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Summary: The thiosemicarbazone Schiff base ligand is very important segment for chemistry, more
specifically coordination chemistry. These compounds and their complexes widely used as medicinal
agents for different lethal diseases such as cancer and other contagious disease caused by bacteria. The
coordinated metal (coinage) complexes exhibited higher activities than free ligand for all the biological
investigation of anticancer and antibacterial activities. The TSCs ligands having polydentate S-N-O
coordinating sites. The mode of coordination of these ligands is flexible, it can act as tridentate or
bidentate ligand. These ligand form mostly square planar complexes with copper, silver and gold metal
ions. This research content could guide to identify the synthesized biomaterial. In this review, copper,
silver, gold complexes are comprehensively summarized, and their activities and mechanism are
documented. This review will provide very cut-edge guide of TSCs and their complexes to use in

different field.

Keywords: Thiosemicarbazone Schiff base;
Antibacterial activity.

Introduction

Schiff base is one the important segments for both
chemistry and medicinal chemistry, which receive extensive
attention from the researchers. Primary amines react with
aldehyde or ketones to form products by condensation was
first invented by Hugo Schiff in 1864 (Scheme-1) [1].

Schiff base and their coordination complexes are
significant segment of coordination chemistry. Many Schiff
bases and their complexes of transition metals showed
biological and pharmaceutical applications [2, 3]. These
ligands contain a soft atom (sulfur) along with hard atoms
(nitrogen and oxygen) in same molecule [4]. Schiff bases
chelate with donor sites sulfur, oxygen, and nitrogen sites
with metal ions. These complexes could be used as
medicines for different diseases caused by fungi, virus and
bacteria as well as against cancer [5-9]. Aromatic aldehyde
forms stable Schiff bases with an active conjugation system,
where aliphatic aldehydes are unstable and gladly
polymerize [10]. TSCs and their metal complexes
application is significantly increased owing to their metal-
complexes biological activities as antitumor, anticancer,
antiviral, and antimalarial agents [11-18]. TSCs has
contained multi-donor NSO features provide orientation of
sulfur and nitrogen atoms in their molecular backbone
which shows high coordination usefulness and auspicious
physiochemical properties [19-20].

Coinage metals; Coordination complexes; Cytotoxicity;

Copper Complexes with thiosemicarbazone Schiff base
compound

Copper complexes use as various tonic resolves
such as antimalarial, antibacterial and antifungal agent,
neuroprotective action in Alzheimer’s disease, diabetes,
inflammatory states, cardiovascular diseases and skin
wounds [21]. Klayman et al. reported that many TSCs
ligands complexes have vast application as medicinal agent
against leprosy [22], viral infections [23-25], tuberculosis
[26], psoriasis [27], malaria [28-30] and trypanosomiasis
reported in 1981. Douglas et al. have been reported in 1970
Copper (Il) chloride react with Pyruvic acid
thiosemicarbazone, (H, Pyrutsc), to formulae copper(ll)
complexes, [Cu(HPyrutsc)X].nA, where A= preparative
(e.g. methanol), n =0, 1, 2 and X =monobasic anion [31].
Copper(Ibis(thiosemi carbazone) complexes reaction
through intracellular sulthydryl groups and this complexes
are reductively decomposed was reported by D. H. Petering
etal. in 1972 [32-34]. The tetragonally distorted octahedral
complexes, [Cu(HTSC)2Xz] (X = Br, Cl, NO;3 or ClOx) of I-
(a)-furyl-4-benzylamidothiosemicarbazone and 4-
benzylamido thiosemicarbazone was reported by Jain et al.
1977 [35]. Salicylaldehyde-S-methyl thiosemicarbazones
react with copper(ll) chloride to form copper complexes of
sort [Cu(HL)X]. nH,O (where X = Br, Cl, NOs, or ClOy)
was reported by D. petrovicetal. in 1978 [36]. V.M. Leovats
et al. have reported that presence of sulfur atoms ease in
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coordination to form complex. They occupy square planar
structures in which phenolic oxygen atom, the terminal
amide nitrogen atom and hydrazinic nitrogen atom are
occupied three of the coordinating sites was reported in 1978
[37]. Jain et al. also suggested square planer geometries for
copper(Il) complexes of a-pyridylthiosemicarbazone
derivatives on the basis of electronic spectral bands and
magnetic moments. The ligand and the coordinating sites
containing bidentate nature (thione sulfur atoms and pyridyl
nitrogen atoms) and the ligand obligate recognized going on
the base of frequency changes of conforming immersions in
the IR bands and the incidence of Cu-N and Cu-S and 454-
425 and 315-250 cm'! stretching vibrations in that order, in
the far-IR area in 1978 [38]. The antitumor agent 3-ethoxy-
2-oxo-butyraldehyde copper(ll) bonding parameters to be
similar bis(thiosemicarbazido) copper(ll) sulfate. It may be
regarded as basically liberated of Cu-S and Cu-N bonds.
Thiosemicarbazone  copper(ll) complexes  prevents
malevolent makeover by Rous sarcoma virus and it has been
recognized that reserve of RNA-directed DNA-polymerase
in the viron by W.C. Kaska et al. in 1978 [39]. B.P.
Mohapatra et al. reported the octahedral complexes, have
been resultant as of ligands such as benzoin
thiosemicarbazone [40], 9, 10-phenanthraquinone [41],
ethylacetoacetatethiosemi carbazone in 1983 [42]. Its
complex of sort [CuLX(solv.),], wherever X is Cl, L is the
ligand monoanion; solvent is DMF or HO ;andn=0, 1, or
2.

