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ABSTRACT

Metal complexes of Co(ll), Ni(ll) and Zn(ll) complexes of Schiff base derived from 2-
aminothiophenol and 2-methoxyphenylacaetaldehyde have been synthesized and characterized by
conductivity measurement, magnetic measurement and spectroscopic analysis. Infrared spectra of
the Schiff base revealed azomethine peak at 1640 cm-1 . This band was shifted to higher or lower
wave numbers in the complexes, indicating the participation of the azomethine nitrogen in
coordination (M-N), also a new peak in the range of 717 — 786 cm-, the participation of the SH
group in chelation is ascertained from the shift of the and v(C-S) from 730 cm-1 and 758 cm—1 to
lower or higher wave numbers in the spectra of the complexes. Similarly a weak band of S-H, which
appeared at 2620 cm-1 in the case of ligand has been disappeared in the spectrum of all complexes.
New bands at 780-750 cm-1 in metal complexes, have been assigned to v(M-N) mode. New bands
at 660-700 cm-1 in L metal complexes, have been assigned to v(M-O) mode. Conductance
measurement (1.64 — 30.50 Ohm-1 cm2 mol-1) suggested the non-electrolytic nature of all the
complexes. Magnetic susceptibility analysis of the complexes gave results in the range of 1.94 —
5.32 B.M. suggesting octahedral geometry for all the complexes. The metal ligand reacting ratio
was confirmed by Jobs method of continuous variation. From the Job’s plot the number of
coordinated ligand was determined which indicate a 1:2 metal ligand ratio for the metal complexes.
The Schiff base and its metal chelates were screened for antimicrobial activity against six
pathogenic microbes (Staphyloccus aureus, Escherichia coli Candida albican, and Mucor indicus),
the Schiff base shows moderate activity, while the complexes show higher antimicrobial activity
against the tested microbes.
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Introduction

Schiff bases, named after its inventor Hugo Schiff (Schiff 1864), are organic compounds
containing azomethine group (-C=N). They have a general formula R1R.C=NR3z, where Ry and
Rz are organic groups (alkyl or aryl) and R, may be an alkyl/aryl group or hydrogen. Schiff
base metal complexes preface a new era with multipurpose activities in the coordination
chemistry and also has attracted enormous interest in the field of inorganic synthesis chemistry
due to the reaction and coordination mode currently. The binding ability of Schiff base with
various metal ion offers stable metal complexes with unique character and versatile application
[1,2,3]. Medicinal inorganic chemistry is a rapidly developing field with enormous potential
applications and offers new possibilities to the pharmaceutical industry. Metal-based
complexes seem to be the one of the best therapeutic approaches to treat and diagnose the
diseases. The use of transition metal complexes as therapeutic compounds has become more
and more pronounced. Development of transition metal complexes as drugs is not an easy task;
considerable effort is required to get a compound of interest. Beside all these limitations and
side effects, transition metal complexes are still the most widely used chemotherapeutic agents.
Copper exhibits considerable biochemical action either as an essential trace metal or as a

constituent of various exogenously administered compounds in humans [4,5].

One of the most fascinating areas in coordination chemistry is the interaction of metal ions with
biological molecules. All metals will form coordination compounds. The structure of metal
complexes consists of a central metal atom, bonded to a surrounding array of molecules or

anions [6,7].

In nature the role of coordination compounds is very important. Most of the metal ions are

essential to maintain human homeostasis and also play crucial roles in many biological
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processes by acting as cofactors in the proteins function thereby resulting in the stabilization,

regulation and completion courses of cellular functions [8].

Chlorophyll, hemoglobin and vitamin B12 are some examples for such metal complexes.
Inorganic medicinal chemistry and metal-based complexes seem to be one of the best

therapeutic approaches to treat and diagnose the diseases [9,10]

On reviewing the literature, it is confirmed that metal complex exhibits greater biological
property than that of free organic compounds [11, 12]. reviewed historical development and

amazing broad uses of metals, and the importance of their complexes in the medical area [13].
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Materials and Mwthods
Chemicals, Reagents and Apparatus

All the chemicals and reagents used in this research were of analytical grade and were used
without further purification. All glass wares used were washed with detergent, rinsed with
distilled water and dried in an oven at 110°C before use. All weighing was carried out on an
electric Metler balance model H3OAR.

