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ARTICLE INFO ABSTRACT

Synthesis, spectroscopical characterization and biological studies of Co(II), Ni(II), Cu(II) and Zn(II)
complexes of 2-amino-5-hydroxyphenyl-1,3,4-thiadiazoles are described. The ligand coordinates
through nitrogen at 4th position of thiadiazole moiety and phenolic oxygen of salicylic acid moiety
via deprotonation. The characterization involved elemental analysis, molar conductance, IR, 1H
NMR, electronic, magnetic susceptibilities, ESR, FAB-mass and thermal studies. From the above
studies it is concluded that the ligands act as a bidenate molecule with stoichiometry being 1:2
(metal:ligand) obeying the general formula [ML2.2H2O]. Co(II), Ni(II) and Zn(II) complexes
possessing an octahedral geometry while Cu(II) complexes have  exhibited distorted octahedral
geometry. The compounds have been screened in vitro for antibacterial and antifungal activities.
Active compounds have been assayed with MIC values. The antitubercular activities for the
compounds have been carried out against, H37Rv Strain by middle Brook Method.  The brine shrimp
bioassay was also carried out to study the in vitro cytotoxicity properties for the ligands and their
corresponding complexes.

INTRODUCTION
Sulphur containing ligands have emerged as new medicinal and
biochemistrial probes in treatment of several diseases [1]. Pd
and Pt based sulphur – containing ligands have shown
inhibition against tumors [2]. The antimicrobial studies of
metal chelates have revealed new pathways in medicinal
chemistry [3]. In vivo studies account to the fact that
biologically active compounds become more bacteriostatic and
carcinostatic on complexation [4]. Among the various classed
of biologically active coordination compounds, complexes with
thiadiazoles as ligands have attracted attention. The –N=C-S
linkage of thiadiazole ring places this class of compound as an
important and interesting biological moiety possessing several
microbial activities [5,6]. Its substituents like 2, 5-Disubstituted
1,3,4-thiadiazole moieties have been found to be herbicidal,
antitumor, diuretic and bacteriostatic [7,8]. Acetamide
derivatives of 2-(benzoyl aminomethyl)-1,3,4-thidiazole have

been found to possess antiarrhythmic, antimetastatic,
psychoneurosi, schistosomicidal, fungicidal, herbicidal and
pesticidal activities [9,10]. Only a few reports on metal
complexes of these wonder moieties are available. Iron(II),
cobalt(II), nickel(II), copper(II), zinc(II), cadmium(II) and
silver(I) with 2-amino-5-phenyl-1,3,4-thiadiazole have been
prepared and characterized [11,12]. Bismuth (III), and Silver(I)
complexes with 2-amino-5-methyl-1,3,4 thiadiazole [13,14].
Some transition complexes with 2-amino-5-methyl and 2, 5-
dimethyl-1,3,4-thiadiazole and some with 5-amino-1,3,4-
thiadiazole-2-thiol have been reported [15-16]. Mishra.et al.
[17] have commented on the synthesis, characterization  and
biological activity of cobalt(II), nickel(II), copper(II) and
zinc(II) complexes with mercapto thiadiazoles. Organotin(IV)
adducts synthesis, thermal and biological studies and Ti(IV)
complexes derived from 2-amino thiadiazole Schiff bases. In
continuation of our work on biologically active ligands [18]
and in view of the versatile chelating ability of thiadiazoles, the
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work was targeted to design novel Co(II), Ni(II), Cu(II) and
Zn(II) complexes derived from thiadiazole moiety. The work
aims at coordinating behavior of Co(II), Ni(II), Cu(II) and
Zn(II) ions with 2-amino-5-hydroxyphenl-1,3,4-thiadiazoles
derivatives and its prominent biological applications.

