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Abstract

2,2'-((1Z-1'Z) (1,3-diphenylpropane-1,3-diylidene) bis (azanylylidene)) dibenzoic acid (H,L) Schiff base ligand, derived
from condensation reaction in a molar ratio 2:1 between anthranilic acid and dibenzoyl methane, respectively. Cr(II1), Mn(II),
Fe(III), Co(II), Ni(Il), Cu(Il), Zn(II) and Cd(II) complexes were obtained from 1:1 (ligand: metal salt) reaction. Elemental
analyses, IR, "TH NMR, UV-Vis, ESR, mass spectra, conductivity, and magnetic susceptibility measurements as well as
thermal (TG/DTG) analyses have been used to conclude the molecular structure of the prepared complexes. From the ana-
lytical and spectroscopic tools, the stoichiometry of the complexes was found to be of ML type with octahedral geometry.
The conductivity values supported the electrolytic nature of Cr(IIl) and Fe(IlI) complexes and non- electrolytic nature of the
remaining complexes. From IR studies, the involvement of two azomethine nitrogen atoms and two carboxylate oxygen has
been proved as tetradendate binding sites of the ligand. Screening Schiff base and its complexes for their antimicrobial activity
against Streptococcus pneumoniae and Bacillus subtilis as G + bacteria; Pseudomonas aeruginosa and Escherichia coli as
G- bacteria) and fungi (Aspergillus fumigatus; Syncephalastrum racemosum; Geotricum candidum and Candida albicans)
has been conducted by disk diffusion method. The Comparison between the antimicrobial activity of the metal complexes
and the free ligand showed the advancement of the metal complexes. Unfortunately, no promising anti-tumor activity has
been detected for the ligand and its metal complexes as they were evaluated against human cancer (MCF-7 cells viability).
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Introduction

Schiff base ligands synthesized from the condensation reac-
tion of an amino compound with carbonyl compounds are
very essential ligands in modern coordination and medici-
nal chemistry. The Schiff base ligands and their metal com-
plexes widely used for industrial purposes such as pigments,
catalysts, intermediates in organic synthesis and as polymer
stabilizers [1]. They also exhibit a broad range of biological
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activities such as antibacterial, antifungal, herbicidal, anti-
inflammatory, anticancer, anti-diabetic, antileishmanial,
antitumor and antipyretic properties [2-5].

The azomethine function group (—C=N-) of the Schiff
base improve the formation of a stable complex. This link-
age has special importance in elucidating the mechanism of
transmination and racemization in biological system. The
Schiff base complexes are used in the treatment of many
diseases including cancer and as potential hypoxia-activated
prodrugs [6]. The interest in preparation of new metal com-
plexes gained the tendency of studying the interactions of
metal complexes with DNA for their applications in biotech-
nology and medicine. Deoxyribonucleic acid (DNA) is the
primary target molecule for most anticancer and antiviral
therapies according to cell biologists. Investigation on the
interaction of DNA with small molecules is important in the
design of new type of pharmaceutical molecules. Schiff base
constitutes an important class of nitrogen donor ligands and
occupy a prominent position among the recent achievement
in the field of coordination chemistry [6].
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Cu(II), Ni(Il) and Co(II) metal complexes which have
bioinorganic relevance have been prepared with Schiff
base ligand 2-furylglyoxal-anthranilic acid [7]. The results
of antimicrobial activity studies of the complexes against
some of the pathogenic bacteria and fungi confirm that metal
complexes are much more active as compared to ligand frag-
ments [7]. Novel Schiff bases have been reported by Kargar
et al. [§—13]. The in vitro biological activities of the synthe-
sized ligands and their copper(Il) complexes were evaluated
against Staphylococcus aureus and Escherichia coli. The
activity data showed that the metal complexes have a prom-
ising biological potential comparable with the parent Schiff
base ligands against bacterial species.

The aim of this work was to prepare eight novel metal
complexes of Cr(III), Mn(II), Fe(III), Co(II), Ni(II), Cu(Il),
Zn(IT) and Cd(II) from Schiff base ligand derived from a
condensation reaction of anthranilic acid with dibenzoyl
methane. Different physico-chemical techniques have been
employed to characterize the prepared ligand and its metal
complexes. Antimicrobial and anticancer activities of pre-
pared compounds have been evaluated. The biological and
antitumor activities revealed remarkable increase upon intro-
ducing the metal ions to the ligand center. Suggested molec-
ular structures of the metal complexes have been performed.

Experimental
Materials and reagents

All chemicals used were of the analytical reagent grade
(AR), and of highest purity available. Anthranilic acid,
dibenzoyl methane, CrCl;.6H,0, MnCl,.2H,0, FeCl;.6H,0,
CoCl,.6H,0, NiCl,.6H,0, CuCl,.2H,0, ZnCl, and CdCl,
were provided from Acros, Sigma, Prolabo, Aldrich, BDH,
Merck, and Strem Chemicals. Ethyl alcohol (90%), acetone
and dimethylformamide (DMF) were used as organic sol-
vents. Distilled water was usually used in all preparations.

Solutions

To prepare stock solutions of the Schiff base ligand and
its metal complexes of 1 x 107> M, an accurately weighed
amount of the complex was dissolved in dimethylformamide.
Solutions have been used for measuring their UV-Vis spec-
tra and molar conductivity.

