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KEYWORDS Abstract The Schiff base ligand derived from indole-3-carboxaldehyde(indal) and glycylgly-
Schiff base; cine(glygly) were synthesized and characterized by elemental analysis, IR, electronic spectrum,
IR; '"H NMR and mass spectrum. Co(IT), Ni(IT) and Cu(IT)-indal-glygly Schiff base complexes were
Conductance; synthesized and characterized by elemental analysis, molar conductance, IR, electronic spectra,
XRD; magnetic measurements, ESR, electrochemical studies, TGA, DSC analysis, XRD and SEM. Con-
IS)]?\II\//I% ductance measurements indicate that the above complexes are 1:1 electrolytes. IR spectral data

show that the ligand is tridentate and the binding sites are azomethine nitrogen, peptide nitrogen
and carboxylato oxygen atoms. Electronic spectral measurements indicate tetrahedral geometry
for Co(Il) and Ni(II) complexes and square planar geometry for Cu(Il) complex. Magnetic mea-
surements show weak ferromagnetic behaviour for Co(II) and Ni(II) complexes and paramagnetic
behaviour for Cu(Il) complex. ESR spectral data shows the ionic link between metal and the Schiff
base ligand. The metal complexes are found to be stabilized in the unusual oxidation states of the
metal ion during electrolysis. Thermal analysis of the complex indicates that the decomposition
takes place in three steps. IR and thermal studies indicate that the fourth position would be occu-
pied by a water molecule in complexes. XRD shows that the complexes have the crystallite size of
31, 40 and 67 nm, respectively. The surface morphology of the complexes was studied by SEM. The
antimicrobial activity of the ligand and its complexes were screened by Kirby Bayer Disc Diffusion
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method. DNA cleavage studies were performed for metal-Schiff base complexes in presence of

hydrogen peroxide as oxidant.

© 2010 King Saud University. All rights reserved.

1. Introduction

Schiff bases have played a special role as chelating ligands in
main group and transition metal coordination chemistry be-
cause of their stability under a variety of redox conditions and
because imine ligands are borderline Lewis bases (De Souza
et al., 2003). The important physical and biological properties
of the Schiff bases are directly related to intermolecular hydro-
gen bonding and proton transfer equilibria (Przybylski et al.,
2002). Schiff bases also offer opportunities for inducing sub-
strate chirality, tuning metal-centered electronic factors and
enhancing the solubility and stability of homogenous or hetero-
geneous catalysts (Kannan and Ramesh, 2005). Transition met-
als are involved in many biological processes which are essential
to life process. The metals can coordinate with O- or N-terminals
from proteins in a variety of models and play a crucial role in
the conformation and function of biological macromolecules
(Colacio et al., 2000; Karaliota et al., 2001).

In the area of bioinorganic chemistry, interest in Schiff base
complexes has centered on the role of such complexes in pro-
viding synthetic models for the metal-containing sites in metal-
lo-proteins and metallo-enzymes (Mascharak, 2002). Indole
and its derivatives are widely used in making perfumes, dyes,
agrochemicals and medicines. Furthermore, tetradentate and
tridentate Schiff base complexes are increasingly important
for designing metal complexes related to synthetic and natural
oxygen carriers. Copper complexes of tridentate Schiff base
type especially with dimeric units are considered as bioinor-
ganic model compounds. During the recent years there have
been intense investigations of different classes of indole deriv-
ative compounds. Many of these possess interesting biological
properties such as antimicrobial and analgesic activities. The
important criteria for the development of metallodrugs as che-
motherapeutic agents are the ability of the metallo drug to
bring about DNA cleavage. A large number of transition me-
tal complexes because of their redox properties, have been
found to promote DNA cleavage.

Recently, we have reported some Schiff base metal complex
systems (Nair et al., 2007; Joseyphus et al., 2006; Joseyphus
and Nair, 2008; Nair and Joseyphus, 2008). In this study, we
report the synthesis, characterization and antimicrobial and
DNA cleavage studies of some mononuclear Co(II), Ni(II)
and Cu(II) complexes of Schiff base ligand derived from in-
dole-3-carboxaldehyde and glycylglycine.

2. Experimental
2.1. Materials and reagents

The commercially available glycylglycine was purchased from
Fluka, indole-3-carboxaldehyde was obtained from Lancaster
and metal(IT) nitrates were obtained from Merck. All other re-
agents and solvents were purchased from commercial sources
and were of analytical grade. Solvents were purified and dried
by standard methods (Vogel, 1978).

2.2. Synthesis of Schiff base ligand

Glycylglycine (1 mmol) was dissolved in 20 cm® of methanol
containing KOH (1 mmol). A solution of indole-3-carboxalde-
hyde (1 mmol) in 10cm® of absolute methanol was added
dropwise with stirring and refluxed for 2 h. The volume of
the yellow solution was cooled at room temperature and then
reduced in vacuo using a rotary evaporator. Anhydrous ether
was added to deposit a yellowish precipitate, which was then
recrystallized from ethanol.

