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Abstract: In the current study, metal ions of Co (III), Zn (IT), Cu (II), Ni (IT), and Schiff base ligand have been synthesized
using a 1:1 molar ratio (3L:M), and (2L:M). To confirm the metal (II) complexes were effectively synthesized, the compound
was characterized through UV-Vis, LC-MS, FTIR, elemental analysis, EDX, magnetic susceptibility measurement, and
"THNMR. Its molar conductance confirmed the non-ionic nature of the Co (III), Ni (IT), Cu (II), and Zn (IT) metal complexes.
For these complexes, an octahedral geometry for the Co (III), a square planar geometry for the Cu (II) and Ni(II), and a
tetrahedral geometry for the Zn (II) metal complexes have been suggested based on the data displayed. The examined
chemicals in vitro biological screening effects were evaluated with respect to the antimicrobial species Klebsiella
pneumoniae-7, Klebsiella pneumoniae, Escherichia coli, Proteus mirabilis, Citrobacter amalonaticus, Pseudomonas
aeruginosa, Proteus mirabilis-7, Klebsiella pneumoniae, Escherichia coli- 10, and Citrobacter diversus-2, microorganisms
species genera, Escherichia Pseudomonas, Citrobacter, Klebsiella and Proteus, and M. tuberculosis species by the agar well
diffusion method. A comparison of the inhibitory values of the Schiff base ligands and their metal complexes shows that the
complexes have more antituberculous action than the Schiff base ligand. The growth-inhibitor effect has been shown to
depend on the metal ions. The initial cell density and the growth medium seemed to have a significant impact on the amount
of inhibition.
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I INTRODUCTION Over the last few decades, there has been a greater
curiosity towards metallic-based drugs in medicine [1]. The

In this study, with respect to an extensive number of
decades, scientists have been interested in indane-1,3-dione
derivatives. Several scientific disciplines have found uses for
these compounds, such as non-linear optics (NLO), medicinal
chemistry, photo polymerization, organic electronics, and
optical sensing. Indanone, one of its closest equivalents, is
often associated with the creation of biologically beneficial
organic compounds [1-3]. Indandione, based on the altered
groups, exhibits several biological characteristics and
effortlessly performs several chemical processes that enable
the synthesis of novel compounds containing corporate or
pharmaceutical qualities [1], and the general structure of
indane-1,3-dione.

O

Fig 1 General Structure of Indane-1,3-Dione
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fields of medical chemistry and pharmaceutical research have
found enormous use for metals. Metal ions or metals form
complexes containing coordination when they bond using
ligands [2]. Indeed, upon coordination, they can enhance their
biological active profiles with pharmacological ligands,
while non-active ligands have the potential to become
therapeutic [3-7]. The transition metals, also known as d-
block elements, are found in groups III-XII of the periodic
table. They exhibit fluctuating oxidation states and partially
filled d-orbitals [8]. Furthermore, metal complexes have
become significant as inhibitors of proteins because they can
either disturb the metals directly or bind firmly to proteins
through both ionic and covalent bonds to stop target activities.
which can disturb the active site essential for enzymatic
action [9-10]. Additionally, one of the most effective methods
for creating long-acting or slow-release medications is the use
of metal-coordination reservoirs. The metals are important in
biological redox processes because of their relative stability
in various oxidation states [11]. Metal complexes are widely
used as both medicinal and diagnostic agents [8]. Many
human diseases like tuberculosis, infection, cancer,
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Alzheimer's disease, and neurological disorders are being
treated through metal-ligand complexes [12]. While
inorganic Ni(Il), Zn(IIT), Cu(II), and Co(III) salts themselves
have shown some activity, the most potent anti-tuberculosis
actions are usually reported when Cu(II) Co(III), Ni(II), and
Zn(Il) are coordinated with specific ligands to form stable
complexes [13]. Additionally, several research studies have
highlighted the biological characteristics of metal complexes
containing oxygen-nitrogen chelating derivatives using
multiple carbonyl compounds [14], this compound can
potentially bind various organic ligands or mixed ligands to
achieve optimal stability and pharmacological performance
in vitro, while also exhibiting a broad spectrum of
coordination numbers, geometric structures, and specific
oxidation states. Several medications function by
coordinating with metal ions or inhibiting the synthesis of
metalloenzymes [15-16].