Solution of anticancer study
Dimethylsulphoxide (DMSO) was used in cryopreserva-
tion of cells. RPMI-1640 medium (supplied in a powder

form) was used for culturing and maintenance of the human
tumor cell line and was. It was prepared by weighing 10.4 g
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medium which mixed with 2 g sodium bicarbonate, com-
pleted to 1 L with distilled water and shaked carefully till
complete dissolution. The medium was then sterilized by fil-
tration in a Millipore bacterial filter (0.22 Im). The prepared
medium was kept in a refrigerator (4 °C) and checked at
regular intervals for contamination. Before use, the medium
was warmed at 37 °C in a water bath and supplemented
with penicillin/streptomycin and Fetal Bovine Serum (FBS).
0.05% Isotonic Trypan blue solution was prepared in normal
saline and was used for viability counting. 10% FBS (heat
inactivated at 56 °C for 30 min), penicillin and streptomycin
were used for the supplementation of RPMI-1640 medium
prior to use. Trypsin was used for the harvesting of cells
while, acetic acid was used for dissolving the unbound SRB
dye. 0.4% Sulphorhodamine-B (SRB) dissolved in 1% acetic
acid was used as a protein dye. 50 ul of trichloroacetic acid
was added to 200 ul RPMI-1640 medium/well to yield a final
concentration of 10% used for protein precipitation. 100%
Isopropanol and 70% ethanol were used. Tris base 10 mM
(pH 10.5) was used for SRB dye solubilization. 121.1 g of
tris base was dissolved in 1000 ml of distilled water and pH
was adjusted by HCI acid (2 M).

Instruments

The molar magnetic susceptibility was measured on pow-
dered samples using the Faraday method. The diamag-
netic corrections were made by Pascal’s constant and
Hg[Co(SCN),] was used as a calibrant. Molar conductivi-
ties of 10 M solutions of the solid complexes in DMF
were measured using Jenway 4010 conductivity meter.
Mass spectra were recorded by the EI technique at 70 eV
using MS-5988 GS-MS Hewlett—Packard instrument at
the Microanalytical Center, National Center for Research,
Egypt. The X-ray powder diffraction analyses were carried
out using Philips Analytical X-ray BV, diffractometer type
PW 1840. Radiation was provided by copper target (Cu
anode2000 W) high intensity X-ray tube operated at 40 kV
and 25 mA. Divergence and the receiving slits were 1 and
0.2, respectively. FT-IR spectra were recorded on a Perkin-
Elmer 1650 spectrometer (4000-400 cm™") in KBr pellets.
'H NMR spectra, as a solution in DMSO-dg, were recorded
on a 300 MHz Varian-Oxford Mercury at room temperature
using TMS as an internal standard. Electron spin resonance
spectra were also recorded on JES-FE2XG ESR spectropho-
tometer at Microanalytical Center, Tanta University. UV—Vis
spectra were carried out on UV mini-1240, UV-Vis spectro-
photometer, Shimadzu. Microanalyses of carbon, hydrogen
and nitrogen were carried out at the Microanalytical Center,
Cairo University, Egypt, using CHNS-932 (LECO) Vario
Elemental Analyzer. Analyses of the metals followed the
dissolution of the solid complexes in concentrated HNO;,
neutralizing the diluted aqueous solutions with ammonia
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and titrating the metal solutions with EDTA. The thermo-
gravimetric analyses (TG and DTG) of the solid complexes
were carried out from room temperature to 1000 °C using a
Shimadzu TG-50H thermal analyzer. The anticancer activity
was performed at the National Cancer Institute, Cancer Biol-
ogy Department, Pharmacology Department, Cairo Univer-
sity. The optical density (O.D.) of each well was measured
spectrophotometrically at 564 nm with an ELIZA microplate
reader (Meter tech. R 960, USA). The antimicrobial activi-
ties were carried out at the Microanalytical Center, Cairo
University, Egypt.

Synthesis of Schiff base ligand

The Schiff base ligand (H,L) was synthesized by adding
dropwise dibenzoyl methane (17.83 mmol, 4 g) dissolved
in acetone to an ethanolic solution of anthranilic acid
(35.65 mmol, 4.89 g). The resulting mixture was magneti-
cally stirred and refluxed for about 2 h during which a green-
ish yellow solid compound was precipitated. The ligand
obtained was filtered, recrystallized, washed with acetone
and dried in vacuum.

FT-IR (KBr, v cm™'): (O-H) 3372sh, (C=N) 1612sh,
(C=0) 1671sh, (COO),qy, 1558sh, (COO)y,, 1419sh;
'"H NMR (300 MHz, DMSO, & ppm): 12.98 (s, H, OH),
7.34-7.54 (m, 10H, Ar H benzoyl methane), 7.57-8.18
(m, 8H, Ar H amino benzoic acid), 4.87 (s, 2H, CH,). The
molecular ion peak was found at m/z=461.78 amu, calcd:
462.00 amu. M.p.: 64 °C; yellow colour, percent yield:
90.0%. Anal. calcd for H,L: C, 75.32; H, 4.70; N, 6.06.,
Found: C, 75.30; H, 4.50; N, 6.04.

Synthesis of metal complexes

A mixture of hot ethanolic solution (60 °C) of the metal
chloride (8.65x 10~* mol) and the ligand (H,L) (0.4 ¢,
8.65x 107 mol) in a 1:1 molar ratio was prepared. The
resulting mixture was stirred under reflux for 1 h where-
upon the complexes were precipitated. After filtration and
purification done by washing several times with hot ethanol,
the metal complexes were collected.

[Cr(L)(H,0),ICl, Yield: (87%); Green colour; m.p:
100 °C; poq (B.M) 4.10; A, (27" mol™! em?) 70.0; FT-IR
(KBr, vem™!): (OH) 3382br, (C=0) 1694w, (C=N) 1605w,
(COO),5ym 1533 '3, (COO),,, 1407 s, H,O (rocking and wag-
ing vibrations) 925w and 842w, (M-O, coordinated water)
520w, M-0) 564w, (M-N) 431 m. Anal. Found: C, 59.36;
H, 4.03; N, 4.56; Cr, 8.78; Calcd: C, 59.64; H, 4.11; N, 4.79;
Cr, 8.91.

[Mn(L)(H,0),], Yield: (85%); Brown colour; m.p:
110 °C; poy (B.M) 5.98; A, (@' mol™! cm?) 8.0; FT-IR
(KBr, vem™): (OH) 3472w, (C=0) 1668w, (C=N) 1591 m,

(COO),5ym 1543 5, (COO),y, 1458w, H,O (rocking and wag-
ing vibrations) 925w and 853w, (M-O, coordinated water)
532w, (M-0) 556w, (M-N) 452w. Anal. Found: C, 63.09;
H, 4.06; N, 5.05, Mn, 9.95; Calcd: C, 63.16; H, 4.35; N,
5.08; Mn, 9.90.