2.3. Synthesis of Schiff base metal complexes

Schiff base ligand (1 mmol) was dissolved in 10 cm® of metha-
nol and aqueous Co(I1)/ Ni(II)/Cu(II) nitrate (1 mmol) solution
was added dropwise into 20 cm® of methanol. The resulting
mixture obtained was stirred for 2 h. After allowing it to stand
in air at room temperature the precipitated complex was fil-
tered off, washed several times with cold ethanol, ether and
then dried in vacuo over anhydrous CaCls,.

2.4. Instruments

Elemental analysis was performed using a Perkin—Elmer ele-
mental analyzer. Metal contents present in the complexes
were determined by EDTA titration. Molar conductance of
the complexes was measured in DMSO solutions using a
coronation digital conductivity meter. IR spectra were re-
corded in KBr disc on a JASCO FT/IR-410 spectrometer
in the 4000-400 cm ' region. The electronic spectra were re-
corded on a Perkin—Elmer Lambda-25 UV-Visible spectrom-
eter. The 400 MHz 'H NMR spectrum of the Schiff base
ligand was recorded in JEOL GSX 400 FT NMR spectrom-
eter using tetramethylsilane as internal standard. The FAB-
mass spectrum of the Schiff base ligand was recorded on a
JEOL SX 102/DA-6000 mass spectrometer/Data system
using Argon/Xenon (6kV, 10 mA) as the FAB-gas. The
accelerating voltage was 10kV and the spectrum was re-
corded at room temperature using m-nitrobenzylalcohol as
the matrix. Magnetic susceptibility measurements of the
powdered complexes were carried out by employing the
Guoy’s method at room temperature. Copper sulphate was
used as calibrant. Room temperature magnetic measure-
ments were performed on an EG & G PARC vibrating sam-
ple magnetometer with a maximum applied field of 7 Oe. X-
band ESR spectra of Cu(Il) complexes were recorded on a
Varian E112 X-band spectrometer. Eletrochemical studies
were carried out on a Bio Analytical System CV-50W elec-
trochemical analyzer. The tetrabutylammonium perchlorate
was used as the supporting electrolyte. Thermal studies were
recorded on a Perkin—Elmer 7 series thermal analyzer, with
a heating rate of 10°C/min using N, atmosphere. XRD
was recorded on a Rigaku Dmax X-ray diffractometer with
CukK, radiation (1 = 1.5404 A). SEM images were recorded
in a Hitachi SEM analyzer.
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2.5. Antimicrobial studies

Antibacterial and antifungal activity of the ligand and its
metal complexes were tested in vitro against the bacterial spe-
cies viz S. aureus, E. coli, K. pneumaniae, P. vulgaris and P.
aeruginosa and the fungal species C. albicans, R. stolonifer,
A. flavus, A. niger and R. bataicola by Kirby Bayer Disc Dif-
fusion method (Bayer et al., 1996). Amikacin, ofloxacin and
ciprofloxacin were used as the standard antibacterial agents
whereas nystatin was used as the standard antifungal agent.
The test organisms were grown on nutrient agar medium in
petri plates. Discs were prepared and applied over the long
culture. The compounds were prepared in DMSO and
soaked in filter paper disc of 5 mm diameter and 1 mm thick-
ness. The concentrations of ligand and the complexes used in
this study was 0.01 pg/ml. The discs were placed on the pre-
viously seeded plates and incubated at 37 °C and the diame-
ter of inhibition zone around each disc was measured after
24 h for antibacterial activity and after 74 h for antifungal
activity.

2.6. DNA cleavage studies

The DNA cleavage experiment was conducted using CT
DNA by gel electrophoresis method. Cleavage reactions
were run between the metal complexes and the DNA, and
the solutions were diluted with loading dye using 1% aga-
rose gel. Buffer solutions of 50 mmol tris-HCI/18 mmol
NaCl in water (pH 7.1) and tris-acetic acid-EDTA in water
(pH 8.3) were used, followed by the addition of 0.5g of
powdered agarose and mixed well. The solution was heated
to boiling to dissolve agarose completely. The completely
dissolved agarose gel solution was kept in the water bath
at 65°C. Then 3 pl of ethidium bromide (0.5 pg/ml) was
added to the above solution and mixed well. The warmed
agarose was poured and clamped immediately with comb
to form sample wells. After setting (3045 min. at room tem-
perature) comb was removed and taped. The gel was
mounted into electrophoretic tank. Enough electrophoretic
buffers were added to cover the gel to a depth of about
I mmol. The DNA sample (30 um), 50 pm metal complex
and 500 um H,O, in tris—=HCI/50 mmol NaCl buffer (pH
7.1) were mixed with loading dye and loaded into the well
of the submerged gel using a micropipette. The electric cur-
rent was passed into running buffer. The sample was run-
ning from negative to positive pole (Pelczar et al., 1998).
After 1-2h the gel was taken out from the buffer. After

3. Results and discussion
3.1. Synthesis and characterization of ligand

Schiff base ligand is light yellow in colour and it is soluble in
common organic solvents. The Schiff base formed was charac-
terized with respect to its composition by elemental and spec-
tral analysis. The physical characterization and its analytical
data are given in Table 1. Elemental analysis data of the ligand
show good agreement with theoretical values.

