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In the current study, firstly, a new pyrrole-based ligand (3,4-(ethylenedimercaptodiacetoxy)-N-

(benzyl)-diethyl-2,5-pyrroledicarboxylate (L) was synthesized in the presence of diethyl-N-benzyl-3,4-

dihydroxy-1H-pyrrole-2,5-dicarboxylate and 2,2'-(ethane-1,2-diylbis(sulfanediyl))diacetylchloride. Then, 

the palladium(II) complex of the synthesized ligand was obtained, and its structural features were 

examined by spectral (HRMS, ESI-MS, UV-Visible, FTIR, 1H NMR, 13C NMR, XRD-POWDER, SEM, 

EDX) and thermogravimetric (TG-DTA) techniques. The spectral and thermal measurements of the 

ligand and its Pd(II) complex show that the ligand is coordinated to the Pd2+ ion. Antimicrobial activities 

of both the ligand and its palladium complex were examined. It was determined that whereas the ligand 

indicated modest antimicrobial activity against Staphylococcus aureus and Candida albicans at a concen-

tration of 6.25 µg/ml, the palladium complex was significantly effective against C. albicans at a concen-

tration of 6.25 µg/ml.  
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КОМПЛЕКС НА Pd(II) СО НОВ ЛИГАНД НА ОСНОВА НА ПИРОЛ:  

СИНТЕЗА, СПЕКТРАЛНА АНАЛИЗА И АНТИМИКРОБНА АКТИВНОСТ 

 

Во ова истражување најпрвин беше синтетизиран лиганд на основа на пирол (3,4-

(етилендимеркаптодиацетокси)-N-(бензил)-диетил-2,5-пиролдикарбоксилат (L) во присуство на 

диетил-N-бензил-3,4-дихидрокси-1H-пирол-2,5-дикарбоксилат и 2,2'-(етан-1,2-диилбис(сулфанди-

ил))диацетилхлорид. Беше добиен паладиум(II) комплекс со наведениот лиганд и неговите 

структурни карактеристики беа испитани со спектрални (HRMS, ESI-MS, UV-Vis, FTIR, 1H NMR, 
13C NMR, XRD-POWDER, SEM, EDX) и термогравиметриски (TG-DTA) техники. Спектралните и 

термичките мерења на лигандот и на комплексот на Pd(II) укажуваат дека лигандот е координиран 

со јонот на Pd2+. Беше испитана и антимикорбната активност и на лигандот и на неговиот 

паладиумски комплекс. Беше утврдено дека, иако лигандот покажува скромна антимикорбна 

активност спрема Staphylococcus aureus и Candida albicans во концентрации од 6,25 µg/ml, 

комплексот на паладиумот е значајно поефикасен спрема C. albicans при истата концентрација. 

 

Клучни зборови: хетероциклични соединенија; паладиум (II); спектрална карактеризација;  

биолошка активност 
 

 

1. INTRODUCTION 

 

Pyrroles are a significant class of hetero-

cyclic aromatic compounds and have different 

biological activities. Today, derivatives of the 

heterocycle pyrrole and their metal complexes take 

part in numerous biochemical and physiological 

fields, such as photosynthesis, amino acids, DNA 

bases, vitamins, and endogenous neurotransmit-

ters.1, 2 In the Paal-Knorr method, which is the best 

known method for pyrrole synthesis, a 1,4-dicarbo-

nyl compound is condensed with an excess of 
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primary amine or ammonia under neutral or 

weakly acidic conditions. Pyrrole synthesis has 

been successfully carried out in many modified 

forms of this reaction.3 N-substituted pyrroles can 

be synthesized by the condensation of 2,5-di-

alkoxytetrahydrofurans with primary aromatic and 

aliphatic amines. This method is known as the 

Clauson-Kaas Pyrrole synthesis.4  

Pd(II) complexes have an important place in 

organic synthesis. For example, Pd-catalyzed cou-

pling reactions are used as an effective method for 

the formation of C–C and C–heteroatom bonds.5, 6 

Pd-catalysts facilitate unique transformations that 

are not easily achieved by classical methods. Many 

studies investigating the biological properties of 

Pd-based pyrrole compounds have been reported in 

the literature.7–9 However, there have been no ref-

erences in the literature on the synthesis and inves-

tigation of the biological activity of our ligand (L) 

