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Abstract

Novel Schift Base (E)-Z-((4~L‘hluru-3-ni[mphenylimino){phenyI)methyl)—S-mctho;t)’pht:ﬂul (S)) synthesized by condensing
2-hydroxy-4-methoxy benzophenone and 4-chloro-3-nitroaniline in ethanol and used for synthesis of five new mixed ligand
complexes of Mn(1T) Fe(III), Co(II), Ni(IT), and Cu(TI). The synthesized Schiff base ligand (S,) has been characterized by
IR, UV-Visible, '"H-NMR, 3C-NMR spectra and all the synthesized complexes were characterized by elemental analysis,
IR, electronic, thermal methods (TGA-DTA), Powder XRD analysis, magnetic susceptibility and molar conductivity meas-
urements. All the complexes were proposed to have octahedral geometry. All the synthesized compounds were screened

for their antimicrobial, antidibetic, antioxidant, antimalarial and anticancer activity. The obtained results indicated towards
potential of these complexes as antimalarial and antioxidant agents.
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Introduction

Mixed ligand complexes has attracted great attention these
days owing to their ease of formation, simple work up
procedure, high yield and various applications [1, 2]. The
therapeutic and diagnostic properties of transition metal
complexes have attracted attention leading to their applica-
tions in many areas of modern medicine [3]. Schiff base
complexes have suitable biomimetic properties that can
mimic the structural features of active sites, and they have
been widely used in various fields such as biochemical
reactions and biological regulation [4]. The antimicrobial
[5-12] and anticancer activities [13] of Schiff base ligands
and their metal complexes have been extensively studied.
Cancer, diabetes and malaria are serious health con-
cerns in countries like India and hence the primary targets
of medicinal chemistry research. Cancer is a group of dis-
eases involving abnormal cell growth which can spread to
other body parts. The platinum-based complex ‘Cisplatin’,
owing (o its anticancer propertics, has attracted researchers
to work in this area. Still the research is ongoing in order
to find different metal complexes with less side effects and
similar or better cytotoxicity [14]. Diabetes resulting from
insulin deficiency or insulin resistance is a serious chronic
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disorder around the world [15-17]. Two types of situations
are identified regarding this disease viz. type 1 (insulin
dependent) and type 2 (non-insulin dependent) diabe-
tes. Although various drugs are used to treat non-insulin
dependent diabetes, the complications involved with this
disease such as kidney failure, micro-and macrovascular
disease, retinopathy, neuropathy and atherosclerosis has
created an urgent need for the search of orally active drugs
[15-17]. Malaria is one of the most infectious diseases
affecting to health and developmental growth of develop-
ing countries [18]. It is present in 91 countries, mostly
in tropical and subtropical regions and the incidence of
malaria becoming serious owing to globalization in the

world. The antimalarial potential of Schiff base ligands

and their metal complexes is well known [19]. Transition

metal Schiff base complexes are attractive catalysts in the

oxidation of a variety of organic compounds because of

their low cost, easy preparation, and chemical and thermal

stability [20, 21].

In present investigation we report synthesis of novel
Schiff base (S,) using condensation reaction of 2-hydroxy-
4-methoxybenzophenone with 4-chloro-3-nitroaniline, The
Schiff base was further used to synthesis five mixed ligand
complexes of Mn(1I), Fe(llI), Co(1I), Ni(Il) and Cu(ln)
using 8-hydroxyquinoline (HQ) as secondary ligand. All the
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Scheme 1 Synthesis of Schiff
base ligand (S,)

HyC0

2-hydroxy-4 -methoxy
benzophenone

synthesized compounds were characterized using elemental
analysis, spectral, thermal methods, Powder XRD analysis,
molar conductance and magnetic susceptibility measure-
ments. All the compounds were screened for their biologi-
cal activities such as anticancer, antidibetic, antimalarial,
antimicrobial and antioxidant activities.

Experimental
Materials and methods

Metal salts; (MnCl,.2H,0, FeCl; 6H,0, CuCl,.6H,0,
NiCl,.6H,0, CuCl,.2H,0,) and 8-hydroxyquinoline were
purchased from S.D. Fine Chemicals Private Limited.
2-hydroxy-4-methoxybenzophenone and 4-chloro-3-ni-
troaniline were obtained from Merck Chemicals Limited. All
the chemicals used were of AR grade. Solvents used were
double distilled and dried using molecular sieves before use
[22)].

