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a b s t r a c t

The present work report the synthesis, structural characterization and in vitro antibacterial studies of
(4-(4-methoxy phenyl)-2-(2-(1-pyridine-2-yl)ethylidene)hydrazinyl)thiazole bromide (HL�Br) and its
cobalt(III) complex, [CoL2]ClO4. HL�Br crystallizes in a space group Pbca in a nearly planar structure
and the crystal structure of complex shows a CoIIIN6 coordination geometry in which each L shows
N,N,N-donor binding modes. Solution magnetic susceptibility measurement of [CoL2]ClO4 by modified
Evan’s method confirms the low spin diamagnetic nature of the cobalt(III) complex. New compounds
were screened for their antibacterial studies against gram positive bacteria including Staphylococcus
aureus, Streptococcus faecalis and Bacillus subtilis and gram-negative bacteria including Escherichia coli,
Pseudomonas aeruginosa, Salmonella typhi, Klebsiella pneumonia and Proteus vulgaris. Both the compounds
show very stronger growth inhibition activity against gram negative bacteria than gram positive bacteria.
Present study shows that HL�Br has maximum antibacterial activity against E. coli (25 ± 0.2 mm) and
S. typhi (28 ± 0.7 mm) at an MIC of 200 mg/mL and 50 mg/mL respectively, showing greater MIC values
than the standard antibiotic ciprofloxacin (8 mg/mL against E. coli and 10 mg/mL against S. typhi).

� 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Thiazole ring system is a pharmacophore found in major natural
and biologically active compounds [1–7]. A vast number of 1,3-thi-
azole-based compounds were considered as ligands in the biology
and chemistry due to their ability to coordination various metal
ions. The coordination ability of 1,3-thiazole-based ligands is
attributed to the presence of sulphur and nitrogen in the five-
membered thiazole ring but mode of coordination can be enhanced
by structural modification and introduction of a variety of sub-
stituents with suitable donors. A series of 2,4-substituted thiazole
derivatives containing substituted pyrazole moiety was synthe-
sized and shown to be better antibacterial activities against S. aur-
eus bacteria as compared to the standard drug Ceftriaxone [8].
Recently research on pyridine and thiazole containing neonicoti-
noids have also been substantiated because of their high target
specificity with relatively low risk for non-target organism and in

the environment [9]. The 2-D and 3-D model cell culture were per-
formed with pyridine–thiazole core compounds to screen the anti-
tumor activity against human breast cancer MCF-7. Results
revealed that the pyridine–thiazole compounds are more potent
inducer of cell death than cisplatin after 24 h incubation [10]. In
this context, a class of thiazoles e.g., (thiazole-2-yl) hydrazones
are important for showing antituberculosic, antifungal, antibacte-
rial, antiparasitic, antioxidant and anticancer activities [11], and
potent inhibitory activities against human monoamine oxidase B
and histonacetyltransferase [12–14]. The hydrazone derivatives
can be prepared by Hantzsch’s reaction of thiosemicarbazones
and a�haloarylcabonyl compounds [15,16]. Chimenti et al. synthe-
sized a series of 4-substituted-2-thiazolyl hydrazone derivative
and proved the inhibitory activity of human monoamine oxidase,
hMAO-A/B isoforms [12]. It was concluded that the substitution
at C4 of the thiazole ring enhanced selective potentiality as
hMAO-B inhibitor with IC50 values in the nanomolar range [12].
In the search for new anti-infective agents, we took into account
the importance of a thiazole ring, which is one of the possible
molecular complications of thiosemicarbazone moiety. The
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contribution of the presence of a hydrazine moiety is also impor-
tant, as reported before [15,16]. It was well documented that the
metal complexes of these heterocyclic ligands are more effective
showing various biological activities. Apart from being a chemical
element essential for normal metabolic function and a key sub-
stituent in vitamin B12, cobalt was chosen as the central metal
ion since its complexes often possess higher activities than cis-
platin (CDDP)[II] [17]. In the present study, we prepared one pyri-
dine-thiazolyl compound with hydrazone moiety, (E)-4-(4-
methoxy phenyl)-2-(2-(1-pyridine-2-yl)ethylidene)hydrazinyl)thi-
azole bromide (HL�Br) and its cobalt complex to screen their
antibacterial activities.

