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Abstract: A series of Fe(l11), Ni(Il) and Cu(ll) complexes had been synthesized with molecular formula of [Fe(L)(H2
0),CI].2H20, [Ni(L)(H20)].2H20 and [Cu(L)(H20)3].2H.0, where L is a Schiff base ligand was derived by condensation
of anthranilic acid with 2-hydroxy-benzaldhyde. Structures of the obtained compounds had been characterized using
elemental analyses, UV-Vis., FT-IR, magnetic moment and conductivity measurements. Results proposed octahedral
geometry for both of Fe(l11) and Cu(ll) complexes while Ni(Il) complex had a square planar geometry. Density Functional
Theory (DFT) calculations were performed to confirm the 3D geometry of the compounds and estimate selected electronic
parameters (e.g. chemical potential, hardness and electrophilicity index). Moreover free ligand and its metal complexes had
been screened for in-vitro antibacterial (Escherichia coli (G-) and Bacillus cereus (G+)) and antifungal (aspergillus
fumigatus) activities in terms of the minimum inhibitory concentration (MIC). Results indicated that biological activity
increases with complexation.

Keywords: Fe(ll1), Ni(ll), Cu(ll) Complexes, Antimicrobial activity, DFT Calculations, 2-{[(IE)-(2-Hydroxyphenyl
Methylene]amino} Benzoic Acid.

1 Introduction formed by the combination of transition metal ion
with a potent Schiff base ligand should be more
biologically active than the metal salts or the ligand
individually [10,11]. The great success in biological
applications of Schiff bases and their complexes
stimulated the search for the discovery of new
antimicrobial reagents with high resistance for many
clinically relevant pathogens [12,13] As stating above,
transition metals complexes and especially iron (Fe),
nickel (Ni) and copper (Cu) have been the focus of
attention of researchers through the last decades
[10,14].

Thus, the aim of the present work is to synthesis a
series of Fe(lll), Ni(Il) and Cu(ll) complexes and to
assess their in-vitro antimicrobial activity against
selected types of bacterial and fungal cultures, which
are common contaminants of the environment in

Schiff bases form an interesting class of chelating
ligands which finds diverse spectrum of biological,
clinical, analytical and industrial applications [1].
Schiff bases complexes play a significant role in
cancer treatment, antimicrobial, antiviral, fungicidal
reagents and for other biological applications [2].
Metal complexes of nitrogen-oxygen Schiff base
chelating agents have been studied extensively due to
their pronounced applications in biological, clinical,
analytical and pharmacological areas [3]. The
chemistry of Schiff bases metal complexes is of
interest because these species display a variety of
reactivity mode in industry as an anticorrosive
material [4,5] in medicine as antibiotics, anti-
inflammatory reagents, and also as analytical reagents
for spectrophotometric determination of some metal E
ions [6]. Recently, Schiff base complexes have been gypt
used as precursors in nanostructures preparation of the
respective metal oxides [7,8,9] Schiff bases have
interesting ligation properties due to presence of
several coordination sites. The metal complexes

2 Chemicals and apparatus

All chemicals were used as produced without further
purification. 2-hydroxy-benzaldhyde, anthranilic acid,
Fe(lll) Chloride (FeCls.6H20), Ni(ll) Nitrate
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(Ni(NO3)..6H,0) and Cu (m Acetate
(Cu(CHsCO0O0),. H,0) were obtained from Sigma-
Aldrich Company Ltd. JASCO V-770 UV-Vis.
Spectrophotometer.

BRUKER Advance 400 and BRUKER FTIR model
8101 were used for the 1H-NMR and IR spectral
measurements, respectively for both ligand and
complexes. Conductivity and Magnetic susceptibility
measurements of the complexes were carried out
using JENWAY conductivity meter model 4320 and
Bartington Susceptibility instrument at 289 K,
respectively. The stiochiometry of the complexes was
determined by applying Job’s variation [15,16,17].

2.1 Synthesis of Schiff base ligand and complexes
The Schiff base 2-{[(1E)-(2-hydroxyphenyl)met The
Schiff base hylene]amino}benzoic acid, H.L, ligand
was prepared as previously reported[18]; A solution
of 2-hydroxy-benzaldhyde (10.0 mmol, 1.22 g in 5.0
ml ethanol) was added drop wise to a solut The Schiff
base ion of anthranilic acid (10.0 mmol, 1.37 g in 10.0
ml ethanol) with continuous stirring. Then the mixture
was refluxed for 2.0 h under constant magnetic
stirring. The formed precipitate was collected by
filtration, and re-crystallized from ethanol.