MATERIALS AND METHODS
All chemicals used were of reagent grade and further used
without purification. Elemental Analyses (C, H and N) were
performed on a Perkin- Elmer 2400 CHN elemental Analyzer
Model 1106, Carloerba Strumentazione. The IR spectra of the
ligands and their Co (II), Ni(II),Cu(II) and Zn(II) complexes
were recorded on a HITACHI-270 IR spectrophotometer in the
4000-250 cm-1 region in KBr disks. Molar conductivity
measurements were recorded on an ELICO-CM-82 T
conductivity bridge with a cell having cell constant 0.51. The
electronic spectra of the complexes were recorded in DMF on a
VARIAN CARY 50-BIO UV-spectrophotometer in the region
of 200-1100 nm. The proton PMR spectra of ligands and their
Zn(II) complexes were recorded in CDCl3 on BRUKER 300
MHz spectrometer at room temperature using TMS as an
internal reference. FAB mass spectra were recorded on a JEOL
SX 102/DA-6000 mass spectrometer/data system using
Argon/Xenon (6 KV, 10Am) as the FAB gas. The accelerating
voltage was 10 KV and the spectra were recorded at room
temperature m-Nitrobenzyl alcohol was used as the matrix. The
mass spectrometer was operated in the positive ion mode.
Thermogravimetric analysis data were measured from room
temperature to 1000°C at a heating rate of 10°C/min. The data
were obtained by using a PERKIN-ELMER DIAMOND
TG/DTA instrument.

Chemistry

General method for the synthesis of ligands (I-III)

A novel series of 2-amino-5-hydroxyphenl-1,3,4-thiadiazoles
were synthesized by the reaction of substituted salicylic acid
(0.1 mole) and thiosemicarbazide (0.1 mole) in 30 ml POCl3 by
refluxing gently for 1 hr. The reaction mixture was cooled and
quenched (highly exothermic) with cold water (100 ml). The
resulting solution was refluxed for additional 4 hrs and filtered
hot. The filtrate was cooled and basified with KOH solution.
The solid separated was filtered, washed with water, dried and
recrystallized from ethanol. The ligands synthesized were
named, 2-amino-5-hydroxyphenl-1,3,4-thiadiazoles(I),2-
amino-5-cholrohydroxyphenl-1,3,4-thiadiazoles  (II) and 2-
amino-5-nitrohydroxyphenl-1,3,4-thiadiazoles (III). The
elemental analyses with their molecular formulas are given in
(Table I and Fig. 1).

2-amino-5-hydroxyphenl-1,3,4-thiadiazoles (I). Nature: Buff
colored amorphous solid (methanol); Yield: 85%; m.p. 198-
201ºC; IR (KBr, cm-1): 3426 (νOH), 3324 (νNH2), 1622 (νC=N),
1555 (νC=C) 710 (νC-S);

1H NMR (DMSO-d6, δppm): 6.35 (s,
2H, NH2), 7.31-8.1 (4H,m, aromatic), 12.40 (s, 1H, OH);

2-amino-5-cholrohydroxyphenl-1,3,4-thiadiazoles (II).Nature :
Light Pinkish amorphous solid, Yield 82 %, m.p. 184-186 ºC;
IR (KBr, cm-1): 3421 (νOH), 3331 (νNH2), 1619 (νC=N),
1560(νC=C) 708 (νC-S);

1H NMR (DMSO-d6, δppm): 6.41 (s,
2H, NH2), 7.42-7.8 (3H,m, aromatic), 12.48 (s, 1H, OH);

2-amino-5-nitrohydroxyphenl-1,3,4-thiadiazoles (III) : Light
Pinkish amorphous solid, Yield 79 %, m.p. 176-179 ºC; IR
(KBr, cm-1): 3424 (νOH), 3336 (νNH2), 1623 (νC=N), 1558(νC=C)
712 (νC-S);

1H NMR (DMSO-d6, δppm): 6.52 (s, 2H, NH2),
7.31-7.9 (3H,m, aromatic), 12.58 (s, 1H, OH);

General method for the synthesis of complexes (IV-XV)

