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Schiff base ligand (HL) derived from condensation of 3-methoxy salicylaldehyde with 4-aminobenzoic acid and its metal(Il) complexes
containing triphenylphosphine of the type [MCI(PPhs)(L)] (M = Ni**, Co** or Cu**; L = bitendate Schiff base ligand) have been synthesized.
All the metal(IT) complexes were characterized by analytical and spectroscopic (FT-IR, electronic, ESI-Mass, ESR, 'H, *C NMR and *'P |

Gram-negative bacteria and fungai using the agar well diffusion method. Anticancer activity in vitro of the ligand and its metal(II) |
complexes were also screened against MCF-7 cancer cell lines (human breast cancer cell line). |

| NMR) techniques. All the synthesized compounds were evaluated for in vitro antimicrobial efficiency against Gram-positive bacteria, |
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INTRODUCTION

In coordination chemistry, Schiff base ligands have been
extensively studied mainly because of their simple syntheses,
availability, electronic properties and form complexes with
almost all metal ions, coordinating to metal ions via azomethine
nitrogen [1,2]. Schiff bases and their metal complexes have
attracted a number of researchers because of their widespread
applications including antibacterial, antifungal, antiviral,
antiulcer, anticancer [3], antioxidant [4], anti-inflammatory
[5] and herbicidal [6] activities, in addition to catalytic [7],
thermal [8] and electrochemical [9] properties.

In the past decades, the chemistry of metal complexes with
multidentate Schiff bases containing nitrogen and other donor
compounds has been extensively studied [10]. The substituted
salicylaldehyde exhibit remarkable antibacterial and antifungal
activities, providing it chemotherapy potential [11,12].
Moreover, the metal complexes bearing such ligands have anti-
microbial [13-15], antiviral [16], anti-inflammatory [16], cyto-
toxic [17] or hypoglycemic activities [18]. Schiff bases in
combination with other ligands in their metal complexes form
mixed ligand complexes, which is another alternative for the

synthesis of specific metal complexes. These mixed ligand
complexes containing neutral and anionic molecules as addition
ligands have been of interest recently in view of their solid-
state structures and the complex structure consisting of triphenyl-
phosphine derivatives are of particular importance due to their
probable beneficial catalytic activities [19]. Numerous mixed
ligand complexes have been synthesised and discovered for
their structure-function relationships. Among them, metal-
phosphine complexes of biologically important ligands, such
as salicylaldehyde, are of great interest [20,21].

In this work, we aimed to present the synthesis and charac-
terization of the Co(II), Ni(II) and Cu(II) complexes containing
triphenylphosphine and Schiff base ligand derived from 3-
methoxysalicylaldehyde and 4-aminobenzoic acid. The anti-
microbial activities and anticancer activities of the Schiff base
ligand and its metal(I) complexes have also been explored.

EXPERIMENTAL

The chemicals used were chemically pure and AR grade.
The solvents were purified and dried according to standard
procedures [22]. The precursors [MCL(PPhs),] (M = Co**, Ni**
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and Cu™) were synthesized by the literature procedure [23].
Elemental analyses of carbon, hydrogen and nitrogen were
carried out using a Vario EL III elemental analyzer. FT-IR spectra
were recorded on a Nicolet Avatar model spectrometer from
4000 to 400 cm™ using KBr pellets. Electronic spectra were
recorded on Shimadzu UV-1650 PC spectrophotometer in 800-
200 nm range using methanol as the solvent. 'H & “C NMR
spectra were recorded in Jeol GSX-400 instrument using TMS
as the internal standard. *'P NMR spectrum of the complex
was recorded in Jeol GSX- 400 instrument using o-phosphoric
acid as a reference. Electron spin resonance spectrum (ESR)
of the powder sample was recorded with a JEOL JES-FA200
instrument in X-band frequencies at room temperature using
2,22-diphenyl-1-picrylhydrazyl radical (DPPH’) as an internal
standard at SAIF-IIT, Madras, India. The ESI-Mass spectra
were performed on LC-MS Q-ToF Micro Analyzer (Shimadzu)
at SAIF-Panjab University, Chandigarh, India. The melting
points were checked on a Technico micro heating table and are
uncorrected.