The highlighted Publications, inorganic salts of Cu(Il),
Ni (II), Co(III), and Zn (IT) their complexes have significant
antimycobacterial and bacteriostatic activity against
Mycobacterium tuberculosis [17]. While metal-based
treatments (including Ni(II) and other metals) were in
widespread use in the pre-penicillin era, recent research has
highlighted Cu(Il), Ni(Il), Co(Ill), Zn (II) complexes as
potential agents to inhibit TB and numerous diseases growth
metal complexes, such as Cu(Il), Ni(II), Co(IlI), and Zn(II)
2,6-diacetylpyridine  bis(isonicotinoylhydrazonate), [18]
showed in vitro anti-tuberculosis activity against M.
tuberculosis H37Rv. When Co (III), Cu(II), Ni (II), and Zn(II)
are complexed with a ligand such as a Schiff base, the
compounds formed often show better anti-TB activity than
either ligand alone. [19] Some metal complexes have shown
equal or greater activity than standard tuberculosis drugs,
such as rifampin or isoniazid, in inhibiting tuberculosis
relapses, as observed with certain Cu(Il), Zn(II), Co(III), and
Ni(IT)-hydrazone complexes [20]. Additionally, research
suggests that Co(III), Ni(Il), Cu(Il), and Zn(II) complexation
can enhance the activity of well-known anti-tubercular drugs
like isoniazid [21], while early anti-tubercular agents
contained various metal salts (Cu, Ag, Hg), and Ni(Il)
complexes remain a hot topic of research today to combat
drug-resistant TB and other disease, as demonstrated by their
ability to act as multi-target agents [22-23].

Over the past century, the human race has made
significant progress in combating viral infections.
Fortunately, microorganisms are now able to evade the deadly
effects of the majority of these harmful agents; the issue of
acquiring tolerance against current antimicrobial agents has
become a problem for healthcare professionals [24].
Tuberculosis constitutes one percent the fastest-growing
causes of death, affecting people during its most productive
years; this contributes to 25% of the total global TB
population within India exclusively [25]. The simultaneous
development of this illness especially an infection with HIV,
together with the recent development of persistently or
extremely drug-sensitive tuberculosis (MDRTB and
XDRTB) for the initial treatments, creates enormous
worldwide problems [26]. The type of bacterial infection
known as tuberculosis (TB) is mostly caused by species of
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Mycobacterium tuberculosis (M. tuberculosis). Lung damage
is the main effect of tuberculosis (TB). but it can also damage
various parts of the body, which results in symptoms that are
not exclusive to the lungs [27-28]. Based on its substantial
morbidity and mortality [29], the disease continues to
constitute an ongoing worldwide health problem. Outside the
lungs, TB occurs in between fifteen and twenty percent of
tuberculosis cases, especially in those who are also HIV-
positive [30]. Meanwhile, respiratory TB Certain routine
investigations have also linked respiratory TB to cancerous
lung tumours, and M. TB has been associated with tumour-
like forms. It highlights the significance that efficient
management has to lowering this risk [31-36]. The risk of
contracting the disease significantly increases when medical
care for active TB Delaying medical care for active TB
significantly increases the risk of contracting the disease. Due
to misinterpretation, ambiguous symptoms, and insufficient
standardised laboratory capabilities, detecting tuberculosis
becomes progressively harder to determine in many cases
[38]. Air becomes an important medium for the spread of TB
because it carries particles released when an infected person
coughs or sneezes [39]. Despite overburdening healthcare
systems, disrupting TB treatment, and diverting crucial funds,
the COVID-19 pandemic has exacerbated these issues.
Clinical outcomes have deteriorated, resulting in increased
infections. The overall TB data demonstrates that
antimicrobial services have partially recovered, but the long-
term consequences of the epidemic continues to hinder
progress [40].

Several highlight reports and WHO data show that the
number of infections associated with TB reported worldwide
throughout the years (2019-2025) has reduced, partially due
to restricted access to medical treatment [41]. Global efforts
to combat TB have made significant progress. Although there
was a partial improvement in 2021, this decrease did not fully
account for the missing cases worldwide. However, the
COVID-19 pandemic significantly undermined these gains,
disrupting TB services around the world [42-45]. The
pandemic further exacerbated current inequalities in the
availability of medical or therapeutic resources. Low- and
middle-income countries, which account for approximately
eight percent of TB cases globally, face significant obstacles
to establishing World Health Organization (WHO)-approved
technologies [46]. There is a nearly 2% decline in the number
of people falling ill with TB worldwide, and deaths have
decreased by 3% between 2023 and 2024, after increasing for
several years (2020-2023) due to the COVID-19 pandemic.
Yet in 2024, it remained at a high of 10.7 million [47]. In fact,
approximately 10.7 million people worldwide will have
tuberculosis (TB) in 2024, and at least 10 million new cases
are recorded annually, based on information from the WHO
Global Tuberculosis Report 2025, which was published in
late 2025 and includes data through 2024 [48]. Most cases are
caused by factors such as poor nutrition, HIV and diabetes.
Scientists have tried every method to create beneficial
compounds that fight disease, while no new chemical entities
have become available for treatment in the last forty years
[49-50]. But due to problems in treatment and testing, the
total number of cases remains high, and TB remains the
world's most widespread and deadly disease.
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» Schiff Bases as Ligands, with a Focus on (IBTS):

