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Abstract: The synthesis of bimetallic Cu(ll), Co(l1), Ni(Il), Zn(ll) and U(VI)
complexes with general stoichiometry [HoL M(X5)(H50),] (where H,L is the
di-deprotanated ligand and X is chloride/sulphate) were obtained with the li-
gand terephthaladehyde bis(thiosemicarbazone) (H,L) and are discussed. The
ligand and its binuclear complexes were characterized by micro analysis
(CHNS), 1H-NMR, FT-IR, UV-vis, TG-DTA and conductance measurements.
The thermal behaviour of these complexes showed that the hydrated complexes
loose water molecules of hydration in the first step, followed immediately by
decomposition of the anions and ligand molecules in the subsequent steps. The
molar conductance measurements of the complexes in DMF correspond to the
non-electrolytic nature of the complexes. Furthermore, the antioxidant activity
of the ligand and its complexes were determined in vitro by the hydroxyl
radical scavenging, DPPH, NO and reducing power methods. The obtained
ICsq value of the DPPH activity for complex 2 (1Csq = 0.254 M) was shown to
be the best.

Keywords. thiosemicarbazone; transition metal complexes; spectral anaysis;
bimetallic complexes; antioxidant activity

INTRODUCTION

Thiosemicarbazones (TSCs) have become the subject of intense research in-
terest with coordination chemists as they are simple to prepare, have excellent
complexation ability with both transition and non-transition elements and the
complexes have interesting structural characteristics and possible analytical ap-
plications. Thisinterest and wide range of applications resulted in alarge number
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230 REDDY etal.

of papers and several reviews on TSCs.14 In addition, TSCs have received con-
siderable attention due to their broad profile of pharmacological activity, as they
afford adiverse variety of compounds with different activities.>6 The mechanism
of action of TSCsis due to their ability to inhibit DNA biosynthesis, possibly by
blocking the enzyme ribonucleotide diphosphate reductase; binding to the nitro-
gen bases of DNA, hindering or blocking base replication, or creating lesions in
the DNA strands by oxidative rupture.”.8 The remarkable biological activities of
TSCs have provided real impetus to drive developments in their coordination
chemistry, which subsequently showed that the biological activity of TSCs is
related to their metal complexing ability. In some cases, the highest activity of
TSCs is associated with a metal atom, and the biological properties of TSCs are
often related to their metal ion coordination. The lipophilicity, which controls the
rate of entry of TSCsinto the cell, is modified by coordination. Additionaly, the
metal complexes can be more active than the free ligands, and some of the side
effects associated with free ligands may decrease upon complexation. In addition,
the complexes may exhibit bioactivities which are not exerted by free ligands.®
Studies related to new developments in metal-based drugs are both promising
and of great interest in the development of therapeutic agents.10.12

Atherosclerosis and its associated complications are currently the major
causes of cardiovascular morbidity and mortality worldwide. Elevated levels of
cholesterol, especially low-density lipoprotein (LDL) and triglycerides, aong
with free radical oxidative stress are recognized as the leading causes of ather-
osclerosis and coronary heart disease. Hydroxyl radicals (OH*) are generated by
the metal ions present in serum, and changes in their oxidation states result in
oxidative damage of LDL and other lipoproteins in plasma, which is responsible
for theinitiation and progression of atherosclerosisin hyperlipidemic subjects.

Free radicals also interact with proteins in other normal metabolic processes,
which can lead to many types of pathologic changes.13-17 To protect biomole-
cules against the attack of free radicals and/or to suppress the resultant damage,
numerous natural and synthetic free radical scavengers and antioxidants have been
developed and studied!819 Among them, thiosemicarabazones and their metal
complexes have been evaluated for their free radical scavenger activity.20.21

