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ABSTRACT

S-benzyldithiocarbazate (SBDTC) and S-methyldithiocarbazate (SMDTC) are working as a
preliminary reactant for the synthesis of several Schiff base ligands. SBDTC and SMDTC can act
as NS, SNNS, SNNNS, and NOS chelating agents and have biological and chemical potential for
synthesizing many transition and inner transition metal complexes. The metal complexes prepared
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from SBDTC, SMDTC, and their derivatives have shown promising biological activities like
antibacterial, cytotoxicity, antioxidant, antitumor, and anticancer activity. Last few decades, a lot of
works have been reported on SBDTC and SMDTC containing Schiff base metal complexes. In this
review, it is cosidered to show the various synthesis procedures, and structural and biological
activities of SBDTC and SMDTC-containing metal complexes.

Keywords: Schiff base; metal complexes; SBDTC; SMDTC; antibacterial activity; antioxidant

properties; anticancer activity.
1. INTRODUCTION

Nitrogen-oxygen (NO), Nitrogen-Sulfur (NS),
Sulfur-Nitrogen-Nitrogen-Sulfur ~ (SNNS), and
Nitrogen-Oxygen-Sulfur(NOS) chelating agents
have drawn prime interest to the researchers for
the synthesis of new metal complexes that may
provide an important path for the development of
chemotherapeutic agents and to improve the
field of bioinorganic chemistry [1,2]. It was also
reported that S-methyldithiocarbazate (SMDTC),
and S-benzyldithiocarbazate (SBDTC), a
nitrogen-sulfur donor, have enormous interest in
bioinorganic chemistry. From then onwards,
many Schiff bases prepared from SMDTC and
SBDTC have been described for their
multipurpose  coordination  chemistry  and
increasingly important biological activities [3-8].
Because of their unique electrical characteristics,
metal complexes with donor atoms in the
locations of N, S, and O play a vital role in
biological processes. It has been stated that
biologically active compounds' action could have
increased when metal ions are bonded to them
[9,10]. The existing functional group (-NH-C(=S)-
NH2) of these compounds not only confers
chelating properties but also imparts interesting
electronic and steric effects to the resulting Schiff
bases. As a consequence, SMDTC and SBDTC
Schiff bases exhibit boosted stability, reactivity,
and selectivity in a wide range of chemical
transformations and applications. Di-
thiocarbazate and its substituted derivatives have
become promising molecule of interest in the
past few decades. The Schiff base of
methyl/benzyl  diothiocarbazate  exists in
tautomeric isomerization: thione and thiol. In a
monomeric  system, the group (C=S) is
comparatively unstable. However, if at least one
hydrogen atom is nearby, enethioneization tends
to alter the unstable C=S bond to a stable C-S
single bond. The molecule can act as a uni-
negatively chelating agent [11,12]. A unique
sequence of ligands is derived from S-alkyl and
S-benzyl esters with dithiocarbazic acid. Various
NO, NS, SNNS, SNNNS donor Schiff bases have
been produced from several carbonyl

compounds with SMDTC and SBDTC by the
condensation reaction. The numbers of these
compounds continue to increase due to the
remarkable finding that distinct ligands exhibit
various biological activities.  Schiff base
complexes synthesized from S-
alkyldithiocarbazates have been the theme of
great contemporary importance in this field due
to their attractive physico-chemical properties
and possibly useful biological action [13-19].
However, most preceding reviews on
dithiocarbazates complexes were recognized as
tri, tetra, penta, and hexadentate chelating
agents [20,21]. Much attention has not been
focused on pentadentate ligands produced by S-
alkyldithiocarbazates. Majumder et al. have
reported on complexes of the pentadentate Schiff
base derived from S-methyldithiocarbazate
(R=CHs, and 2, 6-diacetylpyridine) [22]. Thus, the
aims of this review are to show the various
synthesis procedure of Schiff bases prepared
from SBDTC and SMDTC and their metal
complexes and study their structural properties
and biological activity to find the potential agent
against various pathogenic bacteria and fungi.

2. STRUCTURAL PROPERTIES

“Two novel quadridentate Schiff base ligands
formed from  2,5-hexanedione and S-
alkyldithiocarbazic acids and their Ni(ll), Zn(ll),
and Cd(ll) complexes having the general formula
[M(SNNS)] ((SNNS) is the dinegatively charged
ligands) have been synthesized and
characterized” by Ali et al. “The Ni(SNNS)
complexes are diamagnetic and square-planar
(Fig.1). The Zn(SNNS) complexes are assigned
polymeric structures with mercapto sulfur-
bridging. The Cd(SNNS) complexes presumably
have polymeric structures” [23].

“Tris- and bis-ligand complexes of Ni(ll) with
SBDTC having the general formulae
Ni(SBDTC)sX2.H20 (X = CI, Br and NO) and
Ni(SBDTC)2X2 (X = Cl and NCS) respectively,
were synthesized and characterized” by Ali et al.
“The ligand acts as a bidentate sulphur-nitrogen
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chelating agent (Fig. 2). Both the tris- and bis
ligand cationic Ni(ll) complexes have high spin
magnetic moments of ca. 3.10 B.M. Based on
magnetic and spectral information octahedral
structures are assigned to these complexes.
Under alkaline conditions complexes of the
deprotonated ligand having the formulae
M(SBDTCA)2 [M= Ni(ll) and Zn(ll); SBDTCA=
anion of SBDTC] were isolated. The Ni(ll)
complex is square-planar” [24].

“Ni(ll), Cu(ll), and Co(ll) complexes of Schiff
bases formed from SBDTC and some aldehydes

and ketones were prepared” by Tarafder et al.

[25]. “The Schiff base S-methyl-P-N-(2-
hydroxyphenyl)  methylendithiocarbazate, o-
HO.GHGH = NNHC(=S)SCHs, and the

corresponding chloro, 5-bromo, 5-nitro, and 3-
methoxy derivatives were prepared from the
appropriate salicylaldehyde and SMDTC. The
acetylacetone Schiff base 2-hydroxy-4-methyl-
5,6-diaza-7-thiono-8-thianona-2,4-diene,
CHC(OH) = CHC-(CH) = NNHC(= S)SCH, was
also prepared. The Cu(ll) ion form stable
complexes (Fig. 3) with the synthesized ligands”
[26].
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Fig. 1. Structure of Ni(ll) complex
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Fig. 2. Structure of ligands
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Fig. 3. Structure of the schiff base copper(ll) complexes

Fig. 4. Structure of the schiff base nickel(ll) complexes

E. Zangrando et al. synthesized Ni (Il) complex
from Schiff base via the condensation reaction of
SMDTC with 4-benzyloxybenzaldehyde. The
Schiff base displayed uninegetively bidentate
(NS) in thione tautomeric form of azomethine
C=N bond, according to the analytical data, and
Ni(ll) complex (Fig.4) revealed a deformed
square planar geometry [27].

Ji et al. synthesized a cobalt (Il) complex of
[Co(PMBP-smdtc)2]-2H20. The Schiff base was
prepared from SMDTC and I-phenyl-3-methyl-4-
benzoyl-5-pyrazolone by condensation reaction.

