23  (61.95); %H 3.95  (4.10); %N 
9.08 (8.76); %O 5.18 (5.43); %S 10.36 (10.64); %Co 9.55 (10.09).

In vitro antibacterial and antifungal activity experimentation
In this investigation, the prepared Schiff base compounds and their 
corresponding metal complexes were examined for the antibacterial 
and antifungal activity. The experiments were performed in vitro at the 
Department of Clinical Microbiology, Blood Bank Center, Al-Baha city. 
The antibacterial investigation for the prepared Schiff base ligands and 
their respective metal complexes were assayed against three types of 
Gram-positive and three Gram-negative bacterial strains. The Gram-
positive bacterial strains used were Staphylococcus epidermidis (ATCC 
12228), Staphylococcus aureus (ATCC 25923), and Enterococcus faecalis 
(ATCC 29212). The three Gram-negative bacterial strains Pseudomonas 
aeruginosa (ATCC 27853), Escherichia coli (ATCC 25922), and Proteus 
mirabilis (ATCC 13376) were used in this investigation. The common 
pathogenic fungal strain Candida albicans (ATCC 10231) was used for 
antifungal tests. Mueller-Hinton agar was used as the growth medium 
for bacterial strains, and Sabouraud Dextrose Agar was used as culture 
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medium for fungus yeast. Disk-diffusion agar assessment technique was 
followed according to the Clinical and Laboratory Standards Institute 
susceptibility testing technique [25].

Stock solutions of the tested compounds were prepared by dissolving 
0.01 g of each compound in 5 mL DMSO solvent. Amoxicillin antibacterial 
drug was used as a reference for comparison.

Whatman sterilized 6 mm filter paper discs (Whatman antibiotic assay 
discs – model 2017-006 from Sigma-Aldrich) containing the tested 
compounds were placed on the agar surface in Petri dishes where 
the microorganisms were spread and allowed to grow on the agar 
media. The Petri dishes were put in an incubator at 37°C for 36 h in 
the case of bacteria and at 35°C for 48 h for fungus. The effectiveness 
of each compound was measured using zones of complete inhibition 
(in mm) after the incubation period to monitor the fungal and bacterial 
susceptibilities. Each test was repeated twice, and the arithmetic mean 
values were recorded.

In addition, the minimum inhibitory concentration (MIC) values of the 
compound [Co(SL3)2] that showed the highest activity against E. faecalis 
bacterial strain were investigated. Agar disk-diffusion assay was used 
for MIC tests following the European Committee on Antimicrobial 
Susceptibility Testing standards [26]. Decreasing concentrations 
were prepared in serial two-fold dilution 100, 50, 25, 12.5, 6.25, and 
3.125 µg/disc for each tested compound which were used for the MIC 
investigations. Each sample was repeated twice, and arithmetic mean 
values were recorded.

In vivo molluscicidal activity of the prepared compounds
The obtained Schiff base ligands and their corresponding metal 
complexes were tested for their molluscicidal activity according to the 
standard reported methods, as cited in the literature [14,26,27]. The 
solutions of the compounds used for the bioassay were prepared with 
concentrations ranging from (50 ppm, 100 ppm, 500 ppm, 1000 ppm, 
and 5000 ppm) in DMSO solvent.

The snails (30 in number) used in this investigation were water snails 
named Biomphalaria arabica. The snails were collected from Wadis 
and near the water reservoirs at the local Al-Baha city area using traps 
with longhand and transferred immediately to the laboratory using 
clean plastic bags containing sufficient amount of water from the same 
source. The snails were reared for enough periods to acclimatize with 
laboratory conditions before assessment. The snails were divided into 
groups and each group of five snails. The snails were maintained at 
room temperature nearly 24°C in plastic tanks (30 cm×15 cm×10 cm) 
containing some sand and freshwater (bottle water) with neutral pH 
and fed with commercial fish food and some green lettuce leaves. The 
water in the tank was replaced every 2 days.

Molluscicidal activity evaluation of the tested compounds was 
performed by observing the toxicity and lethal dose (LD50) according 
to the WHO guidelines using the immersion technique and using 
niclosamide as a control measure [27].