The synthesis and characterization of copper(ll), cobalt(ll) and nickel(Il)
complexes with terephthalaldehyde bis(thiosemicarbazone) was described by
Minghao et al.22 In addition, the coordination polymerization (polycoordination)
of terephthalaldehyde bis(thiosemicarbazone) with mercury(l1) and cadmium(I1)
complexes was studied by Marcu et al.23 However, the biological activity of tere-
phthalaldehyde bis(thiosemicarbazone)-metal complexes has not been reported.
Given the potentia biological activity of thiosemicarbazone and the involvement
of metal ions in cell metabolism, a systematic study was undertaken to explore
this chemistry, with the development of new biologically active pharmaceuticals
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THIOSEMICARBAZONE METAL COMPLEXES 231

as the final goal. Herein, the preparation and spectroscopic characterization of
five metal complexes derived from terepthaladehyde bis(thiosemicarbazone) are
reported. The ligand and metal complexes were evaluated for their antioxidant
activity. It was envisaged that the thiosemicarbazone could be useful in control-
ling metabolic disorders by scavenging free radicals.

EXPERIMENTAL
Physical measurements

Méelting points were determined by the open capillary method and are uncorrected. The
metal content of the complexes was estimated using standard methods. The analysis of
CHNS/O contents of ligand and metal complexes were realized on a Euro el emental anayzer.
The IR spectra were recorded as KBr pellets using a Perkin—Elmer Fourier-Transform Spec-
trum RX1 spectrophotometer in the region 4500-450 cml. The TG/DTA curves for the
complexes were recorded on a Nietzsche thermobalance (model-STA 40g) with a P, V¢ P; 10
% Rh thermocouple under dynamic air conditions between room temperature (~20 °C) and
1020 °C (gradient 10 K min'1).

Synthesis of the ligand (1)

The synthesis of terepthaladehyde bis(thiosemicarbazone) (1) was based on the follow-
ing method: an ethanolic solution (50 mL) of terepthaladehyde (0.2 g) and thiosemicarbazide
(0.270 g) in an ethanol—water mixture (50 mL) were mixed and refluxed for 2 h. After cooling
to room temperature, the formed yellow solid was isolated and dried under vacuum.

Synthesis of metal complexes (2—6)

In arepresentative preparation, the complexes were synthesized by refluxing DM F—etha-
nol (1:1, 20 mL) solution of ligand (5 mmol) with an ethanolic solution (20 mL) of corres-
ponding metal salt (10 mmol) for 12 h at 70 °C. On cooling overnight, the collared complex
precipitated out. The precipitate was filtered, washed with cold DM F—ethanol and dried under
vacuum. The metal salts used in this study were CuSO,-5H,0, CoCl,-6H,0, NiCl,-6H,0,
Zn&34'7H20 and UOZ(CH3COO)22H20
Antioxidant activity

The scavenging effects of compounds 2—6 on the DPPH radical were evaluated using the
stable DPPH" as the reagent.?* In the H,0, scavenging activity experiments, the hydroxyl
radical (OH") in agueous media was generated through the Fenton Reaction.?> For deter-
mining the nitric oxide (NO) scavenging activity, the absorbance of the chromophore formed
during diazotization of nitrite with sulphanilamide and subsequent N-naphthylethylenediamine
dihydrochloride was measured at 546 nm.26:27 The reducing power of the synthesized com-
pounds was determined according to the method of Oyaizu.28

RESULTS AND DISCUSSION

Terepthaladehyde was treated with thiosemicarbazide in refluxing methanol
to afford terepthaladehyde bis(thiosemicarbazone) (HoL). The synthetic route to
the ligand is shown in Scheme 1. The synthesized ligand was confirmed by 1H-
-NMR spectra recorded in dg-dimethylsul phoxide (DM SO-dg) solution using tet-
ramethylsilane (TMS) as an internal standard. The hydrazinic proton (-N2H) of
the free ligand appeared as a broad single peak at 11.46 ppm.2° The amino group