X-ray crystallography data indicated that the
complexes exhibited an octahedrally compound
[28]. The nitrogen-sulfur donor sequence of novel
bidentate Schiff bases (Fig. 5) was developed
from methyl hydrazinecarbodithioate with (R)-
camphor, and (S)-camphor by condensation
reaction. The bidentate ligands formed
complexes of [M(NS)z], where M is Ag(l) or
Bi(lll). X-ray crystallography data indicated that
Bi(lll) complexes exhibited octahedral geometry,
and Ag(ll) exhibited square planner complexes
[29].
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A one-dimensional indented chain structure is
generated when two water molecules make an
H-bond along the b-axis, bridging the molecules

together. “The monobasic bidentate Schiff
base S-methyl B-N-(4-methoxyphenylmethyl)
methylene dithiocarbazate (NS) and its

Bis-chelated metal complexes [M(NS)z], [M =
Co(ll), Ni(ll) & Cu(ll)], were synthesized and
characterized” by Singh et al. [30]. Ali et al.
synthesized new Cu(ll) complexes of the general
formula, [Cu(mpsme)X] (mpsme=anionic form of
the methylpyruvate Schiff base of S-
methyldithiocarbazate. based on magnetic and
spectral evidence, an oxygen-bridged square-
planar structure is assigned to this complex. “The
crystal and molecular structures of the Schiff
base, Hmpsme, and its chloro copper(ll)
complex, [Cu(mpsme)Cl] have been determined
by X-ray diffraction. The [Cu(mpsme)CI] complex
has a distorted square-planar structure with the
ligand coordinated to the Cu(ll) ion as a uni-
negatively charged tridentate chelating agent via
the carbonylic oxygen atom, the azomethine
nitrogen atom, and the thiolato sulfur atom. The
fourth coordination position around the Cu(ll) ion
is occupied by the chloride ligand” [31]. The
distortion from regular square-planar geometry is

0
H:C
S NH,
>—:~1\ +
C—S H
HiC—S HC
. " CH;
Methyl hydrazinecarbodithioate  Camphor

attributed to the restricted bite size of the ligand.
Alim et al. [32] synthesized Cu(ll), Ni(lll) Zn(ll),
Cd(n, Co(ll), Sb(l) and Fe(lll) containing
bidentate Schiff base (Fig. 6), [NI-(4-chloro-
benzylidene)-hydrazecarbodithioicacid methyl
ester] derived from the condensation of SMDTC
and P-chlorobenzaldehyde.

2, 6-diacetylpyridinebis(S-benzyldithiocarbazate)
(H2SNNNS) pentadentate ligand (Fig. 7) reacts
with  Zn(ll) and Cd(ll) ions forming stable
complexes. “The crystal and molecular structure
of the Zn(Il) complex has been determined by X-
ray diffraction. The complex is a dimer in which
the pyridine nitrogen atom, the azomethine
nitrogen atom, and the thiolate sulfur atom from
one ligand coordinate to one of the Zn(ll) ions
whereas the azomethine and thiolate sulfur
atoms from another ligand complete penta
coordination around the Zn(ll) ion, the ligands
being coordinated in their deprotonated forms.
The coordination geometry of each Zn(ll) can be
considered as intermediate between a square-
pyramidal and trigonal-bipyramidal. The Cd(ll)
complex is also assigned with a dimeric
structure” [33].

Fig. 5. Synthesis route of novel schiff base ligand
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Fig. 6. Structure of the schiff base metal complexes
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Fig. 7. Thione-thiol tautomerism in the ligand (a) thione form (b) thiol form
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Fig. 8. Synthesis route of novel Schiff base ligand

“Ni(ll), Cu(ll), Pd(ll), and Pt(ll) complexes of the
thiophene-2-aldehyde Schiff bases of SMDTC
and SBDTC have been synthesized and
characterized” by Ali et al. [34]. Alshaheri et al.
produced a variety of complexes of
dithiocarbazate Schiff bases (abbreviated as
NiSMdIAP, CoSMdIiAP, FeSMdiAP, MnSMdIAP,
and ZnSMdiAP, where SMdIAP indicates the
Schiff base). S-methyl dithiocarbazate and
diacetylpyridine were condensed to create the
Schiff base. Every complex functions effectively
as a catalyst for oxidation reactions [35]. “The
novel pyrimidine based NNS tridentate Schiff
base ligands (Fig. 8) has been prepared from
condensation of 2-S-methylmercapto-6-
methylpyrimidine-4-carbaldehyde and S-
methyl/S-benzyl dithiocarbazate” by S. Roy et al.
“‘All the complexes exhibited a distorted
octahedral arrangement with an  NiS2
chromophore around the central metal ion. Each
ligand molecule binds the metal ion using
azomethine pyrimidyl nitrogen and thiolato sulfur.
Among the complexes, the Ni(ll) complex,
behaves as a neutral tridentate, and the other
complexes the Co(lll) and Fe(lll) complexes, the
ligand molecules behave as monoanionic
tridentate. All the complexes were investigated
by single crystal X-ray diffraction and
indicated a distortion from an octahedral
geometry of the coordination environment was
observed” [36].

“New bis-chelated Zn(Il) and Cd(ll) complexes of
empirical formula, [M(mpsme)2] (mpsme) the
anionic form of the tridentate ONS donor ligand
formed from methylpyruvate and S-
methyldithiocarbazate) have been synthesized”
by Ali et al. [37]. “Both complexes are allotted a
distorted octahedral geometry in which the
ligands are organized meridionally around the
metal ions. The distortion from systematic
octahedral geometry is attributable to the
constrained bite angles of the ligand.
Condensation of 2,6-diacetylpyridine (dap) with
SMDTC in a 1:2 molar ratio yields a bicondensed
pentadentate Schiff base (H2dapsme) which
reacts with KzMCls (M= Pd(ll), Pt(Il) giving stable
complexes of empirical formula,
[M(dapsme)].0.5Me2CQ” [38]. “These complexes
have been characterized by a variety of physico-
chemical techniques and Single X-ray crystal
measurement. The complex has a distorted
square-planar structure in which the ligand is
coordinated to the Pd(Il) ion as a uninegatively
charged tridentate chelating agent via the
pyridine nitrogen atom, the azomethine nitrogen
atom, and the thiolate sulfur atom; the oxygen
atom of the acetyl group does not participate in
coordination. Two new Co(lll) complexes
with S-benzyl-N-(5-methylpyrazole-3-yl)
methylenedithiocarbazate (HzL), [Co(HL)2]NOs3
EtOH and [Co(HL)(L)]-H20, have been
synthesized and characterized using single-
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crystal X-ray diffraction and spectroscopic
(electronic, IR and NMR) techniques. Both
complexes exhibited a distorted octahedral
geometry and ligands in the mer configuration”
[39].

3. BIOLOGICAL PROPERTIES
3.1 Antimicrobial Activity

‘SMDTC and SBDTC when condensed with
glyoxal, five coordinated ligands will produce that
also make stable crystalline complexes of the
general formula, M(SNNS) (M = Ni(ll), Cu(ll),
Zn(ll) and Cd (Il); SNNS= ligand dianion). The
Schiff bases and metal complexes display good
antifungal and antibacterial properties. All the
complexes showed activities against two
pathogenic bacteria (E. coli and B. subtilis) and
three phytopathogenic fungi (D. oryzae, |I.
padwickii, and F. moniliforme)” [40]. “Hossain et
al. prepared Cu (ll) complexes containing Schiff
base ligands (Fig. 9) derived from the
condensation reactions of 2-benzoylpyridine with
SMDTC and SBDTC respectively. The antifungal
and antibacterial properties of the Schiff bases
and their Cu (Il) complexes have been evaluated
against three pathogenic fungi and two bacteria.
The Schiff bases and Cu (Il) complexes display
moderate antifungal activity, but their activities
are less than that of the commercially important
antifungal agent nystatin” [41].