D.X. West have been reported many
thiosemicarbazone moieties, involving higher denticity in
addition to mono-dentate coordination in 1984 [43].
Douglas et al. have come into view the rock crystal of 3-
hydroxy-5-hydroxymethyl-4-formyl-2-picolinethiosemi
carbazone(HPictsc) [44]. This ligand coordinated with
copper(l1) to form [Cu(Pictsc)-H,O]Cl.H,O [45] was
reported in 1986. The copper(ll) focus has the
thiosemicarbazone this olive compact deprotonated Pictsc
(from 2N) coordinated through the axomethine nitrogen,
thiol sulfur and pyridoxyl oxygen by an aqua ligand
finishing an almost planar arrangement. The
thiosemicarbazone moiety reliant on the way of complex
preparation [46-47]. E.K. John et al. investigation of this *N-
dimethyl-, “N-ethyl- and unsubstituted thiosemi carbazone,
which is radiopharmaceutical for valuation of local blood
tide in the heart kidneys, and brain in 1990 [48]. Ainscough
et al. an additional Cu(ll) complex of 2-
formylpyridinethiosemicarbazone derived as of the
trifluoroacetate salts in 1993 [49].

condensation
R—(C—R — = /C:N—R + H,O
R

R—NH, +

Primary amine Aldehyde or ketone
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Silver Complexes with thiosemicarbazone Schiff base
compound

Silver salt have been used since primitive age up
tothe early 20" period as cures for warts and itchiness. Then
in the period of 1880s, AgNO;s solution have been used as
eye drops for blindness. Silver therapeutic agents as an anti-
inflammatory, antiseptic, and antibacterial causes are well
known. Silver complexes synthesis and their action are
reported widely [50-51]. Casas et al. has reported that
thiosemicarbazones (N, S donor ligands) have extensive
biological uses owing to the flexibility of presenter atoms,
configurational tractability and n-delocalization. These
thiosemicarbazone have significant consideration owver
earlier decades in 2000 [52]. Hexanuclear silver(l) complex,
[Ags(Hstsc)e], (salicylaldehydethiosemicarbazone anion is
Hstsc) which is first structure where thic-ligand organizes by
u3-N? was reported by Ashfield et al. reported in 2004 [53].
Silver(l) complexes with thiosemicarbazone has been
reported more than 20 years ago but come to the view in
2004 by Ashfield et al. [54]. Lobana et al. in 2008 reported
silver(l) salts (e.g: chloride, bromide, nitrate, acetate) with
thiosemicarbazones(Htsc) [55-61]. In recent years, some
polynuclear Ag complexes have been reported by
Castineriras et al. in 2009 [62-63].

Gold Complexes with thiosemicarbazone Schiff base
compound

Gold was the first metal which was used for
treatment against rheumatoid arthritis but its exploitations in
modern medicine is restricted from the mid-1930s. An Au(l)
thiolate-triethylphosphine complexes was introduced as
treatment agents for various diseases in 1985. Gold
complexes came on the spotlight because of novel metal-
based drug treatment for cancers. Recently, several reviews
on gold complexes have been reported with regard to
different bioactivities such as anticancer hbioactivity,
anticancer drug resistance, immune response, tumor cell
metabolism, and anticancer mechanisms [64-68].
Thiosemicarbazones have been effectively used to form
functionalized Gold (1) and Copper (1) clusters in 2006 by
Zhaoet al. [69]. Smith et al. reported in 2010 that free ligand
compared to complexes of thiosemicarbazone enhance the
antiplasmodial activity [70]. J Rust et al. reported in 2011
that the mixed ligands of thiosemicarbazone along with
phosphine ligand of gold complex [71].

