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A series of new mixed ligand complexes of Co(ll) and Cu(ll) with thiosemicarbazones/semicarbazone
{(x)-5-isopropenyl-2-methylcyclohex-2-enthiosemicarbazone (IPMCHTSC, L{H), 1,7,7-
trimethylbicyclo[2,2,1]heptanethiosemicarbazone (TBHTSC, LoH) and 1,7,7-trimethylbicyclo
[2,2,1]heptanesemicarbazone (TBHSC, L;H)} and amino acids {glycine (A;H) or DL-alanine (A;H)} have
been synthesized by the reaction of metal dichloride with ligands IPMCHTSC, TBHSC or TBHTSC and
AH or A;H in a 1:1:1 molar ratio in refluxing ethanol. The newly synthesized complexes (1-12) have
been characterized by elemental analyses, molar conductance, electronic, IR, FAB mass
spectroscopy and thermogravimetric analysis. On the basis of these spectral data, a square
pyramidal geometry was proposed for all of these complexes. FAB mass spectroscopic studies of (1),
(3) and (4) suggest their monomeric nature. The ligands and their complexes have been screened for
their antibacterial and antifungal activities against bacterial strains E. coli, S. aureus, P. vulgaris and
fungal strains A. niger and C. albicans. The results of these studies show the metal (ll) complexes to
be more antibacterial/ antifungal against one or more species as compared to the uncomplexed
ligands.
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antimicrobial activity.
INTRODUCTION

The study of transition metal complexes containing
biologically important ligands is made easier because
certain metal ions are active in many biological
processes (Beyer, 1986; Das et al., 1990; Tumer et al.,
1999). The fact that transition metals are essential
metallic element and exhibit great biological activity
when associated with certain metal-protein complexes,
participating in oxygen transport, electronic transfer
reactions or the storage of ions (Albertin et al., 1975)
has created attention in the study of systems containing
these metals.

Mixed ligand complexes with metal ion bound to two
different and biochemically important ligands have
aroused interest as model for metallo-enzymes. The
physiologically interesting mixed ligand complexes of
transition metals with amino acids play an important
role in biological systems and have been a subject of
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great interest for researchers (Berthon et al., 1984;
Shivankar et al., 2003; Adkhis et al., 2000; Kiss et al.,
1985; Hinojosa et al., 1987; Manjula et al., 1990; Cakir
et al., 2000). It is also well established that mixed ligand
complexes play a decisive role in the activation of
enzyme and also storage and transport of active
substances (Hughes, 1987; Aull et al., 1980; Freeman,
1973). The interaction of Pd (II) and Pt(Il) with salts of
amino acids simply or mixed with N-based aromatic
ligands to form oligonuclear complexes (Jin et al., 2000;
Hollis et al., 1989) which have been used alone or in
combination with other chemotherapeutic drugs
(Kumer et al., 1985; Wong et al., 1999).

Interests in  the  thiosemicarbazones  and
semicarbazones complexes have been stimulated by
their biological activity (Padhye et al., 1985; West ef al.,
1990, 1991). These compounds present a great variety
of biological activity ranging from antitumor, fungicide,
anti-inflammatory, bactericides and antiviral activities
(Nandi et al., 1984, Ali et al., 1984; Scovill et al., 1982;
Hossain et al., 1996; Bindu et al., 1998). Recently some
Ni(ll) and Cu(ll) complexes of citronellal thiosemicarba-



zones have been reported for their cell proliferation
inhibition property and apoptosis test on human
leukemia cell line U937 (Ferrari et al., 2002).

Our previous work reported on the synthesis,
characterization and antimicrobial studies of binary and
mixed ligand complexes of some transition metals with
semicabazones/ thiosemicarbazones and amino acids
or N-protected amino acids (Sharma et al., 2005, 2006,
2006, 2009; Nagar et al., 2007).

In view of the important biological activity of the
thiosemicarbazones/semicarbazones, amino acids and
their metal complexes, some mixed ligand metal(ll)
complexes, 1-12 of the type [MCI(LH)(A)]HO (where M
= Co(ll) and Cu(ll); LH = thiosemicarbazone/
semicarbazone (IPMCHTSC, TBHTSC and TBHSC);
AH = amino acid (glycine, DL-alanine) were formed by a
stoichiometric ratio of M: LH: AH as 1 : 1 : 1. These two
different ligands incorporated with the metal ion were
used in order to study the effect of the presence of two
different types of ligands on the biological activity.

Experimental
MATERIAL AND METHODS

All the chemicals and reagents used were of AR grade.
Solvents were distilled by conventional methods prior to
use. Ligands were prepared by method reported earlier
(Sharma et al., 2005, 2009; Brousse et al., 2002). Metal
contents were measured by complexometric titrations.
Sulfur was estimated gravimetrically as BaSO, and
chloride content was determined by Volhard’'s method
(Vogel, 1989). Elemental analyses were carried out on
thermoquest analyzer. The IR spectra were recorded
with KBr pellets in the 4000-225 cm™ range. NMR
spectra of ligands (IPMCHTSC, TBHSC and TBHTSC)
were recorded in CDCI; solvent using TMS as internal
standard on JEOL FX 300 NMR spectrometer at 300.4
and 75.45 MHz frequencies for 'H and "*C{'H} NMR
respectively, electronic spectra were recorded on
Agilent UV/visible spectrophotometer and molar
conductivites of 10° M DMSO solutions were
measured on a microprocessor based conductivity
meter model 1601/E. Thermogravimetric analysis was
performed by PerkinEImer Thermal analyzer with the
heating rate 35-900/20°C under nitrogen atmosphere.
Mass spectra were recorded on Shimadzu mass
spectrometer.