Zahan et al. “synthesized a series of metal
complexes of Mn (II), Fe(lll) Co(ll), Ni(ll), Cu(ll),
and Sb(lll) containing the bidentate Schiff base
derived from the condensation of S-
methyldithiocarbazate and cinnamaldehyde”. “All
the complexes of Schiff base exhibited
antibacterial activity against four gram-positive
(Bacillus subtilis, Staphlococcus aureus, Bacillus
megatherium, Streptococcus-B-haemolyticus)
and four gram-negative (Escherichia coli,
Shigella dysenteriae, Shigella sonnei, Shigella
shiga) and antifungal activity against four

] 0
P =
N | N

Al
H
\3./
|
C
7 Ssr

Aspergillus Candidus, Penicillium Marneffei,
Candida Albicans, Aspergilius niger” [42]. Low et
al. [43] synthesized a series of Cu(ll) complexes
from SMDTC and SBDTC with methyl levulinate,
levulinic acid, and 4-carboxybenzaldehyde. “The
Synthesized ligands and their respective Cu(ll)
complexes showed moderate antibacterial
activity against both Gram-negative and Gram-
positive bacteria. The Copper complexes were
highly effective against Staphylococcus aureus
with a minimum inhibition concentration (MIC) of
0.5-1 uM. Cu(ll) complexes of the general
formula [Cu(Ap-SMe)X] or [Cu(Ap-SBz)X] (where
HAp-SMe and HAp-SBz, respectively, represent
the 2-acetylpyridine Schiff bases of SMDTC or
SBDTC,; X=ClI, Br, NOs) have been prepared and
characterized” by M.E. Hossain et al.. “The
geometry of the complex was a distorted square
pyramid with the NNS tridentate ligand and an
oxygen atom of the nitrate ion occupying the
basal plane. The fifth coordination position was
occupied by oxygen from the nitrate ion. The
anti-fungal and anti-bacterial properties of the
Schiff bases and their copper(ll) complexes have
been evaluated against the phytopathogenic
fungi A. solanyi, F. equisetti, and M.
phaseolinaand the pathogenic bacteria E.
coliand S. aureus. The fungi toxicity of the five-
coordinated [Cu(Ap-SBz)NO3] complex
approaches that of nystatin, whereas the Schiff
base HAp-SMe and its copper(ll) complex
[Cu(Ap-SMe)NOs] display significant antibacterial
activity against E. coliand S. aureus” [44]. “A
new Schiff Base ligand [(SBDTC)2AP] has been
synthesized by the 1:2 condensation of
acetophenone and SBDTC. A group of selected
ions such as Cu(ll), Cd(l), zn(ll), Ni(ll), and
Co(ll) complexes of [(SBDTC)2AP] have been
prepared and characterized by N. Amerama et
al. The Schiff base (Fig. 10), and its metal
complexes have been evaluated for their
biological activities against Staphylococcus
aureus, S.Typhy M.H., and Aeromonas sp. All
metal complexes were inactive against S.Typhy
M.H.” [45].

(b)

Fig. 9. Thione-thiol tautomerism in the ligand (a) thione form (b) thiol form
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Fig. 10. Synthesis route of schiff base

‘A new tridentate nitrogen—oxygen—sulfur Schiff
base has been prepared from the condensation
reaction of  S-methyldithiocarbazate  and
methylisatin” by Manan et al.. “The Schiff base
was found to be selectively active against the
selected Gram-positive bacterial strains (Bacillus
subtilis and Staphylococcus aureus)” [46]. The

nitrogen-oxygen-sulfur tridentate Schiff base
ligand  prepared from condensation of
S-benzyldithiocarbazate (SBDTC) and

salicylaldehyde was reported by Bitu et al. The
complexes of Zr(IV), Th(lV), and U(VI) ions have
been synthesized from the derived Schiff base.
The antibacterial activity of all the compounds
has been evaluated using Kanamycin (K-30) as a
standard against two Gram-negative
(Escherichia coli and Shigella dysenteriae), and
two Gram-positive (Staphylococcus aureus and
Bacillus subtilis) bacteria. Against every
examined organism, the Zr(IV) complex is less
effective against bacteria than the U(VI) and
Th(IV) complexes [47]. “Cu(ll) complexes of
formulas, [Cu(NNS)(NO3)(H20)]-H20 and
[Cu(NNS)2] (NNS=anionic form of the 6-methyl-2-
formylpyridine  4-N-dimethylthiosemicarbazone)
have been synthesized and characterized” by Ali
et al.. “The ligand and the metal complexes were
screened for antifungal activity against the
phytopathogenic fungi, A. alternata, F. equiseti,
and M. phaseolina but the complexes are less
active than the free ligand due to less solubility in
non-aqueous solvents. The copper complexes
may have less solubilities in non-aqueous
solvents than the Schiff base” [48]. “The di-2-
pyridylketone Schiff base of S-
methyldithiocarbazate (Hdpksme) reacts with
Ni(ll) salts giving both mono- and bis-chelated
complexes were synthesized” by Ali et al. “The
ligand and its Ni(ll) complexes exhibited weak
antimicrobial activity against the pathogenic
bacteria, S. dysenteriae, B. cereus, S. aureus,
and E. coli and the fungi, A. alternata and
M. phaseolina” [49]. “A tridentate ONS Schiff
base derived from the condensation of
SBDTC with salicylaldehyde has been
synthesized”. [50]

“The metal complexes of general formula
[M(ONS)X], [M=Ni(ll), Cu(ll), Cr(lll), Sh(ll),
zZn(l), Zr(IV) or U(Vl) with X= H20, CI].

Antimicrobial tests indicate that the Schiff base
and five of the metal complexes of Cu(ll), Ni(ll),
U(VvIl), zn(ll), and Sb(lll) are strongly active
against bacteria. Ni(ll) and Sb(lll) complexes
were the most effective against Pseudomonas
aeruginosa, while the Cu(ll) complex proved to
be best against Bacillus cereus. Antifungal
activities were also noted with the Schiff base
and the U(VI) complex. These compounds
showed positive results against Candida albicans
fungi, however, none of them were effective

against Aspergillus ochraceous fungi” [51].
“M.A. Ali and A.H. Mirza prepared Ni(ll) complex
with  NOS coordinating Schiff base ligand
derived from the condensation reaction of
N-methyl-S-methyldithiocarbazate with 2-
hydroxybenzaldehyde or 5-bromo-2-

hydroxybenzaldehyde. The synthesized ligands
and Ni(ll) complexes were screened for
antifungal activity against three pathogenic fungi.
The ligands display moderate fungi toxicities
against these organisms but their nickel(ll)
complexes are less active than the free ligands.
The chelation of nickel(ll) complexes with
dithiocarbazate lessens the antifungal activity”
[52]. “Cu(ll) complexes containing Schiff
base ligand a-N-methyl-S-methyl-b-N-(2-
pyridyl)methylenedithiocarbazate (NNS) were
synthesized and characterized” by Ali et al.
“Antimicrobial tests indicated that Schiff base is
inactive against the bacteria, Bacillus subtilis
(mutant defective DNA repair), Pseudomonas
aeruginosa, methicillin resistant Staphylococcus
aureus and Bacillus subtilis (wild type) and
weakly active against the fungi, Candida
albicans, Candida lypolytica, Saccharomyces
cereviseae and Aspergillus ochraceous but its
Cu(ll) complexes, Cu(NNS)X:z are strongly active
against these organisms” [53]. Mono- and bis-
chelated Cd(ll) complexes of the di-2-
pyridylketone Schiff base of S-
methyldithiocarbazate (Hdpksme) have been
synthesized by M. A. Ali and A. H. Mirza. The
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Schiff base and its Cd(ll) complexes were
screened for antibacterial activity against
Shigella dysenteriae, Bacillus cereus,
Staphylococcus aureus, and Escherichia coli.
They are also mildly fungitoxic against the
phytopathogenic fungi, Alternaria alternata and
Macrophomina phaseolina [54].

