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Abstract: Considering the importance of metal complexes in the development of medicinal chemistry,
a series of transition metal complexes of Co(ll), Fe(ll), Zn(1l), Cu(ll), and Ni(ll) has been synthesized
from N,N'-bis(salicylidene)-2,2-dimethyl-1,3-diaminopropane H,L Schiff base ligand. The reaction of
the HoL with the selected metal ions led to tetrahedral and octahedral coordinated complexes. The
structural features of the obtained metal complexes were determined using analytical techniques such
as FT-IR, NMR, UV-Vis, X-ray powder diffraction, mass spectrometry, and Thermogravimetry—
differential thermal (TGA/DTA) analysis. The measured conductance for obtained compounds has
shown the electrolytic behavior of all obtained complexes. The synthesized ligand and corresponding
complexes were screened for their antioxidant and antibacterial activities. Indeed, Co(ll) and Fe(ll)
complexes have shown excellent antioxidant activities for DPPH radical scavenging and FRAP assays,
respectively. The results obtained from the disc diffusion assay showed that Co(ll), Fe(ll),
Zn(ll), and Cu(ll) complexes had displayed promising antibacterial activity against
Escherichia coli and Staphylococcus aureus, while no effect has been observed on both strains
for ligand HoL and its corresponding Ni(ll) complex.

Keywords: Schiff base; metal complex; antioxidant activity; antibacterial activity; TGA/DTA; X-ray
powder.
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1. Introduction

Schiff base derivatives have attracted the attention of many researchers due to their
potential metal binding properties and wide range of applications [1-4]. These ligands have
played a major role in developing coordination chemistry [5,6], and their synthesis has been
widely investigated [7]. Schiff bases containing hydroxyl group (OH) obtained from
salicylaldehyde and its derivatives also present a particular chelating exhibit important
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photochromic and thermochromic properties. In fact, Schiff bases obtained from
salicylaldehyde and its derivatives are largely used to synthesize metal complexes with good
stability.

On the other hand, transition metal complexes resulting from the coordination between
Schiff bases and metal salts have drawn considerable interest in several domains. They are
widely reported to display good photochromic [8], catalytic [9-11], and optoelectronic [12]
properties. They display also potent biological actions such as antibacterial [13], antifungal
[14], anti-inflammatory [15], antiviral [16], antioxidant [17], antiproliferative [18] and
anticancer [19], etc.

View this diversity of applications that exhibit Schiff's bases and their corresponding
metal complexes, particularly those obtained from diamines and salicylaldehyde. Importance
was hence given to studying these systems in our laboratories [20,21].

In this work, we describe the synthesis and characterization of the Schiff base ligand
and their corresponding metal complexes. The prepared compounds are well characterized
using FT-IR, NMR, UV-Vis, X-ray powder diffraction, and TGA/DTA techniques. The
conductance measurement was also performed for all the obtained compounds. The antioxidant
activity using DPPH scavenging and FRAP methods and the antibacterial activity were
evaluated for all the obtained products. The complexes are soluble exclusively in polar organic
solvents and are stable in the air.

2. Materials and Methods

2.1. Experimental.

All chemicals were of analytical grade, supplied from Sigma-Aldrich and other
commercial sources, and used as received. FT-IR spectra were recorded using a KBr pellet on
an FT-IR-4100 JASCO spectrometer over a range of (400-4000) cm . 'H and *C NMR
spectra were carried out on BRUKER AVANCE 11 300 Ultra Shield spectrometer using CDCls
as solvent. ESI-MS spectra were carried out on a Micromass Quattro Premier Tandem MS
spectrometer. Electronic absorption spectra were recorded in DMSO at room temperature on
UWR Spectrophotometer. Molar conductivity of 102 mol. L™ solution of the complexes in
DMSO was measured at room temperature with a Deepvision Model-601 digital direct reading
deluxe conductivity meter. X-ray analysis diffraction was performed on Bruker advance D8
eco diffractometer (50KV-20 mA) equipped with CuKa radiation source (A=1.5418 A).