The role of Schiff bases as ligands, with a special focus
on benzylidine thiosemicarbazide derivatives. Schiff bases
(Fig.2) are capable of adaptable compounds composed of
v(C=N), which exhibit physiological activity [51], and the
combination of metals in complexes enhances their broadly
active, showing anti-inflammatory, antituberculosis,
anticancer, antifungal, and antibacterial actions [52-55].
Schiff bases were initially introduced by Hugo Schiff in 1864
[56-60]. In terms of traditional primary amines, most of these
compounds are condensation-based derivatives of ketones
and aldehydes. They act as flexidentate ligands and
coordinate commonly via the N atom of the imine group and
O atom of the deprotonated phenolic group [61-62]. Although
aliphatic aldehydes are readily polymerized and unstable,
aromatic aldehydes possess an excellent conjugated structure
and are particularly effective at forming stable Schiff bases
[63]. Due to the fact that these compounds containing metal
ions are stable, Schiff bases are vital in chemistry [64-65].
Aldehydes are more easily converted to Schiff bases
compared to ketones (carbonyl carbon). These ligands have
high binding qualities and are simple to synthesise. Given the
aforementioned information and the ongoing endeavours to
create new compounds to treat tuberculosis [66-68], in the
current study, we describe the synthesis and antitubercular
activity of a-(1,3-Oxo-Indane-2-yl)-Ethylidine p-bromo
aniline and a-(1,3-Oxo-Indane-2-yl)-Benzylidine
thiosemicarbazide substituted.

RI
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Fig 2 General Structure of Schiff Base

1. EXPERIMENTAL SECTION

» Materials:

All the compounds specified excellent analysis. 2-Acyl
Indane-1,3-dione and p-bromoaniline and 2-Benzoyl Indane-
1,3-dione and metal chlorides(MCl,) were purchased from
Sigma-Aldrich Ltd and used without any additional
purification. The cup-plate method was used to test the
compound's ability to fight tuberculosis at 50, 100, and 200
pg/disc for the biological studies [11]. Sigma Aldrich was the
source of the other reagents needed.

» Instrumentations:

The compound FTIR data were measured using a Perkin
Elmer 1600 at  Aligarh  Muslim  University;
spectrophotometers with KBr pellets were within the
frequency range from 4000 to 400 cm™'. PNMR (400 MHz):
the spectrum had been measured on a spectrometer JNM-
ECZ400S/L at Aligarh Muslim University; the spectrometer
was in d6-DMSO using TMS as an internal reference, and the
PNMR spectral data of the Ni(Il) complex and its related
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Schiff base ligand were obtained using the PNMR instrument.
The PerkinElmer-Lambda 850 was used to determine the
electronic spectral data at Aligarh Muslim University;
measurements were made from 200 nm to 800 nm using a
spectrophotometer in EtOH solution. Molar conductivity
(A*m) of a | mM EtOH solution was determined using the M
K-509 conductivity meter at 25°C, with a complex and
ligand. Liquid chromatography mass spectrometer and a
solvent (acetonitrile), Aligarh Muslim  University;
spectrometer on a Triple TOF 5600+, make-Sciex. Kofler
apparatus (Nageman, Germany) were uncorrected and
utilized to calculate melting points. The compounds were
examined for symptoms associated with biological activity.
The JNU medical college conducted the assay at AMU,
Aligarh. Element analysis for C, N, and H was carried out and
calculated on the (SEM) Model No. JSM 6510 LV. The metal
complexes' magnetic susceptibility was determined by
Gouy's method, Model No. 7641C, with [HgCo(SCN)4] as the
standard; Physics Department, Aligarh Muslim University.
XRD data were calculated using a Perkin Elmer 1600 at the
Department of Chemistry, AMU, Aligarh.

» Preparation and Characterization of Ligand(L; & L»):