In the IR spectrum of indal-glygly, the characteristic
stretching frequency of the azomethine group, (C=N) has oc-
curred at 1618 cm™! and the Vasym(COO™) and vgym,(COO™)
have appeared, respectively at 1587 and 1384 cm™". The amide
band of the potassium salt of the Schiff base ligand was seen at
1532 cm™ . The imine (N-H) stretching frequency of glygly at
3100 cm ™" and carbonyl oxygen (C—O0) stretching frequency
of indal at 1700 cm ™' have disappeared in the Schiff base li-
gand. This confirms the formation of indal-glygly from indal
and glygly. The electronic spectrum of indal-glygly ligand
exhibits an absorption band at 307 nm, which can be attrib-
uted to the n—n* transition of the azomethine chromophore.

"H NMR spectrum of indal-glygly shows the azomethine
proton (-HC=—N-) signal at 8.2 ppm and amide proton
(-CONH-) signal at 7.6 ppm. The (-NH-) proton of indole
ring shows the signal at 10.3 ppm and aromatic protons show
the multiplet (aromatic-CH—CH-) at ~7.4-8.0 ppm. The two
aliphatic protons (aliphatic-CH,—-) in the chain show the mul-
tiplet signal at ~3.8—4.2 ppm.

The fast atom bombardment mass spectrum of indal-glygly
recorded at room temperature shows the fragmentation pat-
tern with the base peak (M) at m/z = 259 (C3H,N;0; 7).
The fragments at m/z = 143 and 116 corresponds, respectively
to C;1HoN,O " and CoH;N, " . Based on the above studies, the
proposed structure of indal-glygly is given in Fig. 1. The Schiff
base ligand can bind the metal ion through azomethine, pep-
tide and carboxylato groups.

3.2. Synthesis and characterization of metal complexes

The complexes are stable in air and atmosphere. All the com-
plexes are soluble in DMSO, but they are insoluble in some
common organic solvents. The analytical data (Table 1) indi-
cate that the metal to ligand ratio is 1:1 in all the complex sys-
tems and it can be represented as [ML(H,O)] NO;, where
L = indole-3-carboxaldehyde-glycylglycine(indal-glygly); M =
Co(II), Ni(IT) and Cu(II). The molar conductivity of metal
complexes in DMSO solution (1072 M) at room temperature
was measured to establish the charge of the metal complexes.
The high molar conductance values (Table 1) indicate that

electrophoresis, the gel was photographed under UV
transilluminator.
Table 1 Analytical and physical data of Schiff base ligand and its complexes.

Compounds Formula Colour Analytical (%) calculated (found) Molar conductance (' cm? mol™")
C H N M
KI[L] KC3H;N;053  Yellow 52.51 (52.35) 4.07 (4.05) 14.13 (14.08) —

[COL(HQO)]NO; COC] 3H1 4N407 Pink

[CuL(HQO)]NO3 CuC1 3H1 4N407 Blue

39.31 (39.71) 3.55 (3.20)
[NIL(H,0)]NO; NiC;3sHsN,0; Pale green 39.33 (39.69) 3.55 (3.18)
38.86 (38.64) 3.51 (3.16)

14.11 (14.55) 14.84 (14.54) 69.81
14.11 (14.76) 14.78 (14.48) 70.72
13.94 (13.67) 15.81 (15.91) 73.32
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Figure 1  Proposed structure of Schiff base ligand.

all the metal complexes behave as 1:1 electrolytes (Geary,
1971) as evidenced by the non-involvement of the nitrate group
in coordination.