Melting points or decomposition temperatures of all
the synthesized compounds were measured using a simple
capillary tube method and are uncorrected. Molar conduct-
ance values of all the synthesized complexes were meas-
ured by preparing 10~ M solutions in DMF solvent using
Equiptronics conductivity meter with an inbuilt magnetic
stirrer (Model:Eq-664) at room temperature. Magnetic
Susceptibilities were determined on the SES Instrument's
magnetic susceptibility Gouy's balance (Model: EMU-
50) at room temperature using copper (II) sulphate as a

NO,
NH,
Ethanol
Conc H,80, N
—_—
Reflux 24 h
NO,
OH

Cl

HyCO

(E)-2-(((4-chloro-3-nitrophenyl)imino)
(phenyl)methyl)-5-methoxyphenol

standard. IR spectra of complexes were recorded as KBr
pellets in the region of 4000—400 cm™! on a Shimadzu
and Bruker spectrophotometers. Electronic spectra were
recorded by preparing 10> M solutions of complexes
in DMSO using Shimadzu UV-1800 UV/Visible Scan-
ning spectrophotometer (double beam). '"H-NMR spec-
trum of Schiff Base ligand was recorded using Bruker
400 MHz spectrometer. The thermal analysis of com-
plexes were done using a DTG-60H detector with (TGA 1
SF/1100/358, 04.02.2016 17:33:3 1) module with heating
rate 10.00 k/min. The Powder XRD Spectra were recorded
on an Ultima IV instrument with X-Ray 40 kV/20 mA.

Synthesis of Schiff’s base ligand (51)

A hot ethanolic solution (20 mL) of 2-hydroxy-4-methoxy-
benzophenone (2.28 g, 10 mmol) was added drop wise into
an cthanolic solution (20 mL) of 4-chloro-3-nitroaniline
(0.93 g, 10 mmol). Catalytic amount of conc. H,SO, was
added to the resultant mixture and then refluxed for 24 h
under stirring. The pro ress of reaction was monitored by
TLC at regular interval of time. The resultant hot solution
was reduced to 1/3 of its original volume and kept aside at
RT for cooling and then the reaction mixture was poured
on crushed ice. A yellow crystalline solid product obtained
was separated, filtered with Whatmann Paper under suc-
tion, washed with cold water and ethanol and then recrys-
tallized from the same solvent. (M.p.=48-50 °C, Yield:
83%) (Scheme |).
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Scheme 2 Synihesis of mixed ligand complexes

General procedure for synthesis of mixed ligand
complexes

To the aqueous ethanolic solution of the metal chloride
salts (10 mmol) [Mn(lI) (0.195 g), Fe(IIl) (0.326 g), Co(lI)
(0.286 g), Ni(II) (0.285 g) and Cu(II) (0.204 g)] was added
drop wise a mixture of an ethanolic solution of Schiti’s
base ligand (S) [0.382 g, 10 mmol (20 mL)] and 8-hydrox-
yquinoline (HQ) [0.175 g, 10 mmol (20 m1)] in 1:1:1 molar
ratio. The reaction mixture was stirred continuously at RT
for 4-6 h. The complexes precipitated were washed with
ethanol, filtered and dried. All the complexes were recrys-
tallized from ethanol. Scheme 2 represents the synthesis of
the mixed ligand complexes.

Antibacterial activity using well plate method

All the synthesized compounds were screened for their
antibacterial activities against pathogenic organisms like E.
coli and B. Subrilis and the results obtained were compared
with standard drug Streptomycin [23]. The inoculums of the
microorganism were prepared from the bacterial cultures.
15 mL of nutrient agar (Hi media) medium was poured in
clean sterilized Petri plates and allowed 10 cool and solidify.
100 pL of broth of bacterial fslrajn was pipette out and spread
over the medium evenly with a spreading rod till it dried
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properly. Wells of 6 mm in diameter were bored using a
sterile cork borer. Solutions of all the compounds 1 mg(mL
in DMSO were prepared. 100 pL of plant extract solutions
were added to the wells. The petri plates incubated at 37 °C
for24 h. Streptomycin (1 mg/mL) was prepared as a positive
control and DMSO was taken as negative control. Antibacte-
rial activity was evaluated by measuring the diameters of the
zone of inhibitions (ZI).

Antifungal activity using agar well plate diffusion
method

For antifungal study each compound was dissolved in
DMSO at a concentration of 5 mg/mL and stored in a refrig-
erator till further use. Antifungal activitics of the compounds
were evaluated by means of agar well diffusion assay. The
assay was carried out according to the method of Hufford
[24).

