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A new substituted dithiocarbazate derivative ligand, S-benzyl-B-N-3-methoxybenzoyl
dithiocarbazate (SB3OME) has been prepared via the nucleophilic substitution reaction of S-
benzyldithiocarbazate with meta-methoxybenzoyl chloride. A series of complexes of SB3OME
with Cu(ll), Zn(I1), Co(Il), and Ni(ll) were also synthesised. These complexes have a general
formula of [M(SB3OME);], where M represents Cu?*, Zn?*, Co?" and Ni?*. All the synthesised
compounds were characterised using various physico-chemical techniques. It was found that all
complexes exhibited a six-coordinate where SB3OME acts as a uninegatively charged tridentate
NOS ligand, resulting in an octahedral geometry. The antimicrobial activities of all compounds
against Staphylococcus aureus (ATCC 25923), Bacillus cereus (ATCC 11778), Pseudomonas
aeruginosa (ATCC 27853), Escherichia coli (ATCC 25922) were evaluated. The values of
minimum inhibitory concentration (MIC) were obtained in reference to gentamycin as the
standard drug. MIC assay shows that Cu(SB3OME): is the most active compound with a MIC
value of 437 ug/ml against Staphylococcus aureus (ATCC 25923) and Pseudomonas aeruginosa
(ATCC 27853). This study concludes that the antimicrobial activities will enhance upon
coordination with metal ions, and the metal complexes can be considered for further development
as potential antibiotics.
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Antimicrobial drug resistance (AMR) is a global health
threat that causes an increased risk of disease spread
with the difficult-to-treat infections that have impacted
the higher rates of illness, disability, and death linked to
bacterial infections [1]. Current classes of antibiotics
have limited efficacy against certain bacteria, such
as Mycobacterium tuberculosis or Pseudomonas
aeruginosa, which have developed resistance to multiple
classes of antibiotics [1-2]. Therefore, there is an
urgent demand for the discovery and supply of new
antibacterial agents to effectively combat AMR. Metal-
based compounds have emerged as potential candidates
for treating microbial infections due to their distinct
mode of action. Moreover, metal complexes offer
various advantages over conventional antibiotics due to
their broad-spectrum activity designed to target a range
of bacterial species, making them potentially effective
against a wide range of infections [3-4]. Plus, the
metal complexes possess added advantages, which are
extremely stable in different environmental situations,
rendering them suitable for any circumstances, such
as in the presence of bodily fluids or different pH
conditions [5].

Metal complexes derived from dithiocarbazate
derivatives received considerable interest due to their

promising bioactivities against a wide range of bacterial
cells [6-7]. Dithiocarbazate derivatives contain
thiosemicarbazide moiety (-NH-NH-C(=S)-) with a
thiol group (-SH) attached to a central carbon atom
(Figure 1). Interestingly, they have nitrogen and sulphur
donor atoms, enabling them to form complexes with
various metal ions. Metal complexes of dithiocarbazate
derivatives have shown significant biological activities
such as antibacterial properties [8-10] antifungal [11]
antitumor [12] and anticancer [13-14].
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Figure 1. Dithiocarbazate backbone.

Therefore, we synthesised and characterised a
new substituted dithiocarbazate derivative, S-benzyl-
B-N-3-methoxybenzoy! dithiocarbazate (SB3OME), and
its metal complexes. The antibacterial activities were
determined using MIC assay against Staphylococcus
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aureus (ATCC 25923), Bacillus cereus (ATCC 11778),
Pseudomonas aeruginosa (ATCC 27853), and
Escherichia coli (ATCC 25922).

EXPERIMENTAL
Chemicals and Materials

The solvent and chemicals used in this study
were 3-methoxybenzoyl chloride, benzyl chloride,
hydrazine hydrate, carbon disulfide, copper(ll) acetate
monohydrate, nickel(l1) acetate tetrahydrate, zinc(l1)
acetate dihydrate, cobalt(ll) acetate tetrahydrate,
potassium hydroxide, absolute ethanol, silica gel,
dimethyl sulfoxide, potassium bromide, nutrient agar,
nutrient broth, gentamycin. All solvents and chemicals
were used as received without purification and were
purchased from Hmbg® Chemicals, Acros Organics,
Merck, Sigma Aldrich, R&M Chemicals, Bendosen,
Fisher Scientific, Himedia, and VWR Life Science.

