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Abstract: A new bioactive Schiff base named 3-methyl-1-phenyl-5-((5-bromosalicylidene) amino)-
pyrazole was prepared by condensing 5-amino-3-methyl-1-phenylpyrazole  with  5-
bromosalicylaldehyde in methanol on a heating mantle in refluxing conditions for 1 hour. The
synthesized Schiff base was characterized by *H-NMR and IR spectroscopy. The Co?*, Ni**, Cu** and
Zn* metal complexes of the Schiff base in (1:1) and (1:2) have also been prepared by condensing the
metal acetate salt with the synthesized Schiff base. The prepared metal complexes were characterized
by various physicochemical techniques, including 1H-NMR, IR, mass spectrometry, elemental analysis,
UV-Vis, Cyclic voltammetry, electronic spectra, and Electron spin resonance. The presence of
coordinated water molecules in the complexes has been calculated with the help of thermogravimetric
analysis. Fluorescence spectra of all the compounds showed an enhancement in the fluorescence
intensity of the metal complexes compared to the Schiff base. Square-planar geometry for the copper
complexes and octahedral geometry for the cobalt, nickel, and zinc metal complexes have been
proposed using different techniques. The biological activity of all the compounds was assessed, and the
results showed that the metal complexes exhibited greater biological activity than the ligand.

Keywords: fluorescence; characterization; thermogravimetric analysis; physicochemical techniques;
metal complex; coordinated water.
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1. Introduction

Antibiotics, antimicrobial drugs, and anti-infectious agents are used to treat infectious
diseases caused by microorganisms and can kill or inhibit the growth of microbes by inhibiting
cell membrane synthesis, protein synthesis, nucleic acid synthesis, or cytoplasmic membranes
[1,2]. Lately, the opposition of microorganisms to antibiotics has been recognized and
classified into intrinsic resistance and acquired resistance [3]. The inactivation of medications
by bacterial catalysts, or the inability of the medication to bind to the reasons that make sense
of the biochemical mechanisms of internal and acquired resistances [4,5]. Thus, there is an
urgent need to develop new antimicrobial medications or repurpose existing ones to counter
the evolution of microorganisms and address resistance. Schiff bases (bearing an imine or
azomethine (-HC=N-) group) have shown a wide range of activities, including anti-diabetic
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activity, catalytic activity, DNA binding, cleavage activity, and cytotoxicity [6]. Furthermore,
several reports highlight the significance of Schiff bases as antimicrobial agents [7-9].

Pyrazoles are generally used as core motifs in numerous compounds for applications
such as catalysis, agro-synthetic products, building blocks for various mixtures, and medicine
[10,11]. The versatility of pyrazoles and their derivatives, which enables the synthesis of a
variety of analogs with diverse moieties, makes them appealing, as they can alter the electronic
properties and, consequently, the characteristics of the resulting compounds [12]. In medicine,
pyrazoles are found as pharmacophores in a portion of active biological molecules [13]. While
pyrazole derivatives have been widely studied for various applications, including anticancer,
antimicrobial, anti-glycemic, anti-inflammatory, anti-allergy, and antiviral, significantly less
has been reported about their metal counterparts, notwithstanding the way metals have been
shown to impart activity to ligands [10]. Consequently, this viewpoint is expected to highlight
the capabilities of pyrazole and pyrazolyl metal complexes in the field of drug discovery and
development [14]. A few models that incorporate palladium, platinum, copper, gold, zinc,
cobalt, nickel, iron, silver, and gallium complexes are used to support the above point [10].