Synthesis of ligands

Carvone thiosemicarbazone (IPMCHTSC), camphor
semicarbazone (TBHSC) and camphor
thiosemicarbazone (TBHTSC) were prepared according
to the reported method (Sharma et al., 2005, 2009;
Nagar et al., 2007; Brousse et al., 2002).
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IPMCHTSC

Yield: 91% (2.01 g); M. pt. 109°C; IR (cm™') 344fs,
3240s, br v(NH,); 3155s, v(NH); 1592, v(C=N); 840m,
v(C=S); 'H NMR (CDCls, [© ppm) : 9.05 (s, 1H, NH—
C=S); 7.32, 7.05 (2s, 2H, NH,); 6.20-6.77 (m, 1H, =CH-
CH,); 4.83, 4.79 (2s, 2H, =CH,); 2.79 (dd, 1H, J =
3.0Hz, —-CH,~CH-CH,-); 2.22-2.69 (m, 2H, CH,); 2.09-
2.18 (m, 2H, CHy); 1.86 (s, 3H, CHs); 1.75 (s, 3H, CHs);
'3C NMR (CDCls, [111ppm) : 178.7 (C=S); 150.2 (C=N);
146.8 (C-7); 135.3 (C-2); 132.0 (C-3); 110.7 (C-8); 40.6
(C-5); 30.1 (C-4); 29.2 (C-6); 20.6 (C-9); 17.7 (C-10).
Anal. Found for C;1H7N3S (223.34): C, 59.40; H, 7.91;
N, 18.01; S, 14.40%. Calcd. C, 59.15; H, 7.67; N, 18.81;
S, 14.36%.

TBHTSC

Yield: 75% (3.3 g); M. Pt. 139°C; IR (cm"): 3425s, 3225s,
br NH,); 3195s, v(NH); 1595s, v(C=N); 875m, v(C=S); 945,
v(N-N); "H NMR (CDCl, & ppm): 9.45 (s, 1H, NH-C=S);
7.27,7.23 (2s, 2H, NHy); 2.36-2.44 (1H, H-3 exo); 2.02-
2.05 (m, 1H, H-3 endo); 1.87-1.92 (m, 1H, H-4); 1.80-
1.85 (m, 1H, H-5 exo); 1.70-1.79 (m, 1H, H-6 exo);
1.33-1.42 (m, 1H, H-6 endo); 1.18-1.26 (m, 1H, H-5
endo); 0.98 (s, 3H, H-9); 0.94 (s, 3H, H-10); 0.74 (s, 3H,
H-8); '*C NMR (CDCl;, & ppm): 177.4 (C=S); 167.2
(C=N); 52.3 (C-1); 47.9 (C-7); 43.9 (C-4); 32.4 (C-3);
33.8 (C-6); 27.1 (C-5); 19.4 (C-8 or C-9); 18.5 (C-8 or
C-9); 11.0 (C-10). ; Anal. Found for C;;H:gN3S (225.35): C,
58.57; H, 8.43; N, 18.63; S, 14.31. Calcd. C, 58.62; H, 8.49;
N, 18.64; S, 14.22 %.

TBHSC

Yield: 90% (5.7 g); M. Pt. 238°C; IR (cm™): 3455s, 3260s,
br NH,); 3232s, v(NH); 1698, v(C=0); 1553s, v(C=N); 960,
v(N-N); "H NMR (CDCls, & ppm): 8.40 (s, 1H, NH-C=0);
7.28, 7.22 (2s, 2H, NH,); 2.37-2.44 (m, 1H, H-3 exo);
2.02-2.05 (m, 1H, H-3 endo); 1.86-1.94 (m, 1H, H-4);
1.80-1.85 (m, 1H, H-5 exo); 1.70-1.79 (m, 1H, H-6 exo);
1.33-1.42 (m, 1H, H-6 endo); 1.18-1.26 (m, 1H, H-5
endo); 0.98 (s, 3H, H-9); 0.94 (s, 3H, H-10); 0.74 (s, 3H,
H-8); ®C NMR (CDCl;, & ppm): 163.5 (C=0); 158.1
(C=N); 52.3 (C-1); 47.9 (C-7); 43.9 (C-4); 32.5 and 33.5
(C-3 and C-6); 27.2 (C-5), 19.4 (C-8 or C-9); 18.6 (C-8
or C-9); 11.0 (C-10). Anal. Found for C;1H;gN3O (209.28):
C, 63.06; H, 9.07; N, 20.06. Calcd. C, 63.12; H, 9.15; N,
20.07 %.

Preparation of the mixed ligand complexes
To an ethanolic solution (~10 ml) of CuCl,.2H.0O

(0.8551 g, 5 mmol), a hot ethanolic solution (~10 ml) of
ligand, TBHTSC (1.0162 g, 5 mmol) and ethanolic
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Table S1: Antibacterial activity data for ligands and Co(ll) and Cu(ll) complexes
after 24 hours.