Synthesis of the metal complexes followed a general
procedure [15] a solution of the H,L ligand (2.0
mmol, 0.482 g in 8.0 ml ethanol) was added drop wise
to an aqueous solution of the metal salt; [Fe(lll)
chloride (2.0 mmol, 0.54 g in 8.0 ml H,0)] or [Ni(ll)
Nitrate (2.0 mmol, 0.58 g in 8.8 ml H>O) or Cu(ll)
acetate (2.0 mmol, 0.398 g in 8.8 ml H;0)], then the
reaction mixture was refluxed under constant
magnetic stirring for about 4.0 h. Afterwards, the
mixture was evaporated over night. Then, the
resulting product was collected by filtration, washed
by ethanol and finally re-crystallized from ethanol.

2.2 Characterization of the synthetic compounds
The structure of the prepared compounds was
proposed from elemental analysis (C, H and N), molar
conductance, FT-IR, electronic spectra in addition to
magnetic moment measurements. The stoichiometry
of the prepared complexes were determined by
applying the spectrophotometric Jobs method of
continuous variation [12,19,14].

2.3 DFT modeling

To validate the proposed geometrical structures of the,
DFT calculations were performed. Geometry
optimization calculations were performed using
B3LYP functional with basis sets 6-311G (d,p) for the
ligand atoms and LANL2DZ with effective core
potential (ECP) for the metal ion [20] as implemented
in Gaussian 03 program package [21]. In addition to

geometry  optimization,  electronic  chemical
descriptors such as frontier molecular orbital
occupation of the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital
(LUMO), energy gap (AE), chemical hardness (u),
electronic chemical potential (1), electrophilicity
index (®), and dipole moment (D), had been
estimated.

2.5 In-Vitro antimicrobial activity evaluation

The antimicrobial activity of the free ligand and its
corresponding metal complexes were primarily
screened against pathogenic bacteria and fungus that
are common contaminants of the environment in
Sohag, Egypt, and some of which are involved in
human and animal diseases, e.g. aspergillus
fumigatus, or frequently reported from contaminated
soil, water and food substances, e.g. Escherichia coli
(G-) and Bacillus cereus (G+). The disc diffusion
method [22,23] was followed for the detection of
antimicrobial activities.

3 Results and discussion

3.1 Characterization of H,L ligand

IR spectra showed characteristic band at =~ 3325, 1710
and 1670 cm-1 due to hydroxyl group -OH,
carboxylic -C=0 and azomethine -CH=N groups,
giving good indication for the condensation between
anthranilic acid and 2-hydroxy benzaldhyde to form
the H,L ligand, table (1).

The 1H-NMR spectrum showed characteristic signals
at = 10.98 ppm (s, 1H), 10.23 ppm (s, 1H) and 8.88
ppm (s, 1H) which attributed to the -COOH, Ar-OH
and -CH=N azomethine proton, respectively, while
the aromatic protons were appeared at = 6.99-7.70
ppm (m, 8H).

UV-Vis. of H2L ligand showed absorption bands at
Amax =~ 220 and 298 nm, which can be attributed
n—mw* transition corresponding to the non-bonding
electron pairs of the azomethine group -CH=N, table
(D).

3.2 Structure elucidation of metal complexes

3.2.1. Physicochemical properties and conductivity
measurements

The complexes were isolated in a good yield, stable at
room temperature, non-hygroscopic and had higher
melting point than the bare ligand. The complexes
were insoluble in water but soluble in common
organic solvents, e.g. acetone and DMF. The molar
conductivity values of the complexes were relatively
low, indicating the non-electrolytic nature of the
isolated complexes, table (2). The results of the
microanalysis of the prepared complexes are in good
agreement with the calculated values, table (2),
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suggested that: the subject ligand acts as bi-negatively
tridentate and form complexes in 1:1 molar ratio
(metal:ligand), with non-electrolytic nature. The
weight loss of the thermal decomposition confirmed
the presence of two hydrated water molecule in the
case of Fe(ll), Ni(1l) and Cu(Il) complexes. Also, the
results confirmed the presence of one, two and three
water molecules in the coordination sphere of the
Ni(Il), Fe(lll) and Cu(ll) binary complexes, which
supported the proposed structure of the complexes.
3.2.2. Spectroscopic Studies

3.2.2.1. IR spectra

Infrared spectra considered a powerful technique to
give full information to elucidate the structure of the
ligand and its bonding nature with the metal ion. The
IR spectra of the isolated complexes were compared
with those of the bare ligand in order to determine the
coordination sites that may be involved in chelation,
table (1). There were some guide peaks in the spectra
of the ligands and their complexes, which will be
helpful in achieving this target. The position of these
peaks is expected to change and new peaks will be
appeared upon coordination with the metal ion.

