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ABSTRACT

One of a special right ligand is Schiff base ligand. The reason for that the preparation technigues is a simple
one post condensation of a carbonyl compound and amines in an alcohol solvent. The special feature for the Schiff
base ligand is that even a small modification of the ligand structure can remarkably change the characteristics of the
complexes.

The present study has been undertaken with a view to prepare the Cu(ll), Ni(Il)and Zn(ll) complexes of
bidentate Schiff base made by the condensed of 2-amino benzaldehyde with 3-amino acetophenone. This bidentate
ligand is expected to provide an arrangement of ligating atoms similar to salen and other salicylaldehyde diamine
Schiff bases. The prepared complexes are non-hygroscopic soluble in DMSO but insoluble in common organic
solvents and are stable at room temperature. The characteristics of the complexes were investigated by elemental,
molar conductivity, cyclic voltammetry and spectroscopic methods. The present study deals with the antibacterial
activity of ligand with complexes.
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1. INTRODUCTION

The general formula for Schiff base is RR’C=NR’’ Where R is aryl group, R’ is hydrogen atom and R’ is
alky and aryl group or aromatic group (Layer, 1963). Most commonly Schiff bases have NO or N,O, donor atoms.
Instead of oxygen, Nitrogen, sulphur or selenium can also take place. Salen and salophen complexes have discrete
aspect of study.

The medicinal applications of metals and its complexes are clinically and commercially important one.
Monograph reviews as well as dedicated volumes; testify to the growing importance of the discipline (Ferrell, 1999;
Orvig, 1999; Keppler, 1993; Clarke, 1989; Sadler, 1999). The drugs used in medicinal field may divide in to two
categories: Ligands as drugs and Metal based drugs (Reynodls, 1996; Sangeetha, 2015). New chelating agents
continue to be sought (Liu, 2002). The structure and characteristic property of zinc containing enzymes kindred with
several diseases like arthritis and cancer (Vallee, 1995; Rein, 1998). The drug’s use to either kill the cells or short
lived by pharmacodynamic mechanism (Albert, 1979).

2. SYNTHESIS AND ITS TECHNIQUES

All reagents and chemicals were of analytical grade and used without further purification. Acetonitrile was
obtained from SD fine chemicals. 2-Nitrobenzaldehyde were obtained from Lancaster and used as such without
further purification. Tetra butyl ammonium perchlorate (TBAP) used in electrochemical measurements was
purchased from Fluka and recrystallized by using hot water. All other chemicals were of reagent grade and were
used as received.
Synthesis of 2-aminobenzylidene-3-aminoacetophenone: Schiff base ligand was prepared from the condensation
of the 0.01 mole of 3-aminoacetophenone with 2-aminobenzaldehyde (0.01mole) in a molar ratio of 1:1 (Gaballa,
2006) using methanol at 45°C. The reaction mixture was stirred for 1.5hr. The precipitated was filtered off and
washed several times with methanol and dried in a desiccator over phosphous pentoxide. The yield was 75%.
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Fig.1. Structure of Metal Schiff base complexes
Synthesis of complexes: All the new Schiff base complexes were prepared by the above procedure with
stoichiometric amount of ligand in metal perchlorates/sulphates in a 2:1 mole ratio (Gaballa, 2006). To an ethanolic
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solution of 0.005mole of M (ClO4)2/SO4, 0.01 mole of the appropriate Schiff base (2-amino benzaldehyde-3-amino
acetophenone) was added. The reaction mixture was refluxed for 3-4 hr. This gives powdery precipitate of complexes
and it was filtered off dried in desiccator. The data was given in the table.1.