Compound Concentration Inhibition zone (mm)

(mg/disc) S. aureus P. vulgaris E. coli
LiH 0.25 0.00 0.00 2.00
0.50 6.00 4.00 10.00
0.75 10.00 10.00 11.00
1.00 12.00 13.00 12.00
LoH 0.25 4.00 0.00 4.00
0.50 6.00 0.00 14.00
0.75 9.00 12.00 17.00
1.00 13.00 16.00 23.00
LsH 0.25 0.00 4.00 3.00
0.50 10.00 9.00 6.00
0.75 14.00 13.00 12.00
1.00 19.00 16.00 19.00
AH 0.25 0.00 2.00 0.00
0.50 5.00 6.00 8.00
0.75 12.00 16.00 11.00
1.00 18.00 21.00 13.00
AH 0.25 0.00 0.00 2.00
0.50 4.00 3.00 7.00
0.75 8.00 9.00 10.00
1.00 15.00 13.00 17.00
(1) 0.25 0.00 7.00 15.00
0.50 10.00 10.00 19.00
0.75 16.00 18.50 20.00
1.00 19.00 22.00 21.00
(2 0.25 15.00 0.00 16.00
0.50 17.00 0.00 19.00
0.75 18.00 16.00 20.00
1.00 21.00 19.00 22.00
(3) 0.25 5.00 0.00 3.00
0.50 12.00 0.00 7.00
0.75 18.00 6.00 9.00
1.00 21.00 11.00 22.00
(4) 0.25 0.00 0.00 4.00
0.50 8.00 9.00 10.00
0.75 16.00 13.00 16.00
1.00 18.00 18.00 21.00
(6) 0.25 14.00 0.00 16.00
0.50 16.00 0.00 18.00
0.75 18.00 17.80 20.00
1.00 19.00 24.00 24.00
(7) 0.25 5.40 5.00 0.00
0.50 6.00 8.00 7.00
0.75 10.00 16.00 8.00
1.00 12.00 18.00 12.00
9) 0.25 0.00 0.00 0.00
0.50 10.00 0.00 4.00
0.75 12.00 12.00 7.00

1.00 18.00 13.00 19.00
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Compound Concentration

Inhibition zone (mm)

(mg/disc)
S. aureus P. vulgaris E. coli
(11) 0.25 4.00 6.00 0.00
0.50 9.00 7.00 12.00
0.75 10.00 9.00 18.00
1.00 13.00 16.00 20.00
(12) 0.25 12.00 0.00 18.00
0.50 16.00 0.00 20.00
0.75 18.00 20.00 21.00
1.00 20.00 28.00 22.50
Ampiciline(  0.03 20.00 45.00 16.00
standard)
Tetracyclin ~ 0.03 22.00 42.00 27.00
e(standard)

solution of DL-alanine (0.4470 g, 5 mmol) containing 5
mmol of NaOH were added dropwise with constant
stirring. After complete addition the reaction mixture
was refluxed for 4 h and cooled to room temperature.
The resulting precipitate was filtered and washed with
distilled water for the removal of NaCl and dried in
vacuum to give light gray coloured solid.

Similar route have been employed for the preparation of
other complexes.

Antimicrobial Study

Evaluation of antibacterial activity by inhibition
zone technique

The ligands and the mixed ligand Co (ll) and Cu (ll)
complexes were screened for their antibacterial activity
against three bacterial strains Staphylococcus aureus
Gram (+ve), Protius vulgaris and Escherichia coli Gram
(-ve), using the paper disc method (Bauer et al., 1966).
Antibacterial screening was carried out using the
standard disc diffusion test. Different concentrations of
compounds (0.25-1.0 mg/disc) were incorporated in 6
mm diameter sterile discs (Himedia, India) and dried.
Four discs were placed on Nutrient Agar (NA) plate
(Himedia, India) seeded with test bacterial, including
ampiciline and tetracycline standard antibiotic disc.
After overnight incubation at 37°C, the agar plates were
observed for zones of inhibition (bactereostatic
diameter in mm) (Table S1).

Evaluation of antifungal
diffusion method

activity by agar well

The ligands and complexes were screened for their
antifungal activity against two fungal strains, Aspergillus

niger and Candida albicans using agar well diffusion
method (Parez et al., 1990). Sabouraud Dextrose Agar
(SDA) was poured into petri dishes. After solidification
0.25 ml of test fungal strains were inoculated by cotton
swab in the media. After the sterile borer (6 mm) the
test compound (0.25-2.0 mg) was introduced into the
well and plates were incubated at 37°C for 48 h. All
samples were tested in duplicates. Fungal growth was
determined by measuring the diameter of zone of
inhibition (Table S2).

Determination of minimum inhibitory
concentrations (MICs) of compounds by agar plate
serial dilution method.

