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a b s t r a c t

Three new NNO tridentate Schiff bases derived from 5-bromosalicylaldehyde with 2-amino-4,6-
dimethylpyrimidine, 2-amino-4-methoxy-6-methylpyrimidine and 2-amino-4-chloro-6-
methylpyrimidine (HL1, HL2 and HL3, respectively) and their complexes with Co(II), Ni(II) and Cu(II)
have been prepared. These complexes were characterized by elemental analysis, 1H NMR, IR and elec-
tronic spectra, and with the aid of magnetic moment, molar conductivity and mass spectrometry. We
further determined some of their size on the nanoscale. The results indicated that Schiff bases behaved as
a tridentate NNO chelator that coordinates to the metal ions by azomethine nitrogen, pyrimidine ni-
trogen and phenolic oxygen, demonstrating 1 to 1 (metal to ligand) ratio. The measurements of con-
ductivity revealed a nonelectrolytic nature of the complexes. Electronic absorption and viscosity were
used to explore the ability of investigated complexes to bind to DNA, and the results indicated that
binding occurred through intercalation. The antimicrobial activities of the considered complexes were
evaluated against some types of fungi and bacteria. Metal complexes exhibited more antimicrobial ac-
tivity as compared to their ligands. Interestingly, the CuL3 showed the highest antimicrobial activity. The
anticancer activity of the chelators and their metal complexes were investigated on hepatic cellular and
human colon carcinoma cells (HepG-2 cell line) and (HCT-116 cell line), respectively. The metal com-
plexes have shown promising results in preclinical testing and they have enhanced anti-proliferative
activity against growth of cancer cells compared to their ligand. Moreover, the docking study of the
HL1, HL2, HL3 and their Co(II), Ni(II) and Cu(II) was reported. The theoretical DFT calculations were applied
to verify the molecular geometry of chelators and their complexes. The geometry optimization results are
in agreement with experimental observations.

© 2019 Published by Elsevier B.V.
1. Introduction

Schiff base ligands are widely used due to their biochemical and
analytical importance [1] and due to their flexibility and structural
similarities with natural biological ligands [2]. Schiff bases are
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readily prepared by the reaction between amines and carbonyl
compounds forming an imine (-N]CH) group [2]. These ligands are
versatile, forming stable complexes with most transition metals
[3e6]. Some of these transition metals are essential in biological
processes, including photosynthesis, respiration, nitrogen fixation
and cell division [7]. Several metal complexes of Schiff base ligands
have gained more attention in the area of bioinorganic chemistry,
especially those derived from heterocyclic analogues, which have
led to various applications, including in medical, industrial and
analytical chemistry in addition to a role in organic synthesis and
catalytic reactions [8e12].

Recently, Schiff bases metal complexes derived from
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salicylaldehyde derivatives have received substantial attention
[13e15]. These compounds utilize phenolic Oe and imine Ne
donor atoms which lead to typically stable bidentate coordinated
complexes [16,17]. In addition, salicylaldehyde derivatives bearing
halogen atoms on the phenyl ring exhibit remarkable antimicrobial
and antitumor activities [18,19].

On the other side, heterocyclic molecules having biological and
therapeutically activities have gained considerable attentions. Py-
rimidine derivatives, as an example, display a variety of biological
and pharmacological properties [20e24]. Reports on metal com-
plexes of pyrimidine derived ligands suggest that they show broad
biological significance, including antiviral, antibacterial, antima-
larial and antitumor activities [25,26]. The occurrence of a pyrim-
idine ring in vitamins, nucleic acids, and coenzymes affects binding
sites for metal ions. The pyrimidine rings have higher p acidity
compared with pyridine, and the presence of more than one het-
eroatom in a pyrimidine is beneficial with respect to the coordi-
nation chemistry and is an atypical model in biological systems
[27e29]. Prior research suggested that Schiff base derived from 5-
bromosalicylaldehyde with some pyrimidine derivatives could
possess a variety of potential applications. Herein, we have syn-
thesized new NNO tridentate chelators derived from 5-
bromosalicylaldehyde and some selected pyrimidine. The ligands
investigated here (Scheme 1) are derived from the condensation of
5-bromosalicylaldehyde with 2-amino-4,6-dimethyl pyrimidine
(HL1), 2-amino-4-methoxy-6-methyl pyrimidine (HL2) and 2-
amino-4-chloro-6-methyl pyrimidine (HL3). Some Co2þ, Ni2þ, and
Cu2þ complexes of these ligands were prepared and analyzed, by
using elemental analyzer, IR, 1H NMR, UV/Vis spectroscopy, molar
conductance, magnetic moment, and mass spectrometry. We also
determined some of their size on a nanoscale. The binding activity
of the prepared complexes with DNA was screened, employing
spectrophotometric and viscosity measurements. The chelators
and their metal (II) complexes were assessed for their antimicrobial
activity. Furthermore, the cytotoxicity of ligands and their com-
plexes against (HepG-2 cell line) and (HCT-116 cell line) were
tested. Moreover, the docking study of these ligands and there
metal complexes was investigated. The molecular modeling was
Scheme 1. Suggested structu
applied to compliment the experimental results.

2. Experimental

2.1. Materials

All commercial chemicals and solvent used in this investigation
were of analytical reagent grade of the highest purity available,
including organic compounds: (5-bromosalicyaldehyde, 2-amino-
4,6-dimethylpyrimidine, 2-amino-4-methoxy-6-methylpyrimidine
and 2-amino-4-chloro-6-methylpyrimidine) and the metal salts
(cobalt nitrate, nickel nitrate, copper chloride and copper sulfate).
Tris [hydroxymethyl]-amino methane and Calf thymus DNA (CT-
DNA) were from SigmaeAldrich.

2.2. Synthesis

2.2.1. Synthesis of Schiff base ligands
Schiff bases ligands were prepared by addition of 5-

bromosalicylaldehyde (1mmol, 0.20 g) to 1mmol of each pyrimi-
dine derivatives [2-amino-4,6-dimethylpyrimidine (0.12 g), (2-
amino-4-methoxy-6-methylpyrimidine (0.13 g), and 2-amino-4-
chloro-6-methylpyrimidine (0.14 g)], followed by addition of
three drops of glacial acetic acid. The mixtures were heated for
10min at 40e60 �C with constant stirring. 10mL of absolute
ethanol was gradually added to these mixtures and allowed to cool
slowly to room temperature. The obtained solid was filtered off,
washed with 10mL of water, and finally dried under vacuum,
yielding HL1, HL2 and HL3 ligands as presented in Scheme 1.

2.2.2. Synthesis of metal complexes
A 1:1 equimolar of ethanolic solution (10mL) of the appropriate

metal salt (1mmol) was added to ethanolic solution (10mL) of li-
gands (1mmol), followed by the gradual addition of sodium ace-
tate. The reaction mixture was refluxed for 2e5 h at 80 �C and was
cooled slowly to room temperature. However, all Co(II) complexes
were prepared by employing the same ratio (1:1) in presence of
1mmol of triethylamine with constant stirring for 8 h at 25 �C. The
re of Schiff base ligands.