3.2 Anti-Cancer Activity

Low et al. prepared various complexes of
Cu(SBCM)2, Zn(SBCM)2, and Re2(SBCM):
derived from Schiff base of S-

Benzyldithiocarbazate and 3-acetylcoumarin by
the condensation reaction. X-ray diffractometry
(XRD) indicated that Rhenium exhibited a
centrosymmetric dimeric complex via the Re-S-
Re bridge and Cu(ll), Zn(ll) coordinated to a
bidentate ligand of unintuitively thiolate and
azomethine nitrogen atom of Schiff base.
Cytotoxicity assesses the apparent enhancement
of SBCM-H's bioactivity following complexation.
The anticancer data indicated that, Among the
complexes, Cu(ll) and Re(l) exhibit activity
against lines MCF-7 and MDA-MB-231 [55]. Li et
al. have synthesized Cu(ll) and Zn(ll) complexes
from Schiff base which were derived from 2-
benzoylpyridine with ~ S-methyldithiocarbazate
(LY, and S-phenyldithiocarbazate (L2). The
general formula of synthesized complexes,
Cuz(LY)2(CHsCOO)](ClO4)(1), [Zn2(L1)2(ClO4)2](2),
[Zn(L?)2](3). The spectroscopic data showed that
the Cu(ll) complex (1) adopts square-pyramidal
and Zn(ll) complex (2) distorted pentagonal
bipyramidal geometry, Zn(ll) complex (3)
octahedral coordination geometry. It should focus
attention that Zn(ll) complex (3) magnificently
inhibits the K562 leukemia cell line lower than
HL?, on the other hand, Cu(ll) complex (1)
prevents leukemia cell line lower than Schiff
base, Importantly, The QSG7701 cell line
exhibited higher IC50 values for Zn(Il) complexes
2 and 3 compared to the K562 leukemia cell line,
indicating that both complexes exhibit tumor cell
selectivity [56]. Low et al. prepared Cu(ll)
complexes from two novel Schiff bases. The

Schiff base was synthesized from 2,5-
hexanedion with S-methyl- and S-
benzyldithiocarbazate respectively by the
condensation  reaction.  Cu(ll) complexes

exhibited good activity against cell lines MDA-
MB-231 and MCF-7 [57]. Break et al.
synthesized various macrocyclic Schiff bases
from various dicarbonyls with S-methyl
dithiocarbazate and S-benzyl dithiocarbazate
through condensation reaction and
corresponding their Cu(ll) complexes(1-9). The

compound with the most cytotoxic effect on
MDA-MB-231 and MCF-7 breast cancer cells
was compound (1); its IC50 values were 1.7 uM
and 1.4 uM, respectively. [58]. A series of novel
Cu(Il(2), Ni(l)(2), and Zn(I1)(3) complexes from
Schiff base which was prepared from S-(4-
methylbenzyl) dithiocarbazate and 2-
methoxybenzaldehyde by Yusof et al. According
to the cytotoxic findings, complex (1) significantly
lessened the progress of cell lines MCF-7 and
MDA-MB-213. The compounds demonstrated
strong hydrogen bonding, Van der Waals force,
and hydrophobic DNA-binding
capabilities [59]. The Schiff bases, which are
produced from S-methyldithiocarbazate, are
RR'C=NNHC(S)SCHs. The Schiff bases of type
M(RR'C=NN=CSSCH3)> complexes (where M =
Ni, Cu, Zn, Pd, and Pt) have been isolated most
of the time. The nickel ion -catalyzes the
hydrolysis of the Schiff base when R' = Bu" or
Bu', and simultaneously produces the
S-methyldithiocarbazate complex [Ni(H,
NNHCSSCH,)] (NO). Research is being done on
the metal complexes' anti-cancer properties [60].
Chena et al. have synthesized various
complexes of Co(ll) and Mn(ll) containing 2-
acetylpyridine and S-methyldithiocarbazate. In
vitro biological activity investigations performed
on the K562 leukemia have demonstrated that
both Schiff base and their complexes showed
unigue and strong anticancer activity, as
evidenced by their IC50 values in the yM range
[61]. The antifungal activities of over 70
alleviated thiosemicarbazones and various metal
complexes involving these compounds have
been investigated. The substituted groups at
both the 1N and 4N of the thiosemicarbazone
moiety have an enormous effect on their activity.
With variations shown for 2-formylpyridine, 2-
acetylpyridine, and 2-benzoylpyridine derivatives
and their metal complexes, the highest activity
is seen for 2-substituted pyridine
thiosemicarbazones. Changes in the substituent
size within each of these subgroups as well as
variations in the activity of 4N-alkyl-, 4N-aryl-,
4N-dialkyl-, and 3-azacyclothiosemicarbazones
and their metal complexes are also seen. The
activity of uncomplexed thiosemicarbazones is

commonly comparable to that of Ni(ll)
complexes, although Cu(ll) complexes are
generally more active than the latter. The

thiosemicarbazone ligand's reduction potential in
a Cu(ll) complex, the ligand field's strength [62].
Ali et al. prepared Pd(Il) and Pt(ll) complexes
from Schiff bases of SMDTC, SBDTC via a
condensation reaction. The Schiff base and its
complexes were evaluated by spectroscopic
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techniques. The Pd(ll) complex exhibited a
distorted cis-square planar geometry. The metal
coordinated with the ligands through bidentate
NS linkage where nitrogen from azomethine and
sulfur atoms from mercaptide. The ligands'
confined bite angles are the cause of the
alteration from a typical square-planar geometry.
According to a biological assay that the metal
complex showed robust activities against
methicillin-resistant ~ Staphylococcus  aureus,
mutant defective DNA repair-producing Bacillus
subtilis, B. subtilis (wild type), and Pseudomonas
aeruginosa, as well as Candida albicans (CA),
Candida lypotica (2075), Saccharomyces
cerevisiae (20341), and Aspergillus ochraceous
(398). These compounds exhibited activity that
was higher than those of the common antifungal
and antibacterial medications, nystatin and
streptomycin, respectively. A large number of
these species had no effect by the Pd(Il) and
Pt(ll) complexes; however, the Pt(ll) complexes
exhibited an important sensitivity against
Pseudomonas aeruginosa. When the cytotoxicity
activities of their compounds were verified
against T-lymphoblastic leukemia, it was found
that the S-benzyl derivative (Hasbz) is inactive
and S-methyldithiocarbazate  Schiff base
(Hasme) has very less active. However, the
Pd(ll) complexes show significant cytotoxicities
against this cancer; these activities exceed those
of tamoxifen, a standard anticancer treatment.
While [Pt(asbz)] is ineffective against cancer
cells, the [Pt(asme)] complex exhibited little
cytotoxicity [63]. Zhang et al. synthesized a
complex from the Schiff base. The two novel
Schiff bases were prepared from pyridine-2-
carboxaldehyde with S-methyldithiocarbazate
(HLY) and S-benzyldithiocarbazate (HL2) via
condensation reaction. Only Ligand (1) and
manganese complex Il exhibited considerable
anticancer activity against the K562 leukemia cell
line among complexes since their IC50 values
were in the uM range [64].

3.3 Antioxidant Activity

The transition metal complexes were derived
from the novel Schiff base ligand by Elsayed et
al. The Schiff base was synthesized from
pyridoxal and SBDTC by the condensation
reaction. To evaluate the antioxidant properties
of wvarious complexes, the 2,2-diphenyl-1-
picrylhydrazyl radical (DPPH) was a suitable
indicator in this procedure. Among the various
complexes, the oxovanadium (V) exhibited the
highest scavenging activity against DPPH with
the lowest value of ICso [65]. Two novel isomeric
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Schiff bases, S-methyl-b-N-(2-furylmethyl)
methylene (NS') and S-methyl-b-N-(5-methyl-2-
furyl) methylenedithiocarbazate (NS") have been
introduced to Bis-chelated complexes of Cu (ll),
Ni (I1), and Zn () by Tarafder et al. The peroxide
value in the first stage of lipid oxidation was
determined by the FTC methods. These methods
were also used for evaluating the complexes'
antioxidant activity. The data evaluated that
SBDTC exhibited more antioxidant activity than
the standard o-tocopherol (vitamin E) [66].
Bidentate and quartidentate Schiff base ligands
were synthesized by Tarafder et al. from S-
benzyldithiocarbazate with 2,3 butanedione
through the condensation reaction. According to
analytical data, the synthesized ligand may
function as an NS and NNSS coordinating agent
during complexation with Cu(ll) and Ni(ll) ions.
According to antioxidant activity, complexes of
copper and nickel were more active than those of
vitamin E [67].