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS

©3

56

RE MO




232 REDDY etal.

(-N1H,) showed a signal in the region 8.05 ppm. A singlet in the region 7.99—
—8.01 ppm was observed which was assigned to the azomethine proton (-HC=N).
In the region 7.8 ppm, the signals were assigned to chemical shifts of hydrogens
on the symmetric aromatic ring of the ligand. Further the metal complexes were
prepared with the ligand as described in experimental section. All the synthesized
complexes were binuclear with an M:L ratio of 2:1. The molar conductance va-
lues in DMF were in the expected range (17-24 S cm2? mol-1) of non-electro-
lytes, indicating bonding of chloride and sulphate anions to the metal ions.30 The
complexes were analyzed for carbon, hydrogen, nitrogen, oxygen, sulphur and
metals. The analytical results are given in Table |, while the physical, UV/Vis
and molar conductance data are listed in Table Il. The metal complexes were
stable under atmospheric conditions for extended periods, and were easily so-
luble in dimethylsulphoxide (DM SO) and N,N-dimethylformamide (DMF); how-
ever, they were insoluble in most common solvents. The composition and coordi-
nation geometry of these complexes were established based on the following ex-
perimental observations.

F N 5 i
)+ mn L cuon By a.
[ S - 4] FNT TN, - HN-—N e N-—NH
HyN—C, C—NH,
% ¢
Scheme. 1 Synthesis of the ligand H,L .

TABLE |. Anaytical data of the compounds

Elemental analysis, Calcd. (found), %

Cmpd. Molecular formula FW

C H N S 0 M
1 CioH1NeS, 2804 4284 431 2097 2287 - -
(42.74) (4.28) (29.88) (22.86)
2 Cu,CioH14NgO,Ss  537.54 2234 263 1563 17.90 17.86 23.64
(22.01) (2.34) (15.17) (17.24) (17.25) (23.25)
3 C0,CioH14CloNgO,S, 503.16 23.87 2.80 1670 1275 6.36 2343
(2356) (2.78) (16.64) (12.29) (6.33) (23.33)
4 Ni,CioH14CloNgO,S, 499.87 23.89 281 1411 1276 637 23.35
(23.80) (2.20) (14.01) (12.32) (6.34) (23.26)
5 Zn, CioHuNgO,Ss 54127 2219 261 1553 17.77 17.74 2417
(22.13) (2.36) (15.22) (17.32) (17.43) (24.02)
6 U,CioH1sNgOgS, 89047 1349 204 944 720 1437 53.46

(1341) (201) (9.47) (7.56) (14.22) (53.54)

FT-IR spectra

The spectra of the free thiosemicarabzone ligand showed peaks of concern at
3395-3265 (two peaks), 3192 and 1593 cmL, attributed to the symmetric and
asymmetric stretching of NH», v(NH) and v(C=N), respectively. Additionally, no
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THIOSEMICARBAZONE METAL COMPLEXES 233

band due to an SH group was observed between 2600 and 2500 cm1, whichisin
agreement with the deprotonated thiolate form of the ligand in the complexes.31
The strong absorption bands near 3480 and 3440 cmr1 in the IR spectra of both
the ligand and the complexes were due to N—H stretching vibrations. The intense
band at 1680 may be assigned to C=N stretching vibration in the free ligand. It
showed a positive shift towards higher frequencies in the spectra of the metal
complexes (an additional band was observed near 1700 cn1). The shifting of the
band towards higher frequency region indicates an increase in bond order of the
coordinated C=N group due to back donation of n-€lectrons by the metals. The
spectrum of the ligand shows bands at 1358 and 1465 cm—L, which were assigned
to C=S and N-C—N stretching, respectively. These bands were shifted to higher
values in the complexes, indicates coordination of a thiosemicarbazone to the
metal centre. These bands were absent in the spectra of the complexes due to
likely changes of C=S to C-S and N-C—N to N—-C=N on complexation. It is evi-
dent that ligand acts as a binucleating chelating agent coordinating through the
thiol sulphur and nitrogen of the (C=N) group of the Schiff base. The complexes
also display bands due to coordinated water molecules. The bands in the ranges
749-849 cm1 and 609633 cml appeared in the spectra of the complexes,
which may be assigned to pr(H»0) and pw(H»0).33

