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Abstract

Schiff base derived from 2-aminophenol and 3-formyl-2-hydroxy-6-me-
thoxyquinoline and its Mn(II) and Fe(II) complexes were synthesized and
characterized by melting point and decomposition temperature, elemental
analysis, molar conductivity, infrared (IR) spectral analysis, atomic absorp-
tion spectroscopy (AAS) analysis, solubility test, and magnetic susceptibility.
The Fourier-transform infrared spectroscopy (FTIR) spectral data of the
Schiff base determined showed a band at 1622 cm™ and this was assigned to the
v (C=N), which is a feature of azomethine group. The same band was observed
to shift to lower frequencies 1577 and 1599 cm™ in the complexes suggesting
coordination of the Schiff base with the respective metal(Il) ions. Molar con-
ductance values 14.58 and 12.65 Q".cm*mol™' show that the metal complexes
were non-electrolyte in nature. The magnetic susceptibility of the complexes
was determined and the gram magnetic susceptibility of the complexes was
found to be positive, revealing that they are paramagnetic. The elemental analy-
sis of the complexes for C, N and H determined suggested 1:1 metal to ligand
ratio. The result of the antimicrobial studies showed that, the metal(II) com-
plexes exhibited better antibacterial and antifungal activity than the Schiff base.

Keywords

Metal(II) Complexes, Schiff Base, Antibacterial and Antifungal Studies

DOI: 10.4236/0jic.2020.102003

Apr. 30, 2020 15

Open Journal of Inorganic Chemistry


https://www.scirp.org/journal/ojic
https://doi.org/10.4236/ojic.2020.102003
http://www.scirp.org
https://www.scirp.org/
https://doi.org/10.4236/ojic.2020.102003
http://creativecommons.org/licenses/by/4.0/

A. M. Jabbi et al.

1. Introduction

Schiff base is a compound containing an imine or azomithine group, (-N=CH-).
It is a condensation product of aldehyde or ketone with primary amine and was
first reported in 1864 by a German chemist Hugo Schiff [1]. Schiff base is a very
important structure for synthetic organic chemistry. These compounds are
usually characterized by an imine functional group (-N=CH-), that helps us to
clarify the mechanism, racemization and transamination interaction in biologi-
cal system [2]. Azomithune nitrogen in the Schiff base, is of considerable chem-
ical and biological importance, and not only provides binding sites for metal
ions but also makes attachments with various substrate of bio-molecules like
proteins and amino acids in biological systems and that of diseases-causing
germs [3]. These compounds play an important role in medicinal fields because
of their wide spectrum of biological activities. Many of them have antimicrobial
and anticancer effect as biologically important compounds [4].

Apart from their biological effect, they are used in many fields such as pig-
ments, dyes, fungicidal, corrosion inhibitors, analytical chemistry, polymer sta-
bilizers, agrochemical, ion exchange, electrical conductivity catalysis, nonlinear
optics and magnetism [5]. Schiff base is changeable molecule and can be bi- or
tridentate ligands capable of producing very stable complexes with transition
metals like nickel, iron, cobalt, copper, vanadium etc. Most of the metal chelates
have higher antibacterial and antifungal activities than the individual ligands [6].
The biological implementations and chelating ability of metal complexes have
attracted a significant concern. Transition metal complexes have been widely
studied due to their various biological applications in pharmacological areas [7].
These complexes were reported to have antitumor, anti-inflammatory, antioxi-
dan, antimalarial, and antimicrobial activities [8] [9]. Metal complexes with N, O
as their donor atoms are very noticeable because of their important biological
activities like anticancer, and herbicidal activity [10]. In this study the Schiff base
of 3-[(2-hydroxy-phenylimino)-methyl]-6-methoxy-quinolin2-ol was synthesized
from 2-aminophenol and 2-hydroxy-6-methoxy-3-quinlinecarboxaldehyde and
its divalent metal complexes were prepared. The ligand and metal complexes
were further characterized and their antimicrobial activity was also deter-

mined.