2.2. Synthesis of the ligand HoL.

In a two-necked flask equipped with a condenser and dropping funnel, a solution of
salicylaldehyde (1.19 g, 2 mmol) in ethanol (10 mL) was introduced and refluxed under
magnetic stirring. Then, dropwise, a solution of 2,2-dimethylpropane-1,3-diamine (0.5 g, 1
mmol) in 5 mL of ethanol was added. The refluxing continued until the reaction was completed,
as evidenced by TLC. Then, the solvent was distilled off under reduced pressure, and the crude
product was crystallized in ethanol. The obtained precipitate was isolated by filtration off under
vacuum and dried in the desiccator to obtain pure ligand (yield 94%, m.p.: 57 °C).

'H NMR (CDCls, 300 MHz) (5, ppm): 1.10 (s, 6H, (CHs)); 3.51 (d, 4H, (CH2)2, 4J =
1.07 Hz); 6.91 (dt, 2H, Ar-H, 4J, = 1.06 Hz, 3J, = 6.47 Hz); 7.00 (d, 2H, Ar-H, 3] = 8.08 Hz);
7.28 (dd, 2H, Ar-H, 4Jm = 1.64 Hz, 3J, = 7.65 Hz); 7.34 (dt, 2H, Ar-H, 4Jn = 1.69 Hz, 3J,=8.40
Hz); 8.35 (s, 2H, CH=N), 13.60 (s, 2H, Ar—OH). *C NMR (CDCls, 75 MHz) (8, ppm): 24.49
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((CHa)z2); 36.26 (C(CHs3)2); 68.13 ((CH-2)2); 117.06; 118.59; 118.74 (C-CH=N); 131.38; 132.65;
161.22 (C-OH); 166.05 (CH=N). IR (KBr) v (cm™%): 3423 (OH), 1632 (CH=N), 1278 (C-O).
UV—Vis bands (Amax, nm, (¢, M cm™): n—n*, 257 (15300), 301 (6800); n—n*, 360 (3700);
CT, 441 (510). Color: Yellow.

2.3. Synthesis of metal complexes ML.

In a single-necked flask, an ethanolic solution of ligand HzL (1 mmol) was added to
appropriate metal salt MCl,, xH>O (1 mmol), and two drops of triethylamine. The mixture was
refluxed under magnetic stirring until the consumption of the synthons. After, the solvent was
eliminated through a rotary evaporator. The obtained solid was then filtered and washed with
diethyl ether and cold ethanol. The solid was recrystallized, if necessary, in ethanol to obtain
the desired pure complex ML.

[CuL] complex: FW: 371.92 g/mol. IR (KBr) v (cm?): 3415 (OH), 1624 (CH=N), 1388
(C-0), 610 (O-Cu), 534 (N-Cu). UV—Vis bands (Amax, nm, (e, Mt cm™): n—x*, 265 (12800),
280 (12000); n—x*, 313 (6900); CT, 401 (490); d-d, 642 (10). Color: Dark green.

[NiL] complex: FW: 367.07 g/mol. IR (KBr) v (cm™1): 1611 (CH=N), 1445 (C-O), 686
(O-Ni), 626 (N-Ni). UV—Vis bands (Amax, nm, (g, Mt cm™): =—n*, 280 (6700), 296 (8100);
n—7w*, 350 (7200); CT, 385 (1000); d-d, 631 (400). Color: Brown.

[FeLCl,] complex: FW: 435.13 g/mol. IR (KBr) v (cm 1): 3449 (O-H), 1615 (CH=N),
1312 (C-0), 534 (O-Fe), 449 (N- Fe). UV—Vis bands (Amax, nm, (g, Mt cm™): n—n*, 254
(12000), 272 (9400); n—=*, 300 (6000); CT, 369 (3000); d-d, 551 (1000). Color: Garnet.

[ZnL] complex: FW: 446.68 g/mol. IR (KBr) v (cm™1): 3449 (OH), 1617 (CH=N), 1250
(C-0), 678 (0-Zn), 578 (N-Zn). UV-Vis bands (Amax, nm, (¢, Mt cm™): z—n*, 256 (12000),
270 (13000); n—x*, 300 (7100); CT, 377 (1100). Color: Yellowish.