4. CONCLUSIONS

This review shows various synthesis modes of
Schiff bases from SBDTC, SMDTC, and their
complexes. This study also explains how the
Schiff base metal complexes are potentially
active against several pathogenic bacteria and
fungi. Some of the metal complexes are
potentially effective against cancer cells.
Improvements in bioinorganic chemistry are
important for enlightening the design of
compounds to moderate toxic side-effects and
understand their mechanisms of action. This
review reveals that the Schiff bases and their
metal complexes derived from SBDTC and
SMDTC could be a suitable approach to
progress innovative therapeutic tools for medical
treatment.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Authors hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

ACKNOWLEDGEMENT

The authors are thankful to the Chairman,
Department of Chemistry, University of Rajshahi,
Rajshahi, and also thankful to the Chairman,
Department of Chemistry, Begum Rokeya
University, Rangpur, Bangladesh for providing
the facilities to do research work.



Islam et al.; Asian J. Chem. Sci., vol. 14, no. 4, pp. 1-16, 2024; Article no.AJOCS.119598

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Ismael BM, ElI-Nawawy MA, Gomaa HA,
El-Gammal O. eDivalent transition metal
complexes of multidentate nitrogen,
oxygen and sulfur-containing ligand:
Design, spectroscopic, theoretical
molecular modeling and antioxidant like
activity. Egyptian Journal of Chemistry.
2022;65(9): 639-655.
Avalilable:https://doi.org/10.21608/ejchem.
2022.118264.5331

2. Tang B, Zheng L, Dai X, Chen H.
&Nitrogen/oxygen co-doped porous
carbons derived from a facilely synthesized
Schiff-base polymer for high-performance
supercapacitor. Journal of Energy Storage.
2019;26:100961.
Available:https://doi.org/10.1016/j.est.2019
.100961

3. Emara AAA, Taha AM, Mashaly MM, Adly
OMI. a&Synthesis, spectroscopic, thermal
and anti-microbial studies of transition
metal complexes of hydrazone derived
from  4,6-diacetylresorcinol and  S-
methyldithiocarbazate. European Journal
of Chemistry. 2015;6(2):107-116.
Available:https://doi.org/10.5155/eurjchem.
6.2.107-116.1162

4, Bhuyar SS, Junej HD, Paliwal LMJ,
Chaudhary RG. s&eSynthesis, charact erizat
ion and t hermal degradat ion of some
coordinat ion polymers wit h t erepht
haladehyde bis (S-met hyldit hiocarbazat.
Journal of the Chinese Advanced Materials
Society. 2015;3(1):17-31.
Available:https://doi.org/10.1080/22243682
.2014.981859

5. Ravoof TBSA, Crouse KA, Tahir MIM,
Cowley AR, Ali MA. @aSynthesis,
characterization and bioactivity of mixed-
ligand Cu(ll) complexes containing Schiff
bases derived from S-
benzyldithiocarbazate and saccharinate
ligand and the X-ray crystal structure of the
copper-saccharinate complex containing
S-benzyl-b-N-(acetylpyrid-2-yl)
methylenedithiocarbazate. Polyhedron,
2007;26(6):1159-1165.
Available:http://dx.doi.org/10.1016/j.poly.20
06.03.007

6. Ravoof TBSA, Crouse KA, Tiekink ERT,
Tahir MIM, Yusof ENM, Rosli R.

11

10.

11.

a&eSynthesis, characterization and
biological activities of S-2- or S-4-
methylbenzyl-B-N-(di-2-
pyridyl)methylenedithiocarbazate and
Cu(ll), Ni(ll), Zn(Il) and Cd(Il) complexes.
Polyhedron. 2017;133:383-392.
Available:https://doi.org/10.1016/j.poly.201
7.05.053

Zahan R, Rahi MS, Sheikh MC, Miyatake
R, Zangrando E, Naz T, Islam MAAAA,
Reza MA. a&Design, synthesis and X-ray
structural studies of novel
[acetonitrile-benzyl-3-N-(2, 4
dihydroxyphenylmethylene)
hydrazinecarbodithioato-k3-N’, S, 0]
nickel(ll) complex that potently inhibit cell
proliferation ~ through  regulation  of
apoptosis related genes. Applied
Organometallic  Chemistry. 2019;33(1)
:e4601.
Available:https://doi.org/10.1002/aoc.4601
Islam MAAAA, Sheikh MC, Mumit MA,
Miyatake R, Alam MA, Mondal MOA.
&Synthesis, characterization and
antimicrobial activity of a bidentate NS
Schiff base of S-benzyl dithiocarbazate
and its divalent complexes. Journal of
Coordination ~ Chemistry.  2016;69(23):
3580-3592.
Available:https://doi.org/10.1080/00958972
.2016.1233329

Zahan MKE, Hossen MF, Ansary RH,
Zamir R, Asraf MA. @&Synthesis,
characterization and biological activity
evaluation of Ni(ll) and Cu(ll) complexes of
a Schiff base derived from @S-
benzyldithiocarbazate (SBDTC) and
Cinnamaldehyde. International Journal of
Chemistry Studies. 2020;4(2):18-24.

Lin J, Lin M, Su Y, Liu M, Zeng H, Cai Y.
a&eSynthesis and spectroscopic studies of
the cobalt(ll) complex with methyl 2-
pyridylmethylidenehydrazinecarbodithioate
(HNNS). Polyhedron. 2007;32:338-
344,
Available:https://doi.org/10.1007/s11243-
006-0173-3

Adly OMI, Shafiy HFE. sNew metal
complexes derived from S-
benzyldithiocarbazate (SBDTC) and
chromone-3-carboxaldehyde:  Synthesis,
characterization, antimicrobial, antitumor
activity, and DFT calculations. Journal of
Coordination Chemistry. 2019;72(2):218-
238.
Available:https://doi.org/10.1080/00958972
.2018.1564912



12.

13.

14.

15.

16.

17.

18.

Islam et al.; Asian J. Chem. Sci., vol. 14, no. 4, pp. 1-16, 2024; Article no.AJOCS.119598

Ali MA, Livingstone SE. eeMetal complexes
of sulphur-nitrogen chelating agents.
Coordination Chemistry Reviews.
1974;13(2-3):101-132.

Available:https://doi.org/10.1016/S0010- 19.

8545(00)80253-2

Ali MA, Mirza AH, Fong GA. eeSynthesis,
characterization and  X-ray crystal
structures of the bis—ligand zinc(ll) and
cadmium(ll) complexes of the
methylpyruvate  Schiff base of S-

methyldithiocarbazate. Transition Metal 20.

Chemistry. 2004;29:613-619.
Available:https://doi.org/10.1007/s11243-
004-2511-7

Ali MA, Mirza AH, Haniti M, Hamid SA,
Aminath N, Bernhardt PV. aSynthesis,
characterization and  X-ray  crystal
structures of thiolate sulfur-bridged dimeric
copper(ll)  complexes of the 2-

aminoacetophenone Schiff base of S- 21.

methyldithiocarbazate. Polyhedron.
2012;47:79-86.
Available:http://dx.doi.org/10.1016/j.poly.20
12.08.024

Ali MA, Bakar HJHA, Mirza AH, Smith SJ,
Gahan LR, Bernhardt PV., s&Preparation,
spectroscopic characterization and X-ray
crystal and molecular structures of
nickel(ll), copper(ll) and zinc(Il) complexes

of the Schiff base formed from isatin and 22.