Schiff bases are characterized by the presence of an imine bond in their structure and
are built up from aldehydes with essential amines [15]. These compounds have a wide range
of applications, including pharmaceutical, industrial, fungicidal, bactericidal, antiviral, and
biological applications [16-18]. Over recent years, there has been impressive interest among
researchers in the synthesis and characterization of metal complexes, like Co(ll), Ni(ll), Cu(ll),
and Zn(I1), made out of Schiff bases (utilized as ligands) because of their large number of uses
in the pharmaceutical field [19-21]. Complexes containing oxygen or potentially nitrogen, for
example, Lewis bases, certainly receive sufficient attention in the field by virtue of their great
structural diversity, sensitivity to the molecular environment, and thermodynamic stability
[22,23]. The synthesis and structural analyses of polydentate Schiff bases and their metal
complexes have shown that these materials exhibit a wide range of structural and
physicochemical properties [24,25]. Comprehensive studies of these compounds are necessary
to understand their structure-property correlations better and to maximize and rationalize their
use. This is due to the structural simplicity of polydentate Schiff bases and their metal
complexes, and to the ease with which they can be obtained [26,27].

In metal-based pharmaceuticals, the metal may coordinate ligands via oxygen, nitrogen,
and sulfur donor atoms, forming a precise three-dimensional structure that allows the molecule
to be tailored to identify and interact with a specific molecular target [28]. This is further
boosted by various chemical modifications, such as inserting different groups onto ligands.
However, the tremendous flexibility of coordination geometry, which is exclusively dictated
by steric hindrance and ligand charge, allows for a transition between alternative configurations
[29]. First-row transition metal complexes have been recognized for their biological actions,
including antibacterial, antifungal, anticonvulsant, anti-diabetic, anti-inflammatory,
antioxidant, and antiproliferative/antitumor activities [30-32].

2. Materials and Methods

After purchase from Sigma-Aldrich, all chemicals were used without further
purification. The formation of the product was checked with TLC. The infrared spectral data
for all the compounds were obtained using a Perkin-Elmer Spectrum 2 spectrometer. Data for
elemental analysis were collected at IIT Bombay using a Perkin-Elmer (2400) elemental
analyzer. The *H-NMR spectra for the confirmation of the formation of Schiff base and its zinc
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metal complexes were evaluated in DMSO-ds on a 400 MHz JOEL spectrometer at

Kurukshetra University, Kurukshetra. The absorption spectra of the metal complexes have been
studied in the 200-700 nm region on a LABINDIA UV/VIS spectrophotometer. The emission
spectra of the compounds were recorded on a SHIMADZU spectrofluorometer in DMSO. A
three-electrode system, i.e., Iviam Stat (V) Electro synthetic analyzer, was used to study the
electrochemical behavior of the copper complexes using KCI as the supporting electrolyte.
Electron spin resonance spectra of the copper complexes were obtained to determine the
geometry and electronic arrangement around the metal ion using a Varian (E-112) ESR
spectrometer. The thermal gravimetric analysis of the 1:1 metal complex was performed on a
TG/DTA 7300 of EXSTAR with a heating rate of 10°C/min in the temperature range of 40-
1000°C. All the compounds were evaluated for biological activity using the agar well diffusion
method. Metal contents in the prepared complexes were determined by gravimetric analysis:
Zn as zinc ammonium phosphate, cobalt as cobalt pyridine thiocyanate, copper as cuprous
thiocyanate, and nickel as nickel (dmg) dimethylglyoximate.

3. Results and Discussion

3.1. Synthesis of Schiff base.

The novel Schiff base was prepared by refluxing a 1:1 molar ratio of 5-amino-3-methyl-
1-phenylpyrazole with 5-bromosalicylaldehyde in 15 mL of methanol in a 25 mL round-bottom
flask for 2 hours. The progress of the reaction mixture was checked by thin-layer
chromatography (TLC) using hexane:ethyl acetate (70:30). The yellow precipitate was filtered
and recrystallized from methanol. The recrystallized solid was washed with acetone and dried
in a vacuum desiccator. The melting point of the Schiff base was found to be 194°C. The
synthesized Schiff base was characterized by *H-NMR and IR spectroscopy (Figure 1).

CH,
Renat
e

Figure 1. Structure of Schiff base
3.1.1. Synthesis of metal complexes.

