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A potentially tridentate bishydrazone derived from isatin was prepared by condensing isatin
monohydrazone and salicylaldehyde. This ligand is versatile in forming a series of copper(II)
complexes in the presence of different coordinating anions. The ligand and metal complexes
have been characterized on the basis of elemental analyses, molar conductance values, magnetic
susceptibility data, NMR, UV-visible, IR and EPR spectral studies wherever possible and
applicable. The spectral studies reveal that the bishydrazone is monobasic tridentate,
coordinating through the deprotonated phenolate oxygen, azomethine nitrogen and carbonyl
group of the isatin moiety. Analytical data indicate that the complexes possess 1 : 1 metal–
ligand ratio. Molar conductance values support the non-electrolytic nature of the complexes
and the complexes have been formulated as [Cu(IBS)X]; where X¼Cl�, Br�, NO�

3 , OAc�, or
ClO�

4 and HIBS¼ [(2-hydroxybenzaldehyde)-3-isatin]-bishydrazone. Based on the electronic
spectral data, and magnetic moment values, a distorted square planar geometry has been
proposed for the complexes. The chloride complex [Cu(IBS)Cl] has been subjected to X-ray
diffraction and cyclic voltammetric studies. In view of the biological activities of hydrazone
derivatives, the ligand and the metallated compounds were screened for the antibacterial
activities and the effect of co-ligands on the antibacterial property has also been discussed.

Keywords: Bishydrazone; XRD; Cyclic voltammetry; Antibacterial activity

1. Introduction

Hydrazone derivatives containing heterocyclic moieties have interesting ligational
features and have extensive applications in biological, clinical, analytical and various
other fields [1–3]. Although much work has been reported with heterocyclic
monohydrazones, very little information is available on bishydrazones [4]. A literature
survey revealed several metallated monohydrazone derived from isatin but less from
bishydrazone [5–7]. Apart from the synthetic, structural and analytical aspects,
hydrazones and their metal complexes exhibit innumerable pharmacological activities,
such as antibacterial, antifungal, antitumoral, antiviral, antimalarial and anti-HIV
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activities [8]. The present communication describes the synthesis and spectral studies of
a bishydrazone and its copper(II) complexes containing different co-ligands. The study
also highlights some important aspects of anion coordination chemistry [9].

2. Experimental

2.1. Synthesis of monohydrazone (IM)

A quantity (1.47 g, 10mmol) of isatin was dissolved in methanol (40mL) and was added
to a solution of hydrazine hydrate (0.05 g, 10mmol) dissolved in hot methanol (10mL).
The resulting mixture was refluxed for 3 h on a water-bath and, on cooling, the yellow
compound that formed was filtered, washed, dried and recrystallized from methanol.
m.p. 226�C (yield 95%).

2.2. Synthesis of bishydrazone (HIBS)

Salicylaldehyde (1.22 g, 10mmol) was dissolved in methanol (10mL) and was added in
small portions to a solution of isatin monohydrazone (1.61 g, 10mmol) in hot methanol
(50mL). The solution was then refluxed on a water-bath for 4 h. The orange compound,
which separated was filtered, washed with methanol and dried in vacuum. The ligand
was further purified by recrystallization from methanol. m.p. 337�C (yield 85%).

2.3. Preparation of copper(II) complexes

Copper(II) complexes were synthesised by the following general procedure.
The appropriate copper(II) salt (10mmol) [CuCl2 � 2H2O, CuBr2, Cu(NO3)2 � 2H2O,
Cu(OAc)2 �H2O, Cu(ClO4)2O � 6H2O] dissolved in methanol, was added to a
magnetically stirred solution of the ligand (2.65 g, 10mmol) dissolved in methanol
(50mL). The pH of the solution was adjusted to 6.5–7.0 and the mixture was stirred for
30min. The resulting solution was then refluxed on a water-bath for 3 h, concentrated
and allowed to cool. The complex which separated was filtered, washed successively
with methanol and ether then finally dried in vacuum over P4O10. The yields of the
complexes are given in table 1.