and its Pd(II) complex. For these reasons, in this 

study, diethyl 1-benzyl-3,4-dihydroxy-1H-pyrrole-

2,5-dicarboxylate starting from diethyl N-benzyl 

iminodiacetate was synthesized and derivatized 

with 2,2'-(ethane-1,2-diylbis(sulfandiyl))diacetyl-

chloride. Then, the Pd(II) complex of the resulting 

compound 3,4-(ethylenedimercaptodiacetoxy)-N-

(benzyl)-diethyl-2,5-pyrroledicarboxylate (L) was 

prepared. Structural features and antimicrobial ac-

tivities were investigated.   
 
 

2. EXPERIMENTAL SECTION 

 

2.1. Materials and measurements 
 

All chemical reagents and solvents were 

purchased from commercial companies such as 

Sigma-Aldrich and Merck and used without purifi-

cation. The molar conductivity of the complex was 

measured in DMSO with an Inolab Thermal 740P. 

High Resolution Mass Spectra (HRMS) were ac-

quired on an AB-SCIEX Triple TOF 4600 System 

for L, and an Agilent 6400 Series Triple Quadru-

pole was used for Electrospray Ionization Mass 

Spectra (ESI-MS) of the palladium complex. Elec-

tronic spectra were recorded by a Shimadzu UV-

1700 Pharma spectrophotometer in the 200–800 

nm range. Fourier Transform Infrared Spectra 

(FTIR) were acquired by using a Perkin-Elmer 

Frontier FTIR spectrophotometer in the frequency 

range of 450–4000 cm−1. NMR spectra were ob-

tained in CDCl3 with a Varian Mercury Plus 300 

MHz spectrometer. An EVO LS 10 analyser was 

used for Energy Dispersive Spectroscopy (EDX) 

analysis. SEM analysis was performed with a 

Scanning Electron Microscope (SEM), model 

ZEIS LEVO LS 10. X-Ray Diffraction (XRD) 

analysis was performed on a Shimadzu XRD-6000 

analyser. A Seiko Exstar TG/DTA 6200 thermal 

analyser was used to obtain Thermogravimetric/ 

Differential Thermal Analysis (TG/DTA) curves. 

 

2.2. Synthesis of diethyl N-benzyl iminodiacetate 

(1) 
 

The starting compound diethyl N-benzyl im-

inodiacetate (1) was prepared from ethyl chloro-

acetate and benzylamine.10 Benzylamine (6.25 ml, 

57.5 mmol) was added to an acetonitrile solution 

(50 ml) containing potassium carbonate (31.74 g, 

230 mmol) under a nitrogen atmosphere and 

stirred. After stirring for 10 min, ethyl chloroace-

tate (12.30 ml, 115 mmol) was added dropwise, 

stirred while refluxing for 48 h, quenched by dis-

tilled water (50 ml), and extracted with EtOAc (3 × 

50 ml). Then, the organic layers were combined 

and dried over magnesium sulphate. After filtration 

and removal of EtOAc, column chromatography 

involving silica gel as the stationary phase and a 

hexane:ethyl acetate solvent system (5:1) as the 

mobile phase was used to purify the resulting resi-

due and obtain diethyl N-benzyl iminodiacetate (1) 

(9.46 g colorless oil, 59 % yield). Analysis. 1H 

NMR (300 MHz, CDCl3): δ 7.46–7.23 (m, 5H), 

4.17 (q, J = 7.1 Hz, 4H), 3.92 (s, 2H), 3.55 (s, 4H), 

1.27 (t, J = 7.1 Hz, 6H). 13C NMR (75 MHz, 

CDCl3): δ 171.45, 138.41, 129.30, 128.61, 127.60, 

60.68, 58.05, 54.43, 14.50. 

