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Abstract

Cu(II), Zn(II), Co(II), and Ni(IT) metal complexes have been synthesized using the O, S bidentate ligand S-benzyl-4-chloro-
3-nitrodithiocarbazate (SB3NO). SB3NO coordinates with the metal ions according to the general formula of [M(SB3NO):],
where M is Cu?", Zn?*, Co?" and Ni*". Various spectroscopic techniques, such as elemental analysis, FT-IR, NMR, GC-MS,
TGA, UV-Vis spectroscopy, molar conductivity measurements, and magnetic susceptibility testing, were used to
characterize the ligand and complexes. In a solid state, SB3NO exists in a thione tautomeric form and deprotonated to
chelate metal(I) center through the oxygen of carbonyl and ionic sulfur of thiol in liquid, giving rise to either tetrahedral or
square planar geometry. Additionally, the in-vitro antibacterial activity of SB3NO and its metal complexes was assessed
against pathogenic gram positive and gram-negative bacteria. The test revealed that Zn(SB3NO). exhibited the strongest
antibacterial activity against Pseudomonas aeruginosa (ATCC 27853) in the MIC assay (437 pg/ml). This study concludes
that incorporating metal ions enhances the antibacterial activity of the free ligand, highlighting their potential as promising

metal-based antibacterial agents.
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Introduction

The rise of multidrug-resistant (MDR) bacterial
strains has created an urgent need for new and more
effective antimicrobial agents. Many conventional
antibiotics have become ineffective due to bacterial
resistance mechanisms, highlighting the urgency of
developing alternative therapeutic strategies. Metal-
based antibacterial agents offer a promising solution,
as their distinct mechanisms of action differ from
those of traditional organic antibiotics [1]. Metal ions
can interact with biomolecules, induce oxidative
stress, and disrupt essential bacterial processes,
making them potential candidates for antimicrobial
applications [2,3]. Transition metal complexes,
particularly those incorporating copper (Cu), zinc
(Zn), cobalt (Co), and nickel (Ni), have demonstrated
significant antibacterial properties [4]. Their
coordination with Dbioactive ligands enhances
stability, solubility, and biological activity, resulting
in improved antibacterial efficacy [5].

Among the various classes of metal-based
antibacterial agents, dithiocarbazate derivatives have
garnered significant attention due to their strong
chelating properties and bioactive potential [6,7].
These compounds, characterized by nitrogen and
sulphur donor atoms, readily coordinate with
transition metals to form stable metal complexes.
Previous studies have shown that metal complexes
derived from dithiocarbazate derivatives possess
strong antibacterial, antifungal, and anticancer
properties. Moreover, research has demonstrated that
the metal complexes from dithiocarbazate derivatives
frequently exhibit superior antibacterial activity
compared to their free ligands [8], [9], making them
an attractive avenue for drug development. However,
despite their promising biological applications,
further structural modifications and optimizations are
necessary to enhance their efficacy, selectivity, and
pharmacokinetic properties.
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Hence, this study aims to contribute to the growing
field of metal-based antibacterial agents by
synthesising and characterising a new ligand and its
metal complexes, while providing insights into their
structure-activity relationships. Specifically, we
report the synthesis, characterization, and biological
evaluation of a novel substituted dithiocarbazate
derivative, S-benzyl-B-N-4-chloro-3-nitrobenzoyl
dithiocarbazate (SB3NO), along with its Cu(Il),
Zn(Il), Co(Il), and Ni(Il) metal complexes. This
work focuses on the development of a newly
designed dithiocarbazate derivative incorporating
electron-withdrawing functional groups (Cl and NO2)
within the ligand framework, which has not been
previously explored for its antibacterial properties.
The presence of these functional groups is expected
to enhance the ligand’s coordination ability and
biological activity. Furthermore, the formation of its
transition metal complexes introduces structural
modifications that may improve antibacterial potency
through enhanced metal-ligand interactions.

