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Abstract
In this work we report the synthesis of two novel square-planar copper(II) complexes, namely, (2-aminomethylpyridi-

nium-pyridinedicarboxylato)copper(II) dihydrate, [Cu(pydc)(2-amp)] · 2H2O (1) and (8-hydroxyquinolinum-pyridine-

dicarboxylato)copper(II) hydrate, [Cu(pydc)(8-HQ)] · H2O (2) (2-amp = 2-aminomethylpyridine, 8-HQ = 8-hydroxy-

quinoline, H2pydc = pyridine-2,5-dicarboxylic acid or isocinchomeronic acid) and present the first preliminary study on

kinetics and biological activities of copper complexes. The synthesized complexes have been characterized by elemen-

tal, spectroscopic (FT-IR, UV and mass spectra), thermal analysis, magnetic and conductivity measurements techni-

ques. Kinetic parameters were obtained for each stage of thermal degradation of the complexes using Coats–Redfern

and Horowitz–Metzger methods. Antimicrobial activities of two complexes and two ligands were evaluated using agar

diffusion method. Antimicrobial activity of complex 2 was determined with the agar dilution methods. The results were

compared with two well known antibiotics, namely, tetracycline and nystatin. 

Keywords: Pyridine-2,5-dicarboxylato complexes, Copper(II) complexes, Antimicrobial activity, Thermal decomposi-

tion, Mass spectrometry 

1. Introduction

The study of metal complexes has received an ex-
tensive interest due to their interesting structural diversity
as well as potential applications as functional materials.
Pyridinedicarboxylates (pydc) such as 2,3-pydc, 2,4-py-
dc, 2,5-pydc, 2,6-pydc, 3,4-pydc, 3,5-pydc have been ex-
tensively used in the synthesis of these compounds.1–12

Pyridine-2,5-dicarboxylate (pydc) is an efficient ligand
with three coordinating sites. Some polymeric structures
of pydc complexes with transition and lanthanide metal
atoms have been reported in which pydc ligand has
shown not only strong chelating ability, but also bridging
tendency to form diversified structures.13–21 Metal pyridi-
nedicarboxylates have interesting properties in biological

systems and their presence seems to be related with metal
transport and cell membrane protection in some microor-
ganisms.22 Among these metal complexes, copper(II)
complexes are of great interest since they posses biologi-
cal activity in their chelating ability that promote structu-
ral activity correlations of complexes. A series of cop-
per(II) complexes with pyridine-2,5-dicarboxylic acid,
[Cu(pydc)(H2O)]n,

16 [Cu(pydc)2Mn(H2O)2]x · 4xH2O,23

(Hdma)2[Cu(pydc)2]
24 (dma = dimethylamine), [Cu-

Pb(pydc)2],
25 [Cu(pydc)2]n,

26 {[Cu3(pydc)3(H2O)3] ·
6H2O}n and {[Cu(pydc)(H2O)] · 2H2O}n,

27 {[Cu(pydc)2]
[Cu(dpya)2] (dpya = 2,2’-dipyridylamine)28 were synthe-
sized. Due to their importance in biological processes,
synthesis and activity studies of Cu(II) complexes have
been the focus from different perspectives. Studies rela-
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ted to the thermal decomposition and dehydration kine-
tics and biological activity of copper complexes will give
a new insight for future applications.

Although it is well known that the complexes for-
med from 2-amp ligand with an N–C–C–N skeleton
structure show the potent anti-tumour activity, there are
limited studies on the biological activities of these com-
plexes.29 8-HQ also has a broad antimicrobial spectrum.
It is highly active against some viruses, Gram-positive
bacteria, Gram-negative cocci but relatively inactive
against Gram-negative rods. 8-HQ and its halogenated
derivatives are effective against amoebae, plasmodia and
trypanosomes. 8-HQ many of its methyl and halogenated
derivatives and its metal chelates are broadly antifun-
gal.30 Thus, efforts have been made on the synthesis of
Cu(II)-(pydc) complexes with 2-amp and 8-HQ ligands.
The synthesized complexes have been characterized by
elemental analysis, FT-IR and mass spectroscopy, mag-
netic and conductivity measurements. Thermal decompo-
sition of copper complexes was studied using thermogra-
vimetry (TG) and differential thermal analysis (DTA)
techniques and kinetic and thermodynamic parameters
have been evaluated. Biological activity of copper com-
plexes was also reported. 