Fig. 1. Continuous variation plots for the prepared complexes in aqueous - alcoholic
medium at [CoL2]¼ [CuL2]¼ [NiL3]¼ [CoL3]¼ [CuL3]¼ [NiL3]¼ 10�3 mol dm�3 and
298 K.
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colored product was cooled on ice, filtered, and washed with
ethanol. The physical properties and analytical data of Schiff base
ligands (HL1, HL2, and HL3) and their complexes are presented in
Table 1.

2.3. Instruments

Elemental analysis data (C, H, N) were done on an elemental
analyzer (Perkin-Elmer 240c). The infrared spectra of the samples
were recorded using KBr discs on a Shimadzu 8101FT-IR spectro-
photometer. The UVeVis spectra of prepared compounds were
obtained on a Jasco P-530 UVeVisible spectrophotometer model
Tþ80. A Gallenkamp (UK) device was used to measure melting
points of the prepared ligands and their complexes. Molar
conductance was determined in DMF using 1 mM of the complexes
with a Jenway conductivity meter model 4320 at room tempera-
ture. 1H NMR spectra of the prepared Schiff base ligands were
measured on a Bruker Avance DPX�500 MHZ NMR Spectrometer,
employing DMSO‑d6 as a solvent. Magnetic measurements were
carried out using Gouy's method. Calibration was done with Hg
[Co(SCN4)] and diamagnetic correction was achieved using Pascal's
constant. Transmission electron microscopy TEM-1200 was per-
formed to determine the particle size of investigated complexes.
Image J Launcher, broken-symmetry software, version (1.4.3.6.7)
was also used to measure the particle size distribution of studied
complexes. Viscosity measurements were done with Ostwald
viscometer, connecting with a thermo stated water bath. The
antimicrobial screening was acquired by the use of agar well
diffusion. A direct probe controller inlet part to single Quadrupole
mass analyzer was used to measure the mass spectra of com-
pounds, employing the Thermo X-CALIBBUR software.

2.4. Magnetic moment measurements

The geometric structure of studied complexes was supported by
using the magnetic susceptibility measurements. It was calculated
by the following Eqs. (1) and (2) [30]:

meff ¼ 2:83
ffiffiffiffiffiffiffiffiffiffi
c0MT

q
(1)

c0M ¼ cM � ðdiamag:corr:Þ (2)

where meff is the magnetic moment (in Bohr Magneton) B.M., c0
M is

the molar magnetic susceptibility, T is the temperature in kelvin
Table 1
Analytical and physical data of Schiff base ligands and their M(II) complexes.

Compounds/Empirical formula M. Wt M. p. (�C) Yield Lm(U�

mol�1

HL1
C13H12N3OBr

306.16 170 88.5 5.9

CoL1 (C13H16N4O6Br)Co 463.09 260 83.0 18.7
NiL1 (C13H16N3O3BrCl)Ni 436.35 250 90.0 7.0
CuL1 (C13H16N3O7SBr)Cu 501.71 285 75.0 4.9
HL2
C13H12N3O2Br

322.16 195 74.0 12.8

CoL2 (C13H16N4O7Br)Co 479.09 230 85.0 22.8
NiL2 (C13H16N3O4BrCl)Ni 452.35 >300 92.1 6.9
CuL2 (C13H16N3O4BrCl)Cu 456.97 265 83.4 25.9
HL3
C12H9N3OBrCl

326.66 185 77.0 16.8

CoL3 (C12H13N4O6BrCl)Co 483.59 >300 91.0 7.8
NiL3 (C12H13N3O3BrCl2)Ni 456.85 >300 88.0 16.1
CuL3 (C12H13N3O7SBrCl)Cu 522.16 >300 73.0 15.9
and(K) and cM after correction.

2.5. Determination of the stoichiometry of the Schiff base ligand
complexes

Investigating the equilibria in solutions and determining of the
stoichiometric M:L ratio were achieved by using the method of
continuous variation (Job's method) and molar ratio [31], as dis-
played in Figs. 1 and 2 and regarding to the following Eq. (3):

Kf ¼
A=Am

ð1� A=AmÞ2C
(3)

where, A is the chosen absorbance value, Am is the absorbance at
the maximum concentration of the complex and C is the initial
metal concentration. The free energy changes, DG* of the com-
plexes were also determined, at 25 �C according to Eq. (4):

DG* ¼ � RT ln Kf (4)

where, R is the gas constant, T is the absolute temperature in Kelvin
(k) and Kf is the formation constant.
1 cm2

)
meff (B.M.) Elemental analyses,

Found (calc.) %

C H N

e 50.96 (51.00) 3.90 (3.95) 13.69 (13.73)

5.42 33.74 (33.69) 3.42 (3.46) 12.02 (12.09)
Dia 35.79 (35.75) 3.69 (3.67) 9.60 (9.63)
1.74 31.04 (31.09) 3.16 (3.19) 8.34 (8.37)
e 48.44 (48.47) 3.30 (3.34) 13.01 (13.04)

4.20 32.52 (32.56) 3.10 (3.14) 11.72 (11.69)
Dia 34.52 (34.49) 3.52 (3.54) 9.26 (9.29)
2.56 34.17 (34.14) 3.52 (3.50) 9.17 (9.19)
e 44.10 (44.08) 3.65 (3.67) 12.83 (12.86)

5.01 29.76 (29.78) 2.66 (2.69) 11.56 (11.58)
Dia 31.50 (31.52) 2.82 (2.85) 9.16 (9.19)
2.01 27.55 (27.58) 2.45 (2.49) 8.01 (8.04)



Fig. 2. Molar ratio plots for the studied complexes in aqueousealcoholic mixture at
[M]¼ [Co]¼ [Ni]¼ [Cu]¼ 10�3mol dm-3and [HL2]¼ [HL3]¼ 10�3 mol dm�3.
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2.6. Biological activity

2.6.1. DNA binding studies

2.6.1.1. UV/Vis absorption spectroscopic studies. The interaction of
DNA with metal complexes in the buffer solution yielded a ratio of
UV absorbance of about 1.9:1 at 260 and 280 nm. This ratio shows
that the DNA was free of protein [31]. The absorption spectroscopy
at 260 nm was used to determine the DNA concentration per
nucleotide and polynucleotide [32]. Changes in the spectra were
monitored through an absorption titration experiment, which was
performed using different DNA concentration (3e30 mM) in the
interaction medium, while holding the metal complex concentra-
tion constant (1mM). All the spectra were recorded using an
equimolar of buffer solution and CT-DNA that were added to the
complex solution as a reference in order to compensate for the
absorbance of DNA. The intrinsic binding constant (Kb) of the metal
complexes was determined by following the change in absorption
intensity as a function of DNA concentration according to Eq. (5):

½DNA�=ðεa � εf Þ ¼ ½DNA�=ðεb � εf Þ þ ½Kbðεb � εf Þ� �1 (5)

where εa is the apparent absorption coefficient that was deter-
mined from the ratio between the obtained absorbance and the
concentration of metal complexes Aobs/[complex], and εf and εb are
the unbound (free) and fully bound complexes to DNA extinction
coefficient, respectively. Kb was calculated from the slope and the
intercept determined by plotting [DNA]/(εaeεf) vs. [DNA] according
to Eq. (5) [32]. DG

�
of DNA binding was calculated according to Eq.

