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Dithiocarbazate derivatives have shown significant bioactivities especially as antibacterial agents.
However due to the poor penetration into bacteria and its toxicity, their potential as a good
antibacterial agent was dismissed. Therefore, the purpose of this study was to synthesize a new
substituted dithiocarbazate derivative, S-benzyl-a-N-(anisoyl) dithiocarbazate (SB4AOME) and
its metal complex. SBAOME behaves as a tridentate chelating agent that coordinates with the
metal ions with the general formula of [M(SB4OME);] where M is Cu?*, Zn?*, Co?* and Ni?*. All the
compounds were characterized with various physico-chemical techniques including melting point
analysis, FT-IR spectroscopy, UV-Vis spectroscopy, NMR spectroscopy, magnetic susceptibility
and molar conductivity measurements. The antibacterial activity of all the compounds was tested
against Staphylococcus aureus (ATCC 25923), Bacillus cereus (ATCC 11778), Pseudomonas
aeruginosa (ATCC 27853) and Escherichia coli (ATCC 25922). The complexes significantly
exhibited a stronger antibacterial activity than SB4OME against specific bacteria. All compounds
showed a good drug like character through ADMET investigation, which was determined using
SwissADME and Pro Tox-Il. This showed that SBAOME and its complexes reduced the toxicity
of dithiocarbazate derivatives and significantly enhanced their penetration in bacteria due to the

coordination with metal ions resulting in increased bioactivity.

Keywords: Dithiocarbazate derivatives; metal complexes; antimicrobial; ADMET

Dithiocarbazate derivatives have drawn much attention
in recent years due to their promising bioactivities
against a variety of bacteria cells [1-2]. In fact, the
addition of various chemical substituents, which
results in even slight structural alterations, modifies
the potency of these compounds [3-4]. Although many
dithiocarbazate derivatives have been reported in the
literature for their bioactivities, none of them was
passed to the clinical trial due to the poor penetration
in bacteria and most importantly, it involves the
toxicity issue. Consequently, their potential as drug
candidates was dismissed.

Due to the presence of nitrogen and sulphur
donor atoms in dithiocarbazate derivatives, they can
form complexes with various metal ions increasing the
compound’s properties as a therapeutic agent [5]. Thus,
to improve their penetration in bacteria, dithiocarbazates
derivatives have served as a ligand to coordinate with
metal ions to form metal complexes. According to the
antibacterial findings [6-7], metal complexes were
generally found to be more potent than their parent
ligand against the tested bacterial strains. S-benzyl
dithiocarbazates (SBDTC) is one of the most popular
dithiocarbazate derivatives among researchers which
have been studied for many years. Despite having
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excellent bioactivities, the compound was expected to
be toxic mainly because of carbon disulphide (CSy),
which has also been used in the synthesis of
dithiocarbamate. A preclinical study has been done on
dithiocarbamate to determine its general toxicity but it
was challenging to reduce the possibility of toxicity
risk due to CS; [8]. Therefore, modifications have
been made to SBDTC’s structure by introducing
simple organic compounds such as aldehyde, ketone,
acyl halide and many more to reduce its toxicity risk.

To create safer, more potent, and more widely
accessible drugs, new drugs are developed by structural
modification of existing precursor compounds, which
are reported to have excellent bioactivity. During the
development process, it is critical to analyze factors
such as absorption, distribution, metabolism, excretion,
and toxicity (ADMET). These parameters play an
essential role in determining the compound’s potential
to be developed as a bioactive molecule, which is
crucial for the synthesis of potential drugs [9]. To
choose the best lead compounds, specific cut-off
values of certain drug-like properties have been
employed as criteria such as the "Lipinski rule of 5"
[10]. Malgorzata and his peers have developed ProTox-
11, a web server for the prediction of toxicity which can
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be used to determine the toxicity of new drug
candidates. The prediction approach is based on the
similarity of compounds with known median lethal
doses (LDsp) and includes the identification of toxic
fragments [11].

