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ABSTRACT

Herein, Zn(11) complexes derived from halo-substituted hydrazone ligands, (HL1 and HL2),
were synthesised and characterized using 'H NMR, BC{H}NMR, FT-IR, UV-Vis, mass
spectroscopy, elemental (CHN)/metal content analyses, thermal analysis (TGA), SEM-EDX and
conductivity measurement. The IR spectral data showed that both ligands acted as tridentate and
coordinated to the Zn(11) ion through carbonyl group (C=0), oxygen atom of the hydroxyl group
(O-H), and the nitrogen atom of the azomethine (HC=N), whereas the fourth bond that occurred
via oxygen atom of the water molecule completed the tetrahedron geometry. The antimicrobial
potentials of the compounds were evaluated using disc diffusion method, on some selected
bacteria: Bacillus subtilis (Bs) and Staphylococcus aureus (Sa) (Gram-positive) and Klebsiella
pneumonioe (Kb) and Escherichia coli (Ea) (Gram-negative). From the results obtained, the
complexes were more potent than their free ligands with [ZnL2(H20)] displaying enhanced
activity compared with [ZnL1(H20)]. In addition, the radical scavenging ability of the
compounds was evaluated using (DPPH, ABTS", "OH and Oy radicals). This result shows that
the ligands demonstrated less in vitro antioxidant activity on all the free radicals than their
complexes, in which [ZnL2(H20)] complex displayed enhanced antioxidant activity than
[ZnL1(H20)]. The antioxidant activity result obtained showed similar trend with that of

antimicrobial study.
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INTRODUCTION
Schiff bases have gained recognition as one of the frontline ligands in the field of coordination

chemistry due to their stability, flexibility toward coordination, ease of synthesis and structural

diversity. These ligands are good chelating agents toward transition and main group metals [1-5].
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gaining more attention due to their versatility [6-10]. Hydrazones (Figure 1) are class of
compounds containing RC=NNH group and they are obtained via condensation of hydrazine
with aldehydes or ketones [11-13].
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Figure 1: Hydrazones derived from (a) Salicylaldehyde with benzohydrazide and (b). Phenyl hydrazine

Hydrazones derived from benzohydrazide and it derivatives can exist in either keto or enol form
(Figure 2), and this gave them ability to coordinate to divalent metals in 1:1 or 1:2 mole ratio for
keto and enol forms respectively.

( )

Figure 2: The presentation of keto and enol forms of hydrazone derived from salicylaldehyde
and benzohydrazide

The chemistry of these compounds, especially those containing oxygen and nitrogen donor atom
together with their metal complexes are receiving attention owing to their fascinating biological
properties [14-18]. Hydrazone ligand systems have the ability to form stable metal complexes
with different structural diversity and application in various fields such as analytical chemistry,
electrochemistry, corrosion inhibition, spectroscopy and medicinal [19-21].

Recently, several researchers reported the scavenging potentials of hydrazone ligands and
their metal complexes [8, 22-26] and most of these studies revealed the promising activity
demonstrated by the compounds. In addition, the antimicrobial and antifungal potentials of these
ligand and their metal complexes were reported by different researchers [9, 27-29]. Similarly,
chemotherapeutic ability of hydrazones and its derivatives in the management of tuberculosis is
well documented [30-32].
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and in our quest for determining metal complexes of biological importance, we hereby report
synthesis of two ONO donor halo-substituted hydrazone ligands (HL1 and HL2) and their Zn(Il)
complexes, and study the influence of halo substituent to the structural and biological properties
of the compounds. This is because halogens-containing compounds are known to have biological
properties. The incorporation of halogens such as CI, Br, | and F within a molecules, lead to
increased lipophilicity and enhancement of biological activity/lipid membrane penetrations [33].
Similarly, structural activity relationship showed that halogen group increases biological activity
of a molecules [33]. These properties are responsible for the remarkable biological activity
demonstrated by N-(3,5-dichloro-2-hydroxybenzlidene)-4-amino benzene sulfonic acid sodium
salt [34]. The choice of zinc ion for this complexation is due to its role in biological system and
also its ability to demonstrate unique biological activity when coordinated to low molecular
weight ligands. Zinc complexes having lower molecular weight have been involved in various
biological process ranging from cellular to metabolic process activities [35].

The hydrazone ligands reported herein were synthesised via condensation of dichloro and
dibromo substituted salicylaldehyde with benzohydrazide in methanol as solvent at room
temperature. To the best of our knowledge and after literature search, these ligands have not been
complexed with Zn(1l) ion. However, various researchers had reported the biological study on
the free ligands, their Cu(ll) complexes and all reported remarkable activities demonstrated by
the compounds [36-40].

MATERIALS AND METHODS

The reagents deployed in this research are analytical grade (AR) and purchased from Merck.
These reagents were used without any purification unless otherwise stated. They include: 3,5-
dichlorosalicylaldehyde, 3,5-dibromosalicylaldehyde, zinc acetate dihydrate, methanol, ethanol,
diethyl ether, ethyl acetate, chloroform, dichloromethane, hexane, dimethyl sulfoxide,

dimethylformamide, acetone and tetrahydrofuran.

General procedure for the synthesis of the ligands (HL1 and HL2)

The Schiff base ligands HL1 and HL2 were synthesised according to modified literature
procedures [41-44]. A solution of 3,5-dichlorosalicylaldehyde (5.0 mol, 0.955 g, 1eq) and of 3,5-
bromosalicylaldehyde (5.0 mol, 1.400 g, 1leq) in 30 mL of methanol was reacted separately with
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formic acid (three drops) was added and stirred at room temperature for 4 h. The resulting
precipitate was filtered, washed with methanol, followed by ether and dried over CaCl; in a
desiccator.