(6) [32]:

DG0
b ¼ �RT ln Kb (6)

2.6.1.2. Viscosity study. Viscosity measurements were done by us-
ing an Oswald micro viscometer at a constant temperature
(25± 1 �C). The fluidity times were measured using a digital stop-
watch at different concentrations of the complex (50e275 mM) and
a constant concentration of DNA (0.5mM). The reaction mixture
was purged with the nitrogen gas and left for 10min at 37 �C after
each addition of the complex. Each measurement was repeated
three times to obtain average values. The data was plotted as (h/
ho)1/3 versus binding ratio R, which represented the ratio of the
complex to DNA [33], where h and ho are the DNA viscosity with
and without the complex, respectively. The values of h and ho were
obtained from the following equation: h¼ (t� to)/to where, t and to
are the flow time of pure buffer and the observed flow of DNA in the
solution, respectively. The molar ratio of h:ho represents the rela-
tive viscosities.

2.6.2. Antimicrobial activities

2.6.2.1. Antibacterial activity. The antibacterial activity of the
compounds was assessed against one type of Gram-positive bac-
teria and two types of Gram-negative bacteria by the well diffusion
method, utilizing standard agar, following literature procedures
[34]. DMSO was used as a negative control which showed no in-
hibition activities against any of the organisms and it was utilized
for dissolving all compounds at concentration of 15 and 25mg/mL.
Tests were done in duplicate to get an average value. The inhibition
around each disk was measured (in mm) in comparison with
Tetracycline drug (positive control) as shown in Fig. 9 [34e36].

2.6.2.2. Antifungal activity. The chelators and their complexes were
evaluated for their antifungal activity against three types of fungi
(Candida albicans, Aspergillus flavus and Trichophyton rubrum), using
the disc diffusion method in comparison with the antifungal drug
Fluconazole as illustrated in Fig. 10. A single-spore isolation tech-
nique was used for purification culture of fungi according to liter-
ature procedure [37]. Antifungal susceptibility testing was
performed based on the diameter of inhibition zones against albi-
cans and non-albicans strains of fungi [37e39].

2.6.3. Anticancer activity
The Sulfo-Rhodamine-B-stain (SRB) technique provided a suf-

ficient way for estimating the in vitro antitumor activity of the
chelators and their complexes. The human cell lines HCT-116 (colon
carcinoma) and Hep-G2 (hepatocellular carcinoma) were obtained
from the National Cancer Institute, Cancer Biology Department,
Pharmacology Department, Cairo University. It was prepared
various concentrations of complexes (0.00, 3.90, 7.80, 15.60, 31.25,
62.50 and 50.00 mM) in DMSO and added to the cancer cell. The
general method and technique have been previously described
[40]. The IC50 of the chelators and their complexes was determined
in comparison with a standard chemotherapy drug Vinblastine as
shown in Fig. 11 [41].

2.7. Molecular docking

It was performed the docking studies on a Dell Precision™
T3600 Workstation [Intel Xeon E5-1660 3.3 GHz, 16 GB 1600MHz
DDR3, ECC RDIMM 1 TB (7200 RPM), 1 GB NVIDIA Quadro 2000,
Windows 7 Professional (64 Bit)]. Molecular Operating Environ-
ment (MOE) package version 2016.08 (Chemical Computing Group,
Inc. Molecular Operating Environment, (MOE). CCG, Montreal,
Canada. http://www.chemcomp.com) was used to perform docking
studies.

2.7.1. Receptor preparation
The Crystal Structure of the Tubulinevinblastine complex was

used and downloaded for docking procedures as described but at
2.2 Å resolution [42]. The reparation of Protein structures and a
Ramachandran plot were done as described [43]. The original 5J2T
PDB file contained crystallized GTP, GDP, MES, Ca, andMg as well as
the receptor chains and the bound Vinblastine. The receptor and
the bound Vinblastine were kept.

http://www.chemcomp.com
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2.7.2. Preparation of the ligand and its complexes
The chelators and their complexes were built in ChemBio Draw

Ultra 12.0 for further preparation in the MOE. The ligands and their
complexes were prepared for docking through the following steps:
hydrogen atomswere added, the conformational searchwas run for
all the compounds, and the best conformers subjected to energy
minimization, which was implemented using the MMFF94 force
field [44]. The minimization was achieved by using the steepest
descent algorithm, followed by the conjugate gradient method,
until it reached root mean square gradient of 0.00001 kcal/mol/Å. A
database of the ligand and its complexes was generated for further
docking studies.
2.7.3. Docking procedure
MOE 2016.08 was applied as the standard protocol for the

procedure. The poses were determined by using alpha triangle
placement, which derives poses by random superposition of ligand
atom triplets on alpha sphere dummies in the receptor site. The
London dG was employed to estimate the free energy of ligand
binding in a given pose.

The dock folder was made at different poses of the ligand and
organized according to the final score function (S). The best poses
were chosen based on the database browser, which was used to
visually inspect different poses for the ligand.
2.8. Theoretical DFT calculations

The lowest energy geometries was calculate, applying density
functional theory and using the Gaussian09 program [43]. The DFT/
B3LYP/LANL2DZ level of theory was used for the geometry opti-
mization to get the lowest energy structures for ligands and their
complexes.
3. Results and discussion

3.1. Schiff base ligand characterization

Imine ligands (Scheme 1) were prepared by addition of equi-
molar amount of 5-bromosalicyaldehyde to corresponding pyrim-
idines, namely (2-amino-4, 6-dimethyl pyrimidine), (2-amino-4-
methoxy-6-methyl pyrimidine) and (2-amino-4-chloro-6-methyl
pyrimidine) in 1:1M ratio to produce the Schiff base ligands (HL1,
HL2, HL3), respectively. These free ligands are monoprotic tri-
dentate, utilizing NNO donor atoms.
3.1.1. 1H NMR of Schiff base ligands
The 1H NMR spectra of the HL1, HL2 and HL3 chelators exhibit the

signal at 6.32e7.45, 5.68e7.96 and 6.87e7.42 (m) d for aromatic
protons, respectively, and 10.24, 10.93, and 10.26 (s) d for phenolic
protons, respectively. The peaks at, 9.55, 10.22, and 9.45 (s) d are
attributed to azomethine protons respectively. These peaks dis-
appeared after addition of D2O. The peak at 3.28 (s) d is due to
eOCH3 group for HL2. The peaks at (3.83, 3.28), 2.90, and 3.28 (s)
d are due toeCH3 groups, respectively. Our results are in agreement
with the previously reported research [45e47] as shown in the
following:
1H NMR Our work Ref. [45] Ref. [46] Ref. [47]

Aromatic protons 5.68e7.96 6.64e7.88 6.9e7.6 7.33e7.97
Phenolic OH 10.24e10.93 11.00 12.80 11.03
Imine proton 9.45e10.22 9.45 8.20 9.08
3.2. Metal complexes characterization

3.2.1. Elemental analysis and molar conductance measurements
Schiff base metal complexes were obtained from the reaction of

the ligand with suitable metal salts and a base (sodium acetate or
triethylamine). As shown in Scheme 2, the ligand supposed to be
coordinated to the metal ions, where the phenolic group is
deprotonated, through azomethine nitrogen, pyrimidine nitrogen
and phenol oxygen, forming 1 to 1 complexes. These solid com-
plexes are colored, stable in air at room temperature, which are
readily dissolved in DMSO and DMF but slightly soluble in ethanol.

