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ABSTRACT

A series of six Cu (Il) complexes were prepareechfid substituted thiosemicarbazones having structures (fGclbhtsc)]Cl,.
2H,0 [1], [Cu (p-mbhtsg)Cl,.2H,0 [2], [Cu (p-nbhtsc)Cl,.2H,0 [3], [Cu (p-clacehtsg) ]Cl,. 2H,0O [4], [Cu (p-
macehtsg)]Cl,.2H,0 [5] and [Cu (p-nacehtsg]Cl,.2H,0 [6] where (p-clbhtsc)=p-chlorobenzylidene thiosemnbazone, (p-
mbhtsc)=p-methoxy benzylidene thiosemicarbazonenbljtsc)=p-nitro benzylidene thiosemicarbazone,clgzehtsc)=p-
chloroacetophenone thiosemicarbazone, (p-macehpsg)ethoxyacetophenone thiosemicarbazone, and (phtem)=p-
nitroacetophenone thiosemicarbazone. All six corgslewere characterized by elemental analysis,"HMR, mass and
electronic spectra. The magnetic moments and eleictrspectral studies suggested distorted octaHegigametry for all the
complexes. The monoanionic thiosemicarbazonatedigact in a tridentate mode, binding through azbine nitrogen and
sulfur atom. Cytotoxic activity against human biteaancer cell line MCF-7, antibacterial and antidgint activities were
evaluated for all the six complexes. Out of the&ix(Il) complexes, five showed significant agfi@gainst the studied cell line;
having 1G, values in the range 2-12 puM. The standard antisreancer drug Tamoxifen was used as a positiver@oiThe
synthesized compounds were screened for theirtio &ntibacterial activity using Disc Diffusion nhetd against two strains
each of gram negative and gram positive bacterigtraycline was used as positive control in the. t&d the compounds
showed significant antibacterial activity in thenge of 2-10 mg/ml. Antioxidant activity of the miacrocyclic copper complexes
was screened using the®, scavenging assay. All six complexes exhibitednpatetioxidant activity in the range 35-58%. The
compounds would be evaluated further for their fjdsDNA binding, cleavage, antifungal and anti{oiéic activities.

Keywords: Copper (ll) complexes, thiosemicarbazide, tetraveaocycles, cytotoxicity, anticancer, antibacte@atioxidant
activity.

INTRODUCTION

The success of cisplatin has stimulated the dewedop of metal based compouijtist]. Cancer is undoubtedly one
of the main health concerns and primary targetdMedicinal Chemistry. Even though platinum-basethplexes
have been in primary focus as chemotherapeutictagn7]the interest in this field has shifted to non-plath
based agents, [8-14f order to find different metal complexes with des side effects and similar or better
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cytotoxicity. Thus, a wide variety of metal comptsxbased on titanium, gallium, germanium, palladigoid,
cobalt, ruthenium and tin are being extensivehdig as platinum replacements. Copper (ll) basedpbexes
appear to be very promising candidates for antieatiterapy; as evidenced by a considerable nunfbesearch
articles describing the synthesis and cytotoxidvaigts of numerous copper (lI) complexes [15-18¢hiff base
macrocyclic ligands based on thiosemicarbazondtarmbmplexes have received considerable atterienause of
their pharmacological properties, they have numermpplications as antibacterial and anticancer tagd9-21].
They can yield mono or polynuclear complexes, sofmghich are biologically relevant [22-25]. Coppmamplexes
can serve as models for enzymes such as galaciodase and may be used as effective oxidants adolxre
catalysts [26-27]. Furthermore, they allow extrawctiof metallic cations and anions of biochemicald an
environmental importance [28-31]. Macrocyclic ligaoomplexes find applications in various industriesl in a
number of biological processes such as photosyistiasl dioxygen transport [32], catalysis, metakaotants,
radiotherapy, medical imaging agents, DNA bindiBg][and antitumor agents. It has been known forymesars
that a large number of bis-thiosemicarbazones amidss of their copper complexes have promisingtamtr
activities [34-36]. A critical property of many cogr (1) complexes is their poor water solubilitydetheir relatively
high in vivo toxicity [37-38]. Many attempts have been madentprove hydrophilicity and reduce toxicity by
modifying the thiosemicarbazone framework [39].rétent years, several series of copper complexes been
studied as potential antitumor agents. Althoughnhscénformation is available of the molecular basistheir
mechanism of action, copper complexes have atttegtention because their probable mode of actatifferent
from that of cisplatin. Therefore, copper compleresy provide a broader spectrum of antitumor agtivi