2. Material and Methods
2.1. Chemicals, Reagents and Apparatus

All the reagents and chemicals used in this research work were of analytical
grade and used without further purification. All weighing were carried out using
an electric balance model AB54. The IR spectral analysis was recorded using
Cary 630 FTIR Agilent Technologies. Conductivity measurement was carried
out in dimethylsulfoxide (DMSO) solvent using Jenway 4010 conductivity meter.
Melting point and decomposition temperature measurements were obtained

with a SMP10 STUART melting point apparatus. Elemental Analysis was con-
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ducted at Micro Analytical Centre OEA labs, United Kingdom, using CE In-
strument (Thermo) EA1110 Elemental Analyser. The antimicrobial activity of
ligand and metal complexes were tested in vitro against bacteria Staphylococcus
aureus, Escherichia coli and Klebsiella pneumoniae by paper disc plate method
and compared with known antibiotics, Gentamycin. For the fungicidal activity,
compounds were screened in vitro against Aspergillus fumigatus, Aspergillus
favus and Aspergillus niger by the same method which compared with Ketaco-
nazole. The antimicrobial activity studies were carried out at the Department of

Microbiology, Bayero University, Kano.

2.2. Synthesis of the Intermediate:
2-hydroxy-6-methoxy-3-quinolinecarboxaldehyde

2-chloro-6-methoxy-3-quinolinecarboxaldehyde (2.4 g, 0.01 mol) was added to
aqueous hydrochloric acid (35 ml, 4 mol) and the subsequent solution was
heated under reflux on water bath for about 1 hour. Also the subsequent mixture
was cooled to room temperature. 2-hydroxy-6-methoxy-3-quinlinecarboxaldehyde
was filtred, washed thoroughly with cold ethanol followed by diethilether into
yellow cotton-like; the reaction is shown in (Scheme 1).

2.3. Preparation of the Schiff Base Ligand

The Schiff base ligand was synthesized by condensation of 3-formyl-2-hydroxy-
6-methoxyquinoline (0.01 mol) with 2-aminophenol (0.01 mol) in ethanol and
refluxing on water bath for six to seven (6 - 7) hrs in the presence of three to
four drops of acetic acid. Subsequently, the reaction mixture was cooled to room
temperature and then the ligand was seperated by filteration, washed thoroughly
with cold ethanol followed by diethylether to get a pure sample. The chemical
reaction is represented in (Scheme 2).

2.4. Synthesis of the Metal(1I) Schiff Base Complexes

To the hot solution of (0.001 mol) 3-[(2-Hydroxy-phenylimino)-methyl]-6-me-

o
H3;CO, H3CO, /
H
Acetic acid
+ HClag) —————— >
Reflux 1hr \
N OH

Scheme 1. Synthesis of 2-hydroxy-6-methoxy-3-quinolinecarboxaldehyde.

HsCO
Reflux 6-7 hr T
OCH
Acetic acid 3-4 drops N____cf\/g/ 3
b |
HO N/

Scheme 2. Formation of the Schiff base.
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thoxy-quinolin-2-ol in (35 cm?) ethanol, a hot ethanolic solution of (0.001 mol)
metal(II) chlorides in ethanol (15 cm?®) was added. The subsequent solution was
refluxed on a water bath for 4 - 5 hours to get a clear solution. Also 0.5 g of
excess sodium acetate CH,CHNa, was added to the reaction mixture to shift the
pH (7 to 8) of the solution and the refluxing was continued for 2 more hours. The
subsequent reaction mixture was then segregated by pouring into distilled water
(100 cm’) with continuous stirring. Then the yellow compound obtained was left
to settle and separated out by filtration, washed with distilled water, then with hot
ethanol and cold diethylether and dried in vacuum over phosphorus pentoxide.

2.5. Physical Measurements

The IR spectroscopy of the Schiff base and its metal(II) complexes were recorded
employing FTIR Carry Agilent 630 spectrophotometer at 4000 - 650 cm™" region
in KBr pellets. C, H and N were estimated employing elemental analyzer Per-
kin-Elmer model 240c. Jenway 4010 conductivity meter was used in conductivity
measurement using DMSO as solvent. Melting point and decomposition tem-
perature were obtained by using SMP10 STUART melting point apparatus. The
magnetic susceptibility of the complex was measured on Gouy’s balance at room

temperature.

2.6. Antibacterial Activity Test

The method used by Jorgensen (Jorgensen, and Turnidge, 2003) was used in an-
tibacterial test, in which the Schiff base and its metal(II) complexes were assayed
by ager disc diffusion method using cultures of Escherichia coli, Salmonella ty-
phiand Staphylococcus aureus. The samples were separately dissolved in DMSO
to have three different concentrations (1000, 2000 and 3000) pg/disc. Each of
these was separately placed on the surface of the culture media before incubation
at 37°C for 24 hrs. The diameter of zone of inhibition produced by the ligand and

its metal(II)complexes was compared with the standard drug, amoxicillin capsule.

