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ABSTRACT: Some divalent transition metal complexes were synthesized by the
reaction of the chlorides of Co(ll), Fe(ll), Mn(I1) and Ni(Il) with Schiff bases derived
from the reaction of 4-methoxybenzaldehyde with p-anisidine in methanolic solution.
The Schiff base [L] was obtained as grey colored crystals with a melting point of 153°C.
The metal(l1) complexes [ML] obtained were all colored and decomposed at the range
of 171-177 °C. Molar conductivity measurements for the complexes carried out using
DMSO were found to be at the range of 1.19-76.07Q *mol~*cm?. The small values could
be an indication for non-electrolytic nature of the complexes. From the values of the
magnetic moment (4.40-5.85 B.M), all the complexes were found to be paramagnetic
and soluble in most common solvents. The infra-red spectral analysis indicates
complexation has taken place due to metal-nitrogen bands at the range, 632—645cm
for [ML]. The metal-ligands ratio in all the complexes was 1:2 as obtained from the
Job’s method of continuous variation. The percentage composition of the metals and
their corresponding ligands were found gravimetrically and the results obtained were
in good agreement with the calculated values. The ligands and their corresponding
complexes were screened in-vitro for their antimicrobial activity against Escherichia
coli, Aspergillus fumigatus, Salmonella typhi, Staphylococcus aureus, Aspergillus
flavus and Mucor species using the paper-discs diffusion method. Inhibition properties
of the compounds showed that the complexes have higher antimicrobial activities than
the ligands which could be attributed to chelation.

KEYWORDS: Imine, ligands, complexes, paramagnetic, antimicrobial activity and
chelation.

INTRODUCTION

Schiff bases, imines or azomethines named after Hugo Schiff (1834-1915) are the
nitrogen analogs of ketones and aldehydes but imine is the preferred name and it is so
commonly used. These compounds can be prepared by condensation of primary amines
with ketones or aldehydes. For a favorable equilibrium constant, the reaction is usually
driven forward by removal of water.
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Scheme 1. Equation of reactions

R here stands for a phenyl or alkyl group which makes the Schiff base a stable imine.
It is able to coordinate metal ion through the imine nitrogen and another group, usually
linked to the aldehyde. Mechanistically, the formation of an imine involves two steps;
first the amine nitrogen acts as a nucleophile, attacking the carbonyl atom; the nitrogen
Is deprotonated, and the electron from this N-H bond “push” the oxygen off from the
carbon, leaving behind a C=N double bond (an imine) and a displaced water molecule.
The common Schiff bases are crystalline solids which are feebly basic but at least some
form insoluble salts with strong acids (Mahmud, 2010), in complete derivatives the
C=N linkage is essential for biological activity, several azomethines were reported to
possess remarkable antimicrobial activity, antifungal, anticancer and diuretic activities
(Barboiu et al., 1996). Schiff bases have wide applications in food industry, dye
industry, analytical chemistry, catalysis, fungicidal, agrochemical and biological
activities. Schiff base complexes are considered to be among the most important stereo-
chemical models in main group and transition metal coordination chemistry due to their
preparative accessibility and structural variety (Keypour et al., 2009). A considerable
number of Schiff base complexes have potential biological interest, being used as more
or less successful models of biological compounds. Not only have they played a seminal
role in the development of modern coordination chemistry, they can also be found at
key points in the development of inorganic biochemistry, catalysis and optical
materials. Their use in birth control and as an O detector is also outlined (Anant and
Devjani, 2011). Schiff base chelates are also used in quantitative analysis as an
analytical chemical reagent and as separation reagents (Bader, 2010) and also in
synthetic applications in the field of organic and inorganic chemistry (Pallavi et al.,
2014).

