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ABSTRACT 
 
A binuclear palladium (II) complex, of the type [Pd2(μ-Cl)2(L)4]Cl2 (where L-2,2’,6,6’-tetramethylpiperidin-4-one) have been synthesised and 
characterised by elemental analysis, FT-IR, UV-Vis, mass,1H and 13C NMR spectra. The ligand containing two coordinating sites, namely ring 
nitrogen and carbonyl group. The spectral studies revealed that the ligand is monodentate in which the ring nitrogen coordinated to palladium (II) but 
not the carbonyl group. Electronic spectral data reveal that the complex has square planar geometry. The anticancer studies against the cervical HeLa 
cell line and antimicrobial activity against Escherichia coli, Staphylococcus aureus, Aspergillus niger and Candida albicans were screened for 
Palladium(II) complex(C), Dichloro(1,5-cyclooctadiene)palladium(II)(M) and 2,2’,6,6’-tetramethylpiperidin-4-one(L). 
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INTRODUCTION 
 
The chemistry of noble metal complexes derived from nitrogen 
and oxygen donor ligands has a wide spectrum, ranging from 
synthesis to application in many diverse fields. Over a decade, 
piperidin-4-ones have a dramatic growth of interest in inorganic 
complexes based on their special properties such as rigidity, co-
planarity, reactivity, ion selectivity, stereochemistry and 
biological activities1. The chemistry of VIII group elements in 
the periodic table exhibits common features, but wide variations 
are also frequent2. In this group, cisplatin is the parent 
compound and widely used for the treatment of tumors3, 4. The 
importance of heterocyclic chemistry made interest in exhibiting 
coordination modes and biochemical analysis. Palladium (II) 
complex and piperidin-4-ones has shown potential in biological 
properties. To synthesise palladium complex with a suitable 
precursor is a challenging domain5-12. 
 
MATERIALS AND METHODS 
 
All synthetic materials are procured from Merck and Aldrich 
companies and used without further purification. The purity of 
the synthesised compounds was monitored by thin layer 
chromatography (TLC) on silica gel coated plates. Melting 
points of the synthesised compounds were determined in open 
glass capillaries and uncorrected. The IR (KBr) spectra (ν, cm-1) 
were recorded by using KBr pellets on Shimadzu FT/IR-330E 
instrument (4000-400 cm-1). Nuclear Magnetic spectroscopy 
(NMR) measurements (1H-NMR and 13C-NMR) spectra was 
carried out by using Joel GSX 4OOMB NMR spectrometer 
(500.13 MHz and 125.76 MHz) with DMSO d6 as solvent and 
tetramethylsilane (TMS) as internal standard and the mass 
spectra (EI-MS) was recorded on Jeol GC  mate instrument at 70 
eV at Sophisticated Analytical Instrumentation Facility (SAIF), 
IIT Madras, Chennai. 
 
 

Synthesis of palladium (II) complex13 

 
The title compound was synthesized by using stoichiometric 
quantities of dichloro(1,5-cyclooctadiene)palladium(II) (0.5 
mmol) (Sigma-Aldrich) and 2,2’,6,6’-tetramethylpiperidin-4-
one (0.5 mmol) (Sigma-Aldrich) in a ratio of 1:2 was suspended 
in 25ml of dichloromethane(Merck) solution. The reaction 
mixture was stirred for 30 minutes at room temperature. The 
resulting brownish yellow colour solution was condensed under 
reduced pressure. The precipitate was dried in vacuo in the air 
was repeatedly washed with hot ethanol, acetone, and ether to 
remove the untreated piperidin-4-one and then dried. The yield 
of the isolated product was 70%. 
 