S-methyldithiocarbazate (Hisa-sme).
Polyhedron. 2008;27:71-79.
Available:https://doi.org/10.1016/j.poly.200
7.08.022

Ali MA, Mirza AH, Bujang FH, Hamid
MHSA, Bernhardt PV. @&Synthesis,
characterization and X-ray crystallographic
structural study of copper(ll) and nickel(Il)

complexes of the 2-quinoline  23.

carboxaldehyde Schiff base of S-
methyldithiocarbazate (Hgaldsme).
Polyhedron. 2006;25(17):3245-3252.
Available:https://doi.org/10.1016/j.poly.200
6.05.027

Nazimuddin M, Ali MA, Smith FE. a&The
preparation and characterization of some

nickel(ll) and copper(ll) complexes of ONS  24.

ligands. Polyhedron. 1991;10(12):1327-
1332.
Available:https://doi.org/10.1016/S0277-
5387(00)81265-6

Rahman M, Ali MA, Bhattacharjee P,
Nazimuddin M. a&eSynthesis and
characterization of some metal complexes
containing a quadridentate NSSN and a

12

sexidentate ONSSNO ligand. Polyhedron.
1991;10(8):823-827.
Available:https://doi.org/10.1016/S0277-
5387(00)86115-X

Majumder SMMH, Ali MA, Smith FE,
Mridha MAU. eeSynthesis, characterization
and fungitoxicities of metal chelates of a
pentadentate NsS: ligand. Polyhedron.
1988;7(21):2183-2187.
Available:https://doi.org/10.1016/S0277-
5387(00)81800-8

Tian Y, Dua N C, Lu Z, You X, Fun H,
Kandasamy S. aCrystal structure and
spectroscopic studies on metal complexes
containing ns donor ligands derived from
S-benzyldithiocarbazate andp-
dimethylaminobenzaldehyde. Polyhedron.
1996;15(13):2263-2271.
Available:https://doi.org/10.1016/0277-
5387(95)00477-7

Ali MA, Nazimuddin M, Shaha R, Butcher
RJ, Bryan JC. @Synthesis and
characterization of bis-chelated nickel(ll)
complexes of the methylpyruvate Schiff
bases of S-alkyldithiocarbazates and the
X-ray crystal structure of the [Ni(ONSMe)z]
complex. Polyhedron. 1998;17(22):3955-
3961.
Available:https://doi.org/10.1016/S0277-
5387(98)00189-2

Bhattacharjee S, Bhattacharyya R.
a&eSynthesis, characterization,
electrochemistry and oxo-transfer kinetics
of oxomolybdenum-(VI), -(V) and -(IV)
complexes with ONS donors. Journal of
Chemical Society, Dalton Transactions.
1992;1357-1364.
Available:https://doi.org/10.1039/DT99200
01357

Ali MA, Hossain SMG, Majumder SMMH,
Uddin MN, Tarafder MTH. seSynthesis and
characterization of some new nickel(ll),
zinc(Il) and cadmium(ll) complexes of
guadridentate SNNS ligands. Polyhedron.
1987;6(8):1653-1656.
Available:https://doi.org/10.1016/S0277-
5387(00)80766-4

Ali MA, Tarafder MTH. eeMetal complexes
of sulphur and nitrogen-containing ligands:
Complexes of S-benzyldithiocarbazate and
a Schiff base formed by its condensation
with pyridine-2-carboxaldehyde. Journal of
Inorganic and  Nuclear  Chemistry.
1977;39(10):1785-1791.
Available:https://doi.org/10.1016/0022-
1902(77)80202-9



25.

26.

27.

28.

29.

30.

31.

Islam et al.; Asian J. Chem. Sci., vol. 14, no. 4, pp. 1-16, 2024; Article no.AJOCS.119598

Tarafder MTH, Miah MAJ, Bose RN.
&Metal complexes of some Schiff bases
derived from  S-benzyldithiocarbazate.
Journal of Inorganic and Nuclear

Chemistry. 1981;43(1):3151-3157.  32.

Available:https://doi.org/10.1016/0022-
1902(81)80079-6

Tarafder MTH, Livingstone SE, Phillips DJ.
&Metal chelates of dithiocarbazic acid and
its derivatives. VI. antiferromagnetic and
ferromagnetic  interactions in  some
copper(ll) complexes of salicylaldehyde
and acetylacetone Schiff bases derived

from s-methyldithiocarbazate. Inorganica  33.

Chimica Acta. 1973;7(2):179-186.
Available:https://doi.org/10.1016/S0020-
1693(00)94808-4

Zangrando E, Islam MT, Islam MAAAA,
Sheikh MC, Tarafder MTH, Miyatake R,
Zahan R, Hossain MA. @&Synthesis,
characterization and  bio-activity  of
nickel(ll) and copper(ll) complexes of a
bidentate NS Schiff base of S-benzyl
dithiocarbazate. Inorganica Chimica Acta.

2015;427:278-284. 34.

Available:https://dx.doi.org/10.1016/j.ica.20
14.12.014

Ji Y, Liu L, Jia D, Qiao Y, Yu K.
&eSynthesis and crystal structure of Schiff
base transition metal complex [Co(PMBP-
smdtc)2 ]-2H20. Journal of Chemical
Crystallography. 2002;32(12):505-509.
Available:https://doi.org/10.1023/A:102110
5128641

Al-Karkhi IHT, Yaseen AK, Sadeq HT. 35.

a&Synthesis and characterization of novel
methyl2-(1,7,7-tri methylbicyclo[2.2.1]hept-
2-yieldene)hydrazinecarbodithioate  Schiff
bases derived from methylhydrazine
carbodithioate and their bi(iii) and ag(ii)
complexes. Baghdad Science Journal.
2013;10(3):609-617.

Available:https://doi.org/10.21123/bsj.10.3.  36.

607-617

Singh R, Goswamib YC, Goswami R.
g&eSemigempirical and Experimental
Investigation on coordination behavior of
Samethyl-
BoNg(4emethoxyphenylmethyl)methylene
dithiocarbazate Schiff base towards Co(ll),
Ni(ll) and Cu(ll) metal ions. Journal of
Chemistry. 2011;2(1):42-50.

Ali MA, Mirza AH, Butcher RJ. &eSynthesis
and  characterization  of  copper(ll)
complexes of the methylpyruvate Schiff

base of S-methyldithiocarbazate  37.

(Hmpsme) and the X-crystal structures of

13

Hmpsme and [Cu(mpsme)CI]. Polyhedron.
2001;20:1037-1043.
Available:https://doi.org/10.1016/S0277-
5387(01)00730-6

Alim A, Zahan MKE, Haque MM, Tarafder
MTH. a&Synthesis and characterization of
some metal complexes of Cu(ll), Ni(ll),
Zn(ll), Cd(1), Sn(l), Co(ll), Sb(ll) and
Fe(lll) containing bidentate Schiff base of
SMDTC. Science Journal of Chemistry.
2014;3(3):35-39.
Available:https://doi.org/10.11648/j.sjc.201
50303.11

Ali MA, Mirza AH, Voo CW, Tan AL,
Bernhardt PV. a&eThe preparation of zinc(ll)
and cadmium(ll) complexes of the
pentadentate N3S:2 ligand formed from 2,6-
diacetylpyridine and S-
benzyldithiocarbazate (H2SNNNS) and the
X-ray crystal structure of the novel dimeric
[Zn2(SNNNS)2]  complex.  Polyhedron.
2003;22:3433-3438.
Available:https://doi.org/10.1016/j.poly.200
3.08.004