[COLCI;] complex: FW: 447.24 g/mol. IR (KBr) v (cm™1): 3445 (OH), 1620 (CH=N),
1090 (C-0), 572 (O-Co), 460 (N-Co0). UV—Vis bands (Amax, nm, (¢, M cm™?): n—n*, 234
(3400), 259 (3200); n—7*, 283 (2800); CT, 414 (320); d-d, 671 (110). Color: Green.

2.4. In vitro antioxidant activity assays.

The antioxidant capability of the ligand and their metal complexes were investigated
by two in vitro methods; the DPPH method is related to radical scavenging characterization of
pure compounds, and the FRAP method is related to reduction antioxidant characterization.

2.4.1. DPPH radical scavenging method.

The free radical scavenging was measured by the 2,2-diphenyl-1-picrylhydrazyl
(DPPH®) using the protocol described by Blois [22]. According to this method, 24 mg.L™
solution of the DPPHe radical in methanol was prepared, and 2.5 mL of this solution was added
to the solution (1 mL) of the tested compounds in methanol at different concentrations (100,
300, 500, 700, 900, 1000 ug/mL). The mixture was shaken vigorously and allowed to stand in
the dark at room temperature for 30 minutes. Then, the absorbance at 517 nm was measured
by a spectrophotometer. Lowering the absorbance of the reaction mixture indicated a higher
free radical scavenging activity. MeOH, DPPH solution, and ascorbic acid were used as blank,
control, and standard, respectively.

The following equation was used to calculate the percentage of ability to scavenge the
DPPH radical (RSA %):
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Ag — 44

DPPHe scavenging activity (%) = ( ) x 100

0
where Ao is the absorbance of the control solution, and A1 is the absorbance in the presence of

sample solutions or standards for positive control.
2.4.2. FRAP method.

The antioxidant potential of the ligand H.L and their metal complexes ML were
determined by a FRAP method; the antioxidant molecules usually transfer a single electron to
act as a reducing agent of Fe(l11) to Fe(l1). The modified method of ferric reducing antioxidant
power (FRAP) provided by Benzie and Strain has been used to perform this assay [23]. For
this purpose, the ligand, metal complexes, and standard antioxidants were prepared in 1 mL of
distilled water in different concentrations (100-1000 pg/mL). 1 mL of potassium ferricyanide
(1%) and sodium phosphate (pH = 6.6) were added to the tested samples. After incubation at
50 °C (20 min), 1 mL of TCA solution (10%) was added to stop the reaction to the mixtures.
Finally, the reaction was completed by adding 0.25 mL of FeCls (0.1%), and the absorbance
was measured at 700 nm. Greater reducing power was shown by the higher absorbance of the
reaction mixture.

2.5. In vitro antibacterial assay.

The antibacterial activity of Schiff's base ligand H.L and their corresponding metal
complexes (ZnL, CuL, FeLCl», CoLCl», and NiL) was evaluated against Escherichia coli and
Staphylococcus aureus using the disc diffusion method described by the Clinical and
Laboratory Standards Institute guidelines [24]. Bacteria were cultured overnight at 37 °C for
24 h on Mueller Hinton agar, then adjusted with sterile water to a concentration of 108
CFU.mL"* using 0.5 McFarland as a standard. 1 mL of this bacterial suspension was used to
inoculate Petri dishes containing Mueller Hinton agar. Then, the sterile filter discs (6 mm in
diameter) were placed on the surface of the Petri dishes, and 10 pL of Schiff's stock solution
at a concentration of 20 mg/mL (chosen as the minimum inhibitory concentration) was added
to the filter disc. DMSO and Imipenem served as negative and positive controls, respectively.
After incubation of the Petri dishes at 37 °C for 24 hours, the diameters of the zones of
inhibition were measured in millimeters. All experiments were done in triplicate.

3. Results and Discussion

The reaction between the N,N'-bis(salicylidene)-2,2-dimethyl-1,3-diaminopropane
H2L Schiff base ligand was prepared by the reaction 2,2-dimethyl-1,3-diaminopropane and
salicylaldehyde in refluxed ethanol. The ligand was then condensed with different metal salts
to afford the targeted metal complexes ML according to the synthetic pathway in Scheme 1.

