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Abstract: A series of binary metal complexes (halo, hydroxyl and methoxy
substituted bis(2-(E)acryloyl)naphthalen-1-yl)oxy)Cu(Il) and Zn(Il) (Cl1-
—C10)) of Cu?* and Zn*' ions derived from bi-coordinated hydroxylated 1,3-
-diaryl-2-propene-1-ones were synthesized. The newly synthesized metal com-
plexes were structurally determined by FT-IR, 'H-NMR, !3C-NMR, ESR
spectral, XRD and TGA analyses. The FT-IR and ESR studies demonstrated
that interactions between metal ions with ligands occur through carbonyl oxy-
gen and deprotonated hydroxyl oxygen and correspond to square-planar geo-
metry for all complexes. The metal complexes were screened in-vitro and eva-
luated for their antimicrobial and cytotoxic activities. The complexes C1 and
C4 showed significant antimicrobial activity while the remaining complexes
showed moderate antimicrobial activity against the tested pathogens. The com-
plexes were evaluated for cytotoxic activity against the organism Artemia sal-
ina. Complexes C2—C5 exhibited LCs, values of 630.45, 969.99, 921.94 and
918.41 uM mL"!, respectively. Furthermore, the complexes were evaluated for
their anticancer activity against the liver cancer cell line Hep G2 in comparison
with the 5-fluorouracil standard. Complex C5 showed a significant /Cs, value
of 58.94 ug mL!. Therefore, the present study is useful for the development of
a new class of antimicrobial and anticancer agents.

Keywords: metal complexes; 1,3-diaryl-2-propene-1-one derivatives; antimic-
robial activity; cytotoxicity; anticancer activity.
INTRODUCTION

1,3-Diaryl-2-propene-1-ones are recognized as chalcones. Chalcones occur
in nature in many plants or are synthesized in laboratories. They serve as bio-
genic key precursors of flavonoids in higher plants.1=3 The presence of two elec-
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trophilic reaction centres enables them to participate in the synthesis of hetero-
cyclic compounds.# They demonstrate a wide range of biological activities, such
as antiviral,’ anti-inflammatory, anticancer, antimicrobial,® antioxidant’ and
antimalerial activities.® The biological activity of chalcones may be due to the
presence of a reactive keto vinyl group that demonstrates static properties against
pathogens.?

Chalcones contain an a,f-unsaturated carbonyl system with a reactive keto-
ethylenic group. The presence of an a,f-unsaturated carbonyl system makes chal-
cones very important in organic chemistry.10 The versatility of chalcones arises
from their distinctive combination of functional groups. Chalcones and their deri-
vatives can act as chelating agents towards metals to form stable complexes.
They are well known as effective metal ion chelators to form metal-coordinated
compounds. They provide three centres to interact with metals, i.e., functional
groups present on the aromatic ring, the keto—enol moiety and the olefinic
moiety.!! The heterodiene molecular functionalities form stable complexes with
transition and non-transition elements.12

In recent years, there have outstanding developments in several areas of
pharmaceutical science. The wide range of biological activities associated with
chalcone-based complexes has explored their therapeutic potentials.!3-14 Tran-
sition metal complexes as medicinal compounds posses a great diversity in their
action, such as anticancer, antiviral, antimalarial, antitubercular, anti-amoebic,!>
anti-infectivel® and antidiabetic properties.17-18 Metal ions play essential roles in
biological processes. Thus, on coordination, ligands could increase their bioact-
ive profile or some inactive ligand could posses medicinal properties.!® Copper
plays a key role in several enzymes and coenzyme in biochemical processes,
because of its bio-essentiality, its complexes are expected to be less toxic in rec-
ent medicinal complexes.20 Zinc is another important transition metal in living
organism that plays a critical role in physiological processes.2! Zinc can adopt
different geometries with different coordination numbers; they have good phar-
macological profiles?? as anti-radio agents and tumour photosensitizes.23-24 Zinc
complexes have been used for the treatment of Alzheimer disease.25 In view of
the above importance of metal complexes, first metal complexes of Cu(Il) and
Zn(II) ions were synthesised and then their antimicrobial and cytotoxic activities
evaluated.