The 1:1 and 1:2 metal complexes of the new Schiff base have been prepared. The 1:1
metal complex was prepared by adding a 1:1 molar ratio of Schiff base to the metal acetate salt
in methanol under refluxing conditions on a heating mantle for 3 hours. For 1:2 metal
complexes, a Schiff base and a metal acetate salt in a 2:1 molar ratio were refluxed with the
metal for 4 hours. TLC studied the formation of the metal complexes. The solid precipitates
were filtered, washed with acetone, and finally dried in a vacuum desiccator over calcium
chloride. The melting point of all the metal complexes was noted down. Different
physicochemical techniques characterized all the metal complexes.

3.2. Elemental analysis.

The formation of the colored metal complexes in 1:1 and 1:2 molar ratios was
confirmed by elemental data (Figure 2). The metal complexes are mainly soluble in DMSO,
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DMF, and THF but are insoluble in methanol and ethanol. The newly synthesized
compounds are solid, non-hygroscopic, and decompose at high temperatures (Table 1).

Table 1. Elemental data of the compounds.

. . Elemental Analysis (%) Cald. Metal (%)
Compounds w,\:iOIHt I:)/:ilflgg Color i:;l)d (Found) Cald.
9 point () ° c H N (Found)
. Pale 57.32 3.96 11.80
Schiff Base | 356.22 194 velow | o (57.16) | (380) | (11.66)
_ 43.28 4.21 7.97 11.18
Co(1:1) 527.23 234 Brown 85 (43.23) 4.37) (7.82) (1127)
_ 50.70 3.75 10.43 7.32
Co(1:2) 805.39 240 Brown 78 (50.54) (3.99) (14.67) (7.19)
o . 4330 421 7.97 11.14
Ni(1:1) 526.99 242 Reddish 80 (43.19) 4.37) (7.89) (11.03)
- . 50.72 3.76 10.44 7.29
Ni(1:2) 805.15 245 Reddish 76 (50.63) (3.83) (10.35) (7.19)
. 46.03 3.66 8.48 12.82
Cu(1:1) 495.82 220 Green 79 (46.14) (3.79) (8.58) (12.75)
. 52.76 3.39 10.86 8.21
Cu(1:2) 773.97 223 Green 81 (52.79) (352) (10.72) (8.07)
. Light 4276 4.16 7.87 12.25
Zn(:1) | 53368 250 vellow | 0 4285) | (4.29) (7.96) (12.17)
. Light 50.30 3.72 10.35 8.05
Zn(L:2) 811.84 252 Yellow 87 (50.52) (3.63) (10.21) (8.18)
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Figure 2. Proposed structures of the metal complexes.
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3.3. IR spectra.

All the metal complexes were first characterized by infrared spectroscopy in the
range of 400-4000 cm™. A band appears at 1609 cm™ due to the azomethine moiety of the
Schiff base, and the value of this band gets lowered in the spectra of metal complexes due to
the coordination of the metal ion with the nitrogen atom of the imine group [33]. Another band
at 3345 cm* appeared due to the hydroxy group of the salicylaldehyde moiety in the Schiff
base [34]. This band shifted in the lower region of 13-40 cm, which confirms the bonding of
metal ions with the oxygen of the hydroxy group [35]. New bands in the range of 3408-3494
cm™ appeared due to the coordinated water molecules in the metal complexes [36]. New bands
in the range of 1729-1740 cm™* appeared due to the acetate group in a 1:1 metal complex (Table
2). Another band in the region 1315-1382 cm™* exhibited due to the (C-O) bond [37]. Two new
bands in the regions 442-481 and 510-582 cm-1 appeared due to metal-nitrogen and metal-
oxygen bonds, respectively, confirming the formation of metal complexes [38].

Table 2. IR spectral data of the ligand and complexes.

Compounds | v(-HC=N-) | v»(OH) [v(OCOCH3)| v(H20) v(M-0O) v(M-N)
Ligand 1609 3345 - - - -
Co(1:1) 1569 - 1729 3408 465 548
Co(1:2) 1570 - - 3456 475 548
Ni(1:1) 1585 - 1730 3494 481 582
Ni(1:2) 1596 - - 3578 447 567
Cu(L:1) 1590 - 1740 3472 451 519
Cu(1:2) 1571 - - - 447 524
Zn(1:1) 1590 - 1738 3488 442 519
Zn(1:2) 1591 - - 3467 461 510

3.4.*H-NMR spectra.