Materials and Methods

Instrumentation

Melting points were determined using an
Electrothermal™  TA9300 apparatus. Infrared

Spectroscopy (IR) was recorded in the range of 400-
4000 cm™ using KBr pellets on a Perkin Elmer
96255 Fourier Transform Infrared Spectroscopy
(FTIR) spectrometer. The molar conductance of each
metal complex was measured in a 107 M solution of
Dimethyl Sulfoxide (DMSO) using an Eutech CON
700  conductivity  meter.  Ultraviolet-Visible
Spectroscopy (UV-VIS) spectra were recorded on a
Shimadzu UV-1900 Series PC spectrophotometer
(800-200 nm) in DMSO solution. 'H Nuclear
Magnetic Resonance (NMR) and '3C NMR spectra
were recorded on a Bruker Ultra Shield Plus 500
MHz spectrometer, using deuterated DMSO as the
solvent, with tetramethylsilane (TMS) as an internal
standard. Mass spectrometry was performed using a
Perkin Elmer CLARUS 680 GC / CLARUS 5S8T
MS. Thermogravimetric analysis (TGA) was
measured using the Thermogravimetric Analyzer
Shimadzu TGA-50 Series. The nitrogen gas flow rate
was 10 ml/min with a heating rate of 10 °C/min. The
starting temperature was 25 °C, with the maximum
temperature set at 500 °C and 800 °C for SB3NO and
metal complexes, respectively. Magnetic
susceptibility was measured with a Sherwood
Scientific MSB AUTO at 298 K. All analyses were
conducted at the Physical Science Building,
Kulliyyah of Science, International Islamic
University Malaysia (IIUM) Kuantan Campus,
except for the NMR analyses and magnetic
susceptibility measurements, which were performed
at the Central Laboratory, Universiti Malaysia
Pahang Al-Sultan Abdullah (UMPSA) Gambang

Campus and Universiti Malaya, respectively.

Preparation of S-benzyl dithiocarbazate (SBDTC)
SBDTC was synthesized as previously described
[10] Potassium hydroxide (KOH) (0.1 mol, 5.7 g)
was dissolved in 35 mL of cold 90% ethanol. This
solution was then mixed with hydrazine hydrate (0.1
mol, 5 mL). The mixture was cooled in an ice salt
bath until the temperature reached 0 °C. Gradually,
carbon disulfide (0.1 mol, 6 mL) was added to the
cooled solution with continuous stirring. Upon the
addition of carbon disulfide, two layers formed. The
brown oil (lower layer) was then separated and
dissolved in 30 mL of cold 40% ethanol.
Subsequently, benzyl chloride (0.1 mol, 11.37 mL)
was added dropwise to this solution with vigorous
stirring and maintaining the temperature at 0-5 °C. A
white precipitate formed, which was then filtered and
dried overnight over silica gel.

Preparation of S-benzyl-4-chloro-3-nitrobenzoyl
dithiocarbazate (SB3NO)

SB3NO was synthesized following the procedure
outlined [11]. Potassium hydroxide (0.01 mol, 1.983
g) was added to a solution of SBDTC (0.01 mol, 0.56
g) dissolved in 30 ml of absolute ethanol. To this
solution, 4-chloro-3-nitrobenzyl chloride (0.01 mol,
1.42 mL) was added before it was stirred and
refluxed for 8 hours. The solution was left standing
overnight after reflux. The product obtained was
filtered and dried over silica gel. The product was
later recrystallized from ethanol.

Preparation of the metal complexes

The synthesis of metal complexes was carried out
based on the method reported by [12]. SB3NO (0.9
nmol, 0.3 g) was dissolved in 30 mL of boiling
absolute ethanol, and potassium hydroxide (0.9 nmol,
0.08 g) was added to the resultant solution.
Subsequently, a hot solution of the metal salt (0.45
nmol) dissolved in 30 mL of absolute ethanol was
added to the previous solution. The solution was
heated and stirred for approximately 20 minutes until
its volume was reduced to half. The precipitate was
filtered while the solution was still hot and left to dry
overnight on silica gel. The metal salts used were
copper(Il) acetate monohydrate (0.09 g), nickel(II)
acetate tetrahydrate (0.11 g), zinc(I) acetate
dihydrate (0.098 g), and cobalt(Il) acetate
tetrahydrate (0.11 g).

Bacteria culture

Antimicrobial activity was assessed at the
Microbiology Laboratory located at the Physical
Science Building, Kulliyyah of Science, IIUM
Kuantan Campus. Four pathogenic bacteria were
cultured following the procedures detailed in the
literature [13]. The strains used were Staphylococcus
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aureus (ATCC 25923), Bacillus cereus (ATCC
11778), Escherichia coli (ATCC 25922), and
Pseudomonas aeruginosa (ATCC 27853). All strains
were stored at -80°C and streaked on nutrient agar
plates. The bacterial strains were then cultivated in
nutrient broth at 37°C for 24 hours. The bacterial
inocula was prepared by selecting 3-4 colonies from
the agar plates and suspending them in nutrient broth,
with the suspension adjusted to the 0.5 McFarland
standard. The turbidity of the bacterial suspension
was measured by determining the optical density
(OD) at 625 nm, with an OD of 0.1 corresponding to
1.5 x 10® CFU/mL.