Aqueous ethanolic solution of  metal chlorides of Co(II),
Ni(II), Cu(II) and Zn(II)  were added to the  hot ethanolic
solution of the ligands in (1:2) molar ratios and were refluxed
for about 4 hrs on a water bath and the pH of the reaction
mixture was adjusted ca. 7- 7.5. During the refluxation the
metal chelates were separated out. The metal chelates thus
separated were filtered, washed successively with ethanol and
ether and finally dried over fused CaCl2 in vacuum. The
elemental analyses with their molecular formulas are given in
Table I. All the complexes (IV) – (XV) were dark colored
except Zn(II) complexes with dirty white color. m.p. > 240 ºC
and an yield > 74 %.

Nature: Dark amphormous solid (DMF); Yield: 71%; m.p.
Above 300˚C; IR (KBr, cm-1): 3331-3338(νNH2), 1585-1590
(νC=N), 1558-1570 (νC=C) 710-715 (νC-S), 530-490 (νM-O), 450-
410 (νM-N); 1H NMR (300 MHz, DMSO-d6, δppm): 6.52 (s,
2H, NH2), 7.31-7.9 (4H,m, aromatic);

Biology

The antibacterial activity of the ligands and their Co(II), Ni(II),
Cu(II) and Zn(II) metal complexes were assayed against two
bacteria namely, Escherichia Coli and Bacillus Subtilis by
with concentration of 100µg/mL by spread plate method.
Similar procedure was followed for the antifungal activity of
the above said ligands and metal complexes against two fungi
namely, Candida Albicans and Fusarium Solani. The activity
was also assayed for the pure solvent DMF and the standard
Norfloxacin for each of antibacterial and Grisiofulvin for
antifungal cultures. Further for the active compounds MIC
values were determined. Final adjustments were made using
optical density measurement for bacteria (absorbance 0.05 at a
wavelength of 580nm). For the cytotoxicity  study brine shrimp
(A.Salina. L) eggs were hatched in a shallow rectangular plastic
dish (22X32cm), filled with artificial seawater. The
antitubercular screening was carried out by Middle brook 7H9
agar medium against H37Rv. The DNA cleavage studies have
also been carried out for some selected complexes.

RESULTS AND DISCUSSION
Chemistry

Co(II), Ni(II) and Cu(II) complexes are colored, Zn(II)
complexes being colorless. They are sparingly soluble in
common organic solvents; however, these complexes are
soluble to a larger extent in DMF and DMSO. The growth of
single crystals of these complexes for X-ray studies is very
difficult owing to their amorphous nature and we were
unsuccessful in our attempts to do so. The elemental analyses
Table.I are consistent with a 1:2 stoichiometry of the type
ML2.2H2O. The molar conductance values in DMF fall in the
expected range of 10-30 cm2 Ω-1 mol-1of non-electrolytes [19].
Hence, the complexes may be regarded as non- electrolytes.
The molecular weights of the complexes could not be
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determined in nitrobenzene because of their insolubility. In
order to establish whether the water molecule present in the
Co(II), Ni(II), Cu(II) and Zn(II) complexes coordinated to the
metal ion, weighed Co(II), Ni(II), Cu(II) and Zn(II) complexes
were dried over P4O10 in vacuum for 1 h and weighed again.
No loss in weight was observed. This was confirmed by
heating the complex for 2 h at 105 0C and no weight loss was
observed. These observations suggest that, water molecules in
the complexes are coordinated to the metal ion. This was also
proved by DTA and TG analysis.

