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< ABSTRACT ) The mononuclear Schiff base and its cobalt (IT) complex is derived by the condensation of isatin and aniline. The cobalt

chloride is added to this ligand in the ratio 1:2 to form mononuclear cobalt complex [ML,X,] where M = metal, L=
Schiff base ligand, X = chloride ions. The characterization such as elemental analysis, molar conductance, and magnetic moment, IR, UV and H'
NMR for ligand and its complexes have been studied. The spectral data shows that it is in distorted octahedral geometry. The pUC18 DNA
cleavage study was monitored by agarose gel electrophoresis method. From this study it was found that the mononuclear Co(II) complex cleaves
pUC18 DNA in the presence of the oxidant H,O,. From the antibacterial activity the cobalt(Il) complex shows higher activity than the ligand.

( KEYWORDS : Schiff base, DNA Cleavage, antibacterial activity )

Introduction

Schiff base compound containing an azomethine group which is
formed by the condensation of amine with an active carbonyl [1].
Schiff base form complexes with many transition metals that have
important application in various fields. Development of a new
chemotherapeutic Schiff base is now attracting the attention of
medicinal chemist [2]. The azomethine group present in Schiff base
ligand is responsible for the biological activities such as antifungal,
antibacterial, antiviral, anticancer and herbicidal activities [3-4].

Mono and polynuclear cobalt complexes shows variety of application
such as catalysts, electron transfer mediators in dye sensitized solar
cells, antiviral agents and molecular nano magnets [5]. Hexamine
cobalt complex induce DNA condensation [6]. DNA binding studies
and cobalt (II) complex have been investigated for their anticancer
properties [7]. Cobalt Schiff base complex as potent bioactive agent
has opened up a new avenues for the development of more effective
drugs [8].

Particularly, Isatin derived metal complexes shows biological
activities such as antiviral, antitumour, antiangiogenic, antifungal,
anticancer, antitubercular, neurophysiological, neuropharmacoloigal,
anti-HIV and anti-malarial agent. Recently it found application as
enzyme inhibitor in the inhibition of cysteine [9-10]. Isatin is a
versatile lead molecule for designing bioactive agents and its
derivatives [11]. In view of versatile importance of cobalt and isatin
derived complex, the present investigation throw light on synthesis,
characterization, DNA cleavage, antibacterial activity of Schiff base
ligand and its complexes.

Materials and methods

Hydrated cobalt(II) chloride was purchased from Alright and Wilson.
Aniline, ethanol, isatin, acetone, dimethyl formamide, chloroform
(Nice) were used as received. Elemental analysis were done with CHN
analyzer. The IR spectra were recorded on the Perkin Elmer FT-IR
8300 model spectrometer using KBr disc in the region 4000-200 cm-1.
Molar conductance of the complex in DMF solution was measured
using ELICO CM 185 Conductivity Bridge. UV- Visible spectra were
recorded on Double beam spectrophotometer cyber lab between 200-
800 nm by using DMF solvent. |H NMR of a ligand were carried out
on a Bruker Spectrometer at 400MHz in DMSO d6.

Synthesis of Schiff base ligand

The Schiff base ligand was synthesised by adding isatin (ImM)
(0.294¢) to an ethanolic solution of aniline (2Mm) (3.72 ml). The
mixture was refluxed for 21/2 hrs. Then the solution of the ligand was
kept aside for slow evaporation and colored precipitate was collected
and dried in air.
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Figure 1. Synthetic methodology of Schiff base

Synthesis of Schiff base cobalt(I1I) complex

An ethanolic solution of ligand was mixed with cobalt(I) chloride
(1Mm) (0.258g) in ethanol solution in the ratio 2:1 with constant
stirring. The mixture was then refluxed for 41/2 hrs. Then the
precipitated complex is filtered off washed with ethanol, dried in
vacuuo.
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Figure 2. Synthesis of Schiff base cobalt(II) complex

Antibacterial activity
The in-vitro antibacterial screening effects of the synthesised ligand
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and cobalt (II) complex were tested against four bacterial strains
namely Staphylococcus aureus, Escherichia coli, Bacillus subtilis and
Klebsiella pneumonia by disc diffusion method. The solution of
complex is made with DMF and the concentrations of 25, 50, 75, 100
ng/ml were prepared. The test solutions were added and petridishes are
incubated for 24 hrs. The inhibition zone was developed and it is
compared with standard streptomycin.