 
2.3. Synthesis of diethyl 1-benzyl-3,4-dihydroxy-

1H-pyrrole-2,5-dicarboxylate (2) 

 

Condensation of diethyl N-benzyl iminodi-

acetate (1) with diethyloxalate in basic media gave 

diethyl 1-benzyl-3,4-dihydroxy-1H-pyrrole-2,5-di-

carboxylate (2).10 Metallic Na (0.69 g, 30 mmol) 

was slowly added to magnetically stirred absolute 

ethanol (20 ml) under a reflux condenser under a 

nitrogen atmosphere and stirred for about 2 h until 

dissolution was completed to give sodium ethox-

ide. To this mixture, a solution of diethyl N-benzyl 

iminodiacetate (3.1 g, 11 mmol) and diethyl oxa-

late (1.51 ml, 11 mmol) in 10 ml ethanol was add-

ed dropwise, refluxed for 18 h, and cooled to 25 

°C. It was then poured into 100 ml of ice-water and 

pH = 5 was made with glacial acetic acid. It was 

then kept in the cold for 1 day to complete the pre-

cipitation. The product was recrystallized from 

acetone to obtain diethyl 1-benzyl-3,4-dihydroxy-

1H-pyrrole-2,5-dicarboxylate (2) (0.77 g white 

solid, 21 % yield). Analysis. 1H NMR (300 MHz, 
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CDCl3): δ 7.81 (s, 2H), 7.35–7.15 (m, 3H), 6.91 

(m, 2H), 5.77 (s, 2H), 4.32 (q, J = 7.1 Hz, 4H), 

1.26 (t, J = 7.1 Hz, 6H). 13C NMR (75 MHz, 

CDCl3): δ 162.82, 139.83, 139.38, 128.66, 127.17, 

125.75, 111.24, 61.50, 49.55, 14.43. 

 

2.4. Synthesis of 2,2'-(ethane-1,2-

diylbis(sulfanediyl))diacetyl chloride (3) 
 

Compound 3 was synthesized from the chlo-

rination of 2,2′-(ethylenedithio)diacetic acid with 

thionyl chloride.11 A solution of thionyl chloride 

(12.2 ml, 167 mmol) was added to 2,2'-(ethylen-

edithio)diacetic acid (1.68 g, 8 mmol) and mag-

netically stirred. It was then refluxed for 3 h under 

a N2 atmosphere. A dark oily residue was obtained 

by removing excess thionyl chloride under reduced 

pressure (9.46 g, 92 % yield). From the 1H and 13C 

NMR spectra, it was found that this residue was 

quiet pure. Analysis. 1H NMR (300 MHz, CDCl3): 

δ 3.85–3.72 (m, 4H), 3.00–2.85 (m, 4H). 13C NMR 

(75 MHz, CDCl3): δ 170.60, 45.25, 32.03. 

 

2.5. Synthesis of 3,4-ethylenedimercaptodiacetoxy-

N-benzyl-diethyl-2,5-pyrroledicarboxylate (L) (4) 
 

Compound 2 was treated with 2,2′-(ethane-
1,2-diylbis(sulfandiyl))diacetylchloride (3) under 
basic reaction conditions to give 4 (L) with a 14 % 
yield.11 A solution of 2,2'-(ethane-1,2-diylbis(sul-
fanediyl))diacetyl chloride (1.557 g, 6.3 mmol) in 
dry CH2Cl2 (5 ml) was added dropwise to a solu-
tion of diethyl 1-benzyl-3,4-dihydroxy-1H-pyrrole-
2,5-dicarboxylate (2.01 g, 6 mmol) and triethyla-
mine (1.79 ml, 12.6 mmol) in dry CH2Cl2 (8.1 ml) 
at 0 °C and magnetically stirred for 4 h under a N2 
atmosphere. The temperature was then increased to 
25 °C with stirring. The reaction was monitored by 
Thin Layer Chromatography (TLC) (hexane: 
ethylacetate; 3:1). After 18 h, the solution was 
poured into water and extracted with CH2Cl2 (3 × 
20 ml). The organic layers were combined and 
washed with saturated NaHCO3 solution (2 × 30 
ml) and 30 ml brine and dried over magnesium 
sulphate. The solvent was removed under reduced 
pressure, the remaining product was purified by 
column chromatography on silica gel, and L (4) 
was obtained as white crystals (0.43 g, 14 % yield). 
Analysis. FTIR (cm–1): 2987.9, 2924.0, 1773.7, 
1752.7, 1717.8, 1701.4, 1605.0, 1432.6, 1362.8, 
1267.3, 1092.0, 1019.7. 1H NMR (300 MHz, 
CDCl3): δ 7.40–7.16 (m, 3H), 7.01 (m, 2H), 6.15 (s, 
2H), 4.21 (q, J = 7.1 Hz, 4H), 3.47 (s, 4H), 3.05 (s, 
4H), 1.23 (t, J = 7.1 Hz, 6H). 13C NMR (75 MHz, 
CDCl3): δ 168.03, 159.15, 138.14, 132.30, 128.80, 
127.35, 126.13, 117.06, 61.31, 49.75, 33.55, 32.48, 

14.32. HRMS (m/z): [M + NH4]+ calcd for 
C23H29O8S2N2

+, 525.136537; found, 525.1402. 
 