Therefore, considering the facts and our
persistent interest in this field, this work reports on
the synthesis and characterization of SBAOME and its
metal complexes. All compounds were characterized
by melting point analysis, FT-IR spectroscopy, UV—
Vis spectroscopy, NMR spectroscopy, magnetic
susceptibility and molar conductivity measurements.
They were screened for antibacterial activity against
various Gram-positive and Gram-negative bacteria,
namely Staphylococcus aureus (ATCC 25923), Bacillus
cereus (ATCC 11778), Pseudomonas aeruginosa
(ATCC 27853) and Escherichia coli (ATCC 25922).
Their ADMET analysis was also done by using Swiss-
ADME and Protox-11 to observe the drug-likeness and
toxicity of these compounds.

EXPERIMENTAL
Chemicals and Materials
All chemicals were used as purchased.
Preparation of S-benzyl Dithiocarbazate (SBDTC)

SBDTC was prepared as previously reported [12].
Potassium hydroxide (0.1 mol, 5.7 g) was dissolved in
35 ml cold 90% ethanol and hydrazine hydrate (0.1
mol, 5 ml) was added to this solution. The mixture was
cooled down in an ice bath until the temperature
reached 0 °C. To the resultant cooled solution, carbon
disulphide (0.1 mol, 6 ml) was added dropwise over
an hour with constant stirring using a mechanical
stirrer to obtain two layers. The brown oil (lower
layer) was obtained and dissolved in 30 ml cold 40%
ethanol. The solution was kept in an ice bath (0-5 °C)
and benzyl chloride (0.1 mol, 11.37 ml) was added
dropwise with vigorous stirring. Upon the completion
of benzyl chloride addition, a white precipitate was
obtained, which was filtered and dried over silica
gel overnight. The melting point obtained was 122-
123 °C.

Preparation of S-benzyl-a-N-(anisoyl) Dithiocarbazate
(SB4OME)

SB40OME was prepared according to [13]. SBDTC
(0.01 mol, 1.983 g) was dissolved in 30 ml absolute
ethanol, which was mixed with potassium hydroxide
(0.01 mol, 0.56 g) in 10 ml ethanol. 4-methoxybenzoyl
chloride (0.01 mol, 1.42 ml) was added dropwise to
the solution with constant stirring and heating. After
the complete addition of 4-methoxybenzoyl chloride,
the resulting solution was allowed to heat and stir to
reduce the volume to half. The white product was
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filtered while it was hot and dried over silica gel
overnight. The product was recrystallized from ethanol.
The melting point obtained was 140-142 °C.

General Method for Preparation of Metal Complexes

Metal complexes were prepared based on the previous
report of [13]. S-benzyl-a-N-(anisoyl) dithiocarbazate
(0.0009 mol, 0.3 g) was dissolved in boiling ethanol
(30 ml) which was added to a hot solution of metal salt
(0.00045 mol) that dissolved in boiling ethanol (30 ml)
was added to a hot solution of metal salt (0.00045 mol)
dissolved in the same solvent (30 ml). The mixture
was heated and stirred until the volume was reduced
to half at approximately 20 minutes. The precipitate
was filtered while it was hot and dried over silica gel
overnight. The metal salts used are copper(ll) acetate
monohydrate (0.09 g), nickel(ll) acetate tetrahydrate
(0.11 g), zinc(ll) acetate dihydrate (0.098 g) and
cobalt(l1) acetate tetrahydrate (0.11 g).

Physical Measurements

Melting points were determined using Electrothermal™
1A9300. The IR spectra were recorded in the range of
400-4000 cm™* with KBr pellets on a FTIR Perkin
Elmer (FTIR Frontier). The molar conductance of a
10 M solution of each metal complex in DMSO
was measured at 26 °C 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 **C
NMR spectra were recorded in DMSO-ds on NMR
Bruker Ultra Shield Plus 500 MHz spectrometer.
Magnetic susceptibility was measured with a Sherwood
Scientific MSB AUTO at 298 K.

Bioactivity

Antimicrobial activity was done at the Microbiology
Laboratory of Physical Building, Kulliyah of Science,
International Islamic University Malaysia.