The Schiff base ligand was synthesised through
refluxing an equivalent amount of 2-acyl indane-1,3-dione
and p-bromoaniline, 2-Benzoyl Indane-1,3-dione and
thiosemicarbazide in a 50 ml ethanol solution for three hours
in a round-bottom flask at the 20.50°C temperature. The
round-bottom flask then separated and settled, and when it
cooled to room temperature, the whitish-coloured precipitate
formed and the ethanol evaporated. The purified precipitate
was checked by TLC. yield 81.56%; m. p.: 20.50°C. Anal.
Calc. for C17H;20:NBr (m. wt. = 341.904): C=59.66(60.21),
H = 3.50(3.01), O = 9.35(8.89), N = 4.09(3.97), Br =
23.37(22.23); FTIR (KBr, cm™): 1760 v(C = O), 1654 v(C =
N), 1486 v(C = C), and 673 — 584 v(C — Br) [69-70,]; Amax
= 320 nm and Amax = 475 nm [71]; IH-NMR (DMSO-d6):
1.3 (s, 3H, CHs), 3.9 (s, 1H, C»-H), 8.0 (d, 2H, Cs-H & Cs-
H), 8.3 (m, 2H, Cs-H & Cs-H), 7.5 (d, 2H, C>-H & Cs-H), and
7.8 (d, 2H, C3-H & Cs-H); LC-MS: m/z [M] = 341.904 and
m/z [M;"] = 342.000 [69], and yield 80.40%; 22.50 °C. Anal.
Calc for Ci7H;30:N3S (m. wt = 323.000): C = 62.80(63.41),
H = 3.88 (4.05), O = 8.63(9.50), N = 12.55(12.99), S =
3.75(2.44)%; FTIR(KBr, cm™): 1771 w(C = 0), 1624 o(C
=N), 3144 v(N-H), 1482 v(C =C), and 1226 — 1425 v(C =S)
[69-71]; Amax = 275 nm and Amax = 295 nm [72]; 'H-
NMR(DMSO-ds): 10.5(s, 1H, NH), 2.8(s, 2H, NH,), 7.9(d,
2H,C’;-H & C’¢-H), 7.5(m, 2H, C’3-H & C’s-H), 7.7 (m, 1H,
C’4-H), 8.0 (d, 2H, C4-H &C7-H), 8.3 (m, 2H, Cs-H & Cs-H);
LC-MS: m/z [M;"] = 324.3145 and m/z [M,"] = 325.3148
[69,73].
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Fig 4 Structure of Schiff Base Ligand (IBTS)

» Preparation of Metal Complexes:

In 50 ml of ethanol, Co(III) chloride, Cu(II) chloride,
Ni(IT) chloride, Zn(II) chloride, and Schiff base ligand
(IM:3L mmol) and (1IM:2L mmol) were dissolved and
rapidly shaken. With continuous constant stirring, the Schiff
base ligand and metal complex solution gradually developed
without any temperature adjustments. The Co(IIl) metal
complex produced a dusty pink precipitate, which was stored
in a quiet place for 15 to 16 hours. The chinese rose-colored
precipitate was produced after 16 hours, replacing the dusty
pink color. After that, the same processing on the Cu (II), Ni
(II), and Zn (II) metal complexes for 15, 17, and 14 hrs.,
respectively, precipitates with reddish-brown, yellow-green,
and white colors were produced. These precipitates were then
dried at room temperature; the solid was soluble in ethanol,
methanol, and acetone but insoluble in benzene and
chloroform. The TLC method; the purity is checked.
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Fig 6 Structure of Metal Complex [M" = Ni (II), Cu (1I), and
Zn (ID)]

Fig 7 Structure of Metal Complex [M™ = Co (III)]
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Fig 8 Structure of Metal Complex [M" = Ni (II), Cu (II), and
Zn (ID)]

» Synthesis of Metal Complex:

e [Co(llL4]

m.p.: 20 °C; Anal. Calc. for (C17H;20,NBr);Co (m. wt.
= 1084.402): Yield: 77%, FTIR (KBr, cm™): 1770 v(C=0),
1616 v(C=N), 1497 v(C=C), 632-551 v(C-Br), 1324-1435
V(C-CH3); vCo«—0 530, vCo«N 422 [69,73]; Metal content
(%) Observed: Co = 5.09(5.43), O = 8.34(8.84), N =
3.29(3.87), H = 3.00(3.35), C = 55.83(56.43); Molar
conductivity(m): 16.55 (cm?/Q! mol?, alcohol) at 25 °C; Amax
=298 nm and Amax = 455 nm [73]; magnetic susceptibility
value(peff/uB) = 0 [74].

o [Ni(IlL4]

m.p: 25°C; Anal. Calc. for (C17H;20,NBr),Ni (m. wt. =
742.498): Yield: 79%, FTIR (KBr, cm™?): 1771 v(C=0), 1634
v(C=N), 1486 v(C=C), 642-520 v(C-Br), 1390-1425 v(C-
CHs); wNi<—O 519, uNi«<N 418 [ 69,73]; Metal content (%)
Observed: Ni = 6.86(7.90), N = 3.49(3.77), O = 7.76(8.61),
H = 3.10(3.26), C = 55.84(54.96), Br = 20.54(21.51); Molar
conductivity(m): 14.50 (cm?Q' mol?, alcohol) at 25°C;
magnetic susceptibility value(ueff/uB) = 0 [74]; Amax = 295
nm and Amax = 450 nm [73].