2.7. Antifungal Activity Test

The in vitro antifungal activity of the Schiff base and its Mn(II) and Fe(II) com-
plexes were assayed using three fungal isolates Aspergillus flarus, Aspergillus
niger and Mucor indicus using different concentrations (1000, 2000 and 3000)
ug/disc by Disc Diffusion Technique. Potato Dextrose Ager (PDA) was used to
prepare the culture media and incubated at room temperature for seven days.
The results obtained were compared with the activity of Ketoconazole (200 mg)

as a standard antifungal drug and DMSO as negative control [11].

3. Results and Discussion

3.1. Physical Properties of the Schiff Base and
Its Metal(II) Complexes

The Schiff base and its metal(II) complexes were prepared in good yield, the
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physical properties of the synthesized ligand and its complexes were analyzed
and presented in (Table 1). The percentage yield of the ligand was 75% while
that of the complexes were 66% and 63%. The Schiff base ligand was cotton-like
yellow whereas the Fe(II), and Mn(II) complexes were light-brown and brown
respectively. It was found that the melting point of the ligand was 251°C and the
decomposition temperature of the metal(II) complexes were 280°C and 285°C,
this is an indication of their thermal stability.

The molar conductance of the complexes were 14.89 and 10.76 Q™'.cm*mol™
for Mn(II) and Fe(II) complexes. These low values suggest their non-electrolytic
nature as reported by Eman [12]. The effective magnetic moments values of 5.72

and 5.12B.M show the paramagnetic nature of the complexes.

3.2. Solubility Test

Some common organic solvents and water were used to ascertain the solubility
of the Schiff base and its metal(II) complexes. Also from the result of solubility
test presented in (Table 2), the ligand and its metal(II) complexes were found to
be soluble in DMSO and dimethylformamide (DMF), insoluble in n-hexane and
water and slightly soluble in methanol and CCl,.

3.3. Elemental Analysis

The elemental analysis values of the ligand and its metal (II) complexes for C, N
and H determined, indicated that the stoichiometry of all the complexes are 1:1
(metal to ligand ratio) and recorded in (Table 3). Also, the elemental analysis
details of the ligand suggested the formation of C,,H,,N,O, while that of the
complexes revealed the formation of [MnL(H,0),]-H,0O and [FeL(H,0),]-H,O.

This is in consistent with similar work done by Abubakar [13].

Table 1. Physical properties of the Schiff base ligand and its metal(II) complexes.

% M.P. D. Temp. uff Molar Conductance

Compounds Colour idd  (°C) 0 (B.M.) (@ cm?mol™)
L (Ligand) Yellow 75 251 - - -
[MnL(H,0),]-H,0 Brown 66 - 280 5.72 14.89
[FeL(H,0);]H,0  Brown 63 . 285 5.12 10.76

Keys: M.P. = Melting Point, D. Temp. = Decomposition Temperature.

Table 2. Solubility test of the Schiff base ligand and its metal(II) complexes.

Solvents
Compound
Acetone n-hexane CCl, DMF DMSO Methanol water
L (Ligand) SS IS S S S SS IS
[MnL(H,0),]-H,0 sS IS SS S S ss IS
[FeL(H,0),]-H,0O sS IS sS S S ss IS

Keys: S = Soluble, SS = Slightly Soluble, and IS = Insoluble.
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3.4. FTIR Analysis

The infra red spectral analysis of the ligand and its metal(II) complexes were de-
termined. The band observed at 3339 cm™ (Figure 1) in the Schiff base is attri-
buted to {OH), and it disappeared in the metal(I) complexes, which indicate
the participation of phenolic oxygen atom in bonding with the respective met-
al(II) ions. Similar result was reported by Abdullahi and Gareth [14]. The broad
band at 3387 cm ™ and 3335 cm™' (Figure 2) in the complexes spectra are as-
signed to water of hydration as reported in the work of El-ajaily et al [15] [16].
The FTIR spectral details of the Schiff base determined displayed a band at 1622
cm™" and it was attributed to v (C=N), a feature of azomethine group. The same

band was observed to shift to lower frequencies 1614 and 1573 cm™' (Figure 3)

Table 3. Elemental analysis data of the Schiff base and its metal(II) complexes.