The suggested structure of the investigated Schiff base metal
complexes (Scheme 2) was confirmed by different physiochemical
methods, including elemental analysis, conductivity, IR, UV/Vis. and
mass spectra. The results obtained from elemental analysis show a
good agreement with the calculated values (Table 1), indicating the
stoichiometry of all complexes as 1:1 (M: L). The conductivity
measurements were used in structure explanation of metal com-
plexes in ranges of their solubility and the degree of ionization of
these complexes. The molar conductance values of these metal
complexes in DMSO confirmed the non-electrolyte nature of
complexes [48,49] and were found to be in the range of
4.90e25.9U �1mol�1 cm2 as presented in Table 1. A possible reason
is that the phenolic group of the ligand was deprotonated upon
coordination to the metal ion due to the existence of the corre-
sponding anion inside the coordination sphere.
3.2.2. Infrared spectra
The additional information for the mode of bonding was ob-

tained by comparing the IR spectra of the ligands with those of
metal complexes. The assignments of the infrared bands are ach-
ieved by comparing the spectra of the investigated compound with
reported literature on similar compound [45e47] and are sum-
marized in Table 2. In the spectra of free ligands the n(C]N)
stretching vibrations appeared in the region 1641e1659 cm�1.
These vibrations undergo a bathochromic shift to 1591e1640 cm�1

in the metal complexes, suggesting that azomethine nitrogen par-
ticipates in coordination [50]. The Schiff base ligands also exhibit
strong bands in the range 1551e1588 cm�1 that ascribed to n(C]N
pym) stretching vibration. These bands are shifted to the lower or
higher energy (1527e1562 cm�1) due to the involvement of py-
rimidine nitrogen in the complex formation. The phenolic n(OH)
vibration of the chelators at 3364e3410 cm�1 disappeared in the
spectra upon complexation. In addition, the n(CeO) occurs at
1274 cm�1 for the ligand HL1, at 1279 cm�1 for HL2 and at
1276 cm�1 for HL3, was moved to lower frequencies 1410‒
Scheme 2. Suggested structure of metal complexes.



Table 2
Characteristic IR bands of Schiff base ligands and their metal complexes in KBr (400e4000 cm�1).

Compounds n(OH/H2O) n(CH)ar n(CH)ali n(C]N) n C]N)pym n(CeO) n(NO3) n (H2O)Coord n(Cl) n(M-O) n(M-N)

HL1 3364 3022 2981 1641 1582 1274 e e e e

CoL1 3422 3052 2964 1592 1542 1239 1372 975 e 732 583
NiL1 3421 3050 2930 1605 1559 1241 975 792 652 536
CuL1 3409 3021 2925 1591 1527 1242 967 e 581 543
HL2 3399 2968 2924 1659 1588 1279 e e e e

CoL2 3417 3053 2934 1605 1561 1249 1379 975 e 636 524
NiL2 3256 3053 2934 1604 1562 1250 976 736 559 422
CuL2 3272 3014 2973 1640 1587 1255 945 715 640 532
HL3 3410 3110 2979 1642 1551 1276 e e e e

CoL3 3410 3040 2980 1614 1560 1242 1313 913 e 623 506
NiL3 3421 3051 2938 1600 1559 1245 983 737 579 487
CuL3 3410 3052 2889 1610 1561 1244 885 e 582 456
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1302 cm�1 after complexation. This shift confirms the participation
of phenolic oxygen of the ligand in CeO‒M bond formation, con-
firming the deprotonation of the hydroxyl group. Instead, all
complexes show a broad band at 3409e3421 cm�1, which attrib-
uted to n(OH) of water molecules [51], in agreement with the
elemental analysis data (Table 1). The existence of coordinated
water is further proved by the appearance of the non-ligand band
in the 885e983 cm�1 region [52]. Cobalt (II) complexes show bands
at 1313e1379 cm�1, indicating the involvement of the nitrato group
inside the coordination sphere [53]. Nickel (II) and CuL2 complexes,
however, display the coordination of chloro group through the
presence of new bands at 715e792 cm�1. Notably, the metal com-
plexes display new bands in the range of 559e732 cm�1 and
487e683 cm�1, which are assigned to n(M-O) and n(M-N) bonds,
respectively [50]. The IR data confirmed that imine ligands behaved
as tridentate ligands and bound to the metal ion by azomethine
nitrogen, pyrimidyl groups and phenolic oxygen.
3.2.3. Magnetic moments measurements
The geometric structures of the investigated complexes were

deduced frommagnetic susceptibility measurements (Table 1). The
Table 3
Electronic spectra of the studied complexes cm�1, its assignment and proposed geometr

Complex lmax (nm) Absorption cm�1

CoL1 549 18,519
330 30,303
610 16,393

NiL1 495 20,202
384 26.042
640 15,625

CuL1 487 20,534
376 26,596
615 16,260

CoL2 490 20,408
350 28,571
660 15,152

NiL2 476 21,008
375 26.667
630 15,873

CuL2 488 20,492
387 25,840
610 16,393

CoL3 491 20,367
343 29,155
640 15,625

NiL3 510 19,607
380 26,318
660 15,152

CuL3 510 19,607
370 27,027
645 15,503
magnetic moment values of cobalt(II) complexes were in the range
of 4.20e5.42 BM., which corresponded to the high spin para-
magnetic character, and their geometries were probably octahe-
dral. The nickel(II) complexes were diamagnetic and their
geometry were probably square planner [54]. The magnetic
moment values of copper (II) complexes (1.74̶ 2.56 BM.) indicated
an octahedral configuration around the Cu (II) ions [55].
3.2.4. Electronic spectra
UVeVis spectra offered further information regarding the

structural aspect of the prepared chelators and their complexes.
These measurements were performed in DMF from 200 to
800 nm at 298 K and the values of maximum absorption wave-
length (lmax), Absorption in cm�1 that its assignment and proposed
geometry of the studied complexes are tabulated in Table 3. The
electronic spectra of imines exhibit three bands in the range of
200e800 nm. The band below 300 nm probably assigned to
thep/p* transition of the aromatic rings. The band in the region
(348e369 nm) assigned to n/p* transition, resulting from the p-
orbital presented on the central azomethine (eCH¼Ne) bond [55].
Another band at lmax¼ 343e387 nmwas assigned to the CT within
y.

