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INTRODUCTION

4-Aminoantipyrine and its versatile Schiff base derivatives
have been extensively investigated and effectively applied in
biological, analytical, clinical and pharmacological areas [1-4].
Antipyrine derivatives are reported to exhibit analgesic and
anti-inflammatory effects [5,6], antiviral [7] and antibacterial
[8] activities. It is also been used as hair colour additives [9]
and to potentiate the local anesthetic effect of lidocaine [10].
These compounds have been used in spectrophotometric deter-
mination of metal ions. Many of these reagents give intense
colours with transition metal ions, providing sensitive probes
[11] and some of them can also coordinate to rare earth ions
to form metal complexes with interesting structures [12]. The
complexes derived from such ligands possess these physio-
logical properties with varying intensity. Also most of these
complexes are showing antitumor activities [13]. In the present
investigation we have synthesized five complexes of cobalt(II)
with varying counter ions with the Schiff base ligand 2,3-
(diimino-4’-antipyrinyl)butane (BDAP). All the complexes
were characterized with different analytical and spectrometric
techniques and the structures of the complexes were confirmed
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The synthesis and characterization of perchlorate, nitrate, chloride, bromide and iodide complexes of cobalt(Il) with a new Schiff base |
ligand 2,3-(diimino-4’- antipyrinyl)butane prepared from 4-aminoantipyrine and 2,3-butanedione have been done by elemental analysis, |
electrical conductance in non-aqueous solvents, infrared and electronic and "H NMR spectra as well as thermogravimetry. The UV- |
visible, magnetic susceptibility and ESR spectral data suggest an octahedral geometry around the central metal ion in chloro and bromo
complexes and a tetrahedral geometry around the central metal ion for perchlorate, nitrate and iodide complexes. The molecular modeling |
of the proposed structure is in agreement with the above mentioned structure. Biological screening analyses of the ligands and the |
cobalt(Il) complexes reveals that the Schiff base and its cobalt(II) complexes show significant activity against microorganisms. Binding |
studies of Co(Il) complexes with calf thymus DNA (CT DNA) were studied by spectral methods such as absorption spectroscopy through |
the ethidium bromide (EB) displacement technique and viscosity measurements. The results obtained indicate that the complexes bind to |
|
|

by molecular modeling. The application studies of these
compounds such as the antimicrobial and DNA binding studies
were also carried out.

EXPERIMENTAL

Five metal salts were used for the synthesis of complexes.
Among them CoCl,-6H,0 and Co(NOs),-6H,O were AR grade
and Co(ClQ4),-6H,0, CoBr,-6H,O Col,-6H,O were prepared
from Co(COs), by treatment with corresponding 60 % acid.
The ligand was prepared from 4-aminoantipyrine and 2,3-
butanedione. The 4-aminoantipyrine and 2,3-butanedione were
supplied by Sigma Aldrich Chemical Co. USA. These chemicals
were used without further purification. For DNA binding
studies Tris HCI, ethidium bromide and NaCl were A .R. grade
and calf-thymus DNA was from Sigma Aldrich Chemical Co.
USA. These chemicals were used without further purification.
The solvents used were further purified by distillation.

Analyses of complexes: Cobalt present in the complexes
was estimated by EDTA titration [14]. Chloride content was
estimated by Volhard’s method [14] and perchlorate content
by Kurz’s method [15]. The elemental analyses of the comp-
lexes were done using a Heraeus-CHN-Rapid analyzer. Molar
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conductance of 10° M solutions of the complexes was measured
using a Systronics conductivity bridge with a dip conductance
cell having two platinum electrodes. The infrared spectra were
recorded in a Shimadzu FTIR 8400 S spectrophotometer in
the range 4000-400 cm™ using KBr pellet technique and in a
Bruker IFS 66v FTIR spectrometer in the range 500-100 cm’™
using polyethylene powder. Electronic spectral studies of the
Schiff base and the complexes in solid state were carried out
on a Shimadzu UV-visible spectrometer UV-2450 in the range
190-1100 nm. Magnetic susceptibility measurements were
done in a Sherwood Scientific Magnetic Susceptibility balance
at room temperature. The molecular modeling of the complexes
was done in Chem. 3D Ultra 15.1.0.144 version software using
MM2 method for minimizing the energy.

Synthesis of ligand: The Schiff base, 2,3-(diimino-4’-
antipyrinyl)butane was prepared by the condensation between
2,3-butanedione and 4-aminoantipyrine in ethyl acetate
medium for about 5 hin 1:2 molar ratio. The yellow precipitate
thus obtained was filtered and washed with hot ethyl acetate
to remove the excess reactants. It was then recrystallized from
ethanol and dried over phosphorous(V)oxide under vacuum.
The yield was about 65 %. The scheme of synthesis is repre-
sented in Fig. 1.
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Fig. 1. Synthesis of 2,3-(diimino-4’-antipyrinyl)butane (BDAP)

The purity of ligand was checked by TLC, infrared, mass
and NMR spectra and by elemental analysis. The melting point
of the compound was found to be 245 °C. The molecular
formula and molecular weight of the ligand were CyH2sNcO,
and 456.44, respectively. The elemental analysis data is C =
68.38 (68.41), H=15.34 (6.18) N =18.11 (18.40).

Preparation of cobalt(I) complexes: A quantity of
1 mmol of Co(ClOy),-6H,0, Co(NO3),-6H,O, CoCl,-6H,0, or
CoBr,-6H,0, in methanol (10 mL) or Col,-6H,0 in isopropyl
alcohol (10 mL) were added to a boiling suspension of 1.2
mmol of BDAP in ethyl acetate (100 mL). The mixture was
refluxed for about 5 h. The precipitated complexes were filtered
and washed repeatedly with hot ethyl acetate to remove the
excess ligand. These were then recrystallized from ethanol
and dried under vacuum over phosphorous(V) oxide. The
scheme of preparation of cobalt(II) complexes is represented
in Fig. 2.