Bacteria Culture

Four pathogenic bacteria were cultured according to
reported literature [14]. All strains, Staphylococcus
aureus (ATCC 25923), Bacillus cereus (ATCC 11778),
Pseudomonas aeruginosa (ATCC 27853) and
Escherichia coli (ATCC 25922) were stored at -80°C
and streaked on Mueller-Hinton agar plates. Strains
were grown at 37°C on Mueller-Hinton medium 24
hour prior to the MIC assay. Bacterial inocula were
prepared by picking 3-4 colonies from the agar plate
and adjusted to the 0.5 Mc Farland standard solutions
in Mueller-Hinton broth. The turbidity of the bacteria
was determined by the optical density (OD) using a
single-beam UV-Vis Spectrophotometer at 600 nm.
The ideal OD for the bacteria is 0.1, which is also
equivalent to 1.5 x 108 CFU/mL.
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Antimicrobial Assay

The antimicrobial assay was carried out by
determining the minimum inhibitory concentration
(MIC, mg/mL) [15]. Generally, the concentrations
of the synthesized compounds and positive control
(gentamycin) were prepared by two-fold serial
dilutions. The concentration of 109-7000 pg/ml was
prepared in DMSO in labeled test tubes. 100 uL of
Muller Hinton broth was added to each well, except
for the first well. After that, 200 pL of synthesized
compound or positive control was added into the
first well of the plate and serial dilutions were done
using a micropipette. 100 uL of the fresh bacterium
was added to all wells. After incubating at 37°C
for 24 hours, the least concentration of the trial
compounds that did not show any observable
growth of microorganisms was considered as an
MIC value.

ADMET Analysis

All compounds synthesized were subjected to ADMET
analysis using SwissADME (http://www.swissadme.ch/)
[16] and Pro-Tox Il webpages (http://tox.charite.de/
protox_II) [17]. The 2D structure of the synthesized
compounds was sketched using ChemDraw to
generate their SMILES notations and submitted for
evaluation.

S KOH, \O
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RESULTS AND DISCUSSION
Synthesis, physical and analytical data

Table 1 displays the physical and analytical data for
SBTDC, SB4OME and its metal complexes. All
suggested structures in the present report were agreed
and supported by the obtained spectroscopy and
analytical data. All compounds gave a good yield except
for SBDTC, Cu(SB4AOME)., and Ni(SB4OME).. The
low yield of SBDTC occurred due to the inconsistent
increase of the temperature in the synthesis. Meanwhile,
the low yield of Cu(SB4OME),, and Ni(SB4OME);
occurred because the synthesis was done in a 1:1 ratio
of metal and ligand reaction. In the presence of potassium
hydroxide, the reaction of SBDTC with anisoyl chloride
produced S-benzyl-a-N-(anisoyl)dithiocarbazate as
shown in Figure 1. The thione tautomer of SBDTC is
unstable in solution and is changed by enethiolization
to the more stable thiolo forms [18]. By losing the
proton, SBDTC behaves as a uninegatively charged
weak base due to resonance involving the nonbonding
pair of electrons on the nitrogen atom [19]. As a result,
the anisoyl group is directed to the a-nitrogen on SBDTC,
forming S-benzyl-a-N-(anisoyl)-dithiocarbazate
(SB4AOME) (Figure 1). SBAOME, which behaves as
a uninegative charged ligand, coordinates with
transition metal ions by tridentate NOS donor atom to
form complexes with different colors observed.

O
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Figure 1. Reaction scheme of the formation of SBAOME.

Table 1. Physical and analytical data of SBAOME and its complexes.

Compound Colour M.p (°C) Yield (%)
SBDTC White 122-123 57
SB4OME Cream 140-142 70
Cu(SB4OME), Black 296-297 46
Zn(SB4OME), White 265-266 72
Co(SB40OME); Green 269-270 73
Ni(SB4OME); Brown 260-261 54
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Figure 2. Molecular structure of SBAOME in thione form.

Infrared Spectroscopy Spectra

Table 2 depicts the important absorption bands in the
IR spectra of these compounds. In the SBAOME
spectrum, »(N-H) bands associated with the free
amine group in SBDTC were found at 3329 cm and
3257 cm?, which is attributed to primary o(N-H). The
presence of these peaks proves that the anisoyl group
is directed to the a-nitrogen on SBDTC, generating S-
benzyl-a-N-(anisoyl) dithiocarbazate. In addition to
absorption bands that are similar to those found in
SBDTC, the spectra of SBAOME exhibit sharp and
strong »(C=0) at 1658 cm™. Both SBDTC and
SB40OME exhibit significant bands showing »(C=S) at
1048 cm* and 1043 cm?, respectively. The absence of
v(S-H) at about 2603-2707 cm* and »(O-H) from
SB40OME’s IR spectra demonstrates that it exists as
thione tautomer mainly in the solid state (Figure 2).
For dithiocarbazate derivatives, such as SBDTC, it can
undergo thione-thiol tautomerism to become stable
[20]. However, for SBAOME, it can only exist in
thione form due to the absence of a-hydrogen. The
stable thiol tautomer occurred only when at least one
proton adjacent to the a-amine group is present [2].