[Fe(L)(H,0),ICl, Yield: (80%); Brown colour; m.p:
118 °C; p gy (B.M) 5.08; A, (7! mol~! cm?) 67.0; FT-IR
(KBr, v cm™!): (OH) 3426br, (C=0) 1697 m, (C=N)
1591 m, (COO) 45y 1526 s, (COO)yp, 14805, H,O (rocking
and waging vibrations) 934w and 834w, (M—O, coordinated
water) 543 m, (M-0) 564w, (M-N) 488 m. Anal. Found: C,
55.11; H, 3.14; N, 4.16, Fe, 9.08; Calcd: C, 55.21; H, 3.32;
N, 4.43; Fe, 9.51.

[Co(L)(H,0),], Yield: (82%); Brown colour; m.p:
170 °C; pogp (B.M) 4.97; A, (27" mol™! em?) 35.0; FT-IR
(KBr, vem™): (OH) 3402br, (C=0) 1689 m, (C=N) 1592 s,
(COO0),5ym 1537 s, (COO),,, 1408 s, H,O (rocking and wag-
ing vibrations) 950w and 869w, (M-O, coordinated water)
522w, M-0) 562w, (M-N) 419 m. Anal. Found: C, 62.41;
H, 4.17; N, 5.01, Co, 10.76; Calcd: C, 62.71; H, 4.32; N,
5.04; Co, 10.61.

[Ni(L)(H,0),], Yield: (87%); Green colour; m.p: >300 °C;
Her (B.M) 3.44; A, (7! mol™ ¢cm?) 30.0; FT-IR (KBr,
v ecm™!): (OH) 3403br, (C=0) 1691 m, (C=N) 1594 s,
(COO),5ym 1540 s, (COO)y,, 1406 s, H,O (rocking and wag-
ing vibrations) 927w and 871w, (M-O, coordinated water)
520w, (M-0) 564w, (M-N) 494w. Anal. Found: C, 62.45;
H, 4.23; N, 5.00, Ni, 10.55; Calcd: C, 62.73; H, 4.30; N,
5.04; Ni, 10.85.

[Cu(L)(H,0),]H,0, Yield: (80%); dark green colour;
m.p: 110 °C; p. (B.M) 1.68; A, (Q7!

mol™! cm?) 38.0; FT-IR (KBr, v cm™!): (OH) 3403br,
(C=0) 1690 s, (C=N) 1594 s, (COO) 5y, 1525 m, (COO),
1455 m, H,O (rocking and waging vibrations) 932w and
871w, (M-0, coordinated water) 545w, (M-0O) 568 m,
(M-N) 422 m. Anal. Found: C, 60.16; H, 4.36; N, 4.59, Cu,
10.98; Calcd: C, 60.25; H, 4.50; N, 4.84; Cu, 11.00.

[Zn(L)(H,0),], Yield: (86%); Brown colour; m.p: 184 °C;
Hegr (B.M) diamagnetic; A, (@' mol™" ecm?) 11.0; FT-IR
(KBr, vem™): (OH) 3499br, (C=0) 1606 s, (C=N) 1560 s,
(COO0),5ym 1508w, (COO),,, 1488 s, H,O (rocking and wag-
ing vibrations) 926w and 850w, (M-O, coordinated water)
539w (M-0) 583w, (M-N) 468w. '"H NMR (300 MHz,
DMSO, 6 ppm): disapear (s, H, OH), 6.46-7.51 (m, 10H,
Ar H benzoyl methane), 7.54-8.17 (m, 8H, Ar H amino ben-
zoic acid), 4.86 (s, 2H, CH,). Anal. Found: C, 61.63; H,
4.01; N, 4.53, Zn, 11.34; Calcd: C, 61.98; H, 4.27; N, 4.98;
Zn, 11.64.

[Cd(L)(H,0),], Yield: (83%); Brown colour; m.p:
220 °C; pogr (B.M) diamagnetic; A, (Q~' mol™' cm?)
9.0; FT-IR (KBr, v cm™!): (OH) 3473 s, (C=0) 1671 s,
(C=N) 1589 s, (COO) 5y 1555 m, (COO),y,,, 1418 s, H,0
(rocking and waging vibrations) 917 m and 863w, (M-O,
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coordinated water) 529w, (M-0) 566w, (M-N) 416w. 'H
NMR (300 MHz, DMSO, & ppm): disappear (s, H, OH),
6.26—7.53 (m, 10H, Ar H benzoyl methane), 7.56-8.75 (m,
8H, Ar H amino benzoic acid), 4.87 (s, 2H, CH,). Anal.
Found: C, 57.02; H, 3.90; N, 4.35, Cd, 18.08; Calcd: C,
57.19; H, 3.94; N, 4.60; Cd, 18.47.

Biological activity
Antimicrobial activity

The biological activity test was carried out using diffusion
agar technique [14—-16]. The method was followed as pre-
viously described [15]. Four investigated bacteria (Gram
positive bacteria: Streptococcus pneumoniae and Bacillus
Subtilis; Gram negative bacteria: Pseudomonas aeruginoa
and Escherichia coli) and fungi (Aspergillus fumigatus;
Syncephalastrum racemosum; Geotricum candidum and
Candida albicans) were used. By subtracting the diameter
of inhibition zone resulting with DMSO from that obtained
in each case, so antibacterial activity could be calculated
[17, 18]. Amikacin and ketoconazole were used as refer-
ence compounds for antibacterial and antifungal activities,
respectively. All experiments were performed as triplicate
and data plotted were the mean value.

Anticancer activity

The cytotoxicity of the tested compounds was performed
using the method of Skehan and Storeng [17] and the
method followed as previously described [17]. Different
concentrations of the compounds under investigation (0, 5,
12.5, 25, 50 and 100 pg/ml) were used and triplicate wells
were prepared for each individual dose. The survival curve
of breast tumor cell line for each compound was obtained
through plotting the relation between surviving fraction and
drug concentration and the percentage of cell survival was
calculated as reported [17].