Molecular modeling: The 3D molecular modeling of the
proposed structure of the ligand BDAP and its cobalt(Il)
complexes were performed by using Chem. 3D Ultra 15.1.0.144
version software using MM2 for minimizing energy. Molecular
modeling usually gives a better insight on the molecular
structure, geometric optimization and conformational analysis
of the ligand and its complexes. The correct stereochemistry
was assured through the modification and exploitation of the
molecular coordinates to attain reasonable low energy mole-

CH; CH,
H /CH3

HC N \
+ CoX, ——»| HC-N"N AN, | X
H, C/N @ 2 N \ ;/N N
where X = ClO4, NOs; and I

H H; CH,
/ 3 HC / \ N/CH3

B 7

RS R B N S

& s
@ i

where X = Cl” or Br~

Fig. 2. Preparation of cobalt(Il) complexes with varying counter ions

cular geometries. The potential energy of the molecule was
considered as the sum of the following stipulations:

E = Estr + Eang + Etor + Evdw + Eoop + Eele  (3)

where E represents the energy values corresponding to the
given type of interaction (kcal/mol). The subscripts str, ang,
tor, vdw, oop and ele signify bond stretching, angle bonding,
torsion deformation, van der Waals interactions, out of plane
bending and electronic interaction, respectively.

Antimicrobial studies: The in vitro antimicrobial screening
of the cobalt(Il) complexes were tested for their effect on
certain human pathogenic bacteria and fungus by well diffusion
method [16,17]. 10 M solutions of all the complexes were
prepared in DME. Both the Gram-positive (Escherichia coli and
Bacillus subtilis) and Gram-negative (Vibrio parahaemolyticus,
Salmonella typhi, Salmonella weltevreden, Aeromonas hydrophila)
bacteria were grown in nutrient agar medium and incubated
at 37 °C for 48 h followed by frequent subculture to Muller
Hinton agar medium and were used as test bacteria. The fungi,
Trichophyton tonsurans grown into the Sabouraud dextrose
agar medium, incubated at 27 °C for 72 h followed by periodic
sub culturing to fresh medium and were used as test fungus.
Then the Petri dishes were inoculated with a loop full of bacterial
or fungal culture and spread throughout the Petri dishes
uniformly with a sterile glass spreader. The test samples (10
mg/mL) and reference streptomycin (1 mg/mL for bacteria)
or chlorothalonil (10 mg/mL for fungus) were added with a
sterile micropipette in the wells of each plate. The plates were
then incubated at 35 + 2 °C and 27 + 1 °C for 24-48 h for
bacteria and fungus, respectively. Plates with well containing
respective solvents served as control. Inhibition was recorded
by measuring the diameter of the inhibitory zone after the
period of incubation. All the experiments were repeated twice
and average values are presented here.

DNA binding experiments

Preparation of tris-hydrochloride buffer: Tris-
hydrochloride (197 mg, 5 mm) and sodium chloride (730 mg,
50 mm) were accurately weighed and made up to 250 mL
using double distilled water. The pH of this solution was
adjusted to 7.2 using 1 mm sodium hydroxide solution with
the help of pH meter before making up to the mark. This buffer
pH 7.2 was used for all DNA binding studies.
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Absorption spectral studies: The UV-visible absorption
spectroscopy studies and the DNA binding experiments were
performed at room temperature. The purity of the CT-DNA
was verified by taking the ratio of the absorbance values at
260 and 280 nm in Tris HCI buffer, which was found to be
approximately 1.8 indicating that the DNA was sufficiently
free of protein [18]. The DNA concentration per nucleotide
was determined by absorption spectroscopy using the molar
extinction coefficient value of 6600 dm®* mol! cm™ at 260 nm
[19]. The complexes were dissolved in methanol for all the
experiments. Absorption spectra were recorded with a fixed
concentration of the compounds (25 pM) while gradually
increasing the concentration of DNA (10-50 uM). While
measuring the absorption spectra, an equal amount of DNA
was added to both the test solution and the reference solution
to eliminate the absorbance of DNA itself. Further support for
the complexes binding to DNA via intercalation is given
through emission quenching experiments. DNA was pretreated
with ethidium bromide for 30 min. Then the test solutions
were added to this mixture of EB-DNA and the change in the
fluorescence intensity was measured. The excitation and the
emission wavelength were 515 and 603-607 nm, respectively.

Viscosity measurements: Viscosity experiments were
carried out using a Schott Gerate AVS 310 automated visco-
meter that was thermostated at 25 °C in a constant temperature
bath. The lengthening of the DNA helix has been examined in
the absence and presence of increasing amounts of complexes.
Flow time was measured with a digital stopwatch and for each
sample the measurement was made in triplicates and the mean
value of flow time was recorded [20]. The obtained data are
presented as (N/M")"* versus the binding ratio, where 1 is the
viscosity of CT-DNA in the presence of complex and n° is the
viscosity of CT-DNA alone in buffer solution.

RESULTS AND DISCUSSION

The cobalt(IT) complexes are light brown, non-hygroscopic
solids which are soluble in acetonitrile, benzene, DMF, DMSO,
ethanol and methanol and are insoluble in acetone, ethyl acetate
and nitrobenzene.

The metal, bromide, chloride, perchlorate, carbon, nitrogen
and hydrogen content in the cobalt(II) complexes were deter-
mined and presented in Table-1. The data suggests that the
complexes may be formulated as Co(BDAP)X, X = ClO,
NO;., ClI,Brorl.