3.1. Conductance measurements.

The molar conductance (4m = k/C) of ligand HoL and their corresponding complexes
ML were measured at room temperature in DMSO solution (10 mM) (Table 1). The molar
conductance values obtained for all compounds are between 18.9 and 35.4 Q' cm? mol ™
which implies their non-electrolytic nature [25].
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Scheme 1. Synthetic pathways of ligand H,L and metal complexes.

3.2. TGA/DTA analysis.

The thermal stability of HoL and their metal complexes have been investigated based
on the TGA and DTA method within a temperature range from room temperature to 1000 °C.
The TGA/DTA curves of compounds are presented in Figure 1. The curves indicated the
absence of hydrated and coordinated water and revealed that all complexes are stable until
300°C and show a stage of decomposition after this temperature. The decomposition of the
residual complexes occurred at higher temperatures (300-772°C).

3.3. Spectroscopic studies.

3.3.1. FT-IR spectroscopy.

The synthesized compounds' IR spectra (Figure 2) show the presence of all the desired
functional groups. In order to confirm the chelation of the ligand HoL to metal ion M(ll), IR
spectra of complexes ML were compared to that of the free ligand HoL. For complexes, IR
spectra show a weak band between 1611 and 1624 cm™ assigned to v(c=n) Vibration, whereas it
appears at 1632 cm for the free ligand H.L. This negative shift Avc=n) = 8 to 23 cm™ can be
attributed to the electron-withdrawing effect of the coordinated metal, which decreases electron
density in the imine bond and lead to a lower vc=n) frequency. This suggests the involvement
of the nitrogen atom of the imine group in complexation with metal ions. The complexation of
the ligand HoL with metal ions can be further confirmed by the appearance of new bands
between 534-686 cm™ and 449-626 cm™ belonging to vu-0) and vu-ny [29], respectively.
Hence, IR data shows clearly that the ligand H.L act as a dianionic tetradentate ligand (N20.),
having O (phenolate) and N (imine) as coordination sites.
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Figure 1. DTA/TGA curves of H,L and their metal complexes ML.
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Figure 2. IR spectra of ligand H,L and their metal complexes.

3.3.2. ESI-Mass spectral studies

The mass spectra of ML complexes present molecular ion peaks relative to the
structures [ML]™, confirming the molecular weight of the obtained complexes. The spectra
also show a peak at m/z = 311 Da relative to the mass of the compound [H,L]*. The mass
spectrometry data are in good agreement with the proposed structures. The plausible
fragmentations pathway is illustrated in Scheme 2.

m/z =367

\ / m/z =368

m/z = 365 m/z = 373

Scheme 2. Plausible fragmentation pathways of obtained complexes ML.
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3.3.3. UV-Visible spectra.

The UV-Vis spectra of ligand and metal complexes ML were recorded in DMSO (10-
4 M) at 298 K in 200 — 800 nm (Figure 3). Relevant electronic spectra data are presented in
Table 1.

The ligand showed four absorption bands that appeared in the range of 257 — 414 nm.
The first band assigned to =—n* transition related to molecular orbitals localized on phenolic
chromophore. The second and the third bands are attributed to n—n* and n—n* transitions of
imine chromophore. The lower energy of the observed fourth band may be related to charge
transfer transitions from bonding orbital of donor atom of ligand to non- or anti-bonding orbital
of metal (LMCT) or metal to ligand (MLCT) [26].

The absorption spectra for the metal complexes ML shows an additional weak band in
the range of 500-700 nm, which could be assigned to the d-d transition. Indeed, Cu(ll) complex
spectrum shows a band at 642 nm due to ?To(D) — 2E(D) transition indicating the tetrahedral
geometry of the complex. Ni(Il) complex spectrum displays a band at 631 nm, assigned to
3A\z4(F) — 3To4(F) transition for the tetrahedral geometry.

Co(ll) complex and Fe(ll) complex spectra present d-d transition bands d-d at 671 and
551 nm, attributed to *T14(F) —*T24(F) and °T(D) — °E(D) transition, respectively.

Moreover, the —n* and n—n* transitions observed in the spectrum of the ligand were
shifted to longer wavelength (bathochromic effect) values along with lower intensities which
confirm the chelation of the ligand with metal ions.