Instrumentation

Melting points were determined using Electrothermal™
I1A9300. The IR spectra were recorded in the range of
400-4000 cm* using KBr pellets on a Perkin Elmer
96255 FT-IR spectrometer. The molar conductance of
a 10 M solution of each metal complex in DMSO was
measured using a Eutech CON 700 conductivity
meter. The UV-VIS spectra were recorded on a
Shimadzu UV-1900 Series PC spectrophotometer
(800-200 nm) in DMSO solution. *H NMR and *3C
NMR spectra were recorded on NMR Bruker Ultra
Shield Plus 500 MHz spectrometer using DMSO as
the solvent. Thermogravimetric analysis was measured
using the Thermogravimetric Analyzer Shimadzu
TGA-50 Series. For TGA analysis, 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 SBBOME and metal complexes, respectively.
Magnetic susceptibility was measured with a Sherwood
Scientific MSB AUTO at 298 K.

Preparation of S-benzyldithiocarbazate (SBDTC)

SBDTC was synthesised as previously reported [15].
Potassium hydroxide (5.7g, 0.1 mol) dissolved in cold
90% ethanol (35.0 ml) was added with hydrazine
hydrate (5.0 ml, 0.1 mol), and 5 ml of hydrazine
hydrate (0.1 mol) was added to this solution. The
mixture was placed in an ice-salt bath. Carbon
disulphide (0.1 mol, 6 ml) was then added dropwise
over an hour while continuously stirring with a
mechanical stirrer. Upon completion, two layers
formed, with the lower layer of brown oil being
acquired and dissolved in 30 ml of cold, 40% ethanol.
Benzyl chloride (0.1 mol, 11.37 ml) was added
dropwise with the solution, which was maintained in
an ice bath (0-5 °C). After the benzyl chloride was
fully added, a white precipitate was produced, filtered,
and dried over silica gel overnight.
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Preparation of S-benzyl-p-N-3-methoxybenzoyldi-
thiocarbazate (SB3OME)

SB3OME was synthesised according to a reported
study [16]. Potassium hydroxide (0.01 mol, 0.56 g)
dissolved in absolute ethanol was added with SBDTC
(0.01 mol, 1.983 g), which was dissolved in 30 ml of
absolute ethanol. The solution was heated, and 3-
methoxybenzoyl chloride (0.01 mol, 1.42 ml) was
added dropwise while stirring and heating the solution
continuously. The resultant solution was heated and
stirred to reduce half its volume. The white precipitate
was filtered and dried over silica gel. The product was
recrystallised using methanol.

General Method for Preparation of Metal Complexes

Metal complexes were prepared based on the prior
report [16]. A heated solution of metal salt (0.0009
mol) dissolved in absolute ethanol (30 ml) was added
to SB3OME (0.0009 mol, 0.3 g) dissolved in the
same solvent. For around 20 minutes, the mixture
was heated and stirred continuously until half the
volume. The precipitate was filtered while still hot and
left to dry overnight on silica gel. The metal salts
used were copper(ll) acetate monohydrate (0.18 g),
nickel(1l) acetate tetrahydrate (0.22 g), zinc(ll) acetate
dihydrate (0.20 g), and cobalt(l1) acetate tetrahydrate
(0.22 g) are the metal salts that are used.

Bacteria Culture

Antimicrobial activity was done at the Microbiology
Laboratory at the Physical Building, Kulliyah of
Science, UM Kuantan Campus, International Islamic
University Malaysia. Four pathogenic bacteria were
cultivated in accordance with the reported literature
[17]. All strains were kept at -80°C and streaked
on nutrient agar plates, including Staphylococcus
aureus (ATCC 25923), Bacillus cereus (ATCC 1778),
Escherichia coli (ATCC 25922) and Pseudomonas
aeruginosa (ATCC 27853). On nutrient broth, strains
were cultivated at 37°C for 24 hours prior to the
antimicrobial assay. To prepare bacterial inocula, 3-4
colonies from the agar plate were selected and adjusted
to the 0.5 McFarland standard solutions in nutrient
broth. By measuring the optical density (OD) at 625
nm with a single-beam UV-Vis Spectrophotometer,
the turbidity of the bacteria was identified. The ideal
OD for bacteria is 0.1, which is also equivalent to 1.5
x 108 CFU/mL.