Electrical conductance: The molar conductance values
of the cobalt(Il) complexes of BDAP (10° M solution) were
measured in acetonitrile, DMF, ethanol and methanol and the
values are given in Table-2. The molar conductance values of
the complexes fall in the range suggests 1:2 electrolytes for
perchlorate, nitrate and iodide complexes and non-electrolyte
for chloride and bromide complexes [21]. Thus the complexes
may be formulated as [Co(BDAP)]X, (X = ClOs7, NO;  or I')
and Co(BDAP)X,] (X =CI or Br).

Infrared spectra: The important infrared spectral bands
of BDAP and its cobalt(IT) complexes together with the tentative
assignments are given in Table-3.

The infrared spectrum of the ligand BDAP shows strong
bands at 1649 and 1593cm™, characteristic of both carbonyl
[22] and azomethine [23,24] groups, respectively. The strong
infrared band observed at 1649 cm’!, characteristic of C=0
stretching vibration of BDAP is found to be shifted to the region
1618-1612 cm™ in all the complexes showing that both the
carbonyl oxygens are coordinated in these complexes [25].
Also the intense band due to C=N stretching vibration is shifted
to the region 1581-1562 cm™ in all the complexes indicating
the coordination of both the azomethine nitrogens [26]. From
the infrared spectral data, it is concluded that the Schiff base
BDAP acts as a neutral tetradentate ligand, coordinating through
both the carbonyl oxygens and both the azomethine nitrogens
resulting in the formation of three five membered rings, there
by imparting considerable stability to the complexes.

In the perchlorate complex, an intense un-split band observed
at 1080 cm™ is assigned to the v vibration of uncoordinated
perchlorate ion of Tq symmetry [27]. The v, vibration of the
perchlorate (Ty) ion is observed at 624 cm™, also support the
existence of uncoordinated perchlorate ion in the complex [27].

In the nitrate complex, a very strong band observed at
1382 cm™ indicates the presence of uncoordinated nitrate ion

TABLE-1
ANALYTICAL DATA OF COBALT(II) COMPLEXES OF BDAP

m.p. Elemental analysis (%): Found (Calcd.)
Complex m.f. m.w. o : :

©) Metal Anions Carbon Hydrogen Nitrogen
[Co(BDAP)](CIO,), C,H;NsOsCoCl, 71438 162 8.19 (8.24) 27.65 (27.84)  43.63 (43.71) 3.97 (3.9) 11.81 (11.76)
[Co(BDAP)](NO;), C,sHy;NzOsCo 639.48 159 9.34 (9.21) - 48.18 (48.83) 432 (4.41) 18.02 (17.52)
[Co(BDAP)CL,] C,6H,sN¢CoCl, 586.38 167 10.01 (10.05)  11.95 (12.09) 52.95 (5.25) 5.08 (4.81) 14.28 (14.33)
[Co (BDAP)Br,] C,¢H,sN¢CoBr, 676.18 196 8.66 (8.71) 23.75 (23.63)  45.85 (46.18) 4.39 (4.17) 12.39 (12.42)
[Co(BDAP)]L, C,HxN,CoL,Cl, 761.10 170 7.69 (7.66) 33.05 (32.9) 40.32 (40.56) 3.84 (3.64) 10.90 (10.92)

TABLE-2
MOLAR CONDUCTANCE (ohm™ cm?® mol') DATA OF COBALT(II) COMPLEXES (10 M SOLUTION) OF BDAP
Molar conductance
Complex —
Acetonitrile DMF Methanol Ethanol Type of electrolyte

[Co(BDAP)](ClO,), 282.1 163.8 199.6 90.5 1:2
[Co (BDAP)](NO3), 223.5 147.5 201.81 82.4 1:2
[Co(BDAP)CL,] 112.8 57.47 - 25.45 non-electrolyte
[Co (BDAP)Br,] 100.3 - 46.24 - non-electrolyte
[Co(BDAP)]I, 185.1 145.2 203.03 75.6 1:2
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TABLE-3
KEY INFRARED SPECTRAL BANDS (cm'') OF BDAP AND ITS COBALT(II) COMPLEXES
BDAP [Co(BDAP)](CIO,),  [Co(BDAP)](NO;), [Co(BDAP)Cl,] [Co(BDAP)Br,] [Co(BDAP)]L, Assignments
1649 1612 1618 1612 1618 1614 v(C=0)
1593 1581 1571 1562 1571 1566 v(C=N)
1091 v, uncoordinated ClO,
624 v, uncoordinated ClO,
1384 v; uncoordinated NO;
827 v, uncoordinated NO;
280 280 v(Co-Cl)
280 v(Co-Br)
554 553 554 554 552 v(Co-0)
453 453 453 452 453 v(Co-N)

in this complex which is due to v; vibration of the nitrate ion
of D3, symmetry [28]. This is supported by another medium
intensity band observed at 825 cm™ which is attributed to the
Vv, vibration of the uncoordinated nitrate ion of D3, symmetry.
In the far IR spectrum of the chloro and bromo complexes the
v(Co-Br) and v(Co-Cl) and bands observed at 280 cm’,
respectively which are not present in the spectrum of the ligand.
The above IR spectral results are in conformity with the
conductance data that both the perchlorate, both the nitrate
and both the iodides remain as counter and both the chloride
and both the bromide ions are coordinated to the metal ion
ions in all the complexes. Further the v(Co-O) and v(Co-N)
stretching vibrations are observed at about 554 and 453 cm’',
respectively in all the complexes [29].