Electronic spectra

The electronic spectra of Co (II) complexes exhibited
absorption bands in the region 8000-12000 cm-1 and 18000-
20000 cm-1 corresponding to ν1 and ν3 transitions respectively.
Which are attributed to the transition 4T1g (F) → 4T2g (F) (ν1);
4T1g (F) → 4T1g (P) (ν3) [20]. These bands are characteristic of
high spin octahedral Co (II) complexes. However, ν2 band is
not observed because of its proximity to strong ν3 –transition.
The Ni(II) complexes exhibited three bands at 8000-13000 cm-

1; 13000-19000; 24645-25097 cm-1 attribute to the transition
3A2g → 3T2g (ν1);

3A2g → 3T1g (F) (ν2);
3A2g → 3T1g (P) (ν3)

which indicates octahedral geometry around Ni(II) ion [21].
The Electronic spectra of Cu(II) complexes have displayed
three prominent bands. A low intensity broadband in the region
14518-17098cm-1 which is assignable to 2T2g 

2Eg transition.
Another high intensity band in the region 24463-25487 cm-1 is
due to symmetry forbidden ligand Metal charge transfer and
two sharp bands observed at 31006-31169 cm-1 and 36981-
37102 cm-1 are due to the ligand bands. On the basis of

electronic spectra distorted octahedral geometry around Cu(II)
ion is suggested [22]. The electronic spectra of the Zn(II)
complexes exhibit only a high intensity band at 27250-28500
cm-1 assigned to ligand-metal charge-transfer.

Magnetic data

The magnetic moments obtained at room temperature are listed
in (Table I). The Co (II) complexes show magnetic moments in
the range of 4.72-5.01 B.M.

These values are within the expected range of 4.7-5.2 B.M [23]
for octahedral complexes. Hence, the Co (II) complexes may
be expected to have octahedral configuration. The Ni (II)
complexes show magnetic moments in the range of 3.14-3.31
B.M. It is reported that, the octahedral Ni (II) complexes
exhibit magnetic moments in the range of 2.5-3.5 B.M. [24].
The magnetic moments of Cu (II) complexes fall in the range
1.66-1.80 BM. This corresponds to one unpaired electron
which account for a slight orbital contribution to the spin only
value and the absence of spin –spin interactions in the
complexes.

ESR spectra

The EPR spectra of the Cu-(II) complex were recorded on
Variant E-4', X-band ESR Spectrometer using cylindrical
quartz sample tube at room temperature. Polycrystalline
diphenylpicrylhadrazyl (DPPH) was used as ‘g’ marker.  The
ESR spectrum of one  the representative XIV complex as in
Figure II was recorded at room temperature (300K) and at
liquid nitrogen temperature(77K) which has exhibited

Table I Analytical, magnetic and conductance data of the thiadiazole derivatives and their transition metal complexes

Code Molecular Formula
Found
(Calc.)

C%

Found
(Calc.)H

%

Found
(Calc.)N%

Found
(Calc.)

S%

Found
(Calc.)
Cl%

Found
(Calc.)
M%

Molar
condt.
Ohm-1

cm-2

mol-1

μeff (BM)

I C8H7N3OS
49.51

(49.74)
3.40

(3.63)
21.54

(21.76)
16.27

(16.58)
- - - -

II C8H6N3OSCl
41.97

(42.20)
2.43
2.64)

18.22
(18.46)

13.84
(14.07)

15.39
(15.60)

- - -

III C8H6N4O3S
40.07

(40.34)
2.29

(2.52)
23.19

(23.53)
13.28

(13.46)
- - - -

IV [Co(C8H7N3OS)2(H2O)2]
39.83

(40.10)
2.29

(2.51)
17.31

(17.54)
4.36

(4.52)
-

12.06
(12.31)

16.89 4.78

V [Ni(C8H7N3OS)2(H2O)2]
39.86

(40.11)
3.17

(3.34)
17.37

(17.55)
13.11

(13.37)
-

12.02
(12.26)

19.63 3.27

VI [Cu(C8H7N3OS)2(H2O)2]
39.57

(39.71)
3.52

(3.71)
17.14

(17.37)
12.97

(13.24)
-

12.89
(13.14)

21.8 1.73

VII [Zn(C8H7N3OS)2(H2O)2]
39.24

(39.56)
3.09

(3.30)
17.03

(17.31)
12.89

(13.18)
-

13.23
(13.47)