Sabouraud dextrose agar (Hi media) was used for the
growth of fungus. Media with acidic pH (pH 5.5 to 5.6)
containing relatively high concentration of glucose (40%) is
prepared by mixing (SDA) Sabouraud dextrose and distilled
water and autoclaved at 121 °C for 15 min. 25 mL of molten
(45 °C) SDA medium was aseptically transferred into each
100 mmx 15 mmsterile Petri dish. For counting of spore
(fungi) were suspended in normal saline to make volume
up to 1 mL and then counted with help of heamocytometer
(neubar chamber). Once the agar was hardened, 8 mm wells
were bored using a sterile cork borer. Then 0.1 mL (100 pL)
from each stock solution of the compounds having final con-
centration of 5 mg/mL was placed in each of the well and
the plates were incubated for 24 h at 29 °C. Two wells in
each petri dish were supplemented with DMSO and refer-
ence antifungal drug Clotrimazole (1 mg/mL) dissolved in
DMSO serve as negative and positive control respectively.
The antifungal activity was measured as the diameter (mm)
of clear zone of growth inhibition [25].

Anti-malarial activity

In vitro semi-quantitative test for screening of antimalarial

activity

A mixture containing 50 pL of 0.5 mg/mL hematin chlo-
ride freshly dissolved in 0.1 M NaOH, 100 uL of 0.5 M
sodium acetate buffer (pH 4.4), and 50 pL of the synthesized
compound potential anti-malarial drug solution and posi-
tive control used was chloroquine diphosphate, whereas the
negative control was distilled water, was put in microtube
and incubated at 37°C for 18 h, The tube was then centri-
fuged for 8 min at 4000 rpm. The supernatant was removed
and the pH of reaction was measured. The final PH of the
mixture should be between (5.0-5.2), It is important that the
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solutions be added to the plate in this order. The solution
mixture in the wells were washed with 200 HL DMSO per
well to remove free hematin chloride. The plate was centri-
fuged again, discharging the supernatant afterwards. The
p-hematin remaining was then dissolved in 200 pLof 0.1 M
NaOH to form an alkaline hematin that can be measured
spectrophotometrically. Finally, the absorbance was read at
405 nm [26, 27]. Lastly percentage inhibition of hematin
by compounds was calculated using following formula (1),

Percent inhibition(%)

_ Reading of control — Reading of treated cells
Readig of control

x 100 (1)

Antidibetic activity using a-amylase inhibition assay
Importance alpha-amylase enzyme in the body

In humans, the digestion of starch involves several stages.
Initially, partial digestion by the salivary amylase results
in the degradation of polymeric substrates into shorter oli-
gomers. Later on in the gut these are further hydrolyzed
by pancreatic alpha amylases intv maltose, maltotriose and
small maltooligosaccharides. The digestive enzyme (alpha-
amylase) is responsible for hydrolyzing dietary starch
(maltose), which breaks down into glucose prior to absorp-
tion. Inhibition of alpha amylase can lead to reduction in
post-prandial hyperglycemia in diabetic condition [28, 29].
Treatment of diabetes include: improvement of the activ-
ity of insulin at the objective tissues. with the utilization of
sensitizers (biguanides, thiozolidinediones); incitement of
endogenous insulin discharge with the utilization of sulfo-
nylureas (glibenclamide, glimepiride), and decrease of the
interest for insulin utilizing particular enzyme inhibitors
(acarbose, miglitol).

Assay of amylase inhibition

In vitro amylase inhibition was studied using the method
reported by Bernfeld [30]. In brief, 500 pL of the test com-
pound (1 mg/mL) was allowed o react with 500 pL of 0.1 M
phosphate buffer pH 6.9 containing a-amylase enzyme
(fungal diastage (0.5%)). Alter 10 min incubation at 25 °C,
500 pL of 1% starch solution in 0.1 M phosphate buffer
(pH 6.8) was added. Then the solutivn was again incubated
at 25 °C for 10 min. The same operation was performed
for the controls where 500 pL of the enzyme was replaced
by buffer. After incubation. 1000 uL of dinitrosalicylic acid
reagent was added to both control and test. They were kept
in boiling water bath for 10 min and cooled. The absorbance
was recorded at 540 nm using spectrophotometer and the

percentage inhibition of a-amy zyme was calculated

using the formula (2).

Abs(Control) — Abs(Extract)
Percent inhibition(%) = ( Abs()Control) % 100

' 2)

Suitable reagent blank and inhibitor controls were simul-
taneously carried out.