All SBAOME’s complexes showed a similar
FTIR pattern with the disappearance of one peak from
primary o(N-H) around 3300 cm™ showing that the
coordination occurred through the proton of the amino
group. This is further confirmed by the shifting of
SB4OME o(N-N) at 1339 cm™ to lower frequencies
in all complexes around 1305 cm™. The complexes
also had a significant negative shift in the v(C=0)

and o(C=S) bands, demonstrating the involvement of
carbonyl oxygen and thione sulphur in the coordination
with the metal. In addition, the »(S-C-S) in the
complexes is found to be in the range of 959-971 cm'?
which is at lower wavenumbers in comparison with
the SB4OME which is at 1016 cm™*. Hence, SB4OME
loses one proton on complexation, thus acting as a
uninegative tridentate ligand to form the complexes
(Figure 3).

Nuclear Magnetic Resonance Spectra

'H and C NMR data of SB4OME was reported in
Table 3. The primary N-H group is responsible for the
signal at on = 10.551 ppm supporting the direction of
the anisoyl group to the a-nitrogen on SBDTC. The
resonance peaks corresponding to the aromatic groups
were seen in the region of on = 7.042-7.87 ppm. The
methylene proton and methyl proton of the methoxy
group were obhserved at oy = 4.453 and 3.833 ppm
respectively. SB4AOME exists as in thione form in the
solution was proved by the absence of S-H proton
and O-H in the *H NMR spectrum. Furthermore, the
appearance of C=0 and C=S in the °C NMR
spectrum also supports that SBAOME exists as
thione form in solution. This showed that a
combination of IR and NMR spectra verify that
SB40OME formed through the conjugation of
anisoyl group to the a-nitrogen on SBDTC and it
mainly presents as thione form in the solid and
solution. Metal complexes were not sent for NMR
analyses as they do not dissolve in any of the
deuterated solvent.

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

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

SBDTC 3304, 3180 1048 952 - 1347
SB4OME 3329, 3257 1043 1016 1658 1339
Cu(SB4OME); 3213 1029 963 1606 1305
Zn(SB4OME); 3212 1028 966 1606 1305
Co(SB4OME); 3212 1028 959 1606 1305
Ni(SB4OME); 3209 1028 971 1606 1304
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Table 3. *H-NMR and 3C-NMR spectral data for SB4AOME.

Compound 'H-NMR, 6 (ppm) 13C-NMR, 6 (ppm)
NH, S-CH; | O-CHs Aromatic C=S C=0 | O-CH;3 | S-CH; Aromatic
proton carbon
SB4OME s, 2H s, 2H s,3H | d, (7.8-75,J= | 189.6 | 169.2 56.2 37.8 165.1-112.5
(10.5) (4.4) (3.8) 6.0 Hz, 4H)
m, (7.4-7.0, J
= 7.5 Hz, 5H)

Conductivity Data

The molar conductivity of all metal complexes as
shown in Table 4 are in the range of 31.4-37.8 ohm’!
mol* cm? indicating that these complexes are non-
electrolytic in nature. This is in accordance with the
fact that conductivity values for a nonelectrolyte are
below 50 ohm mol* cm?in DMSO solution [21].
Therefore, all complexes do not dissociate in solution
indicating that SB4OME are directly attached to the
metal ions [22-23]. Thus, SBAOME must be acting as
a uninegatively charged tridentate species.