EXPERIMENTAL
Chemical material and methods

Starting materials, solvents and reagents were purchased from commercial sources and
used without purification. FTIR spectra were recorded as KBr pellets on a Perkin Elmer
System 2000. '"H-NMR and '3C-NMR spectra were acquired on a Bruker Avance NEO500
spectrometer at 500 and 125 MHz, respectively. XRD was performed on an Ultima IV, Rig-
aku Corporation, X-ray diffractometer. TGA analysis was realised on a Mettler Toledo instru-
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ment under an inert atmosphere. ESR analysis was performed on an ESR-JEOL, JES-FA200
ESR spectrometer with the X band (8.75-9.65 GHz) at room temperature.
The preparation of 1,3-diaryl-2-propene-1-ones ligands were reported in a previous work.?

Synthesis of [Cu(Ln)yJand [Zn(Ln),] complexes (CI-C10)

A warm methanolic solution of metal chloride (CuCl,-2H,0O and ZnCl, (0.25 mmol,
10 mL)) was added drop wise under constant stirring to a sodium methoxide solution (at pH
7.0-8.0) of ligand 2'-hydroxy chalcones (0.50 mmol, 20 mL). Then, the resultant reaction
mixture was refluxed continuously for 3 h. On cooling the solution to room temperature, a
brown solid mass separated which was filtered and washed with warm methanol and stored in
a CaCl, desiccator (Scheme 1, Table I). All the complexes gave satisfactory characterization
data.
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Scheme 1. Representation of the synthesis of Cu(II) and Zn(II) square planar complexes
C1-C10.

TABLE I. Synthesized Cu(II) and Zn(IT) complexes

Complex X R R, Ry Ry Rs
C1: [Cu(L)),] I OH 1 H 1 H
C2 : [Cu(L,),] Br H H Cl H H
C3 : [Cu(Ls),] Br cl H H H cl
C4 : [Cu(Ly),] Br cl H cl H H
C5 : [Cu(Ls),] Br H OH OH H H
C6 : [Zn(Lg),] Br H H OCH; H H
C7 : [Zn(L,),] Br H H Br H H
C8 : [Zn(Lg),] Br H H OH H H
C9 : [Zn(Ly),] Br H H F H H
C10 : [Zn(L,),] I H OH OH H H

Antimicrobial activity

In-vitro antimicrobial activity of compounds was evaluated by the Agar cup plate method
against the Gram-positive bacteria Staphylococcus aureus (ATCC6538) and Gram-negative
bacteria Escherichia coli (ATCC8739), and the yeast Candida albicans (ATCC10231). The
activity was evaluated against the antibacterial standard drug ampicillin and the antifungal
standard drug fluconazole. Stock solutions of each complex and the standard drugs were pre-
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pared in dimethyl sulfoxide to obtain a concentration of 1 mg mL-!. The bacterial slant was
incubated at 35 °C for 24 h. Soyabean casein in digest agar media and fungal slant was incub-
ated at 25 °C for 72 h in sabourauds dextrose agar media. After incubation, the well grown
slant was inoculated in saline solution and adjusted to a viable count of 107 colony forming
unit (CFU mL-!). These culture suspensions were inoculated on Mueller—Hinton agar and 100
pL of sample solution was added to each well created on plates with a cork borer. Standard
drug controls and a blank control were run for each test. Then the plates were incubated at 35
°C for 24 h for the bacteria and for the yeast and mould at 25 °C for 48 h to examine the zone
of inhibition. All the experiments were performed in triplicate and the average zone of inhi-
bition is reported.

The minimum inhibitory concentration of each complex was evaluated against the stan-
dard concentrations. The different concentrations of sample and standard of 1, 0.5, 0.25 and
0.12 mg mL"! were prepared in dimethyl sulfoxide by serial dilution. A volume of 100 pL was
added into each well. Standard and blank controls were run for each test. After incubation, the
lowest concentration of test solution with no visually detectable bacterial growth was con-
sidered as the minimum inhibitory concentration.