N’-(3,5-dichloro-2-hydroxybenzylidene) benzohydrazide (HL1)

Yield: 71% (1.4321 g); white powder; m.p. 186-189 °C; 'H NMR (500 MHz, DMSO-ds) &:
(ppm) = 7.56 (t, 2H, Ar-H, J = 7.5 Hz), 7.63-7.66 (m, 2H, Ar-H, J = 7.0 Hz), 7.68 (d, 1H, Ar-H,
J =7.0 Hz), 7.96 (d, 2H, Ar-H, J = 7.5 Hz), 8.58 (s, 1H, HC=N), 12.50 (s, 1H, OH), 12.52 (s,
1H, NH); BC{H}INMR (125 MHz, DMSO-ds) &: (ppm) = 162.9 (C=0), 152.2 (C-OH, Ar-C),
146.9 (HC=N), 132. 2, 132.1, 130.1, 128.5 (2C), 128.3 (2C), 127.7, 122.8, 121.4, 120.7 (Ar-C);
Selected IRaTR; (v, cm™): 3221 (N-H), 3041 (OH), 1652 (HC=N), 1600 (C=0), 1343 (C-N), 706
(C-Cl); UV-Visible (DMSO, 10 M); 280, 350 nm; CHN Anal. Calculated for C14H10ClN2O2;
C, 54.39; H, 3.26; N, 9.06; found: C, 54.28; H, 3.22; N, 9.04; HRMS-ESI m/z [M+Na]" 331.0060
(Calculated for C14H10CI2N202, 331.0017 ).

N’-(3,5-dibromo-2-hydroxybenzylidene) benzohydrazide (HL2)

Yield: 63% (1.6231 g); white powder; m.p. 182-185 °C; *H NMR (500 MHz, DMSO-ds) &:
(ppm) =7.56 (t, 2H, Ar-H, J = 7.5 Hz), 7.64 (t, 1H, Ar-H, J = 7.0 Hz), 7.83 (d, 2H, Ar-H, J=7.5
Hz), 7.96 (d, 2H, Ar-H, J = 7.5 Hz), 8.54 (s, 1H, HC=N), 12.54 (s, 1H, OH), 12.74 (s, 1H, NH);
BC{HINMR (125 MHz, DMSO-ds) &: (ppm) = 163.0 (C=0), 153.6 (C-OH, Ar-C), 147.0
(HC=N), 135.4, 132.2, 132.1, 132.0, 1285 (2C), 127.7 (2C), 120.9, 111.1, 110.2 (Ar-C);
Selected IRaTr: (v, cm?): 3219 (N-H), 3047 (OH), 1655 (HC=N), 1600 (C=0), 1343 (C-N), 869
(C-Br); UV-Visible (DMSO, 10°3M): 310, 380 nm; CHN Anal. Calculated for C14H10Br2N2O2;
C, 42.24; H, 2.53; N, 7.04; found: C, 42.18, H, 2.49; N, 7.01; HRMS-ESI m/z [M]" 398.2719
(Calculated for C14H10Br2N202, 398.0494).

General procedure for the synthesis of the metal complexes

The complexes were synthesized following a modified literature procedures [45-47]. Solutions of
HL1 (1 mmol, 0.3092 g, 1eq) and HL2 (1 mmol, 0.3981 g, 1eq) in 20 mL of dichloromethane in
a separate flask was mixed with a solution of [Zn(AOc)2.2H>0] (1 mmol, 0.2195 g, leq) in 10

mL of methanol. The solution mixtures were stirred at room temperature for 3 h, the precipitate
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formed (complexes) were filtered, washed with methanol, followed by ether and dried in vacuo

under P2Os and analysed using various characterization techniques.

[ZnL1(H20)]

Yield: 0.1013g (84% based on Zn); yellow solid; m.p. 264-266 °C; *H NMR (500 MHz, DMSO-
de) &: (ppm) = 7.28-7.32 (m, 1H, Ar-H, J = 7.0 Hz), 7.38 (d, 1H, Ar-H, J = 7.0 Hz), 7.41 (d, 3H,
Ar-H, J = 8.5 Hz), 8.05 (d, 2H, Ar-H, J = 7.0 Hz), 8.56 (s, 1H, HC=N); BC{H}NMR (125 MHz,
DMSO-de) 6: (ppm) = 169.5 (C=0), 161.8 (C-OH, Ar-C), 152.9 (HC=N), 136.3, 130.6, 129.7,
129.1, 128.6, 127.7, 127.2, 127.1, 125.30, 120.8, 114.4, (Ar-C) Selected IRatr: (u, cm™): 3300
(OH-water), 1604 (HC=N), 1535 (C=0), 1441 (C-N), 848 (C-Cl), 617 (Zn-0), 524 (Zn-N); UV-
Visible (DMSO, 10°M): 354, 446 nm; CHN Anal. Calculated for C14H10Cl:N2O3sZn; C, 43.06;
H, 2.58; N, 7.17; found: C, 43.04, H, 2.56; N, 7.15; HRMS-ESI m/z [M-H] 389.8622
(Calculated for C14H10CI2N203Zn, 390.5268)

[ZnL2(H20)]

Yield: 0.1234 g, (73.5%, based on Zn); dark yellow solid; m.p. 272-274 °C; *H NMR (500 MHz,
DMSO-ds) &: (ppm) = 7.39 (t, 2H, Ar-H, J = 7.5 Hz), 7.41 (d, 2H, Ar-H, J = 7.5 Hz), 7.53 (d,
1H, Ar-H, J = 7.5 Hz), 8.04 (t, 2H, Ar-H, J = 7.0 Hz), 8.51 (s, 1H, HC=N); C{H}NMR (125
MHz, DMSO-ds) 6: (ppm) = 169.5 (C=0), 162.8 (C-OH, Ar-C), 152.5 (HC=N), 136.5, 134.3,
129.6, 127.6 (2C), 127.2 (2C), 121.6, 117.0, 101.4 (Ar-C); Selected IRatr: (v, cm™): 3278 (OH-
water), 1610 (HC=N), 1550 (C=0), 1419 (C-N), 802 (C-Br), 617 (Zn-O), 485 (Zn-N); UV-
Visible (DMSO, 10°M): 364, 448 nm; CHN Anal. Calculated for C14H10Br.N,OsZn; C, 35.07;
H, 2.10; N, 5.84; found: C, 35.04, H, 2.06; N, 5.78; HRMS-ESI m/z [M-H]" 478.8832
(Calculated for C14H10Br2N2O3Zn, 478.4288)