In-vitro cytotoxicity test (Cell lines and growth  conditions) 

14-18 

 
The human cervical cancer cell line (HeLa) was obtained from 
the National Centre for Cell Science (NCCS), Pune, and grown 
in Eagles Minimum Essential Medium containing 10% fetal 
bovine serum (FBS).The monolayer cells were detached with 
trypsin-ethylenediaminetetraacetic acid (EDTA) to make single 
cell suspensions and viable cells were counted using 
hemocytometer and diluted with medium with 5% FBS to give a 
final density of 1x105 cells/ml. One hundred microliters per well 
of the cell suspension were seeded into 96-well plates at a 
plating density of 10,000 cells/well and incubated to allow for 
cell attachment at 37ºC, 5% CO2, 95% air, and 100% relative 
humidity. After 24 hours, the cells were treated with serial 
concentrations of the extracts and fractions. They were initially 
dissolved in dimethyl sulfoxide (DMSO) and further diluted in 
serum-free medium to produce five concentrations. One hundred 
microliters per well of each concentration were added to plates 
to obtain final concentrations of 1000, 500, 250, 125 and 62.5 
µM. The final volume in each well was 200 µl and the plates 
were incubated at 37°C, 5% CO2, 95% air and 100% relative 
humidity for 48 hours. The medium containing without samples 
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were served as control. Triplicate was maintained for all 
concentrations. 
 
In vitro MTT assay on HeLa cancer cell lines  
 
The dichloro(1,5-cyclooctadiene)palladium(II), 2,2’,6,6’-
tetramethylpiperidin-4-one and palladium (II) complex were 
subjected to the evaluation of anticancer activity against cervical 
cancer cell lines (HeLa) by MTT (yellow water-soluble 
tetrazolium salt) assay. Cells were seeded in 96-well plates in 
triplicate. Following a 24 hours incubation of cultures at 37°C, 
the medium was replaced with fresh medium, with various 
concentrations (1000, 500, 250, 125 and 62.5 µM) of the ligand, 
metal precursor, and complex in a final volume of 200 µl. At the 
same time, drug-free medium negative control well and solvent 
control well with the same volume of DMSO was examined as 
well. The cells were incubated at 37°C for 4 hours. Then 15 µL 
of MTT (5 mg/ml) in a phosphate buffered saline (PBS) was 
added to each well and the plates were incubated for an 
additional 4 hours. The medium with MTT was then flicked off 
and formed formazan crystals were solubilized in 100 µl of 
DMSO and then measured the absorbance at 570 nm using a 
microplate reader. The % cell inhibition was determined using 
the following formula. 
 

% Growth inhibition = [100- {Abs (sample) /Abs (control)}] 
x100. 

Nonlinear regression graph was plotted between % Growth 
inhibition and log10 concentration and IC50 were determined 
using Graph pad Prism software. 
 
Antimicrobial Screening19,20 

 
The dichloro(1,5-cyclooctadiene)palladium(II), 2,2’,6,6’-
tetramethylpiperidin-4-one and palladium (II) complex were 
screened for their antimicrobial activity against bacterial species 
like Escherichia coli, Staphylococcus aureus  and fungal species 
like Candida albicans and Aspergillus niger by using disc 
diffusion method. The standardised inoculums were prepared in 
Petri plates. Then treated with nutrient agar medium and the 
suspension of microbial cultures were standardised by adjusting 
the turbidity of the culture according to McFarland standards. 
The turbidity of the culture can be adjusted by the addition of 
sterile saline. The standardised inoculum was prepared in the 
Petri plates at 37°C for 24 hours. Antimicrobials for 
ciprofloxacin and clotrimazole were used as positive control. 
The metal precursor, ligand and palladium (II) complex were 
retained in the refrigerator for an hour for diffusion. The zone of 
inhibition is measured after incubation of inoculum at 
37°C.Also, the minimum inhibitory concentration (MIC) were 
evaluated. 
 