Cytotoxic activity

In-vitro cytotoxic activity was screened against the organism Artemia salina. Test solut-
ions with concentrations 1, 10, 100 and 1000 uM mL! were prepared in dimethyl sulfoxide.
Brine solution 0.1 mL and 10 shrimps were added in different test tubes. Each test tube was
treated with test solutions of different concentrations, except the blank control. The blank con-
trol and test solutions were incubated at room temperature (28-30 °C) under strong aeration
conditions for 24 h. After incubation, the nauplii were counted in the stem of capillary against
a light background. The percentage mortality was obtained using the following formula:

Mortality, % = 100(Total nauplii — Alive nauplii)/Total nauplii

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was per-
formed against the liver cancer cell line Hep G2. The assay was evaluated against a standard
20 pg mL! solution of 5-fluorouracil prepared in dimethyl sulfoxide. Test solutions with con-
centrations of 200, 400, 600, 800 and 1000 ug mL! were prepared in dimethyl sulfoxide. Cell
line (HepG2) at a concentration of 10* cells per well was cultured in 100 uL culture medium
in 96 well flat bottom microplates. Controls were run to determine the control cell survival
and the percentage of live cells after culture. Control wells containing DMSO (0.2 % in PBS)
and cell line and all sample wells in triplicate were incubated in a 5 % CO, incubator for 24 h
at 37 °C. After incubation, the medium was completely removed and 20 pL of MTT reagent
(5 mg mL"! in PBS) was added to each well. Then the cells were incubated for 4 h at 37 °C in
a CO, incubator. The resulting formazan crystals were dissolved in 200 uL DMSO and the
absorbance was measured spectrophotometrically at 550 nm after 10 min incubation at 37 °C.
The inhibition induced by each tested compound at the indicated concentrations was calcul-
ated using the following formula:

Inhibition, % = 100(Control absorbance — Test absorbance)/Control absorbance
RESULTS AND DISCUSSIONS

The Cu(Il) and Zn(Il) metal complexes were synthesized by the general pro-
cedure mentioned above in the experimental section. All the metal complexes
were brown coloured and stable towards air and moisture at room temperature.
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All these metal complexes are insoluble in most organic solvents except DMSO
and DMF.

FT-IR Spectra

FT-IR analysis of the complexes was performed using the KBr pellet tech-
nique. The observed results were compared with those of the ligands and are tab-
ulated in Table II. The —OH group in the ligands was confirmed by the presence
of corresponding stretching bands at around 3234-3431 cm~! whereas this char-
acteristics band disappeared on complex formation. This is due to deprotonation
of the hydroxyl proton and coordination of the central metal ion through the oxy-
gen. The presence of surface or uncoordinated water molecule in the complex
was confirmed by the presence of a broad band in the range 3234-3432 cm™1.
The vibrational bands observed in the ligands and complexes in the range 1523—
1644 cm!, 1433-1607 and 1207-1294 cm™! confirmed the presence of C=O0,
C=C and C-O groups, respectively. While the band observed around 468-602
cm! arises from metal-oxygen bond stretching (M—O) in the formed complexes.
The data for the FT-IR analysis of the ligands and synthesized complexes are
presented in Table II.

TABLE II. IR frequencies (cm™) of the ligands and their complexes; * — characteristics IR
stretching frequencies of ligand2®

Ligand and Bond

complex OH H,0 C=0 Cc=C C-O M-O
L* 3418.97 - 1627.99 1576.87 1268.25 -
Cl : [Cu(L,),] - 34348 16432 14330 12072 558.3
L,* 3415.02 - 1630.88 1576.87 1293.33 -
C2 : [Cu(Ly),y] - 34106 15235 14912 1256.5 526.5
Ly* 3234.8 - 1624.7 1591.0 1266.80 -
C3 : [Cu(Ly),] _ 34637 16351 16062 12557 599.4
Ly* 3400.00 - 1621.4 1590.20 1266.00 -
C4 : [Cu(Ly),] - 34638 16338 15727 12512 601.9
Ls* 3431.00 - 1625.40 1591.50 1266.40 -
C5 : [Cu(Ls),] - 34163 16118 15855 12535 594.1
Lo* 3432.0 - 1625.2 1606.20 1262.30 -
C9 : [Zn(Lo),] _ 34346 16351 15475 12498 468.7

Powder X-ray diffraction analysis

The X-ray powder diffraction analysis was performed on an X-ray powder
diffractometer with the scanning mode parameters: 26/, scanning type; con-
tinuous, X-ray; 40 kV/20 mA, fixed monochromator within the 26 range 10 to
90° at a step 0.02°. To observe the novelty of the synthesized complexes, a
comparison was made between the observed patterns and reported patterns with
peak search method. The measurements showed peaks present at different 26
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values. From these values, the grain size, dislocation density, strain and unit cell
parameters were calculated and are given in Table III.