2. Experimental Analyses

2. 1. Materials and Measurements
All chemicals and solvents used for the synthesis

were of reagent grade. Pyridine-2,5-dicarboxylic acid, 2-
aminomethylpyridine, 8-HQ = 8-hydroxyquinoline,
C2H5OH, Cu(CH3COO)2·H2O (Aldrich) were used as re-
ceived. Elemental analysis (C, H, and N) was performed
using a Vario EL III CHNS elemental analyzer. Magnetic
susceptibility measurement was performed at room tem-
perature using a Sherwood Scientific MK1 model Gouy
magnetic balance. UV-vis spectrum was obtained in the
water solution (10–3 mol/L) of the complex with a Shi-
madzu Pharmaspec UV-1700 spectrometer in the range of
1000–190 nm. FT-IR spectrum was recorded in the
4000–400 cm–1 region with a Bruker Optics, Vertex 70
FT-IR spectrometer using KBr pellet. Diamond TG/DTA
thermal analyzer was used to record simultaneous TG,
DTG and DTA curves in the static air atmosphere at a hea-
ting rate of 1 °C min–1 in the temperature range of 35–550
°C using platinum crucibles. The molar conductivities
(10–3 M) were recorded using a WTW model 315i conduc-
tivity meter. Mass spectra were obtained on a Thermo Fin-
nigan LCQ Advantage MAX LC/MS/MS spectrometer
using ion-trap mass analyzer for ESI source. Finnigan
Xcalibur® 1.4 was used to collect and process data. Expe-
rimental details of the analyses were done at 319.90 and
323.00 °C for capillary temperature and 33.37 V for capil-
lary voltage. Sheath Gas and Aux/Sweep Gas flow rate
were 39.50 and 19.60, respectively.

2. 2. Syntheses of 1 and 2 

A solution of pyridine-2,5-dicarboxylic acid (1
mmol, 0.167 g) in EtOH–H2O (1:1; 30 mL) was added
drop wise to a solution of 30 mL Cu(CH3COO)2 · H2O in
water (1 mmol, 0.200 g) at room temperature. A solution
in ethanol (30 mL) of 2-aminomethylpyridine (1 mmol,
0.108 g) was added in this solution. After stirring for 2 h at
room temperature, the resulting clear blue amorphous so-
lid was observed. The solid precipitated was collected by
filtration, washed several times with EtOH and dried on
air. In order to synthesize complex with 2, a solution of
pyridine-2,5-dicarboxylic acid (1 mmol, 0.167 g) in Et-
OH–H2O (1:1; 30 mL) was added drop wise to an aqueous
solution (30 mL) of Cu(CH3COO)2 · H2O (1 mmol, 0.200
g) at 50 °C. Then, a solution of 40 mL 8-hydroxyquinoli-
ne (1 mmol, 0.145 g) in ethanol was added in this solu-
tion. After 1 h stirring at room temperature, the resulting
green amorphous solid was observed. The solid precipita-
ted was collected by filtration, washed several times with
EtOH and dried on air. Analytical Data: C13H15CuN3O6

for 1 (372.82 g/mol) calcd. 41.88, H 4.06, N 11.27, found
C 42.03, H 4.04, N 11.22, yield 61%, C16H12CuN2O6 for 2
(391.82 g/mol) calcd. C 49.05, H 3.09, N 7.15, found C
49.40, H 3.15, N 7.11, yield 69%.