3.2.1. Infrared spectral studies

The Schiff base ligand shows v(C—N) azomethine band at
1618 cm™'. On complexation, this band was shifted to lower
frequency values in all the complexes (Table 2). It indicates
that the azomethine nitrogen is coordinated to the metal ions
(Nakamoto, 1997). In the spectrum of Schiff base ligand, the
peptide band appeared at 1532 cm™'. On complexation, this
band was shifted to lower frequency values (Table 2) indicating
the linkage between metal ion and the peptide nitrogen atom
(Nakamoto, 1997). The asymmetric carboxyl vaem(COO™)
was shifted to higher frequency region and the symmetric car-
boxyl veym(COO™) was shifted to lower frequency region (Ta-
ble 2), indicating the linkage between the metal ion and
carboxylato oxygen atom (Deacon and Phillips, 1980; Szorcsik
et al., 2004). The v,4ym(COO™) and veym(COO™) of the car-
boxylato group in the complexes show the separation value
(Av) greater than 200 cm™". This indicates monodentate bind-
ing of the carboxylato group in Co(II), Ni(II) and Cu(II) com-
plexes (Grag et al.,, 2005). Furthermore, the presence of
coordinated water molecules as evidenced by broad bands ap-
peared at 3389-3415cm ™' in complexes may be attributed to
O-H stretching vibration as supported from the thermal anal-
ysis (Mohamed et al., 2005). The IR spectra of the complexes
show the bands appeared at 1361-1371 cm ™!, which can be as-
cribed to the presence of free NO;3 group (Khalil, 2000). The
appearance of two bands at 519-534 and 417-449 cm ™' corre-
spond to v(M-0O) and v(M-N) vibrations, (El-Jouad et al.,
2001), respectively.

Thus the IR spectrum indicates that the Schiff base li-
gand (Fig. 1) in all the complexes under investigation is tri-
dentate and the binding sites are azomethine nitrogen,
peptide nitrogen and carboxylato oxygen atoms in all the
three M(Il)-indal-glygly complexes. The fourth position in
the coordination sphere would be completed by water
molecule.

3.2.2. Electronic spectral measurements

The UV—Visible spectrum of the Schiff base ligand exhibits an
absorption band at 307 nm in DMSO solution, which can be
attributed to m—m* transition of the azomethine chromophore.
On complexation, this band was shifted to lower wavelength
region, suggesting the coordination of azomethine nitrogen
with the metal ions (Lever, 1968).

The spectrum of Co(Il) complex of indal-glygly shows a
peak with A, value of 625 nm. This is due to the tetrahedral
environment of the ligand around the metal ion due to
*A5(F) = *T,(P) transition. Hence, Co(Il) complex can be as-
signed tetrahedral geometry. The spectrum of Ni(II) complex
of indal-glygly shows an absorption band at 582 nm. This peak
corresponds to the transition *T;(F) — *T(P) which indicates
the tetrahedral environment of the ligand surrounding Ni(II)
in the complex (Lever, 1968). In general, due to Jahn—Teller
distortion, square planar Cu(Il) complexes give a broad
absorption band between 600 and 700 nm. The present Cu(II)
complex shows the band at 681 nm suggesting the complex to
have square planar geometry.

3.2.3. Magnetic susceptibility measurements

The observed magnetic moment value of the Co(II)-indal-gly-
gly complex is 4.66 BM. This is the expected value of 4.2—
4.88 BM for the tetrahedral Co(II) complexes, which is the
sum of contributions due to spin only moments and spin—orbit
coupling. Thus, the Co(II)-indal-glygly complex shows the tet-
rahedral geometry. The magnetic moment value of 3.57 BM
for the Ni(II)-indal-glygly complex is in the range of 3.2—
4.0 BM expected for the tetrahedral Ni(I) complexes. Cu(II)
square planar complexes exhibit magnetic moments in the
range 1.8-2.1 BM. These values are slightly higher than the
spin only value of 1.73 BM and this is due to the spin—orbit
coupling followed by lowering of symmetry (Banerjea, 1993).
The magnetic moment obtained for Cu(IlI)-indal-glygly com-
plex is 1.81 BM, which is characteristic for the square planar
geometry of the Cu(Il) complexes.

The vibrating sample magnetometer measurements (Fig. 2a
and b) shows the plot of magnetization (M) as a function of
applied field (H) for the Co(II) and Ni(II) complexes. The plots
show the hysteresis loop for complexes at room temperature
and give a saturation magnetization of 0.25 emu/g. The coerc-
ivities of the Co(II) and Ni(II) complexes were 340 and 706 Oe,
respectively. The low saturation magnetization and the pres-
ence of coercivities for the samples indicate that these com-
plexes are weakly ferromagnetic (Cullity, 1972). But Cu(II)
complex did not show any hysteresis loop at room temperature
indicating that the Cu(Il) complex is paramagnetic (Cullity,
1972; Joseph et al., 2005) in nature.

3.2.4. Electron spin resonance spectra
The ESR spectra of the Cu(II) complex recorded in DMSO at
300 and 77 K are shown in Fig. 3a and b. The spectrum re-

Table 2 IR spectral data (cm™!) of Schiff base ligand and its complexes.