MIC values can be determined by a number of standard
test procedures. The most commonly employed method
is the agar dilution (agar plate serial dilution) (Van Dyck
et al., 1994). Serial dilutions are made of the products in
bacterial growth media. The test organism are then
added to the dilutions of the products, incubated and
scored for growth. This procedure is a standard assay
for antimicrobials. In this method nutrient agar (NA)
(Himedia, India) plate is inoculated and antimicrobial
diffuses from a disk or from a paper strip into the agar.
Mark the plates so that the orientation is obvious.
Transfer diluted test compound suspensions to the
wells of an inoculum replicating apparatus. Use the
apparatus to transfer the inoculum to the series of agar
plates, including a control plate without antimicrobial
agent. Allow the inoculum spots to dry at room
temperature before inverting the plates for incubation.
After inoculation, incubate plates at 35-37°C in air for
18h. If the agar dilution MICs were determined at first
appearance of control growth, as is commonly done,
small variations in the time of reading (as could occur
by variation in observer perception of when initial
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Table S2. Antifungal activity data for ligands and Co(ll) and Cu(ll) complexes after

48 hours.
Compound Concentration Inhibition zone (mm)
(mg) A. niger C. albicans
LH 0.25 0.00 0.00
0.50 0.00 0.00
1.00 2.00 4.00
1.50 4.00 6.00
2.00 6.00 9.00
LH 0.25 0.00 0.00
0.50 0.00 0.00
1.00 5.00 4.00
1.50 8.00 7.00
2.00 14.00 12.00
LsH 0.25 0.00 0.00
0.50 0.00 0.00
1.00 7.00 8.00
1.50 11.00 10.00
2.00 16.00 14.00
AH 0.25 0.00 0.00
0.50 2.00 0.00
1.00 4.00 2.00
1.50 8.00 4.00
2.00 10.00 12.00
L1H 0.25 0.00 0.00
0.50 0.00 0.00
1.00 2.00 4.00
1.50 4.00 6.00
2.00 6.00 9.00
L2H 0.25 0.00 0.00
0.50 0.00 0.00
1.00 5.00 4.00
1.50 8.00 7.00
2.00 14.00 12.00
L3H 0.25 0.00 0.00
0.50 0.00 0.00
1.00 7.00 8.00
1.50 11.00 10.00
2.00 16.00 14.00
A1H 0.25 0.00 0.00
0.50 2.00 0.00
1.00 4.00 2.00
1.50 8.00 4.00
2.00 10.00 12.00
A2H 0.25 0.00 0.00
0.50 0.00 4.00
1.00 2.00 7.00
1.50 8.00 10.00
2.00 11.00 13.00
(1) 0.25 0.00 0.00
0.50 0.00 16.50
1.00 0.00 16.00
1.50 18.00 18.00

2.00 22.00 20.00
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Table S2 Continues

Compound Concentration Inhibition zone (mm)

(mg) A. niger C. albicans

(2) 0.25 0.00 0.00

0.50 0.00 11.00

1.00 0.00 15.00

1.50 14.00 20.00

2.00 17.00 22.00

(3) 0.25 0.00 0.00

0.50 0.00 4.00

1.00 0.00 7.00

1.50 10.00 10.00

2.00 17.00 14.00

(4) 0.25 0.00 0.00

0.50 6.00 0.00

1.00 8.00 4.00

1.50 10.00 5.00

2.00 12.00 15.00

(6) 0.25 0.00 0.00

0.50 0.00 12.00

1.00 0.00 18.00

1.50 10.00 20.00

2.00 14.00 24.00

(7) 0.25 0.00 0.00

0.50 0.00 7.00

1.00 2.00 9.00

1.50 6.00 10.00

2.00 12.00 14.00

(9) 0.25 0.00 0.00

0.50 0.00 2.00

1.00 0.00 6.00

1.50 4.00 9.00

2.00 8.00 12.00

(10) 0.25 0.00 0.00

0.50 0.00 10.00

1.00 0.00 12.00

1.50 7.00 14.00

2.00 9.00 19.00

(11) 0.25 0.00 0.00

0.50 0.00 0.00

1.00 7.00 6.00

1.50 9.00 9.00

2.00 13.00 12.00

(12) 0.25 0.00 0.00

0.50 0.00 9.00

1.00 2.00 12.00

1.50 4.00 15.00

2.00 5.00 19.00

Fluconazole 1.00 32.00 38.00

(standard)
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Figure 1. (B) [CuCI(TBHTSC)(DL-ala)]H,O

growth appears) induced large MIC variations,
particularly with rapidly growing strains (Table 5).

RESULTS AND DISCUSSION

Reactions of Co(ll) and Cu(ll) chloride with
thiosemicarbazones/semicarbazone (LH) and amino
acids (AH) in 1:1:1 molar ratio in refluxing ethanol in
presence of NaOH, yielded the complexes of type
[MCI(LH)(A)]H2O (Figure1). The general reaction can be
represented by following equation.

MCl, mH,0 + LH + AH —N2OH, EOH _

[MCI(LH)(A)]H,0can be

soluble in DMSO.

The molar conductivity shows that all the complexes
are non-electrolytes with A = 17.1-30.0 Q' em® mol™ i
DMSO (107® M) solution at room temperature.