2.4. Antibacterial experiments

The ligands and their metal complexes were screened for antibacterial activity against
Escherichia coli, Staphylococcus aureus, Bacillus megaterium and Vibrio cholerea at a
concentration of 200 mgmL�1 in DMSO using the agar diffusion method [10, 11]
described below:

A molten nutrient agar solution (20mL) was poured into sterilized petri dishes and
allowed to attain room temperature. The seed layer medium was melted and then
cooled to about 45�C. The previously grown subculture was added to the seed layer
medium aseptically and mixed well. It was immediately raked into the petri dishes
and allowed to attain room temperature. Wells were then made with a sterile cork borer
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and to these wells, a definite volume (0.05mL) of the drug solution was added and the
plates were allowed to cool for an hour to facilitate diffusion. The plates were incubated
at 37�C for 48 h. At the end of incubation period, the inhibition zones around the wells
were measured. Streptomycin was used as the standard antibacterial agent.

2.5. Physical measurements

The complexes were analyzed for their metal content by using the atomic absorption
spectrophotometer (GBC Avanta). Carbon, hydrogen and nitrogen analyses were
performed using a Heraeus Carlo Erba 1108-CHN Analyzer. The electronic spectra of
the complexes were recorded on a Hitachi 320 UV-Visible spectrophotometer. Infrared
spectra were recorded on a Shimadzu FT IR 8000 spectrophotometer using DMSO as
solvent. Proton NMR spectra were recorded in DMSO-d6 on a JEOL GSX 400NB
400MHz FT NMR spectrometer. Far IR spectra were recorded on a polytec FIR 30
Fourier spectrometer using CsI discs. Molar conductance measurements in DMSO were
made at room temperature using a Systronics conductivity meter type 304. Magnetic
susceptibility values of the complexes were measured at room temperature with a Gouy
type magnetic balance. EPR spectra of the complexes were recorded in the solid state
and also in DMSO at the temperature of liquid nitrogen using a Varian-112 EPR
spectrometer. Cyclic voltammetric study of the copper(II) complex was performed with
a BAS CV-50 analyzer and the X-ray diffraction data were recorded on a Siemens D
5005 model spectrometer.

3. Results and discussion

Formation of the complexes is shown below:

CuX2 þHIBS ! ½CuðIBSÞX� þHX

ðX ¼ Cl, Br, NO3, OAc or ClO4Þ

The complexes obtained are listed in table 1; all the complexes are fairly stable at room
temperature. They are non-hygroscopic solids insoluble in common organic solvents
but soluble in DMSO and DMF. The elemental analysis, molar conductance values and
magnetic susceptibility measurements enabled the formation these complexes.

3.1. Structure of the ligand

Condensation of isatin monohydrazone with salicylaldehyde occurred in 1 : 1 molar
ratio to form the bishydrazone viz. [(2-hydroxybenzaldehyde)-3-isatin]-bishydrazone
(HIBS) which has been characterized through various spectral studies. The electronic
spectrum of the bishydrazone shows absorption bands at 360 and 345 nm assignable to
the n–�* transitions of the ketimine and aldimine moieties, respectively. An infrared
spectrum of the bishydrazone exhibited a broad band from 3420–3250 cm�1 and
centered at 3330 cm�1, which can be attributed to hydrogenbonded OH of the
salicylidene moiety. Another band at 3280 cm�1 of medium intensity, can be assigned to
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the NH vibrations of the indole ring system. An intense band at 1718 cm�1 was due to
�(C¼O) of isatin [12]. Vibrations of the aldimine and ketimine groups were observed
at 1620 and 1632 cm�1 respectively. The phenolic �(C–O) and hydrazinic �(N–N) are
observed at 1282 and 995 cm�1 respectively.