Preparation of the Schiff base

The Schiff base formed from 2-aminothiophenol and 2-methoxyphenylacetaldehyde was
prepared by adding 20cm? ethanolic solution of 2-aminothiophenol (1.00g, 0.00751mol) to the
same volume of ethanolic solution of 2-methoxyphenylacetaldehyde (1.1278g, 0.00751mol).
The mixture was magnetically stirred at 70°C for 4hrs. The reaction mixture was concentrated,
cooled to room temperature to afford a crude product which was allowed to stand for 72hr.
The dark solid product obtained was filtered, re-crystallized with ethanol, and washed with

distilled water and dried in desiccators over CaCl, for 24hours [14, 15].

Preparation of Schiff base Metal Complexes

The metal complexes were prepared by adding 20cm?® of ethanolic solution of MCl,.nH20
(where M = Co, Cu, Mn, Fe, Ni or Zn) with ethanolic solutions of the prepared Schiff base in
the ration of (1:2). The resulting mixture was magnetically stirred at 70°C for 3hours. On
cooling to room temperature, coloured solids were precipitated out. The product was filtered,
re-crystallized with ethanol, and washed with distilled water and dried in a desiccator over
CacCl; for 24hours.

Physical measurements

IR spectra of the Schiff base and its metal complexes were recorded on FTIR Carry Agilent
Technologies model 630 spectrophotometer at 4000 - 650 cm-1 region in KBr powder. Metal
to ligand ratio was determined by using job’s method of continuous variation. Jenway 4010

conductivity meter was used in conductivity measurement using DMSO as solvent.

SMP10 STUART melting point apparatus was used to obtained Melting point and

decomposition temperature.
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UV-visible spectrophotometric analysis was carried out using UV-visible spectrophotometer
model 3310.Magnetic measurements of the complexes were performed on Gouy's balance at

room temperature.

Microbial activities

The antibacterial activity of the Schiff base ligand and its metal complexes was carried out by
using bacterial isolates of Staphylococcus aureus, and Escherichia coli. The suspension of each
microorganism was smeared on the surface of the solidified Muller-Hinton Agar (MHA)

already poured into petri dishes.

The Schiff base and the metal Complexes were separately dissolved in DMSO to obtain three
distinct concentrations (250ug/disc, 125ug/disc and 62.5ug/disc) through serial dilution and

placed on the surface of the culture media, incubated at 37°C for 24 hours.

Activities were determined by measuring (mm) the diameter of the zone of inhibition and
compared with a standard drug (Ciprofloxacin) [16, 17].

The antifungal activity of the Schiff base ligand and that of its metal complexes were tested
against two pathogenic fungi; Candida albicans, and Aspergillus fumigatus, using disc

diffusion method.

Ketoconazole was used as standard fungicide and DMSO was used as a negative control The
fungal suspension was smeared on the solidified Potato Dextrose Agar (PDA) already poured

into petri dishes.

The Schiff base and the metal Complexes were separately dissolved in DMSO to have three

different concentrations (250ug/disc, 125ug/disc and 62.5ug/disc) per well.

They were placed on the surface of the culture media and allowed to stand at room temperature

for good 48 hours.

Activities were determined by measuring (mm) the diameter of the zone of inhibition and
compared with the standard [18]. The sensitivity results of the biological activity of the Schiff

base ligand and the metal complexes.
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Results and Discussion

Table 1: Physical Properties of the Schiff base and its Metal (I11) Complexes

Compounds/ Molecular Colour Percentage  Melting Decomposition
Complex weight Yield Point Temperature
Ligand 257.35 Yellow 83.12 176

[CoL.Cl;] 645.11 Light Brown  70.24 ~ 259

[NiL.Cl] 644.91 Light Brown  68.90 _ 289

[ZnL,Cl] 651.21 Light Brown  72.87 ~ 229

L = Ligand, CisHisNOS Mol. weight = 257.35

The Schiff base and its metal (1) complexes were prepared in good yield, the physical
properties of the synthesized Schiff base and its metal complexes were analyzed and presented
in Table 1.