Antimicrobial assay

The antimicrobial assay was conducted to determine
the Minimum inhibitory concentration (MIC, ng/mL)
of the synthesized compounds, following the
procedure outlined in the past literature [14]. The
concentrations of the synthesized compounds and the
positive controls (gentamycin and ampicillin) were
prepared using two-fold serial dilutions. A stock
solution of the compounds was prepared at 7000
pg/mL in 5% DMSO. 100 pL of nutrient broth was
added to each microplate well, except for the first
well. Then, 200 pL of the synthesized compound or
positive control was added to the first well. Serial
dilutions were performed and 100 pL of the bacterial
suspension was added to all wells. The plates were
incubated at 37°C for 24 hours. The MIC values of
the compounds that exhibited no growth of

Results and Discussion

Synthesis, physical and analytical data
S-benzyl-4-chloro-3-nitrobenzoyl dithiocarbazate
(SB3NO) was obtained through the reaction between
S-benzyldithiocarbazate (SBDTC) and 4-chloro-3-
nitrobenzyl chloride in the presence of potassium
hydroxide (KOH). During the reaction, SBDTC
undergoes deprotonation by KOH, increasing the
nucleophilicity of SBDTC [15]. SBDTC acquires a
negative charge and then facilitates the attachment of
the 4-chloro-3-nitrobenzoyl group to the B-nitrogen,
resulting in the formation of SB3NO (Figure 1).
Other possible reactions could lead to Schiff base
formation due to the presence of the nitro (NO2)
group at 4-chloro-3-nitrobenzyl chloride. However,
due to the presence of KOH and chloride group as a
deprotonating agent and leaving group, respectively,
the reactions favor the nucleophilic substitution
mechanism, as depicted in Figure 1.

In the formation of metal complexes, SB3NO
undergoes tautomerisation to a thiol form in solution,
with the thiol proton being deprotonated in the
presence of KOH, generating thiolate anions (Figure
2) [16]. This process enhances the nucleophilicity of
SB3NO, enabling it to act as a uninegative chelator
with metal ions. Initial attempts to synthesise metal
complexes from SB3NO without KOH yielded no
products. However, the subsequent addition of KOH
to the SB3NO mixture, prior to metal ion
introduction, successfully produced the desired metal

microorganisms were recorded. complexes.
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The physical and analytical data for SB3NO and its
metal complexes are presented in Table 1. The
elemental analyses of the compounds were consistent
with the expected wvalues, confirming the
compositions of the synthesized compounds. Despite
the metal complexes being synthesised with a 1:1
ratio of metal to ligand, the elemental analyses of the
metal complexes revealed a consistent metal-to-
ligand ratio of 1:2 for all metal complexes. The
melting point of SB3NO was in the range of 188-
190 °C, while the metal complexes decomposed in
the range of 256-346 °C. Furthermore, the
compounds were devoid of contaminants, as
evidenced by the sharp melting points. Overall, all
compounds generally yielded moderate to good
yields.

Infrared spectroscopy spectra

The selected adsorption bands of SB3NO and its
metal complexes are listed in Table 2, along with
their respective assignments. A weak band at 3094
cm!, attributed to the stretching vibration v(N-H),
was visible in the spectrum of SB3NO. The absence
of both the asymmetric v(N-H) and symmetric
v(N-H) of the NH, group found around 3304 and
3238 cm!, respectively, indicates that the 4-chloro-3-
nitrobenzoyl substituent is attached on the B-nitrogen

of SBDTC.

SBDTC was found to be able to undergo thione-thiol
tautomerism [17]. However, SB3NO can undergo
thione-thiol-thionol-thiolol tautomerism to achieve
stability, as depicted in Figure 3. The IR data
suggests that SB3NO exists solely as the thione
tautomeric form in solid, as indicated by the presence
of strong stretching vibration v(C=S) and v(C=0) at
1107 em™ and 1685 cm™, respectively. Plus, the
absence of the stretching vibration of v(S—H),
typically observed between 2603-2707 cm™, rules
out the presence of the thiol tautomeric form.
Furthermore, the absence of the broad band around
3300 cm™!, corresponding to v(O-H), confirms that
SB3NO does not exist as either the thionol or thiolol
forms in the solid state.