Antimicrobial Assay

The antimicrobial assay was done to determine the
minimum inhibitory concentration (MIC, mg/mL),
and the procedure was referred from past literature
[18]. The concentrations of the synthesised compounds
and positive control (gentamycin) were prepared
in two-fold serial dilutions. Stock solution of the
compounds was prepared as7000 pg/ml in DMSO.
100 pL of Nutrient broth stock was added to each well,
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except for the first well. From that point onward, 200
pL of synthesized compound or positive control was
added into the first well of the plate, and serial
dilutions were finished using a micropipette. 100 pL
of bacteria were added to all wells. The plates were
incubated at 37°C for 24 hours. The lowest concentration
of the compounds that showed no recognizable growth
of microorganisms was considered the MIC value.

RESULTS AND DISCUSSION
Synthesis, Physical and Analytical Data

S-benzyl-B-N-3-methoxybenzoyl dithiocarbazate
(SB3OME) is obtained from the reaction scheme
shown in Figure 2. Starting from the precursor,
SBDTC is obtained from nucleophilic substitution
of benzyl chloride with dithiocarbazate [19]. The
reaction likely proceeds through the attack of the
dithiocarbazate on the electrophilic carbon of benzyl
chloride, followed by the displacement of the chloride
ion. SB3OME is also produced via nucleophilic
substitution reaction of SBDTC with 3-methoxybenzoyl
chloride in the presence of potassium hydroxide.
SBDTC, being a weak base, can lose a proton

CS,, KOH 5
H,N-NH,

Dithiocarbazate

S 0
KOH, heat
4(,, K’ (g/U\N NH, ——— HZNNJLS/\Q + HICO\Q)J\CI - H
0-5°C “ PhCH,Cl ;
H 2 H in EtOH H.CO N'N
; I

SBDTC
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and become negatively charged due to resonance
involving the nonbonding pair of electrons on the
nitrogen atom [16]. This negative charge attacks the
3-methoxybenzoyl group, which then attaches to
the B-nitrogen of SBDTC to form SB3OME. Lastly,
SB3OME reacts with the metal ions in ethanol to
form metal complexes, as shown in Figure 3. In
the presence of metal ions, SB3OME behaves as
a uninegatively charged ligand and coordinates to the
transition metal ions through the deprotonation of
nitrogen adjacent to thione sulfur, carbonyl oxygen,
and thione sulfur donor atoms to form the respective
metal complexes. The physical and analytical
information of SBTDC, SB3OME, and its metal
complexes are shown in Table 1. All analytical data
obtained are in agreement with the proposed structures.
All compounds' sharp melting points (around 1 to
3 °C) show that the compounds are pure. Generally,
each compound produces a moderate to good vyield,
except for SB3OME, which produces only a 40%
yield. The low yield of SB3AOME is caused by 3-
methoxybenzoyl chloride’s incompatibility with a strong
base, potassium hydroxide [20] resulting in undesired
side reactions. The metal complexes displayed a darker
color when compared to SBDTC and SB3OME.
¥
As

3-methoxybenzoyl SB30OME

chloride

Figure 2. Synthesis scheme for the synthesis of SB3OME.

. i Metal acetate, heat

H i
H.CO N.N“Sg

o H

SB3OME

in EtOH

S
é Metal complex

M= Cu**, Zn**, Co**, Ni?

Figure 3. Reaction scheme of the formation of metal complexes from SB3OME.
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Table 1. Physical data of SB3OME and its complexes.

M Found (Calculated %) Metal Vield
P eta ie
Compound | Colour C) %) (%)
c H N s
) 122-
SBDTC White | 5 - - - - - 73
) 138- 56.81 4.30 8.37 19.54
SB3OME | White | 101 | (s5781) | (485) | (843) | (19.29) ) 40
245- 51.76 4.22 751 17.03 8.25
Cu(SB3OME), | Black | g (52.76) 4.43) | (7.69) (17.61) (8.72) 61
| 236 52.40 4.70 7.43 17.39 8.68
Zn(SB3OME); | White | Hag | (go63) | (aa2) | (767) | (1756) | 9 | ©°
256- 54.90 4.35 7.47 18.87
Co(SB3OME), | Green | »og | (5310) | (aa6) | (779 | @772 - 56
) 226- 51.30 4.67 7.68 17.49 8.29
Ni(SB3OME). | Brown | o5 | (53.12) | (a46) | (74) | @7z | 81y | "
= R A
Ni(SB3OME),
S @
I w s
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Figure 4. Overlay FTIR spectra of SB3BOME and its metal complexes.
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Figure 5. Thione-thiol tautomerism of SBDTC.