e [Cu(ll)L4]

m.p.: 24 °C; Anal. Calc. for (C17H;20:NBr),Cu (m. wt.
= 747.354): Yield: 77%, FTIR (KBr, cm?): 1709 v(C=0),
1614 v(C=N), 1488-1445 v(C=C), 648-510 v(C-Br); vCu«0
515, vCu«N 414 [69,73,75]; Metal content (%) Observed:
Cu = 7.01(8.50), H = 3.01(3.23), N = 3.15(3.75), O =
7.91(8.56), Br = 20.88(21.37); Molar conductivity(m): 15.65
(cm?/Qt mol?, alcohol) at 25 °C; Amax = 340 nm and Amax =
444 nm [73]; magnetic susceptibility value(peff/uB) = 1.79-
1.84 [73];
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e [Zn(l)L4]

m.p.: 25 °C; Anal. Calc. for (C17H1202NBr )2Zn (m. wt
= 820.294): Yield: 80%, FTIR (KBr, cm?): 1764 v(C=0),
1679-1564 v(C=N), 1486 v(C=C), 1334-1456 v(C-CH3);
663-530 v(C-Br); vZn—0 514, uNi«<N 423 [69.76]; Metal
content (%) Observed: Zn = 7.07(7.97), O = 8.04(7.80), N =
3.01(3.14), C = 50.64(49.73), H = 244(2.92), Br =
20.90(19.48); Molar conductivity(m): 17.60 (cm?Q! mol*
alcohol) at 25 °C; magnetic susceptibility value(ueff/uB) = 0
[75]; Amax = 342 nm and Amax = 441 nm [73].
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1. BIOLOGICAL ACTIVITY ASSESSMENT

» Microorganisms:

Microorganisms from the genera Escherichia
pseudomonas, Klebsiella, Citrobacter, and Proteus which
create ESBL and MBL were used to assess antimicrobial
activity (Table 3). According to previous studies, these types
of isolates were gathered from pathological labs and
community-based hospitals, and their MBL/ESBL features
were assessed [76, 23]. Meanwhile, the H37Rv strain of M.
tuberculosis (ATCC No. 27294) was selected for the
assessment of its antitubercular activity in vitro.

The MBL and ESBL-producing bacteria from the
Citrobacter, Klebsiella, Proteus, and genera Escherichia
pseudomonas, were used to assess antimicrobial activitives
(Table 3). These isolated samples were gathered from
community-based medical institutions and pathological labs,
and their MBL/ESBL characteristics were evaluated [76, 23].
Meanwhile, the H37Rv strain of M. tuberculosis (ATCC No.
27294) was selected to determine its antitubercular activities
in vitro.

» Antimicrobial Assessment:

The DMSO solution was used as a solvent in the agar
well-diffusion method [77, 24] to measure the antibacterial
activity. Assuming an ultimate concentration of 25 pg/pl, the
compounds were evaluated. Test isolates were inoculated in
10 millilitres of BHI (Brain Heart Infusion) broth and
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incubated at 37°C for a day to produce actively developing
log-phase cultures. A 0.4 ml test culture was used to seed
Muller-Hinton agar media (20 ml), which were then added to
each 9 cm-diameter Petri plate. After allowing the medium to
set, every plate had wells drilled using a sterile cork borer.
After adding 50 pl of test compounds to each well, the plates
were sealed. These plates were incubated at 37°C for 24
hours. 50 pl of DMSO solution was used to create control
wells. In order to report zones of inhibition [78, 25], all
observations were taken in three sets.

» Antitubercular Assessment:

The highlighted every phase, and synthesised
compounds were evaluated by antitubercular screening
performed using the Microplate Alamar Blue the assay being
performed. A conventional remedy containing 1000 parts per
million of each individual constituent was created. The usual
solution was used to create the corresponding standard
reagent solutions at concentrations ranging from 0.8 pug/ml to
100 pg/ml. A clean, sterilised 96-well plate was filled with the
test solution, 200 pl of pure deionised water, and 100 pl of
Middlebrook 7H9 broth. The resulting plate was sealed and
allowed hatching to take place at 37°C over five days.
Furthermore, 25 pl of Tween (10 & 80 percent) and Almar
Blue (1:1 ratio) were added to each well, and the mixture was
incubated for a day. The Minimum Inhibitory Concentration
(MIC) for Mycobacterium growth was found to be pink,
while no bacterium growth within the well was indicated due
to blue colouration [79, 26].