Proton NMR spectrum of the ligand gave the characteristic signal of phenolic proton
at 11.45 �, indicating its involvement in strong intramolecular hydrogen bonding [13].
The signal due to azomethine proton was observed at 8.81 and that of NH of the indole
ring was observed at 9.91 �. Aromatic proton signals were observed in the range of 6.81
to 7.71 � (table 2). On the basis of the above spectral data an internally hydrogen
bonded structure has been assigned for the ligand.

3.2. Structure of the metal complexes

Molar conductance measured in DMSO reveal the non-electrolytic nature of the metal
complexes [14].

3.2.1. Infrared spectra. Infrared spectral data of the complexes are presented in table 3
along with their tentative assignments. In the metal complexes, the broad band of
hydrogen bonded OH in the salicylidene moiety disappeared from 3420–3250 cm�1

suggesting deprotonation and formation of a metal-oxygen bond. Consequently, the
phenolic �(C–O) frequency increased by �40 cm�1 showing coordination of the
phenolate oxygen [15]. The �(C¼N) vibrational characteristic of the aldimine moiety is
shifted to lower frequency by about 20–25 cm�1 in the complexes, and clear evidence for
the involvement of this group in chelation with metal. The band corresponding to
�(C¼O) shifts to lower frequency by about 30–40 cm�1 in the spectra of the metal
complexes, indicating coordination by carbonyl oxygen. However, the vibrational
characteristics of the ring �(NH) at 3280 cm�1 and of ketimine �(C¼N) at 1615 cm�1,
remain almost unaffected, indicating their non-involvement in coordination (figure 2).
Far infrared spectra of the metal complexes showed several absorption bands, which are
not observed in the ligand spectrum; bands appearing at 368 and 298 cm�1 are

Table 2. Proton NMR spectra of mono and bishydrazones.

Chemical shift (ppm)

Compound –OH –CH¼N– Ring-NH– Ar–H –NH2

Isatin monohydrazone (IM) – – 9.51 6.80–7.23 5.92
Bishydrazone (HIBS) 11.45 8.81 9.91 6.81-7.79 –

N
H

O

O

NH2

N
H

N

O

N

N
H

N

O HO

CH
HO

OHC

H2N NH2

MeOH MeOH

Figure 1. Synthesis of the ligand.
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assignable to �(Cu–Cl) and �(Cu–Br) stretching vibrations, respectively [16].

Further �(Cu–N) and �(Cu–O) vibrations have been observed in the range, 410–420
and 510–520 cm�1, respectively, in all the complexes [17].

3.2.2. Coordination by the anions. The ligand has been designed in such a way that the
species formed after coordination of one molecule of ligand to the copper(II) species

served as a receptor capable of coordinating a univalent anion also, thereby allowing
study of anion coordination chemistry, which has extensive applications in various
fields [18]. Six different anions have been examined with particular reference to their
bonding modes and their impact on antibacterial properties.

In the infrared spectrum of the nitrato complex, three strong bands of the
coordinated nitrato group have been observed, at 1386, 1311 and 1000 cm�1, assignable

to �5, �1 and �2 modes of vibration, respectively. Since the magnitude of the difference
between �5 and �1 is 75 cm�1, the nitrato group is considered monodentate to the
copper(II). In the acetato complex �a(COO)is observed at 1616 cm�1 and �s(COO) is
observed at 1400 cm�1 in addition to skeletal vibrations of the ligand. The difference
between these two frequencies (��¼ 216 cm�1) supports monodentate coordination of

the acetato group [19].
In the perchlorate complex, the diagnostic band at 1110 cm�1 (�3) is broad due to

splitting. The �4 vibration also splits into two bands, the difference between these two
bands of �4 (��¼ 35 cm�1) indicates monodentate coordination [20].

Table 3. Important IR spectral bands of the ligand (IBSH) and its metal complexes (cm�1).