Measurements

The synthesised compounds were subjected to spectroscopic and other analyses to confirm their
formation. These include H NMR, BC{H}INMR, FTIR, UV-Visible, Thermogravimetric
analysis (TGA), High resolution mass spectroscopy (HRMS), Elemental-CHN analysis and
SEM-EDX. The *H and *C{H}NMR spectra were recorded on Bruker 500 MHz and 125 MHz,
respectively. The Infrared spectral data were obtained using Tensor 27 Bruker and Perking Elmer
FT-IR spectrometer BX. The elemental content (CHN) of the ligand and their complexes was

obtained using VarioElementar 111 microbe CHN analyser. All NMR analyses were conducted at
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methyl silane which is used as internal standards for *H NMR and *C{H}NMR in DMSO-ds.
High resolution mass spectra (HRMS) were carried out on a WatersAcquity UPLC
Synapt G2 HD mass spectrometer. Thermogravimetric analyses (TGA) were carried out on a
TGA-Q600 thermoanalyzer with a heating rate of 10 'C min under N2 flow (20 mL.min) from
room temperature to 800 °C. The metal content in the complexes were determined using a

spectro Arco FSH12 inductively-coupled plasma mass spectrometer.

In vitro antimicrobial study

The synthesized complexes and their free ligands were screened for their anti-microbial activity
on Gram-positive (Staphylococcus aureus ATCC-25923 (Sa), Bacillus subtilis ATCC-6633 (Ba),
Gram-negative (Escherichia coli ATCC-25922 (Ea), and Klebsiella pneumoniae ATCC-13883
(Kp)), using disc diffusion method in DMSO as a solvent at concentrations of 5 and 10 mg/mL
[48, 49]. Ciprofloxacin was used as control drug. The zone of inhibition for each of the
compound against the tested organisms was measured in triplicate, and the average is presented

as mean * SD.

Determination of minimum inhibitory concentration (MIC)

The MIC of the ligands and their complexes were evaluated using both micro dilution methods
[50-52]. The test compounds and control drugs were dissolved in DMSO to obtain the stock and
thereafter, it was serially diluted twofold using Mueller-Hinton Broth (MHB) to obtain a
concentration range of 512 to 0.25 pg.mLl. From the stock solution, 100uL of each
concentration was introduced into a well (96well micro plate) containing 90 puL of MHB,
followed by the addition of 10 uL of inoculums (1 x 106 CFU.mL™?) of the bacteria to obtain a
final concentration range of 250 to 0.125 pug.mLl. After which, plates were covered and
incubated on a shaker at 37 °C for 24 h. MICs were assessed visually after the corresponding
incubation period and were taken as the lowest sample concentration at which there was no
growth. Ciprofloxacin was used as positive controls, while broth with 20 uL. of DMSO was used
as a negative control to determine its influence on the biological systems. This is because it was
present as a carrier for the compounds to assist in their solubilisation. The assay was repeated

thrice.
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Antioxidant assay

DPPH radical scavenging activity

Radical scavenging ability of the free ligands and their complexes was assessed using 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical. The method reported by some researchers was
adopted with some modifications [53, 54]. Exactly, 50 uL solution of the compounds in DMSO
at different concentration (10, 20, 50, 100 and 150 pg.mL? was mixed with 200 pL of DPPH in
methanol and allowed to react in the dark room for 30 min. The absorbance of the resulting pale
yellow mixture was measured using UV-Vis spectrometer at a wavelength 517 nm. Ascorbic
acid was used as positive control, and measurements were carried out in triplicate. The
scavenging activity of the ligands and their complexes against DPPH radical was evaluated using

the relation as follows:

DPPH radical scavenging activity (%) =[((Ao-A1/Ag) X 100]

Where Ao = absorbance of control (blank solution), and A; = absorbance of the sample.

ABTS" free-radical scavenging activity

The ABTS"® assay was conducted using a modified literature procedure [55-57]. To generate
ABTS, oxidation reaction was carried out using potassium per sulfate (2.45 mM) and 7.0 mM of
ABTS, and allowed to react overnight. The solution of the ABTS" was further diluted with
deionized water, and the absorbance of the diluted solution was recorded at 734 nm. Thereafter,
40 pL of the DMSO solutions of ligands and their complexes using concentration of (5, 10, 20,
30 and 40 pg.L 1) was added to 200 uL of ABTS" solution, mixed and incubated in a dark room
for 15 min. After the incubation period, absorbance of this mixture was measured at 734 nm
using UV-Vis and ascorbic acid was used as positive control. The measurements were carried
out in triplicate and the ABTS" radical scavenging activity was estimated using the relation:
ABTS' radical scavenging activity (%) = [((Ac-A1/Ag) X 100]

Where Ao = absorbance of control (blank solution), and A; = absorbance of the sample.

Hydroxy free-radical ("OH) scavenging activity

This assay was performed using modified literature procedure [55-57]. 100 uL of ferrous
sulphate (18 mM), 5 uL of 0.03 % H>0; and 50 pL of various concentrations (5, 10, 15, 20 and
25 pug.mL?) of the ligands and their complexes in DMSO were thoroughly mixed and incubated
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at 37 °C for 45 min. Thereafter, it was centrifuged at 3000 rpm for 25 min, and absorbance of the
supernatant was recorded using spectrophotometer at 532 nm and compared with reference
(ascorbic acid) as positive control. The recording was done three times, and ‘OH radical

scavenging activity was estimated using the relation:

*OH radical scavenging activity (%) = [((Ao-A1/Ao) X 100]
Where Ao = absorbance of control (blank solution), and A; = absorbance of the sample.