Compound WC=N) V(O-H) v(peptide) Vasym(COO ™) Veym(COO™) V(M-N) v(M-0)
K[L] 1618 3364 1532 1591 1386 = =
[CoL(H,0)]NO3 1607 3415 1527 1593 1385 522 443
[NiL(H,O)]NO; 1612 3393 1526 1596 1381 519 417
[CuL(H,0)]NO;3 1608 3389 1523 1590 1382 524 435
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Figure 2 Magnetization versus applied field plots for (a) Co(1)

and (b) Ni(II) Schiff base complexes.

corded at 300 K shows one intense absorption band at high
field, which is isotropic due to the tumbling motion of the mol-
ecules. However, this complex in the frozen state shows four
well resolved peaks with low intensities in the low field region
and one intense peak in the high field region. The magnetic
susceptibility of 1.81 BM for the Cu(II)-indal-glygly complex
indicates the presence of one unpaired electron, showing the
complex to be mononuclear in nature. This fact is also evident
from the absence of a half field signal, observed in the ESR
spectrum at 1600 G due to the m; = +£2 transitions, ruling
out any Cu—Cu interaction (Farmer and Urbach, 1974; Ray
and Kantiman, 1990; Antosik et al., 1969; Ismail, 2005). For
the present Cu(II) complex, the observed g values are g
(2.45) > g, (2.13) > g.(2.0023), suggesting the unpaired elec-
tron to be in the d._,» orbital and the complex is square
planar.

In the axial spectra, the g-values are related with exchange
interaction coupling constant (G). The observed value of 3.5
for G in the present copper complex suggests that significant
exchange coupling is present and the misalignment is apprecia-
ble, and the unpaired electron is present in the d,2_,» orbital.
This result also indicates that the exchange coupling effects
are not operative in the present complex. It is usual to deter-
mine the covalent bonding parameters for Cu(Il) in various li-
gand field environments. In a square planar Cu(Il) complex,
the unpaired electron resides in the d,»_,» orbital and g, and
g, are given in the order g, > g, > 2. When the unpaired elec-
tron is in the &° orbital g, and g, are given in the order
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Figure 3 ESR spectra of Cu(Il) Schiff base complexes at (a)
300 K and (b) 77 K.

g1 > g > 2. The exchange interaction coupling constant G
is calculated from Eq. (1).

G=(g-2)/(g -2 )

According to Hathaway (Hathaway and Tomlinson, 1970),
if G > 4.0, the local tetragonal axes are aligned parallel or only
slightly misaligned. If G < 4.0, significant exchange coupling is
present and the misalignment is appreciable. The in-plane o-
bonding covalency parameters (Fidone and Stevens, 1959),
o are related to g and g, according to Eq. (2).

o = — (4)/0.036) + (g, —2.0036)
+3/7(g, —2.0036) + 0.04 (2)
The o value of 0.5 indicates complete covalent bonding,
while that of 1.0 suggests complete ionic bonding. The out-

of-plane -bonding (%) and in-plane n-bonding () parame-
ters are calculated using Eqgs. (3) and (4).

B = (g — 2.0036)E/ — 8o (3)

7 = (g, —2.0036)E/ — 2047, (4)
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Table 3 Electrochemical data of the Schiff base metal complexes.

Compound Couple Ey (V) En, (V) ipe (MA) ipa (LA)
[CoL(H,0)|NO; Co(II)/Co(I) —0.720 - 15.0 -
[NiL(H,O)|NO3 Ni(IT)/Ni(T) - 0.740 - 3.0
[CuL(H,0)]NO; Cu(II)/Cu(I1I) —0.730 —0.620 12.5 9.2

Here, 1 = —828 cm ™! for free Cu(II) ion and E is the elec-
tronic energy for °B, g A, o transition This is also confirmed
by orbital reduction factors K, which can be estimated using
Egs. (5) and (6).

K =of (5)

K, = o*)? (6)

Significant information about the nature of bonding in the
Cu(II) complex can be derived from the relative magnitudes of
K and K. In the case of pure c-bonding, K, ~ K, = 0.77,
whereas K, < K, implies considerable in-plane n-bonding,
while for out-of plane n-bonding K|, > K. Molecular orbital
coefficients o (in-plane o-bonding), f° (in-plane m-bonding)
and 72 (out-plane n-bonding) were calculated using the Egs.
(2)—(4). The observed o value (0.916) indicates that Cu(II)
complex is predominantly ionic in character. The observed
f? value (1.17) and y* value (1.32) shows that there is interac-
tion in the out-of-plane m-bonding, whereas the in-plane n-
bonding is predominantly ionic. This is also confirmed by orbi-
tal reduction factors (West, 1984) which were estimated from
the simple relations. For the present complex, the observed or-
der K,(1.21) > K (1.07) implies a greater contribution from
in-plane m-bonding than for out-of-plane n-bonding in me-
tal-ligand n-bonding. Thus, the ESR study of the copper com-
plex has provided supporting evidence for the optical results.

3.2.5. Electrochemical studies

The electrochemical behaviour of the Co(II), Ni(IT) and Cu(II)
complexes were examined in DMSO solution at 0.1 V s™! scan
rate and the results are summarized in Table 3. The cobalt
complex shows (Table 3) an irreversible peak at —0.720 V
which is attributed to Co(II)/Co(I) couple. The nickel complex
also shows (Table 3) an irreversible peak at 0.740 V. This is
due to Ni(II)/Ni(I) couple.