Assignment Proposed geometry

4T1g(F)/4A2g(F) Octahedral
4T1g(F)/4A2g(F)
4T1g (F) / 4T1g(P)
1A1g/

1B2g Square planar
3A2g/

3T1g(P)
3A2g/

3T1g
2B1g/ 2B2g Octahedral
2B1g/ 2Eg
2B1g/ 2A1g
4T1g(F)/4A2g(F) Octahedral
4T1g(F)/4A2g(F)
4T1g (F) / 4T1g(P)
1A1g/

1B2g Square planar
3A2g /

3T1g(P)
3A2g /

3T1g
2B1g/ 2B2g Octahedral
2B1g/ 2Eg
2B1g/ 2A1g
4T1g(F)/4A2g(F) Octahedral
4T1g(F)/4A2g(F)
4T1g (F) / 4T1g(P)
1A1g/

1B2g Square planar
3A2g /

3T1g(P)
3A2g /

3T1g
2B1g/ 2B2g Octahedral
2B1g/ 2Eg
2B1g/ 2A1g
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the imine molecule. It is indicated that 5-bromosalicyaldehyde
Schiff bases demonstrate this band due to potent intramolecular
hydrogen bonding between the OH group of the salicylidene and
the nitrogen in the imine bond [56,57]. The visible absorption
spectra of Co(II) complexes exhibit three bands at (15,152e16,393)
cm�1 which assigned to 4T1g(F)/4T1g(p), the second band at
(18,519e20,408) cm�1 assigned to 4T1g(F)/ 4A2g(F) and the third at
(28,571e30,303) cm�1 assigned to 4T1g(F)/ 4A2g(F). These transi-
tions are characteristic of octahedral geometry. The absorption
spectra of Ni(II) complexes show ligand field spectral bands at
(15,152e15,873) cm�1 can be assigned to 3A2g/

3T1g transition.
The next band at (26,042e26,667) cm�1 corresponds to the tran-
sition 3A2g/

3T1g (P). The broad band appearing in the region
(19,607e21,008) cm�1 assigned to 1A1g/

1B2g corresponds to ded
transition. These transitions suggest square planar geometry for
Ni(II) complexes. Copper(II) complex show three absorption bands
at (15,503e16,393) cm�1 assigned to 2B1g/

2A1g, (19,607e20,534)
cm�1 assigned to 2B1g/

2B2g and (25,840e27,027) cm�1 assigned
to 2B1g/

2Eg. These transitions are characteristic of octahedral
geometry.

3.2.5. Evaluation of the stoichiometry of the Schiff base complexes
The Job's method of continuous variations [30] and photometric

titrations [31] were employed to determine the stoichiometry of
the complexes. The maximum absorbance occurred at 0.56mol
fraction, indicating 1:1(M:L) stoichiometry for all complexes as
presented in Scheme 2 and Fig. 1. This stoichiometry of 1:1 is also
supported by photometric titration as illustrated in Fig. 2.

3.2.6. Mass spectra
The spectra of the complexes displayed the molecular ion peak

atm/zwhich is attributed to [M]þ. The fragmentations proposed are
equivalent with the proposed empirical formula of the synthesized
Table 4
Mass spectra of the prepared Schiff base metal complexes.

Complex m/z
Rel. Abu. (%)

Lost fragment

CoL1 (C13H16N4O6Br)Co 463.09 (3%) 2H2O
427.25 (2%) NO3

�

365.03 (12%) C5H8N2

267.09 (32%) Br
187.16 (12%) C3H2O
133.97 (19%) C5H4N
59.12 (100%) Co

CuL1 (C13H16N3O4BrCl)Ni 501.71(3%) H2O
448.71(5%) SO4

�2

272.71(29%) Br
192.80(56%) C3H2O
138.80(8%) C4H5NO
64.80(31%) Cu

NiL2 C13H16N3O4BrCl)Ni 451.87(6%) 2H2O þ 0.5O2

405.48(8%) Cl
377.94(7%) CH3O
331.01(7%) CH3

326.80(28%) C6H5Br
152.10(14%) C4H3N2

79.17(100%) CN
58.87(63%) Ni

CoL3 (C12H13N4O6rCl)Co 485.59(4%) 2H2O þ 0.5O2

441.23(5%) NO3
�

379.00(6%) CH3

364.62(36%) Cl
328.73(12%) C6H5Br
171.93(29%) C4H3N2

92.93(14%) CN
58.96(100%) Co
metal complexes. The mass spectrum recorded at room tempera-
ture resolves an Mþ1 peak that observed at m/z 463, 436, 501 for
complex CoL1, NiL1, CuL1, 478, 451, 455 for CoL2, NiL2, CuL2 and 485
for CoL3 which are consistent with the molecular weight for the
synthesized complexes as presented in Table 4 and Scheme 3. All of
the compounds were consistent with the molecular ion fragment
and support the proposed structure of the complexes [47,58]. The
spectrum of the NiL2 complex is shown in Fig. 17.

3.2.7. Particle size measurements
The direct structure and size information of the nanoparticles

were determined, employing the most powerful analytical tools
TEM. The calculated histogram and TEM images for copper and
nickel Schiff base complexes are presented in Figs. 3e6. The CuL3
was found to have rod shape, while NiL3 has a fiber shape. Esti-
mated histogram for the particle size distribution of the respective
Schiff base complexes CuL3 and NiL3 indicates particle sizes of 46
and 63 nm, respectively. These results revealed that these com-
plexes could have great surface area and catalytic properties.

3.3. Biological activities

3.3.1. DNA interaction studies
3.3.1.1. Electronic spectral studies. Electronic absorption spectros-
copy is commonly used to explore the binding mode of CT-DNA
with metal complexes [59]. The electronic spectra were recorded
as a function of increasing amount of CT-DNA to buffer solution of
the tested complexes. The interaction mode depends on the type of
shift in absorption intensity upon the increasing amount of CT-
DNA. The decrease in the absorption intensity of the absorption
bands with a shift towards lower or higher wavelengths results if
the conjugated orbital is partially filled by electrons and it causes
reduction of the transition probabilities and lead to hypochromism.
Complex m/z
Rel. Abu. (%)

Lost fragment

NiL1 (C13H16N3O3BrCl)Ni 436.35 (4%) OH
419.66 (3%) Br þ 2H�

337.14 (8%) 0.5 O2

329.35 (24%) C3H4

289.35 (19%) C5H8N2

206.35 (33%) HCl
169.85 (16%) C5NO
57.85 (68%) Ni

CoL2 (C13H16N4O7Br)Co 478.30(2%) 2H2O þ 0.5O2

434.53(4%) NO3
�

339.93 (2%) CH3

253.10 (36%) Brþ C6H4

186.29 (14%) C4H4N2

122.17 (18%) CN
58.96 (98%) Co

CuL2 (C13H16N3O4BrClCu 455.26 (2%) 2H2O þ 0.5O2

405.45 (1%) Cl
357.34(1%) CH3O
337.48 (2%) CH3

253.10 (58%) C6H5Br
186.17(8%) C4H3N2

73.50 (70%) CN
64.07 (32%) Cu



Scheme 3. Mass fragmentation pattern of CuL1 complex.

Fig. 3. TEM image of CuL3 complex, a) Overview, b) High magnification.
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If the interaction mode is intercalation, the orbital of the base pairs,
lowering the p-p* transition energy and leading to bathochromism.
The extent of hypochroism or hyperchromism in themetal to ligand
charge transfer band is commonly constituent with the force of
intercalation interaction.

The data from the UV/Vis spectra of the investigated complexes
in the absence and presence of a variety of concentrations of a CT-
DNA solution in buffer are stated in Table 5. As a representative
example, the spectrophotometric titration of the NiL3 complex with
CT-DNA is shown in Fig. 7. The effective comparison of DNA binding
affinity of compounds can be achieved by calculating the intrinsic
binding constant (Kb). The respective complexes interact with DNA
most likely through intercalation, generating from the p-p* inter-
action between the aromatic ring of chelators and the aromatic
heterocyclic bases of DNA.