Superoxide anion radical (O2™) scavenging activity

A literature procedure was adopted for this assay [55-57]. Exactly,2 mL of various concentration
(5, 10, 15, 20 and 25 pg.mL™?) of the ligands and their complexes in DMSO, 5 mL of Tris-buffer
(50 mmol, pH = 8.2), and 1 mL of benezen-1,2,3-triol solution (0.01 mol.L™ HCI) were added
and allowed to react for 10 min at 25 °C. The reaction was quenched with 1 mL of HCI (0.008
mmol.L?), and absorbance was measured at 550 nm. Ascorbic acid was used as positive control,
and measurement was carried out in triplicate. The superoxide anion scavenging activity was

estimated using the relation:

O superoxide anion radical scavenging activity (%) = [((Ao-A1/Ag) X 100]

Where Ao = absorbance of control (blank solution), and A; = absorbance of the sample.

Determination of 1Cso

The 1Cso value required for 50% of the free radicals scavenging by the compounds were
determined from a series of dose-response data (sample concentration and free radicals
scavenging (%)). Using an X-Y plot fitted with a linear regression line and the ECso was
estimated using the following relationship; 1Cso (X) = 50 — C/M. Where, C= is the intercept and
M= gradient of the line. The ICso values were compared by paired t test. P< 0.05 was considered
significant. Statistical analysis was performed using SPSS software version 20 and one-way
Analysis of variance. Data were presented as Mean + SEM. from at least three independent

experiments (n = 3). Where, P < 0.05 is considered statistical significant.

RESULTS AND DISCUSSION
The hydrazone Schiff base ligands HL1 and HL2 were synthesised via classical condensation of
3,5-chlorosalcylaldehyde and 3,5-bromosalicylaldehyde with benzohydrazide in 1:1 mole ratio,

using methanol as a solvent (Scheme 1).
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Scheme 1: Synthesis of the ligands; i = CH;OH/HCOOH; ii = room temperature

The Schiff bases were obtained as white powder, air and moisture stable, soluble in polar
solvents but insoluble in non-polar solvents. However, the intensity of the colours varies and
could be due to the influence of the halo substituents. The metal complexes (Figure 3) were
obtained by the reaction of the hydrazone Schiff bases with Zn(OAc)22H>0 in the ratio of 1:1 in
a mixture of CH2>Clo/CH3sOH at room temperature (Scheme 2). The complexes were obtained in
moderate yield as yellow and dark yellow solids; similar variation of color intensity was
observed on the complexes. They are soluble in methanol, ethanol, DMSO, DMF and water, but
insoluble in chloroform, dichloromethane and non-polar solvents. The solubility of the
complexes in polar solvents suggested that they probably polar complexes. The molar
conductivity measurement of solution of the complexes in (DMSO, 10M) was found to be 8.42
and 9.63 Q1 cm? mol?, suggesting non-electrolytic complexes. The ligands and their complexes
were characterized using *H NMR, BC{H}NMR, FTIR, UV-Visible, TGA, HRMS and
Elemental analysis. The data obtained from the elemental analysis (CHN) on the ligands and
their complexes correlate well with stoichiometric composition of the compounds and are in

good agreement with the theoretical values. The physico-chemical and analytical data of the

e

Scheme 2: Synthe5|s of the complexes i = CH,CIl,/CH30H; ii =RT; X1 = CI or Br

Iigands and complexes are presented in Table 1.

\
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Figure 3: Structure of the complexes
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Table 1: Physico-chemical properties of the ligands and their complexes
Compound Molecular formula Colour Yield % m.p./d.p Elemental analysis: Calc. Molar conductivity
(Molecular weight) (0) CC) (found) (Q*cm’mol™)
C H N Zn
HL1 C14H10CI2N202 White 71 186-189 5439 3.26 9.06 - -
(309.1474) (1.4320) (54.28) (3.22) (9.04)
HL2 C14H10Br2N20» White 63 182-185 42.24  2.53 7.04 - -
(398.0494) (1.6231) (42.18) (2.49) (7.01)
[ZnL1(H.0)] C14H10CI2N203Zn Yellow 84 264-266 43.06 2.58 7.17 16.74 8.42
(390.5268) (0.1013) (43.04) (2.56) (7.1) (16.68)
[ZnL2(H.0)] C14H10Br2N203Zn Dark 74 272-274 35.07 2.10 5.84 13.64 9.63
(479.4288) yellow (0.1234) (35.04) (2.06) 5.78) (13.61)

m.p. = Melting point; d.p. = Decomposition point; Calc. = Calculated; g = Grams
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'H NMR and B¥C{H}NMR spectral study
Nuclear magnetic resonance (NMR) spectroscopy is one of the vital tools that are used in

structural elucidation. It is used to ascertain how atoms within a particular molecule are related.
This is achieved by analyzing chemical domain of the selected nucleus.

To establish the formation of the compounds and also to elucidate their structure, the *H
NMR and BC{H}NMR spectra of the ligands and their diamagnetic Zn(ll) complexes were
recorded in DMSO-ds (Figures 4-11). The spectra of both the ligands and their complexes
showed different peaks that were characteristics of the compounds. Furthermore, both the spectra
of HL1 and HL2 presented peaks in a similar chemical environment due to their structural
similarity. A sharp single peak at 12.54 and 12.74 ppm in the ligands is due to the -NH proton of
the hydrazide moiety in HL1 and HL2 respectively (Figures 4-5). The appearance of this proton
in the downfield region is an indication of its involvement in intra-molecular hydrogen bonding
with the carbonyl oxygen of the benzohydrazide. This is because hydrogen bonding often
lowered the electron density around the proton, and hence moves the absorption of the proton to
the downfield. Similarly, the phenolic protons of ligands were observed at 12.50 and 12.54 ppm
as a sharp single peak. These protons appeared in downfield region due to the electronegative
effect of oxygen atom, which causes the proton to be de-shielded and subsequently occurred in
the downfield region. The azomethine proton (HC=N) signals were observed at 8.54 and 8.58
ppm in the two ligands respectively. This peak appeared upfield compared to the usual
azomethine proton in Schiff bases.