Drug resistance has become a growing problem irtrd@ment of infectious diseases caused by badi®i.The
serious medical problem of bacterial and fungalstasce and the rapid rate at which it develops |kdsto

increasing levels of resistance to classical aotiits, [41-42], and the discovery and developmeneftective

antibacterial drugs with novel mechanisms of acti@ve, thus, become urgent tasks for research gregon
infectious diseases [43].The importance of metakio biological systems is well established. Oh¢he most
interesting features of metal-coordinated systesnthé concerted spatial arrangement of the ligamdand the
metal ion. Among metal ions of biological importanthe Cu (Il) ion is involved in a large numberditorted
complexes [44]. Over the past two decades, coraitleattention has been paid to metal complex&biff bases
containing nitrogen and other donor atoms [45-45p-organometallic chemistry is dedicated to thedsgt of

metallic complexes and their biological applicaiga7], including the design of new drugs that m@e effective
than those already known. Thiosemicarbazones diegtablished as an important class of sulfur-d@whiff base
ligands and their metal-complexing ability is respible for the remarkable biological activities ebsed for these
compounds.

As part of our work involving the preparation oédrimino-macrocyclic compounds and their metal demgs, we
were interested in obtaining the free [2+2] cond¢ios product from carbohydrazone and thiosemicadea The
aim of this work was to compare and assess theiviepof different macroligands containing the safunctional
group, but with variable number of substituents difterent structures, with a copper metal ion.abidition, we
determined the optimal conditions to control théura of the copper complexes, since the differémictures can
improve their potential applications. Therefore, the present paper, we report the synthesis, stalct
characterization and biological evaluation of mamgear Cu (II) macrocyclic complexes derived froralomanilic
carbohydrazone and thiosemicarbazide. All complexdsbited potent anticancer, antioxidant and autiérial
activities.
MATERIALS AND METHODS

Chemistry

All glasswares were dried in an open flame befae in connection with an inert atmosphere. Solvevease
evaporated under reduced pressure and evaporatisrcavried out at <50°C. TLC was performed usitigasgel
60F>54 plates with iodine vapors as detecting agent.aretethyl silane (TMS; 0.0 ppm) was used as anniater
standard iftHNMR and Chloroform-d (CDGJ 77.0 ppm) was used fiC NMR. Elemental analysis was carried out
on a Perkin Elmer 2400 series 11 CHNS/O elememtalyaer. FTIR spectra were recorded using KBr pelt
Perkin Elmer-Spectrum RX-IFTIR in the 4000-250 tmegion. The electronic spectra in DMSO solutiorrave
obtained with a Hitachi 330 uv-vis-nir spectrophmaer."HNMR and*CNMR spectra were recorded on a FT-
NMR Spectrometer model Avance-1l (Bruker) using D86 as solvent and TMS as internal reference.FAR
Masses in positive mode were recorded on a WatécsoMass Q-Tof spectrometer; m-Nitro benzyl alcofmot
NOBA) was used as the matrix. Melting points weetednined by open capillary method. All materialsrev
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obtained from commercial suppliers such as MerdRHCSRL and were used without further purificatidrhe
solvents and copper salts used were of analytrealeg Various hydrazones of complexation agent wezpared by
standard methods described in the literature [48].

Synthesis of ethyl -2-(4-methoxyanilino) ethan¢8theme 1)

A mixture of p-toluidine and diethylmalonate (1\2as refluxed for 30 minutes in a round bottom fléitled with
an 18” air condenser such that ethanol formed estapd diethylmalonate collected in the flask. Tbetents were
cooled, ethanol was added when malondianilide s¢pdras solid. It was filtered under suction arttafie
containing ethylmalonianilate was slowly added vgtiiring on ice. The ester precipitated out ashitevsolid and
was filtered, dried and re-crystallized from pegtoh ether (Scheme 1).