Synthesis of 4-((2-hydroxy-3-methoxybenzylidene)-
amino)benzoic acid ligand (HL): A solution of 4-aminobenzoic
acid (0.274 g,2 mmol) in 10 mL of ethanol was added dropwise
to a solution of 3-methoxy salicylaldhyde (0.304 g, 2 mmol)
in 10 mL warm ethanol and the resulting reaction mixture was
refluxed on a water bath for 4 h while yellow solid separated.
The yellow solid was filtered off, washed with cold ethanol.

Synthesis of metal(II) complexes: A warm ethanolic
solution (10 mL) of 4-(2-hydroxybenzylideneamino)benzoic
acid (HL) (0.5 mmol) was added to metal precursors (0.5 mmol)
in ethanol (10 mL). The resulting reaction mixture was refluxed
for 5 hours. A crystalline powder was obtained on slow evapor-
ation which was filtered, washed with ethanol and dried under
vacuum.

Antimicrobial activity: The antimicrobial activity of the
ligand and its metal(I) complexes was determined by using
the agar well diffusion method [24]. The compounds were
studied for the inhibitory effect on the growth of different gram
bacteria such as Staphylococcus aureus (Gram-positive bacteria)
and Escherichia coli (Gram-negative bacteria). The concentra-
tion of the standard (gentamicin), ligands and its metal(Il)
complexes was added 1000, 500, 200 and 100 pug/mL in DMSO
for antibacterial studies.

The antifungal activity of the ligand and its metal(Il)
complexes were studied against Aspergillus niger. Standard
amphotericin B, ligands and their complexes were added in
1000, 500, 200, and 100 pg/mL in DMSO for antifungal studies.
Each test bacteria was swabbed on sterile Muller-Hinton agar
plates by using a sterile cotton swab and then, 6 mm diameter
wells were punched on the well by using a sterile cork borer.

The spore suspension of test fungi was swab inoculated asepti-
cally on the sterile potato dextrose agar plates followed by
making wells of 6 mm diameter by using a sterile cork borer.
The plates were incubated at 37 °C overnight. After 24 h, the
antimicrobial activities were expressed in terms of the zone
diameter that inhibits (in millimetres) each microbial species
by using different samples.

Anticancer activity: In this study, the MTT (3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide)
assay [25] was used to examine the anticancer activity of the
ligand and its metal(II) complexes against MCF-7 (human breast
cancer cell line). At 37 °C, the cell lines were grown in an incu-
bator (Thermo-Fisher) with 95% air and 5% CO,. The comp-
ounds were dissolved in DMSO to form 10 mM stock solutions.
The DMSO stock solutions were diluted to a concentration of
<0.1% in a cell culture medium to avoid the solvent effect on
cell proliferation. Cells were seeded into 96-well plates and
allowed to adhere overnight in an incubator at 37 °C. The seeding
densities used were 5 x 10* cells/well. Various concentrations
(0.1-100 pg/mL) of ligand and its metal(II) complexes were
added to the plates, and the plates were incubated for 48 h at
37°C. Then, 20 pL of MTT (5 mg/mL) was added and further
incubated for another 4 h. Finally, DMSO (100 uL) was added,
and the optical density (OD) of living cells was recorded at a
wavelength of 570 nm. MTT colour formation was directly
proportional to the number of viable cells, which validates its
use in these studies. The half-maximum inhibitory concentra-
tion (ICsy) values were obtained and analysed according to the
non-linear multipurpose curve fitting program GraphPad Prism.

RESULTS AND DISCUSSION

Condensation of 3-methoxysalicylaldehyde with 4-amino-
benzoic acid in ethanolic medium yielded the Schiff base (HL).
The synthesis of the complexes were achieved by reacting one
equivalent ethanolic solution of ligand (HL) with one equiva-
lent metal precursors [MCL(PPh;),] (M = Co**, Ni** and Cu*")
in ethanol (Scheme-I). The elemental analysis and physico-
chemical data of the ligand and their complexes are provided
in Table-1.