2. 3. Antimicrobial Activity Assay

2. 3. 1. Test Microorganisms
In this study, total of 11 microbial species inclu-

ding 8 bacteria, 2 yeasts and 1 mould were used as test
organisms. The antimicrobial activity of the synthesized
compounds are evaluated against Gram-positive (Bacil-
lus cereus NRRL 3711, Staphylococcus aureus ATCC
25923, Staphylococcus epidermidis ATCC 12228, Neis-
seria canis) and Gram-negative (Escherichia coli ATCC
25922, Proteus vulgaris NRRL-B-123, Enterobacter
aerogenes NRRL B-3567, Pseudomonas aeroginosa
ATCC 27853) bacteria, yeast and mould cultures (Can-
dida albicans ATCC 10231, Rhodotorula rubra, Asper-
gillus niger ATCC 10949). All bacteria strains were sto-
red at –20 °C in the appropriate medium containing
10% glycerol. Fungal cultures of test organisms were
maintained on nutrient slants at 4 °C. Cultures from so-
lid medium were sub-cultivated in liquid media, incuba-
ted and used as the source of inoculums for each experi-
ment. The disc diffusion method was employed for the
determination of the antimicrobial activity of the
synthesized compounds.31 In determination of the mini-
mal inhibitory concentration (MIC) of the synthesised
compounds, the agar dilution method was emplo-
yed.32,33 The MIC was determined as the lowest concen-
tration of the compound inhibiting the visible growth of
each organism on the agar plate. The presence of one or
two colonies was disregarded. Each assay in this experi-
ment was repeated three times.
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3. Results and Discussion

3. 1. FT-IR Spectrum
In the absence of a powerful technique such as X-

ray crystallography, FT-IR spectra has proven to be the
most suitable technique to give sufficient information to
explain the way of bonding of the ligands to the metal
ions. The main IR bands with their tentative assignments
are summarized in Table 1. The characteristic IR band ob-
served for 1 at 3339 cm–1 is attributed to the í(OH) vibra-
tions of water molecules.34–36 The absorption bands at
3216 and 3252 cm–1 are attributed to the í(NH2) vibrations
of 2-amp molecule. The strong absorption band at 1741
cm–1 is due to uncoordinated COO– stretching band. The
band appearing in the 1435–1377 cm–1 region can be as-
signed to symmetric stretching vibration of the coordina-
ted carboxylates and the bands in the 1644–1589 cm–1 re-
gion are ascribed to the íOCOasym.37 The absorption band at
1604 cm–1 is due to ν(C=C) + ν(C=N) vibration of pydc
and 2-amp in 1. The strong and broad absorption band at
3362 cm–1 is reflected on ν(OH) vibrations of water and
8-HQ molecules in 2. The strong absorption band at 1710
cm–1 is due to uncoordinated COO– stretching band in 2.
The infrared spectra of 2 contain prominent νOCOasym and
νOCOsym stretching bonds around 1604–1598 cm–1 and
1392–1373 cm–1, respectively.37 The absorption band at
1575 cm–1 is attributed to the ν(C=C)+ í(C=N) vibration
of pydc and 8-HQ in 2. Although stretching bands of
hydrogen bonded carboxylic groups ν(OH)acid appear wit-
hin the range of 2350 cm–1 in free H2pydc acid,38 this band
does not appear in the complexes and a new carboxylate
band νOCOsym appeared in the region 1435–1377 cm–1 for 1
and 1392–1373 cm–1 for 2 indicating that the carboxylic
group of H2pydc participate in the coordination with the
copper(II) ion through deprotonation. In the far IR spec-
tra, the band observed for two complexes at 526–515 cm–1

(Cu–O) and 416 and 426 cm–1 (Cu–N) provide conclusive
evidence concerning the bonding between nitrogen and
oxygen to the copper ions. Our results are in accordance
with the studies done by groups of Min,16 Patrick23 and
Chuang.27