R

N

Schiff base compound

Scheme-1: The reaction between aldehyde or ketone and primary amine to form Schiff base.
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Complexes of Coinage Metals

Covalency parameters and ESR spectrum of
the antitumor manager 3-ethoxy-2-oxo-butyraldehyde
thiosemicarbazone copper(ll) was reported by
Campbell et al. in 1976 [72]. These Kkinds of
complexes (Fig-1) have showed mutually monomers
and dimers structure. These complexes are used sulfur
linking in the axial direction of two planar Cu(lIl) hubs
to form a dimer Centrosymmetric.

3 | °H
H(|J cl
N H

NN
|
HZN/C\S \S/ \NHZ

Fig. 1. Thiosemicarbazone3-ethoxy-2-oxo-butyr
aldehyde copper(Il) complex.

Super complexes simply as several different
binuclear and trinuclear copper(ll) complexes
(Scheme 2) with quadridentate ligands with Cu(ll),
which is derived from o-hydroxybenzaldehyde and its
thiosemicarbazones (A) was reported by Zelentsov et
al. in 1977 [73]. The Super-complexes rest on upon
the nature of the reactants and the anions. Similarly,
bromides and chlorides donated binuclear adducts (B)
of the kind [ML.M’X], even though nitrate salts and

OH
+  H,NNH.CNH,

CHO

M2*,0H",.L

S—R
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perchlorate offered trinuclear compounds (C) of the
kind [(ML)2M]Y> (where Y = NOz or ClO,), in which
the nitrate ions and perchlorate stay extant as able ions
in the crystal matrix but metal atom are not
coordinated.

7 No ol \
N\ / +  CuX,
Y= I =
x He=N' Necm X
N_<SR
(A)
— &
R
@ e
HC Il
Il .
NN /Z>\4/X or I\i >/<Z> MY,
| ~ s N
o4 ko
R'" HC
L _
R’ ©

Scheme-2: Super complexes form, by the interaction
of copper(ll) salts with quadridentate
ligands.

Gerbeleu et al. reported in 1982 complexes of

TSCs, where sulfur atom of the ligand did not chelate
with metal ions (Scheme 3) [74].

OH

C=N.NH.C.NH,
I
H S

M2*OH",L

M= Cu**,Ni**,VO?"; R=H, NH, Na, orK

Scheme -3:

Template reaction of TSCs synthesis and complexes formation without sulfur bonding [75].
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A.G. Bingham et al. and C.F. Bell et al. both
were reported the dimeric Cu(ll) complex derived from
Cu(ll) acetate and 2-formylpyridinethiosemicarbazone
(HFoPytsc). The tridentate N-N-S deprotonated
thiosemicarbazone ligand the quarter basal site affianced
by an intensely coordinated acetate oxygen (i. e. Cu-O,
195 pm). When deferred in concentrated sulfuric acid, the
acetate dimer yields 2nd dimeric product in 1987 [76].
Fig-2 show that this complex Centro symmetric dimer
and more weakly coordinate in bridge, axial acetate
oxygen (i. e. Cu-O, 242 pm).

Fig. 2. Dimeric of

Complex
Copper[{Cu(HFoPytsc)CH3;CO2}-].

M.B. Ferrari et al. reported in 1989 Copper(I1)
complexes such as rock assemblies of the methyl ester of
pyruvic acid thiosemicarbazone, HMePyrutsc, and later
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the ethyl ester, HEtPyrutsc [77]. This dimeric complex
(Fig.3) has made bridging via chloro ligand occupying
apical positions and five coordinate square pyramidal
Cu(ll) complex.

CH,

HC
HzN\C/NQN/ Ne— O~ o —CHs

/ Il H
HS/ Cu 0 :
Hel Y
v Cl
\/
H, O—Cu—SH
AN
H5C (0) /CH N~ \NHZ
H,C
Fig. 3: [{Copper (Ethyl ester of pyruvic acid

thiosemicarbazone)Cl}.].