TABLE II. Physical, UV/Vis and molar conductance data for the compounds
Cmpd. Yied, % Colour M.p.,°C UV/Vis(DMF), 1/ nm Al Scm?moll

1 92 Yellow  153-156 - -
2 66 Dark blue  >280 224, 265, 363, 413 19
3 58 Brown >280 242, 265, 366, 383 21
4 68 Green >280 265, 366, 383 24
5 65 Black >280 265, 383, 365 21
6 54 Yellow >280 265, 382, 365 17

Electronic spectra

With aim to obtain information about the type of the electronic transition and
interaction liable to exist in solutions, the electronic spectra of ligand and their
complexes were measured in DMF solvent. The recorded spectra of ligand dis-
played two main absorption bands. The first band was observed in the 260265
nm range as a broad and/or a shoulder band. This band could be ascribed to n—n*
transitions of the benzenoid system of the compounds strongly overlapped with
n—n* electronic transitions involving the nonbonding electrons of the azomethine
nitrogen atom. The longer wavelength band(s) in the recorded spectra of the li-
gands observed in the range 316—-355 nm can be ascribed to the transition within
the whole molecule, essentially as intramolecular charge transfer (CT) interac-
tions. The CT bands seem to originate from the aryl moiety, whereas the positive
charged azomethine carbon atom was the acceptor centre. This behaviour sug-
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234 REDDY etal.

gests an instantaneous complex formation in solution from the reaction of the li-
gand with each of the employed metal ions. Bands due to the n—* transition of
the C=N chromophores occurred between 260-265 nm as the ligand shifts to
lower energy upon complexation.33 In the ultraviolet region, the bands observed
in the range 267-299 nm in spectra of metal complexes can be ascribed to an
intraligand electronic transition, because bands in these regions were sensitive
enough to the type of metal ion used.

The longer wavelength band(s) of the free ligand at 363-366 nm acquired a
red shift on complex formation with a metal ion. A new band was observed at
longer wavelengths (in the range of 382—413 nm) in case of the complex solu-
tions. This behaviour can be explained as follows. The longer wavelength band
observed in the spectrum of the free ligands can be assigned to an intramolecular
CT transition liable to take place within the solute molecule. Thus the red shift
observed in the Amax Of this band on complex formation with the divalent tran-
sition metal ions Mn(11), Co(l1), Cu(l1) and Zn(I1) can be interpreted based on the
principle of an expected easier CT transition within the complexed Schiff bases
rather than within the free ligand. This is due to the positive charge of the coor-
dinating metal ions. On the other hand, these bands strongly overlap with an
intermolecular transition from the ligand molecule to the vacant orbitals localized
on the coordinated metal ions, i.e.,, LMCT.

Thermogravimetric analysis

Thermogravimetric (TG) and differential thermal (DTA) analyses were em-
ployed to describe the thermal behaviour of the prepared complexes 2-6. The TG
curve of complex 2 showed three mass loss steps. The first mass loss step occur-
red in the temperature range 160-300 °C, the second one in the temperature range
300-620 °C and the third step between 620770 °C. The DTA curve showed two
exothermic peaks, one at 290 °C and the other at 620 °C. The TG curve of com-
plex 3 showed four mass loss steps. The first step occurred in the temperature
range between 260-300 °C. In this temperature range, one small endo effect was
observed at 280 °C. The second mass loss step occurred in the temperature range
300-580 °C. In this temperature range, two exothermic peaks were observed at
370 and 520 °C. The third mass loss step occurred in the temperature range 580—
—750 °C. The fourth decomposition step occurred between 750-880 °C. This
range was accompanied by one small endo effect at 870 °C. The TG and DTA
study for complex 4 presented two regions of decomposition. In the TG study,
the first mass loss step occurred in the temperature range between 260 and 320
°C. In this temp range (260-320 °C), one endothermic peak at 270 °C was ob-
served. The second mass |oss step occurred in the temperature range 320710 °C.
In this temperature range, two exothermic peaks were observed, one at 360 °C
and the other at 700 °C. The TG and DTA study for complex 5 showed a two-
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THIOSEMICARBAZONE METAL COMPLEXES 235

-step decomposition. The first mass loss step occurred in the temperature range
270-530 °C, while the second decomposition step occurred between 530-650 °C.
In the temperature range of the first stage of mass loss, one small endo and one
small exo effect can be seen on the DTA curve at 280 and 370 °C, respectively.
The second mass |oss step was accompanied by two exo effects with maxima at
530 and 630 °C, respectively.