Thus, it can be said that the position of these protons is affected by the electronegative
character of the substituted halogens on the benzene ring. The chemical shifts of the aromatic
protons in both ligands were observed within 7.55 —7.96 ppm. There is also appearance of single
sharp peak at 3.31 ppm in all the spectra, which is due to the moisture (water) in the DMSO-ds
that was used for the NMR (Figures 4-5).
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Figure 4: *H NMR spectrum of HL1, (500 MHz, DMSO-ds)
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Figure 5: *H NMR spectrum of HL2, (500 MHz, DMSO-ds)

The carbonyl (C=0) carbon and the aromatic carbon that is directly linked to the phenolic
oxygen (C-OH) were observed in the downfield region at 162 — 163 ppm and 152 — 153.6 ppm
respectively (Figures 6-7). In the same manner, the azomethine (HC=N) carbon and the aromatic
carbons were obtained around 146 — 147 ppm and 110 — 135.4 ppm in both ligands respectively
(Figures 6-7).
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Figure 6: BC{H}NMR spectrum of HL1, (125 MHz, DMSO-ds)
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Figure 7: 3C{H}NMR spectrum of HL2, (125 MHz, DMSO-ds)

After coordination to the Zn(Il) ion, and as can be seen from the *H NMR spectra of the
complexes (Figures 8-9).The —NH and —OH protons that appeared downfield in the free ligands
did not appear on the spectra of the complexes. The disappearance of these protons in the
complexes confirmed the deprotonation of the protons, and coordination of the Zn(ll) ion to the
ligand through oxygen atom of the hydroxyl and carbonyl groups. Similarly, the deprotonation of
the hydrazide proton further affirmed the existence of hydrogen bonding between the hydrazide

proton and the carbonyl oxygen. In addition, the azomethine and the aromatic protons were
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significantly shifted in the complexes (Figures 8-9). The shift in the chemical environment of the

azomethine proton is due to the involvement of the nitrogen atom in the coordination.
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Figure 8: *H NMR spectrum of [ZnL1(H20)], (500 MHz, DMSO-ds)
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Figure 9: *H NMR spectrum of [ZnL2(H20)], (500 MHz, DMSO-ds)

e BC{H}NMR spectra of the complexes (Figures10-11), showed significant shift toward
downfield region for (C=0), (C-OH) and (HC=N) carbons. This shifts, confirmed the

coordination of the Zn(ll) ion through the oxygen and nitrogen atoms of the carbonyl/hydroxyl
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and azomethine groups respectively. Also, there is marked shifts in the position of the aromatic
carbon owing to the vibration of the molecules due to the complexation.
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Figure 10: BC{H}NMR spectrum of [ZnL1(H.0)], (125 MHz, DMSO-ds)
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Figure 11: BC{HINMR spectrum of [ZnL2(H.0)], (125 MHz, DMSO-ds)

Infrared spectra

Infrared spectroscopy plays a vital role in coordination chemistry, and it is one of
characterization techniques that are used to confirm the formation of complex between ligands
and metal ions. In order to verify the formation of complex, the infrared spectrum of ligand is
compared with that of the complex. Herein, the infrared spectra of the ligands and their
complexes were obtained in the region of 4000 — 400 cm™. The data for some selected stretching
bands are presented in Table 2, and the spectra are shown in Figure 12.

The spectra of the ligands showed a medium intensity bands at 3221 — 3278 cm™ and 3041 —
3047 cm?, which are assignable to -NH and —OH characteristic bands for HL1 and HL2
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of the bands in the spectra of Zn(l1) complexes confirmed the deprotonation of the hydrazide and
hydroxyl groups, and coordination of the zinc ion to the ligand via oxygen atom of the carbonyl
and hydroxyl groups as seen in the *H NMR of the complex. The appearance of new band in all
the complexes in region of 617 cm™ which are assignable to metal-oxygen band as reported in
the literature [58, 59], further confirmed the formation of the complexes.

A stretching band at 1652-1655 cm™ are due to imine (C=N) band of the azomethine
moieties within the ligands (Table 2). This band is the key indicator for the formation of Schiff
bases [60, 61]. The bands shifted to lower frequency (1604-1610) cm™ on the spectra of the
complexes. The shift to the lower frequency upon complexation and subsequent formation of
new band at 485-524 cm® due to metal-nitrogen band, confirmed the involvement of the
azomethine nitrogen in the complexation.

Similarly, the carbonyl (C=0) band stretching was observed at 1600 cm™ in both ligands,
and bands shifted to 1535-1555 cm™ in the complexes due to the participation of the carbonyl
oxygen in the coordination. The —C-N and C-CI/C-Br stretching vibration frequencies were
noted at 1343, 706 and 869 cm™ respectively in the free ligand. The bands were observed at
1419-141, 848 and 802 cm™ in the complexes. The shifts in these bands are as a result of the

vibration within the molecules arising from complexation.
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Figure 12: FTIR spectra of the ligands and their complexes

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

255


http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

Waziri, |., Zarma H. A., Fugu M. B, Yesufu H. B., Askira N.K., Mala G.A.: Zn(ll) Complexes Derived from
ONO Donor Hydrazone Schiff Base Ligands: Synthesis, Characterization, Antimicrobial and Antioxidant
Evaluations

Table 2: Infrared spectral data of the ligands and their complexes

Compounds  v(O-H-water)  v(N-H) v(O-H-phenolic) v(HC=N) ©v(C=0) ©v(C-N) ©v(C-Cl) vo(C-Br) v(Zn-O) wv(Zn-N)

HL1 - 3221 3041 1652 1600 1343 706 - - -
HL2 - 3219 3047 1655 1600 1343 - 869 - -

[ZnL1(H;0)] 3300 - - 1604 1535 1441 848 - 617 524

[ZnL2(H;0)] 3278 - - 1610 1550 1419 - 802 617 485
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Electronic spectral study

To establish the formation of the complexes, electronic spectral study was carried out on the free
ligands and their complexes in DMSO (10M).The spectra are presented in Figure 13, and
summary of the data is shown in Table 3.The spectra of the ligands displayed absorption bands at
292-383 nm and 329-360 nm respectively. These peaks can be attributed to n—n" and n—n’
within the aromatic moiety and azomethine group respectively [62]. On complexation, these
bands shifted to lower wavelength at 353-447 nm and 370-432 nm respectively. These bands are
assignable to charge transfer transition of the type O(pm)—Zn(dr) and N(pn)—Zn(dn), respectively
due to the ON donor ligands system in a tetrahedral geometry[63].Furthermore, Zn(ll)
complexes with tetrahedral geometry experienced orbital splitting pattern of dx?>—y? and dz? with
low orbital energy as the result of the orbital between the ligand axis experiences little
repulsion. Therefore, coordination entities such as racah parameters (B), nephelauxetic ratio ()

and crystal field splitting energy (A_) will be very minimal or insignificant.