Infrared Spectroscopy Spectra

Table 2 and illustrated in Figure 4. Medium intensities

bands are visible in the FTIR spectrum of SB3OME at

The selected vibration bands of the synthesised
compounds, as well as their assignments, are listed in

3258 and 3135 cm?, attributed to two »(N-H) groups
attached to C=0 and C=S groups, respectively.
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SB30OME also shows peaks at 1658, 1340, 1047, and
986 cm are assigned to v(C=0), v(N-N), v(C=S) and
v(S-C-S) respectively. It is known that dithiocarbazate
derivatives such as SBDTC can undergo thione-thiol
tautomerism to become stable (Figure 5) [21].
However, SB3OME can undergo tautomerism, as
shown in Figure 6 [16]. Thus, the presence of v(C=S)
with v(C=0) and the disappearance of v(O-H) with
v(S-H) in the FTIR spectra of SB3OME prove that
these compounds exist as thione in solid form.

A comparison of the main vibrational bands of
SB30OME is used to establish its ligating behavior in
the metal complexes. Generally, despite the use of
different metal ions to form SB3OME complexes, all
FTIR spectra in this study exhibit a similar pattern,
which is assumed to be in a similar coordination mode.
One peak from o(N-H) disappeared about 3100 cm?,
demonstrating that coordination happens through
the proton of »(N-H) adjacent to thione sulfur.
Consequently, o(N-N) at 1340 cmalso shifts to lower
frequencies in all complexes near 1316-1318 cm™
proving that bonding occurs through hydrazinic
nitrogen. The IR spectra of all metal complexes show
a strong band at ~1600 cm™ due to the v(C=0). The
substantial negative shifts (-58 cm?) of »(C=0)
indicate the involvement of carbonyl oxygen in
bonding. Moreover, another negative shift of o(C=S)
indicates that the metal ions coordinated with the
thione sulphur, which is further supported by a
significant negative shift (-32 cm) of »(S-C-S). As a
result, SB3AOME exhibits an uninegative tridentate
N, O, and S donor behaviour in the complexes by
deprotonating upon complexation (Figure 3).
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Nuclear Magnetic Resonance Spectra

From NMR spectra (Figure 7), it was found that
SB3OME exists as thiol form, as depicted in Figure
6(b). The 'H NMR spectrum displayed a singlet peak
for H9 at oy = 10.53 ppm corresponding to the N-H
group. However, the integration value obtained was
low (0.41) due to the proton exchange with water
resulting to peak broadening and thus the reduced
integration [22]. Furthermore, the appearance of another
singlet peak at oy = 3.83 ppm (H10), corresponding to
S-H proton, further supports that SB3OME exists as
the thiol form. Additionally, the methylene (-CH)
proton was observed at oy = 4.51 ppm (H11), while
the methyl proton of the methoxy group (O-CHs) was
detected at o4 = 3.81 ppm (H8). Lastly, the aryl
protons of the thiol SBAOME were found in the
aromatic region at oy = 7.16-7.56 ppm (J=7-10 Hz)
(H1-H7). The ¥C NMR spectrum showed the thiol
tautomeric form of SB3OME from the presence of
C=N at 0 = 159.76 ppm (C15) and the absence of C=S,
which should occur at approximately ¢ = 200 ppm.
The carbonyl carbon, C=0 was found at 6 = 166.03
ppm (C14) is evident that SB3OME exists as the thiol
tautomeric form and not the thiolol tautomeric form.
A chemical shift at 6 = 38.18 ppm (C16) was assigned
to the methylene (-CHy) carbon, while the methoxy
carbon, shielded by the aromatic ring, gave a chemical
shift around ¢ = 55.81 ppm (C13). The chemical shifts
in the region of ¢ =113 - 137 ppm (C1-C12) were
attributed to the aromatic carbons. Therefore, based on
the result analyses of FTIR and NMR, SB3OME was
found to exist as thione tautomeric form in solid state
but as thiol tautomeric form in liquid state.

SH S SH
s H
: I NY@ I Nﬂ X '“Y@
SXN‘Nﬁ(@\mHS —_— s7ON OCH, =—= TS OCH, =—= STUNTS OCH;
H 5 o OH OH

(a) Thione (b) Thiol

(c) Thionol (d) Thiolol

Figure 6. Thione-thiol-thionol-thiolol tautomerism of SB3OME.