The azomethine group v(-CH=N) stretching vibration
of the H.L ligand appeared at 1670 cm-1, this band
was shifted to lower wave numbers upon
coordination, which gave good indication for the
participation of the azomethine group (-CH=N) in
chelation with the metal ion [24,25]. The hydroxyl

group (-OH) appeared at = 3325 cm-! in the free HoL
ligand, disappeared in the complexes, indicates the
involvement of oxygen atom from hydroxyl group of
both carboxylic and phenolic groups, in the chelation
with the metal ion after deprotenation. Thus the IR
spectral results provided a strong evidence for the
coordination between the H.L ligand and the metal
ions as bi-negatively tri-dentate ligand through
phenolic -OH, hydroxyl group of the -COOH after de-
protenation and azomethine N. The presence of a
broad band above 3400 cm-! in the complexes have
been assigned to v(-OH) stretching vibration of
hydrated water molecules. New bands are found in the
spectra of the complexes in the regions 520-560 and
420-450, which are assigned to v(M-O) and v(M-N)
stretching vibrations.

3.2.2.2. Electronic spectra

Electronic UV-Vis. spectra are a valuable tool to draw
important information about the structural aspects of
the colored molecules. Organic ligands, have
absorption bands in the ultraviolet region and in some
cases these bands extend to higher wavelength region
due to conjugation [26] UV-Vis. of H2L, B and MeB
ligands showed absorption bands within Amax ~ 220-
300 nm, due to the m—x* transition, corresponding to
the non-bonding electron pairs of the -C=N
chromophore in benzimidazole ring or azomethine
group -CH=N of H.L ligand.

Upon coordination with metal ions, changes in the

Table (1). IR spectral data and UV-Vis. spectra; wave length (Amax, M), the H2L ligand and its complexes

IR spectral bands

U.Vis. spectra

V(OH) vo(CH=N) vM-0O) v(M-N) Amax assignment

H.L 3325 1670 - e 220 mon"
298 non

FeL 3432 1588 521 417 266 nom
338 LMCT

NiL 3428 1572 519 440 275 non
331 LMCT

CuL 3420 1595 550 434 255 nom
338 LMCT
448 d-d

Table (2). Physicochemical properties of the H2L ligand and its complexes; color, melting point (m.p, oC), yield
(%), conductivity (pv, Q-1. Cm2. mol-1) and magnetic moment (peff, B.M)

Empirical formula u Meff. m.p  VYield Elementa analysis % found (calculated)
(M.wt) ' (BM) (C) (%) C H N Cl M
oL CuHuNOs 198 o 6970 460 581
2 (241) 200 (69.71) (4.56) (5.80)

[Fe(L)(H20).Cl].2H,0 > 4177 426 348 881 1387
Fel. (402) 1801 175 550 T a179) (423) (348) (8.83) (13.93)
. [Ni(L)(H.0)].2H;0 s 4777 426 398 16.68
NiL (352) 1080 Dia 550 60 4773y @12) (3.97) (16.76)
[Cu(L)(Hz0)3].2H-0 > 4280 487 357 16.18
CuL (393) 1130218 550 65 4575) (483) (3.56) (16.15)
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UV-Vis. spectra of the ligand are expected due to the
electronic structure modifications. Absorption bands
due to intra-ligand, n—n* transition, within Amax =~
240-260 nm or ligand-to-metal charge transfer
(LMCT) or metal-to-ligand charge transfer (MLCT),
within Amax ~ 300-340 nm, were observed for the
metal complexes [27], table (1). All these bands
exhibited bathochromic shift when compared with
that of the free ligands, confirming the coordination of
the -C=N with metal ion [28].

3.2.3 Magnetic moment measurements

The magnetic susceptibility and effective magnetic
moment can generally be calculated by using the
following relationships :

Ly =2.83/X, T where; X, =X, -(diamagnetic correction)]
and X,, =(X,Mwt)

where Xy is the measured gram magnetic
susceptibility, Xm molar magnetic susceptibility
before correction, Xa Molar magnetic susceptibility
after correction, T is the absolute temperature (K) and
peff is the effective magnetic moment (in Bohr
Magneton).

The measured perr Oof Fe(lll) complex at room
temperature are 1.75 B.M, table (2), which would be
attributed to one unpaired electron back to d2sp3
hybridization, suggesting a low spin octahedral
geometry for the Fe(lll) complex. The diamagnetic
character of NiL complex would be attributed to dsp2
hybridization of the Ni(ll) center ion corresponding to
square planar geometry for the Ni(ll) complex [29].
The measured per Of Cu(ll) complex at room
temperature is 2.18 B.M, which would be attributed to
low spin octahedral geometry[30].

3.2.4 Stiochiomtry of complexes

The stoichiometry of the complexes was determined
by applying spectrophotometric job,s method of
continuous variation. The continuous variation curve
displayed maximum absorbance at mole fraction
Xiigand = 0.5, fig. (1), indicating, the coordination
between the metal ion and the HL ligand in 1:1 (M:L)
molar ratio.It is clear by correlation of the previous
data; the subject H,L ligand chelate with the metal ion
in bi-negatively tri-dentate manner through the
phenolic -OH, hydroxyl group of the -COOH after de-
protenation in addition to azomethine N, forming
complexes with 1:1 molar ratio (M:L). The
composition assigned to the complexes may therefore
be formulated as presented in scheme (1).