Anticancer activity and cytotoxicity study using MTT
assay

All the synthesized compounds were screened for their anti-
cancer activity using MTT [3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide] assay against human
breast cancer cell lines MCF-7 to assess the cytotoxicity
[31, 32]. Cells were incubated at a concentration of 1 X 10*
cells/mL in culture medium for 24 h at 37 °C and 5% CO,.
Cells were seeded at a concentration (70 pL) 10* cells/
well in 100 pL culture medium and 100 pL herbal extracts
into microplates, respectively (tissue culture grade, and 96
wells). Control wells were incubated with DMSO (0.2% in
PBS) and cell line. All samples were incubated in tripli-
cate. Controls weré maintained to determine the control cell
survival and the percentage of live cells after culture, Cell
cultures were incubated for 24 h at 37 °C and 5% CO, in
CQO, incubator. After incubation the medium was completely
removed and added 20 pL of MTT reagent (5 mg/min PBS).
After addition of MTT, cells incubated for 4 h at 37 °C in
CO, incubator. The wells were observed for formazan crys-
tal formation under microscope. The yellowish MTT was
reduced to dark coloured formazan by viable cells only.
After removing the medium completely added 200 pL of
DMSO (kept for 10 min) and incubated at 37 °C (wrapped
with aluminium foil). Triplicate samples were analyzed by
measuring the absorbance of each sample by microplate
reader at a wavelength of 550 nm.

Antioxidant property using DPPH radical
scavenging activity

All the synthesized compounds were characterized for their
antioxidant activity using DPPH (1, 1-diphenyl-2-picrylhy-
drazyl) radical scavenging activity as per the method [33]
with some modifications and compared with ascorbic acid
as standard antioxidant compound. 100 pL of synthetic com-
pounds with the concentration of 1000 pg/mL was mixed
with 100 yL. DPPH (0.2 mmoV/L in methanol) in 96 well
plate, in control only methanol and for standard Ascorbic

acid (1000 pg/mL in 100 pL) used. The resultant absorbance

was recorded at 515 nm after 30 min incubation at 37 °C.

The percentage of scavenging activity was calculated [34]
using the formula (3),

@) Springer
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Complex Colour Elemental analysis Molar cond:lcuvity l\_dz?g'nctic suscep-
Found (Calculated) (%) (Ohm™" cm? mol™") tibility pq (B.M.)
M (6 H N
C Amber yellow 8.91 56.46 3.92 6.81 12.5 5.38
Cy5H,,Cl N;O,Mn (8.90) (56.48) (3.90) (6.82)
G, Dark brown 9.04 56.38 3.92 6.80 76 5.32
Cy9H,,Cl, N5, Fe (9.06) (56.40) (€X7)) 678)
G, Charcoal grey 9.49 56.10 3.90 6.77 9.54 4.39
CyyH,C1 N,0,Co (9.47) (56.13) (3.89) (6.78)
C, Scaloam green 9.46 56.12 3.90 6.77 13.6 3.10
Cy5H,,Cl N,O,Ni (9.44) (56.13) (3.88) (6.76)
Cy Olive green 10.16 55.68 387 6.72 11.8 1.85
CyyH,,Cl N;O,Cu (10.14) (55.70) (3.89) (6.73)
e [f‘t(commlj = A(sample)] IR Spectra
Percent inhibition(%) = AtcontoD x 100
contro .
3) IR spectra for complexes were compared with those of

where A(control) is absorbance of DPPH and A(sample) is
absorbance of reaction mixture (DPPH with sample).

Results and discussion

All the complexes were obtained in 68—-72% yield, were
thermally stable and found to be decomposing above 295 °C.
The complexes were partially soluble in methanol and com-
pletely soluble in DMF, DMSO.

Magnetic susceptibility

The Mn(II) and Fe(III) complexes exhibited u g values of
5.38 and 5.32 B.M. indicating presence of five unpaired
electrons in these complexes. The Co(II) and Ni(IT) com-
plexes exhibited p  values of 4.39 and 3.10 B.M. The
higher than expected value in these complexes indicated
presence of orbital contribution in addition to spin contri-
bution in these complexes [35]. The Cu(II) complex exhib-
ited expected value of 1.85 B.M. indicating presence of one
unpaired electron.