The therma behaviour of these complexes showed that the hydrated com-
plexes lost water molecules of hydration in the first step followed immediately by
decomposition of the anions and ligand molecules in the subsequent steps. The
final decomposition steps of the complexes are attributed to complete decom-
position of the complexes leaving M residues (M = Cu, Co, Ni, Zn and U).

Antioxidant activities of the ligand and complexes

The antioxidant activities of terepthaladehyde bis(thiosemicarabzone) (1)
and its metal complexes 2—6 were evaluated by several in vitro methods in order
to compare the results and to establish some structure—antioxidant—activity rela-
tionships for each method. The evaluation study was performed at various con-
centrations and comparative studies were realised with standard antioxidants.

DPPH radical scavenging activity. The percentage activity of DMF solu-
tions of compounds 1-6 were examined and compared. The activities of the com-
plexes as a function of concentration are shown in Fig. 1. All the complexes 2-5
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Fig. 1. Scavenging activity of compounds 1-6 for DPPH.
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236 REDDY etal.

showed comparable or dlightly lower activity than the standard, butylated hyd-
roxytoluene (BHT). The copper complex 2, containing an electron donating
group showed the dominate DPPH scavenging activity. Nickel complex 3 exhi-
bited dightly lower activity than that of compound 2. At low concentrations,
compound 6 showed negligible DPPH activity The ICsg values for al the com-
pounds were cal cul ated.

Reducing power. The reducing power of compounds 2—6 as a function of
their concentration are shown in Fig. 2. The reducing power of the standard BHT
at various concentrations showed a higher absorbance value to those of the newly
synthesized compounds. The reducing power of newly synthesized compound
solutions in DMF increased with increasing concentration. All the analogues 2—6
showed high absorbance values which were comparable or dlightly lower than
those of the standards. The presence of the lone pair electron in complex 2 re-
sulted in a higher reducing power. The absorbance values for compound 6 were
very low, showing the low reducing power of this complex, while compounds 2-5
showed higher values indicating their higher reducing power but lower than that
of the standards.
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Fig. 2. Reducing power scavenging activity of compounds 1-6.

H>0O, scavenging activity. The data of the suppression ratio for OH* are
shown in Fig. 3. The inhibitory effect of the compounds tested on OH* were con-
centrate dependent and the suppression ratio increased with increasing sample

Available online at shd.org.rs/JSCS/

2013 Copyright (CC) SCS

@080

EW MG RMD



THIOSEMICARBAZONE METAL COMPLEXES 237

concentrations in the range tested. The average suppression ratio of the uranium
complex (ICsg = 144.09 uM) for OH*® was the lowest of all the compounds. The
copper(ll) complex (IC5p = 66.72 uM) was the most effective among all the
tested complexes. The order of the suppression ratio of the tested compounds for
OH'was2>4>1>5>3>6.
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Fig. 3. Scavenging activity of compounds 1-6 for H,O..

Nitric oxide (NO) scavenging activity. Nitric oxide undergoes a facile radi-
cal—radica reaction with O*~ to yield ONOQO-, a reaction that is three times
faster than the SOD-catalyzed dismutation of O*~. This diversion of Ox*~through
ONOO~ oxidation and decomposition pathways would aso limit HoO» accumu-
lation and subsequent reactions of H>O» by decreasing the amount of Oy*~ avail-
able for spontaneous or SOD-catalyzed dismutation. It was find that the inhibi-
tory effects of the compounds tested on NO* were concentration dependent and
the suppression ratio increased with increasing sample concentrations in the
range tested (Fig. 4). The average suppression ratio of the uranium complex
(ICs0 = 233.64 uM) for NO* was the lowest of all the tested compounds. The
copper(ll) complex (ICsg = 134.87 uM) was the most effective among all the
complexes. The order of the suppression ratio of the tested compounds for NO® is
2>4>1>5>3>6.
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Fig. 4. Scavenging activity of compounds 16 for NO.