Yield: 45 %; mp 70-72 °C; IR (KBr) (ci): 3345, 2983, 1726, 1685, 1537'NMR: 1.27, 2.3, 7.0-7.4, 8.1 and
9.98; Amax = 450 ESI MS M/Z: 222.2 a.m.u.
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Scheme 1. Synthesis of ethyl-2-(4-methoxyanilinojh@noate

Synthesis of malonanilic acid hydrazide

To a solution of ethylmalonanilate in ethanol, taaine hydrate was added. The mixture was stirreclfout 10
minutes, when acid hydrazide separated and thesctantvere left overnight. The contents were filleasnd re-
crystallized twice from hot ethanol and acid hydlaavas obtained as white crystals (Scheme 2).

Yield: 45 %; mp 145°C; IR (KBr) (cf): 3301, 3053, 1680, 1634, 1512'NMR: 1.2, 2.2-2.5, 7.0-7.46, 8.2 and
9.94; Amax = 410 ESI MS M/Z: 265 a.m.u.
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Scheme 2. Synthesis of malonanilic acid hydrazide

Synthesis of malonanilic acid hydrazones

To a methanolic solution of acid hydrazide addeel tbspective aldehyde/ketone and glacial acetid. dadne
mixture was stirred for about 10 min and threfluxed for 5 h, and the contents were left ovgnhi The colored
solid was filtered and re-crystallized twice frowt lethanol (Scheme 3).

Yield: 75-90% mp 220-260°C, IR (KBr) (cht 3285 (-NH-), 3073, 2960, 1686, 1652, 1606, add0l (m);
H'NMR: 2.2, 2.52-2.54, 3.7-3.8, 6.8-6.9, 7.4-7.9.0180d 11.33)max = 340 ESI MS M/Z: 326.2 a.m.u.
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Scheme 3. Synthesis of malonanilic acid hydrazone
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Where R = CH; and R = p-chloro benzaldehyde, p-methoxy benzaldehydeitrpbenzaldehyde, p-
chloroacetophenone, p-methoxy acetophenone antigacétophenone

Synthesis of macrocyclic Cu (Il) complexes (1-6)

All these complexes were synthesized accordingpéontethod published previously [47]. Briefly, a mpe of the
appropriate hydrated copper chloride in absolutearstl, substituted carbohydrazone in absolute ethand
thiosemicarbazide in absolute ethanol were addmallgliwith stirring. After the addition of thiosensidbazide, the
reaction was carried out for 8h under reflux. Thivent was evaporated under reduced pressure ancesidue
obtained was quenched with ethanol. Precipitate fiteged off, washed with ether and dried in vacu(Scheme
4).
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Scheme 4: Synthesis of macrocyclic copper (Il) corlgxesvia template method

1: Ry =CHs;, R, = Cl and R=H

2: R, =CH;, R, = OCH;and R=H
3: Ry =CH;, R, = NO; and R=H

4. Rl :CH3, Rz =Cl and R:CHg

5: R, =CHs, R, = OCH, andRs=CHs
6: Ry =CH;, R, = NG; andR3:CH3

Synthesis of macrocyclic copper (Il) complexesh@mplate method

[Cu (p-clbhtsc)] Cl; bis (p-chlorobenzylidene thiosemicarbazone) coplpehloride (1)

Yield: 75 %; mp 210 °C; IR (KBr) (cf): 3199, 1591 NMR (TMS) (ppm): 2.45, 9.89, 8.35, 2.2 and 6C
NMR (CDCk): 20.43, 38.86-40.11, 55.33, 126.0-129.37, 136133,.32; ESI MS m/z: 735 a.m;Anal. Calcd for
[Cu (Cs7H3eN1,S,ClL)]CIL.2H,0; C =54.0; H=6.2; N =24.2; S =13.5%. Found: 64.2; H=6.4 ; N=244;S
=13.7 %; |¥s = 1.73-1.75 BM.

[Cu (pmbhtsc) ]Cl,; bis (p-methoxybenzylidene thiosemicarbazone) @ophloride (2)

Yield: 50 %; mp 225°C; IR (KBr) (cfh): 3251, 2979, 1681, 1605, 1088, MMR (TMR) (ppm): 2.4, 9.99, 8.2, 2.1
and 6.8;*CNMR (CDCL): 20.45, 39.01-40.26, 119.13, 128.22-129.32, 18283.07; ESI MS: 702.4 (observed
peak) other peak, 518.9, 380,366,352, 274, 153ug.rnal. Calcd for [Cu (GoH42N1:0,S,)]Cl,.2H,0; C = 54.39;
H=6.28; N=24.8; S =14.2%. Found: C =54.50; B.32; N =25; S =14.6 % 4= 1.73-1.76 BM.
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[Cu (p-nbhtsc)]Cl,; bis (p-nitrobenzylidene thiosemicarbazone) codpehloride (3)