2. Experimental

2.1. Materials

Thiosemicarbazide (99%), 2-acetyl pyridine (99%) and 2-bromo-
4-methoxyacetophenon were obtained from Aldrich Chemical
Company. Cobalt(II) perchlorate hexahydrate was obtained from
Merck chemical company. All solvent (reagent grade) were
obtained from commercial suppliers and used after distillation.

2.2. Preparation of ligand (E)-4-(4-methoxy phenyl)-2-(2-(1-pyridin-
2-yl) ethylidene) hydrazinyl) thiazole bromide (HL�Br)

The target ligand HL�Br was prepared by the condensation of
2-bromo-4-methoxyacetophenone and 2-acetylpyridine thioscmi-
carbazone. The methanolic solution of 2-bromo-4-methoxyace-
tophenone (10 mmol, 2.29 g) is added drop wise in a methanolic
solution of 2-acetylpyridine thioscmicarbazone (10 mmol,
1.942 g) [15] with constant stirring at room temperature. The
stirring is continued for 4 h keeping the reaction temperature at
80–90 �C. A yellowish orange precipitate was obtained which
was filtered off and washed 2 to 3 times with aqueous methanol.
Single crystal suitable for X-ray crystallography were obtained by
slow evaporation of methanolic solution of HL�Br. Yield: 3.124 g
(73.79%). Anal. Calc. for C17H19BrN4O2S: C, 48.35; H, 4.30; Br,
18.92; N, 13.27; O, 7.58; S, 7.59. Found: C, 48.19; H, 4.48; N,
13.22; S, 7.55, O, 7.55; Br, 18.87%. 1H NMR (DMSO-d6) d (in
ppm): 2.41–2.49, (s, 3H at C7), 3.74–3.81 (s, 3H at C17), 6.96 and
6.98 (d, 2H at C13 and C15, 3J13,12 = 3J15,16 = 8.0 Hz); 7.23 (s, 1H at
C9), 7.79 and 7.81 (d, 2H at C12 and C16, 3J12,13 = 3J16,15 = 8.0 Hz),
7.56 (m, 1H at C2), 8.1 (m, 2H at C3 and C4), 8.645 (m, 1H at C1).

2.3. Preparation of complex

20 mL methanolic solution containing HL�Br (1 mmol, 0.42 g)
and Co(ClO4)2�6H2O (1 mmol, 0.36 g) was stirred in open air for
one hour at room temperature. The resulting solution is refluxed
in water bath for three hours. The color of the solution changes
light yellow to deep reddish brown. The resultant solution was fil-
tered and the filtrate was allowed to keep for slow evaporation.
The brown black crystals were obtained. Yield 70%. Anal. Calc. for
C34H30ClCoN8O6S2: C, 57.70; H, 4.56; N, 15.83; S, 9.06. Found: C,
57.67; H, 4.52; N, 15.91; S, 9.21%.

2.4. Characterization

Single crystal X-ray diffraction data for ligand and complex
were collected with monochromated Mo Ka radiation
(k = 0.71073 Å) on a Bruker Kappa Apex-II diffractometer, equipped
with a CCD area detector at low temperatures. Several scans in u
and x directions were made to increase the number of redundant
reflections and were averaged during the refinement cycles. Data

processing for all the complexes were performed using Bruker
Apex-II suite. Reflections were then corrected for absorption,
inter-frame scaling, and other systematic errors with SADABS [18].
All the structures were solved by the direct methods and all non-
hydrogen atoms were refined anisotropically by the full-matrix
least squares based on F2 using the SHELXL-97 [19]. The hydrogen
atoms were isotropically treated using a riding model with their
isotropic displacement parameters depending on the parent atoms.
A summary of the crystallographic data and refinement parameters
are given in Table 1. The molar conductance of 10–3 (M) solution of
the metal complexes in DMSO were measure at 30 �C using a
Thermo Orion model 550A conductivity meter and a dip-type cell
with platinized electrode. The elemental analysis (C, H, N, and S)
of the complex was performed using a FISONS EA-1108 CHN ana-
lyzer. UV–Vis absorption spectra of the samples were recorded
on a Perkin Elmer Lambda 35 spectrophotometer in the wave-
length range region 200–800 nm at room temperature. 1H NMR
spectrum of ligand was recorded using a JEOL JNM-ECZ 400S/L1
400 MHz NMR spectrometer. Magnetic susceptibility measure-
ment of complex in solution were carried out using a Bruker Spec-
trometer 400 MHz following a standard NMR methodology using
solution of CDCl3 and tertiary butanol (v/v 20). The solution was
prepared by dissolving 1.10 mg of sample (M. wt. = 805.16) in
485 lL CDCl3 and 15 lL of t-BuOH. A solution of 260 lL CDCl3
and 8 lL t-BuOH was prepared for the co-axial capillary filling
for the Evan’s method [20]. The equation for determining the mass
susceptibility (vg in cm3/g) using NMR instrumentation where the
external magnetic field is coaxial with the sample tube is given
below:

vg ¼ �½3Df=4pFc� þ v0 þ ½v0ðd0 � dsÞ=c�

where Df is the observed frequency shift of the reference resonance
(e.g., tertiary butanol signal), F is the fixed probe frequency in Hz of
the NMR spectrophotometer, v0 is the mass susceptibility of the
solvent, c is the concentration in grams of the complex per cm3 of
solution, and d0 and ds are the respective densities (g/cm3) for the
solvent and solution. The last two terms in the equation correct
for the solvent’s diamagnetic contribution by taking into account
the change in its density after adding the solute. In this study the
complex concentration was less than 10 mM which allows for the
solution density (ds) to be approximated by d0 +m; hence, the mass
susceptibility equation simplifies as vg = �[3Df/4pFc] [21]. The cal-
culation of leff is sensitive to the concentration of the dissolved
paramagnetic material. The molar susceptibility (vg in cm3/mol)

Table 1
Crystal data and structure refinements for HL�Br and [CoL2]ClO4.

Parameter HL�Br [CoL2]ClO4

Formula C17 H19 Br N4 O2 S C34 H30Cl Co N8 O6 S2
Mol. Wt. 423.33 805.16
Crystal system orthorhombic monoclinic
Space group Pbca C2/c
T (K) 150(2) 150(2)
a (Å) 14.8195(8) 35.5209(19)
b (Å) 13.7644(9) 22.0664(11)
c (Å) 17.7186(11) 18.0357(9)
a (o) 90 90
b (o) 90 103.906
c (o) 90 90
V (A3) 3613.3(4) 13722.4(12)
Z 8 8
Dcale (g cm3) 1.556 1.559
Absorption cofficient (mm�1) 2.409 0.759
F(000) 1728.0 6624.0
F(000

0
) 1727.26 6638.21

h,k,l (max) 18,17,21 44,27,22
R1 0.0320 0.0587
wR2 0.0767(3692) 0.1743(14186)
2h (maximum) 26.389 26.582
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for each complex was determined by multiplying vg by the molar
mass (g/mol). The effective magnetic moment (leff) in Bohr magne-
ton was calculated from paramagnetic molar susceptibility (vg)
using the relationship leff = 2.828(vg.T)1/2 where T is the tempera-
ture in Kelvin. The predominant source of error was in the determi-
nation of solution concentration due to the small samples prepared
(0.5 mL).

Cyclic voltammetric experiments were performed at room tem-
perature in acetonitrile solvent using tetra butyl ammonium per-
chlorate as a supporting electrolyte on a CH Instrument
electrochemical workstation model CHI630E. The conventional
three-electrode assembly is comprised of a platinum working elec-
trode, a platinum wire auxiliary electrode and a Ag/AgCl reference
electrode. UV–Vis absorption spectra of the samples were recorded
on a Perkin Elmer Lambda 35 spectrophotometer in the wave-
length range region 200–800 nm at room temperature.