16.4 Dia

VIII [Co(C8H6N3OSCl)2(H2O)2]
34.78

(35.04)
2.26

(2.56)
15.07

(15.33)
11.43

(11.68)
12.71

(12.96)
10.46

(10.76)
18.2 5.01

IX [Ni(C8H6N3OSCl)2(H2O)2]
34.73

(35.05)
2.29

(2.56)
15.04

(15.34)
11.48

(11.69)
12.74

(12.96)
10.39

(10.72)
22.4 3.31

X [Cu(C8H6N3OSCl)2(H2O)2]
34.41

(34.75)
2.18

(2.53)
14.88

(15.20)
11.31

(11.58)
12.62

(12.85)
11.31

(11.50)
24.1 1.80

XI [Zn(C8H6N3OSCl)2(H2O)2]
34.41

(34.63)
2.30

(2.53)
14.94

(15.15)
11.28

(11.54)
12.57

(12.81)
11.53

(11.79)
17.23 Dia

XII [Co(C8H6N4O3S)2(H2O)2]
33.54

(33.75)
2.23

(2.46)
19.47

(19.69)
11.01

(11.25)
-

10.09
(10.36)

12.43 4.96

XIII [Ni(C8H6N4O3S)2(H2O)2]
33.51

(33.76)
2.24

(2.46)
19.48

(19.69)
10.98

(11.25)
-

10.02
(10.32)

13.85 3.14

XIV [Cu(C8H6N4O3S)2(H2O)2]
33.19

(33.48)
2.20

(2.44)
19.37

(19.53)
10.84

(11.16)
-

10.87
(11.08)

21.34 1.68

XV [Zn(C8H6N4O3S)2(H2O)2]
33.06

(33.37)
2.17

(2.43)
19.29

(19.47)
10.77

(11.12)
-

11.08
(11.36)

19.87 Dia
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unresolved broad signals giving only one g value, i.e., g iso (g
iso at 300K  is 2.094 and that at 77K is 2.101 respectively). The
shape of ESR lines indicates that the present complexes may
have octahedral geometry.[25]

FAB-mass spectrum

The FAB spectrum of one of the representative (I) ligand
shows a molecular ion peak M+ at m/z 194 which corresponds
its molecular mass (Fig. IIIa).

The FAB spectrum of one of the representative (V) complex
shows a molecular ion peak M+ at m/z 481 which is equivalent
to its molecular weight [ML2(H2O)2]

+.

The loss of two water molecules gave a fragment ion
[ML2+H]+ at m/z 443.This species undergoes demetallation to
form the species [L2]

+ at m/z of 383 (Fig. IIIb).

Thermogravimetric study

In the present investigation TGA and DTG studies of Co(II),
Ni(II), Cu(II) and Zn(II) complexes have been carried out in
static air at a limiting temperature of 1000oC using the heating
rate of 10 oC/min. The spectrum of one representative (X)
complex was presented in (Figure IV).  The nature of proposed
chem. change with the temperature range and percentage of
metal oxide obtained for the Co(II), Ni(II), Cu(II) and Zn(II)
complexes are given in the (Table 2). The results are in good
agreement with the proposed chemical formulae. The
decomposition of the complex proceeds with an endothermic
peak at 114 oC. At this temperature it loses two H2O molecules.
In the second stage the temperature range ca. 303 oC
decomposes the ligand molecule. The final weight
corresponded to that of the metal oxide.

Antibacterial and antifungal activities Antibacterial and
antifungal activities of synthesized compounds (I –XV) were
tested against two bacteria such as S.Aurease, Escherichia. Coli
and two fungi A.Niger, C.Albicans, Norfloxacin for bacteria
and Grisiofulvin for fungi were used as standard drugs. The
zone of inhibition in mm for the ligands and their Co (II),
Ni(II), Cu(II) and Zn(II) complexes are presented in Table  III.
From the data of metal complexes it is clear that the metal
chelates exhibit higher antimicrobial activity than that of the
free ligand molecules. The compounds were found to be more
susceptible towards the fungal strains as compared to the
bacterial strains .The cobalt compounds IV, VIII and XII were
most active and copper compounds VI, X and XIV were
slightly active towards the fungal strains.