Molar conductance

The observed low molar conductance values (9.54—13.60
Ohm™' cm?® mol™") for Mn(II), Co(IT), Ni(II) and Cu(Il)
complexes indicated their non-electrolytic nature [36]. How-
ever, the high value (76 Ohm™" cm? mol™") recorded for
Fe(11l) complex indicated 1:1 electrolytic nature [37). The
elemental analysis data along with colour, molar conduct-
ance and magnetic susceptibility values recorded for all the
synthesized complexes are represented in Table |.

@_ Springer

ligands considering few prominent peaks. IR spectrum of
primary ligand, i.e. free Schiff base (S,) exhibited strong
band around at 1660 cm™' and a broad band in the range
3445-3489 cm™! which indicated the presence of ketimine
V(C=N) and phenolic-OH groups, respectively. A peak for
aromatic asymmetric C—H at 2995 cm™' was also observed
[13]. In secondary ligand 8-hydroxyquinoline, two charac-
teristic peaks at 1605 and 3450 cm™' were observed which
can be assigned to presence of ¥(C=N) and v(OH) vibra-
tions, respectively [38].

In the IR spectra of complexes, the peaks for ketimine
v(C=N) group is shifted towards lower frequency at
1627-1635 cm™! and the phenolic —OH broad band at
3445-3489 cm™' was disappeared indicating N atom of
ketimine and deprotonated phenolic-O atoms both are
involved in coordination with the metal atom with refer-
ence to Schift’s base primary ligand. Similar observations
were also noted for 8-hydroxyquinoline ligand as the band
for (C=N) was shifted to lower frequency 1591-1598 ¢cm™!
and the peak observed for phenolic -OH was disappeared in
IR spectra of all the complexes indicating the ligand coordi-
nated to metal(ll) ion in a bidentate manner via imine-N and
deprotonated phenolic-O atoms, respectively [38].

The C-O stretching bands, in case of the Schiff base
ligands (S,) at 1310 cm™' and 8-hydroxyquinoline at
1284 cm™' was shifted to higher wave numbers at 1322 cm™"
to at 1382 cm-1 after complexation [39-41].

The appearance of weak to medium intensity bands in far-
IR region in the ranges 409460 and 510-607 cm™' which
correspond to ¥(M—-0) and v(M-N) modes, respectively, [42]
further confirmed the metal-ligand binding. All the mixeq
lizand complexes exhibited an additional broad peak in the
range 3200-3351 cm™' due to v(OH) stretching of coor-
dinated water molecules [3]. The strong evidence for the
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presence of coordinated water molecules was also provided
from TGA/DTA analysis of the complexes,

TH-NMR

'"H-NMR spectrum of synthesized Schiff base ligand (S)
was recorded in CDCI; solvent by using TMS as internal
standard. In NMR spectrum of ligand first signal appeared
as sharp singlet at 8 3.87 ppm indicating methoxy proton
present in ligand. The multiplet signal for aromatic protons
of substituted aniline ring in Schiff base was observed at &
7.63-7.55 ppm while the another multiplet signal for aro-
matic protons of substituted benzophenone phenyl moiety
in Schiff base was observed around & 6.40-7.59 ppm. The
last peak observed at & 127 | ppm was due to phenolic -OH
proton of substituted benzophenone moiety in ligand. These
NMR data helps to confirm the structure of synthesized
Schiff base ligand (S,) [42].

3C-NMR

The '*C-NMR spectrum of synthesized Schift base ligand
(S,) was recorded in CDClI, solvent using TMS as an inter-
nal standard. The chemical shifts observed at 200, 166.23
and 166.33 ppm indicates to carbon atoms of (C=N),
(C-OH) and(C-OCH,) groups, respectively. The chemical
shift at 145.92 ppm indicates the chemical shits due to car-
bon atom of (C-N). Signals of aromatic carbon were dis-
played in region 101.06 to 13824 ppm and chemical shift
at 55.65 ppm referred to carbon atom of ~OCHj (methoxy
carbon).

Electronic spectra

The electronic spectra of synthesized Schiff base ligand (S,)
and mixed ligand complexes were recorded in chloroform
solvent at room temperature. The electronic spectrum of free
Schiff base ligand shows two absorption bands at 265 and
383 nm which can be due to (x —n*) transition of aromatic
benzene ring and (n — x*) transition due to C=N group.
The electronic spectrum of Mn(lI) complex exhibited two
absorption bands at wavelength 260 and 388 nm is attributed
to ligand field transition. Another peak observed at 399 nm
was due to LMCT transition, The next peak at 644 nm indi-
cated d-d electronic transition in metal complex. The Fe(IIT)
complex exhibited absorption bands at low intensity at 661,
615 and 380 nm. The Co(1I) complex displayed absorption
bands at 241, 315 nm indicating (x— n*) and (n— x*) tran-
sitions due 1o ligand field. The band at 398 nm was assigned
to LMCT transition. Two bands observed at 630 and 971 nm
were assigned duc o ‘T, — Ay, and *T;, — “Ty, d-d tran-
sitions, respectively. The Ni(1I) complex exhibited four