3. 2. Electronic Spectrum, Magnetic Study,
Molar Conductance and Mass Spectra

The spectoscopic data of the pyridine-2,5-dicar-
boxylic acid complexes have been obtained in DMSO so-
lutions. In the case of square planar copper complexes,
three allowed transitions are expected in the visible re-
gion, but often these theoretical expectations are overloo-
ked in practice, and these bands usually appear overlap-
ped due to the very small energy difference between d le-
vels. The molecule reveals π → π* and n → π* transition
bands in the region 216 nm (ε = 114 M–1 cm–1), 220 nm (ε
= 501 M–1 cm–1) and 260 nm (ε = 5312 M–1 cm–1) for 1 and
258 nm (ε = 5113 M–1 cm–1), 332 nm (ε = 1297 M–1 cm–1)
and 401 nm (ε = 1452 M–1 cm–1) for 2. Complex 1 shows a
band at 603 nm (ε = 93 M–1 cm–1) due to 2B1g → 2Eg tran-
sition, while complex 2 shows a band at 670 nm (ε = 50
M–1 cm–1) assigned to the envelope of 2B1g → 2B2g transi-
tions suggesting square planar structure of Cu(II) comple-
xes.39 Magnetic moment values for 1 and 2 at room tem-
perature were 1.74 and 1.64 B.M. respectively. These va-
lues are close to the spin-only value for an unpaired spin
(∼1.73 B.M.). The complexes are soluble in DMF and
DMSO, but insoluble in EtOH, MeOH, CHCl3 and
CH2Cl2. The compounds are very stable solids at room
temperature without decomposition. The molar conducti-
vity values for 1 and 2 in DMF (1.0 × 10–3 M) were in the
range of 9.9 and 12.8 Ω–1 cm2 mol–1. The observed molar
conductance of the complexes at room temperature is con-
sistent with the non-electrolytic nature of the complexes
due to no counter ions in the proposed structures of com-
plexes 1 and 2.40

Mass spectra of [Cu(pydc)(2-amp)] · 2H2O and
[Cu(pydc)(8-HQ)] · H2O are given in Fig. 1 and 2, respec-
tively. In the mass spectrum of 1, the peak observed at m/z
337 possibly corresponds to the molecule produced by the
loss of water molecules in the ionization process. The
peak [Cu(py)(CO2)(2-amp)]+ observed at m/z 293.16
(7.17% intensity, calcd: 293.79) results in the release of
CO2 from the molecular ion. Other important peak obser-
ved at m/z 278.21 (24.87% intensity, calcd: 278.77) can be

Table 1. FT-IR spectoscopic data of 1 and 2 (cm–1)*

Assignment 1 2 Na2(pydc)·nH2O
ν(OH) 3339 br 3362 s, br –

ν(NH2) 3216 s 3252 s –

ν(C–H) 3075 w 3086 w 3091 w

νuncoord(COO–) 1741 vs 1710 vs

νas(COO) 1644 vs – 1589 vs 1604 vs – 1598 s 1604 s

ν(C=C) + (C=N) 1604 s 1575 s 

νs(COO) 1435 vs – 1377 vs 1392 vs – 1373s 1402 s

ν(C–O) 1347 vs, 1287 s, 1056 s 1371 vs, 1260s, 1046 s 1354 s

CuO 526 w 515 w –

CuN 416 w 426 w –

*Abbreviations: w – weak; m – medium; s – strong; vs – very strong, b – broad.
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attributed to the fragmentation of -NH2 from the
[Cu(py)(CO2)(2-amp)]+. The fragments observed at m/z
171.21 (9.87% intensity, calcd: 171.66), and m/z 107.12
(9.60% intensity, calcd: 107.13) may be assigned to the
[Cu(py)(CO)]+ and [(py)(CH2)(NH)]+, respectively. In the
mass spectrum of compound 2 (Fig. 2), the intense peak at
m/z 374 corresponds to the loss of a water molecule in the
ionization process. The [Cu(pydc)(8-HQ)]+ was not stab-
le, thus fragments are not clearly seen in the MS spec-
trum.