Results and Discussion
Characterization of the Schiff base ligand

The Schiff base ligand prepared by the reaction of anthranilic
acid with dibenzoyl methane in a molar ratio 2:1. The ligand
is yellow stable powder at room temperature. It is soluble in
common organic solvents. The results of elemental analyses
obtained are in good agreement with those calculated for the
suggested formula of the ligand presented in the experimen-
tal part. The IR spectrum of H,L ligand indicates the forma-
tion of the Schiff base due to the presence of newly appeared
sharp strong vibration band at 1612 cm™! attributed to the
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azomethine group v(C=N) [19]. 'H NMR spectrum has been
used to ensure ligand structure and purity in d6-dimethylsul-
foxide (DMSO-dy) solution using Me,Si (TMS) as internal
standard [20]. The multiple in the region 7.34—8.18 ppm may
be assigned to aromatic ring protons while the carboxylic
acid group gives a sharp singlet at 12.98 ppm. The molecular
ion peak appeared at (m/z) 461.78 amu in the mass spectrum
of the H,L ligand confirmed the proposed formula in which
the ligand moiety is C,oH,,N,0, with an atomic mass 462
amu. The proposed structure of the symmetric Schiff base
ligand is given in Fig. 1.

Characterization of metal complexes

All the complexes are colored and stable to air and moisture.
They are soluble in DMF. The complexes were character-
ized by different techniques such as elemental analyses, IR
spectra, mass, '"H NMR and thermal analyses.

Elemental analyses of complexes

Metal complexes have been synthesized by the reaction of
the Schiff base dissolved in hot acetone with an ethanolic
solution of the corresponding metal salt in a molar ratio
1:1. The experimental elemental analyses of complexes are
in good compliance with the theoretical calculations. The
elemental analyses of metal complexes (C, H, N and M) with
molecular formula and the melting points are illustrated in
the experimental part.

Cx.
A
HZC/ N
| C
NS
Ce o~ o
SN (|)H
Ca
\O

2,2°-((1Z2,1°Z)-(1,3-diphenylpropane-1,3-diylidene)

bis(azanylylidene))dibenzoic acid.

Fig. 1 Structure of the Schiff base ligand (H,L)
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Spectral studies

IR spectral studies The IR spectra of the complexes have
been compared with those of the free ligand to determine
the involvement of coordination sites in chelation. The
data are listed in the experimental part. The IR spectrum
of the ligand (H,L) exhibits a band at 1612 cm™! due to the
azomethine v(C=N) group [21, 22]. The band is shifted to
lower frequencies in the spectra of the studied complexes
(1548-1605 cm™!) [23], indicating the participation of C=N
in coordination to the metal ions [24]. A carbonyl v(C=0)
vibration band appears at 1671 cm™" in the IR spectrum of
the ligand is also shifted into lower or higher frequencies
(1606-1697 cm™') in the complexes [25]. At 1558 cm™!
and 1419 cm™ two strong bands referring to Vasym(COO7)
and v, (COO™) vibrations of the free ligand are respec-
tively observed [26]. The asymmetric carboxylate stretching
vasym(COO_) is shifted to (1480-1555 cm™) and the sym-
metric carboxylate stretching v,,,,(COO™) is also shifted
(14001488 cm™) in all complexes. These shifts indicate
the linkage between the metal ions and carboxylate oxygen
atom [27]. Broad bands are appeared in the 33823499 cm™!
range due to the stretching vibration of the v(OH) of the
carboxylic group in the spectra of the metal chelates while
appeared at 3372 cm™! in the spectrum of the Schiff base
ligand [28]. Bands in the region 416494 cm™' and 556
583 cm™! are assignable to ¥(M-N) and v(M-0O) respec-
tively, are also appeared in all complexes [20, 29]. Addi-
tionally, two bands at 917-950 and 834-871 cm™! related
to coordinated water molecules ©(H,0) have been observed
in the IR spectra of metal complexes, pointing the binding
of water molecules to the metal ions [30]. New weak inten-
sity bands belonging to (M—O) stretching vibrations have
been noticed at 516-545 cm™!. Accordingly, the ligand is
acted as tetradendate chelating agent, and coordinates to the
metal ion via two carboxylate oxygen and two azomethine
nitrogen atoms. From the IR spectra we can conclude the
formation of octahedral complexes through coordination by
two water molecules in all complexes.

'H NMR spectral studies of H,L and its complexes The 'H
NMR spectra of the Schiff base ligand and its Zn(II) and
Cd(I) complexes have been recorded in DMSO-d, by
using tetramethylsilane (TMS) as internal standard. The
chemical shifts of the different types of protons in the 'H
NMR spectra of the Schiff base and its complexes are listed
in the experimental part. The aromatic ring protons of the
ligand is predicted in the range of 7.34-7.54 ppm [31],
while appear at 6.46-7.51 and 6.26-7.53 ppm in [Zn(L)
(H,0),] and [Cd(L)(H,O),] complexes, respectively as
shown in Figure S1 in the supplementary information.
The COOH signal appears at 12.98 ppm in free Schiff
base ligand, has been disappeared in [Zn(L)(H,0),] and

[Cd(L)(H,0),] spectra. Referring to the data collected, we
can illustrate that the ligand behaves as di-negative ligand
which undergoes deprotonation during complexation pro-
cess [32].

Mass analysis The mass spectra of the Cu(II) and Fe(III)
complexes indicate the molecular ion peaks at m/z 576.77
and 586.58 amu, respectively. This results are consistent
with the calculated weight 577.55 and 587.34 amu, respec-
tively. These data confirmed the stoichiometry of these
complexes as being of [ML] type.