WWW.ijisrt.com 3179


https://doi.org/10.38124/ijisrt/26jul1822

Volume 11, Issue 7, July — 2026
ISSN No:-2456-2165

V. RESULTS AND DISCUSSION
» Characterization of Ligands (L; &L):

The (IEPBA & IBTS) and 2-Acyl-Indane-1,3-dione,
and 2-Benzyl-Indane-1,3-dione derivatives condensed in a
1:1 molar ratio to create Schiff bases. The 'HNMR spectra
obtained in a DMSO-ds solvent provide evidence for this.
Two peaks in the ligand's(IEPBA) NMR spectra were
identified as belonging to the imine proton in the region of 6
7.50.00-7.80 ppm and the hydroxyl proton in the range of &
8.00-8.30 ppm. The primary imine proton of IEPBA is
responsible for the singlet between 1.30 and 3.90 ppm, and
another ligand(IBTS) which identified as belong to the imine
proton in the region of 6 7.5 — 7.9 ppm, and carbonyl proton
in the range of 6 8.0 — 8.3 ppm, and the amine proton of IBTS
is responsible for the singlet between 2.8 ppm & 10.0 ppm,
which vanished, indicating the creation of Schiff base. The
ligands' FTIR (IEPBA) spectra showed distinctive absorption
bands for the carbonyl and imine groups at 1760, 1654 cm’!,
and 1486 cm', and (IBTS) spectra 1771 cm™', 1624 cm™,
3144 cm’!, 1482 cm!, and 1226-1425 cm™! respectively. The
phenolic group caused a wide band to appear in the 3208—
3006 cm™, and 3264 — 3057cm™ range. The anticipated free
-OH stretching frequency of 3622-3521 cm™!, and 3706 —
3390 cm!, and s higher than this figure. This is because
phenolic -OH, imine nitrogen, and carbonyl generate strong
O-H-N-type hydrogen bonds. The two corresponding
tautomeric  compound  forms, quinoneamine  and
phenolimine, have been generated as a result of this particular
sort of functional hydrogen bonding. However, the carbonyl
can only draw a little amount of phenolic -OH in comparison
to imine nitrogen. As a result, the carbonyl frequency in the
ligand(IEPBA) spectra is found to be comparatively higher
(1760 cm') than in the free imine (1654 cm™), and
ligand(IBTS) spectra 1771 cm™ v(C = O) and 1624 cm™ v(C
= N) [69-70, 71]. Additionally, the mass spectrum showed
predicted molecular ion peaks for Schiff base ligands HL; and
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HL,, corresponding to [M*] at m/z = 342.000 and [M*"'] at
m/z = 324.3145, respectively. The phenol mine form of the
ligand was shown by the UV-visible spectrum of HL; and
HL; in alcohol, which showed prominent bands caused by
n—7* and n—7* transitions in the region of 320 nm and 475
nm, 275 nm, and 295 nm [77].

» Ftir Spectral Studies:

The infrared spectra of Schiff's base ligand and
complexes revealed several vibrational modes of varying
intensities in the 4000400 cm—1 range. Table 1 shows the
primary stretching frequencies of the ligand and their
complexes.

The metal-ligand bonding is indicated from multiple
groups found in the FTIR spectra of the metal Co (III)
complexes. Stretching vibrations of the v(C—H) (aryl group)
may be responsible for the FTIR band at 3093 cm™!. For this
—CHs groups v(C-H) frequency, the strong and clear FTIR
band at 1324—-1435 cm™ can be used as a reference [78]. The
strong bands at 1770 cm™ may be caused by its v(C=0)
(carbonyl) frequency [69, 72]. A complex coordination
between the carbonyl group v(C=0) and a metal ion is
indicated when the carbonyl group is absorbed at a frequency
lower than the free v(C=0) frequency. Further analyzed are
the FTIR absorption bands for the v(C=C) (benzene ring)
band at 1497 cm™ [80], the v(C=N) imine group frequency at
1616-1435 cm™ [72, 73], and the v(C —Br) frequency at 632—
551 ecm™ [79]. Both nitrogen and oxygen atoms were found
to be involved in the formation of a coordination bond
between the Co(Ill) ion and carbonyl and imine groups. On
the other hand, Ni (II) metal ions, the strong bands at 1771
cm™' can be attributed to the v(C=0) (carbonyl group)
frequency and the bands at 1634 cm™ to the v(C=N) (imine
group) frequency. The metal Cu(Il) 1709 v(C=0), 1614
v(C=0), and Zn(l) 1679-1564 cm-1 can be used as
references for this frequency [69, 80-81].

Table 1 Characteristic FTIR Peaks:

Tentative Assisgnments Compounds(CM™)
HL: HL. [Co(L)CI] | [Ni(L)CI] | [Cu(LyCI] | [Zn(L)CI]
v(OH) 3208-3006 | 3264-3067
v(C=0) 1760 1771 1770 1771 1709 1764
v(C=N) 1654 1624 1616 1634 1614 1679-1564
v(C=C) 1486 1482 1497 1486 1488-1445 1486
v(C - Br) 673-584 - 632-551 642-520 648-510 663-530
v(C= S) - 1425 - - - -
(N - H) - 3144 - - - -
v(M€+—0) - - 530 519 515 514
v(M€E—N) - - 422 418 414 423

» Electronic Spectral Studies:

At room temperature, the UV-Vis spectrum that the
ligand and it’s metal complex in EtOH and range 250-600
nm. Two absorption bands were observed in the ligand
electronic spectra at wavelengths of 320, and 475 nm [69,73].