Fig. 4. Calculated histogram for the particle size distribution of CuL3 complex.

Fig. 5. TEM image of NiL3 complex.

Fig. 6. Calculated histogram for the particle size distribution of NiL3 complex.

Table 5
Intrinsic binding constant (Kb) values of Schiff base M(II) complexes.

Compounds l nm(free) l nm(bound) Dn Kb DG (kJ.mol�1)

CoL2 403 397 6 1.47� 104 - 23.77
NiL2 466 455 11 1.00� 105 - 28.59
CuL2 401 417 16 1.05� 104 - 22.95
CoL3 501 503 2 2.82� 104 - 25.35
NiL3 421 455 34 1.42� 106 - 35.09
CuL3 490 491 1 4.49� 104 - 26.54

K
b
¼Intrinsic DNA binding constant determined from UV�Vis absorption spectral titration.

Fig. 7. (a) Spectrophotometric titration of NiL3 complex (10�5M) in 0.01M Tris buffer
(pH 7.4, 25 �C) with CT-DNA from 3 mM to 30 mM, the arrow indicates upon increasing
the Amount of DNA. (b) Plot of [CT-DNA]/(εa- εb) vs. [CT-DNA] for the titration of CT-
DNA with NiL3 complex.
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3.3.1.2. Viscosity studies. Further support for the binding mode of
DNA with metal chelates in solution was achieved by using
viscosity measurements [30,31]. Basically, a traditional intercala-
tion model enhances the viscosity of DNA because of the segrega-
tion base-pairs and hence an increase in the DNA length. Inversely,
a partial, non-classical intercalation of compounds could bend the
DNA helix, generating reduction of its effective length and its vis-
cosity [60,61]. The effects of prepared complexes on the viscosity of
CT-DNA are illustrated in Fig. 8. The increasing amounts of the
complexes consistently resulted in an increase in the relative vis-
cosity of DNA as presented in Fig. 8. These results thus confirm the
intercalation binding modes. It is interesting to note that NiL3, CoL3
and CuL3 were better intercalators than other complexes as shown
by the large increase in their relative viscosities.

3.3.2. Antimicrobial studies

3.3.2.1. Antibacterial activity. The in vitro antibacterial studies of
the Schiff bases and their corresponding metal chelates were tested
against one type of Gram-negative bacteria (S. aureus) and two
types of Gram-negative bacteria (B. substilis and E. coli) by the well
diffusion method as presented in Table 6 and Fig. 9. The results
revealed that all metal complexes were more active than their
respective ligands because of the lipophilicity of the complexes
[62]. The increased inhibitory activity of these complexes can be
elucidated by the Overtone's concept and Tweedy's chelation the-
ory [63]. The complexes may possess antibacterial activity through
blocking the active sites of the microbes. Upon chelation, the
interfere of the ligand orbital and partial sharing of positive charge
of the metal ion with donor groups remarkably reduce the polarity
of the metal ion [64]. In addition, the lipophilicity of the complexes
is enhanced by increasing the delocalization of the p -electrons



Fig. 8. The effect of increasing concentration of the prepared complexes on the relative
Viscosities of DNA at [DNA]¼ 0.5mM, [complex] and [EB]¼ 50e275 mM and 298 K.

Fig. 9. Histogram showing the comparative antibacterial activities of the compounds.
against different strains of bacteria (S. aureus, B. subtilis, E. coli) at 25mg/ml.

Fig. 10. Histogram showing the comparative antifungal activities of the compounds
against different strains of fungi (C. albican, A. flavus, T.rubrum) at 25mg/ml.
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over the whole ligand sphere. Consequently, the central metal
atoms favor the permeation through the lipid layer of the cell
membrane.

Interestingly, the CuL3 complex exhibited the highest bacteri-
cidal activities as compared to other complexes against all S. aureus,
B. substilis and E. coli bacteria tested. The dissimilarity in the activity
of different metal chelates against respective organisms can be
attributed to the difference in ribosomes and the impermeability of
microbial cells. It is worth to note that, the hydrogen bond formed
between the nitrogen in imine bond and the active centers of cell
constituents likely led to interference with the cell wall synthesis,
resulting in interference with the normal cell process. Collectively,
the nature of metal ions and the cell membrane of the microor-
ganisms are important factors that control the antimicrobial
activity.

3.3.2.2. Antifungal activity. The antifungal activity of the imine
metal complexes has been assessed for their potential application
in the area of medicinal bioinorganic chemistry. The tests were
performed against C. albicans, A. flavus and T. rubrum, using the disc
diffusion method and the results are shown in Table 6 and Fig. 10.
Under the same experimental conditions and against the same
Table 6
Results of antimicrobial screening of the prepared Schiff base ligands and their metal co

Compounds Bacteria

E. coli B. subtilis S. au

Conc. (mg/ml) 15 25 15 25 15
HL1 9.0 18.0 11.5 16.0 13.0
CoL1 14.0 27.2 15.2 30.5 19.0
NiL1 15.0 29.5 17.5 32.5 20.0
CuL1 17.0 30.5 18.0 34.0 21.0
HL2 11.5 21.0 13.5 18.5 15.0
NiL2 15.5 30.5 19.0 34.0 21.5
CuL2 17.0 31.5 20.5 35.5 24.0
HL3 13.5 23.0 15.5 21.0 17.0
NiL3 16.5 30.5 20.5 36.0 24.5
CuL3 18.5 33.0 22.0 38.0 26.0
Tetracycline or Fluconazole 22.0 37.0 25.0 41.0 29.0

E. coli¼ Escherichia coli, B. subtilis¼ Bacillus, subtilis S. aureus¼ Staphylococcus aureus
chophyton rubum.
organisms, all studied complexes showed greater antifungal ac-
tivities than their free ligands. It is observed that the CuL3 complex
showed the highest antifungal activity compared with the other
complexes, and its inhibition zone is comparable to the standard
antifungal.
mplexes in DMSO.

Fungi

reus C. albicans A. flavus T. rubrum

25 15 25 15 25 15 25
21.5 6.50 11.0 4.00 7.5 3.0 5.5
37.0 11.0 22.5 9.00 22.0 7.0 14.5
39.0 12.0 24.0 10.0 23.0 8.0 15.5
41.0 12.5 25.5 13.0 24.5 9.5 16.5
24.5 9.00 10.0 7.00 12.5 5.5 9.0
40.5 14.5 27.5 11 25.5 10.0 17.0
42.5 16.0 28.5 13.5 26.5 11.5 18.0
26.0 10.5 18.5 8.50 15.5 6.5 10.5
41.5 16.5 29.0 12.5 26.5 11.0 18.5
44.0 17.5 30.0 14.0 27.5 11.5 19.5
48.0 20.0 32.0 15.0 29.0 13.0 21.0

, C. albicans¼ Candida albicans, A. flavus¼Aspergillus flavus and T. rubrum¼ Tri-
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Many factors can affect the antimicrobial activity of various
metal chelates against different microorganisms, including the
impermeability and the ribosomes of the microbial cell [65].
Moreover, lipophilicity has a significant effect on the antimicrobial
activity [66].