The MICs of the active compounds were carried out as
described by Clause [26] with minor modifications. Antifungal
activities of the yeast were performed by following the
guideleines in NCCLs document M27-A using the
microdilution broth method [27]. Solutions of the test
compounds and reference drug were dissolved in DMF as a
concentration of 12.5 µg ml-1. The twofold dilution of the
compounds and reference drug were prepared (6.25, 3.12, 1.56,
0.78,) µg ml-1. The broths were maintained at pH 7.2 with an
innoclum of (1-2) X 103 cells ml-1 by the spectrophotometric
method and an aliquot of 100 μl was added to each tube of the

Table II Thermal data of one of the representative M10complex

Code Complex
Temp
(oC) % weight loss Proposed chemical change

Metal
oxide%

IV
VII

XII

[Co(C8H7N3OS)2(H2O)2]
[Zn(C8H7N3OS)2(H2O)2]
[Co(C8H6N4O3S)2(H2O)2]

115-140
275-305
120-150
280-310
115-140
280-310

12.80
(12.97)
70.48

(70.74)
12.98

(13.16)
69.33

(69.56)
12.63

(12.84)
70.58

(70.97)

Two Water molecules
Two Ligand moieties
Two Water molecules
Two Ligand moieties
Two Water molecules
Two Ligand moieties

15.93
(16.29)

16.98
(17.28)
15.86

(16.19)

Table III Antibacterial and antifungal activity of the
compounds (zone of inhibition in mm for 100 μg/mL)

Compuond Code Antibacterial Antifungal
S..Aurease E.coli A.niger C. Albicans

I 18 17 19 20
II 18 19 20 21
III 16 17 18 20
IV 20 21 23 24
V 17 16 18 21
VI 20 19 21 22
VII 18 18 20 21
VIII 21 21 24 25
IX 19 19 21 22
X 20 21 23 22
XI 19 19 22 21
XII 18 19 22 23
XIII 17 18 19 20
XIV 19 20 21 22
XV 17 18 19 21

Norfloxacin 24 24 -- --
Grisiofulvin -- -- 24 24

DMF 04 04 04 04

Table IV MICs* values of the some active compounds.

Compuond
Code Antibacterial Antifungal

S..Aurease E.coli A.niger C. Albicans
II 12.5 12.5 6.25 6.25
IV 6.25 6.25 3.12 1.56
VI 6.25 12.5 3.12 3.12

VIII 6.25 3.12 1.56 1.56
X 12.5 6.25 3.12 3.12

XII 6.25 6.25 3.12 1.56
XIV 6.25 6.25 3.12 3.12

Grisiofulvin -- -- 1.56 1.56
Norfloxacin 1.56 1.56 -- --

*MICs values were determined as µg / mL active compounds in medium.
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serial dilution. The chemical compounds-broth medium serial
tuvel dilutions inoculated with each bacterium were incubated
on a rotary shaker at 37 ºC for 24 h at 150 rpm. The minimum
inhibitory concentrations of the active compounds were
recorded as the lowest concentrations of each chemical
compounds in the tubes with no growth (i.e. no turbity) of
inoculated bacteria and yeast.

The MICs values are shown in Table IV.  Only the active
compounds II, IV, VI, VIII, X, XII and XIV were evaluated
for their minimum inhibitory concentrations. The compounds
have shown potent activity towards the fungal strains as
compared to bacterial strains. The compounds are more
susceptible towards the fungal strains rather than bacterial
strains. The halogenated derivatives have shown have
activities. Compound VIII was most active exhibiting a MIC
value of 1.56 µg / mL active compounds in medium against the
fungal strains. The activities of other Cobalt (II) and
compounds IV and XII are in the range of 3.12-1.56 µg / mL
for the fungal strains. The Copper (II) compounds VI, X and
XIV have exhibited values of 3.12µg / mL.