Yield: 80 %; mp 240 °C; IR (KBr) (ci): 3254, 1684, 1102, 1604;'INMR (TMS) (ppm):3.1-3.07, 2.52, 8.6-8.7,
2.25, 7.0-8.3°C NMR (CDC}): 20.42, 38.88, 40.14, 118.96, 123.78-147.83; BS!- 599.1 (molecular ion peak)
other peak 405, 363, 272, 153 a.m.u; Ar@dlcd for [Cu (G/H3eN145,04)]Cl,.2H,0; C = 56.38; H = 5.86; N =
24.89; S = 15.6 %. Found: C =56.40; H =5.92;= f4.92; S = 15.8 %; 4= 1.73-1.76 BM.

[Cu (p-clacehtsg)Cl,; bis (p-chloroacetophenone thiosemicarbazone) eoplpchloride (4)

Yield: 75 %; mp 250 °C; IR (KBr) (cf): 3341, 2985, 1683, 1604, 33, 1094;NMR (TMS) (ppm): 1.9-2.0, 2.1-
2.3, 3.2-3.5 and 6.7-7.8°C NMR (CDCE): 14.82, 39.46-40.28, 128-135.76, 150.68; ESI-MSt.1 (molecular ion
peak) other peak 653, 518, 516, 366.1, 289.9 aAmal. Calcd for [Cu (GgH3sN1,S,Cl,)]Cl».2H,0; C =54.39; H =
6.28; N =24.8; S = 14.2%. Found: C =54.50; H326. N = 25; S = 14.6 %;g4= 1.73-1.75 BM.

Cu (p-macehtsg)|Cl,; bis (p-methoxyacetophenone thiosemicarbazone) copgieoride (5)

Yield: 60 %; mp 205 °C; IR (KBr) (ci): 3214, 1664, 1600, 1173;'NMR (TMS) (ppm): 2.29, 2.51, 3.86, 6.8-
7.0 and 7.7%C NMR (CDCk): 26.27, 44.57, 113.63, 55.45, 129.60-131.45,8HESI-MS: 545.2 (Molecular ion
peak) other peak 416, 399, 295, 250, 151.1 a.nal. Calcd for [Cu (GoH4sN120,S,)]Cl,.2H,0; C = 54.39; H =
6.28; N =24.8; S = 14.2%. Found: C =54.50; H326. N = 25; S = 14.6 %;= 1.73-1.76 BM.

[Cu (p-nacehtsg)]Cl; bis (p-nitroacetophenone thiosemicarbazone) copipehloride (6)

Yield: 85 % mp 240 °C; IR (KBr) (ci): 3342, 2990, 1691, 1605;"NMR (TMS) (ppm): 2.24, 2.3-2.5, 3.1, 7.0-
8.2 and 8.9*C NMR (CDCE): 20.42, 38.86-40.11, 43.81, 118.85-119.09, 1232215, 163.25-165.67; ESI-MS:
773.2 (Molecular ion peak) 771, 731.2, 508.1, 417307.1, 274.3, 248 a.m.u.; AnaCalcd for [Cu
(C3gH38N1404S,)]Cl2.2H,0; C = 54.39; H = 6.28; N = 24.8; S = 14.2%. Fou@id= 54.50; H =6.32; N =25; S =
14.6 %,; g = 1.73-1.77 BM.

Biological evaluation

Cell Culture

The human breast carcinoma cell line MCF-7 wasinbthfrom the National Center for Cell Science (N8}C
Pune, India. Cells were cultured in DMEM supplerednivith 10% FBS, 100U/l Penicillin, 200mg/| Strepigcin
& 50mg/lI Gentamicin maintained at 37°C in a humétif5% CQ Incubator.

For experiments, cells were trypsinized and cuttire6-well (0.2 x 1Bcells/well) and 96-well (1.0 x fQvell)
plates initially for 48 h so as to allow the cetisattach. After 48 h, the cells were exposed tioua concentrations
(0.1-25uM) of the complexes (code 1-6) for the k. Each dose was tested in at least 3 rephiealls.

Cellular Morphological study
For the morphological analysis, cells in 6-well tplawere observed under phase contrast microscope &
photographed (Nikon Eclipse Ti, Japan).