3. 3. Thermal and Kinetic Analysis
The thermal analysis curves of [Cu(pydc)(2-amp)] ·

2H2O are given in Fig. 3. The TG curves indicate three
different stages of mass loss. Dehydration of two water
molecules takes place in the first stage between 35 and 72
°C with a mass loss of 9.5% (DTGmax = 63.1 °C, calcd:
9.7%). The second stage involves a significant mass loss
extending from 95.1 °C to 278 °C which is thought to ha-
ve been caused by decomposition of the ligand (2-amp)
with a mass loss of 28.1% (DTGmax = 208, 239 and 270

Fig. 1. ESI-Mass spectrum of 1

Fig. 2. ESI-Mass spectrum of 2
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°C, calcd: 29.0%). The third stage occurred in the tempe-
rature range of 279–333 °C is assigned to the decomposi-
tion of the pydc group. The observed mass loss ((DTGmax

= 329 °C, 41.3%) roughly coincides with the theoretical
value (44.3%). The differences between theoretical and
experimental values can be attributed to the lack of plate-
au after decomposition of 2-amp. Therefore, it is impos-
sible to define exact decomposition temperature of pydc.
The final weight of residue observed as 21.1% (calcd:
21.3) can be attributed to the CuO.

The TG curves of [Cu(pydc)(8-HQ)] · H2O complex
(Fig. 4) show an initial mass loss in the temperature range
of 35–52 °C caused by the decomposition of the crystal
water molecule. This is followed by another mass loss in
the temperature range of 174–272 °C due to the removal
of ligand (8HQ, DTGmax = 269 °C, found: 31.2%, calcd:
37.0%). The last stage involves a significant mass loss ex-
tending from 272–366 °C with DTG maximum of 297 °C
due to the decomposition of pydc. The observed mass loss
is 42.1% which is consistent with the theoretical value of

Fig. 3. TG, DTG and DTA curves of 1

Fig. 4. TG, DTG and DTA curves of 2
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42.1%. The end products can be assigned to the CuO by
considering calculated mass (20.3%) and observed
weights (21.7%). Although, there seems to be a plateau re-
sulting from the decomposition of 8-HQ, it is too short to
comment on. The lack of plateau may be attributed to the
existence of a ligand in the system. Hence, theoretical va-
lues for the ligand are larger than that of the experimental
values.

The thermodynamic parameters of decomposition
process of complexes, namely, activation energy (Ea), ent-
halpy (ΔH*), entropy (ΔH*) and free Gibbs energy chan-
ge of the decomposition (ΔH*) were calculated by emplo-
ying the Horowitz–Metzger41 and Coats–Redfern42 rela-
tions. 

Horowitz–Metzger relation is given as:

where Wo is the initial weight of the sample, (ΔH*) is the
final weight of the sample, W is the weight remaining at a
given temperature T, Ea is the activation energy, (ΔH*), Ts
is the peak temperature of DTG and T is the temperature
corresponding weight loss, W. 

Coats–Redfern relation is as follows:

where (ΔH*) is the fraction of the sample decomposed at
time T, T is the derivative peak temperature, A is fre-
quency factor, R is the gas constant. A plot of (ΔH*) ver-
sus 1/T gives a slope for the evaluation of activation ener-
gy. The kinetic data obtained for the nonisothermal de-
composition of complexes are given in Table 2 and Figs.
5 and 6. As seen in Table 2, the apparent activation ener-
gy values calculated by Horowitz–Metzger (H–M) and
Coats–Redfern (C–R) are close to each other for two cop-
per complexes. Furthermore, the activation energies of
the first step in both complexes are almost identical with
those of dehydration of other copper complexes.43,44 In
case 1, a higher value of activation energy is observed in
the second stage. The values from two models are in clo-
se agreement with each other. In case 2, we were unable
to calculate activation energy of the second stage of de-
gradation primarily due to its complexity. Entropy of ac-
tivation values are positive for both complexes indicating
a variance in structural transformation needed to break
bond and form new chemical bonds in the transition state.
Therefore, it may be said that the positive values of en-
tropy results from the degradation processes, especially
as a consequence of a gaseous product obtained. The sug-
gested structures are illustrated in Fig. 7 and Fig. 8 in the
light of these data.
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Fig. 5. Typical Horowitz–Metzger plot of the complexes