LITERATURE REVIEW

Jain and Valecha in 2015 reported the Synthesis and characterization of Schiff base
derived from 4-benzoyl-3-methyl-1-phenylpyrazol-5-one and p-anisidine respectively.
The Schiff base slightly inhibited only gram positive bacteria (Bacillus subtilis and
Staphylococcus aureus), while the Ni(ll) and Co(ll) complexes also inhibited the
growth of only gram positive bacteria and was reported as a highly active complex.
Mn(I1) complex inhibited only a single gram positive bacteria (S. aureus). The least
activity was shown by Cr(l11) complex as no bacteria was inhibited. Feroza et al, (2012)
reported the Synthesis, spectroscopic characterization and antibacterial activities of
three Schiff bases derived from dehydroacetic acid with various substituted anilines.
Their antibacterial activities were investigated against four bacteria, two gram positive
(Staphylococcus aureus, Bacillus subtilis), and two gram negative bacteria strains
(Escherichia coli and Pseudomonas aureginosa by the agar well diffusion method. The
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Schiff base showed better antibacterial activity when compared with other Schiff bases
against the studied microbes. Conclusively, these newly reported Schiff bases have
potential antibacterial activities against four strains of bacteria like Staphylococcus
aureus, Bacillus subtilis, Escherichia coli and Pseudomonas aureginosa.
Dioxouranium(VI1) complexes of some monovalent bidented Schiff base ligands
derived from aniline were reported by Didarul et al., in 2011. The results suggested that
the Schiff base is a monovalent anion with bidented ON donor atoms of the phenolic
oxygen and the azomethine nitrogen atoms. The formulae were found to be UO.L. for
the 1:2 non-electrolytic complexes, and six coordinate structures were proposed for it.
The temperature effect on solution stability constants of metal complexes with Schiff
bases derived from 5-aldehydrosalicylic acid-aniline and its related compounds were
reported by Basavaraj et al, (2011). The solution stability constants of their complexes
with bivalent metal ions Cu(ll), Zn(I1), Ni(1l), Co(ll), Cd(1l) and Mg(Il) was determined
at four temperatures in 50% water-ethanol mixture at an ionic strength of
0.1M(NaClOs). The order of solution stability constants was found to be Zn < Cu >Ni
> Co = Cd > Mg which was in agreement with Irving—Williams order. The values of
AGo, AHo, AS, was calculated for the various complex equilibrium and copper chelates
were found to be more stable than Zn and Ni chelates due difference in their
configurations. Cu(ll) formed square planar complex while Zn(l1), Ni(ll) formed a
tetrahedral or octahedral complexes. The logK value for Zn chelate was found to be
higher as compared to that of Ni chelate in all the reagents used for the investigation.
In 2011, Aliyu and Bilyamin  reported Studies on  bis(para-
anisidineacetylacetonato)nickel(I1) complex. The molar conductance of the bis(para-
anisidineacetylacetonato)nickel(I1) complex compound determined was 4.70 Q‘cm?
mol, suggesting that the complex was non-electrolyte. The average number of para-
anisidine ligand coordinated to Ni(ll) ion determined using potentiometer was 2,
suggesting a four coordinated compound. Manimekalai (2011) reported transition metal
complexes of phenylacetates with neutral hydrazine as a ligand, where some hydrazine
carboxylates of the type Co(PhAc)2(N2H4)2, where M = Co, Ni, Cd and Mn, M(di-
PhACc)2.5N2H4, M = Co, Ni and Cd, M(2,4 di-CIPh.Ac)2.5N2H2.H20 where M = Co, Ni
and Cd, have been prepared and studied. The electronic spectra suggested an octahedral
geometry for the metal complexes. The IR absorption bands of N-N stretching in the
range 958-957cm™ unambiguously prove the bidented bridging nature of the N2Ha
ligand. All the prepared complexes underwent two, three or multi step decomposition
and the final products were found to be the respective metal oxide, metal carbonate,
metal of mixture of metal oxide and metal carbonate or metal as indicated by thermal
analysis. In order to know the isomorphous nature among the complexes, the X-ray
patterns were compared.

MATERIALS AND METHODS
Reagents

Reagents of analytical grade purity and distilled water were used without further
purification. All glassware used were well washed with detergent, concentrated nitric
acid (0.1M) and rinsed with distilled water and dried in an oven at 110°C.
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Instruments

All weighing were carried out on an electric metlar balance model H3OAR, melting
point and decomposition temperatures were measured using Stuart SMP-10 (Digital)
melting point apparatus and were uncorrected. Molar conductance measurements were
determined using Jenway Conductivity meter 4010 model. IR spectral were recorded
using FTIR 8400S (Fourier Transformed Infrared Shimadzu Spectrophotometer) in
KBr at the range of 400-4000cm™ and 300-1000cm™ respectively. The antimicrobial
and antifungal evaluations were performed at the Department of Microbiology, Bayero
University, Kano.