'H NMR spectra: The proton NMR spectral data of the
BDAP and its Co(Il) complexes were presented in Table-4.
BDAP shows a singlet at & 2.84 which is assigned to the
—N=C-CHj; protons and a multiplet in the region 6 7.22-7.37
due to phenyl protons [30]. In all the complexes the multiplet
due to phenyl protons is shifted to the region & 7.45-7.46. This
indicates the coordination of carbonyl oxygen to the metal.
The singlet at 8 2.8 due to -N=C-CHj; protons in BDAP is shifted
to the region & 2.90-3.08 in the complexes showing the
coordination of azomethine nitrogen.

Electronic spectral studies: The electronic spectral studies
of cobalt(Il) complexes of BDAP with tentative assignments
are listed in Table-5. The electronic spectra of the ligand BDAP
shows two absorption maxima at 26810 and 42735 cm™ corres-
ponding to n—7* and T—w* transitions, respectively [31].
But in cobalt(Il) complexes, both n—7* and n—7* transitions
are found to be red shifted to the regions 25126-26667 cm
and 37593-39370 cm’', respectively when compared to that
of BDAP [32]. Also an intense absorption band observed in
the region 30674-31446 cm™ inall the complexes may be due
to charge transfer transitions. The absorption bands observed

in the region 21739-21834 cm™, 15038-15948 cm™ and 8976-
9009 cm™ of the chloro and bromo complexes of cobalt(Il)
may be assigned to *T1(F)—=*T(P), ‘T1(F)—*Ax(F) and
T 1(F)—*T1(F) transitions, respectively, which are in agree-
ment with a high spin octahedral geometry of the complexes
around cobalt(Il) ion [33,34]. Furthermore in the electronic
spectra of the perchlorate, nitrate and iodide complexes of
cobalt(II), three closely spaced weak bands were observed in
the region 16946-17241 cm’, 14368-16025 cm™ and 13850-
15060 cm™ which are assigned to be “A,(F)—*T(P) transition
for a distorted tetrahedral symmetry around the cobalt(Il) ion
[32]. The splitting of the spectral lines originates from the
restricted bond angle of the O-Co-N entity [35,36].

Magnetic behaviour: The magnetic susceptibility measure-
ments of all the cobalt(Il) complexes were done and the
magnetic moment values are presented in Table-5 along with
electronic spectral data. The magnetic moment values are in
the range 4.23-4.4 BM suggesting tetrahedral configuration
around the cobalt(Il) ion in perchlorate, nitrate and iodide
complexes [37] while the value in the range of 4.76-4.84 BM
suggesting a octahedral configuration around the cobalt(Il)
ion in chloride and bromide complexes [34]. The observed
values for tetrahedral configuration are higher than the spin
only value (3.87 BM). This may be due to the incomplete quen-
ching of orbital moment by the surrounding ligands [34].

Thermogravimetric analyses: The thermogravimetric
analysis of cobalt(Il) complexes of BDAP were done and the
phenomenological kinetic as well as mechanistic aspect of
thermal decomposition is discussed here. The data of the thermal
analysis are presented in Tables 6-8.

Thermal analysis reveals that, the complexes are stable up
to a temperature range 173-230 °C. All the complexes undergo
a two stage decomposition pattern. The iodide complex is the
least stable and the bromo complex is the most stable. The
thermal stability of the complexes is in the order bromo > chloro

TABLE-4
IMPORTANT 'H NMR PEAKS OF BDAP AND ITS Co(II) COMPLEXES (IN § w.r.t. TMS)

Complex -CH, =C-CH, -N-CH, Phenyl multiplet
BDAP 2.15 (sh,s) 2.84 (sh,s) 3.18 (sh,s) 7.22-7.37 (br,m)
[Co(BDAP)](CIO,), 2.32 2.90 3.21 7.45-7.46
[Co (BDAP)](NO;), 2.18 291 3.23 7.44-7.46
[Co(BDAP)Cl,] 222 291 3.19 7.45-7.46
[Co (BDAP)BT,] 2.28 3.08 3.21 7.45-7.46
[Co(BDAP)L ] 2.23 292 3.22 7.44-7.46

sh = sharp; s = strong; br = broad; m = multiplet
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TABLE-5
ELECTRONIC SPECTRAL DATA AND MAGNETIC MOMENT VALUES OF COBALT(IT) COMPLEXES OF BDAP
Complex Absorbance max. (cm™) Tentative assignments Uerr (BM)
25,126 n—T*
38,314 T—>TT*
[Co(BDAP)|(CIO,), ?222‘1‘ ?X;%elrf;ifg 432
16025 *AL(F) —*T,(P)
15060 *AF) - T,(P)
25316 n—T*
37,593 T—>T*
[Co(BDAP)|(NO,), fééié ?X;%elrf;ifg 4.40
16025 *AL(F) = *T,(P)
15503 *AF) —*T,(P)
25,974 n—mk
38,168 T—>TT*
[Co(BDAP)CL,] ;}‘7“3‘2 g?j%elrfﬁsf;; 4.84
15,948 T (F) = *Agy(F)
8976 T, (F) = T, (F)
26,667 n—7 *
38,168 T—>TT*
31055 Charge Transfer
[Co(BDAP)Br,] 51834 1. (15%) T ®) 476
15038 T (F) = *An(P)
9009 T, (F) = *T,(F)
25,849 n—T*
39,370 T—>TT*
30674 Charge Transfer
[Co(BDAP)] 1, — A, (15) TPy 423
14,368 “AL(F) = *T,(P)
13850 “AL(F) = *T,(P)

TABLE-6
PHENOMENOLOGICAL DATA FOR THE THERMAL DECOMPOSITION OF THE COBALT(II) COMPLEXES OF BDAP

Complexes d Sl Of Temp. (K) DT/? B Residpal Decomposition species Total mass loss (%)
ecomposition °C) species Found Calcd.