Electronic spectral studies and magnetic susceptibil-
ity Electronic spectra of H,L and its complexes were
recorded at room temperature. The spectrum of H,L (Figure
S2) presents a band at 263 nm, which is assigned to 1 — *
transitions of the aromatic rings. In addition, strong band
has been also appeared at 342 nm which assigned to n— n*
transition of the azomethine group. Referring to the involve-
ment of the azomethine group in coordination with metals,
the bands were shifted to 253-346 nm for 1 — nt* transition
and 341—537 nm for n—x* transition in all complexes
[33].

Three bands at 28,530, 25,252 and 19,157 cm™! have been
observed in the diffused reflectance spectrum of Cr(Ill) com-
plex. These bands may be assigned to the 4A2g(F) —>4T2g(F),
A4, (F) = *T | ,(F) and *A,,(F) — *T,,(P) spin allowed d-d
transitions, respectively. Confirmation of the octahedral
structure of Cr(IIT) complex has been also predicted from the
magnetic moment value which is found to be 4.10 B.M. [34].

Manganese(II) complex exhibits four intensity absorp-
tion bands at 16,366, 22,371, 25,445 and 37,174 cm™!,
which may be assigned to the transitions: 6A1g—>4T1g
(4G), *A|,(4G), °A;,—E, °A;,—“E, (4D) (17B +5C),
%Ag— T, (4P), respectively [35]. The magnetic moment
value is found to be 5.98 B.M; which indicates the presence
of Mn(II) complex in octahedral structure [36].

From the diffused reflectance spectrum, Fe(III) chelate
exhibits a band at 37,453 cm™', which may be assigned to
the A, ¢ T2,(G) transition in the octahedral geometry of
the complex [37]. The A, e T, , transition splits into two
bands at 26,666 cm~' and 22,883 cm~'. Another band at
47,846 cm™!, is also appeared. This band may be attributed
to ligand to metal charge transfer. The octahedral geometry
of Fe(IlI) complex is also confirmed from the value of the
observed magnetic moment which is 5.08 B.M.

Co(II) complex diffused reflectance spectrum, shows
three bands in the 16,366, 17,376, and 21,008 cm™! assigned
to the *T,,)F(—*T,)F(; *“T,)F(— ‘A, )F(; and *T )
F(— 4T1g)P( transitions, respectively, indicating the octa-
hedral geometry around the Co(II) ion [36]. The observed
magnetic moment value of 4.97 B.M. corresponds to high

@ Springer



2718

Journal of the Iranian Chemical Society (2023) 20:2713-2725

spin state and further supports the octahedral geometry
around Co(II) ion.

The diffused reflectance spectral data of Ni(II) com-
plex reveal d-d bands in the region 16,694, 18.115 and
25,740 cm™!, respectively [38], which may be assigned to
Ay (F) = Ty, (F). *Agy(F) = T (F) and *Ag, (F) — Ty (F)
transitions. These bands are distinctive to octahedral geom-
etry of the Ni(Il) complex [39]. The detected magnetic
moment value of Ni(Il) complex is 2.44 BM, this value is
assigned to two unpaired electrons per Ni(Il) ion. Having an
octahedral geometry for nickel complex has been supported
from data obtained [40].

Diffused reflectance spectrum of Cu(Il) complex showed
the d-d transition bands at 16,406, 19,569 and 26,809 cm™!
[41]. These bands correspond to *B, e 2A, o (dyoyp—dyp),
2B 1g - 2BZg (dx2—y2 - dxy) and ZB g - 2Eg (dx2—y2 - dxz’ dyz)
transitions, respectively. On the basis of electronic transi-
tions, a distorted octahedral geometry is suggested for Cu(Il)
complex [39]. The obtained magnetic moment value of 2.68
BM for Cu(Il) complex is indicative of one unpaired electron
per Cu(II) ion for d°-system suggesting spin-free distorted
octahedral geometry [39]. Both of Zn(II) and Cd(II) com-
plexes are diamagnetic. An octahedral geometry is proposed
for these chelates according to their suggested empirical
formulae.

Electron spin resonance spectrum of Cu(ll) complex The
ESR spectrum of Cu(II) complex has been studied and pre-
sented in Fig. 2. The spectrum consisted of two signals, one
with four hyperfine-structure lines at low magnetic field (the
g signal) and the other at high field (g, signal) [41]. The
trend g |>8&L> free electron-spin (2.0023), indicates that the
unpaired electron is localized in d,, ., orbital of the Cu(Il)
ion [42] and the spectral figure is characteristic for distorted
octahedral sites (D) [43]. The spectrum of [Cu(L)(H,0),]

Fig.2 ESR spectrum of [Cu(L)
(H,0),1H,0 complex

H,0 complex exhibits a broad g, component, with split-
ting of g|| component, reflects the coupling with the Cu(Il)
nucleus (I=3/2). The reported parameters showed the g
value at 2.12 and g, at 1.96 [44]. The g, value in a copper(II)
complex can be used as a measure of the covalent character
of the metal-ligand bond [44]. Knowing that if the value
of g, is more than 2.3 the environment is essentially ionic.
While a covalent environment is indicated if the value of g
is less than 2.3. The g, value interpreted for Cu(II) complex
reveals considerable mixed ionic-covalent bonding charac-
ter [45]. Referring to Hathaway [46], the parameter G, cal-
culated by the given relation as G=(g = 2)/ (g, —2).IfGis
greater than 4, the exchange interaction may be negligible;
however, if G is less than 4, a considerable exchange inter-
action will be considered as indication in the solid complex
[47, 48]. The value of calculated G parameter for the Cu(II)
complex is 3.2, indicating a considerable exchange interac-
tion between the copper centers in the solid [48].

Molar conductivity measurements

All metal complexes are non-electrolytes except Cr(II) and
Fe(III) complexes have molar conductance values of 70 and
67 Q! mol~! cm?, respectively, proving the ionic nature of
these complexes. The measured molar conductivity values
of 107> M metal complexes in DMF at 25 °C are reported in
the experimental part.