The FTIR of the metal complexes displayed a peak
attributed to the primary stretching vibration v(N-H)
around 3079-3084 cm', indicating that there was no
coordination through the proton of the amino group.
Additionally, the stretching vibration band v(N-N)
was retained at approximately 1345 cm™ in the metal
complexes, further confirming the non-involvement
of the amino group in metal complexes.

Table 1. Physical and analytical data of SB3NO and its metal complexes

o Found (Calculated %) Metal Yield
Compound Colour M.p (°C) C H N S (%) (%)
4656 297 1065 1504
SB3NO Cream 188190 42ey  (317)  (11.00)  (16.79) - 84
4248 280 1118 1435 773
Cu(SB3NO)> ~ Green 318 (4356)  (2.92)  (10.16) (1550)  (7.68) 60
©273 323 1027 1453 757
Zn(SB3NO).  Black 346 (4346)  (2.92)  (10.14) (1547)  (7.89) >4
4476 282 1053 1455
Co(SB3NO):  Brown 310 (43.80)  (2.94)  (10.22)  (15.59) - 66
. 4405 294 987 1436  7.12
Ni(SB3NO), ~ Yellow 256 4381)  (2.94)  (10.22) (1559  (7.14) s
Table 2. Selected IR bands of SBDTC, SB3NO, and its metal complexes
IR Bands (cm™)
Compound
o(N-H)  o(C=S) o(S-C-S) 0(C=0) o(N-N) o(C=N) o(N-O2) v(M-=S)
SBDTC 330;‘1 5338’ 1048 952 - 1347 ; ; ;
SB3NO 3094 1107 1037 1685 1353 ; 1382 i
Cu(SB3NO), 3080 ©1123,1049 1623 1345 1602 1385 485
Zn(SB3NO), 3083 ~1123,1049 1628 1350 1597 1387 485
Co(SB3NO), 3079 . 1123,1049 1630 1345 1600 1386 485
Ni(SB3NO), 3084 © 1123,1043 1630 1349 1600 1385 481
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Figure 3. The possible tautomerism of SB3NO

However, it was observed that metal complexes
showed a notable negative shift of approximately 60
cm! in the stretching vibration v(C=0) compared to
the spectrum of SB3NO. This shift strongly suggests
coordination between the carbonyl oxygen and the
metal ion. Additionally, the absence of v(C-O) peaks
in the 1200-1300 cm™ region further support
coordination occurring through the C=O group.
Furthermore, the stretching vibration peaks for v(N-
O2) remained unchanged across all metal complexes,
indicating that the nitro group does not participate in
metal binding.

Moreover, the disappearance of v(C=S) in the metal
complexes suggests the involvement of sulphur in the
formation of complexes. This is further supported by
the splitting of the stretching vibration v(S-C-S) in
the range of 1043-1123 cm™, and the appearance of
o(M-S) around 481-485 cm™'. Additionally, the
presence of the v(C=N) stretching vibration around
1597-1602 cm™ in all the metal complex spectra
confirms that they are no longer present in their
thione form but rather appear to be in a thiol state.
Overall, FTIR confirmed that SB3NO acts as a
uninegative bidentate O, S donor, coordinating
through the carbonyl oxygen and the thiolate sulfur,
as illustrated in Figure 2.

Nuclear magnetic resonance spectra

The 'H and '3C NMR data of SB3NO are reported in
Table 3 and illustrated in Figure 4. The 'H NMR
spectrum suggests that SB3NO exists as thione-thiol
tautomers in an equilibrium. The thione tautomeric
form was indicated by two sets of doublet peaks at Ju
=4.37,4.39 ppm, and 4.49, 4.51 ppm, corresponding
to the two neighbouring protons of the amino groups.
Based on the integration of these doublet peaks, the
thione-thiol tautomeric forms were found to be
present in a 2:1 ratio. The thiol form is confirmed by
the appearance of a singlet peak for the S—H group at
ou = 4.59 ppm. Furthermore, the absence of peaks at
approximately Ju = 10-13 ppm corresponding to the
O-H group showed that SB3NO exists neither as the
thionol nor the thiolol form. Additionally, the
methylene (-CH;) group was observed as a singlet
peak at oy = 4.59 ppm, while the aromatic protons of
SB3NO were found to be present in the aromatic
region, ranging from Jy = 8.45-7.22 ppm.