Synthesis of the Schiff base

0.1M H>SO4 was added to an equimolar amount of 4-methoxybenzaldehyde and p-
anisidine in a 50cm?® methanolic solution (1:1) molar ratio to give [L]. The mixture was
refluxed for one hour after which it was cooled to room temperature. The product
formed was concentrated, filtered, washed with 3 x 15¢cm?3 portions of ethanol and dried
over anhydrous P2Os in a desiccator (Ndahi et al., 2012).

H
CHO NH @V
O N O 2 MeOH/0.1M H,S0,/reflux VC(C\N OH
H,CO H,CO Thr > HO

(L]

Scheme 3. Formation of the Schiff base
Synthesis of the Metal(11) Complexes

3mmol of the corresponding metal salt (NiCl2.6H2O, CoCl..6H.0, FeCl>.4H,0 or
MnCl2.4H,0 in 25cm® methanol) was added separately to a solution of the Schiff base
ligand [L] in 10cm® methanol, with constant stirring. The mixture was refluxed for 2
hours using hot plate magnetic stirrer, after which it was allowed to cool at room
temperature and the product formed was concentrated, filtered and washed with
3x10cm?® portions of ethanol and stored in a desiccator containing anhydrous P2Os
(Ndahi et al., 2012). The general equations leading to the formation of the complexes
is given below:

where M = Mn(ll), Fe(ll), Co(ll) or Ni(ll); [L] = Schiff base derived from 4-
methoxybenzaldehyde and p-anisidine.

Antibacterial Activity

Potato dextrose (pH of 5.5 at 25°C) and Nutrient agar were prepared separately and
autoclaved before used for antibacterial activities. The ligands and complexes were
dissolved separately in DMSO at different concentrations per disc, they were then
placed separately on the surface of the culture using a sterile wire loop and incubated
at 37°C for 24hrs. The diameter of the zones of inhibition surrounding the discs was
taken as the measure of inhibitory power of the sample against a particular test
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organism. The in-vitro antibacterial activity was carried out by paper disc diffusion
method

RESULTS

Table 1: Physical properties of the ligand and the complexes

Compounds  Formular Formular wt (g) Colour Yield M.pt/Decomp.
Tempt (°C)
[L] CisH1sNO> 241.28 Grey 84.64 153
[CoL] [Co(L)2] 541.50 Yellow 84.94 171d
[FeL] [Fe(L):] 538.41 Brown 83.42  176d
[MnL] [Mn(L)] 537.51 Yellow 90.87  174d
[NiL] [Ni(L)2] 541.26 Green 89.20 177d
Key: [L] = C1sH15NO;
Table 2: Infrared spectral data of the ligands and complexes
Compounds v C=N vM-N v M-O v O-H
[L] 1623 3719
[CoL] 1610 645 536
[FeL] 1620 644 533
[MnL] 1623 632 537
[NiL] 1620 637 537
Key: [L] = C1sH1sNO:
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Table 3: Molar conductivity of the Schiff base complexes

Compound  Concentration, C Specific conductance (S) Molar conductivity:
(mol) A= %] Qecm? mol™

[CoL] 1x 103 77.58 x 10° 77.58

[FeL] 1x10°3 85.10 x 10° 85.10

[MnL] 1x10% 79.95 x 10°° 79.95

[NiL] 1x10° 80.55 x 10 80.55

Key: [L] = C1sH1sNO2 A = Molar conductance C = Molar concentration

S = specific conductance

Table 4: Solubility of the compound in water and some  common organic solvents

Solvents [L] [CoL] [FeL] [MnL] [NiL]
Acetone S S S S S
CCly S IS SS SS SS
Chloroform S S S S S
Diethylether IS S S S S
DMF S S SS S S
DMSO S S S S S
Aceticacid S S S S S
Methanol IS IS IS IS IS
Pet. Ether IS IS IS SS IS
Water IS IS IS IS IS

Key: [L] = CisHisNO:
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Table 5: MAGNETIC SUSCEPTIBILITY OF THE COMPLEXES

Compounds  Gram susc, Xg Molar susc, Xm Effective mag. Unpaired Geometry

ergc?g? moment (peff) B.M electrons
[CoL] 1.62 x 107 8.75x 107 4.62 7 Octahedral
[FeL] 12.04x10°  1.10x 102 5.17 6  Octahedral
[MnL] 1.67 x 107 8.96 x 1073 4.68 5  Octahedral
[NiL] 2.18 X 10° 1.20 x 102 5.34 8  Octahedral
Key: [L] = C1sH1sNO:

Table 6: ANTIBACTERIAL ACTIVITIES OF THE COMPOUNDS

Compound  Organism Concentration (pg)/Zone of inhibition (mm)

5000 4000 3000 2000 1000 Control (mm)

[L] S. aureus 18 14 12 07 04 30 (Ampiclox)
[L] E. coli 24 16 10 10 08 32 (Ampiclox)
[L] S. typhi 20 18 14 06 04 30 (Ampiclox)
[L] A. fumigatus 22 20 16 10 07 27(Ciprofoxacin)
[L] A. flavus 26 26 23 20 15 30 (Ciprofoxacin)
[L] Mucor. S 24 22 18 20 14 33 (Ciprofoxacin)
[CoL] S. aureus 24 19 NZI 14 10 32 (Ampiclox)
[CoL] E. coli 26 19 16 14 NZl 34 (Ampiclox)
[CoL] S. typhi 22 18 14 NZI 10 34 (Ampiclox)
[CoL] A. fumigatus 28 20 17 12 08 30 (Ciprofoxacin)
[CoL] A. flavus 26 20 16 12 NZI 32 (Ciprofoxacin)
[CoL] Mucor. S 28 18 14 10 NZI 33 (Ciprofoxacin)
[FeL] S. aureus 19 12 07 04 NZI 28 (Ampiclox)
[FeL] E. coli 16 12 12 10 06 32 (Ampiclox)
[FeL] S. typhi 19 13 11 07 04 30 (Ampiclox)
[FeL] A. fumigatus 16 12 NZI Nzl 02 34 (Ciprofoxacin)
[FeL] A. flavus 20 14 10 06 NZI 30 (Ciprofoxacin)
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[MnL] S. aureus 26 16 12 07 03 28 (Ampiclox)
[MnL] E. coli 18 12 07 04 NZl 31 (Ampiclox)
[MnL] S. typhi 24 17 14 10 06 34 (Ampiclox)
[MnL] A. fumigatus 22 16 14 08 04 30 (Ciprofoxacin)
[MnL] A. flavus 18 12 10 06 02 32 (Ciprofoxacin)
[MnL] Mucor.S 22 10 03 NZI Nzl 30 (Ciprofoxacin)
[NiL] S. aureus 28 22 16 10 06 34 (Ampiclox)
Key: [L =CisH15NO> NZI = No zone of inhibition
Ampiclox = (500mg per disc) Ofloxacin = (500mg per disc)

Table 4.6b: cont

[NiL] E. coli 22 14 NZI NzZI 02 31 (Ampiclox)
[NiL] S. typhi 26 18 16 08 NZI 34 (Ampiclox)
[NiL] A. fumigatus 24 17 13 10 06 30 (Ciprofoxacin)
[NiL] A. flavus 26 22 14 07 02 32 (Ciprofoxacin)
[NiL] Mucor. S NZI NzZI Nzl NzI Nzl 33 (Ciprofoxacin)
[MnL] S. aureus 26 16 12 07 03 28 (Ampiclox)
[MnL] E. coli 18 12 07 04 NZI 31 (Ampiclox)
[MnL] S. typhi 24 17 14 10 06 34 (Ampiclox)
[MnL] A. fumigatus 22 16 14 08 04 30 (Ciprofoxacin)
[MnL] A. flavus 18 12 10 06 02 32 (Ciprofoxacin)
[MnL] Mucor.S 22 10 03 NZlI Nzl 30 (Ciprofoxacin)
[NiL] S. aureus 28 22 16 10 06 34 (Ampiclox)
[NiL] E. coli 22 14 NzZI NzZI 02 31 (Ampiclox)
[NiL] S. typhi 26 18 16 08 NZI 34 (Ampiclox)
[NiL] A. fumigatus 24 17 13 10 06 30 (Ciprofoxacin)
[NiL] A. flavus 26 22 14 07 02 32 (Ciprofoxacin)
[NiL] Mucor. S NZlI NzZI NzI NzI Nzl 33 (Ciprofoxacin)
Key: [L =CisH15NO2 NZI = No zone of inhibition
Ampiclox = (500mg per disc) Ofloxacin = (500mg per disc)
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DISCUSSION