Table 2. Selected IR bands of SBDTC, SB4AOME and its metal complexes.

Compound IR bands (cm™)
o(N-H) v(C=S) v(S-C-9) v(C=0) v(N-N)

SBDTC 3304, 3180 1048 952 - 1347
SB3OME 3258, 3135 1047 986 1658 1340
Cu(SB3OME), 3196 1041 954 1600 1316
Zn(SB3OME); 3194 1045 958 1601 1318
Co(SB3OME), 3192 1045 954 1600 1318
Ni(SB3OME); 3195 1040 955 1600 1318
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Figure 7. (a) 'H-NMR and (b) *C-NMR spectra for SB3OME.
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Figure 8. UV-Vis absorption spectra of SB3OME and its metal complexes.

Table 3. UV-Vis, molar conductivity data and magnetic moment data of SB3OME and its metal complexes.

Compound Amax, M (log e, cm™ molt L) Molar conductivity et (B.M.)
(ohm*mol*cm?)

SB30OME 260 (4.056), 293 (4.214) - -

Cu(SB3OME); | 269 (4.266), 297 (4.238), 329 (4.17), 506 2.81 1.897
(2.767)
Zn(SB30OME), 261 (4.091), 330 (3.946) 2.45 Diamagnetic
Co(SB30OME), 258 (4.014), 318 (3.945), 674 (1.944) 8.37 4.944
Ni(SB3OME), | 264 (4.061), 289 (4.059), 407 (3.359), 563 215 2.270
(2.107), 750 (1.903)

Conductivity Data

Conductivity data is tabulated in Table 3. All the metal
complexes display molar conductivities between 2.4
to 21.5 ohm™ mol?* cm?, showing that they are non-
electrolyte in DMSO due to conductivity values being
less than 50 ohm* mol* cm? [23]. Consequently, none
of the complexes dissociate in solution, suggesting
that SB3AOME are [24].

Magnetic Moment

The electronic absorption spectral bands and the
magnetic moments are listed in Table 3. Cu(SB3OME);
shows magnetic moments of 1.897 B.M, indicating
one unpaired electron. Hence, it is expected to have
octahedral geometry around the copper(ll) ion [25]. As
expected, Zn(SB3OME)2hows diamagnetic properties
due to the d'° electron configuration [26]. The
diamagnetic Zn(Il) complex is expected to be six-
coordinated and to have an octahedral structure. Based
on the magnetic moment of the cobalt(I1) complex (4.944
B.M), it is expected that the cobalt(ll) ion is surrounded
in an octahedral geometry in Co(SB3OME) [27]. Lastly,
paramagnetic Ni(SB3OME), shows a magnetic moment

value of 2.270 BM, indicating two unpaired electron
configurations suggesting octahedral geometry [28].

Electronic Spectra

In Table 3, the electronic spectrum data of SB3OME
and its metal complexes are shown. According to
Guo et al. (2006), the SB3OME's spectrum exhibits
high-intensity bands at 260 and 293 nm, which are
associated with the benzene rings' 1 — n* and n — ©*
transitions, respectively [29]. The metal complexes
show a bathochromic shift around 288-300 nm, which
can only occur upon complexation with metal ions due
to the electronegativity properties of the metal ions
[30]. Additionally, a band between 318 and 407 nm
are identified as the ligand-to-metal charge transfer
(LMCT) transition [25]. Furthermore, only the Zn(Il)
complex is found to be absent of the low-intensity
band at 500-800 nm (Figure 8) due to the forbidden d
— d transition [6]. According to Ramesh et al. (2016),
the copper(ll) complex exhibits low-energy d — d
transitions at 506 nm, designated to the transition 2E,
— 2T,4 that suggests the copper complex adopted an
octahedral geometry [31]. The octahedral cobalt(ll)
complex displays a broad peak at 674 nm, indicating
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the transition “T14(F) — “T24(F) [32]. The appearance
of a low-intensity peak at 563 and 750 nm, which
corresponds to the transitions of 3A,; — 3T14(F) and
3Ass — 3T2y(F), respectively, in the nickel(IT) complex,
shows that the complex has an octahedral geometry.
Overall, all the complexes are suggested to adapt to an
octahedral geometry, as evidenced by the result of the
electronic spectra.