The reared snails were immersed in a mixed aqueous solution of the 
investigated compounds at the final concentrations for 24 h without 
food. After exposure to the tested compounds, the snails were 
transferred to freshwater without fed for another 24 h as a recovery 
period to assess mortality. The mortality was determined after 
24  h and the 50% (LC50) lethal concentration was determined. Each 
molluscicidal experiment was repeated in duplicate for each compound 
and dose-effect evaluation was done using the Litchfield and Wilcoxon 
method [28].

RESULTS AND DISCUSSION

All the prepared Schiff base ligands and their corresponding Co, Fe, 
and Ni metal complexes were analyzed and characterized by various 
physical and spectroscopic analytical techniques using mass spectra, 

micro-elemental analysis, FT-IR, UV-visible, 1H NMR, 13C NMR, magnetic 
susceptibility, conductivity, and TGA to prove the composition and 
structure elucidation of the synthesized compounds.

Chemistry, elemental analysis, and mass spectra
The Schiff base ligands designed in this project were synthesized 
following standard reported procedures, as described in the previous 
section materials and methods. For preparing the tailored asymmetrical 
tridentate Schiff base ligands (SL1-SL3), we used 2-aminothiophenol 
as primary amine and was condensed with 2-carboxybenzaldehyde, 
2-hydroxy-1-naphthaldehyde, and 7-formyl-8-hydroxyquinoline as 
carbonyl compounds. The stoichiometric reaction ratio for the primary 
amine to the aldehydic compound was 1:1. The synthesized Schiff bases 
were purified by recrystallization and were in good yields. They were 
colored and most of them were soluble in hot ethanol, chloroform, DMF, 
and DMSO.

The isolated asymmetrical Schiff base ligands were characterized, and 
structures were confirmed before proceeding for the preparation of 
the metal complexes step. The elemental analysis and mass spectral 
analysis (shown in the experimental section) were in good agreement 
with the theoretically calculated percentage values for the proposed 
molecular formulae and hence confirmed and prove the expected 
structures of the synthesized asymmetric Schiff base ligands.

Preparation of metal complexes
In this investigation, we selected the iron triad transition metals (iron, 
cobalt, and nickel) for preparation of the tailored metal complexes The 
iron triad metals were selected because they show similarity among 
themselves in physical and chemical properties and are adjacent to 
each other in the first series of the d-block elements (4-day period in 
the periodic table).

The targeted metal complexes were synthesized using the prepared 
unsymmetrical tridentate Schiff base ligands successfully according 
to the template method, as mentioned before in the materials and 
methods section.

The different metal complexes produced were non-hygroscopic colored 
amorphous solids, stable at room temperature, and in good yields. They 
were purified by recrystallization from hot DMF and DMSO solvents. 
The metal complexes obtained were insoluble in common organic 
solvents and only soluble in hot DMF and DMSO solvents. The molecular 
formulae, molecular weights, mass spectra, elemental analysis, colors, 
and yields are presented in the experimental section. All synthesized 
complexes decomposed without melting at high temperatures 
above 300°C.

The suggested structures of the metal complex compounds were formed 
in (1:2) metal:ligand stoichiometric ratio. The elemental analysis, as 
observed in the experimental section, revealed good agreement with 
the proposed structures. The asymmetrical tridentate ligands (SL1, SL2, 
and SL3) form hexa-coordinate monomeric Fe(III), Ni(II), and Co(II) 
complexes corresponding to the complexes general formula [M(SL)2] 
(Fig. 1).

The coordinated atoms of the ligand are symmetrically arranged 
around the central metal atom in the complexes. The ligands bind to the 
metal atom through the usual nitrogen donor atom of the azomethine 
group, sulfur atom of the thiol group, and oxygen atom of the carboxylic 
group or the phenolic group forming octahedral geometry around the 
metal atom.