The cyclic voltammogram of Cu(Il) complex (Fig. 4) in
DMSO solution at 300 K in the potential range +0.2 to
—1.2'V and at scan rate 0.1 V s™' was recorded. It shows a well
defined redox process corresponding to the quasi-reversible
Cu(II)/Cu(I) couple. The anodic peak at E,, = —0.730 V
versus Ag/AgCl and the associated cathodic peak at
E,. = —0.620 V correspond to the Cu(II)/Cu(I) couple. The
Cu(Il) complex exhibits a quasi-reversible behaviour as indi-
cated by the non-equivalent current intensity of cathodic and
anodic peaks and a peak separation, AE, value of 110 mV.
The quasi-reversibility of the Cu(II)/Cu(I) couple was checked
by varying the scan rates with peak potentials (Long et al.,
1999; Arslan et al., 2002). The complex is found to be stabi-
lized in the unusual oxidation state of copper in its + 1 oxida-
tion state during electrolysis. These observations suggest that
indal-glygly can stabilize Cu(I) ion probably because of its in-
dole group having m back bonding effect (Bottcher et al.,

0.4

0.3

Current (pA)

-0.14

-0.24

900 600 300 O -300 -600 -900
Potential (mV)

Figure 4  Cyclic voltammogram of Cu(Il) Schift base complex.

1997). These observation suggested that the ligand can stabi-
lize the unusual oxidation states of Co(I) and Ni(I) for cobalt
and nickel complexes during electrolysis whereas Cu(IIl) for
copper complex.

3.2.6. Thermal studies
The thermal behaviour of the complexes has been studied
using TGA and DSC analysis.

3.2.6.1. TGA analysis. The thermal decomposition results of
Cu(Il) complex takes place in three stages. The first stage
(Fig. 5a) of decomposition is noticed in the temperature range
120-135 °C. It is due to the elimination of coordinated water
molecule (Vargova et al., 2004). The mass loss observed in this
step is 4.45% against the calculated loss of 4.37%. The second
stage of decomposition occurs in the temperature range of
210-235 °C, due to melting and partial decomposition of the
ligand, this step bringing the weight loss of 17% (calc.
17.76%). The decomposition range (310-335 °C) of weight loss
in third stage gives 70% (calc. 70.21%). This is due to the
decomposition of the ligand molecule. The complex is present
in the form of its metal oxide above 400 °C.

3.2.6.2. DSC analysis. The DSC curve of the Cu(Il) complex
(Fig. 5b) shows an exothermic peak at ~125°C due to the
evaporation of the coordinated water molecule. Another sharp
endothermic peak at 215 °C is noticed probably due to the
melting and partial decomposition of the complex. The broad
exothermic peak in the temperature region 320-330 °C is due
to the final decomposition of the complex. The final residue
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Figure 5a TGA curve of Cu(Il) Schiff base complex.
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Figure Sb  DSC curve of Cu(Il) Schiff base complex.

in the complex above 400 °C is the metal oxide in keeping with
the observation made in the case of monomeric systems. Sim-
ilar type of TGA and DSC results (Table 4) were obtained for
Co(IT) and Ni(IT) complexes.

3.2.7. X-ray diffraction studies
XRD pattern of the Co(II), Ni(II) and Cu(Il) complexes are
shown in Figs. 6(a—c). The XRD pattern of the metal com-

Table 4 Thermoanalytical results of Schiff base metal complexes.
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Figure 6 XRD pattern of (a) Co(II), (b) Ni(II) and (c) Cu(ll)
Schiff base complexes.

plexes shows well defined crystalline peaks indicating that
the samples were crystalline in phase (Souaya et al., 2000; Yaa-
cob, 2005). The metal complexes show sharp crystalline XRD
patterns, which differ considerably from that of the ligand.
The appearance of crystallinity in the metal-Schiff base com-
plexes is due to the inherent crystalline nature of the metallic
compounds. The grain size of the metal Schiff base complexes,
dxrp was calculated using Scherre’s formula (Cullity, 1978) by
measuring the full width at half maximum of the XRD peaks.

dXRD = O92/ﬁ(Cos@),

where ‘A’ is the wavelength, ‘f’ is the full width at half maxi-
mum and ‘6’ is the peak angle. The complexes have the average

Compound Temperature range (°C) Loss in weight found (calc.) (%) DSC peak (°C) AH (J g’l) Assignments
[CoL(H,0)]NO; 50-136 9.2 (9.17) 149 87.79 H,0
136-285 8.89 (8.86) 181 54.27 Ligand
287-397 81.68 (81.43) 381 —79.85 CoO
[NiL(H,O)|]NO; 50-141 6.6 (6.17) 117 67.92 H,0
141-246 16.27 (16.76) 159 28.27 Ligand
246-400 77.07 (77.21) 384 —92.52 NiO
[CuL(H,0)]NO; 50-164 5.5 (5.17) 134 94.01 H,0
164-260 17 (17.76) 250 —42.70 Ligand
260-400 77 (77.21) 391 73.79 CuO
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crystallite size of 31, 40 and 67 nm, respectively suggesting that
the complexes are nanocrystalline.