The percentage yield of the Schiff base is 83.12% a yellow crystal, while the cobalt (11), nickel
(1), and zinc (1) complexes were obtained as light brown crystal powder with a good yield of
70.24%, 68.90%, 72.87% for the cobalt, nickel and zinc complexes respectively. The
decomposition temperatures of the metal complexes range from 229°C-291°C showing that the
decomposition temperatures of the metal (I1) complexes are higher than that of melting point

of the ligand indicating that complexation has taken place [19,20].
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Table 2: Solubility Test of the Schiff base and its Metal (11) Complexes

Ligand/Complexes Distilled Ethanol Methanol Acetone Pet. DMF DMSO

water ether
Ligand IS S S IS IS S S
[CoL] 1S S S IS IS S S
[NiL2] IS S SS IS IS S S
[ZnL2] 1S S S IS IS S S
L=Ligand CisHisNOS Mol. weight=257.35 DMF=Dimethylformamide,
DMSO=Dimethylsulfoxide, S= Soluble SS=Slightly Soluble IS= Insoluble

Table 2 above shows the solubility of the Schiff base and its complexes. Both the Schiff base
ligand and their complexes were found to be soluble in ethanol, methanol, DMF and DMSO,
but insoluble in water petroleum ether, and acetone, indicating that these compounds have low

polarity.

The differences in the solubility of the ligand and their corresponding complexes further proved

that the synthesized complexes are different from their parental ligand
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Table 3: Percentage of Water of Crystallization

Complexes initial weight weightloss % water of  Number of

Q) (9) crystallizatio water of
n crystallizati
on
Co? 0.2 0.0175 8.75 4
Ni% 0.2 0.0145 7.25 3
Zn%t 0.2 0.0098 4.90 2

The above table 3 shows the percentage of water of crystallization in the complexes.

All the complexes were found to be hydrated due to the presence of broad peak around 3238-
3029cmt in the Schiff base and their corresponding complexes indicate the presence of water

of hydration to the structure of the compounds.
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Table 4: Percentage Compositions and Empirical Formula of the Complexes

Complexe % of % of % of %of M:L Empirical
The Metal Chlorin  ligand Water ratio Formulae
e

Co** 8.2 9.9 71.8 75 1:2 [CoL2CL2].4H,
@)

Ni2* 8.4 10.0 73.6 1.7 1:2 [NiLCL>].3H20

Zn?* 9.5 10.3 75.0 7.9 1:2 [ZnL.CL2].2H2
@)

above table 4 shows the percentage of water of crystallization in the complexes. All the
complexes were found to be hydrated where Co(ll) complex was found to be tetrahydrate,

Ni(Il) complex was found to be trihydrate and the Zn(1l) complex dihydrate.

The metal ligand reacting ratio was confirmed by Jobs method of continuous variation. From
the Job’s plot the number of coordinated ligand was determined which indicate a 1:2 metal

ligand ratio for the metal complexes.
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Table 5: Conductivity Measurements

Complexes Electrical Conductivity Molar Conductance
(ohm* cm?)x10 (ohm cm?mol™)

[CoL;] 32.71 10.02

[NiL2] 16.34 6.40

[ZnL>] 10.55 5.51

The molar conductance of each of the metal (I1) complex was measured in dimethylsulfoxide
(DMSO). The values obtained were in the range of 5.51-12.08 ohm™cm?mol™. Which are
relatively low, indicating the non-electrolytic nature of the metal complexes? [21, 22]. The
molar conductance ranges for non-electrolyte metal complexes in DMSO is 1-50 ohms
tem?mol™? [23].

Table 6: Magnetic Susceptibility

Complex Xg (ergG2g?) Xm (ergG2mol?)  peff (B.M)
[CoLz] 5.11 * 101 4.49 %1070 3.97
[NilLz] 1.67 * 101 1.75 % 10° 3.04
[ZnLs] -1.71%101 -2.14*10° 0
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Table 6 shows the magnetic susceptibility measurement of the complexes. The effective

magnetic moments of the complexes, as determined from the magnetic susceptibility, were
3.97BM for Co(ll), 3.04BM for Ni(ll), and 0BM for zZn(ll). Based on these values we

propose octahedral geometry to all the complexes.

Table 7: FTIR Spectrum

v(C=N) v(C=C) v(C- v(C-N) v(N-M) v(0-M) v(C-S)
OME)
LIGAND 1640 1599 1279 1348
[CoL2] 1629 1491 1279 1343 765 672 739
[NiL2] 1600 1493 1287 1348 736 680 740
[ZnL2] 1564 1510 1279 1349 770 675 742

Range 650-4000 cm-1 help to indicate regions of absorption vibrations. The main stretching
modes are for vS-H, vC=N, vC=C, vC-0O, vC-N, vC-S, vM-N, vM-O and vM-S. The IR data

of the spectra of Schiff base ligand (L) and their complexes are presented in Table below. The

IR spectra of the complexes were compared with those of the free ligands in order to determine

the coordination sites that may be involved in chelation. The position and/or the intensities of

these peaks are expected to change upon chelation Upon comparison, it was determined that

the v(C=N) stretching vibration is found in the free ligands at1640 cm—1 for the L ligands. This

band was shifted to higher or lower wave numbers in the complexes, indicating the

participation of the azomethine nitrogen in coordination (M-N). The bands appearing between
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1475 and 1600cm-1 have been assigned to aromatic vC=C. The shifted band in many cases is
coincident with the C=C band, which then shows greater intensity or broadening.