2.6. Synthesis of the palladium(II) complex of L (5) 
 

The synthesized L (4) (0.51 g, 1 mmol) was 
dissolved in ethanol (5 ml). PdCl2 (0.18 g, 1 mmol) 
was added to this solution and magnetically stirred 
at room temperature for 3 days. The obtained yel-
low solid was recrystallized from an ethanol:water 
mixture, filtered, and dried to give the Pd complex 
of L (0.59 g yellow crystals, 85 % yield). The 
complex was soluble only in organic solvents. 
Analysis. Yield: 85 %. m.p.: 235.3 °C. Conduct. 
(Ω–1 cm2 mol–1): 145.00. FTIR (cm–1): 2988.9, 
2905.1, 1769.3, 1733.0, 1710.6, 1606.2, 1429.9, 
1366.4, 1286.3, 1155.2, 1026.0, 954.0, 755.5. 1H 
NMR (300 MHz, CDCl3): δ 7.38–7.29 (m, 3H), 
7.07–6.99 (m, 2H), 6.17 (s, 2H), 4.57–4.50 (m, 
1H), 4.22 (q, J = 7.2 Hz, 4H), 3.62–3.34 (m, 6H), 
3.06 (s, 1H), 1.24 (t, J = 7.1 Hz, 6H). 13C NMR (75 
MHz, CDCl3) δ 168.01, 159.15, 138.13, 132.29, 
128.71, 127,34, 126.05, 117.05, 61.29, 49.74, 
33.54, 32.47, 14.30. ESI-MS (m/z): [M]+ calcd for 
PdC23H25O8S2NCl2

+, 682.943344; found, 682.9500.  
 

2.7. Antimicrobial activity  
 

For the antimicrobial activities, Gram (–) 
Escherichia coli ATCC 25922, Salmonella thy-
phimirium ATCC 14028, Listeria monocytogenes 
ATCC19115, Gram (+) Staphylococcus aureus 
ATCC 25923, Bacillus cereus ATTCC 11778, 
and fungal Candida albicans ATCC 1023 were 
used. Ampicillin was used as the antibiotic in 
both bacterial and fungal cultures. Minimal inhib-
itory concentration values (MIC) were determined 
by Clinical and Laboratory Standards Institute 
(CLSI) standards and the micro broth dilution 
method.12–15 The microorganisms were prepared 
in the concentration range of 6.25–200 µg/ml, 
transferred on a sterile 96-well microplate, and 
incubated for 24 h at 37 °C. The absorbance was 
measured at 600 nm with a Thermo Multiscan GO 
Microplate Reader Spectrophotometer. For posi-
tive, any color change from purple to pink was 
visually determined. The MIC value was consid-
ered the lowest concentration with a color change. 
Experiments were made in duplicate. 

 
3. RESULTS AND DISCUSSION 

 

The synthesis of the palladium(II) complex of 
3,4 ethylenedimercaptodiacetoxy-N-benzyl-diethyl-
2,5-pyrroledicarboxylate (L) was constructed by a 
five-step synthesis procedure (Scheme 1). In the first 
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step, diethyl N-benzyl iminodiacetate (1) was synthe-
sized from ethyl chloroacetate and benzylamine in 
the presence of acetonitrile and potassium carbonate. 
Then, diethyl 1-benzyl-3,4-dihydroxy-1H-pyrrole-
2,5-dicarboxylate (2) was obtained by condensing 
compound 1 with diethyloxalate in a basic medium. 
In the third step, 2,2′-(ethane-1,2-diylbis(sulfandiyl)) 
diacetylchloride (3) was prepared from the chlorina-
tion of 2,2′-(ethylenedithio)diacetic acid with thionyl 
chloride. 3,4-ethylenedimercaptodiacetoxy-N-benzyl-
diethyl-2,5-pyrroledicarboxylate (L) (4) was synthe-
sized from the reaction of compound 2 with com-
pound 3 under basic reaction conditions in the fourth 
step. Finally, the treatment of compound 4 with 
PdCl2 gave the targeted Pd(II) complex (5). 