Thermal analysis studies (TG and DTG)

The thermal studies of ligand and its metal complexes were
carried out using the thermogravimetric technique (TG) and
differential thermogravimetric (DTG) analyses. The thermal
analysis gives useful data for the thermal stability of the
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Table 1 Thermoanalytical results (TG and DTG) of H,L ligand and its metal complexes

Complex TG range (°C) DTG,,,, (°C) n* Mass loss Total mass loss Assignment Residues

Estim (Calcd)
%

H,L 152-367 182, 352 2 99.92(98.71) 99.92(98.71) - Loss of CyH,,N,0, -

[Cr(L)(H,0),]C1 130-250 150, 222 2 36.54(37.27) 79.93(80.80)  -Loss of 2H,0, HCI, CO, and C;H;N  3C+Y2 Cr,04
250-470 415 1 43.38 (43.53) -Loss of C;gH(NO, 5

[Mn(L)(H,0)] 150-500 189, 453 2 80.19 (80.58) 80.19(80.58) - Loss of 2H,0, CO, and C,5H,,N,O 2C+MnO

[Fe(L)(H,0),]Cl1 120-230 169 1 35.25(34.98) 81.85(82.07) - Loss of 2H,0, HCI, CO, and C(H;N  3C+Y2 Fe,04
230 -586 401, 557 2 4518 (45.28) - Loss of C;gH 4{NO, 5

[Co(L)(H,0),] 140-205 173 1 46.86 (46.67) 78.41(78.20) - Loss of 2H,0, CO, and C;;H(N 4C+CoO
205-432 392 1 31.55(31.53) - Loss of CO and C;jH 5N

[Ni(L)(H,0),] 140-265 172 1 49.32(49.21) 80.72 (80.03) - Loss of 2H,0, CO, and C;,H;|N 3C+NiO
265-425 400 1 31.40(30.82) - Loss of C;;HNO

[Cu(L)(H,0),]H,0  60-115 89 1 322(@3.11 77.83 (77.90) - Loss of H,0 4C+CuO
115-345 168, 304 2 74.61(74.79) - Loss of 2H,0, CO, and C,,H,,N,0

[Zn(L)(H,0),] 170-210 190 1 4571 (46.13) 76.10(76.94) - Loss of 2H,0, CO, and C;;H¢N 4C+7Zn0O
210-650 352, 623 2 30.38 (30.81) - Loss of CO and C;H, ;N

[Cd(L)(H,0),] 150-240 195 1 76.52(76.92) 76.52(76.92) - Loss of 2H,0, CO, and C,;H,()N,O C+CdO

n* = number of decomposition steps

metal complexes. The TG and DTG was recorded within the
temperature range from 30 to 1000 °C (Table 1).

The Schiff base ligand (H,L) with the molecular formula
(CyoH»,N,0,) was thermally decomposed in two successive
decomposition steps. The first and second steps with an esti-
mated mass loss of 99.92% (calculated mass loss =98.71%)
within the temperature range 152-367 °C may be attrib-
uted to the loss of C,4H,,N,0, molecule. The DTG curve
gives two maximum peaks temperature at 182-352 °C. The
overall weight loss amounts to 99.92% (calculated mass
loss=98.71%).

Three decomposition steps have been recorded in the
thermogravimetric (TG) curve for [Cr(L)(H,0),]Cl com-
plex. The two steps of decomposition occurred within the
range of 134-250 °C, with two maxima at 150 and 222 °C.
They are related to the loss of two coordinated H,O, HCI
molecule, CO, gas and C;H;N fragment with an estimated
mass loss of 36.54% (calculated mass loss =37.27%). The
third step takes place in the range of 385-470 °C which
corresponds to loss of CsH,cNO, s fragment with appraisal
mass loss of 43.38% (calculated mass loss =43.53%) leav-
ing ¥2Cr,05 mixed with carbon as final precipitate prod-
uct. The total weight loss found is 79.93% (calculated mass
loss=80.80%).

The decomposition procedure resulted from the TG curve
of [Mn(L)(H,0),] complex shows two steps. The first and
second steps have been occurred in the range of 152499 °C
with two maximum temperatures at 189 and 453 °C which
illustrate the loss of 2H,0, CO, gas and C,sH,,N,O frag-
ment with an appraisal weight loss 80.19%, however the

calculated mass loss is 80.58%. The rest of the complex has
been found as MnO contaminated with carbon.

Thermogravimetric (TG) curve for [Fe(L)(H,0),]ClI
chelate displayed three weight loss stages. The first stage
happened in the range of 121-232 °C with maximum tem-
perature at 169 °C which referred to the loss of the two
coordinated water molecules, CO, gas, HCI molecule and
C¢H;N fragment with proposed mass loss of 35.25%, while
the calculated mass loss is 34.98%. The second and third
stages recorded within the temperature range from 366 °C
to 586 °C with two maxima temperatures at 401 °C and
557 °C which may be correlated to the loss of C;gH;NOj 5
fragment with estimated mass loss 45.18%, knowing that
the calculated mass loss is 45.28%. The residue is Y2Fe,0,
contaminated with carbon. The total weight loss is found to
be 80.43% (calculated mass loss =80.26%).

[Co(L)(H,0),] complex was thermally decomposed in
two stages. The first step is derived within a temperature
range from 144 °C to 208 °C with maximum temperature
173 °C. This step could be correlated to the escaping of
two H,O molecules, CO, gas and C,3HgN part (Found/
calcd. =46.86%/ 46.67%). The second decomposition step
has been occurred in the temperature range from 360 to
432 °C with one maximum at 392 °C. The estimated mass
loss of 31.55% (calculated mass loss=31.53%). We can refer
this step to the complete decomposition of CO in addition
to a decomposition of C,,H;3N molecule as part of ligand.
CoO contaminated with carbon is rest as final product. The
overall weight loss amounted to 78.41% (calcd. 78.20%).
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The TG curve of [Ni(L)(H,0),] complex reveals decom-
position from 144 °C to 425 °C in two stages. First stage
observed within the temperature range of 144-265 °C with
maximum temperature at 172 °C which related to the elimi-
nation of 2H,0 molecules, CO, gas and C,,H,;N molecule
as a fragment. The mass loss (found/ calcd.:49.32%/49.21%).
The second stage represents the loss of CO gas and C,;,HoN
molecule with a mass loss of 31.40% (calcd. =30.82%) and
the temperature ranged from 366 °C to 425 °C with maxima
at 400 °C. The metal oxide NiO contaminated with carbons
is the residue with total estimated mass loss of 80.72%
(calcd.=80.03%).