2.5. Qualitative antibacterial assays

Antibacterial sensitivity of the ligand and its cobalt complex
were tested by the agar well diffusion method using Mueller–Hil-
ton agar media. The agar diffusion method was employed for the
determination of antibacterial activities according to the method
described by Chattopadyay [22]. The compounds under investiga-
tion were dissolved in methanol to a final concentration of
500 lg/mL. Eight species of pathogenic bacteria namely Escherichia
coli, Klebsiella pneumonia, Staphylococcus aureus, Streptococcus fae-
calis, Salmonella typhi, Proteus vulgaris, Pseudomonas aeruginous
and Bacillus subtilis were used to screen the antibacterial activity
of the metal complex [23]. Pathogenic bacterial strains were incu-
bated in sterile nutrient broth and incubated at 37 �C for 24 h. The
pathogen were swabbed (Inoculums size was adjusted so as to
deliver a final inoculums of approximately 106 CFU/mL) on the sur-
face of Mueller–Hilton agar media and petri dishes containing
20 mL of Mueller–Hinton Agar with 100 lL inoculums of bacterial
strain and Media was allowed to solidify. Wells were cut into solid-
ified agar media with the help of sterilized cup-borer. 100 lL of
each sample solution was poured in the respective wells and the
plates including control were incubated overnight at 37 �C for bac-
teria. The experiment was performed in triplicate under strict
aseptic conditions and the antibacterial activity of each compound
was expressed in terms of the mean diameter of zone of inhibition
(mm) produced by the respective compound.

2.6. Determination of MIC value

Minimum inhibitory concentration was determined using inhi-
bitory concentration in diffusion (ICD) method [24]. The minimal
inhibitory concentration (MIC) values, which represent the lowest
concentration of the compound that completely inhibits the
growth of microorganisms, were determined by a micro-well dilu-
tion method [25] The inoculums of each bacterium were prepared
and the suspensions were adjusted to 106 CFU/mL. For making
these dilutions, ligand HL�Br and its cobalt complex were dissolved
at a concentrations and diluted in methanol to obtain different
concentration as 500 lg/mL, 400 lg/mL, 300 lg/mL, 200 lg/mL,
100 lg/mL, 75 lg/mL, 50 lg/mL, 25 lg/mL. 100 lL of compound
of different concentration was poured in the respective wells and
the plates were incubated for 24 h at 37 �C. The experiment was
performed in triplicate under strict aseptic conditions.

3. Results and discussion

Previously, a series of 2-(pyridine-2-yl)-1,3-thiazoles were pre-
pared via Hanstsch cyclization between 2-pyridine-2-yl)thiosemi-

carbazones and substituted 2-bromoacetophenones adopting
ultrasound condition [15]. These compounds have very similar
composition with the present ligand HL�Br except the substitution
at 4-position at thiazole moiety. Very recently, trans isomer of
2-(2-pyridine-2-ylmethylene)hydrazinyl)-4-(4-tolyl)-1,3-thiazole
was structurally characterized [10]. However, we are able to crys-
tallize the organic molecule (L) as bromide salt rather than neutral
molecule. Ligand HL�Br was prepared following Hantsch’s reaction
where equimolecular mixture of 2-acetyl pyridine thiosemicar-
bazone and 2-bromo-4-methoxy acetophenone were refluxed in
methanol (Scheme 1). Preferential crystallization as bromide salt
is quite expected when charge of the pyridinium ion of HL was sat-
isfied by the bromide ion. It is worth mentioning that the large size
of the bromide ion preferentially stabilized the crystal of HL�Br. It is
interesting to note that in a similar reaction condition, the perchlo-
rate salt of L (HL�ClO4) was obtained in the presence of excess per-
chloric acid. The detail structural characterization of HL�ClO4 is
beyond the scope of this report (CCDC deposition 1530855). The
signals obtained in the 1H NMR spectrum of the ligand were in
good agreement with the expected structure (Fig. S1). The signal
at d 2.41–2.49 can be assigned for the three iminomethyl proton
on C7 [26]. On the other hand the broad signal in the region d
4.0–4.5 may be due to the single acidic proton at N3 which is in
conjugation with thiazole ring. The doublet peak in the region d
6.96 and 6.98 can be assigned for the protons attached to C13
and C15 with J value 8.0 Hz (Scheme 1). Similarly, the doublet peak
in the region d 7.78 and 7.81 ppm correspond to protons attached
to C12 and C16, respectively with a J value 8.0 Hz. The J-values
indicates that the protons attached to C12 and C13 mutually cou-
ple in a same extent with the coupling of protons attached to C15
and C16. Fine spectrum of the complex was obtained in mixed sol-
vent CDCl3 and tert-BuOH without any deformation of the multi-
plet proton peaks. This indicates that the complex itself is
diamagnetic in nature. Slight shifting of the methyl protons of
tert-BuOH (Df = 0.04 ppm) in the spectrum of coaxially arranged
capillary containing solution of CDCl3 and tert-BuOH(v/v 20) with
the complex in the same mixture in the NMR sample tube (Evan’s
method) gives up very low leff value ca. 1.43 BM confirms the low
spin state of cobalt (Fig. S2).