3.3 DFT modeling of the ligand and metal
complexes

The molecular structure of H,L ligand and its metal

complexes are shown in Fig. (2). Optimization of the
metal complexes gave stiochiometry of 1.1 (M:L)
ratio for metal ion and H.L ligand. Fe(lll) and Cu(ll)
complexes gave octahedral geometry  as;
[Fe(L)(CI)(H20)2] and [Cu(L)(H20)s], while Ni(ll)
complex gave four coordinate geometry as;
[Ni(L)(H20)].

16

124

0.8

Absorbance

041 o Abs. of Fel complex

< Abs. of NiL complex
Abs. of CuL complex

v T T T T T T T T 1
0.0 0.2 04 086 08 1.0

[LyM+L]
Fig (1). Complex stiochiometry by job method for the
prepared complexes

Optimized Frontier molecular orbitals are shown in
Fig. (3). For all molecules, the HOMO and LUMO
orbitals were delocalized through the whole structure
with energy gap less than that of the ligand itself,
table (3). The small difference in the energy gap
explains the reactivity of the complexes compared
with the ligand itself. Furthermore, global electronic
descriptors have been estimated for all structures to
guantitatively correlate the activity of the molecules
with their electronic structure. Those descriptors
include chemical hardness (1), electron chemical
potential (), and electrophilicity index (o). The later
descriptor measure the electrophilic power of the
compound which is the change in energy of an
electrophile when it comes in contact with a perfect
nucleophile.

3.4 Preliminary in-vitro antimicrobial investigation

The free ligand and its corresponding metal
complexes have been evaluated against pathogenic
bacteria such as Escherichia coli (G-) and Bacillus
cereus (G+) and fungus such as aspergillus fumigatus,
fig (4) The antimicrobial results revealed that the
metal complexes possess notable biological activity
than their bare ligand against the selected
bacteria/fungi. The activity was greatly enhanced by
increasing the concentration. The high activity of the
metal chelates than the bare ligand can be explained
on the basis of chelation theory [31.32].
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Table (3).Calculated HOMO, LUMO, energy gap (AE),
chemical hardness (n), electronic chemical
potential (p) and electrophilicity (o) of the HoL
ligand and its corresponding complexes. All
values were calculated in eV unit.

Str.  HOMO LUMO (4E) (n) () ()

H.L  -6.38 -231 407 204 -435 464
FeL -6.19 -3.35 284 142 -477 8.01
NiL  -5.90 -275 315 158 -433 594
CuL  -6.00 -253 347 174 -427 524

This theory states that chelation reduces the polarity
of the metal ion by the partial sharing of its positive
charge with donor groups and possible w-electron
delocalization over the whole ring. This result in
increasing lipophilic character of the complex and

HoL

organism and resulting in the extinction of
microorganisms. The complexes activity could be
correlated to the strength of the bond between metal
and ligand, in addition to size of the cation, receptor
sites, diffusion and a joint in fluence of the metal and
ligand for inactivation of the biomolecules [33]. The
prepared complexes have good biological activity and
act as powerful and potent bactereostatic agents, thus
inhibiting the growth of bacteria and fungi.

4 Conclusion

The current framework presents the preparation of the
HoL Schiff base ligand and its Fe(lll), Ni(ll) and
Cu(Il) complexes. Both the ligand and its complexes
were characterized by several physicochemical and

NiL

FeL

CuL

Fig (2). Optimized structures of the H,L ligand and its metal complexes calculated using DFT method.

favors the penetration of the complex through the
lipid layer of cell membrane. The complex may block
the binding sites of microorganisms; consequently it
disturbs the metabolism pathways or respiration
process in the cell, and thus blocks the synthesis of
proteins, which restricts further growth of the

spectral analyses to determine their geometry.
Moreover, the structural characteristics of HoL Schiff
base ligand and complexes have been investigated
using quantum  chemical calculations. The
antimicrobial screening of the complexes has been
examined against the growth of selected pathogenic
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bacteria and fuhgi, e.g. Escherichia coli (G-), Bacillus  which indicates that metallization enhances the
cereus (G+) and aspergillus fumigatus. The results activity compared of the prepared complexes.

show that; the complexes exhibited high activity Acknowledgments

compared to their corresponding Schiff base ligand The authors gratefully acknowledge Dr. Ahmed El-

HOMO LUMO

HaL

FeL

NiL

CuL
Fig (3). HOMO and LUMO structures of the HoL ligand and its corresponding metal complexes calculated using DFT
method
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