Table 1. Electronic absorption data of H,L ligand and ML complexes.

Absorption (Amax, nm) Conductance
% %

Compound | (i | @y | | CT -d @ e mol )
HaL 257 301 360 441 - 33.8
CoLCl, 234 259 283 414 671 “T1g(F)—>*T2g(F) 35.4
FeLCl, 254 272 300 369 551 5T2(D)—°E(D) 32.3
ZnL 256 270 300 377 - 18.9
CuL 265 280 313 401 642 2T»(D) — %E(D) 29.2
NiL 280 296 350 385 631 3A,g(F)—3T2g(F) 321

H,L

——FelCl,
——cColcl,

Abs

021 . : . . ; .
300 400 500 600 700

wavelength (nm)

Figure 3. UV-Vis spectra of H,L ligand and their corresponding complexes ML.
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3.3.4. X-ray powder.

Shimadzu 6100 diffractometer (Cuka = 1.54060 A) was used to examine the crystal
proprieties of all compounds, X-ray working parameters, which are 40 kV/30 mA, with 0.02°
step, with a start of 5° and stop 80° diffraction angle and continuing scanning mode, were used
for the measurement taken. The X-ray spectra for the ligand H.L and their metal complexes
ML are presented in figure 4; the crystal data collection and structure solution details are

summarized in Table 2.
| —— FelCl,
| zZnL

‘ —NiL
L Arrinn

CuL

CoLCl,

I

p—at

| “ I l —H,L
N )

20 40

20

Figure 4. X-ray spectrum of H,L and their metal complexes.

3.4. In vitro antioxidant activities assays.

3.4.1. Free radical scavenging activity

The antioxidant activity of Schiff base Ho.L, Zn(lI), Ni(Il), Cu(ll), Co(ll), and Fe(ll)
metal complexes, together with the standards, were assessed on the basis of the free radical
scavenging effect of the stable DPPH free radical activity. The obtained results are gathered in
table 3.

The trapping capacity of the tested compounds on the basis of the percentage of
inhibition is depicted in figure 5. The outcomes show that the DPPH scavenging activity of
metal complexes is much better than the free ligand HaL, whereas it's lower than ascorbic acid
(vitamin C) used as a reference. The obtained ICso values for the tested compounds are
presented in table 3, along with the correlation coefficient (R?) values. The results show that
the CoLCl, and FeLCl> complexes exhibit higher antioxidant capability (1Csg) compared to
NiL and ZnL complexes. In addition, all tested complexes exhibit excellent DPPH scavenging
power over the free ligand HzL. The order of scavenging potential can be given as follow:
vitamin C > CoLCl> > FeLCl> > ZnL > NiL > CuL > HaL.

Table 3. DPPH scavenging capacities (IC50, uM) of H,L ligand and their ML metal complexes.

Compounds
HaL CuL ZnL NiL CoLCl. FeLCl; Vitamin C+
IC50 + SD - - 931 +0.78 996 +0.84 541 £0.94 901 £ 0.62 55+ 0.53
R? 0.987 0.948 0.974 0.991 0.988 0.998 0.960

(n =3, X + SEM); IC50: inhibitory concentration; R 2 = correlation coefficient. xStandards.

https://biointerfaceresearch.com/
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Table 2. Crystallographic data for H,L ligand and their ML metal complexes.

Cristal Data HaoL FeLCl ZnL NiL CuL CoLClI2
Chemical formula C19H22N202 C19H20Cl2FeN202 C19H20ZnN202 C19H20NiN202 C19H20CuN202 C19H24CI2CoN202
Formula weight (g/mol) 310.39 435.13 446.68 367.07 371.92 474.24
Cristal system Orthorhombic Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic
Space groupe P212121 P 21/c P 21/c P 21/c P 21/C Clcl
T(K) 296 296 296 296 296 296
Wavelenght (A) 1.54060 1.54060 1.54060 1.54060 1.54060 1.54060
alA 6.1600 12.0280 12.3450 9.9330 9.7450 11.6630
b/A 16.1720 17.5330 10.3900 15.8780 17.2280 13.2280
c/lA 17.3070 16.2590 13.5690 12.2723 11.7297 19.6900
a/° 90.0000 90.0000 90.0000 90.0000 90.0000 90.0000
p/° 90.0000 106.1800 100.1430 116.3370 116.9130 106.2160
v/ ° 90.0000 90.0000 90.0000 90.0000 90.0000 90.0000
vV A9 1724.11 3293.00 1713.22 1734.63 1755.98 2916.88
Density (g/cm®) 1.20 1.62 1.60 141 141 1.70
100 4 —&—H,L
—0— CuL
ZnL
—&—NiL
—#k— ColCl,
80 —&— FelCl,
Ascorbic acid
g
S 60
£
<=
£
I 40
o
o
[a)
20
0 T T T T T T T T
0 200 400 600 800 1000