The reaction of HL�Br and Co(ClO4)2�6H2O furnished the com-
plex cobalt(III) complex with composition [CoL2](ClO4)2. The aero-
bic oxidation of cobalt(II) to cobalt(III) is quite expected in the
reaction condition. Both ligand and complex were structurally
characterized and their antibacterial activities were tested. The
low spin nature of the complex, [CoL2](ClO4)2 can be attributed
by the UV–Vis spectrum where a broad weak absorption band
appeared at 470 nm for d–d transition and the high energy absorp-
tion band appeared at 344 nm (thiazole to metal CT transition)
(Fig. S3).

3.1. X-ray crystallography

The X-ray crystal structure of (E)-4-(4-methoxy phenyl)-2-(2-
(1-pyridin-2-yl)ethylidene)hydrazinyl)thiazole bromide (HL�Br)
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Scheme 1. Synthesis of ligand HL�Br.
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and cobalt complex are shown in Figs. 1 and 3, respectively. Crystal
refinement data of HL�Br and complex are summarized in Table 1.
The angles between the plane C12–C11–C10 and C11–C10–N4,
C10–N4–C8 and N4–C8–N3, C8–N3–N2 and N3–N2–C6, and
N2–C6–C5 and C6–C5–N1 are 8.64�, 0.41�, 3.29� and 3.67�

respectively, indicate that the molecule is nearly planar. In the thi-
azole ring, two sufficiently different bonds are found viz. C8–N4
(1.308 Å) and C10–C9 (1.357 Å) clearly indicative of double bond
in the aromatic ring system. It is clearly to be shown that the ligand
molecule crystallize in a Z-isomeric form with intermolecular
H-bonding with bromide and oxygen atom of water of crystalliza-
tion (Fig. 3). Corresponding H-bondings are given in Table 2. The
presence of bromide ion in the asymmetric unit is a proof of prefer-
ential crystallization as a bromide salt of quaternary pyridinium ion
rather than neutral ligand molecule. The bromide group counters
balance the quaternary nitrogen and also participate in H-bonding.
A detailed analysis of the crystal packing of the ligand shows that
the molecules stack into supramolecular chains along the b-axis
due to p� � �p and C–H� � �O interactions between neighboring mole-
cules in the stack. The planarity and the solubility of the bromide
salt are likely to make it very effective for DNA interaction.

The asymmetric unit of the cobalt(III) complex contains crystal-
lographically independent twin [Co(L)2]+ octahedral entities. A per-
spective view of the molecular structure is shown in Fig. 4. Selected
bond angles and bond lengths are given in the Tables 3 and 4. The
cobalt(III) ion is surrounded by the three different ‘N’ atoms of
ligand (HL�Br). Two heterocyclic ‘N’ atoms one from pyridine and
another from thiazole coordinate with cobalt(III) along with hydra-
zinic ‘N’ atom of ligand forming five membered cyclic rings. The

Fig. 1. Molecular structure of HL�Br showing the atom numbering scheme.
Ellipsoids are drawn at the 50% probability level.

Fig. 2. Molecular structure of complex [CoL2]ClO4 showing the atom numbering scheme. Ellipsoids are drawn at the 50% probability level.

Fig. 3. Packing diagram and 1D hydrogen bonded supramolecular chain along b-axis of ligand HL�Br.
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coordination sphere around the Co atom adopts an overall octahe-
dral geometry. Both the participating ligands are in a mer configu-
ration. The contributing ligands in the complex may be considered
as rigid, quasi-planar and possesses E configuration with respect to
the azomethine C@N bond. The NNN planes of the ligands are prac-
tically orthogonal with angle near 90� in the complex. Several H-
bonding are also present in the lattice. The C8–N3 bond distance
in complex with respect to ligand is reduced by ca. 0.05 Å indicat-
ing double bond formation between C8 and N3. The double bond
between C8 and N4 in the ligand is indicated by the low bond dis-
tance 1.308 Å, which increases to 1.352 Å indicating reduction of
electron density on complexation. There are no appreciable