Magnetic Moment

To obtain further structural information on the metal
complexes, the magnetic moments were measured and
the results were tabulated in Table 4. Among all the
complexes synthesized, only Zn(l1l) complex shows
zero value for magnetic moment indicating the
diamagnetic properties due to the d° electron
configuration [24]. The diamagnetic Zn(Il) complex
was expected to be six-coordinated and have an
octahedral structure. The value of the effective magnetic
moment of Cu(ll), Co(ll) and Ni(Il) complexes

were 1.648, 4.740 and 2.385 Bohr magneton (B.M)
respectively confirming the paramagnetic characteristic
of these complexes. Cu(SB4OME), showed magnetic
moments of 1.648 B.M indicating one unpair electron.
Hence, it is expected to have an octahedral geometry
around the copper(ll) ion [25]. According to the
magnetic moment of cobalt(ll) complex, it was
expected that the cobalt(ll) ion in Co(SB4OME),
would be surrounded by an octahedral geometry
[23]. Paramagnetic Ni(SB4AOME), showed magnetic
moment values of 2.385 BM indicating two unpaired
electron configurations which suggest an octahedral
geometry [26]. Thus, all SBAOME’s complexes were
confirmed to have an octahedral geometry as shown
in Figure 3.

Electronic Spectra

The UV-vis spectra of SBAOME and its metal
complexes data are given in Table 4. The SB4OME's
spectrum shows high intensity bands observed at 259
and 281 nm which is corresponding to the 1 — n* and
n — 7* transitions of the benzene rings respectively
[27]. Upon complexation, they do not significantly
change in their absorption bands at 256-273 nm.

OHN

\ /
/T\

NH Q

©ﬁsj\$

M = Cu, Zn, Co and Ni

OCHs3

Figure 3. Octahedral geometry of SB4AOME’s complexes.
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Table 4. UV-Vis, molar conductivity data and magnetic moment data of SBAOME and its metal complexes.

Compound Amax, Nm (log &, cm™ mol* L) Molar conductivity Heff (B.M.)
(ohm*mol*cm?)

SB4OME 281 (4.134), 259 (4.116) - -
Cu(SB4OME), 554 (2.605), 327 (3.763), 268 (3.904) 31.4 1.648
Zn(SB4OME), 326 (3.503), 258 (3.573) 336 diamagnetic
Co(SB4OME), 624 (2.176), 326 (3.403), 260 (3.627) 32.4 4.740
Ni(SB4OME), 720 (2.017), 555 ((2.315)), 391 (3.441), 273 37.8 2.385

3.864

However, they show a bathochromic shift relative to
its free ligand at 326 to 391 nm which is an indication
of the complexation by SB4OME and in accordance
with the results of the other spectral data. The
properties of metal ions have a significant impact on
the position of the absorption band. The modern
molecular orbital theory states that certain factors that
can influence the electronic density of a conjugated
system must cause a bathochromic or hypochromic
shift of the absorption bands [28]. The electro-
negativity of the various metal ions in metal
complexes with the same ligand is typically a major
contributor to bathochromic shifts [29]. Only Zn(lIl)
complex did not show any presence of low intensity
band at 500 to 800 nm which is considered to arise
from the forbidden d — d transition [2]. Copper(Il)
and cobalt(l1) complex showed a broad peak at 554
and 624 nm assigned to 2Eq — 2Tpq and “T14(F) —
“4T,4(F) transition respectively suggesting an octahedral
geometry [25]. Furthermore, Ni(SB4AOME). displayed
two low energy d — d transitions at 720 and 555 nm
assigned to 3Azq — 3T24(F) and 3Azq — 3T1g(F)
respectively indicating an octahedral geometry of
nickel complex [30].

Antimicrobial Assay

The results of the minimum inhibition concentration
are shown in Table 5 along with the corresponding
positive controls. Positive controls (gentamycin)
demonstrated an excellent growth inhibition (MIC=<109
png/ml) against each of the four tested organisms.
SB4OME shows moderate activity (MIC=875 pug/ml)
against all bacteria except Pseudomonas aeruginosa
(MIC=1750 pg/ml). The activity was reduced compared
to its precursor, SBDTC, which might be due to the
presence of benzyl group which rendered it high
activity [13].