In addition, the mass spectra of the synthesized complexes were carried 
out to determine and confirm the molecular weights. The synthesized 
metal complexes showed the ion molecular (m/z) peaks corresponding 
to the proposed molecular formula and in agreement with the calculated 
molecular weights of the metal complexes.
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Spectral properties
UV-visible spectra and magnetic moment measurements
The UV-visible spectral data of the ligands and their corresponding 
iron, cobalt, and nickel complexes were recorded in the DMSO 
solution with a concentration of 10−3 M. The nature of the ligand field 
around the central metal ions has been estimated from the UV-visible 
spectra and supported by magnetic moment measurements the metal 
complexes.

The UV-visible absorption spectra of the free Schiff base ligands exhibit 
two bands in the range of 253–285 nm and 325–370 nm assignable to 
the transitions π→π* of the benzene ring and n→π* transitions of the 
(>C=N-) group, respectively [29,30].

The absorption spectra of some analyzed metal complexes of Co(II), 
Fe(III), and Ni(II) complexes have exhibited bands at lower intensities 
and longer wavelength compared to those of the free Schiff base ligands. 
This bathochromic shift (redshift) may be due to the coordination of the 
nitrogen atom of the azomethine group and other atoms with the metal 
ion [10,31].

The absorption spectra of the metal complexes display a weak 
band shoulder appeared in the range of 470–490  nm, which may be 
attributed to the ligand to metal-charge transfer transitions that 
expected for complexes of metals with low oxidation state [29]. This 
charge transfer band is a result of the formation of the coordination 
bond between the metal ion and the ligands that causes a change 
in electron distribution between the ligand and the metal ion. The 
d-d transitions were not observed since they are perturbed by the 
broad charge transfer transitions [32]. The discussion for each metal 
complexes is given below.

Co(II) complexes
The UV-visible spectrum of the brown Co(II) complexes obtained from 
the unsymmetrical Schiff base ligands showed three bands appeared 
at a range around 995–1010, 625–660, and 510–530  nm that may 
be assigned to the transitions 4T1g→4T2g, 4T1g→4A2g, and 4T1g→4T1g, 
respectively. These transitions indicated that the Co(II) ion is in the field 
of octahedral geometry [33-35]. The magnetic moment measurements 
of some cobalt complexes were in the range of 4.15–4.45 B.M., which 
is a paramagnetic behavior and supporting the high-spin octahedral 
geometry [35,36].

Fe(III) complexes
Fe(III) complex compounds obtained from the asymmetrical Schiff 
base ligands (SL1, SL2, and SL3) showed three low-intensity absorption 
bands at around 630–655, 585–593, and 540–550 nm in the UV-visible 
spectrum. These bands suggesting an octahedral geometry around 

the iron atom in the complexes [35,37]. This also was supported by 
the magnetic moment measurement values of 5.38–5.44 B.M that 
is confirming high-spin state [35,38]. Hexa-coordinated d5-iron(III) 
complexes with Schiff base ligands are known to display a variety of 
magnetic behavior [16].

Ni(II) complexes
The UV-visible spectrum of Nickel(II) complex compounds obtained 
from the unsymmetrical Schiff base ligands (SL1, SL2, and SL3) gave 
three bands at 960–985, 545–550, and 410–425 nm in the UV-visible 
spectrum. These bands pointed out to 3A2g→3T2g, 3A2g→3T1g, and 
3A2g→3T1g transitions, respectively, suggesting an octahedral geometry 
around the Ni atom in the complexes. This suggestion was supported by 
the magnetic moment measurement values of 3.42–3.56 B.M [33,34,39].

FT-IR spectral analysis
IR spectra of the organic Schiff bases
The IR spectra of the prepared unsymmetrical organic Schiff base 
compounds showed guide peaks and main characteristic bands in 
the recorded IR spectra that were of good assist for characterizing 
the ligands. The characteristic wide band in the spectra of the 
different prepared Schiff base ligands appeared in the range of 1553–
1560 cm−1 was assigned to the characteristic azomethine (>CH==N-) 
group indicating the formation of the required Schiff base ligands [2]. 
The total absence of νC=O band of the coupled aldehydes precursors in 
the IR spectra of ligands together clearly indicates that a Schiff base has 
formed in each case.