The *H-NMR spectra of the HL-5 and its zinc metal complexes were recorded to
confirm the formation of the ligand and its zinc metal complexes. The Schiff base showed a
singlet at 2.22 ppm due to the protons of the pyrazole -CH3 group (Figure 3). The characteristic
signal for the -HC=N proton appeared at 9.15 ppm, which shifted in the spectra of zinc metal
complexes, indicating coordination of the nitrogen of the imine group to the metal ions [39].
A broad signal at 12.50 ppm was observed due to the -OH proton, which disappeared in the
spectra of metal complexes due to the complexation of the oxygen (Figure 4) of the hydroxy
group with the zinc metal ions [40]. The signals for aromatic protons appeared in the range of
7.04-8.58 ppm in the spectra of the compounds [41]. A singlet at 6.50 ppm appeared due to the
-CH proton of the pyrazole ring (Figure 5). The proton signals for another aromatic ring
appeared in the range of 7.33-7.60 ppm in the spectra of the compounds (Table 3).

Table 3. *H-NMR spectral data of the compounds.

Compounds é (ppm)
HL 12.50 (s, 1H, -OH), 9.15 (s, 1H, -HC=N), 7.08 (d, 1H, Ar-H), 8.20 (d, 1H, Ar-H), 8.58 (s, 1H,
Ar-H), 7.37-7.60 (m, 5H, Ar-H), 6.50 (s, 1H, -CH of Py), 2.22 (s, 3H, CHa)
Zn (1:1) 9.08 (s, 1H, -HC=N), 7.06 (d, 1H, Ar-H), 8.20 (d, 1H, Ar-H), 8.58 (s, 1H, Ar-H), 7.35-7.58 (m, 5H,
) Ar-H), 6.50 (s, 1H, -CH of Py), 2.24 (s, 3H, CH3), 3.29 (s, 3H, CH3COO)
Zn (12) 9.09 (s, 1H, -HC=N), 7.04 (d, 1H, Ar-H), 8.19 (d, 1H, Ar-H), 8.57 (s, 1H, Ar-H), 7.33-7.58 (m, 5H,
) Ar-H), 6.49 (s, 1H, -CH of Py), 2.24 (s, 3H, CH3)
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Figure 3. Proton-NMR spectrum of the ligand.
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Figure 4. Proton-NMR spectrum of the (1:1) zinc complex.
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Figure 5. Proton-NMR spectrum of the (1:2) zinc complex.

3.5. Electronic spectra.

Electronic spectra have been recorded in DMSO at a concentration of 10-5 M to
determine the number and positions of the d-d transitions, the electronic environment, and the
stereochemistry of the Schiff base around the metal ions.

3.5.1. Cobalt 1:1 and 1:2 metal complexes.

Two transitions were detected in the electronic spectra of metal complexes, i.e.,
1257012670 (v1) and 21504-22311 (v3) cm™ analogous to the *T1g(F) — *T2g(F) and *T1g(F)
— “T1g(P) transitions, respectively. The observed magnetic moment values were in the range
of 4.56-4.86 B.M. The observed magnetic moments and band positions indicate an octahedral
geometry for both cobalt metal complexes. The v2 was not observed; it was calculated using
the equation v2 =v1 + 10Dq. The ratio of the second to first transition (v2/v1) is 2.09 (1:1) and
2.10 (1:2), indicating an octahedral geometry around the cobalt complexes [42]. The value of
crystal field quantities (Dq, B, v2/v1, B, and %) was also calculated. The values of f for both
the complexes are 677.1 (1:1) and 728.9 cm™ (1:2), which are less than 971 cm™, indicating
the metal-ligand orbital overlapping and delocalization of the electrons on the cobalt metal
center. The deviation of values of nephelauxetic parameters from unity indicates the covalent
character of the metal-ligand bonds (Table 4).

