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INTRODUCTION

Schiff bases are structurally diversified and have gained
the attention of many scientists worldwide due to their multiple
facet applications [1-4]. Transition metal complexes of Schiff
bases grew enormously and encompassed a wide and diverse
range of subjects and aspects of biocoordination chemistry
[5-10]. The design and synthesis of the symmetrical Schiff
bases, as well as their metal(II) complexes, have been of interest
because they are easy to make, have a wide range of structures
and can be changed to make them more or less reactive [11].
Metal complexes of sulfur-nitrogen chelating ligands have
attracted attention due to their physico-chemical, pharmaco-
logical and chemotherapeutic properties [12-15].

The physico-chemical, pharmacological and chemothera-
peutic properties have stimulated interest in metal complexes
of sulfur-nitrogen chelating agents especially those formed from
S-benzyl esters of dithiocarbazoic acid [16]. The biological
effects and toxicology of the coordination complexes of palla-
dium and platinum complexes, as their requirements in pharma-
cological activities, are the areas of increasing research interest
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[17,18]. Biological properties such as anticancer [19], anti-
tumor [20], etc. exhibited by Pd(II) and Pt(II) metals revealed
their dynamic nature [21,22]. Furthermore, in view of the
enlarged chelating behaviour of S-benzyldithiocarbazates, as
well as biological importance of palladium complexes, it has
been considered worthwhile to synthesize, characterize some
new palladium(II) derivatives of S-benzyldithiocarbazates and
to investigate their physico-chemical and structural features
as well as the biological activity.

EXPERIMENTAL

Palladium(II) chloride was obtained from Alfa Aesar and
used as received. The rast camphor approach was applied to
determine the molecular weight of newly synthesized comp-
ounds [23]. A Systronics model 305 conductivity bridge was
used to assess conductivity. The 1H & 13C NMR spectra were
recorded on a JEOL-ECS-400 NMR spectrophotometer using
DMSO-d6 as solvent. The UV-vis spectra were acquired using
an LAMBDA-750 spectrophotometer. The IR spectra were
recorded on a Nicolet Megna FTIR-550 spectrometer using KBr
pellets in the range of 4000-400 cm-1.
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Synthesis of Schiff base ligands: Ligands, L1H, L2H, L3H
and L4H were synthesized by the condensation of S-benzyl-
dithiocarbazate with 2-acetylpyridine, 2-acetylthiophene, 2-
acetylfuran and 2-acetylnaphthalene in ethanol, respectively
(Scheme-I). The reaction mixtures were allowed to be heated
under reflux for about 4-5 h and then cooled. The white or
yellow crystalline precipitates were obtained from the solution,
which was concentrated under reduced pressure. These
resulting solid compounds were recrystallized twice in alcohol.

Synthesis of Pd(II) complexes of [Pd(L1-4)2] type: The
PdCl2 was dissolved in methanol and mixed separately with a
methanolic solution of ligands in 1:2 molar ratio. Then an
aqueous solution of ammonia was added to adjust the alkaline
pH of the reaction mixture and then heated the reaction mixture
under reflux for about 1 h. The resulting solids were isolated
and washed with MeOH and dried via vacuum.

Synthesis of Pd(II) metal complexes of [Pd(L1-4H)2]Cl2

type: The methanolic solutions of PdCl2 and the corresponding
ligands were mixed in 1:2 molar ratio. The reaction mixtures
were stirred for 2-3 h in the presence of a few drops of conc.
HCl. The resulting products were recovered by filtrations,
washed with methanol and then dried in vacuum.

Antifungal studies: The ligands and their complexes were
tested for antifungal activity against two pathogenic fungi,
Penicillin cryogens and Rhizoctonia phaseoli on Czapek’s agar
medium [24]. The required amounts of the compounds dissolved
in methanol were added to this medium in order to achieve the
desired concentrations (0.01% and 0.1%). The medium was
then placed into petri dishes and fungus spores were inoculated
onto them. The controls were also performed concurrently,
with three replicates in each example. The fungus’ linear growth
was measured by measuring the diameter of the fungal colony
after 96 h and the % inhibition was calculated using eqn. 1:

C T
Inhibition (%) 100

C

−= × (1)

where C and T are the diameters of the fungal colony in the
control and the test plates after four days, respectively.