IR spectra

The main IR spectral vibrations of mixed ligand Co(ll)
and Cu(ll) complexes are given in Table 2. The spectra
show characteristics band positions, shifts and
intensities in comparison with the free ligands which
correlated to bidentate
thiosemicarbazone/semicarbazone binding and amino
acid chelation. In The IR spectra of ligand IPMCHTSC,

[Where M= Co(II), Cu(II); m =2 for Cu(I) and 6 for Co(Il); AH=HOOC-CHR-NHy; R=H, (i TBHSC and TBHTSC, the h|ghest frequency bands

NN}LCMZ or X
A N_NH—C// ; X=0,5]
N\

NH,

Several analytical techniques were used to characterize
the complexes including microanalysis (CHN), IR, FAB
mass and electronic spectra, thermogravimetric
analysis (TGA) and conductometric measurements.
Analytical data for the newly synthesized complexes are
given in Table 1. All the metal complexes are non
hygroscopic in nature, stable at room temperature and

observed in the 3425-3455 cm™ and 3225-3260 cm'
region are assigned respectively to the asymmetric and
symmetric stretching of terminal NH, group, the next
high energy band in the 3155-3232 cm™' region due to
the imino group vibration, in the complexes these bands
are not affected indicating non participation of amino
and imino nitrogen atoms in coordination. In the
spectrum of TBHSC, amide (C=0) band observed at
1698 cm™ is shifted to lower frequency region in the
corresponding mixed ligand complexes due to the
participation of amido oxygen in chelation. The
thlosemlcarbazones show medium intensity band in the
840-875 cm’' region due to the v(C=S) and the downw-
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Table 1. Analytical data for complexes

Compound Colour Yield M.P % Analysis Found (Calcd.) Molar
(%) . c H N S M cl conductanc
e (Q" mol™
cm?)
[CoCI(IPMCHTSC)(Gly)IH20 Dark brown 95 110 37.01 6.17 13.34 7.60 13.80 8.60 17.1
[CoClI(C11H17N3S)(C2HsNO2)]H-0 (38.00) (5.88) (13.63) (7.80) (14.34) (8.62)
(1)
[CoCI(IPMCHTSC)(DL-ala)]H.O  Dim gray 71 159 3810 575 1275 7.12 1344  8.10 18.5
[CoClI(C11H17N3S)(C3sH7NO2)]H-0 (39.58) (6.16) (13.18) (7.54) (13.87) (8.34)
(2
[CuCI(IPMCHTSC)(Gly)]H20 Aquamarin 74 142 36.53  5.99 13.10 6.99 1492  8.05 18.9
[CuCI(C11H17N3S)(C2HsNO2)JH.O € (37.58) (5.82) (13.48) (7.71) (15.29) (8.53)
(3
[CuCI(IPMCHTSC)(DL-ala)]H.O  Dark-khaki 81 255 37.75 573 1199 697 1430 7.79 19.2
[CuClI(C11H17N3S)(CsH7NO2)]H20 (39.15) (6.10) (13.04) (7.46) (14.79) (8.25)
4
[CoCI(TBHSC)(Gly)]H=0 Light blue 72 245 39.05 6.10 1410 - 14.78  8.35 21.2
[CoClI(C11H19N3O)(C2HsNO2)H2 (39.35) (6.60) (14.12) (14.85) (8.93)
O
(5)
[CoCI(TBHSC)(DL-ala)]H-0 Thistle 89 252 4153 6.05 13.01 - 13.79 875 22.4
[CoClI(C11H19N3O)(C3H7NO2)]H2 (40.93) (6.87) (13.63) (14.34) (8.63)
O
(6)
[CuCI(TBHSC)(Gly)]H20 Medium 79 255 3793 575 1296 - 15.30 8.54 26.5
[CuCI(C11H19N30)(C2H5N02)] aquamarine (38.90) (6.52) (13.95) (15.83) (8.83)
H20
7)
[CuCI(TBHSC)(DL-ala)]H20 Aquamarin 75 230 41.02 596 1340 - 1519  8.15 24.9
[CuCI(C11H19N3O)(C3H7NO2)] € (40.48) (6.79) (13.48) (15.29) (8.53)
H20
(8)
[CoCI(TBHTSC)(Gly)]H20 Dark brown 80 210 37.10 630 1246 7.20 14.02 8.20 28.1
[CoCI(C11H19N3S)(C2H5NO2)] (37.82) (6.34) (13.57) (7.76) (14.27) (8.58)
H20
9)
[CoCI(TBHTSC)(DL-ala)]H20  Pale violet- 78 245 39.01  7.01 13.01 7.03 1320 7.93 29.4
[CoCI(C11H19N3S)(C3H7NO2)] red (39.39) (6.61) (13.12) (7.51) (13.80) (8.30)
H20
(10)
[CuCI(TBHTSC)(Gly)]H20 Silver 90 254 37.63 6.10 1275 7.09 1496  8.40 27.5
[CuCI(C11H19N3S)(C2H5NO2)] (37.40) (6.27) (13.42) (7.68) (15.22) (8.49)
H20
(11)
[CuCI(TBHTSC)(DL-ala)]H20 Light gray 70 250 38.10 6.23 11.95 6.94 14.30  8.03 29.9

[CuCI(C11H19N3S)(C3H7NO2)] (38.97) (6.54) (12.98) (7.43) (14.72) (8.21)
H20

(12)
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Table 2: Main IR spectral bands for complexes

Compound LH moiety AH moiety Non ligand bands

V(NH,) VINH) v(C=0) v(C=N) v(C=S) v(NH,) ¥(COO0) v(M-0) v(M-N) v(M-S) v(M-CI)