In  addition, the electromagnetic  spectrum

characterisation of the China-rose Co(III) colour complex has
demonstrated that (C;7H;20,NBr);Co is a six-coordinated
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Co(Ill) complex. The electronic spectra showed two
absorption bands moved toward lower (298 nm) and higher
(455 nm) frequencies; the complex's decreased symmetry
from normal, typical octahedral geometry might be the reason
for this split [72]. While observing the electronic spectra of
the soft yellow-green Ni(Il) colour complex revealed two
transition bands at 295 nm and 450 nm frequencies. The
complex symmetry dropping from square planar geometry
[72] and the dark brown Cu(II) colour complex presumably
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contributed to causing these bands to move towards lower and
higher frequencies. In the electronic spectra, two transition
bands were found at 340 nm and 444 nm [72]. These bands
moved to lower and higher frequencies. One possible
explanation for this split is that the complex symmetry
decreased from square-planar geometry, and the Zn(II)
complex has a white-coloured electronic spectrum. As the
electronic spectra demonstrated, two transition bands have
been observed: 342 nm and 441 nm [72]. Then these bands
shifted towards lower (342 nm) and higher (441 nm)
frequencies. This breach may be caused by the complex's
symmetry diminishing from tetrahedral geometry, which is
common for different coordination groups [72,82,83], while
d—d transitions were identified as the cause of the third band.
This separation could be attributed to the n—n* and n—n*
transitions of the carbonyl (C=0) and imine (C=N) groups, or
aromatic rings, which are intra-ligand charge transfer (ILCT)
transitions. It may also be caused by a decrease in the
complex's  symmetry from  square-planar/tetrahedral
geometry, which is anticipated in various coordination
groups, thereby. The charge transfer (CT) transitions are then
likely a combination of metal-to-ligand (ML) and ligand-to-
metal (LM) transitions.

» Antimicrobial Activity:

A comparison of the antibacterial activity of gram-
negative uropathogens with zones of 14-21 mm against all
synthesised compounds using the agar well-diffusion method
was conducted using a combination of multidrug-treated and
isolated species that are sensitive towards antibiotics (Table
3), particularly immunity to these medications of 3rd
generations (Table 4) illustrates the antibacterial activity of
all medicines and DMSO (solvent) as a zone of inhibition
(mm). With the exception of pneumoniae-7, K. uropathogens,
and P. aeruginosa which showed identical spots where the
ligand and their metallic complexes are inhibited, metal
complexes demonstrated significantly larger zones of
inhibition compared to the free ligand, with zones of 14-21
mm. In comparison to Ligand HL; and its transition metal
complexes, Ligand HL, and its resulting complexes exhibited
greater antibacterial activity. Considering a location of
anxiety ranging from 11 to 21 mm, Cu(Il) and Zn(I)
complexes  demonstrated  outstanding  antibacterial
effectiveness towards every test isolated specimens. as and
were established comparatively much more accurate than
Ni(IT) and Co(Ill) complexes. With the exception of P.
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mirabilis, K. pneumoniae, and, E. coli-10 which showed no
zone of inhibition, cobalt complex [Co(L:)Cl] showed zones
of inhibition of 11-14 mm. Despite significant zones of
inhibition (11-21 mm) against a large proportion of
microorganisms, cobalt complex [Co(L,)Cl] was determined
to be the most active chemical. With the exception of P.
mirabilis-7, C. diversus-2, K. pneumoniae, and nickel
complex [Ni(L;)CI] showed significant zones of inhibition of
10-13.5 mm, whereas [Ni(L,)Cl] showed zones of inhibition
of 11-12.5 mm with the exception of K. pneumoniae, P.
mirabilis-7, E. coli, and P. mirabilis. Together with zones of
1421 mm in size, all of the drugs showed the highest
inhibitory action against C. amalonaticus MBL uropathogens,
while K. pneumoniae ESBL uropathogens showed the lowest
antimicrobial activity. Significant antibacterial action was
demonstrated by the compounds [Cu(L:)CI], [Co(L,)CI],
[Cu(L)CI], and [Ni (L2)CI]. These compounds can be utilised
to both increase and successfully overcome resistance to
drugs.

The strengthened antimicrobial impact of metal-
coordinating spots on microorganism enzymes, which
reduces the growth of these microorganisms compared to the
ligands, can be attributed to the concepts of Cell permeation,
and theory of chelation. The antibacterial action of the metal-
coordinating sites on microorganism enzymes is heightened
by the detection of the electron-removing group within the
aromatic ring. Consequently, the microscopic organism
complex's development was lower than that of the complex
without any replacement [84]. The path of the lipid-soluble
chemical is regulated by the lipid permeability for the
membrane surrounding the micro-organism cell. Together
with the donating group, the metallic ions demonstrates a
charge that is positive as a result of ion exchange. As a result,
the orientation of the metallic ion is reduced, and there is a
higher probability that m-electrons will delocalize throughout
the entirety of a metal complex ring. This process makes the
metal complex more lipophilic, which enables the metal
compound to effectively penetrate the lipid barrier and
conceal the metallic-coordinating spots on microorganism
enzymes. thereby reducing their growth. Additionally, it has
been discovered that metal-based compounds affect
microorganisms' respiratory cycle rate primarily preventing
the synthesis of proteins. which leads to cell death and growth
restriction [85].