The vC=N modes are often mixed with higher frequency vC=C (near 1600 cm-1) and are seen
as a strong band. The bands appearing at 1315-1400 cm™* (specially the highest frequency ones
near 1400 cm™) have been assigned to vC-N mode However, the participation of the SH group
in chelation is ascertained from the shift of the and v(C-S) from 730 cm™ and 758 cm™ to lower
or higher wave numbers in the spectra of the complexes. Similarly a weak band of S-H, which
appeared at 2620 cm™ in the case of ligand has been disappeared in the spectrum of all
complexes. New bands at 780-750 cm™ in L metal complexes, have been assigned to v(M-N)

mode. New bands at 660-700 cm™ in L metal complexes, have been assigned to v(M-0) mode.

Micribial Studies

The in vitro antibacterial and antifungal screening results are given in Table 8 and 9
respectively. DMSO was used.as a negative control and Ciprofloxacin was used as positive
control for antibacterial and ketoconazole for antifungal activities. The results show that most
of the complexes are more active than the Schiff base but much lower than the standard drugs
used. In some cases, most especially in the antifungal screening, the Schiff base and the
complexes have similar activities which are much lower than the ketoconazole standard. In the
antibacterial, the The complexes activity was fairly similar to those of the Schiff base,
suggesting that the chelation has not have much impact on the isolates unlike in the bacterial
isolates.

The improved activity of the metal complexes when compared with the free Schiff base in the
antibacterial test may be linked to the influence of the metal ion in the cell membrane of the
isolates. In addition, chelation may also play a role as it provides both the polar and non-polar

properties together, needed for permeation to both the cells and the tissues.

Also, lipophilicity is modified by coordination, which may make the complexes more active
than the free Schiff base [24] Though, in some cases complexation improves activity, it was
found to be lower than the activity of the standards (positive control) for both the antibacterial

and antifungal screening [25].
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Table 8: Antifungal sensitivity test of the Schiff base and its metal (ii) complexes

Complexes Concentration (ug/ml)/ Zone of inhibition (mm)

Staphylococcus Aureus Escherichia Coli

250 125 62.5 250 125 62.5
Ligand 18 14 11 19 13 10
[CoL;] 24 18 15 15 14 11
[NiLs] 23 19 12 23 20 15
[ZnL;] 25 21 15 21 17 14
Standard 32 27

Standard = Ciprofloxacin

Table 9: Antifungal sensitivity test of the Schiff base and its metal (ii) complexes

Complexes Concentration (ug/ml)/ Zone of inhibition (mm)
Candida albican Mucur specie

250 125 62.5 250 125 62.5
Ligand 18 16 17 18 16 13
[CoL;] 22 19 14 19 15 12
[NiLz] 23 18 10 13 12 -
[ZnL;] 17 13 10 20 18 15
Standard 38 36

Standard = Ketoconazole
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Conclusion

The Schiff base and its metal complexes of Co(ll), Ni(ll), and Zn(Il) have been synthesized
and studied by various analytical techniques. Job’s method of Continuous variation shows that
the metal-ligand ratio in all the complexes is 1:2. All the complexes are non-electrolytes in
DMSO solvent. The decomposition temperature of the metal (I1) complexes indicated that
complexation has taken places. Based on magnetic susceptibility data, Co(ll) and Ni(ll Schiff

base complexes are paramagnetic while Zn(1l) complex is diamagnetic.

Based on the spectral studies, conductance data and magnetic susceptibility data, the
synthesized ligand and its complexes are neutral tridentate, coordinating through the Oxygen
of the methoxy group, Sulphur of thiol and Nitrogen of the azomethine group. The
antimicrobial activity results indicate that all complexes have been found to be more effective
than its ligand as the process of chelation dominantly affects the overall biological behavior of
the compounds. Based on the analytical and spectral studies, we propose octahedral geometry

to all the complexes.
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