The '*C NMR spectrum further supports that SB3NO
exists as the thione and thiol tautomeric forms. The

thione form was indicated by the presence of the
signals, C=S and C=0O at around & = 200.17 and
165.81 ppm, respectively. Meanwhile, the thiol form
was indicated by the presence of the C=N signal at &
= 154.66 ppm. Furthermore, the methylene (CH>)
carbons for both the thione and thiol tautomeric
forms were found at 6 = 36.99 and 37.53 ppm,
respectively. Lastly, the chemical shifts in the region
of 6 = 126.37 - 147.67 ppm were attributed to the
carbons of the aromatic rings. Thus, based on the
NMR analysis, SB3NO exists as a mixture of thione-
thiol tautomers with a ratio of 2:1 in the liquid,
predominantly favouring the thione form.

Mass spectrometry

The mass spectrum of SB3NO (Figure 5) showed a
low-intensity parent peak at m/z 382 (3%),
corresponding to its molecular mass of 381 g/mol.
The molecular ion peak (M') undergoes
fragmentation, as presented in Figure 6. Initially, the
fragments at m/z 207 (21%) and m/z 171 (16%) were
formed, likely due to the homolytic cleavage of the
hydrazinic nitrogen bond. Following that, the loss of
thiocyanic acid HSCN (56 g/mol) from the peak at
m/z 171 yielded the benzylthiyl radical at m/z 121
(50%). Then, the benzylthiyl radical likely underwent
cleavage of the C-S bond (32 g/mol), and the
rearrangement of the benzyl group led to the
formation of tropylium ion (m/z 91). The tropylium
ion (CsH-") at m/z 91 was observed as the base peak.
Lastly, the final fragment at m/z 54 represented a
further cleavage of the tropylium ion (C-/H+"),
resulting in the cyclobutadienyl cation (CsHs"),
formed through sequential cleavage of carbon atoms
[18]. In conclusion, mass spectrometry data of
SB3NO showed the same compound observed in the
solid state with the observed molecular ion peak at
m/z 382 along with the fragmentation peaks at m/z
207,171,121, 91, and 54.

Molar conductivity, moment and
electronic spectral data

The molar conductance values of all the metal
complexes (Table 4) were found to be in the range of
12.29 to 19.83 ohm™ mol™ cm?, indicating their non-
electrolytic nature. The conductivity values for a
non-electrolyte in a DMSO solution are typically less
than 50 ohm™ mol™ c¢cm?, which is consistent with
past literature [19]. This suggests that SB3NO is
directly bound to the metal ions without dissociating
in the solution.

magnetic
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Table 3. 'H-NMR and *C-NMR spectral data for SB3ANO

'H-NMR, 6 (ppm) 3C-NMR, J (ppm)
Compound N-H S- S-H  Aromatic C=S Cc=0 C=N S-CH Aromatic
(thione) CH: (thiol) proton (thione) (thiol) 2 carbon
(233}% m, (8.45- 36.99
7 s, 2H s, H 7.22,1= (thione), 147.67-
SB3NO 4.39),d, (459)  (4.09) 7.0 Hz, 200.17  165.81 154.66 3753 126,37
H (4.49, 8H) (thiol)
4.51)
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Figure 4. '"H-NMR and '3C-NMR spectral data for SB3NO.
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The magnetic moments in Table 5 showed that
among all the synthesised complexes, only the Zn
(IT) complex exhibited a zero value for the magnetic
moment, indicating its diamagnetic properties. Thus,
the diamagnetism of Zn(SB3NO), undergoes sp’
hybridization to form a tetrahedral. Cu(SB3NO),
adopts a square planar geometry with a magnetic
moment of 1.536 B.M, which agrees with previous
literature [12]. Additionally, Co(SB3NO), displayed
a magnetic moment of 4.564 B.M, suggesting that it
adopts a tetrahedral structure [11]. Lastly, the
paramagnetic Ni(SB3NO), complex presented a
magnetic moment of 3.874 B.M, aligning with a
tetrahedral configuration. Thus, based on magnetic
susceptibility analysis, all metal complexes from
SB3NO are confirmed to have a tetrahedral geometry
except for Cu(SB3NO),, which exhibits a square
planar geometry.