Cell Viability and Cytotoxicity Assay

Sulforhodamine-B (SRB) assay was performed as tegp@arlier [49-50]. At the end of the incubaticripd, the
cells were fixed with 10% TCA for 1 h at 4°C, afetn washed three times with deionized water to wenTCA.
Air-dried, TCA-fixed cells were stained for 30 miith 0.4% (w/v) SRB dissolved in 1% acetic acid.tA¢ end of
staining period, SRB was removed and washed witladétic acid to remove unbound dye and air driée. Bound

dye was dissolved with unbuffered 10 mM Tris bapel10.5). The absorbance was read at 560 nm in a
SpectraMax Me2 Microplate Reader (Molecular Deviltes). Suitable untreated controls were also coritamtly
employed.

Evaluation of Antibacterial Activity

The in vitro antibacterial effect of the complexes was evaluatgdinst Gram-positive bacteri§téphylococcus
aureu9 and four Gram-negative bacterigs¢herichia coli, Pseudomona®ruginosa Klebsiella pneumoniand
Proteus vulgariys by the disc diffusion method [51] using nutriemar medium. The bacteria were sub-cultured in
the agar medium and were incubated for 24h at 3YR€.discs having a diameter of 5 mm, were thekResbén the
test solutions (Sterile filter paper discs, Whatnmm 1.0) with the appropriate equivalent amounthe metal
complexes dissolved in sterile dimethyl sulphoxip®SO) at concentrations of 1-10 mg/disc and weéaeqd in
petri dishes on an appropriate medium previoustgled with microbial organisms and stored in anlador for the
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above mentioned period of time. The inhibition zaneund each disc was measured and the resultsisecm the
form of inhibition zones as a function of diamegem). To clarify any effect of DMSO on the biologlcscreening,
separate studies were carried out using DMSO aativegcontrol where it showed no activity againsy &acterial
strains. Tetracycline was used as a positive cbntro

Evaluation of antioxidant activity (Hydrogen Perd&iScavenging Capacity)

The ability of synthetic complexes to scavenge bgdn peroxide (kD,) was determined as reported previously
[52]. A solution of hydrogen peroxide (40mM) waspared in phosphate buffer (pH=7.4). Test solutigits the
appropriate amount of the metal complexes (b0@l) dissolved in sterile DMSO were added to #Hisolution
(0.6 mL, 40mM). Absorbance of,B, at 230 nm was determined 10 min later against akbdalution containing
phosphate buffer without@,. The percentage of,B, scavenging by complexes was calculated as follows:

% Scavenged [}D,] = [(Ac — As)/Ac] x 100
Where A is the absorbance of the control and AS is therllasice in the presence of the compounds [53].
RESULTS AND DISCUSSION

Biological Activity

All synthesized macrocyclic Cu (II) complexes wenealuated for their effectiveness against the hulmaast
cancer cell line MCF-7 using Sulforhnodamine B (SRBptoxicity assayi-or comparison purpose, the cytotoxicity
of the standard antibreast cancer drug Tamoxifemavaluated under the same experimesdatitions. The values
of cell viability were calculated after the tesimpounds were incubated for 48 h. The;Malues were calculated
using SRBassay, as shown in Table 1. The order of cytotagiivity was as follows: p-chloroacetophenone>p-
nitroacetophenone> p-methoxy benzaldehyde > p-ghlbenzaldehyde >p-nitro benzaldehyde>p-methoxy
acetophenone thiosemicarbazide. The results oltaim#icate that the activity of complexes increabgsthe
presence of bulky groups bonded tb & the thiosemicarbazone ligand. The complexe®vieund to have high
activity of the order of 10 umol/L thereby suggegtthat the complexation of thiosemicarbazone tq(IQumight

be a good strategy to obtain antitumor agents. dimdlarity in the values of I§ for the Cu (II) complexes is
evidence in favor of the same biochemical actiorchmeaism. In fact, there are several reports imdftge that Cu
(1) complexes of thiosemicarbazone derivativesaie to bind DNAIn vitro [54] and present enhanced capacity to
form inter-strand cross links as compared to ctagpla

Cytotoxic Activity
Macrocyclic copper (II) chloride complexes 1-6 weereened for their potential anticancer/cytotoagtivity as
shown in Table 1 using SRB assay. The standarbraast cancer drug Tamoxifen was used as a positivieol.