(1) 3440as 3155 - 1580 830 3240 as 1625as 480 440 372 325
3242 s 3050 s 1375 s

(2) 3441as 3152 - 1565 825 3200 as 1610as 492 436 350 345
3240 s 3040 s 1375 s

(3) 3438as 3150 - 1572 835 3222 as 1620 as 445 420 378 375
3238 s 3045 s 1370 s

(4) 3435as 3155 - 1560 829 3245 as 1615as 455 442 345 340
3241 s 3035s 1375 s

(5) 3450as 3230 1680 1545 - 3255 as 1622 as 485 447 - 320
3260 s 3042 s 1380 s

(6) 3455as 3235 1678 1540 - 3265 as 1619 as 465 450 - 315
3262 s 3050 s 1390 s

(7) 3452as 3232 1675 1538 - 3272 as 1624 as 455 425 - 345
3265s 3039 s 1380 s

(8) 3455as 3230 1685 1541 - 3262 as 1615as 450 435 - 330
3261s 3042 s 1375 s

(9) 3425as 3190 - 1582 850 3260 as 1629 as 475 438 390 342
3220 s 3055 s 1390 s

(10) 3420as 3197 - 1579 852 3275 as 1622 as 472 444 340 337
3225s 3070's 1385 s

(11) 3422as 3192 - 1585 860 3267 as 1618as 456 430 345 325
3226 s 3062 s 1390 s

(12) 3424as 3195 - 1575 865 3230 as 1625as 465 432 335 317
3223 s 3079 s 1380 s

ard shifting in this band in the corresponding complexes
suggests coordination of metal ion through the C=S
group. The spectra of IPMCHTSC, TBHSC and
TBHTSC exhibit a strong band in the 1553-1595 cm’
region due to the C=N mode of azomethine linkage. In
the complexes this band is shifted to lower frequency
region suggesting that the unsaturated nitrogen of
azomethine linkage is coordinated to the metal.

The N-H asym and N-H sym vibrations observed at
3040 and 2960 cm™', respectively, in the free amino
acids are shifted to higher wave numbers i.e. in the
range 3220-3174 cm™' and 3080-3050 cm™
respectively, in the spectra of the complexes,
suggesting coordination of the amino group through
nitrogen with the metal ion. The vaym(COO") band of
the free amino acids i.e. 1590 cm™ is shifted to higher
wave number, i.e. in the range 1640—-1630cm™ and the
Veym(COO™ ) mode observed at 1400 cm™" in the spectra
of free amino acids is found to be shifted to lower wave
number i.e. 1375-1390 c¢cm™', in the spectra of the
complexes indicating the coordination of the carboxylic
acid group via oxygen with the metal ion.

Nakamoto, Morimoto, and Martell showed that for a
given ligand, the difference (Vasym-Vsym) would increase

as the M-O bond becomes more covalent, since the
caboxylate stretching becomes correspondingly more
asymmetrical (Abdel-Rahman, 2001). In the present
investigation, this difference being in the range 228-250
cm™" indicates that the M—O bond is purely covalent
(Nakamoto et al., 1961; Hamrit et al., 2000).

Thus it has been concluded that in these complexes
IPMCHTSC, TBHSC and TBHTSC, act as neutral
bidentate ligand coordinating through the carbonyl
oxygen or thiol sulfur and azomethine nitrogen and
amino acids act as monobasic bidentate ligand and
coordinate through the amino nitrogen and carboxylate
oxygen. The non ligand bands occurring in the 420-450,
442-492, 335-390 and 315-375 cm ' regions are
tentatively assigned to v(M-0), v(M-N), v(M-S) and
v(M—CI) modes respectively.

A band around 3500-3600 cm” indicates the
presence of lattice water in these complexes
(Nakamoto, 1986).

Electronic spectra

The significant electronic absorption bands in the spec-



Table 3. Characteristic absorption bands in electronic spectra
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Compound Spectral bands (hm)

(1) 652; 637; 631; 487; 432; 298; 236; 201
(2) 656, 635; 632; 485; 435; 297; 237; 201
(3) 637; 432; 427; 297; 238; 201

(4) 635; 435; 425; 296; 236; 201

(5) 654; 637;631; 484; 437; 297; 237; 201
(6) 656; 639;634; 487; 433; 297; 237; 201
(7) 635; 430; 428; 295; 237; 201

(8) 637; 435; 426; 298; 237; 201

(9) 657; 637; 631; 487; 431; 297; 237; 201
(10) 657; 638; 634; 489; 432; 297; 237; 201
(11) 636; 436; 427; 297; 237; 201

(12) 637; 431; 427; 297, 237; 201

Filename: C:\Program Files\Pyris\Data\Zydu.. \A2.tg1d
Data Collected: 6/6/09 2:09:40 PM
perator ID:
Sample ID:
Sample Weight: 1.981 mg
Comment: 35°C-900°C@20 Deg/Min
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Figure 2. TGA curve of {weight (%) vs temperature (°C)}[CuCl(C11H17N3S)(C2HsNO2)]H-0O

tra of the Co(ll) complexes recorded in DMSO. The
thiosemicarbazone, semicarbazone and amino acids
and its complexes show [I-[J* and n-1* bands at 201
and 295-298, 237 nm respectively (Figure 1A). The d-d
bands are observed at 654-657, 635-639 and 630-634
nm. Two bands at 484-489 and 431-437 nm are
assigned to ligand-to-metal (L[IM) charge transfer
transitions. The spectra of the cobalt (ll) complexes
resemble the spectra of other five coordinate cobalt (1l)
complex (Roy et al., 1984; Lever, 1984), and square
pyramidal structure may be assigned for these
complexes.