On the other hand, the electronic spectra data of
SB3NO and its metal complexes are presented in
Table 5. SB3NO exhibited two highly intense bands
at 258 and 302 nm, corresponding to the m—m*
transitions and n—mw* transitions of the benzene
rings, respectively [20]. Upon complexation, the
n—n* transitions showed minimal shifts in the
absorbance bands at 261-274 nm. All metal
complexes, except Co(SB3NO),, exhibited a
bathochromic shift of the n—=n* transitions in the
region 319-338 nm. The position of the absorption
bands is significantly influenced by the
characteristics of the metal ions. Chen et al. (2007)
found that bathochromic shifts are often impacted by
the electronegativity of the metal ions coordinating
with the same ligand in the formation of metal
complexes [21].
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Additionally, a significant band around 354-389 nm
was attributed to the ligand to metal charge transfer
(LMCT) transition and was observed in all the metal
complexes, except Cu(SB3NO), [22]. Furthermore,
only the Ni(II) complex displayed a low-intensity
band at 500-800 nm, corresponding to the forbidden
d—d transition [6]. According to El-Samanody et al.,
Ni(SB3NO), exhibited two d—d transitions at
approximately 606 and 456 nm, assigned to
3A2,—3Ta(F), supporting a tetrahedral geometry
[23]. Overall, the electronic spectra data supported
the proposed geometries as deduced from the
magnetic moment of the metal complexes.

Thermogravimetric analysis

Thermal stability and decomposition data of all the
compounds are listed in Table 5. Generally, the TGA
curve of SB3NO and metal complexes showed three
and four thermal decomposition stages, respectively
(Figure 7). SB3NO began to decompose at 130°C,
continuing until 226°C with a mass loss of 26.04%
(Calculated: 23.88%) due to the loss of the benzyl
group from SBDTC [24]. Then, a weight loss of
47.70% (Calculated: 48.03%) was observed between
226°C and 295°C, attributable to the loss of the 3-
nitro-4-chlorobenzoyl group. The decomposition of
the hydrazine group occurred above 295°C, resulting
in a mass loss of 8.034% (Calculated: 7.87%). Lastly,
the remaining residue comprises the S-C=S, which
accounted for a loss of 20.47% (Calculated: 19.94%)
[25].

The metal complexes from SB3NO, on the other
hand, demonstrated a complicated decomposition
process. Notably, only Cu(SB3NO), exhibited
significant weight loss, exceeding half of its mass (as
illustrated in Figure 7), implying the necessity for
higher heating temperatures for other metal
complexes. The decomposition of Cu(SB3NO),,
began in the range of 127-372 °C, resulting in a mass
loss of 52.50% (Calculated 59.95%), indicative of
the dissociation of all aromatic rings from SB3NO
along with the dissociation of the chloro and nitro
groups [26]. Next, the hydrazine group was removed
in the subsequent stage around 372-564 °C, leading
to a mass loss of 13.72% (Calculated 10.19%). A
minor weight loss, observed at 564-735 °C,
accounting for 3.55% (Calculated 2.91%),
corresponds to carbon removal. A negligible weight
loss of 1.15% was observed at 735-800 °C was
disregarded. Consequently, the residual mass of
26.61% (Calculated: 23.17%) comprises copper
oxide and the S-C=S group [27]. Zn(SB3NO), only
decomposed 38.442 % of its mass, with the majority

loss occurring in the first stage at 132-298 with a
mass loss of 22.39% (Calc. 22.08%), which is
assigned to the benzyl group from SBDTC. Then, the
nitro group was removed in the second stage around
298-467 °C, resulting in a mass loss of 10.17%
(Calculated 11.15%). The third stage involved the
decomposition of the chloride group at 467-615 °C,
resulting in a mass loss of 5.60% (Calculated
8.23%). Negligible mass loss observed in the final
stage was disregarded, leaving the remaining
products, including zinc oxide, dithiocarbazate
moiety, and aromatic ring from the 3-nitro-4-
chlorobenzoyl group with a mass of 61.16%
(Calculated 61.56%).