Table 2 Multidrug-Resistant Microbial Cultures:

Type of culture Codename Complete name
MBL 618 Klebsiella pneumonia
607 Proteus mirabilis
220 Escherichia coli
135 Citrobacter amalonaticus
85 Pseudomonas aeruginosa
ESBL Pro-7 Proteus mirabilis-7
Kp-7 Klebsiella pneumoniae-7
Kp Klebsiella pneumonia
Ec-10 Escherichia coli- 10
Citro-2 Citrobacter diversus-2
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Table 3 Antimicrobial Activity:

Sr. No. Compounds Zone of Inhibition (mm)
ESBL MBL

Citro-2 Ec-10 Kp Kp-7 | Pro-7 85 135 220 607 618
1 DMSO (Solvent) 0 0 0 0 0 0 0 0 0 0
2 HL, 0 0 0 11.5 0 11 14.5 0 0 0
3 [Co(L)CI] 11 0 0 11.6 13 11 14.5 0 0 12
4 [Ni(L)CI] 0 10 0 12 0 13.5 13.6 10.5 11.5 11.5
5 [Cu(L1)CI] 15 11 11.5 11 12 12.5 15 15.5 12.5 11
6 [Zn(L)CI] 14 11 11.6 11.5 12 10.5 15 11.4 11.5 10.5
7 HL, 0 12 0 11.5 0 12 13.5 0 0 11.5
8 [Co(Ly)CI] 21 11 0 13 14 14.5 22 13 14 17.5
9 [Ni(Ly)CI] 11 12 0 11 0 12.5 12.5 0 0 11.5
10 [Cu(LL)Cl] 16 14 12 12 14.5 13 19.5 16 15 11
11 [Zn(L,)CI] 10.5 14 12 10.5 11.6 15 17.6 11 11.5 12

» Antitubercular Activity:

The standard pharmaceutical drugs like Streptomycin,
Ciprofloxacin, and Pyrazinamide were used to determine the
antitubercular performance associated with all produced
compounds against M. tuberculosis. Every compound was
shown to be effective against M. tuberculosis, as illustrated in
table 4 and Fig.17. To effectively break through the extremely
thick, wax cell wall of M. tuberculosis, an antitubercular
medication needs to be sufficiently lipophilic [86]. Schiff
base ligands HL; and HL, showed lower activity (MIC=50.0
pg/ml) when corresponding to the respective metallic
compounds. This type of activity could be explained through

the formation of metallic chelate structures, which have better
lipophilic qualities than Schiff base ligands and allow the
metal complex to pass through the dense microbe-based cell
membrane with greater effectiveness, resulting in bettered
antitubercular action [87-91]. In comparison with Co(III),
Zn(II), and Ni(Il) compounds, Cu(Il) and Ni(II) compounds
demonstrated greater activity against M. tuberculosis. Copper
complexes [Cu(L,)CI] and [Cu(L:)Cl] and zinc complexes
[Zn(Li)Cl] displayed high antitubercular activity, while
Co(Ill) and Ni(Il) complexes demonstrated justifiable
antitubercular activity [92-93].

Table 4 Antitubercular Activity:

Test compound MIC (ng/ml)
Pyrazinamide* 3.11
Ciprofloxacin* 3.11
Streptomycin* 6.26
HL, 50.0
HL2 50.0
[Co(L1)Cl] 50.0
[Ni(L1)Cl] 25.1
[Co(L2)C]] 25.1
[Ni(L2)Cl1] 25.1
[Zn(L2)CI] 25.1
[Cu(L)CI] 124
[Zn(L1)CI] 124
[Cu(L2)C]] 124

Fig 17 Test Compounds Plate Photo
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V. CONCLUSION » The Authorship Contribution Statement:

The two unique Schiff bases and transition metal
complexes were created. Several spectroscopic methods were
used to assess these compounds. The Schiff base and ligand
to metal ratio was 3:1 for the Co(III) complex and 2:1 for the
Cu(ll), Zn(Il), and Ni(II) metal complexes, respectively,
according to the physical and spectroscopic data. It has been
speculated that cobalt complexes will exhibit octahedral
geometry, nickel and copper complexes will have square
planar geometry, and zinc complexes will have tetrahedral
geometry. The biological activity investigations indicated that
metallic compounds exhibited greater antitubercular and
antimicrobial  capabilities against M. tuberculosis,
particularly against MBL and ESBL pathogenic bacteria, than
corresponding parent ligands. Cobalt complex [Co(L;)Cl]
and copper complex [Cu(L;)Cl]. Whereas conventional
copper complexes [Cu(L,)CI] and [Cu(L;)Cl] and zinc
complexes [Zn(L;) Cl] indicated strong anti-tubercular
action, and compounds Ni(Il) & Co(Ill) showed notable
antibacterial activity. New lead compounds with more
effective medicinal qualities may be synthesised as a result of
this research, possibly contributing to the creation of metal-
derived prescription drugs.
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