The data in Table 5 clearly shows that all the
compounds' antibacterial effectiveness increased
with complexation against all types of bacteria except
for Bacillus cereus. All the complexes exhibited
approximately twice the inhibiting activity compared
to the activity of SBDTC and SB4AOME against S.

aureus. The potency of SB4AOME with its complex
remains the same against Bacillus cereus (MIC=875
pg/ml). Nevertheless, the observed increase in metal
complex efficacy against other bacteria can be attributed
to major physicochemical changes in the compounds
that occur during chelation. For instance, the presence of
metal increased the compounds' molecular weight,
changed their spatial geometry, and introduced new
redox properties [31]. The polarity of the metal
complex is also reduced more than its free ion as a
result of the overlapping of the ligand orbital and
partial sharing of the metal ion’s positive charge with
the donor groups [32]. Additionally, it increases the
lipophilicity of complexes in aqueous solutions and
encourages the delocalization of m-electrons across the
entire chelate ring, which may alter the interactions of
the compound with biological membranes [33-35].
The alterations to the metal complexes may also make
them compatible with the hydrophobic pocket at the
target site of the bacteria, strengthening their ability to
bind to the microbe and resulting in higher penetration
and an increase in their bioactivity [36-37].

Despite having better antibacterial activity than
their ligand, all complexes showed a similar pattern
for MIC value in each bacterium even with different
metals used. Only Zn(SB4OME); inhibit different
concentrations (MIC=1750 pg/ml) against P. aeruginosa
compared to other metal complexes, showing the
insignificant effect of different metals in its anti-
bacterial activity. The findings also indicate that all
complexes also selectively inhibit Staphylococcus
aureus and Escherichia coli more severely compared
to Bacillus cereus and Pseudomonas aeruginosa.
Itis different from other significant findings which
usually the Gram-positive bacteria were inhibited
more severely than Gram-negative bacteria [32]. This
can be explained by considering both bacterial species’
structural characteristics. It has been discovered that
gram-negative bacteria have an additional, very
impermeable layer on top of the peptidoglycan [38].
Teichoic acids, a type of polysaccharide found in the
cell wall of Gram-positive bacteria, are negatively
charged and have helped the passage of positive metal
ions [31].
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Table 5. Antimicrobial activity of SBAOME ligand and its metal complexes.

Compound MIC (ug/ml)
Gram-positive bacteria Gram-negative bacteria
S. aureus B. cereus E. coli (ATCC | P. aeruginosa
(ATCC 25923) | (ATCC11778) 25922) (ATCC 27853)
SBDTC 875 437 437 875
SB4OME 875 875 875 1750
Cu(SB4OME), 437 875 437 875
Zn(SB4OME); 437 875 437 1750
Co(SB4OME), 437 875 437 875
Ni(SB4OME), 437 875 437 875
Gentamycin <109 <109 <109 <109

Assessment of Drug-likeness and ADMET Analysis

Due to poor absorption, distribution, metabolism,
excretion, and toxicity issues of compounds generated
from dithiocarbazate, most leads are unable to reach
the market. In this study, drug-likeness and ADMET
profiles of SBDTC, SBAOME with and without metal
complexes were investigated (Table 7). The drug-
likeness was assessed by Lipinski’s rule of five (ROS)
while ADMET analysis was by SwissADME and
Protox-Il. The Lipinski parameters help determine
whether substances are able to effectively penetrate
biological systems and be absorbed, leading to good
oral bioavailability [39]. Desirable drug candidates
must meet at least four of the five criteria, which
include (a) the number of hydrogen bond acceptor
groups less than 10; (b) the number of hydrogen bond
donor groups does not exceed 5 (c) the molecular
weight less than 500; (d) the octanol-water partition
coefficient that does not exceed 5 and; (e) the
topological polar surface area less than 140 A2 [40].
SwissADME analyses the ADME properties by
considering a few parameters which include molecular
weight, topological surface area (TPSA) and several
rotatable bonds (ntrob). The number of rotatable
bonds should be less than 10 to control conformational

alterations and for oral bioavailability [41-43].

Following Lipinski's rule, the precursor, SBDTC
with its modification, SB4AOME demonstrated the
potential of good permeability and absorption with
zero violation. Additionally, they also showed excellent
bioavailability according to the bioavailability radar
(Table 6) where most of the parameters were within
the optimal range. However, despite having good
activity in their antimicrobial assay, all complexes
show few violations from Lipinski’s rule and ADME
analysis including exceeding molecular weight of
500 g/mol and TPSA of more than 140 A2, The value
for both violations was doubled for all complexes
compared to its free ligand due to the ratio of metal
to a ligand which is 1:2. As a result, all parameters
observed were not within the optimal range as shown
in Table 6. Furthermore, RO5 has limitations whereby
it only fit the criteria for small molecule, but not the
complexes or larger molecule such as antibody and
protein [44]. Nevertheless, all compounds under
investigation have a good bioavailability score.
Compounds having positive drug-likeness scores
should be regarded as drugs and all the examined
compounds displayed positive values of 0.55, so they
seem to be drug-like [45].