A chain of aheterocyclic-N* take the place of
TSCs was produced through condensation method from
ketone or aldehyde and their parent thiosemicarbazone.
Thiosemicarbazone ligand and CuCl, with reflux to form
Cu(TSC)CI complexes (Scheme 4) was reported in1998
[78-81]. E. Shahsavani et al. reported few complexes of
silver(l) thiosemicarbazone of varied ligands and their
antibacterial properties in 2015. The Ag(l) atom be there
coordinated to the Phosphorus atom of diphenyl (p-tolyl)
phosphine and sulfur atom of thiosemicarbazone
coordinated to Ag(l) (Scheme 5) [82- 83].

X<
S e« C—p” X S
I o, TN meen [
HZN\N/C\ — 3 R, o HC:N/C\CﬁN\ /C\N/R3
H | MeOH, AcOH | |
R, reflux, 4h R, R,
CuCl,, EtOH
reflux, 1h
Y
R
H Ry |2
] N\
X¢C\C/C§N'N§$/ R;
| I |
~__N Cu—S
HC\C |
H Cl

Scheme -4:
complexes

Common synthetic path of the thiosemicarbazones and copper thiosemicarbazone chloride
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S
I N r
AgNO; + 2 /C\N/ %C/ + PPh,(p-tolyl)
>N
H H
— r . ;
’ HN N ¢
N C
HN H |
\C—S S PPh,(p-tolyl)
7 7N\ (NO3),
H,N Ag---Ag\ /NH2
(p- tolyl)Pﬁ S “s=C ~
NH
R ” H N/
=N
N A er
H N NH, /
H R
OCH,

O Q.Q QLT

R_

Scheme-5:

Mahendiran et al. reported the heteroleptic
Ag(l) and Cu(ll) complexes with naproxen and
terpyridines. The heteroleptic Ag(l) complexes TSCs
and naproxen was reported in 2015 [84-85]. The
scheme-6 shows the aerobic reaction of sodium
naproxen through  2-{1-(4-substitued phenyl)
ethylidene)hydrazinecarbothioamide (L**) in the
presence of AgNOs in methanol to form heteroleptic
Silver(l) complexes of form [Ag (L**) (nap)].

Recently, Tavone et al. have adjusted polar
groups of thiosemicarbazones, such as N-ethylmor
pholine, pointing the variation of the hydrophobicity
of metal complexes. They have wused N-
ethylmorpholine and N-ethylpiperidine with vanillin

Synthetic path for mixed-ligands silver complexes.

thiosemicarbazones (3-methoxy-4-hydroxybenzal
dehydethiosemicarbazone)  O-alkylated  moieties
toward develop the solubility of Ag complexes in 2018
[86]. The complexes (scheme-7) were synthesized
from the reaction of the reactants, thiosemicarbazone
of 3-methoxy-4-R-benzaldehyde with AgCl and PPh;
in a molar 1:1:2 ratio.

Less et al. reported in 2011 that Au(l)
complexes through thiosemicarbazones are vastly
cytotoxic, whereas constraining thioredoxin reductase
(TrxR) action against mortal tumor cell. [87-88].
Triethylphosphine gold(l) complexes were gotten with
secnidazole-derived thiosemicarbazones and their
cytotoxic actions against normal cell and solid tumor
in hypoxia and normoxia conditions were assessed in
comparison with Tirapazamine.
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H
L1 L2 L3 L4 R N—c—NH;
R= H Cl NO, CH, NO i
g

HAg_
o, O
\/
3
CH
>
™o
(1-4)
Scheme-6: The Scheme shows formation of heteroleptic Ag(l) complexes.
Cl
| PHPhs
H,COC AN
H,COC 3 =\ PHPh
} N CH,CN | \SH ’
2PPh, + Hlll\]/s + AgCl ——— > HN— 2~
RO
RO HzN H2N
R=H (1); N-ethylmorpholine (2) and N-
ethylpiperridine (3)
Scheme-7: Reaction scheme of Silver (I) compounds.
B CH3 ]
~.2S N=C CHj3
¢ ;) | H
HN MeOH/CH,CL, HCQC/N\ sy N~c—Ri PF,
Y
N +(C,Hg);PAUCl +KPFq ~3p/550Cc ;o C I
g 02N H2 S|
H,c” \/CH2 AT
H;C N Ph
Cc—NO
N 7 2 - | —
N—CH
R, = NH, (1), NHCH; (2), NHC4H; (3) — -
Scheme-8: Synthesis  of trietylphosphine gold(l) complexes through secnidazole-derived
thiosemicarbazones (D[AU(HL1)P(CH,CHs3)3]PFs, (2)[Au(HL2)P(CH,CHj3)3]PFs,

(3) [AU(H L3)P(CH2C H3)3] PFs,

The fig-4 shows one chloride ion and one  Au(lll) center, and counter ion turns as a chloride.
anionic thiosemicarbazone ligand are attached to  Gold(lIl) complex extremely cytotoxic against THP-1
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(mortal monocytic leukemia) and HL-60 (mortal
promyelocytic leukemia) cells [89].