Pl Y
absorption bands at wavelength 795, 691, 487 and 264-nm,”
respectively. These transitions can be attributed due to
3As,(F) = Ty, (F), 3A,,(F) =T o), 3A5,(F) =T (P)
and LMCT, respectively. The Cu(Il) complex exhibited
broad absorption band at wavelength 382-364 nm indicat-
ing 2E,— 2T, transition. Based on the results obtained all
the complexes are proposed to have octahedral geometry
[42—44]. :

Thermal analysis

Thermal analysis of synthesized complexes was carried out
using TGA and DTA curves. The TGA curves of all the
complexes exhibited weight loss in two to three different
steps. In first step loss of coordinated water molecules is
observed at 150-180 °C temperature. The second major
weight loss observed in the temperature rage 200400 °C
indicated loss of coordinated Schiff base ligand in the com-
plexes. In last step 30—40% weight loss was observed in
complexes beyond 400 °C temperature due to loss of coor-
dinated 8-hydroxyquinoline ligand. Finally all the metal
complexes were converted into their respective metal oxide
beyond 750 °C temperature indicating all the complexes are
thermally stable compounds.

In the DTA cyrves of all the complexes peaks were
observed beyond 400 °C up to 750 °C temperature. This
was sufficient to indicate that all these complexes undergoes
decomposition in the temperature range 400-750 °C.

Powder XRD analysis

The powder XRD analysis of all synthesized mixed ligand
complexes were used to determine the particle size of com-
plexes and hence to determine their nature, viz. crystalline
or amorphous. The particle size of mixed ligand complexes
was calculated by using Scherer's formula, Eq. (4)

e
R= fCosé 4)

where K is constant and usually taken as 0.9, D is particle
size, A is wavelength of x-ray radiation, g is Full Width half
maximum and @ is diffraction angle [45]. The inter planner
spacing (d) is calculated by using Brag’s Eq. (5),
niA = 2dsiné (5)
The mean particle size of complexes is the range of
03.51-35.45 nm. All the XRD parterns of complexes exhib-
ited sharp crystalline peaks indicating semi-crystalline

4@ springer
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Table2 Powder XRD data Complex Reflexes 20 Millerindices  Inter planar  Crystal size () FWHM
spacing (d) (nm)
(A%)

(0 Peakl 09.94 111 2.89 00.28 48331

CooHp CIN;O;Mn - peair 1550 220 5.71 28.23 04954
Pcak3 2328 400 381 05.98 2.3658
Peakd 26.06 500 341 03.44 4.1262
Peaks 3536 610 2.53 00.68 21.142

Average Crysial size 07.72 nm

c, Peakl 09.40 111 9.40 65.34 0.2129

CyHaoCl NyOFe  pegrn 16.02 300 5.52 26.69 0.5249
Pcak3 26.68 500 = Rg 01.01 14.070
Peakd 27.76 510 321 02.64 5.3910

Average Crystal size 23.92 nm

G, Peakl 09.94 111 839 00.20 68.503

C,3H,,Cl N;0,Co
Peak2 16.16 220 547 09.36 1.4951
Peak3 25.84 420 344 00.97 14.548

Average Crystal size 03.51 nm

Cy Peakl 06.56 111 13.50 2361 0.588

CyHuCINONE  peaky 0988 211 08.96 37.00 0.376
Peak3 16.12 411 05.50 33.01 0.424
Peak4 1840 422 04.82 37.34 0.376
Peak$ 2592 631 03.43 3555 0.400

Average Crystal size 33.30 nm

Cs Peakl 06.68 111 13.22 4220 0.329

CHuCIN;OCu  peaky 0984 211 08.99 2462 0.565
Peak3 1314 311 06.72 32.90 0.424
Peakd 16.10 411 05.50 39.65 0.353
Peaks 2670 631 » 0333 37.88 0.376

Average Crystal size 35.45 nm

nature of the complexes. The obtained results are repre-
sented in Table 2.