The molar conductivity of the palladium 

complex was determined in 10–3 mol/l DMSO sol-

vent at 30 oC, and the molar conductivity value 

was determined to be 137 ohm–1 cm2 mol–1. Ac-

cording to this value, the complex is an electrolyte 

with two ionizable chloride ions outside of the co-

ordination sphere.16, 17 It is predicted that the for-

mula of the palladium complex is [Pd(L)]Cl2. 

The value observed at m/z: 525.1402 in the 

HRMS spectra of the L refers to the molecular ion 

peak of the L. In the ESI-MS spectra of the palla-

dium complex, a maximum intensity at m/z: 

682.9500 is consistent with the calculated molecu-

lar weight of the palladium complex. 

 
 

 
 

Scheme 1. The synthetic protocol of the compounds 
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3.1. Electronic spectra  
 

In the electronic spectra of the free L and 

palladium complex (Fig. 1), the free L has two ab-

sorption bands assigned to a π-π* transition at 228 

(ɛ = 251 L mol–1 cm–1) and an n-π* transition at 

353 nm (ɛ = 834 L mol–1 cm–1).  
 

 

 
 

Fig. 1. Electronic spectra of the L and palladium complex 
 

 

The electronic spectra of the palladium 

complex indicates three absorption bands in the 

range 478 (ɛ = 789 L mol–1 cm–1), 387 (ɛ = 827 L 

mol–1 cm–1), and 282 nm (ɛ = 315 L mol–1 cm–1), 

which are assigned to 1A1g → 1A2g, 1A1g → 1B1g, 

and 1A1g → 1Eg transitions, respectively. The ab-

sorbance observed at 282 nm represents the transi-

tion charge transfer from the L to the palladium(II) 

ion. According to the electronic spectra results, the 

synthesized palladium complex has a square-planar 

geometry with the coordination of the central Pd2+ 

ion by the L.18–21 

 
 

3.2. FTIR spectra 
 

The FTIR spectra of the L and its palladium 

complex are presented in Table 1. The FTIR spec-

tra of the ligand demonstrates bands at 2987.9 (C–

H stretching), 2924.0 (C–H stretching), 1773.7 

(C=O stretching), 1752.7 (C=O stretching), 1717.8 

(C=O stretching), 1701.4 (C=O stretching), 1432.6 

(CH2 bending), 1362.8 (C–N stretching), 1267.3–

1092.0 (C–O stretching), and 1019.7 cm–1 (C–S 

stretching).22–24 The FTIR spectra of the complex 

demonstrates bands at 2988.9 (C–H stretching), 

2905.1 (C–H stretching), 1769.3 (C=O stretching), 

1733.0 (C=O stretching), 1710.6 (C=O stretching), 

1429.9 (CH2 bending), 1366.4 (C–N stretching), 

1286.3–1155.2 (C–O stretching), and 1026.0 cm–1 

(C–S stretching).  

 
 

                                T a b l e  1  
 

FTIR bands (cm–1) of the L and palladium complex 
 

Compound L Palladium complex 

ν(Aliphatic C-H stretching) 2987.9 2988.9 

ν(Aliphatic C-H stretching) 2924.0 2905.1 

ν(ester C=O stretching) 1773.7 1769.3 

ν(ester C=O stretching) 1752.7 – 

ν(ester C=O stretching) 1717.8 1733.0 

ν(ester C=O stretching) 

ν(aromatic C=C stretching) 

1701.4 

1605.0 

1710.6 

1606.2 

ν(CH2 bending) 1432.6 1429.9 

ν(C-N stretching) 1362.8 1366.4 

ν(Ester C-O stretching) 

ν(C-S stretching)  

1267.3–1092.0  

1019.7 

1286.3–1155.2 

1026.0 

ν(Pd-S) – 954.0  

ν(Pd-O) – 755.5 
 

 