3.2.8. Scanning electron microscope

The SEM micrographs of the Co(II), Ni(II) and Cu(II) com-
plexes are shown in Figs. 7a—c, respectively. It is seen from
the figures that the Co(II) and Ni(II) complexes shows plate-
let-like structure, while Cu(Il) complex exhibit the cauli-
flower-like structure. The particle sizes of the Co(II), Ni(II)
and Cu(II)-indal-glygly complexes were in the diameter range
of few microns. However, particles with size less than 100 nm
were also observed which groups to form agglomerates of lar-
ger size. The average crystallite size obtained from XRD also
shows that the particles were agglomerated that these com-
plexes have polycrystalline with nanosized grains.

3.3. Antimicrobial studies

The antibacterial and antifungal activities of the Schiff base li-
gand and its Co(II), Ni(II) and Cu(II) complexes were com-
pared with standard antibiotics like Amikacin, Ofloxacin,
Ciprofloxacin and Nystatin. The antibacterial and antifungal
results are summarized in the Table 5a and b. The antibacterial
and antifungal activity of the ligand and its metal complexes
indicate that the complexes possess higher growth inhibition
potential compared to those of the ligand. The antimicrobial

Figure 7 SEM images of (a) Co(II), (b) Ni(II) and (c¢) Cu(Il)
Schiff base complexes.

activity of the metal complexes increases with increase in con-
centration of the complexes. It is suggested that the complexes
having antibacterial and antifungal activities inhibit multipli-
cation process of the microbes by blocking their active sites
(Sari et al., 2003; Mohamed, 2006; Mishra and Singh, 1993).

The mechanism of toxic activity of the complexes with the
ligands can be ascribed to the increase in the lipophilic nature
of the complexes arising from chelation. Chelation reduces the
polarity of the metal atom mainly because of partial sharing of
its positive charge with the donor groups and possible « elec-
tron delocalization within the whole chelate ring. The chela-
tion also increases the lipophilic nature of the central metal
atom, which subsequently favours the permeation through
the lipid layer of cell membrane. The mode of action of com-
plexes involves the formation of hydrogen bonds with the imi-
no group by the active sites leading to interference with the cell
wall synthesis (Bayer et al., 1996). This hydrogen bond forma-
tion damages the cytoplasmic membrane and the cell perme-
ability may also be altered leading to cell death.

The bioactivity of the ligand and its complexes is found to
be in the order: Cu(Il) > Co(II) > Ni(II) > indal-glygly. The
difference in antimicrobial activity is due to the nature of metal
ions and also the cell membrane of the microorganisms. The
higher bioactivity of the complexes compared to that of the li-
gand is due to the decrease in the charge localization of the me-
tal ion that leads to more lipid solubility. The higher activity of
Cu(II) complexes can be explained as, on chelation the polarity
of Cu(Il) ion is found to be reduced to a greater extent due to
the overlap of the ligand orbital and partial sharing of the po-
sitive charge of the copper ion with donor groups. Therefore,
Cu(Il) ions are adsorbed on the surface of the cell wall of
microorganisms (Ferrari et al., 1999; Wahab et al., 2004).
The adsorbed Cu(Il) ions disturb the respiratory process of
the cells, thus blocking the synthesis of proteins. This, in turn,
restricts further growth of the organisms.

3.4. DNA cleavage studies

There are a number of agents, which exert their effect by inhib-
iting enzymes that act upon DNA. These inhibitions result
from the binding of agents to the enzyme’s site of interaction
on DNA. Transition metals have been seen to inhibit DNA re-
pair enzymes. When DNA is run on horizontal gel using elec-
trophoresis, the fastest migration will be observed for the open
circular form (Form I). If one strand is cleaved a slower-mov-
ing linear form (Form II) is observed. Gel electrophoretic
experiment using CT DNA was performed with metal com-
plexes at 35°C in the presence of H,0, as oxidant. The
DNA cleavage efficiency of the complex was due to the differ-
ent binding affinity of the complex to DNA. Control experi-
ment using DNA alone (Lane 1) does not show any
significant cleavage even on longer exposure time (Pelczar
et al., 1998).