IR spectra: The IR spectrum of the free ligand showed a
strong vibration at 3500 cm™ due to the presence of hydroxyl
group. This band disappeared in the spectra of new complexes,
suggesting that the ligands undergo deprotonation before com-
bining with the metal ion. In addition, a band appeared at 1282
cm! due to phenolic C-O stretching in the free ligand that shifts
to 1264-1230 cm™ in the IR spectra of complexes, indicating
coordination through phenolic oxygen atom [26]. A medium
sharp band at 1676 cm™ due to the azomethine C=N stretching

TABLE-1
PHYSICO-ANALYTICAL DATA OF LIGAND AND METAL(II) COMPLEXES

Elemental analysis (%): Calculated (found)

Compound Colour m.p. (°C) Yield (%) m.f. C ™ N
HL Yellow 162 82 C;;H;;NO, 66.41 (66.87) 4.83 (4.21) 5.16 (5.82)
[CoCI(PPh;)L] Green 189 78 C;;H,,NO,PCICo 63.22 (63.54) 4.34 (4.72) 2.23 (2.65)
[NiCI(PPh;)L] Brown 192 77 Cy;H,,NO,PCINi 63.25 (63.93) 4.34 (4.72) 2.24 (2.83)
[CuCI(PPh;)L] Yellow 203 78 C;;H,,NO,PCICu 62.76 (62.13) 4.31 (4.83) 2.22 (2.45)
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Scheme-I: Synthetic route of ligand and complexes

frequency of the free ligand was shifted to a lower frequency
in the spectra of the complexes (1602, 1656, and 1654 cm™ for
1, 2 and 3, respectively) indicating that the other coordination
is through azomethine N atom [2]. Both free ligand and its
metal(Il) complexes shows the broad band in the region of
3396-3286 cm™ can be assigned to -COOH group and this obser-
vation suggests that the non-participation of COOH group in
bonding. On the other hand, the bands present in the 549-493
and 462-439 cm™' ranges may be taken as an indication to the
coordination between the metal ions with oxygen and nitrogen
atoms, respectively (Table-2). Bands due to triphenylphosphine
were also present in the expected region [27].

Electronic spectra: The electronic spectrum of free ligand
exhibited bands at 243 and 302 nm, corresponding to the n—m*
transition of azomethine and T—7* transitions of the aromatic
ring, respectively. The absorption bands observed for all the
complexes in the regions of 228-315 and 365-384 nm were
assigned to intra-ligand transitions and ligand-to-metal charge
transfer (LMCT) transitions, respectively [28]. The band that
appeared in the region 430-480 nm was assigned to a d-d
transition [29] (Table-2).

NMR spectra: In '"H NMR, the singlet observed at 8
12.15 ppm in the ligand due to phenolic OH proton has disap-
peared in the 'H NMR spectrum of Ni(II) complex. This revealed
the coordination of ligand to Ni(II) through phenolic oxygen
atom [30]. The ligand and their nickel complex show a sharp
singlet at 8 11.98 and 11.96 ppm, respectively which is due to

COOH group. Then a singlet observed at § 8.33 ppm in the
spectra of the free ligand assigned to the azomethine proton,
which undergoes a shift to 8 8.41 ppm in nickel(II) complex,
indicating the coordination of the azomethine nitrogen atom
to the metal ions. Further, the methoxy protons of free ligand
and nickel(IT) complex appeared at 8 3.98 and 3.76 ppm, respec-
tively. The signals corresponding to the protons of the aromatic
moieties of the ligand and their metal(II) complex were observed
as multiplets in the range 8 6.46-8.14 ppm.

The "C NMR spectra of the ligand and its nickel(IT) complex
showed a sharp peak at  187.56 and 191.42 ppm, which was
attributed to the -COOH carbon. The phenolic carbon (C-O)
and azomethine (CH=N) carbon have exhibited peaks at &
161.24-167.35 and & 153.52-160.29 ppm regions, respectively.
Sharp peaks at 8 56.03 and 56.16 ppm suggest methoxy carbon.
In addition, all aromatic carbon atoms exhibited their corres-
ponding peaks in the regions of 111.07-148.54 ppm as expected
(Table-3). The Co(II) and Cu(II) complexes are paramagnetic
in nature. Therefore, its complexes cannot be observed on the
'H & “C NMR spectra.