[Cu(L)(H,0),]H,0 chelate has been thermally decom-
posed in three steps within the temperature range from 66 to
346 °C. The first decomposition step with an estimated mass
loss of 3.22% (calcd. =3.11%) has been occurred within the
temperature range from 66 to 115 °C with maximum tem-
perature at 89 °C. The second and third decomposition steps
have been occurred within the range of 135-346 °C with
two maximum temperatures at 168 and 304 °C. These steps
may be attributed to elimination of 2H,O coordinated water
and CO, gas and C,,H,,N,0O fragment. CuO contaminated
with carbon is the residue. The overall weight loss (found/
caled.77.83%/77.90%).

The [Zn(L)(H,0),] chelate is decomposed in three steps.
The first step has been happened by giving off two coor-
dinated water molecules, CO, gas and (C,;HgN) molecule
within the temperature range of 172-211 °C with maximum
temperature at 190 °C. The found mass loss of 45.71% while
the calculated mass loss is 46.13%. In the next two steps
the complex loss CO gas and C,,H,;N fragment within the
temperature range of 341-651 °C and with two maxima
temperature at 352 and 623 °C. The estimated mass loss
is (found/calcd.:30.38%/30.81%). ZnO contaminated with
carbons is the final product with total approximated mass
loss (found/calcd. 76.10%/76.94%).

[Cd(L)(H,0),] complex was thermally decomposed in
one step within the temperature range from 155 to 239 °C
with maximum temperature at 195 °C. In this step, two coor-
dinated water molecules, CO, gas and C,;H,;N,O ligand
molecule were evolved. The estimated mass loss of 76.52%
(calcd. =76.92%). CdO contaminated with carbon is the
final residue.

Structural interpretation

The suggested structures of metal complexes resulted from
the reaction of the Schiff base ligand (H,L) with the stud-
ied metal ions were identified from the study of elemental
analyses, molar conductivity, magnetic, solid reflectance
and thermal analysis data. From IR spectra, it could be
concluded that H,L behaves as a di-negatively tetradentate
ligand coordinated to the metal ions via two nitrogen atoms

@ Springer
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where M = Mn(ID) (n 0), Co(ID) (n=0), CudD (n=1), Ni(ID) (n=0), CddD (n=0),
Zn(I1) (n=0) and x= (
M= Cr(1D), Fe(IIl) (n—O) and x =1.

Fig.3 Structure of metal complexes of Schiff base ligand (H,L)

of azomethine group and two oxygen atoms of carboxylate
group. The complexes were found to be non-electrolytes
expect Cr(IIl) and Fe(III) complexes, depending on the
results obtained from the molar conductivity study. The
structure of metal complexes is given in Fig. 3.

Biological activity

Referring on Overtone’s concept and Tweedy’s chelation
theory [49], the biological activity of metal complexes has
been explained. As the metal complex has high activity
rather than the free ligand regarding the greater lipophilic
nature of the complex. According to Overtone’s concept of
cell permeability, the lipid membrane that surrounds the cell
prefers the passage of only lipid soluble materials due to
which liposolubility is deemed to be an important reason
that rules the antimicrobial activity. On complexation, the
polarity of the metal ion will be decreased to a greater extent
due to the overlap of the ligand orbital and partial sharing of
positive charge of metal ion with donor groups. Moreover,
it increases the delocalization of the & electrons over the
whole chelate ring and boost the lipophilicity of the chelate.
The increases in lipophilicity will enhance the permeation of
the chelates into lipid membrane and thus blocked the metal
binding sites on enzymes of microorganisms. The chelates
also disturb the respiration process of the cell and thus block
the synthesis of proteins, which tighten the growth of the
microorganism. Factors such as solubility, conductivity and
bond length between the metal ion and ligand are also taken
in consideration to explain the increases in activity [50-52].

Antimicrobial activity in vitro using four fungi species
(A. fumigatus; S.yracemosum; G. candidum and C. albi-
cans) and two Gram-negative bacteria (P. aeruginosa and
E. coli) and two Gram-positive bacteria (S. pneumoniae and
B. Subtilis) were evaluated against Schiff base and its metal
complexes [53].

Measurement of the zone of inhibition diameters of the
tested organisms against the ligand (H,L) and its metal
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complexes is presented in Figs. 4 and 5 and Tables 2 and 3.
DMSO was included as a negative control while amikacin
and ketoconozole drugs were included as positive standards
for antibacterial and antifungal studies, respectively [30].
Ni(II), Cu(Il), Cd(II), Fe(III) and Cr(III) complexes
show significant activity than the free H,L ligand against
S. pneumoniae as G + bacteria. While Mn(II) complex has
the same biological activity of free H,L ligand. The bio-
logical activity of the Co(II) and Zn(II) complexes are low
comparing to the free ligand. Using B. Subtilis as G + bac-
teria, the biological activity of Cu(Il), Ni(II), Fe(IIl),

B _Aspergillus fumigatus
B Syncephalastrum
racemosum

B Geotricum candidum

B Candida albicans

3 I VRN SR
60 é" o\’.‘ (\)Q 08 QQQf)’
&

Cr(I1I), Cd(II) and Co(II) complexes show higher activity
than that of the free H,L ligand. In contrary, the biological
activity of the Mn(II) and Zn(II) complexes is found to be
lower than free H,L ligand. The effect of Ni(II), Fe(III),
Cu(II), Co(II) and Cr(III) complexes on G— bacteria P.
aeruginosa, revealed significant activity in comparison
to that obtained from the free H,L ligand. While Cd(Il),
Zn(II) and Mn(II) complexes show equal activity as that
of free H,L ligand. Using E. coli as G— bacteria, the bio-
logical activity of Fe(III), Ni(Il), Cu(II), Cd(II), Co(II)
and Cr(III) complexes are high relative to that of the free
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Table 2 Biological activity of