Thermogravimetric Analysis

Thermal stability and decomposition data of all
compounds are listed in Table 4. Generally, the TGA
curve of SBBOME and metal complexes show two
and three thermal decomposition stages, respectively
(Figure 9). SB3OME is thermally stable in the
temperature range 0-165 °C. Decomposition of the
SB3OME initiates at 166 °C and finishes at 351 °C
with two stages. In the first stage, there is a mass loss
of 14.58% (Calc. 19.28%) at a temperature range of
166-230 °C due to the loss of the benzyl group from
dithiocarbazate [33]. The other parts of SB3OME
decompose in the second subsequent stage, with a loss
of 70.90% (Calc. 63.54%) at 230 to 351 °C and
gradually decreases till 500 °C. The remaining residue
may be due to some trace amount of elemental sulfur,
which does not decompose till 500 °C with a
percentage mass of 14.51% (Calc.13.26%) [33].

All the complexes displayed thermal
decomposition through three stages. For Cu(SB3OME),,
the benzyl group from dithiocarbazate is decomposed
at 162-243 °C with a loss of 24.56% (Calc. 25.09%).
Then, it is followed by the decomposition of the
methoxybenzoyl unit with a percentage mass of 28.70
(Calc. 29.49%) at around 243 to 363 °C. Lastly, CS,,
with a mass of 21.19% (Calc. 20.96%), is removed

100
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30
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at a higher temperature of 363-700 °C. The residue
left at about 25.55% (Calc. 24.45%) might be from
CuO; and CuN [34]. Similar patterns are observed
in the decomposition stage of Zn(SB3OME);
and Ni(SB3OME),. The benzyl group from the
dithiocarbazate structure decomposed around 211-
350 °C, with a mass of 33.44% (Calc. 33.83%) and
32.43 (Calc. 34.10%), respectively. The SCN group,
which has a mass of 15.28% (Calc. 15.9%) and 17.43%
(Calc. 16.09%), respectively, then loses around 320-
450 °C. The other significant loss of 25.74% (Calc.
29.42%) and 23.82% (Calc. 29.69%), respectively,
are assigned for the loss of methoxybenzoyl group
at around 450 to 800 °C with the insignificant loss
after 600 °C. The final products of Zn(SB3OME);
and Ni(SB3OME); are of either metal oxide or metal
nitride with a mass of 25.54% (Calc. 20.80%) and
26.321% (Calc. 20.06%), respectively.

On the other hand, unlike the other metal
complexes, Co(SB3OME); exhibits the least final
product with only 10.05% (Calc. 12.6%) of mass
residue, which is expected due to the remaining cobalt
oxide. Moreover, the pattern of the decomposing stage
is different from other metal complexes in which the
methoxybenzoyl group starts to decompose around
175 to 300 °C with a loss of 38.71% (Calc. 37.21%),
followed by the SCN group is removed at 300-440 °C
with a mass of 15.89% (Calc. 16.09%). The last
stage encompasses the removal of benzyl unit from
dithiocarbazate with a loss of 35.35% (Calc. 34.12%)
at 440 to 800 °C. Thus, from the thermal stability
analysis, every compound shows a different pattern
of decomposing stage against the temperature.
Furthermore, TGA analysis also shows that the
complexes are more thermally stable than SB3OME
upon complexation due to the presence of metal ions.

400 500 600 700 800

Temperature (°C)

——SB30OME CUSB30OME

ZNSB30OME

COSB3OME ——NISB3OME

Figure 9. TGA curve of SB3OME and its metal complexes.
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Table 4. Thermal properties of SB3OME and its metal complexes.

Compound Total weight Decompose DTG Percentage
loss (%) temperature (°C) temperature (°C) loss (%)
166-230 205.09 14.58
SB3OME 85.485
230-500 283.37 70.90
162-243 207.6 24.56
Cu(SB30OME), 74.453 243-363 299.03 28.70
363-800 612.01 21.19
226-350 284.07 33.44
Zn(SB3OME), 74.458 350-420 393.45 15.28
420-800 493.64 25.74
175-300 215.48 38.71
Co(SB30OME), 89.950 300-440 373.66 15.89
440-800 538.32 35.35
211-320 263.25 32.43
Ni(SB3OME); 73.679 320-450 355.91 17.43
450-800 532.46 23.82