Ali MA, Mirza AH, Butcher RJ, Rahman M.
&Nickel(ll), copper(ll), palladium(ll) and
platinum(ll) complexes of bidentate SN
ligands derived from S-
alkyldithiocarbazates and the X-ray crystal
structures of the [Ni(tasbz);] and
[Cu(tasbz)2].CHCIz complexes. Transition
Metal Chemistry. 2000;25:430-436.
Available:https://doi.org/10.1023/A:100700
9810572

Alshaheri AA, Tahir MIM, Rahman MBA,
Begum T, Saleh TA. aeCatalytic oxidation
of cyclohexane using transition metal
complexes of dithiocarbazate Schiff base.
Chemical Engineering Journal.
2017;327:423-430.
Available:http://dx.doi.org/10.1016/j.cej.201
7.06.116

Roy S, Mandal TN, Barik AK, Pal S, Gupta
S, Hazra A, Butcher RJ, Hunter AD, Zeller
M. @&Metal complexes of pyrimidine
derived ligands—Syntheses,
characterization and  X-ray  crystal
structures of Ni(ll), Co(lll) and Fe(lll)
complexes of Schiff base ligands derived
from S-methyl/S-benzyl dithiocarbazate
and 2-S-methylmercapto-6-
methylpyrimidine-4-carbaldehyde.
Polyhedron. 2007;26:2603—-2611.
Available:https://doi.org/10.1016/j.poly.200
7.01.006

Kar SK, Ali MA, Mirza AH, Fong GA.
&eSynthesis, characterization and X-ray



38.

39.

40.

41.

42.

Islam et al.; Asian J. Chem. Sci., vol. 14, no. 4, pp. 1-16, 2024; Article no.AJOCS.119598

crystal structures of the bis-ligand
zinc(Il) and cadmium(ll) complexes of the
methylpyruvate  Schiff base of S-
methyldithiocarbazate. Transition Metal
Chemistry. 2004;29:613-619.
Available:https://doi.org/10.1007/s11243-
004-2511-7

Ali  MA, Mirza AH, Keng STW.
gePalladium(ll) and platinum(ll) complexes
of Schiff bases derived from 2,6-
diacetylpyridine and S-
methyldithiocarbazate and the X-ray
crystal structure of the [Pd(mdapsme)Cl]
complex. Transition Metal Chemistry.
2003;28:241-245.
Available:https://doi.org/10.1023/a:102296
0632103

Bera P, Butcher RJ, Chaudhuri S, Saha N.
a&Synthesis and spectroscopic
characterisation of cobalt(lll) complexes
with S-benzyl-N-(5-methylpyrazole-3-
yl)methylenedithiocarbazate (HzL): X-ray
structures of [Co(HL)2]JNOs-EtOH (1) and
[Co(HL)(L)]-H20 (2). Polyhedron. 2002;
21(1):1-6.
Available:https://doi.org/10.1016/S0277-
5387(01)00933-0

Ali  MA, Tarafder MTH, Khair MA.
a&eSynthesis, characterization and
biological activities of some new nickel(ll),
copper(ll), zinc(ll) and cadmium(ll)
complexes of quadridentate SNNS ligands.
Transition Metal Chemistry. 1992;17:133-
136.
Available:https://doi.org/10.1007/BF02910
804

Hossain ME, Alam MN, Begum J, Ali MA,
Nazimuddin M, Smith FE, Hynes
RC. &The preparation, characterization,
crystal structure and biological activities of
some copper(ll) complexes of the 2-
benzoylpyridine Schiff bases of S-methyl-
and S-benzyldithiocarbazate.
Inorganic Chimica Acta. 1996;249(2):207-
213.

Available:https://doi.org/10.1016/0020-
1693(96)05098-0

Zahan MKE, Islam MS, Bashar MA.
& Synthesis, characteristics, and
antimicrobial activity of some

complexes of Mn(ll), Fe(lll) Co(ll), Ni(ll),
Cu(ll), and Sb(lll) containing bidentate
Schiff base of SMDTC. Russian Journal of
General Chemistry. 2015;85(3):667-672.
Available:https://doi.org/10.1134/S1070363
215030238

14

43.

44,

45.

46.

47.

48.

Low ML, Maigre L, Dorlet P, Guillot R,
Pageés J, Crouse KA, Policar C, Delsuc N.
&Conjugation of a new series of
dithiocarbazate Schiff base copper(ll)
complexes with vectors selected to
enhance antibacterial activity.
Bioconjugate Chemistry.
2014;25(12):2269-2284.
Available:https://doi.org/10.1021/bc500490
-

Hossain ME, Alam MN, Ali MA,
Nazimuddin M, Smith FE, Hynes RC.
&The synthesis, characterization and
bioactivities of some copper(ll) complexes
of the 2-acetylpyridine Schiff bases of s-
methyl- and s-benzyldithiocarbazate, and
the x-ray crystal structure of the nitrato(s-
benzyl-B-n-(2-acetylpyridyl)
methylenedithiocarbazato)copper(ll)
complex. Polyhedron. 1996;15(5-6):973-
980.
Available:https://doi.org/10.1016/0277-
5387(95)00310-X

Amiram N, Othman U. aeSynthesis and
characterization of Co(ll), Cu(ll), Cd(ll),
Zn(Il) and Ni(ll) complexes of schiff base
ligand derived from S-
benzyldithiocarbazate (SBDTC) and
acetophenone with their biological activity
studies. IOSR Journal of Engineering
(IOSRJEN). 2013;3(8):38-50.
Available:https://doi.org/10.9790/3021-
03853850

Manan MAFA, Tahir MIM, Crouse KA, How

FNF, Watkin DJ. a&eSynthesis,
characterization and antibacterial activity of
Schiff base derived from S-

methyldithiocarbazate and methylisatin.
Journal of Chemical Crystallography.
2012;42:173-179.
Available:https://doi.org/10.1007/s10870-
011-0220-6

Bitu NA, Hossain S, Kader A, Islam MS,
Haque MM, Hossen F, Asraf A, Zahan KE.
&SBDTC derived Schiff base metal
complexation: Synthesis, physicochemical,
and spectral studies with antibacterial
activity. Russian Journal of General
Chemistry. 2020;90(8):1529-1532.
Available:https://doi.org/10.1134/S1070363
220080228

Ali MA, Mirza AH, Hossain AMS,
Nazimuddin M. a&Synthesis,
characterization, antifungal properties and
X-ray crystal structures of five- and six-
coordinate copper(ll) complexes of the 6-
methyl-2-formylpyridine4N-



49.

50.

51.

52.

53.

54.

Islam et al.; Asian J. Chem. Sci., vol. 14, no. 4, pp. 1-16, 2024; Article no.AJOCS.119598

dimethylthiosemicarbazone.
2001;20(9-10):1045-1052.
Available:https://doi.org/10.1016/S0277-
5387(01)00724-0

Ali MA, Mirza AH, Nazimuddin M, Rahman
H, Butcher RJ. &Mono- and bis-chelated

Polyhedron.

nickel(ll)  complexes of the di-2-
pyridylketone  Schiff base of @S-
methyldithiocarbazate and the X-ray

crystal structure of the bis[S-methyl-N-N-
(di-2-pyridyl)-methylenedithiocarbazate]
nickel(ll) complex. Polyhedron.
2001;20(19):2431-2437.
Available:https://doi.org/10.1016/S0277-
5387(01)00764-1

Ali MA, Mirza AH, Voo CW, Tan AL,
Bernhardt PV. The preparation of zinc (Il)
and cadmium (Il) complexes of the
pentadentate N3S2 ligand formed from 2,
6-diacetylpyridine and S-
benzyldithiocarbazate (H2SNNNS) and the
X-ray crystal structure of the novel dimeric
[Zn2 (SNNNS) 2] complex. Polyhedron.
2003;22(27):3433-8.