Table 4. Electronic data of the metal complexes.

Transitions (cm™) 1 " 0
Complexes o ") 3 Dg (cm) B (cm™) v2/vl B B (%0)
Co(1:1) 12570 26374* 21504 1380 677.1 2.09 0.698 30.2
Co(1:2) 12670 26633* 22311 1396 728.9 2.10 0.750 24.9
https://nanobioletters.com/ 7 of 17
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Transitions (cm™)

Complexes o - s Dg (cm™) B(cm?) v2/ul B B (%)
Ni(1:1) 10197 17693 23612 1019 714.3 1.73 0.686 314
Ni(1:2) 10298 17979 23999 1029 738.9 1.74 0.709 29.1
Cu(L:1) 17519
Cu(1:2) 19547

3.5.2. Nickel 1:1 and 1:2 metal complexes.

For nickel complexes, three absorption band are observed in the range of 1019710298
(v1), 17693-17979(v2) and 23612-23999 (v3) cm™ assigned for the spin allowed 3Axg(F) —
3T2g(F), 2A2g(F) - 3T1g(F) and 3Axg(F) — 3T1g(P) transitions, respectively. The ligand field
parameters were calculated for both nickel complexes. The observed magnetic moment values
for the nickel complexes are in the range of 3.443.48 B.M. The values of ligand-field
parameters, magnetic moments, and the range of transitions indicate an octahedral geometry
around the nickel metal center [43]. All the parameters Dq, B, v2/v1, B, and % are displayed
in the table below. The ratio v2/v1 in the range of 1.73-1.74 favors the octahedral geometry
around the nickel metal center [44]. The values of the Racah parameter were less than 1041
cm, indicating the covalent nature of the metal-ligand bond. The values of B in (0.686 for 1:1
complex and 0.709 for 1:2 complex) close to 0.50 indicate a more covalent character in the
nickel complexes than cobalt complexes [45,46]. The % values are in good agreement with
the overlap of metal-ligand orbitals.

3.5.3. Copper 1:1 and 1:2 metal complexes.

The copper complexes showed a solitary broad band in the range of 17519-19547 cm”
1 which was assigned for the spin-allowed ?Big — 2Ayg transition. This transition was

characteristic of square planar geometry around the copper metal center. The observed
magnetic moment values ranged from 1.43 to 1.47 B.M, indicating one unpaired electron on
the copper metal center [47].

3.6. Fluorescence spectra.

The fluorescence spectra of all the compounds were recorded at room temperature in
DMSO (Figure 6). Ligand shows an emission band at 461 nm with an excitation wavelength
of 280 nm. The metal complexes displayed transitions at 479 nm, 518 nm, 520 nm, and 488
nm for cobalt, nickel, copper, and zinc, respectively. For 1:2 metal complexes, transitions
appeared at 512 nm, 511 nm, 512 nm, and 452 nm for cobalt, nickel, copper, and zinc,
respectively. All the metal complexes (1:1 and 1:2) showed enhanced fluorescence compared
to the ligand.

Schiff base
Co(1:1) 250 -
Ni(1:1)
Cu(l:1)
—— Zn(1:1)

fluorescence signal
fluorescence signal

v T ¥ T
450 00 550 600 450 sso 600

s00
Wavelength (nm)

(@) (b)

Figure 6. Fluorescence spectra of the ligand and its 1:1 (6a) and 1:2 (6b) metal complexes.
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The increased emission indicates the complexation of the ligand with the metal ions
and, hence, the fluorescence [48].

3.7. Thermal analysis.

The thermal analysis of 1:1 metal complexes was checked in the range of 40-1000°C
with a heating rate of 10°C/min. On decomposition, the percentage mass loss, temperature
range, decomposition moiety, and residue left were calculated and given in Table 5. After
decomposition, the products are the respective metal oxides.