The electronic spectra of the Cu(ll) complexes shows
band 635-639, 430-437, 425-428 and 294-298 nm
(Figure 1B) which are assigned to d-d transitions,
ligand-to-metal charge transfer transitions and ligand
internal transitions. Absorption bands have been
assigned to Cu(ll) complexes having square pyramidal
structure with considerable distortions towards tbp

(trigonal bipyramidal) (McLachlam et al., 1985; Adhikary
et al., 1994; Bhattacharya et al., 1996) (Table 3).
Thermal studies

The thermogravimetric analysis was undertaken for
[CuCl(C11H17N3S) (C2HsNO2)IHO (3) [Figure. 2]. The
thermogram for complex shows two weight loss steps
due to pyrolysis of organic byproduct. In first step slight
weight loss upto 180°C of sample is due to the
presence of water. The thermogram exhibits completion
of the decomposition at 900°C. The residual was
24.05% (Cal.), a value of CuS being the final product
24.00% (obs.).

Mass spectra

The FAB mass spectral studies of three of the
representative compounds [CoCl(C;1H7N3S)(CoHsNOy)]
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Figure 3. (c) [CuCI(C11H17N3S) (C3H7NO2)]H-0

H.O (1), [CuCl(Cy1H17NsS)(CoHsNOL)] HO  (3)
[CUC'(C11H17N38) (C3H7N02)] H.O (4) [Figure.3 (a'C)]

and

indicate their monomeric nature. The splitting patterns
of mass spectra of compounds are shown in Table 4.



Table 4. Fragmented molecular ions vs m/z values of [CoCI(C11H17N3S)(C2HsNO2)]H20 (1),

[CuClI(C11H17N3S)(C2HsNO2)]H20 (3) and [CuCl(C11H17N3S)(CsH7NO2)]H20 (4).
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Compound Fragmented ions m/z values
[CoCI(C11H17N3S)(C2HsNO2)]H20 (1) [CoCI(C11H17N3S)(C2HsNO2)]H0 411
[COC|(C11H24N480)]+ 354
[Co(CgH24N3SO)* 281
[Co(C7H23N3SO)]* 256
[CO(C7H22N3S)]+ 239
[Co(C7H24 st)]+ 224
[Co(C7H20N2S)1 223
[Co(C7H1sNS)]* 207
[Co(CsH13NS)]* 190
[Co(CsH/NS)] 148
[Co(C2HaNS)]* 133
[Co(H3NS)J* 108
[Co(H2NS)* 107
[(CoS)I* 91
[CuClI(C11H17N3S)(C2HsNO2)]H20 (3) [CuClI(C11H17N3S)(C2HsNO2)]H20 415.42
[CuCI(C11H17N3S)(C2HsNO2)HOT* 414.41
[CuCI(C11H17N3S)(C2HsNO3)]* 413.40
[CuCI(C11H17N3S)(C2H3NO3)]* 411.38
[CuCl (C11H15N3S)(NOy)]* 366.32
[CuCI(C10H15N3S)(NO2)]+ 354.30
[CuCI(C10H14N3S) (NO2)]+ 353.29
[CuCI(C10H11N3S)]+ 304.29
[CuCI(C10H5N3S)]+ 298.23
[CuCI(C10H4N3S)]+ 297.22
[CuClI (C8H2N2)]+ 225.10
[CuCI(C8HN2)]+ 22410
[CuCI(C11H17N3S)(C3H7NO2)]H20 [CuCI(C11H17N3S)(C3H7NO2)] 429.45
(4) H20
[CuCI(C11H17N3S)(C3H702) 414.44
HOJ+
[CuCI(C11H17N3S)(C3H7083)]+ 413.43
[CuCI(C11H17N3S)(C3H5083)]+ 411.41
[CuCI(C11H17N3S)(C3HO2)]+ 391.38
[CuCI(C11H17N3S)(CO2)]+ 366.35
[CuCI(C11H17N3S)(02)]+ 354.34
[CuCI(C11H17N2S)(02)]+ 340.33
[CuCI(C10H16N2S)(02)]+ 327.31
[CuCI(C10H15S)(02)]+ 298.29
[CuCI(C10H14S)(02)]+ 297.28
[CuCI(C10H12S)(O)]+ 279.27
[CuCI(C10H10S)]+ 261.26
[CuCI(C10H9S)]+ 260.25
[Cu(C10H8S)]+ 224.80

The molecular ion peak of (1) appears at m/z 411.0,
thus confirming the formation of a metal complex in
1:1:1 ratio. Appearance of some molecular ion peaks at
higher m/z than molecular ion peakin the FAB mass

spectra may be due to re-association of fragments.
On the basis of above spectral data,
coordinated geometry has been suggested for these

complexes (Figure 4).