CoBDAPICIO): 5 sigsss  am S  onemokcuchbAr  om g
CoBDADINO):  w  aseso a0 omemoleculenpar 31w 1y
T A
(Ca(BDAPBr I domi es % wmoeueBbar  eots 65
(CoBDAP I st 34 0 ommolmiebbar 301 5%

TABLE-7 > perchlorate > nitrate >iodide. The complexes are formulated

KINETIC PARAMETERS FOR THE THERMAL
DECOMPOSITION OF THE COBALT(II) COMPLEXES OF BDAP

Stages of _
Complex decompo- E (IEJ AT ,AS (JE
... mol ™) mol ™)

sition
i 97.46 2.17 24543
[Co(BDAP)I(CIO,), I 80.29 1.091 251.86
i 84.50 36.95 2219.56
[Co(BDAP)INO), I 6157 03609  -260.26
i 64.97 12126 -248.66
[Co(BDAP)CL,] il 61.69  0.1726  -268.62
i 5837 07342 -252.93
[Co{ERARIE| 1 10067  2.155 24771
i 3124 3.62(E02) -278.88
[Co(BDAP)IL, 1 15836 84155  -196.29

as [Co(BDAP)[X, where X=ClO,,NO; orI and [Co(BDAP)X,]
where X=CI or Br".

In perchlorate complex there is no mass loss up to 193 °C
indicating the absence of water or any solvent molecules. The
first stage starts at 193 °C and ends at 316 °C. The correspon-
ding mass loss (27.69 %) is due to the decomposition of two
perchlorate ions. The maximum rate of mass loss occurs at
272 °C as indicated by DTG peak. The second stage starts at
316 °C and ends at 556 °C with a DTG peak at 478 °C. The
corresponding mass loss (62.83 %) is due to the decomposition
of the BDAP molecule. The decomposition gets completed
at 560 °C and the final residue is qualitatively proved to be
anhydrous CoO.
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TABLE-8
CORRELATION COEFFICIENTS CALCULATED USING THE NINE FORMS OF g(a) FOR COBALT(III) COMPLEXES OF BDAP

Correlation coefficient (r)

No. Forms of g(co) Perchlorate complex Nitrate complex Chloride complex Bromide complex Iodide complex
Stage [ Stage 11 Stage 1 Stage 11 Stage [ Stage 11 Stage I Stage I1 Stage 1 Stage I1
1 o -0.9863  -0.9543 | -0.9448  -0.9889 [ -0.9671 -0.9612 | -0.9735 -0.9616 | -0.9819  -0.9516
2 o+(1-00) In (1-00) -0.9872 -0.9664 | -0.9683  -0.9922 | -0.9845 -0.9723 [ -0.9806  -09669 -0.9889  -0.9594
3 [1-(1-o)"P? -0.9752  -0.9294 [ -09137 -0.9817 | -0.9457 -0.9217 | -0.9583  -0.9472 | -0.9510 -0.9423
4 [(1-2Bw)]-1-0)* -0.9873  -0.9709 [ -0.9783  -0.9933 | -0.9939 -0.9763 [ -0.9831 -0.9688 | -0.9912  -0.9622
5 -In(l-o -0.9856  -0.9850 | -0.9927  -0.9957 [ -0.9711  -0.9870 | -0.9905 -0.9735 | -0.9963  -0.9723
6  [-In(1-o9]" -0.9754  -0.9779 [ -0.9910 -0.9932 | -0.9652 -0.9775 [ -0.9859  -0.9641 | -0.9907 -0.9674
7  [[In(1-o9]" -0.9537  -0.9657 | -0.9885 -0.9876 [ -0.9571  -0.9548 | -0.9776  -0.9497 | -0.9671 -0.9616
8  1-(1-o™ -0.9838  -0.9677 [ -0.9802  -0.9921 | -0.9930 -0.9713 | -0.9811 -0.9650 | -0.9882  -0.9607
9 1-(1-w"” -0.9846  -0.9743 [ -0.9892  -0.9936 | -0.9947 -0.9775 | -0.9847 -0.9680 | -0.9918  -0.9647

In nitrato complex there is no mass loss up to 183 °C
indicating the absence of water or any solvent molecules. The
first stage starts at 183 °C and ends at 286 °C. The corres-
ponding mass loss (19.12 %) is due to the decomposition of
two nitrate ions. The maximum rate of mass loss occurs at
250 °C as indicated by DTG peak. The second stage starts at
286 °C and ends at 530 °C with a DTG peak at 410 °C. The
corresponding mass loss (71.29 %) is due to the decomposition
of the BDAP molecule. The decomposition gets completed
at 530 °C and the final residue is qualitatively proved to be
anhydrous CoO.

In chloro complex there is no mass loss up to 211 °C
indicating the absence of water or any solvent molecules. The
first stage starts at 211 °C and ends at 370 °C. The corres-
ponding mass loss (11.54 %) is due to the decomposition of
two chloride ions. The maximum rate of mass loss occurs at
295 °C as indicated by DTG peak. The second stage starts at
370 °C and ends at 619 °C with a DTG peak at 558 °C. The
corresponding mass loss (77.8 %) is due to the decomposition
of the BDAP molecule. The decomposition gets completed
at 620 °C and the final residue is qualitatively proved to be
anhydrous CoO.

In bromo complex there is no mass loss up to 219 °C
indicating the absence of water or any solvent molecules. The
first stage starts at 219 °C and ends at 419 °C. The correspon-
ding mass loss (24.64 %) is due to the decomposition of two
bromide ions. The maximum rate of mass loss occurs at 302 °C
as indicated by DTG peak. The second stage starts at 419 °C
and ends at 711 °C with a DTG peak at 628 °C. The correspon-
ding mass loss (66.15 %) is due to the decomposition of the
BDAP molecule. The decomposition gets completed at 712 °C
and the final residue is qualitatively proved to be anhydrous
CoO.