The activity of any compound is a complex combination of
steric, electronic and pharmacokinetic factors.  A possible
explanation for the toxicity of the complexes has been
postulated in the light of chelation theory. It was suggested that
the chelation considerably reduces the charge of the metal ion
mainly because of partial sharing of its positive charge with the
donor groups and possible - electron delocalization over the
whole chelate ring.  This increases the lipophilic character of
the metal chelate which favors its permeation through lipoid
layers of cell membranes. Furthermore, the mode of action of
the compounds may involve the formation of a hydrogen bond
through the –N=C group of the chelate or the ligand with the
active centers of the cell constituents resulting in interference
with the normal cell process. The higher bacteriotoxicity

experienced by the compounds may be ascribed to the fact that
the ligand and metal ions are more susceptible towards the
bacterial cells than fungicidal cells. Thus it can be concluded
that although these compounds serve as better fungicides and
average good bactericides.

Antitubercular assays

The antitubercular screening was carried out by Middle brook
7H9 agar medium against H37Rv Strain [28, 29]. Middle brook
7H9 agar medium containing different derivatives (I-XV),
standard drug as well as control. Only compounds IV and VIII
have shown promising activity for this assay. All the other
compounds were inactive for this assay (Table  V)

Cytotoxicity Bioassay (in vitro studies)

In the present study brine shrimp (A.Salina. L) eggs were
hatched in a shallow rectangular plastic dish (22X32 cm), filled
with artificial seawater, which was prepared [30] with
commercial salt mixture and double distilled water. An unequal
partition was made in the plastic dish with the help of a
perforated device. 50mg of eggs were sprinkled approximately
into the large compartment, which was darkened while the

Table V Antitubercular Activity*of the compounds.
(zone of inhibition in mm)

Code 50 µg/ml 100 µg/ml 150 µg/ml
I R R S
II R R S
III R R R
IV S S S
V R R S
VI R S S
VII R R R
VIII S S S
IX R R S
X R S S
XI R R R
XII R S S
XIII R R R
XIV R S S
XV R R R

Standard S S S

*Standard drug: Streptomycin; R-Resistance ; S-Sensitive.

Table VI Brine shrimp bioassay data of the some active
compounds.

Compound Code LD50 (M/ml)
II 4.687 X 10-3

IV 7.034 X 10-4

VI 6.918 X 10-4

VIII 7.337 X 10-4

XII 6.121 X 10-4
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Figure I. Scheme of the work

Figure II ESR Spectrum of one of the representative XIV complex
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matter compartment was opened to ordinary light. After two
days, nauplii were collected by a pipette from the lighter side.
By dissolving 20mg of each compound in 2ml DMF the
samples were prepared. From the stock solutions,
500,50,5µg/mL were transferred to  vials (three for each
dilution were used for each test sample and LD50 is the mean of
the three values) one vial was used to as a control with only
2mL DMF and another with the above concentrations of
Bleomycin as a standard. The solvent was allowed to evaporate
overnight. After two days, when shrimp larvae were ready,
1mL of seawater and 10 shrimps were added to each vial (25
shrimps/dilution) and the volume was adjusted with seawater to
5 ml per vial. After 24 h, the numbers of survivors were
counted. Data were analyzed by Finney computer program to
determine the LD50 values [31].

For the active compounds were screened for their cytotoxicity
(brine shrimp bioassay) using protocol of Meyer et al. Only
four compounds IV, VI, VIII and XII have exhibited potent
cytotoxic activity against Artemia salina while all the other
compounds were almost inactive for this assay (Table VI).

DNA cleavage Experiment
Preparation of Culture mediaNutrient broth (Peptone 10, NaCl
10 and yeast extract 5 g/l) was used for the growth of the E.
coli.  The 50 ml media was prepared, autoclaved for 15 min at
1210C, 15 lb pressure. The autoclaved media were inoculated
with the seed culture and incubated at 370C for 24 h.