Antibacterial activity: For the evaluation of degree of
inhibitory effects on the growth of a wide spectrum of micro-
organisms, antibacterial activity was performed against two
bacteria including Gram-positive (Bacillus subtilis) and Gram-
negative (Pseudomonas aeruginosa). The antibacterial activ-
ities of newly synthesized complexes were evaluated by the
paper disc plate method” using the inhibition zone technique
[25]. The reference drug used was tetracyclin. All the comp-
ounds were dissolved in methanol in different concentrations
(100 and 500 ppm). The inhibition zone around each disc was
measured (mm) after 24-30 h.

Anticancer activity: DMEM (Dulbecco’s modified
Eagles medium), MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide], trypsin and EDTA phosphate
buffered saline (PBS) were obtained from Sigma Chemicals
Co. (USA) and fetal bovine serum (FBS) were purchased from
Gibco. The MTT cell proliferation assay was used to assess
the anticancer activity of the synthesized Pd(II) complex. The
MTT cell multiplication assay evaluates the rate of cell proli-
feration and, conversely, the reduction in cell viability caused
by metabolic processes such as apoptosis or necrosis.

Maintenance of cell line: MCF-7 breast adenocarcinoma
cancer cell line was obtained from NCCS, Pune, India and
were maintained in MEM supplemented with 10% FBS and
the antibiotics penicillin/streptomycin (0.5 mL) in a 5% CO2/
95% air environment at 37 ºC.

Procedure: The MTT assay was used to assess cell
viability in three independent trials with six concentrations of
chemical in triplicate. On a microplate reader, the optical
density of solubilized crystals in DMSO was determined at
570 nm. The percentage growth inhibition was determined
using the following method and the concentration of test drug
required to inhibit cell growth by 50%. Data were obtained
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Scheme-I: Synthetic scheme of the ligands L1H, L2H, L3H and L4H
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using origin software from the dose response curves for each
cell line [20,21].

100 (Control Treatment)
Inhibition (%)

Control

−=

RESULTS AND DISCUSSION

As predicted by analytical data, metal salts reacted with
ligands in a 1:2 (M:L) molar ratio to yield complexes of general
compositions, [(Pd(LH)2)]Cl2 and [(Pd(L)2]. The interaction
of metal chloride with the ligands in the presence of few drops
of conc. HCl results in the formation of the type [(Pd(LH)2)Cl2]
complexes. When reactions were carried out in the presence
of aqueous NH4OH, however, complexes of the type [(Pd(L)2)]
were formed. The reactions can be represented as follows:

PdCl2 + 2L1-4H + 2NH4OH → [Pd(L1-4)2] + 2NH4Cl + 2H2O

PdCl2 + 2L1-4H → [Pd(L1-4H)2]Cl2

where, LH is the Schiff base ligands.
The molecular weight determinations of the resulting

coloured complexes revealed the monomeric character of the
complexes (Table-1). All the Pd(II) complexes were soluble
in DMSO, DMF and CHCl3. The non-electrolytic behaviour
of [Pd(L)2] complexes is corroborated by their molar conduc-
tance values in 10-3 M solutions, which are in the 13-15 ohm-1

cm2 mol-1 range. The [(Pd(LH)2)] Cl2 complexes, on the other
hand, were 1:2 electrolytes with conductance values ranging
from 215-224 ohm-1 cm2 mol-1.

Electronic spectra: The electronic spectra of Pd(II)
complexes recorded in distilled DMSO solvent provided the
evidence for their square planar shape. The metal complexes’

electronic spectra show three spin permitted d-d transitions,
namely 1A1g→1A2g, 1A1g→1B1g and 1A1g→1E1g, which occur
from the lower lying d orbital to the empty dx2-y2 orbital. The
ground state is 1A1g, while the excited states corresponding to
the aforementioned transition are, in increasing energy order,
1A2g, 1B1g and 1E1g. The d-d transition bands can be seen at
519-525, 455-480 and 440-451 nm. Three orbital parameters,
∆1, ∆2 and ∆3 were calculated using a Slater-Condon inter-
electronic repulsion parameter of F2 = 10 and F4 = 600 cm-1.
The ν2/ν1 values calculated in Table-2 are extremely close to
the reported values for the square planar geometry [26].