Antimicrobial activity
Antibacterial activity using well plate method

All the synthesized compounds were screened for their
antibacterial activities against pathogenic organisms like
E. coli and B. subtilis and the obtained results were com-
pared with standard drug Streptomycin. It was observed
that the complexes of Mn(II), Fe(III), Ni(Il) and Cu(II)
exhibited better antibacterial activities compared to the
free Schiff base ligand (S,). The Co(II) complex exhibited
poor antibacterial activity against both pathogenic organ-
ism. Figure la—f represents the results obtained.

The increased activity of complexes can be explained
on the basis of Overtone's concept and Tweedy's chelation
theory [46]. According to chelation theory, on chelation

@ Springer

the polarity of metal ion will be reduced and lipophilic-
ity of the complexes will be increased. Due to this, these
complexes also disturb the respiration process of the cell
and thus block the synthesis of the proteins that restricts
further growth of the organisms.

Antifungal activity using agar well plate diffusion Method

All the synthesized compounds were screened for their
antifungal activity against fungal pathogens C. albicans
and A. niger and the obtained results were compared with
standard Clotrimazole. The Schiff base (S, ), Mn(II), Co(II)
and Ni(II) complexes exhibited moderate to good anti-
fungal activity a%ainst both these pathogens. The Cu(ln)
complex exhibited moderate activity against A, niger but
was inactive against C. albicans. The Fe(IlI) complex was
inactive against both the pathogens. Table 3 represents
results obtained from antimicrobial activity screening for
all the synthesized compounds.
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Fig.1 Antibacterial activity
resulls against E. coli l(a—c)]
and against B. Subrilis [(d-1)]

Table3 Antimicrobial activity

Complex Concentration Zone of Inhibition (mm)
results
Antibacterial activity Antifungal activity
E. coli B. subtilis C. albicans A. niger
S, 5 mg/mL 0w 16 09 10
CopH sCl N>O4
C; 5 mg/mL 17 24 06 09
C,H,,Cl N;O,Mn
C, 5 mg/mL 13 16 00
C,9H,,Cl; N3O Fe
Cs 5 mg/mL 00 12 08 09
C,yH,,4Cl N;0,Co
C, 5 mg/mL 11 18 07 08
CygH;,Cl N,O;Ni
Cs 5 mg/mL 22 23 00 08
Cy9H,4Cl N;O,Cu
Standard (streptomycin) 1 mg/mL 31 32 — =
Standard (Clotrimazole) I mg/mL - - 14 13

Antidibetic activity using a-amylase inhibition Assay

The antidibetic activity of all the synthesized compounds
was recorded with the help of a-amylase inhibition assay
and the obtained results were compared with standard acar-
bose (80.80% inhibition). All the synthesized compounds
exhibited moderate to good antidibetic activity in terms of
a-amylase inhibition. Surprisingly the Schiff base ligand
(S,) exhibited highest value of 59.09% amongst all the syn-
thesized compounds whereas all the complexes exhibited

values in the range 53.03-55.55%. Figure 2 represents
results obtained.

Anticancer activity and cytotoxicity study using MTT assay

All the synthesized complexes were screened for their anti-
cancer activity and cytotoxicity study against human breast
cancer cell line MCF-7 using MTT assay. Figure 3 repre-

sents graphical representation of the results obtained from
anticancer activity.

@ Springer
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percentage Inhibition of alpha amylase inhibitory assay
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Fig.2 Graphical representation of antidibetic activity
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Fig.3 Graphical rcpresentation of results obtained for anticancer
activily

The 1Cg, values above 100 pM are noted for all the syn-
thesized compounds and were compared with that of the
standard drug 5-Flourouracil (FU) which exhibited 1Csg
value of 60.76 pM. All the compounds exhibited moderate
to good anticancer activity against human breast cancer cell
line MCF-7. The cell viability values decreased and per-
cent inhibition values increased with increasing dose con-
centration which indicated that these complexes are more
toxic to cancer cells than normal cells. Considering all these
observed facts all these complexes could be considered as
potential anticancer agents.