Table.1. Synthesis data of the complexes

Ligand | Metal Time of stirring | Yield of complex (%) | Melting point (°C)
1.199 | Cu(ClO4)..(1.312g) | 3h 85 242
1.199 | Ni(ClO4),.(1.289g) | 3.5h 79 236
1.199 | ZnS04.H,0(0.897g) | 3h 69 218

3. RESULTS AND DISCUSSION
Elemental composition: The elemental (nitrogen and metal) contents were estimated. The analytical data of the
ligand and their metal complexes are summarized in table.2. The ligand has 1- azomethine nitrogen atom and one
primary nitrogen atom and hence are expected to be bi dentate. It is known that this Schiff base (ambaap)bind to
divalent metal ions, such as Zn?* as dianions by losing one proton each from the two primary amine nitrogen atoms
(Deo Nandan Kumar, 2006).

The elemental analysis data was corrulated with neutral complex. In these mono nuclear complexes only the
—NH2 moiety group deprotonated and the azo methine group bind to a metal through its unshared pair of electrons.
The observed elemental composition agree with such a formulation as given in table.2.

Table.2. Elemental Composition

Compound Molecular formula | Mol. weight | Color Nitrogen (%) | Metal (%)
Exp | Cal Exp | Cal
Ligand (C15sH14N20) 238.28 Dark Yellow 11.40 | 11.75 | * *
[Cu(ambaap)2] | [Cu(CsoH2sN402)] | 538.10 Deep Blue 10.21 | 10.41 | 11.63 | 11.81
[Ni(ambaap).] | [Ni(CsoH2sN405)] 533.24 Greenish Brown | 10.39 | 10.50 | 10.89 | 11.01
[Zn(ambaap)2] | [Zn(CaoH2sN405)] 539.24 Brown 10.12 | 10.38 | 11.98 | 12.13

IR spectra and mode of bonding: The IR spectra of the free ligand was analogize with those of metal complexes
to determine the bonding nature of the ligand to the metal in the complexes. The frequencies of observed vibrational
bands are listed in table.3 and recorded spectra are shown in fig.2-5.
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Fig.3. Electronic spectra of [ Cu (ambaap)Z]

IR Speetram of (ambdasp)
Fig.2. Electronic spectra of (ambaap)
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Fig.4. Electronic spectra of [ Ni (ambaap)2]
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Fig.5. Electronic spectra of [ Zn (ambaap)?2]

Table.3. Characteristics IR Bands (cm™) of the Ligand and their complexes
Compound C=N(cm?) | N-H(cm?) M-N(cm™)
Ligand(ambaap) | 1640 3444 *

[Cu(ambaap),] | 1613 3415 503 480
[Ni(ambaap)-] 1617 3434 460
[Zn(ambaap)2] | 1587 3417 520 458

A remarkable band at 1630cm? is assigned to the v (C=N) vibration (Mathammal, 2015). The broad band

with medium intensity appears in the region of 3400-3500cm™ due to the N-H stretching vibration of the primary
amine (NHy) group. The coordination of the nitrogen atom to the metal ion decreases the v (C=N) frequency. These
band locates at 1610-1620cm™ (Fernandez, 1998). The ligand coordination is assisted by the appearance of v (Cu-N)
band at 560cm™ (Nakamoto, 1978). Thus the IR spectra provides affirmation that the bonding of the ligand to the
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metal ion occur through azo methine nitrogen and primary amine nitrogen atom and that the ligand act in a bidentate
manner (Wang, 1994). Symmetric stretching vibaration of CH; group is observed at 1400cm™ and a band observed
at 1100cm is assigned to C-H vibrations (Sodiun Nitrophenol) (Guru prasad, 2013)

Molar conductance measurements: Stiochiometry of the metal complexes is confirmed by conductometric
titrations. This is used to found the charge of the complex. The molar conductance of the metal complexes (1x107)
in two solvents (DMF/DMSO) at room temperature are in the range of 5-10/10-15 S cm mol™. The observed values
of molar conductance are tabulated in table.4. The reported mono nuclear complexes are non-electrolytes confirming

the neutral structure suggested (Selbin, 1962). The result of the elemental analysis, given in table.4.
Table.4. Molar Conductance Data of the complexes