IR spectra: By examining the prominent IR bands of the
ligands and their palladium(II) complexes, the mode of ligand-
metal coordination has been established. The IR spectra show
free ligand bands attributable to ν(C=N) and ν(C=S) at 1622-
1615 cm-1 and 1032-1024 cm-1, respectively. Due to the ν(NH)
vibrations, ligands have strong bands in the 3355-3245 cm-1

range. A doublet at 2900-2960 cm-1 has been assigned to symm-
etric and asymmetric vibrations of the S-CH2-C6H5 grouping.
Several changes in the ligand bands during complexation suggest
coordination via the azomethine nitrogen and sulphur of the
thiolic form of the ligands. The complexes missing the ν(NH)
absorption bands, indicating ligand enolization followed by
deprotonation during complexation to the metal atom and the
ν(C=N) bands in complexes appear at 1600-1598 cm-1, which
is signi-ficantly lower than the free ligand values, indicating
coordi-nation by the azomethine nitrogen atoms of the Schiff
bases. The doublet of S-CH2-C6H5 is reduced to a weak doublet.
Aside from these, coordination shifts the ν(N-N) and ν(C=S)
modes to a lower frequency. Several new bands in the spectra
of metal complexes in the region, 454-398 cm-1 and 384-310

TABLE-1 
PHYSICAL PROPERTIES AND ANALYTICAL DATA OF THE LIGANDS AND  

THEIR CORRESPONDING PALLADIUM(II) COMPLEXES 

Elemental analysis (%): Found (calcd.) 
Compound Colour m.p. (°C) 

C H N S Cl Pd 
m.w. found 

(calcd.) 

L1H Brown 148 59.68 
(59.77) 

4.98 
(5.01) 

13.76 
(13.94) 

21.19 
(21.27) 

– – 289.06 
(301.42) 

L2H White 102 54.80 
(54.89) 

4.46 
(4.60) 

9.05 
(9.14) 

31.34 
(31.40) 

– – 286.96 
(306.32) 

L3H Light brown 140 57.82 
(57.90) 

4.74 
(4.80) 

9.51 
(9.64) 

21.85 
(22.08) 

– – 249.50 
(290.50) 

L4H Brown 118 68.49 
(68.53) 

5.08 
(5.17) 

7.54 
(7.99) 

18.14 
(18.29) 

– – 334.85 
(350.50) 

[Pd(L1H)2]Cl2 Brown 260 46.08 
(46.18) 

3.80 
(3.87) 

10.76 
(10.77) 

8.06 
(8.12) 

8.94 
(9.08) 

13.60 
(13.64) 

746.87 
(780.17) 

[Pd(L1)2] Brown 208 50.87 
(50.94) 

4.23 
(4.27) 

11.84 
(11.87) 

9.00 
(9.06) 

– 15.00 
(15.04) 

697.13 
(707.24) 

[Pd(L2H)2]Cl2 Brown 300 (d) 42.49 
(42.57) 

3.52 
(3.57) 

7.00 
(7.09) 

16.29 
(16.32) 

8.85 
(8.97) 

13.41 
(13.47) 

763.90 
(789.97) 

[Pd(L2)2] Brown 170 46.80 
(46.89) 

3.87 
(3.93) 

7.76 
(7.81) 

17.86 
(17.88) 

– 14.80 
(14.83) 

698.45 
(717.14) 

[Pd(L3H)2]Cl2 Brown 178 44.25 
(44.34) 

3.68 
(3.72) 

7.36 
(7.38) 

8.42 
(8.45) 

9.28 
(9.35) 

14.96 
(14.03) 

738.15 
(758.23) 

[Pd(L3)2] Brown 300 (d) 48.96 
(49.07) 

4.06 
(4.11) 

8.09 
(8.17) 

9.30 
(9.35) 

– 15.48 
(15.52) 

669.08 
(685.30) 

[Pd(L4H)2]Cl2 Brown 230 54.64 
(54.69) 

4.08 
(4.13) 

6.30 
(6.37) 

7.26 
(7.300 

7.97 
(8.07) 

12.08 
(12.11) 

856.23 
(878.33) 

[Pd(L4)2] Brown 280 (d) 59.57 
(59.65) 

4.47 
(4.50) 

6.93 
(6.95) 

7.95 
(7.96) 

– 13.18 
(13.21) 

784.12 
(805.40) 
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cm-1, may be assigned to ν(Pd→N) and ν(Pd-S), respectively,
based on the suggested coordination in these complexes.