IBSH [Cu(IBS)Cl] [Cu(IBS)Br] [Cu(IBS)NO3] [Cu(IBS)OAc] [Cu(IBS)ClO4] Tentative assignment

3330 – – – – – Hydrogen bonded �(OH)
3280 3281 3280 3279 3282 3280 Indole ring NH
1718 1688 1690 1689 1689 1688 �(C¼O) ring
1615 1613 1612 1611 1610 1612 �(C¼N) ring
1590 1566 1562 1567 1569 1568 �(C¼N) aldimine
1282 1320 1321 1318 1317 1319 �(C–O) phenolic
995 1010 1006 1009 1012 1009 �(N–N)
– 417 412 411 416 411 �(Cu–N)
– 514 518 516 519 515 �(Cu–O)
– 368 298 – – – �(Cu–X)

N
H

O

N

N

O
Cu

X

Figure 2. Structure of the metal complex.
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3.2.3. Electronic spectra and magnetic moment values. In the electronic spectra of
the metal complexes the n!�* bands were slightly redshifted indicating that no
structural alteration of the ligand occurred on metal chelation. The band
observed in the region 720–740 nm is attributed to the 2B1g!

2A1g transition,
in agreement with a distorted square-planar geometry around the copper(II) ion [21].
Magnetic moment values of the complexes at room temperature vary in
the range 1.82 to 1.89BM, indicating the absence of metal-metal interaction in
the complexes.

3.2.4. EPR spectra. The X-band EPR spectra of the copper(II) complexes were
recorded in the solid state at room temperature and in DMSO at the temperature of
liquid nitrogen using DPPH free radical as the ‘g’ marker. The EPR spectra of all the
complexes are isotropic at room temperature. However, the spectra are anisotropic at
liquid nitrogen temperature, characteristic of axial symmetry. The complexes have a
well resolved gk and broadened g? region. Various Hamiltonian parameters have also
been calculated (table 4). The trend gk4g?4ge indicates tetragonal elongation along
the z axis and the presence of the unpaired electron in the dx2�y2 orbital [22].
EPR spectral studies are also helpful in revealing the covalent character of
the metal–ligand bond [23]. It has been reported that gk values are sensitive to the
covalent nature of the metal–ligand bond and that values above 2.3 show ionic
character and lower than 2.3 indicate covalent character. In addition to this, the
covalency parameter (�2) of the complexes has been calculated, using the Kievelson and
Neiman equation [24].

�2
Cu ¼

�ðAkÞ

0:036
þ gk � 2:002
� �

þ
3

7
g? � 2:002ð Þ þ 0:04

The �2 values of the complexes indicate considerable covalent character for the metal–
ligand bond [25]. Empirical ratio gk/Ak is frequently used to evaluate tetrahedral
distortions in the tetragonal structure of copper(II) compounds, where the ratio gk/Ak

close to 100 cm indicates a roughly square planar or tetragonal structure around the
copper(II) ion, and the values from 170 to 250 cm indicate a distorted tetrahedral
symmetry [26]. Based on this general data, a square planar geometry has been proposed.
Thus EPR study of the copper complexes has provided supportive evidence to the
optical results. The spectra of the complexes recorded in DMSO, showed four peaks
due to coupling of the electron spin of the 63Cu nucleus (I¼ 3/2). The peaks are broad
and have the appearance of ill-resolved triplets (figure 3). The breadth of the peaks

Table 4. EPR spectual data of the metal complexes.

Complex gk g? Ak� 10�4 (cm�1) gk/Ak (cm) �2

[Cu(IBS)Cl] 2.210 2.058 180 122 0.77
[Cu(IBS)Br] 2.243 2.041 178 124 0.79
[Cu(IBS)NO3] 2.232 2.049 176 127 0.78
[Cu(IBS)OAc] 2.223 2.042 177 125 0.77
[Cu(IBS)ClO4] 2.201 2.051 176 125 0.75
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and its triplet appearance can be attributed to hyperfine splitting of the
nitrogen atom (I¼ 1) of the ligand. The triplet appearance is evidence for nitrogen
coordination [27].