Iniodide complex there is no mass loss up to 173 °C indi-
cating the absence of water or any solvent molecules. The first
stage starts at 173 °C and ends at 377 °C. The corresponding
mass loss (33.05 %) is due to the decomposition of two iodide
ions. The maximum rate of mass loss occurs at 356 °C as
indicated by DTG peak. The second stage starts at 377 °C and
ends at 476 °C with a DTG peak at 434 °C. The correspon-
ding mass loss (59.21 %) is due to the decomposition of the
BDAP molecule. The decomposition gets completed at 480
°C and the final residue is qualitatively proved to be anhydrous
CoO.

Kinetic aspects: The activation energies (E) of all the
complexes of different stages of thermal decomposition are in
the range of 31.24-158.36 KJ mol™. The corresponding values
of pre-exponential factor for these complexes vary in the
range 3.62 x 10%—841.55 S™'. The respective values of entropy
of activation (AS) are in the range -196.29 to -278.88 J mol™.
It is observed that the energy of activation and pre-exponential
factor of the second stage of decomposition of all the comp-
lexes except bromide and iodide complexes are lower than
that of the first stage [38]. But the entropy of activation of the
second stage of decomposition of all the complexes except
bromide and iodide complexes are higher than that of the first
stage. The negative values of entropy of activation indicate
that the activated complex has a more ordered structure than
the reactant and the reactions are slower than the normal [39].

Mechanistic aspects: The highest values of the magnitude
of correlation coefficient is obtained for the equation:

g(o) = -In(1-0)
for all the stages of decomposition of all the complexes except
for the first stage of perchlorate and chloride complex. Hence
the mechanism for the decomposition is random nucleation
with one nucleus on each particle representing ‘Mampel
Model’ [39].

For the first stage of perchlorate complex, the highest value
of the magnitude of correlation coefficient is obtained for the
equation:

g(o) = [(1-2/30)]-1- 0?3

Hence the mechanism is three dimensional diffusion spherical
symmetry representing Ginstling- Brounshtien equation.

For the first stage of chloride complex, the highest value
of the magnitude of correlation coefficient is obtained for the
equation:

gla) =1-(1- o)™
Hence the mechanism is phase boundary reaction representing
spherical symmetry [38].

Molecular modeling: The analytical, spectral and
magnetic studies of the perchlorate, complex of cobalt(Il)
shows a tetra coordination and chloro and bromo complexes
of cobalt(IT) shows a hexacoordination which were further
confirmed by their molecular modeling studies. The 3D opti-
mized geometrical structures of ligand BDAP and its cobalt(II)
complexes with varying counter ions are presented in the Figs.
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3-6. The minimum sterric energy which was repeated several
times to find out the global minimum obtained to be 85.119,
244.837,62.112,455.836 and 231.653 kcal/mol, respectively.
The obtained bond lengths of the ligand BDAP were in between
C(13)-0(22) 1.231 A, C(32)-0(34) 1.209 A, C(1)-N(3) 1.281
A and C(2)-N4) 1.277 A.

Fig. 4. Molecular modeling of [Co(BDAP)CL,]

Hence it was inferred that, when the ligand BDAP con-
taining donor atoms such as carbonyl oxygens and azomethine
nitrogens were coordinated with the metal ions by donating a
lone pair of electrons results in decrease of electron density
on the coordinating atoms, at the same time increase in the
bond lengths and bond distance [40]. Furthermore in most of
the cases, the actual bond angles and lengths are close to the
optimal values thereby supporting the proposed tetra- and

Fig. 6. Molecular modeling of [Co(BDAP)](ClO4).

hexacoordinated geometry around the metal ion of these
compounds [41]. The important bond lengths of cobalt(II)-
chloride complex of BDAP is given in Table-9.

TABLE-9
IMPORTANT BOND LENGTHS OF COBALT(II)
CHLORIDE COMPLEX OF BDAP

Atom Bond atom Bond length (A)
C(1) N@3) 1.404
C(16) N@3) 1.424
C(2) N(4) 1.429
C(18) N4) 1.383
C(13) 0(22) 1.355
C(22) 0(34) 1.367
N@3) Co(35) 1.876
N@4) Co(35) 1.868
0(22) Co(35) 1.837
0(34) Co(35) 1.843
Br(36) Co(35) 2.335
Br(37) Co(35) 2.334
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TABLE-10
ANTIBACTERIAL ACTIVITY OF BDAP AND ITS COBALT(II) COMPLEXES (ZONE DIAMETER IN mm)

Compound V. parahaemolyticus S. typhi A. hydrophila B. subtilis E. coli S. weltevreden
BDAP 0 20 23 0 19 19
[Co(BDAP)](CIO,), 16 23 30 15 20 20
[Co(BDAP)](NO;), 0 24 26 0 21 21
[Co(BDAP)]IL, 0 25 25 0 20 21
[Co(BDAP)Cl,] 5 24 23 0 23 22
[Co(BDAP)Br,] 0 26 28 0 24 22
Standard (Streptomycin) 4 15 16 13 12 15

Antimicrobial analysis

Antibacterial screening: The antibacterial analysis results
of Co(Il) complexes are presented in Table-10. The Schiff base
ligand BDAP and its cobalt(Il) complexes were showing a very
good antibacterial activity against all the four Gram-positive
and Gram-negative bacteria among the six bacteria compared
to the standard. Generally, the complexes have higher activity
than the Schiff base ligand. A possible explanation for the
observed increased activity upon chelation is that the positive
charge of the metal in chelated complex is partially shared
with the ligand’s donor atoms so that there is an electron
delocalization over the whole chelate ring. This in turn, will
increase the lipophilic character of the metal [42]. BDAP
and its cobalt(Il) complexes are not showing any activity
against two bacteria, V. parahaemolyticus and B. subtilis. Thus,
the antibacterial activity of BDAP and its Co(Il) complexes
are [Co(BDAP)](ClO4),> [Co(BDAP)](NOs),> [Co(BDAP)]L,
> [Co(BDAP)Cl,] >[Co(BDAP)Br,] > BDAP. All the complexes
seem to be promising as they showed antibacterial activity
higher than standard streptomycin.