1H NMR spectra: The bonding pattern has been further
supported by the 1H NMR spectral data of the ligands and their
corresponding palladium complexes, which were recorded in
DMSO-d6 taking TMS as an internal standard. The 1H NMR
spectra of the ligands exhibit S-CH2- proton signals at δ 4.15-
4.18 ppm and aromatic protons signals at δ 6.48-7.06 ppm
and these remain at the same position in the spectra of the metal
complexes. The chelation of the ligand moiety to metal with
the sulphur atom has been favoured by the presence of signal
at δ 10.04-10.08 ppm due to the proton of –NH group of the
ligand, which is absent in the spectra of metal complexes.

13C NMR spectra: 13C NMR data for all four ligands and
their Pd(II) complexes have been examined and these spectra
confirmed the acceptability of the proposed structures. The
carbon atoms connected to the thiolic and azomethine groups
in the ligands display signals at δ 174.20-178.10 ppm and δ
160.85-164.70 ppm, respectively. However, these appear in
the spectra of the corresponding palladium complexes at δ
160.15-164.42 ppm (thiolic group) and δ 156.25-158.00 ppm
(azomethine group). The carbon connected to S and N shows
that sulphur and nitrogen atoms play a significant role in the
coordination of other atoms.

XRD studies: X-ray powder diffraction studies have been
used to deduce the possible lattice dynamics of the finely pow-
dered products viz. [(Pd(L3H)2)]Cl2 and [(Pd(L3)2)]. The studies
revealed the interplanar spacing values (‘d’ in Å) from the
diffractogram of the compounds and the miller indices hkl
have been assigned to each d-value and 2θ angles are reported
in Table-3. The results show that the complex belongs to the
“orthorhombic” crystal system having unit cells parameters
as: a = 21.712 Å, b = 35.317 Å and c = 6.702 Å for [(Pd(L3H)2)]-
Cl2 and a = 25.58 Å, b = 17.040 Å and c = 10.644 Å for
(Pd(L3)2) complex.

Electrochemical studies: The cyclic voltammetric tech-
nique on HMDE was employed to study the electrochemical
behaviour of [(Pd(L2)2)]. The compound in the non-aqueous
solution gave two distinct peaks at -0.18 V and -0.70 mV (Fig.
1a) which are attributed to the reduction of Pd(II) at HMDE.
First peak appears on account of one electron transfer resulting
in reduction of Pd(II) to Pd(I) and second peak appears corres-
ponding to anoter one electron transfer step during which Pd(I)
undergoes a further reduction to form Pd(0). The peak could
be observed in anodic direction of the reverse scans suggesting
the irreversible nature of the electrode process (Fig. 1b) and
with increase in scan rate, the peak potential shifts towards
more negative value.

TABLE-2 
ELECTRONIC SPECTRAL DATA OF THE LIGANDS AND THEIR PALLADIUM(II) COMPLEXES 

Complexes Transition Spectral bands (cm-1) ∆1 ∆2 ∆3 ν1/ν2 

[Pd(L1H)2]Cl2 

1A1g→1A2g(ν1) 
1A1g→1B1g(ν2) 
1A1g→1E1g(ν3) 

22222 
24038 
27624 

24322 3016 3286 1.09 

[Pd(L2)2] 

1A1g→1A2g(ν1) 
1A1g→1B1g(ν2) 
1A1g→1E1g(ν3) 

20618 
23923 
27322 

22718 4405 3199 1.16 

[Pd(L3H)2]Cl2 

1A1g→1A2g(ν1) 
1A1g→1B1g(ν2) 
1A1g→1E1g(ν3) 