Compound Solvent Molar Conductance An(Scm?mol™) | Type of Electrolyte
[Cu(ambaap);] DMF 11 Non Electrolyte
P) DMSO 9 Non Electrolyte
. DMF 14 Non Electrolyte
[Ni(ambaap)z] DMSO 7 Non Electrolyte
DMF 12 Non Electrolyte
[Zn(ambaap).] DMSO 10 Non Electrolyte

Electronic spectra: The electronic spectra of the ligand and its complexes in DMSO were recorded in the 800-
200nm region. The observed band in the ligand and the complexes are compiled in the table 5 and the electronic
spectra is presented in the figure.6-9. The bands in the region 430-310nm range is allocated to the n-n* transition for
the azomethine group. The spectra of the complexes, band of the azometine chromophore n- n* transition are moved
to lower frequency indicating that there is the co-ordination of amine nitrogen atom with the metal ion (Temel, 2002;
Ghose, 1986). The band at higher energies (230-290nm) are associated with benzene n- ©* transition.

Band of very low intensity peaks in the visible region are assigned to d-d transition. The Cu (Il) complex
exhibits a characteristic shoulder peak at 630-590nm. This observation is attributed to the four coordinated Cu (1)
complexes (Bjurrum, 1954). The nickel complex shows d-d band below 600nm which suggest a four coordination
around Ni (I1).

The electronic spectra of the Zn (1) complexes exhibit an absorption band at 385nm attributed L-M(charge
transfer) transition, which is compactable with this complex having a tetrahedral structure (Tuna, 2000). The shoulder
peak observed at 485nm which is arises due to four coordination around Zn (I1) complexes.
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Figure.6. Electronic spectra of (ambaap) Figure.7. Electronic spectra of [ Cu (ambaap)-]
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Figure.8. Electronic spectra of [ Ni (ambaap)-]
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Figure.9. Electronic spectra of [ Zn (ambaap)-]
Table.5. UV-Visible Spectral data (nm)

Compound Absorption (hmax)

d-d C-T|nnm m-T
Ligand -- 410 | 310-360 | 226-260
[Cu(ambaap).] | 590-620 | 420 | 365 270
[Ni(ambaap)2] | 540 410 | 350 280
[Zn(ambaap).] | 485 - 385 265-285

Cyclic Voltammetric studies: The redox properties of Schiff base complexes were studied by cyclic voltomogram
in the potential range +8 to -2.0V in DMSO having 0.1M, TBAP. The electrochemical data are tabulated in table 6
and cyclic voltomogram are reproduced in figs.10-13.
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In the case of copper complexes, the factor that effect the reduction of Cu(ll) to Cu(l) are the unsaturation
present in the ligand and the case with which the ligand rearranged itself with the different stereo chemical
requirement of the metal ion in the various oxidation state.

The coordination geometry most often found around Cu (1) and is a tetrahedral arrangement of the ligating
atom or a linear arrangements. To change over from the square plannar or tetragonal arrangement to the tetrahedral
geometry it requires the ligand to be flexible. It has been observed that the reduction potential become more negative
for complexes which make a tetrahedral geometry sterically unlikely (Calvin, 1946). The potentials are more positive
when the ligand is suited to form tetrahedral complexes (James, 1956).

The reduction of Cu (1) to Cu (I) take place at the potential of -0.23V. This low potential arises may be due
to the stabilization of Cu (1), the added electron being effectively delocalized by the unsaturated ligand. All the nickel
complexes exhibit two well defined oxidation waves corresponding to the redox processes 0—+land +1—+2.By
contrast, both (Ni(salen)) and [Ni(salphen)] gives wave only at much higher potentials and were assigned as two
electron processes (0—+2). The copper (1) compounds also gave two oxidation waves, but at higher potentials than
the nickel (1) compounds. The more extensively delocalized system of [Cu (ambphen)] gave waves at the higher
potentials.