The band appeared in the range of 2567–2583 cm−1 in all asymmetric 
Schiff base ligands (SL1, SL2, and SL3) was assigned to the thiol 
(-SH) group [33], while the medium bands observed at 1575 cm−1 
and 1370 cm−1 in the spectrum of the ligand SL1 were due to the 
νasym(COO-) and νsym(COO-) carboxylate group stretching vibrations, 
respectively [40]. The band observed in the range of 3350–3455 cm−1 
in the spectrum of the ligand SL1 may be assigned to the νOH of the 
carboxylic group [40]. Furthermore, the wide bands appeared in the 
range of 3279.9–3420 cm−1 in the IR spectrum of the SL2 and SL3 Schiff 
base ligands were assigned to the stretching vibration of phenolic (-OH) 
group [33].

IR spectra of the coordination metal complexes
The IR spectra of the ligands and their corresponding metal complexes 
provide information about the metal-ligand bonding. The IR spectra of 
the metal complexes showed that the characteristic azomethine band 
that appeared at the range of 1553–1560 cm−1 in the spectrum of the 
organic Schiff base ligands was shifted to lower/higher wavenumber in 
the spectra of the metal complexes (1504–1597.7 cm−1) compared with 
the parent ligands. This phenomenon proves the coordination of the 
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Fig. 1: Chemical structures for metal complexes (M = Fe(III), Ni(II), and Co(II)) (a) [M(SL1)2], (b) [M(SL2)2], (c) [M(SL3)2]
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nitrogen atom of the azomethine group to the metal ions [40]. This also 
was supported by the appearance of a new band at 450–485 cm−1 due to 
the coordination bond (νM-N) in the IR spectrum of the metal complexes.

The bands exhibited due to the asymmetric and symmetric carboxylate 
group in SL1 ligand were shifted to 1442–1490 cm−1 and 1330–
1378  cm−1 in the spectra of different metal complexes of this ligand. 
In addition, the band due to the νOH of the carboxylate group showed a 
shift in the spectrum of the metal complexes of the SL1 ligand. This shift 
in positions indicates the involvement of the carboxylate group of SL1 
ligand in chelation and involvement of COOH group in intermolecular 
hydrogen bond formation [34,41]. There is a band observed at 1760–
1770 cm−1 in the spectra of the SL1 metal complexes, which can be 
assigned to the νC=O of the carboxylic group [34]. This band was also 
observed at 1765 cm−1 in the spectrum of the SL1 Schiff base ligand. This 
means that it is nearly at the same position indicating noninvolvement 
of this C=O of the carboxylic group in coordination to metal ions. The 
band due to -SH group in the SL1, SL2, and SL3 ligands was disappeared 
in the spectrum of the metal complexes. The IR spectrum of the metal 
complexes of these ligands showed the occurrence of new bands in the 
range 430–450 cm−1 that may be assigned to νM-S mode provided an 
evidence for the bonding of sulfur atom to the metal ions [33].

These bands due to the stretching vibration of phenolic νOH appeared in 
the spectra of the Schiff base ligands were disappeared in the IR spectra 
of the corresponding metal complexes indicating the participation of 
oxygen atom of the phenolic group in bonding with the metal atom. 
Moreover, a medium band was observed in the metal complexes in the 
range of 503–536 cm−1, which can be assigned to the νM-O mode [2,42]. 
Therefore, it can be concluded that the asymmetric Schiff base ligands 
SL1, SL2, and SL3 behave as tridentate ligands. These ligands are 
coordinated to the metal ions through nitrogen atom of the azomethine 
group, oxygen atom of the carboxylate group (in case of SL1) or the 
oxygen atom of the phenolic group (in case of SL2 and SL3) and the 
sulfur atom of the thiol group.

1H and 13C NMR spectra
The 1H and 13C NMR spectra analysis was carried out for some prepared 
Schiff bases and their respective metal complexes due to the high cost 
of analysis and the inconvenience.