DNA Cleavage

The cleavage of pUC18 DNA in the presence of H,O, has been studied
by gel electrophoresis. The reaction mixture 20ul contains pUCI18
DNA, 50 Mm tris-HCI, pH 7.4, 50mm NaCl, I0Mm H,0, added in a
different volume, followed by adding Millipore water for final volume.
It was incubated for 1 hrat 37 °C.

Results and discussions

The compound corresponds to the composition ML, X, where M=
Co(II) metal, L= ligand, X= Chloride ion. The analytical data of the
synthesised ligand and complex is shown in table-1. It shows that
cobalt(II) complex is colored, non hygroscopic, stable in air. It is
soluble in DMF, DMSO and partially soluble in common organic
solvents such as ethanol, methanol, and chloroform.

Table 1. Analytical data of the Schiff base ligand and its
mononuclear cobalt(II) complex

Compoun |Molecul| color |Yield|Meltif % of % of
ds ar % | ng | Nitrogen Metal
[Formulal Point["Ca] [Exp | Cal [ Exp
(Y]

L |CuH.N,|Yellow| 75 | 158 |14.14[14.12] - | -

CoL,X, |Co(C,H, Brown| 60 [>250(11.61|11.59|8.158.13
NLCL)
Molar conductance

The molar conductance value of the complexes in 10”° M DMF solution
reveals that the complex is nonelectrolytic in nature [ 12].

IR Spectra

The IR spectra of Schiff base ligand were compared with cobalt(II)
complex give information about the coordination site. The important
IR bands for the ligand and its metal complex are shown in Table 2. The
IR spectrum of the ligand shows a band at 1613.67 cm” corresponds to
v (C=N) which is shifted to a lower frequency in the complex at
1612.10 cm” which indicates the involvement of v (C=N) nitrogen in
coordination to the metal ion [13]. For the synthesised mononuclear
Schiff base complex v(C-C) and v(C=N) bands occur at 1268.30 —
1318.50 cm™ and 1613.67 — 1612.10cm™. The shifting of v (C-C)
towards higher frequency as compared to the ligand (1268.30cm™) is
due to the conversion of hydrogen bonded structure into a covalent
metal bonded structure. The bands in the range of 317.50 cm™ and
490.59 cm™ are assignable to v (M-Cl) and v (M—N) respectively are
providing additional support to progress the M—L bond through imino
nitrogen and chloride ions in the complex [14].

Table 2. Infrared Spectroscopic Data of the Schiff Base Ligand and
its mononuclear metal complex

Compounds [v (C=N)|v (C-C)[v(C=C)|v (N-H)[v(M-Cl)[v(M—N)
(em™) | (em™) | (em™) | (em™) | (em™) | (em™)

C,H.N, |1613.67|1268.30[1591.27[3162.40] -- -

Co(C,.H,N,CL)[1612.10{1318.50[1510.47[3216.16| 317.50 | 490.59
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Figure 3. Infrared spectrum of C,,H,;N,
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Figure 4. Infrared spectrum of Co(C40H30N6CI12)
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Electronic spectra

The electronic spectra of the free ligand and Co(II) complex are listed
in Table-3. The absorption band due to =—n* and n—n* transition is
higher for free ligand than Co(II) complex due to the coordination of
the ligand with metal ion [15]. The moderately intensive band was
observed in the range of 346-379 nm which might be due to n—n*
transition and strong band was observed in the range of 272- 324nm
due to m—n* transition [16]. The complex shows intense bands in the
region of 435 nm which is assigned to be L — M charge transition. The
Co(II) complex exhibit three bands in the region of 628, 647, 693 nm is
due to ‘Tlg— 4T,g(F) (v)), 'T,g—'Ag(F) (v,) and 'T,g—'T,g(P) (v)
transitions. These are shows that Co(II) complex is in distorted
octahedral geometry [17].