Table 6. Bioavailability radar of SBDTC, SB4AOME and its complexes.

Compound SBDTC SB4OME Complexes
Bioavailability
LIPO LIPO LIPO
radar
FLEX SIZE SIZE FLEX SIZE
INSATU POLAR INSATU FOLAR IMSATU FOLAR
INSOLU INSOLU INSOLU
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Table 7. Prediction of ADMET properties.

Parameter SBDTC SB4OME Cu(SB4OME): Zn(SB4OME)2 Co(SB4OME:2 Ni(SB4AOME):
Molecular weight 198.31 332.44 724.4 728.23 721.78 721.54
(g/mol)
Log P 1.66 2.78 4.13 4.13 4.13 4.13
H-bond acceptors 2 6 6 6 6
H-bond donors 2 2 2 2 2
Lipinski's violation 0 1 1 1 1
TPSA 95.44 107.75 197.92 197.92 197.92 197.92
Rotatable bond 4 8 18 18 18 18
Bioavailability 0.55 0.55 0.55 0.55 0.55 0.55
score
LDso (mg/kg) 300 1500 2050 1500 1500 2050
Toxicity class 3 4 5 4 4 5
Carcinogenicity active inactive inactive inactive inactive inactive
Immunotoxicity inactive inactive inactive inactive inactive inactive
Mutagenicity active inactive active active active active
Cytotoxicity inactive inactive inactive inactive inactive inactive

Based on a toxicity risk assessment, SBAOME
has a good toxicity profile with the predicted LDs of
1500 mg/kg, putting it in toxicity class 4. A similar
toxicity class was shown by Zn(I1) and Co(Il) complex
while Cu(Il) and Ni(ll) showed the least toxicity risk
with LDsg of 2050 mg/kg, putting it in toxicity class 5.
As expected, SBDTC showed the most toxic compound
with LDso of 300 mg/kg which is regarded as category
3. Although toxicity class 4 and 5 is less toxic compared
to class 3, they were still acceptable for new drugs [46].
According to the median lethal dose value (LDsp), all
the synthesized compounds, SB4AOME and its complexes
predicted to be at least five times safer or less toxic
compared to its precursor, SBDTC, although they proved
to have similar or better antibacterial activity. Further
toxicity assessments were done on all compounds
to determine their carcinogenicity, immunotoxicity,
mutagenicity and cytotoxicity (Table 7). The results
indicated that SBAOME was the safest compound with
non-carcinogenic in nature and has no influence on
immunotoxicity, mutagenicity and cytotoxicity while
its complexes were only active in mutagenicity.
SBDTC, on other hand, was carcinogenic and active
in mutagenicity. Toxicity analysis concluded that
modification at SBDTC lowered the risk of toxicity as
shown by SB4AOME and its complexes.

CONCLUSION

In conclusion, the new substituted dithiocarbazates
derivative, S-benzyl-a-N-(anisoyl) dithiocarbazate
(SB4OME) which derived from the condensation of S-
benzyldithiocarbazate with 4-benzoylchloride, behaves
as a uninegative tridentate ligand with its ONS donor
set to form bis-chelated Cu(ll), Zn(Il), Co(ll) and
Ni(ll) complexes. Through the spectral data, SBAOME

was found to exist as thione in both solid and solution.
SB4OME was moderately active (MIC = 875 pg/ml)
against S. aureus, B. cereus and E. coli and the bioactivity
was enhanced upon complexation. Moreover, the
synthesized compounds mostly followed the para-
meters of Lipinski’s rule of five, showed good ADME
properties and had a good toxicity profile. Thus, in
this project, considering their effectiveness in biological
activity, ADME profile and toxicity risk, Cu(SB4OME),
and Ni(SB4OME), complex were the best compounds
that could be potential drug candidates and may be
considered for further drug development.
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