3.3.3. Anticancer activity
The anticancer activity of the prepared imine ligands HL1, HL2,

HL3 and their Cu(II), Co(II) and Ni(II) complexes was determined
against human hepatic cellular carcinoma (HepG-2) and colon
carcinoma (HCT-116) cell line using vinblastine as a reference drug
control (Fig. 11). With regard to selectivity, the prepared Schiff base
complexes have a positive impact against both cancer cell lines, and
in both cases the impact was higher than that of their subsequent
Schiff base ligands. This outcome indicated that the chelation of
ligands with metal ions was critical for the activity of these novel
compounds. The nature of the metal ion and the type of ligand has
an impact on the cytotoxicity of the complexes. The cytotoxic po-
tency may be explained in that the positive charge of the metal
increases the acidity of coordinated pro-ligands that gives protons,
causing more potent hydrogen bonds which enhance the biological
activity. The order of the IC50 for the HepG-2 and HCT-116 can be
arranged as follows: Cu(II)< Co(II)<Ni(II)<HL. Moreover, it has
been found that complex CuL3 have the most powerful anticancer
effect with an IC50 value of 7.46 mg/ml against hepatic cellular
carcinoma, which was a significant and close to that of the refer-
ence drug (Fig. 11). These observations reflect the effect of the
Fig. 11. Anticancer activity measurements, (IC50 mg/ml) of the prepared Schiff base
ligands and their Cu(II), Co(II) and Ni(II) complexes.

Fig. 12. 2D molecular interaction of the Schiff base ligands HL3 with Tubulin.

Fig. 13. 2D molecular interaction of the CuL1, CuL2 and CuL3 complex with Tubulin.
studied compounds on changing the morphology of the cancer cell
lines, and this behavior may be associated to the higher DNA
binding affinity. Consequently, the prepared complexes can be used
as effective potential anticancer drugs [67].



Table 7
Docking summary of the synthesized ligands HL1, HL2, HL3 and their Cu(II), Co(II) and
Ni(II) complexes.

Compounds Score Interacting amino acid residue No of hydrogen bonds

HL1 5.890 Val B177 1
CuL1 7.019 Asn B329, Pro B222, Val B177 3
CoL1 6.771 Asn B329, Pro B222, Val B177 3
NiL1 6.075 Val B177 1
HL2 6004 _ _
CuL2 6.130 Asn B329, Leu A248 2
CoL2 7.034 Asn B329, Val B177 2
NiL2 5.936 _ _
HL3 5.456 _ _
CuL3 6.985 Asn B329, Pro B222, Val B177 3
CoL3 6.625 Asn B329, Leu A248, Val B177 3
NiL3 5.544 _ _
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3.4. Molecular docking

The docking studies have been applied to explore the ability of
the imine ligands HL1, HL2 and HL3 and their Co(II), Ni(II) and Cu(II)
complexes to bind to Tubulin and to explain the difference in their
anticancer activity. The metal complexes showed better binding at
the active site than the ligand itself, and an example is shown in
Figs. 12 and 13. The Schiff base ligands only form through a hy-
drophobic interaction with the active site residues, while the co-
balt, nickel and copper metal complexes additionally form
hydrogen bonding through water molecules with some key resi-
dues Asn329 and Pro222 and hydrogen bonds through aromatic
rings hydrogen with Val B177 and Leu A248. The difference in the
binding mode reflects the scoring function difference between the
Fig. 14. Optimized structure of L2 (upper) and [CoL2(H2O
imine ligands and their metal chelates. The docking results of the
ligands and their complexes were summarized in Table 7.

3.5. DFT calculations

3.5.1. DFT calculations of ligand HL2 and CoL2
Fig. 14, shows the optimized structures of L2 and its complex

[CoL2(H2O)2NO3] as the lowest energy configurations. The cobalt
atom is six-coordinate in an octahedral geometry, O4& O7 of water
molecules in axial position and atoms N1, N2, O3 and O1 are almost
in one plane deviated by �4.045�. The bond angles ranging from
66.46� to 106.5�, showing deviation from 90�, Table 8. The bite
angle N1eCoeN2 is 66.46� lower than 90� due to chelation. The
angles N2eCoeO1, O4eCoeO7 and N1eCoeO3 are 158.1�, 167.6�

and 169.9�, showing deviation from 180�.
The distances between donor atoms involved in coordination

are largely decreased upon complex formation: the distances be-
tween N1- - - - -N2, N1- - - - -O1 and N2- - - - -O1 are decreased
from 2.346, 4.110 and 6.213 (in free ligand) to 2.214, 2.760 and
4.005 Å (in the complex), respectively, (Table 8). The angle
N1eC8eN2, 106.7�, is lower in complex than that in free ligand,
119.7�, due to coordination of both N1 and N2. The bond length of
O4eH12, 1.002 Å, is longer than that of O4eH13, 0.976 Å, due to
hydrogen bond formed between coordinated water and nitrate
oxygen.

3.5.2. DFT calculations of ligand HL2 and NiL2
Fig. 15 shows the optimized structures of L2 and its complex

[NiL2Cl] as the lowest energy configurations. The nickel atom is
four-coordinate in a distorted-square planar geometry, atoms N3,
)2NO3]lower) by density function B3LYP/LANL2DZ.



Table 8
Important optimized bond lengths (Å) and bond angles (�) of HL2 and [CoL2(H2O)2NO3].

Type of bond Bond length(Å) HL2
[CoL2(H2O)2NO3]

Type of Angle Angle (�) HL2 [CoL2(H2O)2NO3]

CoeN1 e 1.897 N1eCoeN2 e 66.46
CoeN2 e 2.127 N1eCoeO1 e 91.65
CoeO1 e 1.951 N2eCoeO3 e 106.5
CoeO3 e 2.003 O1eCoeO3 e 95.18
CoeO4 e 2.185 O4eCoeN1 e 94.46
CoeO7 e 2.278 O4eCoeN2 e 98.85
O4eH12 e 1.002 O4eCoeO1 e 92.07
O4eH13 e 0.976 O4eCoeO3 e 92.69

O7eCoeN1 e 97.96
O7eCoeN2 e 94.59
O7eCoeO1 e 88.14
O7eCoeO3 e 74.92

N1- - - - -N2 2.395 2.214 N1eCoeO3 e 169.9
N1- - - - -O1 4.109 2.760 N2eCoeO1 e 158.1
N2- - - - -O1 4.875 4.005 O4eCoeO7 e 167.6

N1eC8eN2 115.7 106.7
N1eN2eO3eO1 �4.045

Fig. 15. Optimized structure of [NiL2Cl] by density function B3LYP/LANL2DZ.

Table 9
Important optimized bond lengths (Å) and bond angles (�) of HL2 and [NiL2Cl].

Type of bond Bond length(Å) HL2 [NiL2Cl] Type of Angle Angle (�) HL2 [NiL2Cl]

NieN1 e 1.885 N1eNieN3 e 67.98
NieN3 e 2.016 N1eNieO1 e 92.76
NieCl e 2.208 N3eNieCl e 97.27
NieO1 e 1.858 O1eNieCl e 94.99

N1eNie Cl e 172.3
N1- - - - -N3 2.395 2.184 O1eNie N3 e 160.7
N1- - - - -O1 4.109 2.709 N1eC8eN3 115.3 104.3
N3- - - - -O1 6.223 3.320 N3eN1-Ol-Cl e 0.000
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N1, Ol and Cl are exactly in one plane deviated by 0.000�, Table 9.
The bite angle N1eCoeN2 is 66.46� lower than 90� due to chela-
tion. The bond angles ranging from 67.98� to 97.27�, showing de-
viation from 90�, Table 3. The angles N1eNieCl and O1eNieN3 are
172.3� and 160.7�, showing deviation from 180�.