The results (Fig. 8a) indicate that the present copper com-
plex (Lane 4) can cleave DNA effectively compared to other
complexes. The other complexes do not cleave DNA in the
presence of H,O,. Probably this is due to the formation of re-
dox couple of the metal ions and its behaviour. The redox cy-
cling between Cu(II) and Cu(I) can catalyze the production of
highly reactive hydroxyl radicals. These hydroxyl radicals (Pel-
czar et al., 1998) participate in the oxidation of the deoxyribose
moiety, followed by hydrolytic cleavage of the sugar—phos-
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phate backbone. It is observed that most cleavage cases are
caused by copper ions reacting with H,O, to produce the dif-
fusible hydroxyl radical or molecular oxygen, which may dam-

Table 5a Antibacterial activity of Schiff base ligand and its complexes.

age DNA through Fenton type chemistry. Further, the
presence of a smear in the gel diagram indicates the presence
of radical cleavage.

Compounds Gram positive bacteria Gram negative bacteria
S. aureus K. pneumaniae P. vulgaris E. coli P. aeruginosa

K[L] S 3 6 4 10
[CoL(H,0)]NO; 27 24 18 14 20
[NiL(H,O)]NO; 18 22 15 10 14
[CuL(H,0)]NO; 34 28 22 24 28
Amikacin® 36 38 40 44 48
Ofloxacin® 42 40 38 32 36
Ciprofloxacin® 38 30 28 24 34

# Standards (the tested compounds were prepared in DMSO and the concentration used in this study was 0.01 pg/ml. Bacterial activity was
measured in mm diameter in agar plates).

Table 5b  Antifungal activity of Schiff base ligand and its complexes.

Compounds C. albicans R. stolonifer A. niger A. flavus R. bataicola
KI[L] 6 12 10 8 4
[CoL(H,0)]NO; 18 22 20 22 16
[NiL(H,O)]NO3 12 18 16 20 10
[CuL(H,0)]NO; 26 32 28 30 20
Nystatin® 30 38 42 36 28

# Standard (the tested compounds were prepared in DMSO and the concentration used in this study was 0.01 pg/ml. Fungal activity was
measured in mm diameter in agar plates).

Lanel: Control DNA; Lane 2: DNA + Co(II) complex + H,0O,;
Lane 3: DNA + Ni(II) complex + H,O, and Lane 4: DNA + Cu(Il) complex + H,0,

< Lane from right to left

Figure 8a  Agarose gel (1%) showing the results of electrophoresis of CT DNA with Schiff base metal complexes.
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Figure 8b Rhodamine B degradation followed by decrease of absorbance at 552 nm, pH 8.1 in 10 mmol phosphate buffer: (c) in presence

of 0.1 mmol Cu(Il) complex and (d) in presence of 0.1 mmol Cu(Il) complex, 1 mmol H,O, and 10 mmol ascorbic acid.
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3.5. Investigation of the active oxygen species

In the presence of reactive oxygen donor species, copper is
thought to be able to form different intermediates, depending
on the specific complex and conditions. A non-diffusible
copper—oxene intermediate has been invoked in some cleavage
reactions, while in others Fenton-type chemistry which involves
release of diffusible hydroxyl radicals has been suggested. In or-
der to study the active species, standard scavengers of reactive
oxygen intermediates were included in the electrophoretic stud-
ies. To understand the active oxygen species in the reactions,
inhibition experiments were carried out with standard scaveng-
ers for reactive oxygen intermediates and degradation experi-
ments with Rhodamine B dye (552 nm). The degradation of
the dye provides a direct measure of the concentrations of
hydroxyl radicals (Fig. 8b) in the reaction mixture. From the
observation, it is suggested that reactive oxygen species can be
produced by the copper complex in the presence of oxidant.

4. Conclusion

Co(II), Ni(II) and Cu(II) complexes of the Schiff base ligand
derived from glycylglycine and indole-3-carboxaldehyde were
synthesized and characterized. Conductance measurements
indicated that the complexes are 1:1 electrolytes. The results
clearly demonstrate that the Schiff base ligand is tridentate,
Co(IT) and Ni(IT) complexes have tetrahedral geometry, while
the Cu(Il) complex has square planar geometry. IR and ther-
mal studies indicated that the fourth position would be occu-
pied by a water molecule in complexes. XRD pattern of the
complexes showed the crystallite size of 31, 40 and 67 nm,
respectively. The surface morphology using SEM showed that
the particles were agglomerated in all the complexes. The anti-
microbial activity of the ligand and its complexes indicate that
the Cu(II) complexes possess high bacterial and fungal activi-
ties than the other complexes and ligand. Such activity is ex-
plained on the basis of chelation theory and overtones
concept. Copper ions are proved to be essential for the
growth-inhibitor effect. The extent of inhibition appeared to
be strongly dependent on the initial cell density and on the
growth medium. Gel electrophoretic experiment using CT
DNA were performed with metal complexes in the presence
of H,0O, as an oxidant. In order to study the active species,
standard scavengers of reactive oxygen intermediates were in-
cluded in the electrophoretic studies.
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