Table 1. Cytotoxic activity of compounds 1-6

Compound Code Name of Compound R 16 value
1. [CU(Q7H36N1252C|2)]C|2 R; =CHz, R, = Cland R=H 12HM
2. [Cu(GgH4aN1,$,0,)]Cl; Ry =CHs, R, = OCHsand R=H 8uM
3. [CU(Q7H3GN14&OZ)]C|2 R =CHz, R, = NQ;and R=H 12HM
4., [CU(C35H33N1252C|2)]C|2 R; =CHs, R, =Cl and F;=CH; 2|.,lM
5. [Cu(CoHaN12$02)IClz; Ry =CHs, R, = OCHandRs=CHs ND
6. [CU(Q8H38N14&O4)]C|2 R: =CHz, R, = NG; andR3:CH3 ZHM

ND=Not Detected
Figs. 1-6 show the cytotoxicity assays for compaufie. Compounds 1, 2, 3, 4 & 6 showed cytotoxiiviy
whereas complex 5 had no cytotoxic activity.
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Fig.1 (a) Control showing untreated MCF-7 human brast cancer cells (b) Cytotoxic activity of Complex at 12 uM. (C) Dose-dependent
effect of Complex 1 on MCF-7 cells

120
100
80
60

40

% Cell Survival

20

Ctrl 0.1 0.5 1 5 10 15 20 25
-20

(@) ' G | ©
Fig.2 (a) Control showing untreated MCF-7 human brast cancer cells (b) Cytotoxic activity of Comple® at 8 uM. (C) Dose-dependent
effect of Complex 2 on MCF-7 cells
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Fig.3 (a) Control showing untreated MCF-7 human brast cancer cells (b) Cytotoxic activity of Comple8 at 12 uM. (C) Dose-dependent
effect of Complex 3 on MCF-7 cells
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Fig.4 (a) Control showing untreated MCF-7 human brast cancer cells (b) Cytotoxic activity of Comple® at 2 uM. (C) Dose-dependent
effect of Complex 4 on MCF-7 cells
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Fig.5 (a) Control showing untreated MCF-7 human brast cancer cells (b) Cytotoxic activity of Comple% at 20 pM. (C) Dose-dependent
effect of Complex on MCF-7 cells
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Fig.6 (a) Control showing untreated MCF-7 human brast cancer cells (b) Cytotoxic activity of Comple® at 2 uM. (C) Dose-dependent
effect of Complex 6 on MCF-7 cells

Antibacterial activity

The six macrocyclic copper (ll) chloride complexgsre also evaluated for their potential antibaatesictivity
againstB. subtilis, S. aureys. coliandP. aeruginosaTables 2-4 highlight the antibacterial activifyoomplexes
1-6 againsB. subtilis, S. aureuandE. coli as observed by disc-diffusion method. None ofdbmpounds were
found to be active againBt aeruginosat any concentration.

Table 2: Comparison of MIC values (in mg/ml) of Cu(ll) complexes and standard antibiotic TetracyclineagainstB. subtilis

Ring Diameter (mm)

Tetracycline  DMSO Compound Dose (mg)
Compound Code "1 imy (Img/m) 2 4 6 8  1C
1. 20 ND ND ND ND 6 ND
2. 20 ND ND ND ND ND ND
3. 15 ND ND ND ND ND ND
4, 22 ND 8 10 20 12 9
5. 22 ND 8 16 12 8 8
6. 16 ND ND ND ND ND 22

ND= Not Detected

Table 3: Comparison of MIC values (in mg/ml) of Cu(ll) complexes and standard antibiotic TetracyclineagainstS. aureus

Ring Diameter (mm)

Tetracycline DMSO Compound Dose (mg)
Compound Code "4 ojm)  (Amgm) 2 4 6 8 10
1. 15 ND 17 14 ND ND ND
2. 18 ND 10 11 8 7 16
3. 15 ND 12 6 6 12 16
4. 18 ND 6 14 16 11 14
5. 12 ND 12 ND ND 6 9
6. 18 ND 6 8 8 9 19

ND= Not Detected
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Table 4: Comparison of MIC values (in mg/ml) of Cu(ll) complexes and standard antibiotic TetracyclineagainstE. coli

Ring Diameter (mm)
Tetracycline DMSO Compound Dose (mg)