Table 5. The thermal decomposition step results in mass loss and residue left of the metal complexes.
Mass loss (%0)

Complexes Temperature (°C) Cald Found Decomposed moiety Residue
70-120 10.24 11.02 3H:0
Co(1:1) 180-515 46.29 45.44 Organic moiety CoO
550-750 32.47 31.50 Pyrazole moiety
70-195 10.24 10.81 3H0
Ni(1:1) 200-535 46.29 46.12 Organic moiety NiO
545-765 32.47 31.89 Pyrazole moiety
65-120 3.63 4.61 H0
Cu(1:1) 140-515 49.22 48.24 Organic moiety CuO
560-760 34.53 33.97 Pyrazole moiety
70-180 10.11 10.75 3H.0
Zn(1:1) 195-495 45.73 44.67 Organic moiety Zn0
540-765 32.08 30.99 Pyrazole moiety

The thermal decomposition of Co(1:1) takes place in three steps. In the first step, three
coordinated water molecules decompose in the temperature range of 70-120°C, with a

percentage mass loss of 11.02% (calcd 10.24%). The second step involves the dissociation of
the organic part, with a mass loss of 45.44% (calcd 46.29%) in the temperature range of 180-
515°C. In the last step, the dissociation of the pyrazole moiety takes place with a mass loss of
31.50 % (cald 32.47 %) in the temperature range 550750°C. The residue left is CoO.

The thermal degradation of Ni(1:1) takes place in three major steps. In the initial step,
the decomposition of three coordinated H.O molecules occurs in the temperature range of

70-195°C, with a percentage mass loss of 10.81% (calculated 10.24%). The second step

involves the dissociation of the organic moiety, with a mass loss of 46.12 % (calcd 46.29 %)
in the temperature range of 200-535°C. In the last step, the dissociation of the pyrazole moiety
occurs with a mass loss of 31.89 % (calcd 32.47 %) in the temperature range of 545-765°C.
The residue left is NiO.

The thermal decomposition of Cu(1:1) takes place in three steps. In the first step, the
decomposition of one coordinated water molecule occurs in the temperature range of 65-120

°C, with a percentage mass loss of 4.61% (calcd 3.63%). The second step involves the

dissociation of the organic part with a mass loss of 48.24 % (cald 49.22 %) in the temperature
range of 140-515°C. In the last step, the dissociation of the pyrazole moiety occurs with a mass
loss of 33.97 % (calcd 34.53 %) in the temperature range 550-760°C. The residue left is CuO.
The thermal degradation of Zn(1:1) takes place in three major steps. In the initial
step, three coordinated H,O molecules decompose in the temperature range of 70-180°C, with
a percentage mass loss of 10.75% (calculated 10.11%). The second step involves the
dissociation of the organic moiety, with a mass loss of 45.73 % (calcd 44.67 %) in the
temperature range of 195-495°C. In the last step, the dissociation of the pyrazole moiety occurs
https://nanobioletters.com/ 9 of 17
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with a mass loss of 30.99 % (calcd 32.08 %) in the temperature range 540-765°C. The residue
left is ZnO.

3.8. ESR Spectra.

The X-band ESR spectra of copper complexes give an idea about the no. of unpaired
electrons and their geometry, as shown in the figure below. For the Cu(1:1) complex, the
calculated g values follow the trend gu (2.217) > g+ (2.055) > ge (2.0023). These values indicate
that 2B1g is the ground state, with the unpaired electron in an orbital, and that the copper metal
ions are square planar [49]. There is significant copper-copper interaction, which was ensured
by G values calculated by the equation:

(gl —2.0023)
(g~ — 2.0023)

Covalent bonding in Cu(ll)-ligand bond is considered on account of gi < 2.3.
Molecular orbital coefficients a? (in-plane o bonding), y? (out-of-plane -bonding), and 2 (in-
plane -bonding) parameters were calculated with the help of ESR parameters. The detected
o? value (0.316 for 1:1 and 0.4027 for 1:2) points toward the presence of appreciable covalency
in the o bond. p? (0.249 and 0.301) values show an interaction in the in-plane -bonding, and
v2 (0.254 for 1:1 and 0.267 for 1:2) values show an interaction in the out-of-plane -bonding
[50]. Parallel and perpendicular components of the orbital reduction factor follow the order Ky
< K. for the present Cu(1:1) complex, describing the higher contribution of in-plane
nmbonding than out-of-plane.