TABLE III. Crystal data and structure refinement for bis((4-bromo-2-((E)-3-(4-chlorophe-
nyl)acryloyl)naphthalen-1-yl)oxy)copper(I) (C2) and bis((4-bromo-2-((E)-3-(4-fluorophe-
nyl)acryloyl)naphthalen-1-yl)oxy)zinc(II) (C9)

Complex [Cll(C]gH] 102BI'C1)2] [Zn(C19H1 IOZBrF)z]
Empirical formula Cu (C38H2204Br2C12) ZI’I(C38H2204BI'2F2)
Formula weight 836.84 805.76
Temperature, K 298 298

Crystal system Cubic Cubic

Space group Fm—-3m Fm—3m

alA 5.6384 5.6382

b/A 5.6384 5.6382

clA 5.6384 5.6382

al° 90 90

ple 90 90

ylo 90 90
Volume, A3 179.25 179.23

V4 4 4

Pealc/ g cm™ 31.009 29.860

w/ cm! 330.933 164.189
Crystallite size, nm 29.76360 30.54437
Dislocation density, nm 1.12883 1.07186
Micro strain 6.63928 8.52797

Thermogravimetric analysis

The TGA analyses were performed on a Mettler Toledo instrument under an
inert atmosphere. From the thermogram, it can be seen that a first weight loss
step was observed in the range 30—100 °C. The weight loss continued gradually
in second step in the range 100-800 °C. Weight loss in first step was due to the
loss of uncoordinated water molecule then further weight loss in second step was
due to the removal of ligands from the metal atom. The final residue was undet-
ermined. Thus, the thermograms of studied complexes showed that almost all the
complexes started to lose weight at a relatively high temperature, indicating the
absence of coordinated water.

Magnetic moments

Zn(Il) is diamagnetic, the Cu(Il) complexes are paramagnetic and exhibit
magnetic moments at room temperature in the solid state. The Cu(Il) complexes
showed magnetic moments in the range 1.84-1.95 BM, suggesting one electron
in a square planar environment.
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ESR analysis

The ESR analysis of the synthesized complexes was performed at room tem-
perature. From the spectrum, the calculated value of g and gL are respectively
2.2497 and 2.0972, and 2.0509 and 2.0066 for the C1 and C9 complexes respect-
ively. The trend g > gL > g. observed for the complexes indicates that the obs-
erved complexes have square planar geometry and that the unpaired electron lies
in a dx2—2 orbital.

!H-NMR and 13C-NMR analysis

In the 'H-NMR analysis, peaks observed at § values 7.760-8.578 ppm indi-
cate the presence of aromatic protons and the peaks present at § = 7.110 ppm and
6 = 7.740 ppm revealed olefinic Hy, and Hg protons, respectively, with a coupling
constant value of 16 Hz. The peak present at 6 5.4 ppm indicates the presence of
a phenolic —OH group. While the absence of a characteristic peak at 6 = 14.0
ppm for 2'-hydroxynapthyl proton confirms the formation of the complexes. In
the 13C-NMR analysis, the peaks observed in the § value range 100 to 183 ppm
indicate the presence of aromatic and olefinic carbons, the peak present at J 188
ppm indicates the presence of a carbonyl carbon and the peak present at 89 ppm
indicates the presence of a C—I bond.

Antimicrobial activity

The in-vitro antimicrobial activity of the complexes and their ligands are
presented in Table I'V.