Table 3. Electronic Spectral data of Schiff base ligand and its
Co(II) complex.

Compounds Absorbance (nm) Geometry
non* | non* | LM | d-d | ofthe
complex
C,,H,:N, 324 379 - - -
Co(C,H,N.CL)| 272 346 435 628, 647,| distorted
692  |Octahedral
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Figure 5. Electronic Spectra of C,,H,;N,
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Figure 6. Electronic Spectra of Co(I1I) complex
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'HNMR Spectra

The 'H NMR spectrum of the Schiff base ligand was recorded in
DMSO d,. A peak appeared at 8.29 ppm corresponds to azomethine
group. A peak at 6.4-7.6 ppm assigned to be aromatic protons [ 18].
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Figure 7. 'HNMR spectrum of C,,H,.N,

Antibacterial activity

The antibacterial activity of Schiff base ligand and its Co(II) complex
was tested against two gram-positive bacteria (Staphylococcus aureus,
Bacillus subtilis) and two gram-negative bacteria (Escherichia coli,
Klebsiella pneumonia) using streptomycin as standard. The zone of
inhibition of Co(II) complex is higher than the ligand. So complex
shows higher activity than the ligand. This is due to chelation theory.
The metal present in the complex get adsorbed on the cell wall of
bacterial strains which involve in the respiratory process and block the
synthesis of protein. Finally it kills the microorganism [19-20].

Table 4. Antibacterial activity for Schiff base ligand and its
mononuclear metal complex

Comp
ounds

Zone of inhibition (mm)

Gram positive bacteria Gram negative bacteria
Bacillus Escherichia | Klebsiella
subtilis coli pneumoniae
Concentration (ug/mL)
25(50]75|100[25]50(75{100[25|50|75{100{25]| 50|75 {100|
Czﬁ]]j‘57789779966787889
Co(C,| 10|11 (12| 14|10 9 |12{13{9 | 9 |10| 11 |10[12|15|17
H,,N,C

L)

Strepto|
mycin

\Staphylococcu
s aureus

16(17(20|122{14[15[17|20|12]|13|16|20 (13|14|16| 18
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Figure 8. Antibacterial activity of Schiff base ligand and its
mononuclear Schiff base metal complex against Staphylococcus
aureus
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Figure 9. Antibacterial activity of Schiff base ligand and its
mononuclear Schiff base metal complex against Bacillus subtilis
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Figure 10. Antibacterial activity of Schiff base ligand and its
mononuclear Schiff base metal complex against Escherichia coli

Klebsiella pneumoniae
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Figure 11. Antibacterial activity of Schiff base ligand and its
mononuclear Schiff base metal complex against Klebsiella
pneumonia

DNA Cleavage

DNA plays an important role in life process. Cleavage of DNA is used
to treat cancer and some other diseases in medicinal field. The
synthesised ligand and Co(II) complex were used for DNA Cleavage
activity by agarose gel electrophoresis method. The supercoiled form
is cleaved to nicked circular form and it further converted to linear
form. The mononuclear Co(II) complex is used to cleave pUC18 DNA
induced by H’O’. From the observed results, it is concluded that the
complex effectively cleave the DNA as compared to ligand [21-22].
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e
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Figure 12. Changes in the agarose gel electrophoretic pattern of
pUC18DNA induced by H,0, and synthesised compounds. Lane 1-
DNA alone; Lane 2- DNA alone + H,0,; Lane 3-DNA + C,)H,N, +
H,0,; Lane 4-DNA+ Co(C,,H,,N,Cl,)

Conclusion

The present study revealed that the Co(II) complex is in distored
octahedral geometry. The IR spectra provide information about the
coordination site of ligand and metal ion. The result of antibacterial
activity shows that the Co(II) complex exhibit higher activity than
ligand. The DNA cleavage shows that the complex cleave more
efficiently than the ligand.
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