3.3. X-ray diffraction

The crystal structure of the copper(II) complex was studied by powder X-ray
diffraction. The X-ray diffraction pattern of the complex indicates high crystallinity
of the complex. The diffractogram recorded 14 reflections between 2� ranging from 5 to
45� with maxima at 2�¼ 7.6488� corresponding to interplanar distance d¼ 11.7485 Å.
The main peaks have been indexed using computer software by trial and error method
[28, 29]. The dhkl values obtained have been compared with calculated values. A
comparison of these values show good agreement between the calculated and observed
values. The complex was successfully indexed to an orthorhombic crystal system with
the lattice constant, a¼ 11.6141 Å; b¼ 9.1283 Å; c¼ 5.7990 Å and unit cell volume
613.0611 Å3.

3.4. Cyclic voltammetry (CV)

Electrochemical behaviour of [Cu(IBS)Cl] was examined by means of cyclic
voltammetry, employing glassy carbon as working electrode, Ag/AgCl as reference
electrode, and platinum wire as auxiliary electrode. The working media consisted of
DMSO and Bu4NPF6 as the supporting electrolyte. The solution was degassed with
argon prior to use and kept under an argon atmosphere throughout the experiment.
The measurement was carried out using 2mM solution at room temperature in the
potential range �2.0 to þ2.0V with a scan rate 100mV sec�1.

2000 H (Gauss) 3000

DPPH

Figure 3. EPR spectrum of [Cu(IBS)NO3].
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In the CV profile, a broad irreversible, single electron response was identified
at �0.93V, which may be assigned to reduction of the ligand; no oxidative response was

found. The single-electron reversible couple identified at �0.62V has been assigned to
the metal-centered Cu(II)/Cu(I) couple. At slower scan rate the difference of the peaks

(�Ep) is close to 57mV, indicating that the number of electrons transferred is 1 (n¼ 1).
Also the ratio of the anodic to cathodic peak current (ipa/ipc) approaches one at this

scan rate. From the above voltammetric data the electron transfer process can be
schematically represented as

½CuðIIÞðIBSÞCl� þ 1e ! ½CuðIÞðIBSÞ� þ Cl�

The electrochemical process is diffusion controlled. However decomplexation and
copper metal deposition on the electrode are not observed [30].

3.5. Antibacterial activity

Antimicrobial properties of hydrazone complexes have been reported by several

investigators. Allured by these observations, biological experiments for evaluating the
antibacterial activities of the ligand and complexes have been performed using a

reported method [31]. The screening data obtained by using some pathogenic bacteria
are presented in the antibacteriogram (figure 4). The ligand is physiologically active and

chelation enhanced its activity. This enhancement in activity due to chelation can be
explained on the basis of chelation theory [32]. Chelation reduces the polarity of the

metal ion considerably, mainly because of the partial sharing of its positive charge with
donor groups and the possible �-electron delocalization over the whole chelate ring.

Chelation not only reduces the polarity of metal ion, but also increases the lipophilic
character of the chelate. As a result of this, interaction between metal ion and the cell

walls is favoured resulting in interference with normal cell processes. If the geometry
and charge distribution around the molecule are incompatible with the geometry and

charge distribution around the pores of the bacterial cell wall, penetration
through the wall by the toxic agent cannot take place, preventing toxic reaction

within the pores [33].
As a part of the study on anion coordination chemistry, the role of certain anions on

the antibacterial property has also been examined. If we examine the antibacterial

properties of metal complexes containing different anions, acetate coordinated
complexes exhibit more inhibition compared to others. The low activity of NO�

3 and

ClO�
4 compounds may be due to greater bonding capacities of these groups towards the

copper(II) ion and the lesser activity of Cl� and Br� coordinated complexes may due to

low lipid solubility. The present system contains a heterocyclic ligand with multi-
functional groups giving a greater chance of interaction either with nucleoside bases or

with biologically essential metal ions present in the biosystem [34]. Apart from this

mode of action, the compounds may form hydrogen bonds through the coordinated
anions as well as the azomethine group, with the active centers of the cell constituents

resulting in interference with the normal cell processes. Hence it can be concluded that
anion coordination also influences the antibacterial properties of metal complexes.
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