The *'P NMR spectrum of nickel(II) complex was recorded
to confirm the presence of the triphenylphosphine group in the
complex (Fig. 1). A sharp singlet was observed at § 28.24
ppm due to the presence of triphenylphosphine ligand in the
complex. Moreover, Co(II) and Cu(Il) complexes are para-
magnetic in nature. Hence, their complexes cannot be observed
in the *'P NMR spectra.

TABLE-2
IR (cm") AND ELECTRONIC (nm) SPECTRAL DATA OF LIGAND AND METAL(I) COMPLEXES
Compound v(OH) v(COOH) Vv(CN) v(C-O) v(M-0) v(M-N) Amax
HL 3500 3361 1676 1282 - - 243,302
[CoCI(PPh;)(L)] - 3396 1602 1230 493 439 228, 305, 383, 446
[NiCI(PPh;)(L)] - 3286 1656 1272 513 449 235, 315, 365, 430
[CuCI(PPh;)(L)] — 3298 1654 1261 549 462 230, 265, 308, 384, 430
TABLE-3
'"H NMR AND "*C NMR SPECTRAL DATA OF LIGAND AND Ni(Il) COMPLEX
Compound 'H NMR (ppm) BC NMR (ppm)
HL 12.15 (-OH), 11.98 (COOH), 8.33 (CH=N), 6.65-8.14 187.56 (COOH), 167.35 (phenolic C-O), 160.29 (CH=N),
(aromatic H), 3.98 (-OCHj;) 113.79-132.41 (aromatic C), 56.16 (-OCH;)
[NiCI(PPh,)(L)] 11.96 (COOH), 8.41 (CH=N), 6.46-7.54 (aromatic H), 191.42 (COOH), 161.24 (phenolic C-O), 153.52 (CH=N),

3.96 (-OCH,)

111.07-148.54 (aromatic C), 56.03 (-OCH;)
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Fig. 1. *'P NMR spectrum of [NiCI(PPhs)(L)]
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ESR spectra: The ESR spectrum of copper(Il) complex
was recorded at room temperature (Fig. 2). It exhibited aniso-
tropic signal with g, =2.26, g, = 2.10, and guer. = 1/3 (g1 + 2
i) = 2.20. The trend of the observed "g" values was g, > g, >
2. (2.0023), indicating that the unpaired electron lies predomi-
nantly in the d2.2 orbital, which is in agreement with the
electronic absorption spectroscopic assignments. In square
planar complexes, the unpaired electron occupies the d.2.2
orbital with the *B,, ground state, resulting in g, > g;. The ESR
spectra of the solid cobalt(II) and nickel(II) complexes at room
temperature do not show the ESR signal because the rapid spin
lattice relaxation of the cobalt(IT) and nickel(IT) broadens the
lines at a higher temperature [31].

Mass spectra: ESI-mass spectral analyses of the metal(II)
complexes were studied to confirm the molecular mass of the
complexes (Fig. 3). The m/z values of the molecular ion peaks
for the complexes [CoCl(PPhs)L,] (1), [NiCl(PPhs)L,] (2) and
[CuCl(PPh3)L,] (3) were obtained at 627.20, 626.95 and 631.07
[M]", respectively. The calculated molecular masses correspon-
ding to these complexes were 626.93, 626.69 and 631.54,
respectively. The obtained m/z of molecular ion peaks of comp-

A0

Fig. 2. ESR spectrum of [CuCI(PPhs)(L)]

lexes were in good agreement with the calculated molecular
masses of complexes.