 
Table 1: Analytical data of ligand and complex 

 
Compound Molecular formula M.pt 

(ºC) 
Elemental analysis (%) 

calculated found 
C H N Cl Pd C H N Cl Pd 

L C9H17NO 34-36 69.63 11.04 9.02 - - 69.64 11.02 8.99 - - 
C [Pd2(μ-Cl)2(L)4]Cl2 172-174 44.50 6.64 5.77 14.60 21.91 44.46 6.63 5.72 14.57 21.89 

 

 
 

Figure 1: Concentration versus Vs % Cell viability 
 

Table 2: Antimicrobial activity of ligand, metal precursor and complex 
 

Organism Complex Ligand Metal Standard 
MIC 

(µg/Ml) 
Zone Of 

Inhibition 
(Mm) 

MIC 
(µg/Ml) 

Zone Of 
Inhibition 

(Mm) 

MIC 
(µg/Ml) 

Zone Of 
Inhibition 

(Mm) 

MIC 
(µg/Ml) 

Zone Of 
Inhibition 

(Mm) 
Bacteria 

Staphylococcus 
aureus 

62.5 13 125 00 250 18 - 40 

Escherichia coli 125 11 250 08 250 20 - 30 
Fungi 

Aspergillus niger 500 09 500 00 250 24 - 10 
Candida albicans 500 09 500 08 250 13 - 12 
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RESULTS AND DISCUSSION 
 
The present investigation involves the preparation of palladium 
(II) chloride complex containing the ligand 2,2’,6,6’-
tetramethylpiperidin-4-one in dichloromethane solvent. The 
complex results in dark brown coloured amorphous solid, non-
hygroscopic, stable in air and the melting point is 276° C. 
Palladium complex is soluble in dichloromethane, 
dimethylsulphoxide, and ethanol and insoluble in water. The 
analytical and conductance data of palladium (II) complex are 
given in Table 1. The molar conductivity of palladium (II) 
complex in dichloromethane is found to be 114.57 v-1 cm2 mol-1 
indicating that the complex is 1:1 electrolyte. Anal. 
[Pd2(C9H17NO)4Cl2]Cl2. Molar mass m/z 979.7991. 
 
Infrared spectral studies21-22 

 
The FT-IR spectral data of the 2,2’,6,6’-tetramethylpiperidin-4-
one ligand showed bands due ٧ (C=O) and ٧( H -N )  which were 
observed at 1705 cm-1 and 3579 cm -1 respectively. The band 
around 3579 cm-1 due to N-H stretching for the ligand has been 
shifted to high frequency in the palladium (II) complex. A series 
of the Bolhmann bands in the region 2800-2600 cm-1 were 
found to be absent in palladium (II) complex. The missing band 
in the spectrum of the complex reveals that there may be a 
conformational change in 2,2’,6,6’-tetramethylpiperidin-4-one 
ligand due to complexation with palladium (II) ion through the 
lone pair of electrons of ring nitrogen. The carbonyl stretching 
frequency of the 2, 2’, 6, 6’-tetramethylpiperidin-4-one appears 
at 1705 cm -1. This absorption is shifted to a higher frequency in 
the corresponding palladium (II) complex. The higher frequency 
shift in carbonyl group is attributed to conformational change 
and not for complexation. For Pd-N, the band is observed at 532 
cm -1. 
 
UV-Visible spectral studies23 ,24 

The electronic spectrum of the complex shows two bands in the 
UV region due to the carbonyl group of the ligand. A strong 
band around 210nm and 234 nm in the spectrum of palladium 
(II) complex are due to π→π* and n→π* transitions, 
respectively. Mostly no significant band is observed in the 
visible region. 
 
1H and 13C NMR spectral analysis25 
The spectrum of 1H and 13C NMR data in DMSO-d6 as a solvent 
for the 2,2’,6,6’-tetramethyl piperidin-4-one ligand and its 
diamagnetic palladium complex. The proton NMR spectral data 
analysis for N-H at 4.8 ppm, H(3) and H(5) at 2.4-2.5 ppm and 
methyl protons  appeared at 1.3 ppm. On complexation the 
proton signals in position 3 and 5 are found to be slightly 
upfield, the lone pair of electrons on N-H proton acquires a 
partial positive charge by involving coordination and thus 
electron withdrawing nature of nitrogen is increased in the 
downfield shift. 
 