In the 1H NMR spectra of the three ligands, a sharp singlet appeared 
at 8.39  ppm due to the azomethine protons (CH=N) and confirmed 
its formation [43]. In the metal complex, this signal was shifted to 
8.02–8.27  ppm, indicating the involvement of the azomethine group 
in chelation. Moreover, the signals of singlet at 11  ppm (in case of 
SL1) and 13.2 ppm (in case of SL2 and SL3) confirmed the presence of 
phenolic -OH protons in the Schiff base ligands and were not observed 
in the metal complexes. Furthermore, the signals of singlet at 3.2 ppm 
for SL1 and 3.75  ppm for SL2 are assigned to thiol group protons in 
the ligands and were absent in the metal Schiff base complexes. The 
absence of resonance due to OH/SH protons in the coordination 
compounds indicating the deprotonation of the hydroxyl and the thiol 
groups in the asymmetric ligands and the coordination of the oxygen 
and the sulfur atoms to the metal atoms [43,44]. The multiplets in δ 
6.92–7.29 ppm and 7.31–8.21 ppm regions are assigned to the protons 
of benzylidene ring groups. All of the protons were found to be in their 
expected regions and numbers.

The 13C NMR spectra of the ligands showed peaks at the range 
of 109.51–139.22  ppm and 118.49–129.78  ppm regions, which 
were assignable to the carbons of the aromatic rings. The signal at 
168.52 ppm can be assigned for the carbonyl group of ligand SL1. The 
HC=N carbon resonance is observed at 143.07, 166.66, and 164.98 ppm 
in the spectrum of SL1, SL2, and SL3, respectively [30]. This carbon 
was shifted to the downfield approximately 5 ppm relative to the free 
ligands confirming the transfer of one lone pair electron from nitrogen 
to metal and coordination of azomethine-N to metal.

Thermal studies
The simultaneous TGA and differential thermal analysis (DTA) of metal 
complexes were studied from ambient temperature at 1000°C in a 
nitrogen atmosphere. This TGA and DTA analyses are carried out to 
support the proposed structures for the synthesized metal complexes. 
The correlation between the different decomposition steps of metal 
complexes with corresponding weight losses is discussed in terms of 
the proposed formula of the metal complexes. Some Co(II), Ni(II), and 
Fe(III) complexes of the asymmetric ligands SL1 and SL2 were selected 
for thermal studies. The thermogram of the selected Schiff base 
complexes is depicted in Figs. 2-7.

The effect of the heating rate on the thermal decomposition process 
notes are summarized in the following points:
•	 The TG curve of [Co(SL1)2] complex first shows a slow decomposition 

from 140 to 360°C, with 47.29% (calcd. 45.18%) mass loss, a broad 

Fig. 2: (a) Thermogravimetric and (b) differential thermal 
analysis curves of [Co(SL1)2]

Fig. 3: (a) Thermogravimetric and (b) differential thermal 
analysis curves of [Co(SL2)2]

Fig. 4: (a) Thermogravimetric and (b) differential thermal 
analysis curves of [CoSL5]
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exothermic peak at ΔTmax = 255°C in DTA may be attributed to the 
removal of ligand SL1. The second step decomposition is from 440 
to 620°C, a sharp exothermic in DTA at 550°C is observed for this 
step. The mass of final residue corresponds to stable CoO2 (16.84%) 
(calcd. 15.96%)

•	 The TG curve of [Co(SL2)2] complex first shows a slow decomposition 
from 120 to 360°C, with 45.10% (calcd. 45.51%) mass loss, a broad 
exothermic peak at ΔTmax = 250°C in DTA may be attributed to the 
removal of ligand SL2. The second step decomposition is from 440 to 
640°C, a sharp exothermic peak in DTA at 575°C is observed for this 
step. The mass of final residue corresponds to stable Co2O3, (28.31%) 
(calcd. 27.01%)