Compound Code

(1mg/ml) (Img/m) 2 4 6 8 10
1. ND ND 6 6 6 8 ND
2. 15 ND 6 6 6 16 12
3. ND ND 8 8 8 10 11
4. 16 ND ND 11 8 8 12
5. 12 ND ND ND ND ND 6
6. 10 ND ND ND ND 8 6

ND= Not Detected

The high antibacterial activity of copper (ll) colexes may be due to co-ordination and chelatiorciwibéend to
make metal complexes act as powerful and poteriebastatic agents, thus inhibiting the growthlod bacteria. In
a complex, the positive charge on the metal isgbrishared with the donor atoms present in tgarids and there
may be delocalization aof electrons over the whole chelate. The increaséitgcof the metal chelates can be
explained on the basis of chelation theory.

Antioxidant activity

Macrocyclic metal complexes have been suggestguasising agents for the diagnosis and treatmeuwliftdrent

disease [55-57]. All compounds showed significaaefradical scavenging action against peroxidededuelease
of free radicals at varying concentrations (2000L@/ml). Ascorbic acid was used as a referencelatd. The %
scavenging as (mean + SD) is shown in Table 5dtfitian, some complexes have been suggested ateatipb
SOD mimics, mainly because of their high thermodyitastability [58].

Table 5.In-vitro free radical scavenging effect of complexes 1-6 lpgroxide scavenging method

SNo % Scavenging in pg/ml (Mean + SD) of triplicates

T Compound 200 400 800 1000

1 [Cu(GH3eN1.SCL)ICl, | 42.52 +0.028] 45.55+0.084 46.32+0.151 48.72146
2 [Cu(GeHa2N12$:02)]Cl; | 50.61 +0.056] 53.85+0.038 54.68 +0.086 58.68056
3 [Cu(GiH3eN1.$,0,)]Cl, | 28.22 +0.083| 31.24+0.177 33.65+0.200 40.620892
4 [Cu(GegH3eN1.SClR)ICl, | 33.19 +0.036] 36.96 £ 0.028  37.69 £ 0.092 42.68086
5 [Cu(CyHaaN1,$,0,)]Cl, | 36.16 +0.046| 35.96 £0.024 36.14 + 0.044 35.94022
6 [Cu(GeH3aN1.S$,04)]Cl, | 38.18 +£0.082] 37.18 £0.079 37.46 +0.093 38.100384

Spectroscopic Characterization

The main IR vibration bands of all macrocyclic QL) ¢complexes are shown in Fig.7. Upon co-ordinatichange

in thev (C=S),v(C=N) andv (N-H) wave numbers, as compared to the valuesddointhe thiosemicarbazone were
observed for complexes 1-6. They were found to basistent with the tridentate coordination of the
thiosemicarbazone derivatives through the thidatéur and azomethine nitrogen atoms [59]. The oerice of the

v (N-N) band at higher frequencies in the IR specfrdne complexes as compared to those observetiddigands,
confirmed coordination through the azomethine gigr atom [60]. Ther (C=S) bands at 801-860 &nin the
spectra of free thiosemicarbazones shifted to #82-786) crit range in the complexes, thereby indicating
coordination through the sulfur atom. These shifislower frequencies were found to be consisterih wi
deprotonation and formation of a C-S single borid (Big. 7).
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Complex 1 ofplex 2

Complex3 Complex4

Complex5 Complex6
Fig. 7. IR Spectra of Complexes 1-6
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Fig. 8.*HNMR Spectra of Complexes 1-6

"HNMR Spectra

The '"HNMR spectra of the complexes were obtained in GD¥EIroom temperature using TMS as an internal
standard. The aromatic region showed a sharp siagie7.40 ppm assigned to the phenyl protons and desing
52.55 ppm due to methyl protons. The O-H proton phanolic group showed a sharp singled®t.47 ppm. The
multiplets observed in the region 6.81-7.93 ppmenassigned to the aromatic ring protons of carbanmhe and
the thiosemicarbazide moiety [62]. ThéNWR spectra of metal complexes showed signals sparding to —Ch]
—NH,, =NH (hydrazone) and —OH protons at 2.28 (5, 3t%0-7.48 (M, 3H), 8.059-8.38 (2H), 10.09 (s, 1kHga
11.83 (s, 1H), respectively. The NMR spectrum otahehelates confirmed the participation of -N¢toup and
imino —NH group in the coordination with metal iof®me hydrogen atom valuesdofvere not observed precisely
due to overlapping with the signals of the aromhidrogen atoms of carbohydrazone ligalNMR integration
and signal multiplicity were found to be in agreemwith the proposed structures. In th$\NMR spectra of the
complexes, a high frequency shift of Ca (0.13 pphar),the methyl hydrogen atoms (C-@Has compared to the
spectra of the thiosemicarbazones, confirmed coatidin through the azomethine nitrogen atom. Tha dbtained
from the electronic spectra of the complexes in,ClH solutions have been given in the experimentalicect
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Electronic spectra of Cu (Il) complexes exhibitehtis in the range 15,270-16,680cand 18,200-19,200 ¢hm
respectively corresponding to the transitions (Blg.