— —+
Br

N/

\ L
Au N

a” \ /[]\
S
NH,
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The aldehyde will be liquefied in required
amount of organic solvent and acetic acid was added
as catalyst (Scheme 8) [90-91]. The equivalent amine
was dissolved in suitable organic solvent then will be
added to the aldehyde solution. The resultant solution
will be refluxed for 4 h, in a round bottomed flask with
constant magnetic stirrer. The product was dried under
reduced pressure then the crude product was washed
with suitable solvent. The product was recrystallized
with solvent evaporation technique.

Complex synthesis

The metal complexes was produced by the
reaction between the NSO coordinating sites
containing TSCs Schiff base ligands and the metal
ions, i.e. Cu (1) Au (I1l) and Ag (I). The ligand and
metal ion ratio in the complexes synthesis reaction was

Fig. 4: Complex of [(3-(4-bromophenyl)-1-pyridin-
9 2_2:'?)2;; Z?en[-(l-e(zn-oL%E?gseer:)i/cérb; yriem mostly 1:1 and in a few cases was 2:1 ratio [92-93].
zonato)chloro gold(111)] chloride The subsequent solution was refluxed for 20-24 hour,
' in a round bottomed flask with stirring. The reaction
was conducted in THF, methanol, ethyl acetate or
DMSO as solvent in alkaline medium. The complexes
Synthesis was purified by recrystallization with slow
vaporization of solvent and diffusion techniques.
Synthesis of ligand
H S H g H
N
R, C% “ reflux 4h ® CQN/ \C/ N
O R A AN I
N N Abs. MeOH, S
OH H H CH;COOH OH
OCHj; OCH;
Scheme-9: The scheme shows the reaction between N-substituted carbothioamide and benzaldehyde products
(OCHj) to synthesis of Schiff base ligands.
— - n-
H
H H H eoN N
N Ry Ca e — NN
R, NN N N C R,
N |C| R, MX,/NaOH m S/
— M
OH S 0 \
OCH, Abs.Methanol OCH,4 X
refluxe, 20h - -
Scheme-10: The scheme displays the reaction between tri-dentate NSO Schiff base ligands and chloride

salt of metals ion in alkaline medium.
Cancer activity of thiosemicarbazone and coinage
metal complexes

Copper, silver and gold are three coinage
metal of group VIB of the periodic table. In the ancient

world, copper, silver and gold were the coinage metals
and most medieval coins. Thiosemicarbazone and
their coinage metal complexes have nonlinear optical
properties and various biological properties [94-98].
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Anti-cancer activities of copper complexes with
thiosemicarbazone Schiff base

Cancer is a fatal disease. Almost of 50 %
men and 30 % women are diagnosed by cancer
globally [99]. It is familiar that one-quarter of grown-
ups' humanity is owing to cancer [100]. Saryan et al.
in 1979 investigated the antitumor action of Copper
(I1) complex and found that are potent antitumor
agents [101]. Crim et al. and co-workers showed that
the antitumor action of 3-ethoxy-2-oxobutyraldehyde
bis(thiosemicarbazone), H,KTS, be there the four-
coordinate chelate, [Copper(KTS)] [102]. M. Ligo et
al. reported in 1977 that copper complexes of 2-
acetylpyridine  thiosemicarbazones have  solid
antineoplastic action against a number of natural
murine tumors, transplantable tumors [103]. Their
antitumor action is measured to include each reserve
the enzyme, ribonucleotide reductase, a mandatory
enzyme Deoxyribonucleic acid production in 1976
[104-105]. Antholine et al. studied the cytotoxicity of
copper complexes of 2-formylpyridine
thiosemicarbazones beside Ehrlich ascites cancer cells
in 1976 [106].