Fig. 6. Typical Coats–Redfern plot of the complexes

Fig. 7. Proposed structure for the [Cu(pydc)(2-amp)] · 2H2O (1)

3. 4. Biological Activity
The ligands and complexes have been evaluated in

vitro against Gram-positive, Gram-negative bacteria and
yeast and molds, which are known to cause infections in
humans. The results of antimicrobial activity of the two
ligands (8-HQ and 2-amp) and the two compounds
([Cu(pydc)(2-amp)] · 2H2O (1), [Cu(pydc)(8-HQ)] · H2O
(2) obtained by the disc diffusion method are presented in
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Table 3. Antimicrobial activity was determined for 100
μg/disc and 200 μg/disc concentrations against tested mi-
croorganisms. The comparative activity of currently used
antibacterial agent tetracycline and antifungal agent
nystatin are presented in Table 3. The 2-amp did not show
antimicrobial activity against B. cereus, P. vulgaris, R.
rubra and A. niger at 200 μg/disc concentration. The 2-
amp ligand show antimicrobial activity against S. aureus,
E. coli, E. aerogenes, S. epidermidis, N. canis, P. aerogi-
nosa and C. albicans with the diameters of zone inhibi-
tion ranging between 7–10 mm at 200 μg/disc concentra-
tion. The compound 1 showed weak or absent antibacte-
rial and antifungal activity against some of the tested
Gram-positive, Gram-negative bacterial strains, yeast and
fungi, with the diameters of zone inhibition ranging bet-
ween 7–9 mm at 200 μg/disc concentration. The com-
pound 1 did not show antimicrobial activity against E.
aerogenes, P. aeroginosa, P. vulgaris and A. niger at 200
μg/disc concentration. The 2-amp and the compound 1
did not show antimicrobial activity against P. vulgaris
and A. niger at the tested concentrations. The 8-HQ show
good antimicrobial activity against all tested microorga-
nisms. It showed antimicrobial activity against the tested
Gram-positive, Gram-negative bacterial strains, yeast and
fungi, with the 20–67 mm at 200 μg/disc concentration.
8-Hydroxyquinoline (8-HQ) and its derivatives are well
known for their antifungal, antibacterial and antiamoebic
activities.45 The 8HQ exhibited antimicrobial activity
with 20 mm inhibition zone diameter against P. vulgaris

and the highest activity with 67 mm inhibition zone dia-
meter against S. aureus at 200 μg/disc concentration. The
activity of the new synthesized complexes and ligands in-
creases as the concentration increases. S. aureus was used
due to its clinical relevance as a major cause of hospital
acquired infections of surgical wounds and infections as-
sociated with in-dwelling medical devices. Besides, S.
aureus rapidly develops resistance to many antimicrobial
agents.46 The 8-HQ ligand showed antifungal activity
against C. albicans, R. rubra and A. niger again with the
diameters of zone inhibition ranging between 57–60 mm
in the same concentration. 