20833 
23809 
27173 

22933 4176 3064 1.14 

[Pd(L4)2] 

1A1g→1A2g(ν1) 
1A1g→1B1g(ν2) 
1A1g→1E1g(ν3) 

20703 
23529 
27027 

22804 4025 3198 1.13 

 

TABLE-3 
X-RAY SPECTRAL DATA OF [Pd(L3H)2]Cl2 AND [(Pd(L3)2) 

[Pd(L3H)2]Cl2 [(Pd(L3)2) 

h k L 2θ d (Å) h k L 2θ d (Å) 

3 2 0 13.2 6.7017 0 0 1 8.3 10.644 
0 3 1 15.2 5.8241 1 0 1 9.0 9.8172 
3 1 1 18.2 4.8703 0 1 1 9.6 9.2050 
5 1 0 20.6 4.3080 1 1 1 10.8 8.1847 
3 5 1 22.0 4.0369 0 0 2 16.8 5.2727 
1 9 0 23.1 3.8471 0 1 2 17.3 5.1214 
5 5 0 24.1 3.6897 1 1 2 17.9 4.9511 
5 4 1 26.4 3.3732 0 2 2 19.7 4.5025 
6 0 1 27.9 3.1952 2 2 2 20.6 4.5025 
7 5 0 31.5 2.8377 2 1 3 25.6 3.4766 
6 7 1 33.2 2.6969 0 1 3 26.3 3.3857 
8 0 1 35.6 2.5198 1 3 3 29.6 3.0153 
3 5 0 40.2 2.2414 1 3 3 30.2 2.9567 
6 8 2 12.1 2.1445 2 3 3 30.8 2.9005 
7 9 0 46.1 1.9673 3 3 3 31.4 2.8464 
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Fig. 1. Cyclic voltammogram of [Pd(L2)2] (a) at scan rate 100 mV s-1 (b) at different scan rates 50 to 500 mV s-1

Under the aforementioned experimental settings, the influ-
ence of scan rate (ν1/2) on stripping peak current (ip) was also
investigated (Fig. 2a-b). The peak potential moved cathodically
and the peak current increased steadily as the sweep rate was
raised from 50-500 mV/s at a given concentration (3 × 10-3

M). When ip was plotted against ν1/2, a straight line is obtained,
which may be described by the equation.

For first reduction peak
Y(ip) = 0.1105 ν1/2 (mV/s) – 0.0625 (µA), R2 = 0.9963
For second reduction peak

Y(ip) = 0.0442 ν1/2 (mV/s) – 1.0022 (ÅA), R2 = 0.9985

All these facts pointed towards the diffusion controlled
nature of the electrode process. Thus, on the basis of spectral
properties mentioned above as well as the analytical results,
the square planar geometries for Pd(II) complexes have been
proposed (Fig. 3).

Antimicrobial screening: According to the biological
screening findings, all the synthesized palladium complexes
have higher activity than the ligands but slightly lower than
the standard drug (Figs. 4 and 5).

Cytotoxic activity of [Pd(L1)2] complex: The cytotoxic
activity of only one complex [Pd(L1)2] was studied against the
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MCF-7 breast adenocarcinoma cancer cell line, which proved
that capability of arresting tumour growth with an IC50 value
of 62.73 µg/mL and could be examined further as a possible
anticancer agent. Fig. 6 and Table-4 shows the cytotoxic charac-
teristics of [Pd(L1)2] complex on the MCF-7 cell line.
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Fig. 6. Cytotoxic effect of the palladium(II) complex on MCF 7 cell line

Conclusion

A biologically relevant ligands and its Pd(II) complexes
were synthesized and characterized. The square planar geo-
metries for Pd(II) complexes have been proposed based on the
aforesaid spectrum properties as well as the analytical results.
Based on the antimicrobial results, all the synthesized Pd(II)
complexes will have somewhat higher activity than the ligands
but slightly lower activity than the conventional medication.
As a result of their broad spectrum nature, they have the
potential to become a new antimicrobial agent following further
biological research. Furthermore, complexes have the capacity
to halt tumour growth in the MCF-7 breast adenocarcinoma
cancer cell line.
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