Bushnell and Tasang et al. were investigated
the benzil-bis(thiosemicarbazone) copper(11) complex
and crystal structures of 3-ethoxy-2-oxo-butyral
dehydethiosemicarbazone, its copper complex (the
Cu(KTS)-complex), which is some related the
antitumor appliance at the molecular smooth in 1979
[107]. L.A. Saryan et al. have been described required
of the anticancer agent Cu(FoPytsc), copper(ll)
complex of 2-formylpyridine thiosemicarbazonato
with Ehrlich ascites cancer cells in 1981 [108]. Ferrari
et al. informed in 1998 the antitumor activities of
Cu(ll)  complexes of  5-formyluracilthiosemi
carbazone on mortal leukemic cancer cell lines K562
[109]. Hall et al. investigated the ligands and their
Cu(Il), Zn(11), Cd(11), and Ni(ll) complexes exhibited
like action in the suspended lymphoma and suspended
leukemia cell shapes. In the mortal compact cancers
their metal complexes less an inactive than the free
bis(thiosemicarbazones) in 2000 [110]. Garcia-Tojal
et al. reported the redox activities and interface of
[Copper(L).] (L=thiophene-2-carbaldehydethiosemi
carbazone) [111] and of [Cu(L)(NOs)], (L= PT) and
[Fe(L)2]NOs.0.5 H,O with reduced 2-mercaptoethanol
and glutathione, composed with their antitumoral and
cytotoxic activity, and suggested that contact with
cellular thiols, connected to the cytotoxicity of these
complexes contrary to melanoma B16F10 cells and
Friend erithroleukemia (FLC) in 2001 [112].

Lewis J.S. et al. observed in 2011 that the
inhibition of topoisomerase copper(ll) complexes of
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square planer shape. These shows cytotoxic activities
and reserve of topoisomerase Ilo apparently increased
[113]. Despaigne et al. reported the TSCs containing
the chalcone frame and Cu(ll) complexes of these
ligand These Cu(ll) complexes shows potential
cytotoxicity was reported in 2013 [114]. M. Jagadeesh
et al. reported that halogen substituted TSCs, and
their Cu(ll) complexes are active against liver cancer
[115]. The TSCs is made on the piperonal structure,
exhibited potential activity against different type of
colon cancer [116]. The bis(thiosemicarbazone)
copper complex is found [117] or while conjugated to
D-proline where the L-enantiomer is not more active
in 2014 [118].

Anti-cancer activities of silver complexes with TSCs
Schiff base

Liberta et al. have reported in 1993 that
thiosemicarbazone antitumor compound such as 3-
aminopyridine-2-carbaldehydethiosemicarbazone
(Triapine) and their metal complexes exhibit
significant cytotoxicity [119]. It is indicated that an
enzyme controls the topology of DNA and the
cytotoxicity of thiosemicarbazone metal complexes
prevent DNA topoisomerase Il was reported by
Easmon et al. in 2001 [120].

T.S. Lobana et al. reported the synthesis of
mixed-ligands method of Ag(l) complexes and studied
their anticancer properties. Some structure of Ag (I)
thiosemicarbazone complexes was reported in 2003
[121-123]. Zhang et al. reported that silver(l)
complexes of 2-formylpyridinethiosemicarbazone and
2-thiophene-N(4)-methylthiosemicarbazone show
similar cytotoxicity as cisplatin against  colon
adenocarcinoma (HCT-8) and liver (SMMC-7721)
cancer cell lines in 2010 [124-125]. M. poyraz et al.
reported silver complexes, which significant toxicity
to nonmalignant cells, kidney and dermal cell. These
complexes of the formula [Ag(L)(PPhs):] (L—
benzoic acids; PPh; — triphenylphosphine) tempted
apoptosis in mortal breast adenocarcinoma (MCF-7)
and leiomyosarcoma (LMS) cell lines was reported in
2011 [126]. Silver(l) complexes of naproxen, salicylic
acid and aspirin  show important antiproliferative
activities against breast cancer was reported by Banti
etal. in 2012 [127-129].