The reduction of nickel (1) in complexes containing only isolated double bonds and takes place at negative
half wave potentials indicating the difficulty of such reductions. For example the nickel (11) complex undergoes two
one electron reduction at 1.35 and -2.0 identifies as the reductions Ni(II) —Ni(I) and Ni(I) —Ni(0) respectively.
From the peak separation values (Ep) and the cathodic to anodic or anodic to cathodic peak current ratios, we
conclude that the electron transfer process are chemically quasi reversible, one electron transfer process.
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Figure.12. Cyclic Voltammogram of [Ni Figure.13. Cyclic Voltammogram of [Zn (ambaap):]

(ambaap)]
Table.6. Cyclic Voltammetric Data of the Ligand and their complexes
Cyclic Voltammetric Data
Compound Epc(V) Epa(V)
Ligand -1.141 -1.270
[Cu(ambaap);] | -1.020, -1.333 | -1.450,-0.815
[Ni(ambaap),] | -0.920,-1.250 | -1.110,-0.848
[Zn(ambaap),] | ----- -1.990

Antimicrobial activity: The study of anti-microbial activity using agar medium has carried out, against various
bacteria like Escherichia coli, staphylococcus aureus, pseudomonas fluorescence and Salmonella thypi by the well
diffusion method (Perez, 1990). The biological activity values are depicted in table.7. The admirable activity of metal
chelates than the free ligand can be explained on the basis of the chelation theory and overtone’s concept (Tweedy,
1964). On chelation, the polarity of the metal ion is decreased because of ligand orbital and metal ion overlapping.
Further, it encourages the delocalization of n- n* and boost up the lipophilicity of the complex. Lipophilicity lifts up
the complexes into lipid membrane and blocking of metal binding sites on the enzymes of the microorganisation. So
the reported Schiff base complexes may have a possibility for antitumor effect since Gram-negative bacteria are
considered a quantitative microbiological method for testing drugs in tumor therapy (Vinod kumar, 2013).
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Table.7. Antibacterial activity of tested compounds

Compound Antimicrobial activity(Diameter for zones in mm)
S.Aereus % | E.Coli % P.Fluorescence % | S.Thypi %
05 |10 |05 |10 |05 1.0 05 |10
Ligand 8 13 10 |19 |9 17 11 |21
[Cu(ambaap);] | 12 18 14 |21 |13 30 15 |27
[Ni(ambaap).] | 9 14 11 |18 |10 19 9 26
[Zn(ambaap).] | 10 16 14 121 |11 31 16 |31

4. CONCLUSION

The bidentate Schiff base ligand was prepared by reacting 2-aminobenzaldehyde with 3-aminoacetophenone.
This Schiff base had reacted with metal salts (Cu/Ni/Zn: ClO4/SO4) in alcoholic medium and the resulting dark colour
complexes are isolated. The metal ligand of 1:2 had been arrived at by estimating the nitrogen and metal contents.

Conductivity measurements contain the non-electrolyte behavior of the mononuclear complexes, which were
supported by IR spectra showing the absence of counter ions.

Absence of characteristic peaks for the counter ions of central metal atom indicates that the mononuclear
complexes are formed by the deprotonation of NH, moites of the primary amine.

Electronic spectral studies indicate that the d-d transition of Cu (Il) and Ni (I) ion was responsible for the
appearance of a band in the visible region

Electrochemical studies show the redox potential for the Cu (I1) and Ni (1) ions, thus confirm the presence
of these metal ions in the mononuclear complexes. All the complexes undergo oxidation or reduction and the
reduction potential are influenced by the ligand ring size. The ligand containing COCH3 groups which passes electron
density into the azomethene group, making for the stronger electron donation to the metal. In these redox complexes,
electron are gained or lost from the orbital of the coordination metal from the electrochemical data, the ligand system
in ideally suited for stability the +2 oxidation state of copper and nickel in these complexes. Zn (Il) ion does not
undergo reduction or oxidation in the given potential range because of invariable oxidation of Zn is +2.

The biological activity of the result shows that the Cu-ambaap and Zn —ambaap are almost equally effective
because of similarity in size, charge and electronic configuration and ligand type. Therefore Zn (Il) tends to act as
metabolic antagosots to Cu (I1). Further, these two complexes are more effective compared to Ni-ambaap and ligand.
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