In 13C NMR data of palladium complex in piperidin-4-one ring 
C (2) and C (6) carbons are observed at 51.58 ppm. The methyl 
carbons appeared in the range of 27.97 ppm and the carbonyl 
carbon observed at 128.87ppm. 
 
Anticancer activity26,27 

 
The human cervical HeLa cell line, at 6.25 to 100 µM 
concentration values of ligand, metal precursor and palladium 
(II) complex were evaluated. In palladium (II) complex, HeLa 
cell line was found to be active to observe the percentage of cell 
viability.  By increasing the concentration, % of cell viability 
decreases. From concentration versus % of cell viability, it is 

impossible to calculate with IC50. On the HeLa cell line, at 6.25, 
12.5,25,50 and 100 concentrations, the ligand and metal 
precursor shows no significant anticancer activity.  
 
Antimicrobial activity28,29 

 
The antimicrobial activity of the ligand, metal precursor and 
palladium (II) complex were investigated with Escherichia coli, 
Staphylococcus aureus, Aspergillus niger and Candida albicans. 
The zone of inhibition and minimum inhibitory concentration 
are expressed in mm and µg/ml. Table 4 shows the mean of 
inhibition zone of ligand, metal precursor and complex, which 
tested for above organisms by using standard ciprofloxacin and 
clotrimazole. 
 
The zone of inhibition for ligand shows poor activity against 
staphylococcus aureus and aspergillus niger and the metal 
precursor exhibit superior activity in bacterial and fungal 
activity. In palladium (II) complex, the zone of inhibition is 
greater in bacterial activity and less in fungal activity. 
 
It is suggested that in chelated complex, the positive charge of 
the metal ion is partially shared with donor atoms and there is 
delocalization over the complex. This moderate activity 
suspected by solubility and cell mechanism influenced by the 
presence of metal precursor. 
 
The minimum inhibitory concentration (MIC) values have 
ranged from 62.5 to 500 μg/mL for the ligand, metal precursor 
and palladium (II) complex. In the bacterial activity, ligand and 
complex show minimum inhibitory concentration at 62.5 and 
125 μg/mL against Staphylococcus aureus and in fungal 
activity, metal precursor exhibit at 250 μg/mL against 
Aspergillus niger and Candida albicans. 
 
CONCLUSION 
 
In conclusion, we have accomplished a convenient synthesis of 
palladium (II) complex. The synthesized complex was analyzed 
by spectral studies, anticancer and antimicrobial activities. The 
spectral characteristics act as monodentate ligands and confirm 
that the palladium metal is coordinated to nitrogen. The 
anticancer activity in 2,2’,6,6’-tetramethylpiperidin-4-one and 
dichloro(1,5-cyclooctadienepalladium(II) remained passive. On 
the combination of ligand and metal precursor the formation of 
palladium (II) complex shows cell viability in moderate to 
marginal activity and it is difficult to calculate for IC50 due to the 
substituents of the methyl group of the ligand. The presence 
electron releasing substituent particularly methyl group at 
position-2, 2’,6 and 6’ of piperidin-4-one ring found to turn off 
the anticancer activity. A possible explanation for this lack of 
activity might be their high reactivity: they may be inactivated 
before reaching their target. Thus, substituents of piperidin-4-
one is unable to enhance the anticancer activity. In the 
antimicrobial studies for ligand, metal and complex, the zone of 
inhibition is more active to Staphylococcus aureus and 
Aspergillus niger organisms and minimum inhibitory 
concentrations exhibit a lower value for Staphylococcus aureus 
in palladium (II) complex. The novel skeleton of ligand seems to 
be further development towards a new potential with other 
metals. 
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