Antifungal studies: The antifungal analysis results of
Co(IT) complexes are summarized in Table-11. All the complexes
were showing a good antifungal activity against Trichophyton
tonsurans compared to the standard. Generally, the metal
complexes have higher activity than the Schiff base ligand. A
possible explanation for the observed increased activity upon
chelation is that the positive charge of the metal in chelated
complex is partially shared with the ligand’s donor atoms so
that there is an electron delocalization over the whole chelate
ring. This, in turn, will increase the lipophilic character of the
metal [42]. It is concluded that antifungal activity of bromo
and iodide complexes of Co(II) complexes is higher than other
complexes.

DNA binding studies: The DNA binding analyses of the
complexes were carried out by using electronic spectra, fluore-
scence spectra and viscosity measurements.

TABLE-11
ANTIFUNGAL ACTIVITY OF BDAP AND ITS
COBALT(II) COMPLEXES (ZONE DIAMETER IN mm)

Compound

Trichophyton tonsurans

BDAP 14
[Co(BDAP)](CIO,), 16
[Co(BDAP)](NO;), 16
[Co(BDAP)]L, 18
[Co(BDAP)CL,] 16
[Co(BDAP)Br,] 19
Chlorothalonil 34
DMSO 0

Electronic spectral studies: Electronic absorption
spectroscopy has been widely used to determine the binding
ability of metal complexes with DNA. The binding ability of
the synthesized Co(II) complexes Co(BDAP)](Cl10.), (1),
[Co(BDAP)](NOs):(2), [Co(BDAP)CL,] (3), [Co(BDAP)BTI,]
(4) and [Co(BDAP)L] (5) with CT-DNA were studied by mea-
suring the spectral changes of their electronic spectra during
the interaction with DNA. The complexes binding with DNA
through intercalation usually results in bathochromism or
hypochromism due to intercalative mode involving a strong
stacking interaction between the base pairs of DNA [43] and
an aromatic chromophore of the bound ligand. Therefore, in
order to obtain the evidence for the binding mode of complexes
with DNA, spectroscopic analyses of complex solutions with
DNA have been performed. Absorption titration experiments
of complexes in Tris-HCI buffer were performed by using a
fixed concentration of complexes to which increments of the
DNA stock solution were added. The absorption spectra of
complexes 1-5 in the absence and presence of DNA are given
in Figs. 7-11. The binding of complexes to DNA led to decrease
in the absorption intensities (hypochromism) with a small
amount of red shifts in the UV-visible absorption spectra
(bathochromism). The extent of hypochromism depends on
intercalative interaction [44]. After intercalating the base pairs
of DNA, the w orbital of the base pairs can couple with the *
orbital of the intercalated ligand, thus decreasing the m—m*
transition energy and resulting in the bathochromism [45]. To
compare quantitatively the affinity of the complexes toward
DNA, the binding constants k; of the complexes 1 and 2 to
CT-DNA were determined by monitoring the changes of absor-
bance at 261 and 260 nm for complexes 1 and 2, respectively,
with increasing concentration of DNA. The red shift of A
band and considerable decrease in absorption intensity suggest
that the complexes bind to DNA strongly [46]. Using the absor-
ption titration data, the binding constant (k,) was determined
from the following equation [47]:

c c 1
- =
Ag,  Ae  Aek,

where ¢ = [DNA]; Ae, = le,-&l and A€ = ley- & (€,, € and €, are
extinction coefficient of the observed (Ap/[complex]), the free
complex and the complex fully bound to DNA, respectively).
The ratio of slope to intercept in the plot of [DNA]/Ag, vs.
[DNA] gave the value of K,. The binding constants (Ky) of
complexes 1 and 2 are calculated as 2.68 x 10°and 1.12 x 10°
M, respectively. The obtained K values are in agreement
with those of DNA-intercalative Schift base cobalt(Il) complexes
[48] and revealed that the perchlorate complex is moderate
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Fig. 7. Absorption spectra of the perchlorate complex of BDAP in Tris-
HCI buffer upon addition of different concentrations of CT-DNA.
Plot for [DNA]/Ag, vs. [DNA] for absorption titration of CT -DNA
with the complex

Nitrate complex
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Fig. 8. Absorption spectra of nitrate complexes of cobalt(Il) with increasing
concentration of DNA. Plot of [DNA]/Ag, vs. [DNA] for absorption
titration of CT-DNA with complex

binder and nitrate complex shows a stronger binding ability
towards DNA.

Fluorescence measurements: The fluorescence spectro-
scopy provides insight on the changes taken place in the
microenvironment of DNA molecule on ligand binding. To
further clarify the interaction of the complexes with DNA, the
fluorescence spectral measurements were performed to deter-
mine the binding ability of the metal complexes with DNA.
The binding of these compounds with CT-DNA were studied

1.000

0.500

Absorbance

-0.125
200 400

Wavelength (nm)
Fig. 9. Absorption spectra of chloro complexes of cobalt(Il) in Tris-HCI
buffer upon addition of different concentrations of CT-DNA
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o
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Fig. 10. Absorption spectra of bromo complexes of cobalt(Il) in Tris-HCI
buffer upon addition of different concentrations of CT-DNA
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Fig. 11. Absorption spectra of iodide complexes of cobalt(Il) in Tris-HCI
buffer upon addition of different concentrations of CT-DNA

by monitoring the changes in the intrinsic fluorescence of these
complexes at varying DNA concentration.