Co(SB3NO), and Ni(SB3NO) exhibited similar
decomposition patterns. At the initial stage, both
compounds underwent decomposition of the benzyl
group from SBDTC around 136-323 °C and 110-273
°C, resulting in mass loss of 22.71% (Calculated
22.22%) and 20.09% (Calculated 22.24%),
respectively. Subsequently, the nitro and chloro
group was dissociated from Co(SB3NO), at 323-420
°C and 420-518 °C, resulting in mass loss of 10.17%
(Calculated 11.15%) and 5.60% (Calculated 8.17%),
respectively. However, both fragments decomposed
at the same stage in Ni(SB3NO), around 273-426 °C,
resulting in a mass loss of 17.77% (Calculated
16.85%). For Co(SB3NO),, a minor loss observed at
518-800 °C, accounting for 7.45% (Calculated
7.27%), corresponds to the removal of the hydrazine
group. Meanwhile, Ni(SB3NO), exhibited negligible
losses in both final stages at 426-733 °C and 733-800
°C, with mass losses of 2.95% and 1.547%,
respectively. As a result, the remaining compounds
from both Co(SB3NO); and Ni(SB3NO), were found
to be metal oxide, dithiocarbazate moiety, and the
aromatic ring of the masses of 52.38% (Calculated
54.07%) and 60.88% (Calculated 57.643%),
respectively.

Overall, metal complexes showed more decomposing
stages and higher decomposing temperatures
compared to SB3NO. Thus, it is suggested that the
metal complexes are more thermally stable than
SB3NO due to the presence of metal ions. The
remaining residue, especially in metal complexes,
was stabilised by strong coordination bonds between
donor atoms such as nitrogen, oxygen, and sulfur
with metal ions, creating a stable metal complex
[24]. Thus, breaking these bonds required
temperatures exceeding 1000°C due to their high
bond dissociation energies.
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Table 4. Electronic spectra, magnetic moment and molar conductivity data of SB3NO and its metal complexes

Molar

Compound Amax, nm (log e, cm™ mol' L) petr (B.ML) conductivity
(ohm™ mol'! cm?)
SB3NO 258 (3.963), 302 (3.684) : -

Cu(SB3NO), 263 (3.93), 319 (3.795) 1.536 15.51
Zn(SB3NO), 263 (4.070), 338 (3.865), 354 (3.800) Diamagnetic 19.83
Co(SB3NO); 261 (3.943), 301 (3.945), 389 (3.588) 4.564 18.5
NiSBINO), 274 (3:851).326 (3.68368)(,2 ?5;;7()3.527), 456 (3.136), 3874 1220

Table 5. Thermal properties of SB3NO and its metal complexes

Compound Total Weight Loss (%) Decompose Temperature (°c) Percentage Loss (%)

130226 26.04
SB3NO 81.774 226-295 47.70
295-500 8.034

127-372 52.50

Cu(SB3NO), 70.921 ggi;g‘s‘ 133 '5752
735-800 115

132-208 22.39

Zn(SB3NO), 38.442 223‘6‘?2 1506107
615-800 0.28

136-323 22.71

323-420 10.17

Co(SB3NO), 45.93 e O
518-800 7.45

110273 20.09

Ni(SB3NO), 42,357 igz‘%g 127'9757
733-800 1.547

Iststage 2nd stage 31 stage 4thstage

SBDTC
—SB3NO
—CU(SB3NO),
——ZN(SB3NO)
—CO(SB3NO),
—NI(SB3NO),

Weight (%)

100 ) 30(

Temperature (°C)

Figure 7. Thermal decomposition of SB3NO and its metal complexes

Antimicrobial assay positive bacterium, SB3NO showed a high MIC of
Table 6 presents the minimal inhibitory 3500 pg/mL. Upon complexation with metal ions,
concentration (MIC) values for SB3NO and its metal there was a notable improvement in their

complexes. For S. aureus (ATCC 25923), a gram- antibacterial properties. Cu(SB3NO)., displayed a
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reduced MIC value of 1750 pg/mL, while the
Zn(SB3NO):, Co(SB3NO)., and Ni(SB3NO):
exhibited a MIC value of 875 pg/mL. Similarly,
SB3NO, Cu(SB3NO)z, and Ni(SB3NO),
demonstrated an MIC of 1750 pg/mL against B.
cereus (ATCC 11778), whereas the zinc and cobalt
complexes effectively displayed a reduced MIC of
875 png/mL. This trend highlights that the zinc and
cobalt complexes significantly enhance the
antibacterial effects against gram-positive bacteria.