. . . Sample Inhibition zone diameter (mm / mg sample)

Schiff base ligand (H,L) and its

metal complexes with Gram- (Gram- positive) (Gram- negative)

positive bacteria and Gram- - — — -

negative bacteria Streptoco.ccus Bacillus Subtilis Pseudf)monas Escherichia coli

pneumoniae aeruginosa

Control: DMSO 0 0 0 0
H,L 14.6+£0.42 15.9+0.53 10.2+£0.21 9.8+0.31
[Cr(L)(H,0),]Cl1 16.3+0.42 19.1£0.51 11.4+£0.36 10.7+£0.31
[Mn(L)(H,0),] 14.6+0.58 14.3+0.58 10.2+0.31 8.8+0.24
[Fe(L)(H,0),]Cl 17.5+0.44 19.8+0.63 15.1+0.45 18.9+0.25
[Co(L)(H,0),1] 13.8+0.40 17.2+0.43 11.6+0.36 10.9+0.21
[Ni(L)(H,0),] 24.9+0.63 21.5+0.34 22.7+0.56 18.4+0.41
[Cu(L)(H,0),]H,0 22.6+0.34 33.7+0.25 13.1+0.32 15.3+0.48
[Zn(L)(H,0),] 12.9+0.63 13.2+0.58 10.7+0.24 9.9+0.34
[Cd(L)(H,0),] 18.2+0.68 18.9+0.64 10.8+0.41 11.1+043
Amikacin 9 6 7 6

Tab!e 3 Bio!ogical activity O,f Sample Inhibition zone diameter (mm/mg sample)

Schiff base ligand (H,L) and its

metal complexes with fungi (fungi)

Aspergillus Fumigatus  Syncephalas- Geotricum candidum  Candida albicans
trum racemo-
sum

Control: DMSO 0 0 0 0
H,L 0 0 10.3+0.19 12.1+0.26
[Cr(L)(H,0),]Cl1 18.2+0.56 13.7+£0.39 19.1£0.45 18.2+0.44
[Mn(L)(H,0),] 16.3+0.35 14.8+0.46 15.3+0.52 14.3+0.58
[Fe(L)(H,0),]ClI 15.3+0.55 13.4+0.35 11.5+0.58 13.1+£0.3
[Co(L)(H,0),] 24.1+0.51 16.9+0.52 11.5+0.43 10.8+0.46
[Ni(L)(H,0),] 16.5+0.58 12.8+0.27 18.3+0.56 17.6+0.54
[Cu(L)(H,0),]JH,0 11.5+0.58 17.6+£0.27 26.9+0.35 16.5+0.5
[Zn(L)(H,0),] 28.1+0.76 23.4+0.77 14.1+£0.65 13.2+0.58
[Cd(L)(H,0),] 26.3+0.73 20.9+0.61 12.6 +0.54 11.2+0.44
Ketokonazole 9 9 9 9

H,L ligand. For Zn(II) complex, its biological activity is
the same like the free H,L ligand. While the Mn(II) com-
plex has lower biological activity than that of the free H,L
ligand.

The antifungal studies showed, by using C. albicans fun-
gus, that Cr(III), Ni(Il), Cu(Il), Mn(II), Zn(II) and Fe(III)
complexes perform higher activity than that of the free H,L
ligand. The comparative study also revealed the lower bio-
logical activity of Cd(II) and Co(II) complexes than that of
the free H,L ligand. For G. candidum fungus, the effect of all
metal complexes is higher than that of the free H,L ligand.
Differences in activity has been recorded for Cu(Il) complex
as the highest active complex and for Co(II) and Fe(III) as
the lowest active. With S. racemosum fungus, no antifungal
activity of the free H,L ligand has been found. However,
Zn(II) and Ni(II) complexes recorded the highest and lowest

@ Springer

activity, respectively. Using A. fumigatus fungus, the highest
biological activity is observed for the Zn(II) complex but
Cu(II) complex shows the lowest activity. However, no sig-
nificant activity has been observed for the free H,L ligand.

Calculated activity index according to the relation below
for the prepared Schiff base ligand and its metal complexes
confirm their activity [54-56]:

Activity index (A) = Inhibition zone of compound(mm) X 100

Inhibition zone of standard drug (mm)

From the data collected, Cu(Il) complex was found to
have the highest activity index [57], while Fe(III) complex
has the lowest activity index as shown in Fig. 6 [42].
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Anticancer activity evaluation

Anticancer activity of the ligand and its complexes against
human breast cancer cell line MCF 7 was traced. No inhibi-
tory activity has been recorded as the range of inhibition of
cell growth of ligand and its complexes is between 33 and
56%. As the results of inhibition of cell growth is lower than
70%, taking further testing with different concentration was
not feasible.

Conclusion

Schiff base ligand 2,2'-((1Z-1'Z)-(1,3-diphenylpropane-
1,3diylidene) bis (azanylyli- dene)) dibenzoic acid (H,L)
and its bi/trivalent transition metal complexes have been
prepared and characterized. The ligand acts as binegative
tetradentate through two azomethine nitrogens and two
carboxylate oxygens and all complexes show octahedral
geometry. All complexes are non-electrolyte expect Fe(II)
and Cr(III) complexes are electrolytes, with the type of
1:1 electrolyte. The complexes general formulae [M(L)
(H,0),] (M =Mn(I), Cu(Il), Ni(II), Co(I), Zn(II) and
CdID));[M(L)(H,0),]C1 (M =Cr(II) and Fe(III)). From
the biological activity results, some complexes are higher
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than free ligand. The Cu(IT) complex has the highest activ-
ity index, while Fe(III) complex has the lowest activity
index. Neither the free ligand, nor the complexes show
anticancer activity.

Supplementary Information The online version contains supplemen-
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