BCNMR spectra

The*CNMR spectra of synthesized macrocyclic Cu (Il) ptewes indicated new resonances at 20.43, 20.452 20
(-CHs), 126-129.37, 128.22-129.32, 123.78-147.83 (Ar410.06, 119.13, 118.9 (C=N) and 38.86-40.11, 39.01
40.26, 38.88 corresponding to respective compléx@scomplexes. Fig. 9 depicts the respectf@\MR spectral
assignments (ppm) of complexes 1-6.
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Fig. 9.**CNMR spectra of Complexes 1-6
CONCLUSION

This paper describes the synthesis and charadierizzs well as anticancer, antibacterial and aidant evaluation
of the macrocyclic copper (Il) complexes derivednfrthe thiosemicarbazide. All Cu (II) macrocyclicneplexes
were synthesized and well characterized in detaiFBIR, 'HNMR, **CNMR and LC-MS analysis. The Cu (Il)
complexes were in a distorted octahedral environméth the ligand having a tetradentate (C, N) atieg motif.
Five of the six Cu (Il) complexes showed significBmvitro cytotoxic activity against human breast cancelr et
MCF-7. Further studies would entail studying theritro cytotoxic effect of the complexes against otherces cell
lines viz. lung, colon, ovarian etc., followed inyvivo studies in animal models as well as itneitro effect of the
complexes on various normal cell lines. More deth#tudies are needed to understand the mechaofsamton at
the cellular level and the role of the metal.

Cell shrinkage and rounding, membrane blebbingyrolatin condensation and nuclear fragmentationrapoitant
characteristics of apoptosis. In our study, prominaorphological changes, which are associated aptbptosis
viz. live cell rounding, cell shrinkage and nuclé@gmentation, were observed when MCF-7 breasterarell line
was treated with the macrocyclic Cu (I1) complefas10 h. The data reported in this article mightve helpful
guide for medicinal chemists working in this area.

Investigation of antibacterial screening data réagtahat complexes 1-6 exhibited significant anttbaal activity
againstB. subtilis S. aureusndE. coli

All complexes were found to possess potent antaicactivity in the range of 80-90% when screerwdtlieir
radical scavenging activity against® [63-68]. Many present day diseases are reportdx tdue to an impaired
balance of the pro-oxidant-antioxidant homeostaltienomenon in the body. Pro-oxidant conditions dawei either
on account of increased generation of free radicalsed by excessive oxidative stress, or due @o savenging
in the body caused by depletion of the dietarycadiants. Reactive oxygen species differ signifibam their
interactions and can cause extensive cellular dangagh as nucleic acid strand scission, modifinatd
polypeptides, lipid peroxidation etc [SAntioxidants are the first line of defense agaiinsé radical damage, and
are critical for maintaining optimum health. Theedefor antioxidants becomes even more critical wittreased
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exposure to free radicals. As part of a healthestifle and a well-balanced, wholesome diet, ardani
supplementation is how being recognized as an itapbmeans of improving free radical protection.

The macrocyclic ligands are highly significant imiborganic chemistry, catalysis as well as extoacof metal
ions etc. Macrocyclic ligands in complex with triiosy metal ions show some interesting propertied biological
functions such as being models for metalloproteiresd oxygen carrier systems. Keeping the abowe fiagnind
and in continuation of our research work, the pregaper reports the synthesis, characterizationesaluation of
biological activity of macrocyclic Schiff base ligh complexes derived from the condensation of darh@zone
with thiosemicarbazide and hydrated copper chloritteese complexes have the potential to emergeadinig
candidates for drug development, if studied andeswed further for thein vivo effects.
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