Isolation of DNA

The fresh bacterial culture (1.5 ml) is centrifuged to obtain the
pellet, which is then dissolved in 0.5 ml of lysis buffer (100
mM tris pH 8.0, 50 mM EDTA, 10% SDS). To this 0.5 ml of
saturated phenol is added and incubate at 550C for 10 min.
Then it is centrifuged at 10,000rpm for 10 min. Then equal
volume of chloroform : isoamyl alcohol (24:1) and 1/20th
volume of 3M sodium acetate (pH 4.8) is added to this
supernatant and centrifuged at 10,000rpm for 10 min. To this
supernatant 3 volumes of chilled absolute alcohol is added. The
precipitated DNA is Separated by centrifugation. Dry the pellet
and dissolve in TE buffer (10 mM tris pH 8.0, 1 mM EDTA)
and stored in cold condition.

Agarose gel electrophoresis

Cleavage products were analyzed by agarose gel
electrophoresis method. Test samples (1mg/ml) were prepared
in DMF. The samples (25μg) were added to the isolated DNA
of E. coliand A. niger. The samples were  incubated for 2 hour
at 37_C and then 20 μl of DNA sample (mixed with
bromophenol blue dye at 1:1 ratio) were loaded carefully into
the electrophoresis chamber wells along with standard DNA
marker containing TAE buffer (4.84 g Tris base, pH 8.0, 0.5 M
EDTA/1 ltr) and finally loaded on agarose gel and pass the
constant 50 V of electricity for around 30 min. Remove the gel
and stained with 10.0 μg/mL ethidium bromide for 10-15 min
and the bands observed under UV transilluminator and
photographed to determine the extent of DNA cleavage and the
results are compared with standard DNA marker.

Electrophoretic analysis

The Schiff base (II) and its Co(II), Ni(II) Cu(II) and  Zn(II)
complexes IV,V,VI and VII were studied for their DNA
cleavage activity by agarose gel electrophoresis method and
presented in the Figure V. The gel after electrophoresis clearly
revealed that, only the Co(II) complex (IV) is acted on DNA as
there was molecular weight difference between the control and
the treated DNA samples. The difference was observed in the
bands (Lane 2 and 6) compared to the control DNA of E.coli

Figure  IIIa. FAB-mass Spectrum of one of the representative ligand  (I).

Figure IIIb. FAB-mass Spectrum of one of the representative
complex (V) .

Figure  IV TGA/DTG spectrum of one of the representative X complex

Figure  V DNA cleavage experiment showing the gel electrophoresis.

M: Standard Molecular weight Marker; C- E. coli- Control DNA of E.
coli;
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and A.niger. This shows that the control DNA alone does not
show any apparent cleavage where as Co (II) complex shown.
However, the nature of reactive intermediates involved in the
DNA cleavage by the complexes has not been clear. The results
indicated the important role of metal in these isolated DNA
cleavage reactions. As the compound IV was observed to
cleave the DNA, it can be concluded that the compound
inhibits the growth of the pathogenic organism by cleaving the
genome.

CONCLUSIONS
With help of various physico-chemical techniques, geometries
of the newly synthesized compounds have been proposed. The
compounds IV, VIII and XII were found most active and
susceptible towards the fungal strains. The compounds IV and
VIII have shown promising activity against H37Rv Strain for
antitubercular assay. The compounds IV, VI, VIII and XII
have exhibited potent cytotoxic activity against Artemia salina
with lower LD50 values. The complex IV has cleaved the DNA
inhibits the growth of the pathogenic organism by cleaving the
genome.

Due to insolubility in water and common organic solvents and
in fusibility at higher temperatures all the complexes are
thought to be polymeric in nature.  The tentative structures for
the complexes (Fig. I) were based on elemental analyses, IR,
1H NMR, electronic, magnetic measurements, thermal and
Mass spectral studies.
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