CONCLUSIONS

Based on the above results, the structures of metal complexes shown in Fig. 5
are proposed. The antioxidant properties of the ligand and complexes obtained
were evaluated by several methods. Compounds 2-5 had enhanced antioxidant
activities, which were comparable but dightly lower than that of the standard.
The copper complex 2 revealed high DPPH scavenging, reducing power, HoO»
inhibition and nitrous oxide inhibition values. As aresult, this study provides evi-
dence that the chelation of different copper complexes with terepthaladehyde bis-
(thiosemicarbazone) had significant influence on the antioxidant activities in dif-
ferent in vitro model systems.

N M
NHZ/ g o\ /O s NH,
S
o// \\o

Where M=Cu(II) and Zn(II)
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\ w\
\/ OH \/ \

Hp

‘Where M=Co(II) and Ni(II}

H H

/ H
/1\\ /O 2 H,0, /N\
Tl °§U§ T
/C\ ° //‘\ Py

H,0
Fig. 5. The proposed structure of metal complexes with HoL ligand.

U3BOJ

CUHTE3A, KAPAKTEPU3ALIMJA KOMIIJIEKCA METAJTIA CA
TUOCEMHUKAPBA30OHCKUM JIMTAHIUMA U IbB(UXOBA AHTHOKCHUIATUBHA
AKTHUBHOCT Y PA3JIMUUTHUM IN VITRO YCIIOBUMA

DESIREDDY HARIKISHORE KUMAR REDDYi, SEUNG-MOK LEEl, KALLURU SESHAIAH” u K. RAMESH BABU®

1Department of Environmental Engineering, Kwandong University, Gangneung, Republic of Korea, 2In-or-
ganic and analytical Chemistry Division, Department of Chemistry, Sri Venkateswara University, Tirupati —
517 502, India u 3Department of Biochemistry, Sri Venkateswara University, Tirupati — 517 502, India

ITonasehu on Tepedranansexunbis(TnoceMukapdasoHa) CUHTETUCAHU Cy NUHYKIEapHU
Cu(II), Co(II), Ni(II), Zn(II) u U(VI) xommnekcu onmure dopmyine [H,LM(X,)(H,0),] (roe je
H,L nBocTpyko nenpoToHOBaHH jurang U X je xmopun/cyndar). Jluraun (H,L) u onrosapa-
jyhu xoMmnnexcu cy okapakTepuCcaHH, IOpes; TepMaslHe aHaIu3e U METO/le Mepeha POBOM/bH-
BocTH, mpuMeHoM 'H-NMR, FT-IR u UV-Vis crexTpockolnckux MeTona. TepManHa aHaIu3a
OBHX KOMIIJIEKCA je T0Ka3ana fa, Y NpBoj (pasu, XxuapaTHCaHU KOMIUIEKCH Iybe Mmornekxyie
BOZiE, JOK Y HapenHoj dasu Jonas3y A0 pasiarama XJI0PUIHOL U cyadaTHOr aHjoHa, Kao U Mo-
nexyna nuranna. Ha ocHOBy Mepewa MonapHe NnpoBobuBoCTH Y DMF pactBapauy 3axiby-
YEeHO je Ia Cy UCIIUTHBAaHU KOMIUIEKCH HeesleKToNnuTH. Ilopen Tora, ogpeheHa je in vitro aHTH-
OKCHZIaTUBHA aKTHUBHOCT JIMTaHJa U 0JiroBapajyhux KoMIuIeKca.

(ITpumsbeHo 30. anpuina, peBugupaHo 3. jyna 2012)
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