Found/(Calculated) %

Compound
% N % C % H % M
L (Ligand) 8.90 64.39 418 -
[MnL(H,0),]-H,0 6.34 (6.68) 49.02 (48.70) 4.73 (4.81) 13.10
[FeL(H,0),]-H,0 7.02 (6.67) 48.09 (48.59) 5.10 (4.81) 1329
i
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Figure 1. FTIR of Schiff base ligand.
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Figure 2. FTIR of Mn(II) complex.
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in the complexes suggesting coordination of the ligand to the respective met-
al(II) ions [17] [18]. New bands in the metal(II) complexes appeared and they
are assigned to M-N), stretching frequencies (Table 4).

3.5. Antimicrobial and Antifungal Activity

The antimicrobial actvity results of the screened ligand and its metal(II) com-
plexes were given in the Table 5 and Table 6. The ligand and its complexes were

screened for their antibacterial activities against the selected bacteria isolates of

2

] . e
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g ] 1 1 J7 f\
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g 57
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Figure 3. FTIR of Fe(II) complex.
Table 4. Infrared spectral data of the Schiff base and its metal(II) complexes.
Combound vOH vH,0 ¥C=N ¥C-O W-N  wM-O
P (cm™) (cm™) (cm™) (cm™) (cm™)  (cm™)
L (Ligand) 3339 - 1622 1383 - -
[MnL(H,0),]-H,0 N 3387 1614 1235 562 687
[FeL(H,0),]-H,0 N 3335 1573 1231 581 762

Table 5. Antibacterial activity on the Schiff base Ligand and its metal(II) complexes.

Bacterial inhibition zones in mm

Compound Concentration
P (pg-em™) Staphylococcus Esclzmlclua Salmonella typhi
aureus coli

1000 07 09 08

L (Ligand) 2000 06 08 10
3000 09 07 09

1000 09 10 11

[MnL(H,0),]-H,0 2000 11 13 13
3000 13 18 16

1000 11 11 10

[FeL(H,0),]-H,0 2000 12 15 15
3000 16 18 14
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Table 6. Antifungal activity on the Schiff base Ligand and its metal(II) complexes.

Fungal inhibition zones (mm)

Concentration
Compound 5
(ug-cm™) Aspergillus flarus Mucor iudicus Asphergillus niger
1000 06 03 04
L (Ligand) 2000 08 05 06
3000 09 07 07
1000 10 11 12
[MnL(H,0),]-H,0 2000 12 16 15
3000 20 20 19
1000 11 09 11
[FeL(H,0),]-H,0 2000 15 12 14
3000 18 17 17
]
OCH;3;
N=C \ N
(o) F

HZO/

OH,

\ N/ © .nH,0
\OHZ

Figure 4. Proposed general molecular structure of metal(II) complexes.

Eschirichia coli, Salmonella typhi and Staphylococcus aureus, by disc diffusion
method (Table 5). It was discovered that the metal(II) complexes possess more
effect in inhibiting the microbial growth. This is possibly because of the interac-
tion of the metal(II) complexes with lipoproteins of the cell. Therefore the met-
al(IT) complexes can restrict the usual functioning of the microbial cell. Fur-
thermore, higher stability of the complexes at higher temperature can also allow
them to be used as a potential antimicrobial agent. Similar result was also rec-
orded in Table 6 for antifungal activity shown by selected fungi isolates of As-

pergillus flarus, Asphergillus niger and Mucor iudicus respectively (Table 6).

4. Conclusion

Schiff base with its metal(II) complexes was synthesized and characterized
(Figure 4). The molar conductance values of the metal(II) complexes obtained
were low, indicating the non electrolytic behavior of the metal(II) complexes.
The elemental analysis data suggested 1:1 (metal to ligand ratio). The infrared
data indicated that the ligand was coordinated to the central metal(II) ion in a

tridentate manner via the azomethine nitrogen and phenolic oxygen atoms after
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deprotonation. The result of the solubility tests showed that the ligand and its

metal(II) complexes were soluble in dimethylsulphoxide (DMSO) and dime-

thylformamide (DMEF), slightly soluble in acetone and ethanol and insoluble in

water and n-hexane. The metal(II) complexes were found to be more active than

the ligand but less than the reference drugs Amoxicillin and Ketoconazole used.
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