Antioxidant activity using DPPH radical scavenging assay

All the synthesized compounds were screened for their anti-
oxidant activities and obtained results were compared with
standard ascorbic acid (Vitamin C) on the basis of free radi-
cal scavenging effect of stable DPPH free radical activity.
The results of complexes were interpreted on the basis of
percent inhibition at 1000 pg/mL concentration. The DPPH
radical scavenging activity of mixed ligand complexes was

@ Springrr

Table4 Anti-oxidant activity (DPPH radical scavenging activity)

Sample Code Concentration  ABS at 515 izt
(ug/mL) (nm) |‘nh|b|-
tion
(%)
Control - 0.454 =
S, 1000 0.357 21.36
C;yH;<Cl N;Oy4
(&) 1000 0.093 79.51
CygH;,Cl N3O;Mn
C, 1000 0.026 94.27
CioHy4Cly N5O5Fe
G 1000 0.091 79.95
Cy¢H,4Cl N;0,Co
Cy ) 1000 0.123 72.90
C1¢H,,Cl N;O;Ni
C; 1000 0.229 49.55
CygH,,Cl N4O,Cu
Standard-Acarbuse 1000 0.010 97.79
Table 5 Results of antimalarial activity screening
Compound Concentration  Absorbance  Percentage
(mg/mL) (nm) Inhibition
(%)
Control = 1.19 -
S, 1000 0.608 48.90
CyH,5CLN;O4
C, 1000 0473 60.25
CygH,,Cl N2O;Mn
c 1000 0427 65.54
C,yH,,Cl; N;O-Fe
Cs 1000 0410 64.11
CygH, CIN;O,Co
C; 1000 0.489 58.90
CagH,,Cl N;O,Ni
Cs 1000 0.517 56.55
CayH,,Cl N;3O,Cu
Standard 1000 0370 68.90

significantly better than the tree Schiff base ligand (S,). The
Fe(IIT) complex exhibited highest inhibition value which is
very close to that of standard ascorbic acid indicating excel-
lent antioxidant activity. The Mn(II), Co(II) and Ni(II) com-
plexes exhibited good activity whereas the Cu(II) complex
exhibited moderate antioxidant activity. The result indicated
that the complexes are much better free radical scavenger
than the free Schiff base ligand (S;) molecule [47]. The
obtained results are represented in Table 4.

Antimalarial activity
All the synthesized compounds were screened for their anti-
malarial activity and the obtained results are represented
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in Table 5. All the synthesized compounds exhibited bet-
ter antimalarial activities close to the standard used. The
complexes Fe(III), Co(II) and Mn(IT) exhibited 65.54, 64.11
and 60.25% inhibition values which are close to the stand-
ard value 68.90%. Thus these complexes exhibited excellent
antimalarial activity and can act as potential antimalarial
agents. The Ni(IT) and Cu(IT) complex exhibited 58.90 and
56.55% inhibition value which is more than the Schiff base
ligand (S,) (48.90%). Still it can be clearly observed that
all the synthesized complexes exhibited good to excellent
antimalarial activity than parent Schiff base ligand and can
be considered as potential antimalarial agents.

Conclusions

Room temperature synthesis of novel Schiff base ligand
(S,) and mixed ligand complexes of Mn(II), Fe(II), Co(II),
Ni(II), Cu(Il) is reported here. All the synthesised com-
pounds were characterized using various techniques. The
magnetic susceptibility data indicated that all the complexes
are paramagnetic in nature. IR and electronic spectral data
indicated towards binding of metal atoms with nitrogen and
oxygen atoms in ligands. Powder XRD data indicated semi-
crystalline nature of the complexes. Thermal analysis indi-
cated involvement of water molecules in the coordination
sphere and thermal stability of complexes. Thus based on
the obtained results, all the complexes are proposed to have
octahedral geomeltry.

All the synthesized complexes were screened for their
biological activities such as antibacterial, antifungal and
antioxidant activities. The antibacterial results indicated
that all the complexes exhibited better activities as com-
pared to Schiff base ligand (S,) which can be explained
based on Tweedy’s chelation theory. The Schiff base ligand
(S,), Mn(1D), Co(11) and Ni(II) complexes exhibited moder-
ate antifungal activity against both C. albicans and A. niger
whereas remaining complexes exhibited varying activilies.

The results of antidibetic activity measurements using
a-amylase inhibition assay indicated that all the compounds
exhibited moderate to good activity in comparison with the

standard used. All the complexes exhibited good antican-
cer activity against human breast cancer cell line MCF-7
as compared to the standard drug 5-Fuorouracil. In case
of antioxidant activity measurements the Fe(Ill) complex
exhibited highest inhibition thus showing excellent activity
whereas remaining complexes exhibited moderate to good
activity. The Mn(II), Fe(ITI) and Co(II) complexes exhibited
excellent antimalarial activity whereas remaining complexes
viz. Ni(II), Cu(IT) and Schiff base ligand (S,) exhibited mod-
erate activity as compared to standard used. Overall all the
complexes exhibited various biological activities and hence
are potential candidates for future studies as drug molecules.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/513738-021-02431-5.
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