The distances between donor atoms involved in coordination
are largely decreased upon complex formation: the distances be-
tween N1- - - - -N3 and N1- - - - -O1 are decreased from 2.395,
4.109 and 6.223 (in free ligand) to 2.184, 2.709 and 3.320 Å (in the
complex), respectively (Table 9). The angle N1eC8eN2, 104.3�, is
lower in complex than that in free ligand, 115.3�.
3.5.3. DFT calculations of ligand HL2 and CuL2
Fig. 16, shows the optimized structures of L2 and its complex

[CuL2(H2O)2Cl] as the lowest energy configurations. The copper
atom is six-coordinate in an octahedral geometry, O3& O4 of water
molecules in axial position and atoms N1, N2, Cl and O1 are almost
in one plane deviated by 0.044�. The bond angles ranging from
63.66� to 105.0�, showing deviation from 90�, Table 10. The bite
angle N1eCueN2 is 63.66� lower than 90� due to chelation. The
angles N2eCueO1, O3eCueO4 and N1eCueCl are 152.2�, 160.1�

and 168.6�, showing deviation from 180�.
The distances between donor atoms involved in coordination



Fig. 16. Optimized structure [CuL2(H2O)2Cl] by density function B3LYP/LANL2DZ.

Fig. 17. Mass spectrum of NiL2 complex.

Table 11
Calculated energies of HL2 and its complexes with M(II) at B3LYP/LANL2DZ.

Ea HOMOb LUMOc DEd Dipole momente
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are largely decreased upon complex formation: the distances be-
tween N1- - - - -N2, N1- - - - -O1 and N2- - - - -O1 are decreased
from 2.395, 4.109 and 4.875 (in free ligand) to 2.230, 2.781 and
4.115 Å (in the complex), respectively Tables 10 and 12. The angle
N1eC8eN2, 108.2�, is lower in complex than that in free ligand,
Table 10
Important optimized bond lengths (Å) and bond angles (�) of HL2 and
[CuL2(H2O)2Cl].

Type of bond Bond length(Å)
HL2
[CuL2(H2O)2Cl]

Type of Angle Angle (�) HL2
[CuL2(H2O)2Cl]

CueN1 e 1.977 N1eCueN2 e 63.66
CueN2 e 2.231 N1eCueO1 e 88.50
CueO1 e 2.009 N2eCueCl e 105.0
CueO3 e 2.374 O1eCueCl e 102.9
CueO4 e 2.375 O3eCueN1 e 99.76
CueCl e 2.375 O3eCueN2 e 96.29

O3eCueO1 e 88.03
N1- - - - -N2 2.395 2.230 O3eCueCl e 80.91
N1- - - - -O1 4.109 2.781 O4eCueN1 e 99.70
N2- - - - -O1 4.875 4.115 O4eCueN2 e 96.24

O4eCueO1 e 88.11
O4eCueCl e 80.89
O3eCueO4 e 160.1
N2eCueO1 e 152.2
N1eCueCl e 168.6
N1eC8eN2 119.7 108.2
N1eN2eCleO1 e 0.044
119.7�, due to coordination of both N1 and N2.
The computed total lowest energies, the highest (HOMO)

occupied and the lowest (LUMO) unoccupied molecular orbital
energies and the dipole moment for the ligands and complexes are
presented in Table 11. The more negative values of total energy of
the complexes than those of free ligands indicate the extra stability
of complexes. The polarity of the complex is much larger than the
free ligand, Table 11.
4. Conclusion

Transition metal complexes of imine ligands of amino-
pyrimidine and 5-bromosalicyaldehydes have been explored. We
have described the syntheses and ligation behavior of these Schiff
base ligands HL1, HL2 and HL3 with Ni(II), Co(II), and Cu(II)) metal
ions. These compoundswere characterized by various chemical and
spectral analyses, and all chelators were found to bind themetal ion
Table 12
Thermal gravimetric analysis and decomposition steps for CuL2 and NiL3.

Complex Dec. Temp. (ºC) Weight loss % Dec. assignment

Exp. Cal.

CuL2. 2H2O 150e250 8.00 7.89 2H2O
250e345 30.43 30.06 C6H7N3O
345e435 36.80 37.04 C7H5Br
610e710 7.26 7.77 Cl

Residue >710 17.52 17.44 CuO
NiL3.2H2O 82e115 7.90 7.80 2H2O

115e455 31.06 31.4 C5H4ClN3

455e760 44.86 44.3 C7H5Br þCl
Residue <760 16.39 16.45 NiO

HL2 �830.32 �0.2356 �0.0851 0.1505 3.679
[CuL2(H2O)2Cl] �1307.5 �0.2221 �0.1083 0.1138 5.516
[CoL2(H2O)2NO3] �1408.1 �0.2186 �0.1100 0.1086 6.999
[NiL2Cl] �1014.1 �0.2120 �0.1159 0.0961 11.325

a E: the total energy (a. u.).
b HOMO: highest occupied molecular orbital (eV).
c LUMO: lowest unoccupied molecular orbital (eV).
d DE:ELUMO- EHOMO (eV).
e dipole moment (Debye).
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in a tridentate manner, forming 1:1 metal: ligand octahedral
complexes. An exception is for Ni(II) complexes which has a
distorted-square planar geometry. The particle sizes of NiL3 and
CuL3 complexes were also determined. The results from spectro-
photometry and viscosity measurements revealed that the studied
complexes are bound to CT-DNA via intercalation. Furthermore, the
synthesized complexes and their free Schiff base ligands were
tested for their in vitro antifungal and antibacterial activities. We
found that metal complexes possess more activity than their free
ligands, highlighting potential applications in the field of bio-
inorganic chemistry. In particular, the CuL3 complex exhibited the
highest activity compared with the other complexes. The cytotoxic
potency of the prepared imine ligands HL1, HL2, HL3 and their Cu(II),
Co(II) and Ni(II) complexes was determined against human hepatic
cellular carcinoma (HepG-2) and colon carcinoma (HCT-116) cell
line using vinblastine as a reference drug control. The results pro-
pose that the order of the IC50 for the HepG-2 and HCT-116 can be
arranged as follows: Cu(II)< Co(II)<Ni(II)<HL. Moreover, it has
been found that complex CuL3 have the most powerful anticancer
effect with an IC50 value of 7.46 mg/ml against hepatic cellular
carcinoma, which was a significant and close to that of the refer-
ence drug and suggest that CuL3 complex might significantly sup-
pressed cell proliferation. The docking studies of the ligands and
their Cu(II), Co(II) and Ni(II) complexes have been described. The
results indicated that metal complexes showed better binding at
the active sites compared to the ligands. The results obtained in this
study can be used in developing more powerful antimicrobial and
anticancer agents. Furthermore, the molecular modeling, employ-
ing Density functional theory was applied to support the molecular
geometry of chelators and their complexes. The geometry optimi-
zation results are highly consisted with the experimental results.
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