Table 3: Electronic spectral data of the ligands and their complexes

Compound A max (nm) Band assignment Geometry
HL1 292 o -
383 n—m
HL2 329 -1 -
360 n—m
[ZnL1(H20)] 353 n—m Tetrahedral
447 LMCT
[ZnL2(H20)] 370 n—m Tetrahedral
432 LMCT
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Figure 13: UV-Visible spectra of the ligands and their complexes

Thermal study

To study the thermal stability of the synthesised complexes, thermogravimetric analysis (TGA)
was carried under nitrogen at 25-800 °C using heating rate of 30 °C/min. The thermal behavior
of the complexes at this temperature range (Figurel4), displayed three decomposition stages. The
[ZnL1(H20)] showed decomposition at ca 25-117 °C with a weight loss of 4.11% (calculated as
4.6%), [ZnL1(H.0)] had first decomposition at 25-115 °C with loss of 3.68% (calculated as
3.77%). These weight loses correspond to one molecular of water. The second decomposition
stages were observed at ca 120420 °C and 120-338 °C on the thermograms of the complexes
respectively, with a weight loss of 79.20% and 79.42% (calculated as 81.45 % and 83.0%).
These decompositions could be assigned to the loss of organic molecules (ligands) within the
complexes. The third decomposition stages represent decomposition of the zinc ion with
subsequent formation of ZnO respectively. From this result of the thermal behavior of the
complexes, it could be deduced that the chloro and bromo substituent did not cause significant

difference to the thermal stability of the complexes.
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Figure 14: Thermograms of the complexes

ESI-mass spectral study

The mass spectra of the ligands and their complexes (Figures 15-18) were obtained and the
molecular ion peaks confirm the molecular structures of the compounds. The spectrum of HL1
shows molecular ion peak at m/z = 331.0060 corresponding to [M+Na]* ion. In addition, the
spectrum displayed m/z = 330.0032 and 176.994 representing various fragments of the HL1
molecule. The spectrum of HL2 exhibits peak at m/z = 398.2719 corresponding to [M]" ion.
Furthermore, m/z = 274. 2937 was also observed on the spectrum and this corresponds to
C7H4Br,NO" fragment of HL2 molecule. The spectra of the complexes confirmed the proposed
structures of the complexes. The spectrum of [ZnL1(H.O)] showed peak at m/z = 389.8662
which correspond to [M-H] based on the proposed structure (Figure3). The peaks at 320.9141,
225.9308, and 149.9172 represent different fragments of the complex, respectively. Similarly,
the spectrum of [ZnL2(H20)] showed peak at m/z = 478.8832. This corresponds to [M-H]
confirming the proposed structure (Figure 3). Other fragments of the complex were observed on
the spectrum, and these include 475.8803, 474.880, 463.8939 and 291.8918 respectively.
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Figure 15: Mass spectrum of HL1 ligand
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Figure 16: Mass spectrum of HL2 ligand
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SEM-EDX analysis

Figure 18: Mass spectrum of [ZnL2(H20)] complex

To evaluate the surface morphology of the ligands and their complexes, scanning electron
microscopy (SEM) was used. Slim rod-shaped and feather-like shaped nanostructures were

observed for HL1 and HL2 respectively. While, a block-shaped composed of nano-sheets is

grown in the complexes but differs in shapes and sizes which could be due to the differences in
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compared with the ligands further confirmed the formation of the complexes. Furthermore, the
ligands and their complexes were analysed using EDX. The ligands show presence of C, N, O,
Cl and Br. However, the complexes displayed presence of Zn in addition to elemental contents of

the ligands, indicating the formation of the complexes (Figure 20).
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Figure 19: SEM images of ligands and their complexes
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Figure 20: EDX micrograph of ligands and their complexes

Antimicrobial study

Schiff bases and their metal complexes are known to have potent antimicrobial activities against
different multidrug-resistant strains [64, 65]. Herein, the free ligands and their metal complexes
were screened against Gram-positive strains (S. aureus ATCC-25923 and B. subtilis ATCC-
6633) and Gram-negative strains (E. coli ATCC-25922 and K. pneumoniae ATCC-13883) using
in vitro disc diffusion method, with concentration of 5 and 10 mg/mL of the compounds.
Dimethyl sulfoxide (DMSO) and ciprofloxacin were utilized as negative and positive controls,
respectively. The results obtained were recorded in Table 4 and Figure 21. In general, both the
ligands and their complexes were less active against the tested organism compared to the
standard drug. However, it can be seen that the free ligands exhibited less antimicrobial activity
on all the pathogens, compared to their metal complexes with [ZnL1(H20)] showing enhanced
activity on Gram-negative than Gram-positive and [ZnL2(H-0)] showed better activity on Gram-
positive than Gram-negative. Similar trend was observed on the ligands. The activity
demonstrated by the ligands is due to the formation of hydrogen bonding between the phenolic

protons with the active center of the bacterial cell wall. The hydrogen bond tend to disrupt the
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explained on the basis of principle of chelation theory. Chelation theory stated that when ligands
coordinate metal ions, it resulted to decrease in the polarity of the metal ion and thereby result to
the overlapping between the orbital of the ligand with that of the metal ion for eased of
interference with cellular activity [66]. It is also worthy to mention that the halo-substituent on
the ligands did not causes significant changes on the antimicrobial activity of the complexes.

The MIC data of the compounds is presented in Table 5. From the result, it can be seen that the
free ligands and their complexes showed MIC result higher than the control drug. The ligands
presented lowest MIC of 16 pg/mL on either Gram-positive or Gram-negative respectively.