changes in the bond distances of the ligand while bonding to cobalt
except for the C6–N2 and N1–N2 bond distances. In the free ligand,
the C6–N2 and N2–N3 bond lengths are 1.289 Å and 1.351 Å,
respectively. The shortening of C6–N2 bond length in complex
with respect to free ligand suggests an increase in the double bond
character. The Co–N bond distances in the range 1.86–1.99 Å were
well documented for the spin free diamagnetic cobalt(III) com-
plexes with multi N-donor ligands [27–30]. The distances of
Co–N bonds in the present complex are in the range of 1.87–1.93 Å
which are shorter than the reported Co–N distances [27,28]. The
p-acceptor and r-donor property of thiazole derivative provide a
relatively large ligand field splitting energy between the metal

Table 2
Hydrogen bond parameters (Å, �) for HL�Br.

HL�Br- H bond parameters

D–H� � �A D–H (Å) H� � �A (Å) D� � �A (Å) D–H� � �A (�) Symmetry operation on A

N4� � �H1B–O1 2.122 0.780 2.876 172.3 xyz
Br� � �H3A–N3 2.522 0.887 3.383 163.7 x, 1.5�y, 1/2+z
Br� � �H1A–O1 2.437 0.889 3.323 174.3 xyz
O1� � �H1C–N1 1.770 0.912 2.661 165.1 xyz

Fig. 4. Molecular twin structure of complex [CoL2]ClO4.

Table 3
Selected bond angles of HL�Br and CoL2�ClO4.

HL�Br CoL2�ClO4

Atom-1 Atom-2 Atom-3 Angle (�) Atom-1 Atom-2 Atom-3 Angle (�)

N3 N2 C6 118.90 N1 Co N2 81.89
N2 N3 C8 117.70 N2 Co N4 81.84
C8 N4 C10 109.65 N5 Co N6 82.62
N1 C5 C6 118.15 N6 Co N8 80.96
N2 C6 C5 113.89 N2 Co N8 102.85
S C8 N3 118.91 N2 Co N5 93.98
S C8 N4 115.97 N1 Co N6 97.00
N3 C8 N4 125.11 N1 Co N8 92.66
N4 C10 C11 119.30 N1 Co C5 89.66
C10 C11 C16 122.37 N4 Co N8 91.12

N4 Co N5 91.17
N4 Co N6 99.22
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localized dp and dr⁄ orbitals corresponding to electronic arrange-
ment t2g6 eg0. Thus effective donation occurs with the approach of the
donor atoms along the axes (vacant eg orbitals) which accounts the
shortening of Co–N bonds in the complex.

3.2. Electrochemical study of complex

A study of the electrochemical behavior of a metal complex has
an immense role in exploring the chemical and electrochemical
reactions and mechanism involving such a molecule. The redox
property of a bioactive compound can also give insight into its
metabolic facts and biological activities. We studied the electro-
chemical behavior of the present compound since this category
of compound has a wide application in biology and chemistry.
The cyclovoltammogram of the complex [CoL2]ClO4 shows three
reduction peaks at �0.83 V (I), +0.56 V (II) and +0.85 V (III) versus
Ag/AgCl, saturated KCl, respectively, while there are two oxidation
peaks and at �0.45 V (IV) and 0.93 V (V) versus Ag/AgCl, saturated
KCl, respectively, at a scan rate 100 mV s�1 (Fig. 5). The first reduc-
tion peak (I) for the cobalt complex corresponds to the reduction of
the ligand center while the second reduction (II) involves the one
electron reduction of Co(III) to Co(II). The remaining third reduc-

tion peak (III) may be attributed to the reduction of Co(II) to
Co(I) species. The predominant single oxidation peak at 0.93 V (V)
might be the combination of oxidation processes Co(I)? Co(II)
and Co(II)? Co(III). The nature of the reduction and oxidation
processes are irreversible which reveals that the complex predom-
inantly contains one kind of species, e.g., Co3+ on dissolution.

3.3. Antimicrobial activity

The efficiency of antibacterial effects of any compound (natural
or synthetic) depends on the penetration power of the compound
to the organisms. The available antibacterial agents target struc-
tures and functions or both which are relevant to the organisms
to be inhibited. For example, many antibacterial agents inhibit
the formation of peptidoglycan, the essential component of the
bacterial lipid bilayer of cell membrane and cell wall.