Tarafder MTH, Ali MA, Wee DJ, Azahari K,
Silong S, Crouse KA. &eComplexes of a
tridentate ONS Schiff base: Synthesis and
biological properties. Transition Metal
Chemistry. 2000;25:456-460.
Available:https://doi.org/10.1023/A:100706
2409973

Ali MA, Mirza AH, Nazimuddin M, Dhar PK,
Butcher RJ. aePreparation, characterization
and antifungal properties of nickel(ll)

complexes of tridentate ONS ligands
derived from N-methyl-S-
methyldithiocarbazate and the X-ray

crystal structure of the [Ni(ONMeS)CN].
H20 complex. Transition Metal Chemistry.
2002;27:27-33.
Available:https://doi.org/1013434113299
10.1023/A:1013434113299

Ali MA, Mirza AH, Iran MSH. &
Magnetic, spectroscopic and biological
properties of copper(ll) complexes of the
tridentate ligand, a-N-methyl-S-methyl-b-N-
(2-pyridyl)methylenedithiocarbazate(NNS)
and the X-ray crystal structure of
the [Cu(NNS)Iz] complex. Transition Metal
Chemistry. 2002;27:262—-267.
Available:https://doi.org/10.1023/A:101481
3315980

Ali MA, Mirza AH. a&The preparation and
characterization of mono- and bis-chelated
cadmium(ll) complexes of the di-2-
pyridylketone  Schiff base of @S-
methyldithiocarbazate (Hdpksme) and the

15

55.

56.

57.

58.

59.

X-ray crystal structure of the
[Cd(dpksme)2] .0.5MeOH complex.
Transition Metal Chemistry. 2002;27:268—
273.
Available:https://doi.org/10.1023/A:101489
4403685

Low ML, Paulus G, Dorlet P, Guillot R,
Rosli R, Delsuc N, Crouse KA, Policar C.
& Synthesis, characterization and
biological activity of Cu(ll), Zn(ll) and Re(l)
complexes derived from S-
benzyldithiocarbazate and 3-
acetylcoumarin. Biometals. 2015;28:553—
566.
Available:https://doi.org/10.1007/s10534-
015-9831-2

Li MX, Zhang LZ, Chen CL, Niu JY, Ji BS.
&eSynthesis, crystal structures, and
biological evaluation of Cu(ll) and Zn(ll)
complexes of 2-benzoylpyridine Schiff
bases derived from S-methyl- and S-
phenyldithiocarbazates. Journal of
Inorganic Biochemistry. 2012;106(1):117-
25.
Available:https://doi.org/10.1016/].jinorgbio.
2011.09.034

Low ML, Maigre L, Tahir MIM, Tiekink
ERT, Dorlet P, Guillot R, Begum Ravoof T,
Rosli R, Pages J, Policar C, Delsuc N,
Crouse KA. @&New insight into the
structural, electrochemical and biological
aspects of macroacyclic Cu(ll) complexes
derived from S-substituted dithiocarbazate
schiff bases. European Journal of
Medicinal Chemistry. 2016;120:1-12.
Available:https://doi.org/10.1016/j.ejmech.2
016.04.027

Break MKB, Fung TY, Koh MZ, Ho WY,
Tahir MIM, Elfar OA, Syed RU, Khojali
WMA, Alluhaibi TM, Huwaimel B, Wiart C,
Khoo T. @Synthesis, crystal structure,
antibacterial and In vitro anticancer activity
of novel macroacyclic schiff bases and
their Cu (lI) Complexes derived from S-
methyl and S-benzyl dithiocarbazate.
Molecules. 2023;28(13): 5009.
Available:https://doi.org/10.3390/molecules
28135009

Yusof ENM, Azam M, Sirat SS, Ravoof
TBSA, Page AJ, Veerakumarasivam A,
Karunakaran T, Razali MR.
&Dithiocarbazate ligand-based  Cu(ll),
Ni(ll), and Zzn(ll) complexes: synthesis,
structural investigations, cytotoxicity, DNA
binding, and molecular docking studies.
Bioinorganic Chemistry and Applications.
2022;13.



60.

61.

62.

63.

64.

Islam et al.; Asian J. Chem. Sci., vol. 14, no. 4, pp. 1-16, 2024; Article no.AJOCS.119598

Available:https://doi.org/10.1155/2022/200
4052

Das M, Livingstone SE. e&eMetal chelates of
dithiocarhazic acid and its derivatives. IX.
metal chelates of ten new Schiff
bases derived from S-
methyldithiocarhazate. Inorganica Chimica
Acta. 1976;19:5-10.
Available:https://doi.org/10.1016/S0020-
1693(00)91065-X

Chena CL, Zhub XF, Lia MX, Guoc HM,
Niu  JY. a&Antitumor  activity  of
manganese(ll) and cobalt(lll) complexes of
2-acetylpyridine Schiff bases derived from
s-methyldithiocarbazate: Synthesis,
characterization, and crystal structure of
the manganese(ll) complex of 2-
acetylpyridine s-methyldithiocarbazate.
Russian Journal of Coordination
Chemistry. 2011;37(6):435-438.
Available:https://doi.org/10.1134/S1070328
411050034

Libera AE, West DX. eAntifungal and

antitumor activity of heterocyclic
thiosemicarbazones and their metal
complexes: Current status. Biometals.

1992;5(2):121-126.
Available:https://doi.org/10.1007/BF01062
223

Ali MA, Mirza AH, Butcher RJ, Tarafder
MTH. eeBiological activity of palladium(ll)
and platinum(ll) complexes of the acetone
Schiff bases of S-methyl- and S-
benzyldithiocarbazate and the X-ray crystal
structure of the [Pd(asme)z] (asme=anionic
form of the acetone Schiff base of S-
methyldithiocarbazate) complex. Journal of
Inorganic Biochemistry. 2002;92(3-4):141—
148.
Available:https://doi.org/10.1016/s0162-
0134(02)00559-7

Zhang Lz, Ding T, Chen CL, Lia MX,
Zhang D, Niu JY. &Biological activities of
pyridine 2-carbaldehyde Schiff bases

65.

66.

67.

derived from S-methyl and S-
benzyldithiocarbazate and their zinc(ll) and
manganese(ll) complexes. Crystal
structure of the manganese(ll) complex of
pyridine 2-carbaldehyde S-
benzyldithiocarbazate. Russian Journal of
Coordination Chemistry. 2011;37(5):356—
361.
Available:https://doi.org/10.1134/S1070328
411040117

Elsayed SA, Noufal AM, Hendawy AME.
&eSynthesis, structural characterization
and antioxidant activity of some
vanadium(lV), Mo(VD)/(IV) and Ru(ll)
complexes of pyridoxal Schiff base
derivatives. Journal of Molecular Structure.
2017;1144:120-128.
Available:https://doi.org/10.1016/j.molstruc
.2017.05.020

Tarafder MTH, Chew K, Crouse KA, Ali
AM, Yamin BM, Fun HK. a&Synthesis and
characterization of Cu(ll), Ni(ll) and Zn(ll)
metal complexes of bidentate NS isomeric
Schiff bases derived from S-
methyldithiocarbazate (SMDTC):
Bioactivity of the bidentate NS isomeric
Schiff bases, some of their Cu(ll), Ni(ll)
and Zn(ll) complexes and the X-ray
structure of the bis[S-methyl-b-N-(2-
furylmethyl)methylenedithiocarbazato]zinc(
) complex. Polyhedron. 2002;21:2683-
2690.
Available:https://doi.org/10.1016/S0277-
5387(02)01285-8

Tarafder MTH, Saravanan N.
&Coordination Chemistry and biological
activity of Ni(ll) and Cu(ll) ion complexes
with nitrogen-sulfur donor ligands derived
from S-benzyldithiocarbazate(SBDTC).
Transition Metal Chemistry. 2001;26:613-
618.
Available:https://doi.org/10.1023/A:101204
7001167

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/119598

16


https://www.sdiarticle5.com/review-history/119598