However, the complexes showed lowest MIC of 4 ug/mL on the same organisms.

Table 4: The results of the antimicrobial studies of the ligands and their complexes?®

Compound Conc. Zone of inhibitions (mm)
(mg/ml.) S. aureus B. subtilis E.coli K. Pneumonioe
HL1 5 12+1.0 8.5+0.5 13+1.0 12.5+0.6
10 23+1.0 15.7+1.2 26.3t1.5 25+2.0
HL2 5 13.5+0.5 12 +0.3 10.3+1.0 7+0.5
10 23.7+1.5 23+0.8 19.7+2.1 13+2.5
[ZnL1(H20)] 5 20+0.6 14+0.6 24+0.6 22+0.6
10 38.8+0.8 27.3+1.5 45+1.0 43+1.5
[ZnL2(H.0)] 5 21+0.6 19+0.6 17+0.6 11.7+0.6
10 40+1.0 36+1.5 34+2.0 23+£1.0
Cipro© 5 22.5+0.5 24+0.3 26+0.3 23+0.8
10 42.5+0.5 45+1.5 47+1.0 45+0.8
DMSQP - NA NA NA NA

NA = no activity, the values presented are the mean of the three closely related experimental values.
®DMSO is included as a negative control based on its usage as solvent carrier for the test compounds.

Table 5: Minimum inhibitory concentration (MIC) data of the ligands and their complexes

Compound MIC (pg/mL)
Sa Bs Ea Kb
HL1 32 32 16 16
HL2 16 16 32 32
[ZnL1(H20)] 4 4 8 8
[ZnL2(H20)] 8 8 4 4
Cipro 2 0.25 0.25 0.25
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Figure 21: Antimicrobial activity of the ligands and their complexes (A) at conc. of 5 mg/mL,
and (B) at conc. 10 mg/mL.Sa = Staphylococcus aureus, Bs = Bacillus subtilis, Ea = Escherichia
coli, Kb = Klebsiella pneumoniae and Cipro = Ciprofloxacin

Figure 22: Representative culture and 96 well plates for the antimicrobial study
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Antioxidant activity studies

DPPH Free-radical scavenging activity

Accumulation of free radical in the body is responsible for many diseases in human. Antioxidant
compounds help in mopping up free radicals and reduce their effect in the body [67]. Schiff
bases or their metal complexes are known to scavenged free radicals [68]. To evaluate the
antioxidant potentials of the synthesised Schiff bases and their complexes, DPPH radical
scavenging assay was used. DPPH produces violet or purple color in methanolic solution, and
changes to yellow in the presence of antioxidants. The results of DPPH radical scavenging
ability of the ligands and their complexes compared with positive control (ascorbic acid) are
presented in Table 6 and Figure 23A. The result showed that the scavenging activity of the
compounds increases as the concentration increased from 10 to 150 ug.mL™. The DPPH radical
scavenging rate of the complexes is higher than that of the free ligands, and it is positively
correlated with the concentration. It can also be seen that HL2 and [ZnL2(H20)] showed higher
DPPH scavenging ability compared with HL1 and [ZnL1(H20)] respectively. However, the
positive control displayed DPPH scavenging ability higher than the complexes with ICsg 3.0
ug/mL. At concentration of 20 ug/mL, the DPPH radical scavenging rate of the complexes
[ZnL1(H.0)] and [ZnL2(H20)] reached 50 and 55 pg/mL and those of the ligands HL1 and HL2
were 43 and 45 pg/mL respectively. Also, [ZnL1(H20)] and [ZnL2(H20)] showed 1Cso 19 and
5.7 pg.mL? HL1 and HL2 displayed ICso 55.7 and 42.9 pg.mL? respectively. This result
showed that complexes have stronger DPPH radical scavenging ability compared to the ligands.
Sparingly, bromo substituted ligand (HL2) and its complex showed higher scavenging activity
than the chloro substituted. The higher reactivity properties of chlorine atom is expected to
improve the activity than the bromo atom, but the size of bromine atom might have resulted to
more stability of the compound and thereby promote better activity compared to the chloro
substituted counterpart [69].

Table 6: DPPH radical scavenging activity data of the ligands and their complexes

Compound Concentrations (ng.mL™?)
10 20 50 100 150 1Cso
HL1 35.240.3 43.0£0.6  56.3.0£1.0 62.0+1.0 64.0£1.0 55.7
HL2 38.31£0.6 45.3£0.6 58.1+1.0 64.0£1.0 67.0+£0.0 42.9
[ZnL1(H.0)] 43.0£1.0 50.51£0.5 64.7+0.6 72.7£0.6 84.1+1.0 19.0
[ZnL2(H20)] 46.7+0.6 54.2+0.6 68.0£1.0 76.0£1.0 88.0£1.0 5.7
ASA 47.3£0.3 55.0+£1.2 70.0£1.5 78.0£0.3 89.7+1.1 3.0
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Anova: p-value = 0.000; p-value < 0.05 at n = 3, compared to standard ascorbic acid was
considered statistically significant (By One-way ANOVA, Turkey HSD). ASA = Ascorbic acid

ABTS' radical scavenging activity

ABTS" radical scavenging ability of the ligands, their complexes and ascorbic acid (positive
control) were evaluated using concentration of 5, 10, 15, 20 and 40 pg/mL. The results obtained
are presented in Table 7 and Figure 23B. The ligands and their complexes showed dose-
dependent scavenging ability. In general, the complexes showed about 10% more radical
scavenging ability than the ligands and about 3% less than the positive control. Similarly, HL2
and [ZnL2(H20)] demonstrated higher ABTS" radical scavenging ability than HL1 and
[ZnL1(H20)]. The I1Cso of HL1 and HL2 were found to 27.7 and 23.0 ug.mL™. The complexes,
[ZnL1(H20)] and [ZnL2(H20)] showed ICseof 19.3 and 15.3 ug.mL™ respectively, while, the
positive control gave ICso of 13.3 ug/mL. The bromo substituted ligand and its complex showed
similar trend as in the case of DPPH radical scavenging activity.