Especially, four absorption bands of carbon-

yl stretching are seen in the FTIR spectrum of the 

ligand, whereas three carbonyl absorption bands 

are observed in the spectrum of the complex. The 

absorption bands of both of the two carbonyl 

groups on the cyclododecane ring and the two car-

bonyl groups bound to the pyrrole ring of the lig-

and were observed in the FTIR spectra as four dif-

ferent bands. This is due to the different confor-

mations of the cyclododecane ring. In the complex, 

two carbonyl groups on the cyclododecane ring 

become identical due to the locking of the confor-

mation by palladium, giving a single absorption 

band. The ester carbonyl groups were observed 

with two absorption bands in the complex as in the 

ligand. Additionally, it was observed that the C=O, 

C–O, and C–S stretching bands shift to higher fre-

quencies in the complex. This is due to the fact that 
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sulfur and oxygen atoms use their lone pair elec-

trons to bond with palladium. In this case, the cor-

responding atoms meet the electron need from the 

neighbouring carbon. For example, the carbonyl 

carbon uses the electrons of the double bond more 

equally with oxygen and absorbs at a higher fre-

quency. The new bands at 954.0 and 755.5 cm–1 in 

the spectrum of the palladium complex may be 

related to ν(Pd–S) and ν(Pd–O), respectively.25 
 

3.3. 1H and 13C NMR spectra 
 

The 1H NMR (300 MHz, CDCl3) and 13C 

spectra (75 MHz, CDCl3) for the L and palladium 

complex were examined to confirm the binding of 

the L molecule to the Pd2+ ion. In the 1H NMR spec-

tra, L has signals at δ: 7.40–7.16 (m, 3H), 7.04–6.99 

(m, 2H), 6.15 (s, 2H), 4.21 (q, J = 7.1 Hz, 4H), 3.47 

(s, 4H), 3.05 (s, 4H), 1.23 (t, J = 7.1 Hz, 6H). The 
13C NMR spectra of the L show signals at δ: 168.03, 

159.15, 138.14, 132.30, 128.80, 127.35, 126.13, 

117.06, 61.31, 49.75, 33.55, 32.48, 14.32.  

In the 1H NMR spectra of the palladium 

complex, the complex has signals at δ: 7.38–7.29 

(m, 3H), 7.07–6.99 (m, 2H), 6.17 (s, 2H), 4.57–

4.50 (m, 1H), 4.22 (q, J = 7.2 Hz, 4H), 3.62–3.34 

(m, 6H), 3.06 (s, 1H), 1.24 (t, J = 7.1 Hz, 6H). The 

signal of the CH2 protons adjacent to the sulfur 

atom and carbonyl group in the palladium complex 

has shifted compared with that of the free L. These 

shifts of the CH2 signals in the NMR result from 

the coordination of oxygen and especially sulfur 

atoms in the L with the Pd2+ ion. The signal of the 

CH2 protons at about 3.0 ppm appears to shift 

downfield because the coordination with the palla-

dium ion leads to the fact that CH2 protons are 

more deshielded.26 In the 13C NMR spectra of the 

palladium complex, the complex has signals at δ: 

168.01, 159.15, 138.13, 132.29, 128.71, 127,34, 

126.05, 117.05, 61.29, 49.74, 33.54, 32.47, 14.30. 

 

3.4. XRD, SEM, and EDX analysis 
 

The XRD-powder values of the synthesized 

palladium complex were obtained over the 2θ = 5–

80° range and are given in Figure 2. For the palla-

dium complex, the three characteristic peaks at 2h 

= 38.29⁰, 44.43⁰, and 64.68⁰ correspond to (111), 

(200), and (220), respectively, confirming that the 

sample was formed from crystalline palladium. 

The average crystallite size (D) of the palladium 

complex was found to be 27.4 nm using the Debye 

Scherrer equation.27, 28 This result shows that the 

complex is in a nano-crystalline phase. 
 

 

 
 

Fig. 2. XRD spectrum of the palladium complex 
 

 

The surface image of the palladium complex 

determined by SEM29–31 given in Figure 3 indicates 

that small palladium particles in the nanometer 

range that are spherical in shape are quite visible 

throughout the complex.  

 

 
(a)                                                                                               (b) 

Fig. 3. (a) and (b): SEM pictures of the palladium complex
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The EDX analysis,29–31 which is used for el-

emental analysis of nanoparticles of different sizes, 

is given in Figure 4. 
 