the five-
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Where M= Co(ll), Cu(ll); X=0, S; R =H, CH3
Figure 4. Proposed structural formula for the

complexes [MCI(LH)(A)]HzO

Table 5. Minimum inhibitory concentration (mg/ml) for ligands and mixed ligand

Co(ll) and Cu(ll) complexes

Compound Antibacterial activity

Antifungal activity

S. aureus  P. vulgaris E. coli A. niger  C. albicans
LH 0.42 0.83 0.69 1.80 1.06
LH 0.82 0.78 0.44 1.29 0.99
LsH 0.46 0.79 0.47 1.09 1.08
AH 0.52 0.62 0.54 0.60 0.42
AxH 0.59 0.81 0.71 0.56 0.51
(1) 0.46 0.23 0.23 0.97 0.38
(2) 0.20 0.61 0.19 1.28 0.44
(3) 0.32 0.46 0.40 0.98 0.94
(4) 0.49 0.48 0.45 1.16 1.22
(6) 0.20 0.58 0.25 1.29 0.41
(7) 0.22 0.22 0.34 1.40 0.49
(9 0.49 0.88 0.52 1.52 1.98
(10) 0.24 0.21 0.22 1.47 0.48
(11) 0.84 0.77 0.49 1.49 1.18
(12) 0.19 0.67 0.21 1.76 0.48

Antimicrobial activity

The ligands and mixed ligand complexes were
screened for their antibacterial activity against S.
aureus, P. vulgaris and E. coli and for antifungal activity
against A. niger and C. albicans. The compounds were
tested at different concentrations and zone of inhibition
have been measured in mm. The antibacterial and
antifungal activity results, presented in Tables S1 and

S2 respectively. The minimum inhibitory concentrations
of all the compounds have been given in Table 5.

The results show that the mixed ligand complexes are
more active than their parent ligands against the same
microorganism. The increase in the antimicrobial
activity of the mixed-ligand complexes may be due to
the effect of the metal ion on the normal cell processes.
A possible mode for the activity increase may be
considered in light of Tweedy’s chelation theory
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Figure 5. Comparison of MIC (mg/mL) of ligands and synthesized

mixed ligand metal complexes

Antibacterial activity of IPMCHTSC Antibacterial activity of TEBHTSC
against E. coli against E. coli

Antibacterial activity of TRH3C Antibacterial activity of TBHSC
against 8. aurcus against E. coli

Antibacterial activity of [CoCl (TBHTSC) Antibacterial activity of [CoCl {TBHTSC)
(Gly)]H O against S surevs {Bly)|H O against E. coli

Antibacterial activity of newly synthesized compounds against
S. aureus, P. vulgaris, E. coli after 24 hrs at different concentrations

Antifungal activity of IPMCHTSC  Antifungal activity of IPMCHTSC
against A. niger against C. afbicans
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Anfifungal activity of
[CoCI{IPMCHTSC)(Gly)IH_ O
against C. albicans

Antifungal activity of
[CoCI(IPMCHTSC)(DL-ala)]H,O
against C. albicans

Antifungal activity of newly synthesized compounds against
A. niger, C. albicans after 48 hrs at different concentrations

(Tweedy, 1964). Chelation considerably reduced the
polarity of the metal ion because of the partial sharing
of its positive charge with the donor groups and the -
electron delocalization over the whole chelate ring.
Such chelation could enhance the lipophilic character of
the central metal atom, which subsequently favours its
permeation through the lipid layer of the cell membrane.
All the mixed ligand complexes showed enhanced
antimicrobial activity than the parent ligands.

As shown in table 5, the MIC value of
[CoCI(C11H17N3S) (C3H/NO,L)IHO (2) was observed
against E. coli at a concentration of 0.19 mg/ml, where
no bacterial growth was observed. In case of P.
vulgaris, the growth of this organism was not observed
at a concentration 0.21 mg/ml, indicating that the MIC
value of compound [CoCI(C11H1gN3S) (CsH/NO,)H-0
(10) was 0.21 mg/ml against P. vulgaris. The MIC value
of compound [CuCl(Ci1H;9N3sS) (CsH;NO.)]H.O (12)
against S. aureus at a concentration 0.19 mg/ml, where
no bacterial growth was observed, so the MIC value of
compound (12) was 0.19 mg/ml against S. aureus.

In case of fungal strains, A. niger and C. albicans, the
growth, the growth of these organisms were not
observed at concentrations 0.97 and 0.38 mg/ml,
respectively, indicating the MIC value of compound
[CoCI(C11H17N3S) (CoHsNO,)HO (1) was 0.97 and
0.38 mg/ml against A. niger and C. albicans,
respectively.

CONCLUSION

The mixed ligand Co (II) and Cu (Il) complexes isolated
during the present study demonstrated that the
interaction of metal ()] chloride with
thiosemicarbazone/semicarbazone of carvone or
camphor and amino acids leads to complexes with
1:1:1 stoichiometry and are found to be mononuclear.
The bidentate nature of both type of ligands have been
suggested on the basis of spectral evidences. Although
there is a sufficient increase in the antibacterial and
antifungal activities of the mixed-ligand complexes as
compared to the free ligands, they cannot attain the
effectiveness of the conventional bacteriocides
(ampiciline  and  tetracycline) and  fungicide
(fluconazole).
The results show that the mixed ligand complexes of

carvone and camphor thiosemicarbazones have been
found to be more active than the corresponding
semicarbazones derivatives. The greater activity in the
former case may be due to -N—C=S group. The results
of antimicrobial activity of mixed ligand complexes,
indicates that the Co(ll) complexes are more active than
the corresponding Cu(ll) complexes (Table 5).
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