•	 The TG curve of [Fe(SL1)2] complex first shows a slow decomposition 
from 160 to 380°C, with 46.02% (calcd. 45.42%) mass loss, a broad 
exothermic peak at ΔTmax = 295°C in DTA may be attributed to the 
removal of ligand SL1. The second step decomposition is from 440 
to 580°C, a sharp exothermic in DTA at 525°C is observed for this 

step. The mass of final residue corresponds to stable Fe2O3, (26.11%) 
(calcd. 26.15%)

•	 The TG curve of [Fe(SL2)2] complex first shows a slow decomposition 
from 120 to 370°C, with 21.00% (calcd. 23.44%) mass loss, a broad 
exothermic peak at ΔTmax = 250°C in DTA may be attributed to 
the removal of the coordinate part of ligand SL2. The second step 
decomposition is from 430 to 640°C, two sharp exothermic peaks in 
DTA, at 525 and 550°C, are observed for this step. The mass of final 
residue corresponds to a stable mixture of FeO and Fe3O4, (49.9268%) 
(calcd. 50.70%)

•	 The TG curve of [Ni(SL2)2] complex first shows a slow decomposition 
from 120 to 380°C, with 42.15% (calcd. 45.54%) mass loss, a broad 
exothermic peak at ΔTmax = 240°C in DTA may be attributed to the 
removal of ligand SL2. The second step decomposition is from 460 to 
640°C, a sharp exothermic peak in DTA at 550°C is observed for this 
step. The mass of final residue corresponds to stable Ni2O3, (30.18%) 
(calcd. 29.96%).

Molar conductivity behavior
The molar conductivity measurements (Table 1) of the prepared metal 
complexes were measured in the DMSO solution of 10−3 M concentration 
to establish the ionic nature of the complexes. The DMSO solvent 
was selected because all complexes are soluble at room temperature 
22.4°C. The molar conductance observation results showed variety 
and low molar conductivity values (2.35–64.5 S cm2/mol) consistent 
with non-electrolytic behavior and so they are non-ionic in nature and 
that the anionic ligand is coordinated to the central metal ion [45,46]. 
The relatively high values 64.5 and 63.56 S cm2/mol for complexes 
[Fe(SL2)2] and [Fe(SL3)2], respectively, may be due to partial solvolysis 
in DMSO [47].

In vitro antimicrobial assay
In this paper, the prepared unsymmetrical Schiff base ligands along 
with their Fe(III), Ni(II), and Co(II) metal complexes were screened 
in vitro for their antimicrobial potential against three Gram-positive 
and three Gram-negative bacterial strains and one fungal strain as 
mentioned in the materials and methods section. Agar disk-diffusion 
assay technique was used in experimentation to assess the antibacterial 
and antifungal activities of the synthesized compounds [48]. The results 
of the experiments are presented in Table 2.

The examined asymmetrical organic Schiff base ligands (SL1, SL2, and SL3) 
showed low antibacterial activity against the Gram-positive bacterial 
types with zones of inhibitions <15 mm while the Gram-negative 
bacterial types showed resistance to these chemical ligands. Moreover, 
the antifungal test for the prepared ligand compounds exhibits no 
influence on the growth of the fungal strain C. albicans, except the ligand 
SL3 that showed very low activity with the zone of inhibition 9 mm.

The metal complexes showed noteworthy enhancement antibacterial 
activity and were more toxic than the parent organic ligands against 
both the Gram-positive and the Gram-negative bacterial types. 
The metal complexes showed zones of inhibition in the range of 
8–25  mm. The highest activity showed by the complex [Co(SL3)2] 
against Gram-positive bacteria E. faecalis and S. epidermidis with the 

Fig. 5: (a) Thermogravimetric and (b) differential thermal 
analysis curves of [Fe(SL1)2]

Fig. 6: (a) Thermogravimetric and (b) differential thermal 
analysis curves of [Fe(SL2)2]

Fig. 7: (a) Thermogravimetric and (b) differential thermal 
analysis curves of [Ni(SL2)2]