Antimicrobial Assay

Table 5 displays the minimum inhibitory concentration
of all synthesised compounds in this study against
gram-positive and gram-negative bacteria. The MIC
values of SB3OME against these bacteria are between
437-875 pg/ml. Moreover, metal complexes of
SB3OME also have MIC values in a similar range
between 437 to 1750 pg/ml. These values indicate that
SB3OME and its metal complexes are not as effective
as gentamycin (MIC=<109 pg/ml). The inhibitory
activity of all the complexes against Staphylococcus
aureus (ATCC 25923) is better and requires only half
the concentration compared to the precursors. The
chelation is likely the main cause of the observed
activity in the metal complexes. Upon complexation
with the metal ions, the complexes become more
liposoluble. As a result, it facilitates penetration of the
cell membrane's lipid layer. Furthermore, a variety of
parameters, including the chelate effect, should be
considered for the antibacterial activities of the metal
complex, including the nature of the ligands, the total
charge of the complex, and the nature of the ion that
neutralizes the given ionic complex [35], [36].
Contrarily, against Bacillus cereus (ATCC 11778), all
metal complexes are less active than SB3OME, with
the exception of Cu(SB3OME),, which shows similar
inhibitory activity (MIC=875 pg/ml). SB3OME and
its metal complexes, on the other hand, have a similar

toxicity level against Escherichia coli (ATCC 25922),
with a MIC of 875 pg/ml. However, SB3OME is
more effective than SBDTC against Pseudomonas
aeruginosa (ATCC 27853), followed by both of its
complexes, Cu(SB3OME); and Zn(SB3OME)s.

To analyse and explain the biological activity
of all synthesised compounds, it is crucial to consider
the contribution of the metallic ion, the ligand and
the metal complex as an independent molecule, or
the synergistic effects of two or three of these
components. Generally, when comparing all potency
of synthesised compounds, the most potent combination
against these bacteria is Cu(SB3OME),, followed by
SB3OME and Zn(SB3OME),, whilst Co(SB3OME);
and Ni(SB3OME), are of similar level of potency.
Thus, this activity is believed to be caused by several
factors, including the ability of the metal complexes
to disrupt bacterial cell membranes, inhibit enzymes
involved in bacterial metabolism, and generate reactive
oxygen species that can damage bacterial DNA. For
instance, it has been noted that copper ions are
efficient against fungi and bacteria and that their
activity would rise in a complex [37], [38]. Plus,
copper-based compounds have been shown to have
antibacterial activity against antibiotic-resistant strains
of bacteria, such as Escherichia coli [39], [40], [41].
Therefore, these characteristics make them excellent
candidates for future antibacterial agents.
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Table 5. Antimicrobial activity of SB3OME ligand and its metal complexes.

Compound MIC (ug/ml)
Gram-positive bacteria Gram-negative bacteria
Staphylococcus Bacillus cereus Escherichia Pseudomonas
aureus (ATCC (ATCC 11778) coli (ATCC aeruginosa
25923) 25922) (ATCC 27853)
SBDTC 875 437 437 875
SB3OME 875 875 875 437
Cu(SB3OME); 437 875 875 437
Zn(SB3OME), 437 1750 875 437
Co(SB3OME); 437 1750 875 875
Ni(SB3OME); 437 1750 875 875
Gentamycin <109 <109 <109 <109
CONCLUSION (2018) Molecular targets related drug resistance

In this work, SB3OME and its respective Cu(ll),
Zn(I1), Co(I1) and Ni(1l) complexes were successfully
synthesised and characterised. IR spectrum shows that
SB30OME coordinates via deprotonation of the amino
group, carbonyl oxygen, and thione sulfur to form
metal complexes. The FTIR and NMR results of
SB3OME reveal that SB3OME exists as thione in
solid but as thiol tautomer in the liquid state. All metal
complexes exhibit a neutral state based on their low
conductivity values. From the UV-Vis absorption and
magnetic susceptibility result, it can be determined
that all metal complexes are of octahedral geometry.
Thermogravimetric analyses display that the metal
complexes exhibit greater thermal stability compared
to SB3OME. The antimicrobial assay depicts
Cu(SB3OME); as the most effective compound against
Staphylococcus aureus and Pseudomonas aeruginosa
with a minimum inhibitory concentration of 437 pg/ml.
Thus, in this study, it is proven that the antimicrobial
activity of the ligand is enhanced upon complexation
due to an increase in lipophilicity during chelation.
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