TABLE IV. Antimicrobial activity of the complexes and their ligands; * — growth inhibitory acti-
vity of ligand against the tested pathogens26

Compound S. aureus E. coli C. albicans

Average zone of Activity Average zone of Activity Average zone of Activity
inhibition, mm index inhibition, mm index inhibition, mm index

L* - 1.2471 - 0.8358 - 1.03132
C1: [Cu(L)),] 19.84 1.3018 12.97 0.9120 18.63 1.14505
L,* - 0.5914 - 0.8749 - 0.82447
C2 : [Cu(L,)s] 11.37 0.7460 13.95 0.9810 19.64 1.20712
Ly* - 0.8131 - 0.6981 - 0.86288
C3: [Cu(Ls),] 14.70 0.9645 11.25 0.7911 15.33 0.94222
Ly* - 0.7841 - 0.8309 - 0.84220
C4 : [Cu(Ly),] 14.15 0.9284 13.55 0.9528 15.92 0.97848
Ls* - 0.8218 - 0.7096 - 0.77069
C5 : [Cu(Ls),] 14.91 0.9783 13.49 0.9486 17.48 1.07437
Lo* - 0.5920 - 0.6826 - 0.76950
C9 : [Zn(Ly),] 11.14 0.7309 12.69 0.8924 15.17 0.93239
DMSO No zone - No zone - No zone —

Ampicilin 15.24 - 14.22 - - -

Fluconazole — - — — 16.27 —
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Complexes C1, C4 and C5 exhibit potent antimicrobial activity against the
tested pathogens, complexes C2 and C9 display significant antibacterial activity
against Echerchia coli and antifungal activity against Candida albicans, while
complex C3 showed moderate antifungal activity against the pathogen Candida
albicans. The activity of all complexes was enhanced compared to those of the
corresponding ligands. This is because the synthesized complexes are bi-coor-
dinated, and their ligands are associated with multiple halogen or hydroxyl sub-
stituents. These substituent supports boost the pharmacological activity.

The minimum inhibitory concentrations of complexes were determined
using concentrations of 1.0, 0.5, 0.25 and 0.12 mg mL-!. The observed MIC
values of complexes and respective ligands are presented in Table V. The com-
plexes C1 and C4 exhibited a significant MIC value of 0.12 mg mL-! against all
pathogens. The complex C2 and C5 show a significant MIC value of 0.12 mg
mL-1 against the pathogen E. coli and C. albicans. The complexes C3 and C9
shows a moderate MIC value of 0.25 mg mL~! against the pathogen E. coli and
C. albicans. All complexes showed improved MIC values with respect to their
respective ligands The increased potency is due to the presence of pharma-
cological active halogens or hydroxyl substituents in the ligands.

TABLE V. MIC values (mg mL!) of complexes and their ligands; a positive sign (+) indicates
growth on the plate, a negative sign (-) indicates no growth on the plate; * — MI/C mg mL"!
displayed by the ligands2¢

Ligand and Pathogc.en 5
complex S. aureus E. coli C. albicans

1.0 05 025 012 1.0 05 025 0.12 1.0 05 025 0.12
Ll* - - - - - - - + - - - -
Cl1:[Cu(Ly),] - - - - - - — — — - — —
L,* - - + + - — — + - - - +
C2 . [Cu(Lz)z] — — + + - - - - - - - -
Ly* - - - + - - + + - - - +
C3:[Culz),] - - - + - - - 4+ - - - 4
L4* - - + + - - - + - - - +
C4 :[Cu(Lg),] - - - - - - — — — - — —
Ls* - - - + - + o+ - + +
C5:[Cu(Ls),] - - - + - - - - - - - _
Ly* - + + + - + + + — + + +
C9: [Zn(Ly),] - - + + - - - + _ _ _ +
Ampicilin - - - + - - - +
Fluconazole + + + +

Cytotoxic activity

In a previous work, a series of ligand was synthesized with different substi-
tuent and their biological activity were examined. It was observed that some of
them showed significant biological activity. The metal ion plays a significant role
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in a bioactive profile. Upon coordination of the ligand with a metal ion, the bio-
active profile may be enhanced and so it was our interest to evaluate those com-
plexes which are associated with previously studied biological active ligands.
Hence, complexes C1-C5 and C9 were selected for evaluation and their
activities were studied and compared in the respective tables.