Table 1: The recorded molar conductivity of the prepared 
complexes

Metal complex Molar conductivity (S cm2/mol)
[Fe(SL1)2] 43.2
[Ni(SL1)2] 9.37
[Co(SL1)2] 16.4
[Fe(SL2)2] 64.5
[Ni(SL2)2] 5.77
[Co(SL2)2 27.7
[Fe(SL3)2] 63.56
[Ni(SL3)2] 2.35
[Co(SL3)2 18.5
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zone of inhibition of 25 mm and 24 mm, respectively. Furthermore, 
[Co(SL3)2] complex exhibited good activity against the Gram-
negative bacteria P. mirabilis with the zone of inhibition measured 
of 23  mm. In addition, the compounds [Co(SL1)2] and [Co(SL2)2] 
showed high activity against the Gram-negative bacteria P. mirabilis 
with zones of inhibitions of 23 and 22 mm, respectively. Moreover, 
on comparing with the reference antibacterial drug amoxicillin used 
for the treatment of bacterial infections, the compounds showed 
lower antibacterial activity.

The antifungal tests of the metal complexes indicated the resistance 
of the microorganisms to the metal complex chemicals, while some 
complexes [Fe(SL3)2] and [Co(SL3)2] showed weak antifungal activity 
(12 and 13  mm) against C. albicans fungal strains, but a little higher 
than the parent organic ligands SL3 that showed inhibition zone of 
9 mm. However, the experimental observations (Table 2) indicated that 
the antifungal activity of the metal complexes was very weak compared 
to the antibacterial activity.

The remarkable enhancement in the antibacterial activity of the 
metal complexes compared to the organic Schiff base ligands 
might be referred to the impact of the transition metal ions in 
the metal complex compounds. The presence of metal ion in the 
complexes enhances the liposolubility of the compounds according 
to the Tweedy’s chelation theory [49-51]. This enhancement in the 
lipophilicity of the metal complexes makes the penetration of the 
complexes into the lipid layers of the microbial cells and hence gives 
rise to adverse effects in the cell environment and enzymes of the cell 
and further restrict the proliferation of the microorganism [2,34]. In 
addition, the metal complexes hinder the respiration process of the 
cell and hence prevent the protein synthesis, which restrict further 
the organism growth.

Moreover, the mode of action of the compounds may involve the 
formation of a hydrogen bond through the azomethine nitrogen atom 
(CH=N) with the cell constituents causing in interference with the 
normal cell process [42].

The observations also reveal that metal complexes were more active 
against the Gram-positive bacterial strains E. faecalis and S. epidermidis 
than that of the Gram-negative ones and more than that of the fungal 
strain too. This variation in activity can be explained based on the 
difference in the cell wall structure difference between microorganisms 
and hence impermeability of the microorganism cells or in the 
differences in the ribosomes of the cell constituents [29,42,50].

In general, the metal complexes deactivate different enzymes at the 
cellular level that has an essential role in different metabolic pathways 

of these microorganisms. Moreover, the solubility, conductivity, bond 
length between the metal and ligand, and dipole moment are important 
factors that affect the presence of the metal ions in the complexes that 
may enhance the antimicrobial activities of the coordination complex 
compounds compared the free organic Schiff base ligands [34].

The biological activity experimental results pointed out that the 
Co(II) metal complexes particularly [Co(SL3)2] showed higher 
antibacterial activity compared with other analogous Fe(III) and Ni(II) 
complexes. Fe(III) and Ni(II) metal complexes generally have nearly 
similar activities with slight differences. The higher activity of Co(II) 
complexes may be attributed to their higher stability constant [52]. 
Since the complexes have different donating atoms and some other 
groups attached with the ligands, therefore the more effective factors 
that affect the antimicrobial activity are the nature of the central 
metal atom that plays a decisive role in determining the antimicrobial 
characteristics and the substituents and moieties that present in the 
ligands.

The observed antibacterial test results for the complex [Co(SL3)2] 
which showed 25  mm zone of inhibition against E. faecalis bacteria 
encourage us to investigate the MIC to quantify the lowest concentration 
of the tested chemicals, which prevent visible growth of the selected 
bacteria. The MIC investigation indicated considerable high potency 
exhibited by the complex [Co(SL3)2] against E. faecalis bacterial strains 
with MIC value of 12.5 µg/disc. The strong antibacterial activity of this 
particular metal complex may be due to the cobalt metal ion along 
with the Schiff base ligand that contains – SH group and heterocyclic 
quinoline ring. Fig.  8 shows some photographs for the antibacterial 
and fungal tests.