S. Medici reported that if triphenylphosphine
(PPh3) was used instead of 1,10-phenanthroline the
antitumor activity of silver compound get improved.
Such as a result of the improvement of hydrophobicity
affected in PPhs and these complexes tend to be more
insoluble in polar solvents in 2016 [130]. M. Tavone
et al. have tuned TSCs contain glacial groups, such as
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N-ethylmorpholine, monitored the variation of the
hydrophobicity of metal complexes. The solubility of
Ag complexes in polar solvents to enhance, if we have
used vanillin thiosemicarbazones (3-methoxy-4-
hydroxybenzaldehydethiosemicarbazone) O-alkylated
with  N-ethylpiperidine and  Nethylmorpholine
moieties in 2018 [131]. Oliveira et al. Confirmed that
thiosemicarbazones and hydrazones derived from
secnidazole, Ag(l), and Bi(lll) complexes of 5-
nitroimidazole compound, showed to be very much
active against anaerobic strains and were inactive
against aerobic bacteria, at little oxygen
concentrations and reduction of the nitro group
potency be portion of their antimicrobial way of action
in 2019 [132]. Silver complexes, [Ag(phen)(L)]NOs
was not only fewer poisonous used for the non-tumor
breast cell link MCF-10A, but also more active than
Cisplatin. The apoptotic and cytotoxic effects of these
complexes [Ag(phen)(L)NOs on TNBC cell link
MDA-MB-231, where phen indicate 1,10-
phenantroline; L indicate 2-formylpyridine-N(4)-R-
thiosemicarbazones) in 2020 [133].

Anti-cancer activities of Gold complexes with
thiosemicarbazone Schiff base

Baker et al. first reported the anticancer
properties of a pane of cationic mononuclear
[Au(NHC)2]* (NHC, N-Heterocyclic carbene) and
dinuclear [Au(bisNHC).]** complexes [134-135]
Kitanovic et al. defined a series of [Au(NHC)CI]
complexes behavior benzimidazole ligands with TrxR
inhibition activity [136]. Lok et al. reported that
gold()-thiourea complex can inhibit the activity of
Trxr via gold(l) coordination with the active sites of
selenocysteine selenol/ cysteine thiol [137]. Bagowski
et al. reported a series of [Au(PPhs)(alkynyl)]
complexes, which were detected to inhibit glutathione
reductase and TrxR activity [138]. Powis et al.
reported thioredoxin reductase is a selenoenzyme. It is
vital for redox homeostasis and antioxidant shield.
TrxR is stated in numerous cancer cell lines and
inactivation has been related to reserve of chamber
increase. Therefore, TrxR could be measured as a
capable goal for anticancer analysis in 2006 [139-
140].

Casini et al. reported that gold(I111) complex
shows antitumor activity. It is isoelectronic (5d®) and
quadratic (isostructural) with Pt(11) in 2008 [141-143].
Several researchers reported that Au(l/111) complexes
are effective inhibitors of TrxR as the cytotoxic
actions of these complexes are owing toward TrxR
reserve in 2009 [144-146]. Lessa et al. reported in
2010 that gold complex of 2-acetylpyridine moiety
containing thiosemicarbazones showed cytotoxicity
against glioma cells [147-148]. Castelli et al. observed
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inhibition of topoisomerase Au(l11) complexes contain
square planer complexes that shows cytotoxic
activities and inhibition of topoisomerase Ila
significantly increased in 2011 [149]. Ponader D et al.
have shown action contrary to a kind of tumor types of
Au(l) complexes in 2012 [150-152]. Rodriguez et al.
Gold(l) and  Gold(lll)  complexes  through
thiosemicarbazones and bis-(thiosemicarbazones) to
action as inhibitors of the seleno-enzyme thioredoxin
reductase and to show antiprolifer active activity
against cancer cells in 2018 [153-154]. Yang et al,
Diethynylfluorene derivatives of gold(l) have been
reported  for their anticancer activities. In this
contribution, a list of diethynylfluorenes and their
gold(l) complexes have been studied, and the study
found that non-metallic diethynylfluorenes show
lower cytotoxicity than cisplatin [155].