The cytotoxic activity of the synthesized complexes was screened in terms of
their effect on live cells of the organism Artemia salina. Cytotoxic activity was
evaluated in percentage mortality after treatment of test solution of different con-
centrations on live cells of A. salina. All the complexes displayed significant
cytotoxic activity. The observed results are given in Table VI. Complexes C3—
—C5 demonstrated LCsg values of 630.45, 969.99, 921.24 and 918.41 pM mL-1,
respectively. These values show that C2—C5 are more potent than C1 and C9.
Complexes C2—C4 contain —Cl and —Br substituents at the ortho and para posit-
ion of the aromatic ring, whereas C5 has —OH at the meta/para position of the
aromatic ring and —Br substituent at the para position of the naphthyl moiety.
Complexes C1 and C9 possess —OH, —I and —Br, —F substituent, respectively, are
potentially active. All complexes are associated with a copper metal ion except
complex C9 that is associated with a zinc metal ion. From these observations, it
could be concluded that complexes associated with a copper metal ion and the
substituents —Cl, Br, -OH may lead to significant cytotoxic activity.

TABLE VI. Cytotoxic activity in terms of percentage mortality; ND — not detected; * — cyto-
toxicity and LCs, shown by the ligands2®

Mortality, %

Complex Sample concentration, uM mL! LCsy/ pM mL-!
1 10 100 1000
L* 70 70 80 80 ND
Cl1: [Cu(L),] 70 70 80 90 ND
L,* 30 40 40 50 997.14
C2 : [Cu(L,),] 30 30 40 60 630.45
Ly* 90 90 100 100 ND
C3 : [Cu(L;),] 30 30 40 50 969.99
L,* 90 80 100 100 ND
C4 : [Cu(Ly),] 40 40 50 50 921.94
Ls* 100 100 100 100 ND
C5 : [Cu(Ls),] 30 40 50 50 918.41
Lo* 90 90 100 100 ND
C9 : [Zn(Ly),] 90 90 100 100 ND
MTT Assay

The in-vitro anticancer activity was evaluated by the MTT assay. The
growth inhibitory activity of complexes was determined against the liver cancer
cells (HepG2). All complexes displayed inhibitory activity against liver cancer
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cells. The complexes C2—C5 were showed /Csq values of 392.64, 896.64, 490.40
and 58.94 ng mL-!, respectively (Table VII). These values specify that the C2—
C5 complexes are more potent than the C1 and C9 complexes. The complexes
C2—C4 have —Cl and —Br substituents at the ortho and para position of the
aromatic ring, whereas C5 has —OH at the meta/para position of the aromatic ring
and a —Br substituent at the para position of the naphthyl moiety. The complexes
Cland C9 possessing —OH, —I and —Br, —F substituents at the respective position
showed moderate activity. All complexes associated with a copper metal ion and
complex C9, which is associated with the zinc metal ion, show potency in
anticancer activity. From these observations, it was concluded that the complexes
associated with the copper metal ion and the attached substituents —Cl, Br, -OH
may lead to significant anticancer activity.

TABLE VII. The ICs, values of the complexes and their ligands; standard, 5-flurouracil:
97.22 uM mL-!; * — The ICs, values shown by the ligands26

Complex ICs5y/ uM mL"! Ligand ICsp* / uM mL"!
C1:[Cu(L)),] >1000 L, ND

C2 : [Cu(L,),] 392.64 L, 416.66

C3 : [Cu(L;),] 896.64 L; ND

C4 : [Cu(Ly),] 490.40 L, 536.66

C5 : [Cu(Ls),] 58.94 Ls 91.85

C9 : [Zn(Ly),] >1000 Lo ND

CONCLUSIONS

Novel Cu(Il) and Zn(II) complexes with hydroxylated 1,3-diaryl-2-propene-
-1-ones ligands were synthesized. All the metal complexes were characterized by
various spectroscopic and analytical techniques. The data suggested a square
planar structure of Cu(Il) and Zn(II) complexes with 1:2 (metal:ligand) stoichio-
metry. Their in-vitro antimicrobial activity was evaluated by the agar cup plate
method against gram positive bacteria Staphylococcus aureus and Gram-negative
bacteria Echerchia coli and the yeast Candida albicans. All complexes showed
enhanced antimicrobial activity than its ligands. The complexes C1 and C4
showed the significant activity with MIC values of 0.12 mg mL~! against all the
tested pathogens. The complexes C2 and C5 showed significant activity with
MIC values of 0.12 mg mL-! against the E. coli and C. albicans and the com-
plexes C3 and C9 showed moderate activity with MIC values of 0.25 mg mL~!
against E. coli and C. albicans. Their anticancer activity was evaluated against a
liver cancer cell line. The complex C5 showed significant activity with an /Csg
value 58.94 ug mL-!, while complexes C2—C4 showed moderate activity with
ICs( values 392.64, 896.64 and 490.40 ng mL-!, respectively. Hence, the com-
plexes contained pharmacological active substituents, such as hydroxyl, chloro
and bromo at the ortho and para positions of the aromatic ring, shows potentially
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antimicrobial and anticancer activity. Therefore, this synthetic methodology and
antimicrobial results serve as preliminary screening for the development of new
antimicrobial and anticancer agents by new complex synthesis.