https://biointerfaceresearch.com/

Concentration (ug/mL)

Figure 5. DPPH scavenging activity of H,L Schiff base and their metal complexes.
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3.4.2. FRAP method.

The absorbance of the screened compounds was measured at 700 nm (figure 6),
indicating that the metal complexes have an excellent reducing potential than HzL ligand and
that they have shown almost half of the standard reduction activities. In addition, FeLCl, and
CoLCl> show a significant activity compared to other products.

-HL
- FelCl,
~4- CoLCl,
-=- NiL
-@- CuL
4 4 ZnL
Ascorbic acid
E
[
o
o 34
=
(0]
(@]
C
(4]
£ 2-
(@]
[%0]
o)
< v
1 4
0 T T T T T T T T T T
0 200 400 600 800 1000

Concentration (ug/mL)

Figure 6. Ferric reducing potentials of HoL ligand and their ML metal complexes.
3.5. Antibacterial activity.

The antibacterial activity of Schiff base ligand HoL and its metal complexes (ZnL, CuL,
FeLCly, CoLCly, and NiL) at a concentration of 20 mg/mL, against Escherichia coli and
Staphylococcus aureus is illustrated in table 4. It can be shown that the complexes CoL and
ZnL with zones of inhibition of 10£0.3 and 12 + 0.3 mm respectively, were found to be more
effective against Staphylococcus aureus. The Complexes CuL and FeLCl> showed less
effectiveness against Escherichia coli and Staphylococcus aureus with the inhibition zones of
8+ 0.2and 9 = 0.1 mm respectively. At the same time, the free ligand HoL and the NiL complex
showed no inhibitory zones against the two tested bacterial strains. Previous studies showed
good antibacterial activity of complexes Ni(Il), Cu(ll), Zn(ll), and Fe(ll) against Escherichia
coli, Staphylococcus aureus, Pseudomonas aeruginosa, and Bacillus cereus [27,28]. It is worth
noting that metal complexes were more effective against Gram-positive bacteria rather than
Gram-negative bacteria. This could be explained by differences in cell wall composition and
membrane structure of bacteria; because the Gram-negative bacteria have a thin peptidoglycan
layer and an outer lipid membrane, while Gram-positive bacteria have a thick peptidoglycan
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layer without an outer lipid membrane [29], as well as the ligand nature, metal nature, chelate
effect, the total charge of complexes, and nuclearity of metals in a complex [30,31].

Table 4. Antibacterial activity of ligand H,L and its metal complexes.
Inhibition zone diameter (mm)

Compounds Escherichia coli Staphylococcus aureus
HaL 0+0.0 0+0.0
ZnL 9+0.2 12+0.3
CuL 8+0.2 8+0.2
FeLCl2 9+0.1 9+0.1
CoLClz 701 10+£0.3
NiL 0+£0.0 0+0.0
Reference drug (Imipenem) 24+0.1 15+04

4. Conclusions

In summary, obtained metal complexes CoLClz, FeLCl», ZnL, CuL, and NiL have been
synthesized. The structure of the obtained compounds is unambiguously established using
analytical methods. The obtained complexes and the free ligand were evaluated for their
antioxidant and antibacterial activities. The cobalt complex shows significant antioxidant
activity (CMI) among the obtained complexes. Furthermore, except for ligand HoL and NiL
complex, all complexes displayed promising antibacterial activity against Escherichia coli and
Staphylococcus aureus. Regarding the promising result obtained in this work, the described
complexes will be the subject of further study to evaluate their biological responses.
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