Antimicrobial activity: The antimicrobial activities of
ligand and metal(Il) complexes (1-3) were tested against bacteria
(S. aureus and E. coli) and fungi (A. niger). The results of the
antibacterial and antifungal screening of the ligand, metal(II)
complexes and standard are presented in Table-4. The anti-
bacterial activity data indicate that the ligand and its metal(II)
complexes are more active against the Gram +ve strain than
the Gram -ve strain. This difference in the activity may be
attributed to the fact that the cell wall of Gram +ve bacteria
has more antigenic properties because the outer lipid membrane
consists of polysaccharides. Furthermore, Co(II), Ni(II) and
Cu(I) complexes are more effective than the ligand. The activity
of metal(Il) complexes is higher compared with that of the
free ligand because of the lipophilic nature of metal complexes
and can be explained using the chelation theory [32]. Among
the active compounds, the Co(IT) complex is more active than
the standard drug.
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Fig. 3. ESI-mass spectrum of [CoCl(PPh;)(L)] (a); [NiC1(PPhs)(L)] (b); [CuCl(PPhs)(L)] (c)

TABLE-4
ANTIMICROBIAL ACTIVITIES DATA OF FREE LIGAND AND METAL(II) COMPLEXES

Zone of inhibition in mm (ug/mL)

Bacteria Fungi
Compounds - - ; ;
Staphylococcus aureus Escherichia coli Aspergillus niger

1000 500 200 100 1000 500 200 100 1000 500 200 100
Ligand 15.0 10.5 7.0 7.0 10.0 10.0 5.5 4.5 10.5 9.0 7.5 0
[CoCl1(PPh;)(L)] 24.0 22.5 13.5 10.5 18.0 13.5 10.5 10.5 16.5 9.0 9.0 0
[NiCI(PPh;)(L)] 16.0 13.5 13.5 12.0 12.0 10.5 9.0 9.0 13.5 12.0 10.5 9
[CuCI(PPh;)(L)] 16.5 13.5 7.5 7.5 15.0 10.5 9.0 9.0 14.0 9.0 9.0 0
Standard 18.0 18.0 18.0 18.0 17.5 17.5 17.5 17.5 15.0 15.0 15.0 15.0
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Anticancer activity: Because the Schiff base ligand HL
and its derived metal(II) complexes (1-3) showed good
antimicrobial efficacy, it has been chosen for further evaluation
of in vitro anticancer activity with MCF-7 cancer cells by using
the MTT assay. The observed anticancer activities (in terms
of ICsp) of the Schiff base ligand HL and its derived metal(II)
complexes (1-3) on MCF-7 cancer cell lines are illustrated in
Table-5. The test compounds were dissolved in DMSO, and
for control, an equal amount of DMSO was used to monitor
the activity of solvent alone in this experiment. The compounds
exhibited anticancer activity at = 1 pg/mL. Increasing the con-
centration of complexes from 0.1 to 100 pg/mL, increases cell
inhibition. The results showed that on MCF-7 cancer cells (ICs
= 5.82 ug/mL), the Cu(Il) complex has a higher activity than
the ligand and other metal(II) complexes.

TABLE-5
IC,, (LG/ML) VALUE OF LIGAND AND ITS METAL(II)
COMPLEXES AGAINST MCF-7 CELLS
(HUMAN BREAST CANCER CELLS)

Compound 1Cs, (ug/mL)*
Ligand 22.99
[CoClI(PPhs)(L)] 12.86
[NiCI(PPh;)(L)] 21.19
[CuCl(PPh;)(L)] 5.82
Cisplatin 12.33

%50% inhibitory concentration after exposure for 48 h in the MTT
assay.

Conclusion

Co(II), Ni(IT) and Cu(II) complexes containing triphenyl
phosphine and a Schiff base ligand have been synthesized and
characterized based on analytical data and various spectral
studies. Physico-chemical studies have suggested the square
planar geometry for Ni(II), Co(II), and Cu(IT) complexes. The
antimicrobial activities of the ligand and its metal(IT) complexes
indicate that Co(II) complexes possess higher bacterial and
fungal activities than Ni(I) and Cu(II) metal(I) complexes
and the ligand. Furthermore, in vitro anticancer properties of
all compounds were screened against MCF-7 cancer cell lines.
Results revealed that the anticancer activity of Cu(II) complex
is higher than that of standard, free ligand and other complexes.
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