Table 7: ABTSradical scavenging activity data of the ligands and their complexes

Compound Concentrations (pg.mL™)
5 10 20 30 40 1Cs0
HL1 28.1+1.0 36.1+1.0 43.1+1.0 51.3+1.2 61.0+1.0 27.7
HL2 32.0£0.0 41.3t1.5 47.0£1.0 56.0+1.0 65.0+2.0 23.0
[ZnL1(H.0)] 34.3£0.6 43.0£2.0 50.0+0.6 58.0+2.0 75.0£1.0 19.3
[ZnL2(H.O)] 38.0£1.0 47.2+0.3 54.0£1.0 63.2+0.3 78.0£0.0 15.3
ASA 40.0+0.3 49.3+1.1 56.2+0.9 66.1+0.7 80.1+1.3 13.2

Hydroxyl radical ("OH) scavenging activity

Hydroxyl radicals have active chemical properties, react faster and cause more harm to the body
than other free radicals. Within a biological system, hydroxyl radicals invade the cell membrane,
disrupt genetic materials and subsequently leading to cell death/mutation [70]. Hence,
scavenging hydroxyl radicals by testing the complexes is aimed at evaluating the ability of the
compounds to mop up the free radical. The synthesised ligands and their Zn(Il) complexes
demonstrated the ability to scavenge the hydroxyl free radicals and reached maximum
scavenging rate at concentration of 20 pg.mL™ (Table 8 and Figure 23C). At lower
concentration, the hydroxyl radical scavenging of the ligands was found to be higher than that of
the complexes but 2-3% lower than the positive control (p< 0.05) and this could be due to the

influence of active phenolic functional group of the ligands. However, as the concentration
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increased from 15 to 20 pg.mL", the scavenging rate of the complexes on hydroxyl free radicals
was observed to be higher than the ligands (p<0.05). This increase could be explained based on
the principle of chelation theory [71]. Therefore, it could be concluded that within a particular
concentration range, the scavenging ability of the complexes is more than the ligands but less

than the positive control (p < 0.05).

Table 8: Hydroxyl radical ("OH) scavenging activity data of the ligands and their complexes

Compound Concentrations (pg.mL™)
5 10 15 20 25 1Cso
HL1 30.0+1.0  37.0+1.7 53.0+£0.5 58.0+2.0 50.0+0.5 18.6
HL2 33.0+£3.0 42.0£2.6 55.0+£0.5 62.0+2.6 53.0+0.5 15.8
[ZnL1(H:0)] 25.0+1.0 35.0+0.5 68.0+1.0 73.0£0.9 60.0+0.5 14.0
[ZnL2(H20)] 28.0+2.0 38.0+0.0 70.01£0.2 76.0+0.5 64.0+0.5 12.6
ASA 35.0+1.5 45.0+0.8 76.0+0.2 79.0+0.3 82.0+2.6 9.8

Superoxide radical (O2™) scavenging activity

The ligands and their complexes were evaluated for their scavenging ability on superoxide free
radical and compared with positive control (ascorbic acid). The results obtained are shown in
Table 9 and Figure 23D. The ligands and their complexes displayed scavenging ability on
superoxide radicals in a concentration dependent manner. The complexes showed scavenging
rate 9% more than the ligands at all concentrations. Similarly, [ZnL2(H20)] is more active than
[ZnL1(H20)]. Similarly, HL1 is less active than HL2. The higher superoxide radical scavenging
activity of HI2 and [ZnL2(H20)] than HL1 and [ZnL1(H20)] could be attributed to bromide
substituent on HL2 moiety. However, both [ZnL2(H20)] and [ZnL1(H20)] showed radical
scavenging activity less than the positive control. The ICso of the ligands and their complexes
were found to be 42.8 and 38.5 pg/mL, and 32.4 and 27.0 pug/mL respectively. The positive
control showed 1Csoof 19.4 pg.mL*. Therefore, it can be concluded that the complexes exhibited

remarkable superoxide radical scavenging ability at (p < 0.05).

Table 9: Superoxide radical (O™ ) scavenging activity data of the ligands and their complexes

Compound Concentrations (ng.mL™?)
5 10 15 20 40 1Cso
HL1 15.0+0.7 27.0£0.5 35.0£0.0 39.0+04 44.0£1.0 42.8
HL2 18.0+0.5 33.0£0.3 38.0£1.0 43.0£0.5 47.0£0.0 38.5
[ZnL1(H.0)] 22.0+0.8 35.0£0.4 41.0+1.0 46.0£0.5 52.0£1.0 32.4
[ZnL2(H20)] 25.0+0.7 38.0£0.9 45.0+1.0 51.0£0.9 56.0£1.0 27.0
ASA 29.0£0.5 41.0£1.0 48.0+1.0 57.0£0.5 68.0£1.0 19.4
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Figure 23: Antioxidant activity. Scavenging ability of the ligands and their complexes on (A) DPPH free
radicals, (B) ABTS" free radicals, (C) "OH free radical, and (D) O;" superoxide free radicals

CONCLUSION

Two Zn(I1) metal complexes were synthesised from two ONO donor ligands. The ligands and
their complexes were characterized using various characterization techniques. From these
characterization techniques, the formation of the ligands and their complexes was confirmed. In
vitro antimicrobial screening of the ligands and their complexes against Gram-positive and
Gram-negative bacteria revealed that the metal complexes have better activity than their free

ligands. The [ZnL1(H.O)] showed enhanced activity against Gram-negative, and [ZnL2(H20)]
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was found to be more active against Gram-positive bacteria. In general, both complexes have
lower MIC value of 4 pg/mL and higher MIC of 8 pg/mL respectively and [ZnL2(H20)]
exhibiting medium to higher activity across the organism. In addition, the ligands and their
complexes were evaluated for antioxidant activities using (DPPH radicals scavenging, ATBS®
radicals scavenging, hydroxyl radicals scavenging and superoxide radicals scavenging). The
results revealed varying degree of radical scavenging activities, with the complexes showing
higher scavenging rate than the free ligands. These results provide a strong platform for a
medicinal chemistry approach to fine tune the characteristic and activity of the compounds.
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