n-bonding in metal-ligand bond and vice-versa in Cu(1:2). In Cu(1:2), the perceived g
values are g (2.210) > g+ (2.061) > ge (2.0023), which suggests a square planar geometry of
the complex and is consistent with a 2B1g ground state with an unpaired electron in an orbital.
The G-value (3.53) is < 4, showing considerable exchange coupling in copper complexes
(Figure 7).

uuuuu
uuuuuu

llllll . y

2000 - Cu(l:2)
2000 Cu(1:1)

1000

o o

-2000 - £ 1000 -
-4000 | 2000 -
nnnnnnnnn B 2000 -
8000
10000

T T T T T - n6e0e T T
||||| 200 300 400 500 600 100 200 2
Magnetic ficld (mT) Magnctic ficld (mT)

(@) (b)
Figure 7. ESR spectra of the Cu(1:1) (a) and Cu(1:2) complexes (b).

N

Intensity
Intensity

3.8. Electrochemistry.

Cyclic voltammetry was performed on both copper complexes in DMSO to examine
their electrochemical behavior, using a Pt electrode and potassium chloride as the supporting
electrolyte at a scan rate of 0.1 Vs—! at room temperature (Figure 8). This behavior was
compared with that of Schiff base and other metal complexes. Zinc complexes were excluded
from this study due to their stable oxidation state (Zn?*, 3d%), which makes the zinc metal
center inactive to redox behavior. Cyclic voltammograms of copper complexes in the potential
range -1.0 to 1.5 V show a well-defined redox process in Cu(1:1) corresponding to Cu*?/Cu*?
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couple at Epc = -0.162 V and corresponding anodic peak at Epa = 0.026 V for Cu*'/Cu*2. For
Cu(1:2), an anodic peak at Epa = 0.268 V and an associated cathodic peak at Epc = 0.276 V
were observed. The AEpvalues of 0.188 V and 0.008 V, respectively, for the 1:1 and 1:2 copper
complexes indicated reversible behavior. Ratios of anodic peak currents to cathodic peak
currents [(la/lc = 0.81 and 0.76 for Cu(1:1) and Cu(1:2), respectively are near one, which
corresponds to a electron process [51].

0.015

0.010

0.4M5

Current (mA)
=
g
=
1

-0.005

410 = T r T . T
Lo 0.5 0.0 0.5 10 L5

VYoltage (volt)
Figure 8. Cyclic voltammogram of the Cu(1:1) complex.

3.9. Biological activity.

All the compounds were tested for biological activity against several bacterial and
fungal strains in DMSO. This may be due to Overtone’s concept or Tweedy's chelation theory.
Although all the complexes showed higher activity than the ligand, the zinc complexes
exhibited the highest activity, with inhibition zones in the region 22-28 mm (Table 6 and Figure
9). The Ni(1:2) complex showed good activity against all bacteria except C. perfringens, with
inhibition zones ranging from 21 to 22 mm. The Cu(1:2) metal complex displayed high activity
against S. aureus, C. perfringens, and P. aeruginosa, with inhibition zone values of 20, 21, and
21 mm, respectively. Co(1:2) complex showed good activity against S. aureus (21 mm), L.
monocytogenes (21 mm), E. coli (21 mm), and P. aeruginosa (20 mm). The results showed that
the metal complexes exhibit enhanced biological activity compared to the parent ligand. The
MIC values lie in the range 25-3.12 ug/mL (Table 7 and Figure 10). Mycelial inhibition growth
values range from 50.53% to 94.34%. The zinc metal complexes displayed high antifungal
activity, with mycelial growth inhibition values ranging from 90.20 to 94.34 %.

Table 6. Inhibition zones of the compounds (mm).