The compound 2 showed antibacterial and antifun-
gal activity against all or some of the tested Gram-positi-
ve, Gram-negative bacterial strains, yeast and fungi,
with the diameters of zone inhibition ranging between
7–45 mm at 200 μg/disc concentrations. Our findings
show that the compound 2 has broad spectrum antimi-
crobial activity against Gram-positive, Gram-negative
bacteria (except E. aerogenes), yeast and mold strains at
the 200 μg/disc concentration. Çolak et al.47 found that
(8-H2Q)2[Mn(dipic)2] · 6H2O and (8-H2Q)2[Zn(dipic)2] ·
6H2O (dipic = pyridine-2,6-dicarboxylic acid) showed
good inhibition effect against Gram-positive bacteria
and fungi. The results obtained in this study are in good
agreement with our earlier study.47 The compound 2 did
not show antibacterial activity against E. aerogenes but
the 8-HQ show antibacterial activity with 38 mm inhibi-
tion zone diameter at 200 μg/disc concentration. In clas-
sifying the antibacterial activity as Gram-positive or
Gram-negative, it would generally be expected that a
much greater number would be active against Gram-po-
sitive than Gram-negative bacteria.48 The outer membra-
ne of Gram-negative bacteria is the first barrier capable
of limiting the penetration of antimicrobial agents. This
fact is widely known and referred to as “intrinsic resi-
stance” of Gram-negative bacteria.49 Our results are in
accordance with the literature. The 8-HQ ligand alone
showed good antimicrobial activity inhibitione zone
20–67 mm agaist all tested microorganisms. Complex 2
showed higher antimicrobial activity for microorganisms
tested than complex 1. This can be attributed to the pre-
sence of 8-HQ in the complex 2. The complex 2 showed
good antifungal activity inhibitione zone 25–45 mm
against C. albicans, R. rubra and A. niger. C. albicans is

Fig. 8. Proposed structure for the [Cu(pydc)(8-HQ)] · H2O (2)

Table 2. Thermodynamic parameters for thermal decomposition the complexes 

Com- Step Ea (kJ/mol) A (s–1) r2 ÄH* (kJ/mol) ÄS* (J/mol) ÄG* (kJ/mol)
plex C–R H–M C–R H–M C–R H–M C–R H–M C–R H–M C–R H–M

I 106.66 119.43 2.57×1015 4.95×1015 0.999 0.999 103.69 116.46 48.59 54.04 86.31 97.13

(1) II 253.68 270.04 6.99×1024 7.04×1026 0.964 0.963 249.26 265.62 225.94 264.30 129.18 196.96

III 117.20 109.14 5.6 ×1016 9.67×1016 0.983 0.991 112.56 104.25 70.07 74.62 71.31 60.32

(2) I 101.49 99.28 2.84×1015 4.10×1015 0.973 0.974 98.71 96.50 49.99 53.04 82.02 78.78

III 101.63 133.30 1.36 ×1014 1.26×1014 0.984 0.980 95.98 127.65 18.18 18.81 83.62 114.86
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one of the most pervasive pathogenic fungi, especially
infecting immuno-compromised hosts, in which it can
invade various tissues.46 Rohde et al.50 found that anti-
bacterial activity of 8-hydroxyquinoline plus copper
sulphate was markedly enhanced on Gram-positive bac-
teria like S. aureus. Leon et al.51 found that copper sulp-
hate combined with 8-hydroxyquinoline and copper
sulphate alone were the most effective treatments in re-
ducing symptoms in plants inoculated with Clavibacter
michiganensis subsp. michiganensis. Substituted deriva-
tives of 8-HQ are known inhibitors of catechol O-
methyltransferase.52 Daniel et al.52 found that several
copper compounds, such as NCI-109268 and bis-8-
hydroxyquinoline copper(II) [Cu(8-HQ)2], can inhibit
the chymotrypsin-like activity of purified 20S proteaso-
me. Furthermore, proteasome inhibition and apoptosis
induction were detected in prostate cancer cells treated
with the ligand 8-HQ alone following pre-treatment with

copper(II) chloride.53 In our study, microbial activities of
the complexes against tested microorganisms are lower
than that of standard antibiotics.

The minimum inhibitory concentrations (MIC) re-
sults of the compound 2 are presented in Table 4. MIC of
the compound 2 for the microorganisms species mainly
ranged from 1.95 to 15.6 μg/mL, and the lowest MIC va-
lues were found for the C. albicans and A. niger. From
these result it is seen that the complex 2 demostrates a low
inhibiting ability toward Gram-negative bacteria (MIC: P.
vulgaris 15.6, P. aeroginosa 7.8 μg/mL).