SUPPLEMENTARY MATERIAL

Additional data are available electronically at the pages of journal website: https://
//www.shd-pub.org.rs/index.php/JSCS/index, or from the corresponding author on request.
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H3BO[
CUHTE3A, KAPAKTEPU3ALIMJA, AHTUMHUKPOBHA U TUTOTOKCHYHA
HUCIIUTUBAKBA KOMIIJIEKCA BAKPA(II) U HTMHKA(II) CA XUJPOKCHUJIIOBAHUM
BUJIEHTATHHUM 1,3-0DUAPUJI-2-TTPOIEH-1-OH ITUTAHIUMA

PRAVINKUMAR PATIL' u SAINATH ZANGADE?
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OmnucaHa je cUHTe3a paslIMYUTUX OMHAPHUX KOMILIEKCA MeTasa (XaaoreH, XUAPOKCHI U
METOKCH CymncTuTyucaHu Ouc(2-(E)-axpuionn)HadranesH-1-un)okcu)-dakap(Il) u uuak(ID),
C1-C10) xoju campske XHUIPOKCUIOBaHe DUIEHTATHO KOOpAUHOBaHe 1,3-muapun-2-nponeH-1-
-oH nuranzie. CHHTETHCAHH KOMIUIEKCH Cy CTPYKTYDHO okapakTepucanu momohy FT-IR, 'H-
-NMR, 13C-NMR, ESR cnekrpockonuje, XRD u TGA ananuse. Ha 6a3u FT-IR u ESR ucnu-
THBamwa MOTBPH)EHO je Aa Cy JUraHiv NpeKko KapOOHWIHOT U NEeNpPOTOHOBAHOI XUAPOKCHIIHOT
aToMa KHUCEOHHMKa OW/IEHTaTHO KOOPAWHOBAHH 3@ joHE MeTala U Ia CBU KOMIUIEKCH HUMajy
KBaZlpaTHO-IUIaHApHY reOMETpHjy. M3BpiueHa cy in-vitro MCNUTHBaba aHTUMUKPOOHE U LIUTO-
TOKCHYHE aKTUBHOCTH KoMIuekca. Kommnexcu C1 u C4 cy nokasany 3HayajHy aHTUMUKPOOHY
aKTHUBHOCT, JIOK je aKTMBHOCT OCTaJIMX KOMILUIekca Ouna ocpeama. HMcnuTvBaHa je LIUTOTOK-
CHYHA aKTUBHOCT KOMIUIEeKca mpema Artemia salina. 3a xomminexkce C2—-C5 mobujene cy cie-
nehe ICs, Bpeanoctu: 630,45, 969,99, 921,94 u 918,41 pM mLL. ITopen Tora, ucnuTHBaHa je
aHTUTyMOPCKa aKTUBHOCT KOMIUIEKca mpemMa Tymopckoj henujckoj nuuuju jerpe (Hep G2),
npu ueMy je komiuiekc C5 moxasao Hajsehy akTHBHOCT y ofHOCY 5-Giyopoypanui cTaHmaprh
(IC59 = 58,94 pg mL™). [obujeHn pe3yntaTH Cy Of 3Hauaja 3a pa3Boj HOBe Kjlace aHTUMUK-
POOHHUX ¥ aHTUTYMOPCKHX areHaca.

(ITpumsseHo 1. centemdpa, peBunupano 14. okrodpa, mpuxsaheno 2. Hosemdpa 2020)
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