Many classes of antibacterial agents are protein synthesis inhi-
bitors such as amino glycosides, macrolides and tetracyclines;
topoisomerase inhibitors such as fluoroquinolones; and metabolic
pathway inhibitors such as trimethoprim-sulfamethoxazole. The
compounds under investigation showed very stronger growth inhi-

Table 4
Selected distance [Ǻ] of the ligand HL�Br and [Co(L2)]ClO4.

HL�Br [Co(L2)]ClO4

Atom 1 Atom 2 Length (Å) Atom 1 Atom 2 Length (Å)

S C8 1.726(2) Co N1 1.9260
S C9 1.720(3) Co N2 1.8805
C9 C10 1.357(4) Co N4 1.9384
C5 C6 1.467(3) Co N5 1.9298
N1 H1C 0.91(3) Co N6 1.8747
N1 C1 1.335(3) Co N8 1.9378
N1 C5 1.350(3) N6 C23 1.3037
N2 N3 1.351(3) N2 N3 1.3606
N2 C6 1.289(3) N6 N7 1.3607
N3 H3A 0.89(3) N5 C22 1.3646
N3 C8 1.377(3) N3 C8 1.3297
N4 C8 1.308(3) N4 C8 1.3527
N4 C10 1.398(3) N7 C25 1.3433
C1 H1 0.949 N8 C25 1.3361
O2 C14 1.374(3) N8 C27 1.4013

Fig. 5. Cyclic voltammograms of [CoL2]ClO4 in acetonitrile solution using a
platinum working electrode in the presence of tetraethylammonium perchlorate
as a supporting electrolyte at ambient temperature with scan rate 100 mV s�1.

Fig. 6. Inhibition zone of ligand HL�Br and complex CoL2�ClO4 against E. coli,
Pseudomonas and S. typhi bacteria.
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bition activity against gram negative bacteria than gram positive
bacteria. Fig. 6 represents that HL�Br has maximum antibacterial
activity against E. coli (25 mm) and S. typhi (28 mm) (Table 5) at
an MIC of 200 mg/mL and 50 mg/mL, respectively showing greater
MIC values (Fig. S4) than standard antibiotic (ciprofloxacin) with
values 8 mg/mL against E. coli and 10 mg/mL against S. typhi (Tables
6 and 7).

From the study it is revealed that HL�Br shows better antibacte-
rial activity than its cobalt complex. The higher antibacterial prop-
erty of HL�Br can be attributed to the planar structure and the good
solubility in methanol. The planar structure preferentially pene-
trates to the cells of microorganism and the cell binding activity
is facilitated by the good solubility of the pyridinium ion of HL�Br.
Additionally, the hydrolysis of HL�Br increases the acidity of the
medium causing the higher antibacterial activity than correspond-
ing cobalt complex. However, the complex [CoL2]ClO4 produces
[CoL2]+ and ClO4

– on dissolution. The 3D structure of [CoL2]+ counter

balanced by ClO4
–, has less penetration to the bacterial cell and does

not change pH significantly. This fact suggests the lesser antibacte-
rial activity of complex than the ligand.

4. Conclusion

A thiazolyl pyridinium bromide molecule (HL�Br) and its cobalt
(II) complex are synthesized and structurally characterized. The
ligand (HL�Br) having rigid, quasi E configuration forms low spin
diamagnetic [CoL2]ClO4 complex. The asymmetric unit of the
cobalt(III) complex contains crystallographically independent twin
[Co(L)2]2+ octahedral entities. The coordination sites of the com-
plex are occupied by two heterocyclic ‘N’ atoms (one from pyridine
and another from thiazole) and one hydrazinic ‘N’ atom of each
ligand molecule forming five membered cyclic rings. Both the
ligand and complex are fairly soluble in aqueous methanol and
used in culture medium for biological experiments. The com-
pounds showed stronger growth inhibition activity against gram
negative bacteria than gram positive bacteria. The ligand shows
better antibacterial activity due to its fair solubility in aqueous
medium than corresponding cobalt complex. Further researches
on thiazole derivatives with hydrazone moiety need to be explored
for better understanding of biological activities.
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