Compound | S. aureus C. perfringens | L. monocytogenes E. coli P. aeruginosa

Schiff base 15 17 14 14 15
Co(1:1) 19 18 21 19 17
Co(1:2) 21 18 21 21 20
Ni(1:1) 19 18 19 20 19
Ni(1:2) 22 18 21 22 21
Cu(1:1) 17 19 19 18 17
Cu(1:2) 20 21 18 19 21
Zn(1:1) 24 23 22 25 25
Zn(1:2) 28 25 24 25 27

Amikacin 30 21 25 22 23
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The Cu(1:2) also showed good antifungal activity against all the fungi (88.08-90.00 %).
Co(1:1) showed potent activity against A. niger and Co(1:2) against all fungi (Table 8 and
Figure 11). Other metal complexes also showed good antifungal activity, with inhibition values

higher than those of the ligand.

30l S. aureus
- C. perfringens

L. monocytogenes
- E. coli

- P. aeruginosa

20 4

Inhibition zone (mm)
= b
1 1

»
c“"\‘

g D H D, o
F D DD P
& & S
;-:E

Figure 9. Inhibition zone of the compounds.

Table 7. MIC values of the ligand and its metal complexes (pg/mL).

Compound S. aureus C. perfringens L. monocytogenes | E. coli P. aeruginosa
Schiff base 25 125 25 25 25
Co(1:1) 12.5 12.5 6.25 125 125
Co(1:2) 6.25 12.5 6.25 6.25 12.5
Ni(1:1) 12.5 12.5 12.5 125 12.5
Ni(1:2) 6.25 12.5 6.25 6.25 6.25
Cu(L:1) 12.5 12.5 12.5 125 125
Cu(1:2) 12.5 6.25 12.5 125 6.25
Zn(1:1) 6.25 6.25 6.25 6.25 6.25
Zn(1:2) 3.12 6.25 6.25 6.25 312
Amikacin 312 6.25 6.25 6.25 6.25
25 1 | e
- C. perfringens
L. monocytogenes
20 B E. coti
- P. aeruginosa
=)
Z 15
5]
2
1<
=

& N\ D D » D » N N &
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Figure 10. MIC values of the compounds.

Table 8. Mycelial growth inhibition values of the compounds (%).

Compound A. fumigatus A. niger C. albicans

Schiff base 50.53 52.21 50.82
Co(1:1) 84.91 87.45 82.78
Co(1:2) 87.8 87.98 86.89
Ni(1:1) 76.32 81.86 79.32
Ni(1:2) 81.67 82.14 84.93
Cu(1:1) 86.99 87.75 87.7
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Compound A. fumigatus A. niger C. albicans
Cu(1:2) 90 88.88 88.08
Zn(1:1) 91.11 90.2 90.9
Zn(1:2) 92.84 93.61 94.34

Streptomycin 85.57 86.18 87.71
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Figure 11. Mycelial growth inhibitions of the compounds.
4. Conclusions

In conclusion, a novel bioactive Schiff base (HL) has been synthesized by refluxing 5-
amino-3-methyl-1-phenylpyrazole with 5-bromosalicylaldehyde. This Schiff base was
characterized by *H-NMR and IR spectra. Its metal complexes with Co+2, Ni+2, Cu+2, and
Zn*? have also been synthesized. The characterization of the metal complexes was performed
using various physicochemical techniques, including H-NMR, UV-visible, IR, electronic
spectra, electron spin resonance, cyclic voltammetry, and thermogravimetric analysis. The
mode of coordination of ligands with the metal ions was explained with the help of IR
spectroscopy. Schiff base binds to the metal ions in a bidentate fashion, i.e., the oxygen (O)
of the hydroxy group and the nitrogen (N) of the imine moiety. The fluorescence spectra of all
the synthesized compounds have been recorded, and the data indicate that the metal complexes
exhibit an enhanced fluorescence signal compared to the ligand. The presence of coordinated
water within or outside the coordination sphere was confirmed by thermogravimetric analysis.
The geometries suggested for the cobalt, nickel, and zinc metal complexes are octahedral, and
for the copper complexes are square planar. All the compounds were assessed in the biological
assay, and the results revealed that the metal complexes exhibited better biological activity than
the ligand.
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