4. Conclusions

A new series of copper(II) complexes were synthe-
sized and characterized by elemental analysis and spec-
toscopic studies. Thermal characteristics of complexes

Table 3. Antimicrobial activity of the 1, 2 and ligands.

Test Microorganisms 2-amp 1 8-HQ 2 Tetracycline Nystatin
100 μg 200 μg 100 μg 200 μg 100 μg 200 μg 100 μg 200 μg 10 μg/disc 100 U/disc

Bacterial strains
S. aureus 7 8 – 7 57 67 20 25 38

B. cereus – – 7 9 50 58 20 22 28

S. epidermidis 7 10 – 7 60 65 15 20 15

N. canis 8 10 – 7 50 55 20 28 14

E. coli – 7 – 7 26 34 – 7 25

E. aerogenes – 7 – – 30 38 – – 14

P. aeroginosa 7 9 – – 50 60 12 18 13

P. vulgaris – – – – 12 20 9 12 15

Fungal strains
C. albicans 7 10 7 8 40 60 40 45 20

R. rubra – – 7 8 40 57 18 25 21

A. niger – – – – 50 60 25 30 22

_; No inhibition of zone. All the microorganisms were resistant to the control DMSO.

Table 4. Minumum inhibitory concentaration (MIC) for the

[Cu(pydc)(8-HQ)] · H2O (2) against microorganism strains

Test Microorganisms MIC for 2
(μg/mL)

Bacterial strains
S. aureus 3.9

B. cereus 3.9

S. epidermidis 3.9

N. canis 3.9

E. coli NT

E. aerogenes NT

P. aeroginosa 7.8

P. vulgaris 15.6

Fungal strains
C. albicans 1.95

R. rubra 3.9

A. niger 1.95

NT: No tested

have been studied. The activation energy of decomposi-
tion for complexes 1 and 2 obtained from two well known
methods are in good agreement with the calculated va-
lues. Antibacterial activity of complexes has also been
studied. The observed variation in the activity of the com-
plexes across the various classes of organisms studied
may be attributable to the differences in cell wall and/or
membrane construction Gram-positive bacteria, Gram-
negative bacteria and yeast and mould. Although the
compound 2 shows antimicrobial activity against all
Gram-positive bacteria, yeast and fungi, it needs to be in-
vestigated further.
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Povzetek
Predstavljamo sintezo dveh kvadratno planarnih bakrovih(II) kompleksov: (2-aminometilpiridin-piridindikarboksila-

to)bakrovega(II) dihidrata, [Cu(pydc)(2-amp)] · 2H2O (1) in (8-hidroksikinolin-piridindikarboksilato)bakrovega(II) hi-

drata, [Cu(pydc)(8-HQ)] · H2O (2) (2-amp = 2-aminometilpiridin, 8-HQ = 8-hidroksikinolin, H2pydc = piridin-2,5-di-

karboksilna kislina ali isocinkomeroni~na kislina). Poleg tega predstavljamo tudi prelimirano {tudijo kineti~ne in bio-

lo{ke aktivnosti pripravljenih bakrovih kompleksov. Komplekse smo karakterizirali na osnovi elementne analize, s

spektroskopskimi metodami (FT-IR, UV in masni spektri), s termi~no analizo in z meritvami magnetnostnih in prevod-

nostnih lastnosti. Kineti~ne parametre smo za vsako posamezno stopnjo termi~nega razpada kompleksov dobili s po-

mo~jo metod po Coats–Redfern in Horowitz–Metzger. Antimikrobne aktivnosti obeh kompleksov in dveh ligandov smo

dolo~ili z metodo difuzije v agarju. Antimikrobna aktivnost kompleksa 2 je bila dolo~ena z metodo red~enja v agarju.

Rezultate smo primerjali z rezultati za dva dobro znana antibiotika: tetraciklin in nistatin.