The interaction between 4-methoxybenzaldehyde with p-anisidine gave grey colored
crystals of Schiff base [L]. The percentage yield of the Schiff base [L] was 84.64% with
melting point at 153°C. The reaction of the Schiff base, [L] with the metal(Il) chlorides
(NiCl2.6H20, CoCl,.6H.0, FeCl2.4H20 or MnCl,.4H20) produced complexes that are
variously colored with percent yields in the range 84-90%. The ligand [L] have sharp
melting point while its complexes decomposed thermally. The sharp melting point observed
in the ligand was an indication of purity for the substance prepared. The high values of the
decomposition temperatures (Table 1) for the complexes are an indication of thermal
stability of the compounds which might be associated with the chelation that has taken
place. All the complexes are anhydrous and air stable. The Schiff base and its complexes
were found to be soluble in most organic solvents (Table 4). The molar conductance (Table
3) of the complexes in dimethylsulphoxide (DMSQO) was found using a conductivity meter
(Jenway Conductivity meter 4010). The values was in the range 77.58-85.10 Q'mol"
lem?, these large values suggest the presence of anion outside the coordination sphere.
These values are in good agreement with those reported earlier (Abbas et al., 2013; Geary,
1971). The magnetic moment values of the complexes obtained (Table 5) was in the range
of 4.62-5.34 B.M and is an indication of paramagnetic nature of the complexes due to the
presence of unpaired electrons in the partially filled d-orbitals (5, 6, 7 and 8) for Mn?*, Fe?*,
Co?" and Ni?* respectively. The values suggest the complexes to be high spin while the
spin-only values suggest an octahedral geometry for the complexes. The positive Xm value
confirmed the substances to have unpaired electrons; this is in agreement with what has
been reported earlier (Yousif et al., 2013). Gravimetric analysis data for the complexes
obtained showed that the complexes analyzed as [M(L)2] and the results obtained were in
good agreement with the calculated values. A plot of absorbance (y axis) versus the mole
fraction (x axis) of the ligands (Appendix 1V) revealed a stoichiometric values of M:L
metal-ligand ratio. Table 2 revealed the infrared spectra of the ligand ([L] which showed a
characteristic band at 1623cm™ which is attributable to v C=N band. These bands shifted
to lower frequencies range 1610cm™ - 1623cm™ in the complexes [M(L):]; this indicates
involvement of the azomethine nitrogen in bonding, this is similar to the values reported by
Nakamato, 1971; Kolawole and Ndahi, 2004; Reddy et al., 2008. The band at 3719cm™ in
the ligand, [L] which is absent in the spectra of its complexes was assigned to v O-H and
could be taken as an indication of deprotonation and involvement of the hydroxyl oxygen
in complexation, this is similar to Zahid et al., 2009 and, Ndahi and Nasiru, 2012. The
appearance in the complexes of low frequency non-ligand bands around 632-645¢cm™ and
533-537cm™ was assigned to v M-N and v M-O, similar to (Shakir et al., 2006 and Shakir
et al.,, 2014). It was taken as an evidence for the coordination through nitrogen of
azomethine and oxygen of —OCHs group of [L] with the central metal, similar to those
reported by Ndahi and Nasiru, 2012. These bands was absent in the ligand. The shifting of
the band at 1623cm™ in the spectra of the ligand to lower values in the spectra of the
complexes, (around 632-645cm™) and the vibration centered around 3719cm™ assigned to
v O-H revealed that complexation has taken place and that azomethine and hydroxyl
oxygen were involved in coordination to the metal ion, this implied that the ligand [L], was
tri-dented. The antimicrobial analysis of the compounds obtained (Tables 6), revealed that
the metal complexes have higher antibacterial activity than the free ligands. This suggests
that chelation increases the antibacterial activity of the compounds as reported by, (Ndahi
et al., 2012; Zahid and Maimoon, 2000)
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CONCLUSION

The complexes have been synthesized and characterized by melting point/decomposition
temperatures, solubility tests in different solvents, molar conductivity, IR spectroscopy,
Jobs method of continuous variation, Gravimetric tests and antimicrobial activities. From
the results of the analysis conducted on the Schiff base and its complexes, and from
available literatures, it could be established that the ligand L, was tridented. The general
molecular structure proposed for the Schiff base and its metal(ll) complexes is as shown in

the figures below.
H
HO N
N OH
]

[L
Fig. 1. Schiff base ligand, L

L
K©/AN /
o L/o Cl,
\N
/ /
O\/©/4H
_ [M(L,)ICl, o

Fig. 2. Proposed molecular structure for the Schiff base complexes, [M(L,)]
where M = Co(Il), Fe(II), Mn(II) or Ni(II)
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