 
Fig. 4. EDX analysis of the palladium complex 

 

Figure 4 shows that there are palladium, 

carbon, nitrogen, and oxygen peaks and a homoge-

neous distribution of each metal ion in the palladi-

um complex. 

 

3.5. Thermogravimetric analysis 

 

The thermogravimetric analysis values of 

the palladium complex are presented in Table 2. 

According to the thermogravimetric analysis of the 

palladium complex, the 1st step between 25 and 

200 °C is a 17.1 % weight loss due to removal of 

chloride ions. The 2nd step in the range of 200–500 

°C shows the separation of the organic compound 

(55.1 %). The range of 500–900 °C is the for-

mation of PdO (18.9 ℅), and the compound re-

maining over 900 °C was determined to be Pd 

(15.7 %). The thermogravimetric analysis results 

indicate that the molecular weight ratio of PdO and 

Pd is compatible with the proposed structure.32 

 

 

              T a b l e  2  
 

Thermogravimetric analysis data of the palladium(II) complex 
 

Compound Steps Tb-Tc (°C) Weight loss (℅) Assignments 

Pd(II) complex 1st 25–200 17.1 2Cl 

 2nd   200–500 55.1 Organic component 

 3rd   500–900 18.9 PdO 

 4th      900–1000 15.7 Pd 

 

 

3.6. Antimicrobial activity results 

 

Previous studies involving the antimicrobial 

activities of various palladium(II) complexes have 

indicated a wide spectrum of antimicrobial activi-

ty.33–37 It has been reported that the palladium 

complex is a very potent antimicrobial agent, espe-

cially against Gram (+) S. aureus and fungal C. 

albicans. In the current study, the antimicrobial 

activities of synthesized L and its palladium com-

plex by CLSI standards and the micro broth dilu-

tion method were examined against antimicrobial 

strains that can provide resistance to antibiotics 

with various biochemical changes, and MIC values 

were recorded. The obtained results are given in 

Figure 5 and Table 3. As compared with previous-

ly reported literature data on antimicrobial activity, 

the Pd(II) complex in our study has especially sig-

nificant activity against the S. Aureus bacterial 

strain. According to our antimicrobial activity data, 

the free L indicated modest antimicrobial activity 

against Staphylococcus aureus and C. albicans at a 

concentration of 6.25 µg/ml and the complex was 

significantly effective against C. albicans at a con-

centration of 6.25 µg/ml. These results indicate 

that the palladium complex is more effective 

against the fungal strain. 

 

(a) 
 

(b) 
 

Fig. 5. The viability (%) values of the L (a) and palladium 

complex (b) at different concentrations (200–6.25 µg/ml)  

for E. coli, S. typhimurium, S. aureus, L. monocytogenes, B. 

Cereus, and C. albicans (n = 2) ± S. E. 
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    T a b l e  3 
 

Antimicrobial activity data for the L and palladium complex 
 

Name of fungus İnhibition % 

Free L  (Complex) 

MIC (µg/ml) 

Free L (Complex) 

S. aureus 42.9212±0.52 (25.6549±0.59) 6.25  

(25) 
 

C.  albicans 31.2163±0.55 (53.2004±0.53) 6.25  

(6.25) 

      * Ampicillin and amphotericin B 
 

 

4. CONCLUSIONS 

 

A pyrrole derivative ligand was synthesized 

starting from N-benzyliminodiacetate through a 

series of reactions in our laboratory, and its struc-

ture was analysed by electronic, FTIR, 1H and 13C 

NMR, HRMS, ESI-MS, and other techniques. The 

L formed a stable complex with PdCl2, which was 

also confirmed by spectral and thermogravimetric 

techniques. The L and its palladium complex were 

examined for antimicrobial activity against bacte-

rial and fungal strains. The antimicrobial activity 

analysis data show that the palladium complex has 

a higher value of antifungal activity, whereas the 

free L indicated modest antimicrobial activity 

against S. aureus and C. albicans. As a result, the 

synthesized L and its palladium complex in this 

study have the ability to kill microbes. Therefore, it 

can be suggested that these compounds can be used 

in the pharmaceutical industry in the future. 
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