Figs. 12-14 show the fluorescence emission spectra of
Co(II) complexes, [Co(BDAP)](NOs),(1),[Co(BDAP)CL,] (2)
and [Co(BDAP)Br] (3) upon excitation at 250 nm. Addition
of DNA of different concentration to the complexes solution
at constant concentration caused a gradual decrease in the
fluorescence emission intensity. The spectra illustrate that an
excess of DNA led to more effective quenching of the fluoro-
phore molecule leads to fluorescence. The reduction of the
emission intensity gives a measure of the DNA binding tendency
of the complexes and stacking interaction (intercalation)
between the adjacent DNA base pairs [49]. Fig. 15 illustrates
that the quenching of complexes is in good agreement with
the linear Stern-Volmer equation (eqn. 2) which provides further
evidence that the complexes 1-3 bind to DNA [50]:

Fo/F =1 + K,[Q] ()

where F, and F are the fluorescence intensities of complexes
in the absence and presence of DNA (quencher), respectively,
K, is the Stern-Volmer constant and [Q] is the concentration
of DNA. Plotting the relative emission intensities (Fo/F) against
[Q], the concentration of DNA for static process gives a linear
Stern-Volmer plot which describes the static quenching process.
The slope of this plotted line yields K, the static quenching
constant or associative equilibrium constant. The K, values
for complexes 1-3 are 6.22 x 10°M™" (R = 0.9995), 2.366 x
10°M™ (R=0.9998) and 2.254 x 10° M (R = 0.9993), respec-
tively. These results suggest that the interaction of complex 1
with ct-DNA is stronger than that of complex 2 and 3, which
is consistent with the above absorption spectral results. The
quenching of the complexes fluorescence clearly indicated that
the binding of the DNA to complexes molecules changed the
microenvironment of fluorophore residue. The reduction in
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Fig. 12. Fluoresence emission spectra of [Co(BDAP)](NOs).
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Fig. 13. Fluorescence emission spectra of [Co(BDAP)Cl,] complexes
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Fig. 14. Fluorescence emission spectra of [Co(BDAP)Br,] complexes

the intrinsic fluorescence of these synthesized complex mole-
cules upon interaction with DNA could be due to masking of
compound fluorophore upon interaction between the stacked
bases within the helix and/or surface binding at the reactive
nucleophilic sites on the heterocyclic nitrogenous bases of
DNA molecule [51].
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Fig. 15. Graphical representation of the ratio of F,/F vs. DNA concentration
of Co(Il) complexes

Viscosity measurements: For further confirmation of the
interactions between the complex and DNA, viscosity mea-
surements were carried out. The viscosity and sedimentation
measurements that are sensitive to length change are regarded
as the most critical test of a binding in solution, in the absence
of crystallographic structural data [52]. A classical intercalation
model demands that the DNA helix must lengthen as base
pairs are separated to accommodate the binding ligand, which
leading to the increase of DNA viscosity. In contrast a partial
and/or non-classical intercalation ligand could bend, then the
DNA helix reduces its effective length concomitantly and its
viscosity [53]. In the presence of complex, viscosity of DNA
has been found to increase (Fig. 16). The increase in viscosity
suggests that the complexes could bind to DNA by the inter-
calation binding mode.

1.2007
—m—perchlorate
—e—chloride
—A—bromide
1.195 —v—nitrate
]
A
o 1.1907 A
2
5
1.1857
1.1801 /- S
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1.175 T v T v T v T T T
0.1 0.2 0.3 0.4 0.5
[DNAJ/[complex]

Fig. 16. Effect of increasing amounts of cobalt(Il) complexes (1-4) on the
relative viscosity of CT-DNA at 25 + 0.01 °C

Conclusions

The elemental analyses and molar conductance data of
the cobalt (IT) complexes of BDAP indicate that the complexes
may be formulated as [Co(BDAP)]X, (where X = C10,~, NO5~
or I') and [Co(BDAP)X,] (where X = CI” or Br"). The infrared
spectral data suggest that BDAP acts as a neutral tetradentate

ligand coordinating through both the carbonyl oxygens and
azomethine nitrogens. The molar conductance and the infrared
spectral studies reveal that both the perchlorate, both the nitrate
and both the iodide ions remain as counter ions and chloride
and bromide ions are coordinated. The electronic spectra and
magnetic moment suggest a octahedral geometry around the
cobalt(II) ion in the chloro or bromo complexes and a tetra-
hedral geometry around the cobalt(II) ion in perchlorate, nitrate
or iodide complexes. Molecular modeling of the proposed
structure confirmed the octahedral and tetrahedral geometry
for the respective molecules.

The thermal stability of the complexes were confirmed
by thermogravimetric analyses. The mechanism for the thermal
decomposition is random nucleation with one nucleus on each
particle representing ‘Mampel Model’ for all the complexes
in both the stages except the first stage thermal decomposition
of chloride and perchlorate complexes. For the perchlorate
complex, the mechanism is three dimensional diffusion spherical
symmetry representing Ginstling- Brounshtien equation and
for the chloride complex the mechanism is phase boundary
reaction representing spherical symmetry. In antimicrobial
studies all the complexes showed a good activity against the
pathogenic bacteria and fungus than the ligand. From the DNA
binding studies of the complexes it is concluded that the com-
plexes showed a good affinity towards the DNA and binding
is through intercalation. Based on the results of the present
study, the tentative structures of the complexes are shown in
Fig. 17.

\ /
N
5 /'CO\O N

(where X =ClO,, NO, or )

CH3 CH,
CH

X

(where X = CI or Br)

Fig. 17. Tentative structures of cobalt(Il) complexes of BDAP
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