On the other hand, SB3NO exhibited a MIC of 1750
pg/mL against both gram-negative bacteria, E. coli
(ATCC 25922) and P. aeruginosa (ATCC 27853).
Upon complexation, the copper, cobalt, and nickel
complexes did not show any enhancement,
maintaining the same MIC values. However, the zinc
complex demonstrated superior efficacy, lowering
the MIC to 875 ng/mL and 437 pg/mL against E. coli
(ATCC 25922) and P aeruginosa (ATCC 27853),
respectively. Thus, it showed that zinc complexation
plays a particularly crucial role in enhancing the
activity of SB3NO against gram-negative bacteria.

However, when compared to the positive control in
these studies, gentamicin exhibits the strongest
antibacterial activity, with MIC values of 32 pg/mL
for S. aureus, 16 ng/mL for B. cereus and E. coli, and
8 ug/mL for P. aeruginosa. Moreover, ampicillin also
demonstrates superior activity, with MIC values of
113 pg/mL for S. aureus, B. cereus, and P
aeruginosa, and 226 pg/mL for E. coli. None of the
synthesized compounds surpass or match the
antibacterial activity of gentamicin or ampicillin.
This suggests that further structural modifications
may be necessary to enhance their antibacterial
efficacy.

The data also indicates that gram-positive bacteria
are more susceptible to inhibition by SB3NO and its
metal complexes compared to gram-negative
bacteria, except for Zn(SB3NO),, which selectively
inhibits P. aeruginosa (ATCC 27853). The increased
susceptibility to gram-positive bacteria is primarily
attributed to the structural differences. Gram-
negative bacteria possess an additional, highly
impermeable outer membrane that acts as a
formidable barrier against antimicrobial agents,
making them inherently more resistant [28]. In
contrast, gram-positive bacteria lack this outer layer,
rendering them more accessible to antibacterial
compounds [29].

Furthermore, while SB3NO alone showed moderate
antimicrobial activity, the formation of metal
complexes, particularly with Zn(SB3NO). was the
most promising metal complex. The enhanced
antibacterial efficacy of the metal complexes is
attributed to significant physicochemical changes
during chelation, which reduce polarity and increase
lipophilicity in aqueous solutions [30]. This
improved interaction with biological membranes
facilitates better penetration and antimicrobial
effectiveness.

In conclusion, even though the MIC values of
SB3NO and their metal complexes were higher than
those of commercial antibiotics, their potential
remains significant. The observed biological activity
suggests these compounds could be further optimised
to enhance their antimicrobial properties.
Additionally, the ability of certain metal complexes
such as Zn(SB3NO); to inhibit bacteria better than
free ligands alone presents a promising path for the
development of new and potent metal-based
antimicrobial agents.

Table 6. Antimicrobial activity of SB3NO and its metal complexes

Compound MIC (ng/mL)

Gram-Positive Bacteria Gram-Negative Bacteria

S. aureus B. cereus (ATCC E. coli (ATCC P, aeruginosa

(ATCC 25923) 11778) 25922) (ATCC 27853)
SBDTC 875 437 437 875
SB3NO 3500 1750 1750 1750
Cu(SB3NO), 1750 1750 1750 1750
Zn(SB3NO), 875 875 875 437
Co(SB3NO), 875 875 1750 1750
Ni(SB3NO), 875 1750 1750 1750

Gentamycine 32 16 8

Ampiciline 113 113 226 113

10
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Conclusion

New dithiocarbazate derivatives, S-benzyl-4-chloro-
3-nitrodithiocarbazate (SB3NO), derived from the
reaction of 4-chloro-3-nitrobenzyl chloride with S-
benzyldithiocarbazate (SBDTC) acts as a uninegative
bidentate ligand with its OS donor set to form bis
chelated Cu(Il), Zn(II), Co(II) and Ni(II) complexes.
The Cu(Il) complexes have a square planar
geometry, while the Zn(Il), Co(II) and Ni(Il)
complexes are tetrahedral. In solid, SB3NO
predominantly exists as the thione tautomeric form,
while in liquid, it is present as a mixture of thione-
thiol tautomeric forms in the ratio of 2:1, as
evidenced by the FTIR and NMR analyses.
Antimicrobial activity studies demonstrated that
metal complexes enhanced the inhibition activity of
SB3NO. Among them, Zn(SB3NO), showed the
most promising antibacterial potential by inhibiting
P aeruginosa (ATCC 27853), with an MIC of 437
pg/mL. Overall, the findings suggest that metal
complexes not only enhance antimicrobial efficacy
but also serve as a promising strategy for developing
novel antibacterial agents, providing a potential
alternative to conventional antibiotics.
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