In vivo molluscicidal assay
Some of the obtained ligands and their corresponding metal complexes 
were tested for their molluscicidal activity against the land snail 
B. arabica. The toxicity and LD50 were determined for the tested 
compounds according to the WHO guidelines using the immersion 
technique and using niclosamide as a positive control [27]. The number 
of mortalities and 50% death (LD50) values are shown in Table 3.

For this molluscicidal activity investigation, we have selected 
two ligands SL2 and SL3 and the corresponding metal complexes 
[Fe(SL2)2], [Co(SL2)2], [Ni(SL2)2], [Co(SL3)2], [Ni(SL3)2], and [Fe(SL3)2]. 
The observation is presented in Table 3 indicated that the ligands 
showed activity at the concentration of 1000 ppm while their metal 
complexes show activity at concentrations of 500 ppm. The complexes 
showed good activity at a concentration of 1000 ppm and the highest 
activity was at a concentration of 5000 ppm. It is also noted that the 

Table 2: Antibacterial and antifungal activity of the ligands and their Co(II), Fe(II), and Zn(II) complexes

Compound Zone of inhibition (mm)

Gram-positive bacteria Gram-negative bacteria Fungus

Staphylococcus 
epidermidis

Staphylococcus 
aureus

Enterococcus 
faecalis

Pseudomonas 
aeruginosa

Escherichia 
coli

Proteus 
mirabilis

Candida 
albicans

SL1 12 8 9 5 R R R
SL2 11 11 13 7 R R R
SL3 14 9 12 15 R 10 9
[Ni(SL1)2] 19 8 12 R R 7 R
[Fe(SL1)2] 14 12 15 R R 8 R
[Co(SL1)2] 8 16 13 8 R 23 R
[Co(SL2)2] 12 7 18 R R 22 R
[Ni(SL3)2] 17 15 11 7 R 7 R
[Fe(SL3)2] 18 14 17 R R 19 12
[Co(SL3)2] 24 16 25 15 10 23 13
Standard amoxicillin 28 27 26 8 22 44 -
Key to interpretation: R=0=Resistant, <10 mm=inactive, 10–15 mm=weakly active, 15–20 mm=moderately active; more than 20 mm=highly active
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complexes are more active than their parent ligands, which may be 
explained because of the presence of metal ion that may enhance 
the molluscicidal activity. The LD50 of the complexes was higher at 
a concentration of 1000  ppm and 5000  ppm compared to the free 
organic ligands. Fig. 9 shows some photographs of molluscicidal 
activity tests.

CONCLUSION

In the present research work, we prepared unsymmetrical tridentate 
Schiff base ligands using 2-aminotheiophenol condensed with 
three aldehydes named 2-carboxybenzaldehyde, 2-hydroxy-1-
naphthaldehyde, and 7-formy-8-hydroxyquinoline. The unsymmetrical 
Schiff base ligands were utilized in the preparation of metal complexes 
with the iron triad transition metal ions (Fe(II), Co(II), and Ni(II)). The 
prepared compounds were characterized and their structures were 
proposed and confirmed using different physical and spectroscopic 
techniques. The analysis data suggested an octahedral geometry 
around the metal ions. The molar conductivity study showed that metal 
complexes were non-electrolytic in nature.

The antimicrobial observation data showed that the metal complexes 
were more biologically active compared to their parent organic 
Schiff base ligands. The complexes with cobalt metal ion showed the 
highest activity against the Gram-positive bacterial strains. The free 
ligands showed no activity against C. albicans fungal strains and their 
corresponding metal complexes showed weak activity.

The in vivo molluscicidal activity evaluation tests showed that 
ligands and their corresponding metal complexes were having good 
molluscicidal activity against the tested snails. The metal complexes 
were more active than the parent-free ligands.
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