1. Anti-bacterial activities of copper, silver and gold
Schiff base

The thiosemicarbazone and their transitional
metal complexes have potential biological activity
against several bacterial infectious diseases originated
by multi-drug, which are used to against Gram-
negative besides Gram-positive microorganisms
[156]. These have been increased at alarming rate
through the ecosphere [157]. TSCs mainly NSO
having chelating agents showed potential activity
against bacteria. It is due to their physicochemical and
pharmacological properties [158-161]. D. X. West et
al. was reported copper(ll) complexes of
[Cu(HACPyOtscpo)X] (X = Br/ CI) expressions
diffident doings beside Paecilomyces oariotii, but 2-
acetylpyridine N- oxide thiosemicarbazones exhibited
not at all growing inhibitory doings beside Aspergillus
niger, still not for instance abundant as the copper(I1)
complexes of the like 2-acetylpyridinethiosemi
carbazone in 1991 [162]. Bindu. P et al. reported N-4-
phenyl salicylaldehyde thiosemicarbazone and it’s
Cu(I1) complexes exhibited inhibitory against human
pathogenic microorganisms, Shigella dysentariae,
Salmonella typhi, non-coagulase S. aureus, and
Photobacterium sp. These complexes exhibited
activity against plant pathogenic fungi. The complexes
demonstrate higher because the chelation increase in
lipophilicity [163]. Kiraz et al. reported the
antibacterial activity of isonicotinoylhydrazones of 3-
(N-methyl)isatin and 2-thiophenecarbonyl hydrazone
complexes of Ni(ll), Cu(ll) and Zn(ll). The metal
complexes of 2-thiophene carbonyl hydrazone shows
potent antibacterial activity to Bacillus subtilis with
MIC of 3.0-25.0 ug mL*[164]. Li, Q etal. reported in
2000 thiosemicarbazones and vitamin K3 was
synthesized and its Mn(Il), Ni(ll), Cu(ll) and Zn(Il)
complexes, which a new drug based on efficacies



Md. Mohiuddin et al.,

against bacteria. This ligand and its complexes have
strong inhibitory activities against gram negative E.
coli, Hay bacillus and gram positive [165]. Narang et
al. reported 2001 the antibacterial action of
copper(ll), cobalt(ll),  nickel(ll),  cobalt(ll),
manganese(Il) and iron(I11) complexes of (7-chloro-4-
(benzylidenehydrazo)quinoline and exhibited
potential activity against E. coli S. aureus [166].
Savini et al. reported in 2004 antibacterial action of
copper(1l), cobalt(ll), cadmium(Il), nickel(ll), and
zinc(Il) complexes of acetophenone-4-aminobenzoyl
hydrazone and 4-hydroxyacetophenone-4-amino
benzoyl hydrazine. These showed significant activity
against A. niger and E. coli. [167-169].

Conclusion

Schiff base ligands can be prepared easily
through a modest concentration reaction between an
aldehyde or ketone and primary amine. The biological
action of thiosemicarbazones metal complexes was
mentioned. Copper complexes shape may be square
planer, octahedral and bi-pyramidal. Few cases it was
found that copper complexes more active than
cisplatin against different cancer cell lines. Silver
complex may be linear. Silver complex have showed
promising anticancer performance. Silver therapeutic
agent as an antiseptic, anti- inflammatory and
antibacterial agent are recognized. Gold (I, IlI)
complexes have treatment of malaria, leishmaniasis,
and tuberculosis and HIV infection. Gold complex is
isoelectronic and isostructural, it may form square
planer shape and mechanisms of anti-proliferative
activity are considerably different. Some Gold
complexes are unstable because their ligands are easily
replaced under biological conditions. The
thiosemicarbazone Schiff base complexes (Cu, Ag,
Au) could be promising anticancer and antibacterial
agent.

Acknowledgement

The author want to acknowledge for
Promotional  Research  Grant  (Project ID:
PS/2022/1/07, 2021-2022), Research Center, SUST,
Sylhet 3114, Bangladesh.

References

1. Schiff H. Mittheilungen aus dem
Universitatslaboratorium in Pisa: Eine neue Reihe
organischer Basen. Justus Liebigs Ann Chemistry,
131, 118 (1864).

2. S. Padhye, G.B. Kauffman, Transition metal
complexes of semicarbazones and
thiosemicarbazones. Coor. Chem. Rev., 63, 127
(1985).

10.

11

12.

13.

14.

J.Chem.Soc.Pak., Vol. 46, No. 01,2024 61

W. Liufang, Z. Ying, Y. Zhengyin, W. Jigui , W.
Qi, Manganese (ii) complex of a hydrazone ligand
derived from pyruvic acid and 4-pyridine carboxylic
acid hydrazide synthesis and crystal structure.
Polyhedron, 10, 2477 (1991).

G. G Mohamed, M. Omar, A. A Ibrahim, Biological
activity studies on metal complexes of novel
tridentate Schiff base ligand. Spectroscopic and
thermal characterization. European J. Med. Chem,
44, 4801 (2009).

J. Balsells , L. Mejorado , M. Phillips, F. Ortega, G.
Aguirre, R. Somanathan, P. J. Walsh, Synthesis of
chiral  sulfonamide/  Schiff base ligands.
Tetrahedron: Asymmetry, 9, 4135 (1998).

A. M. Isloor, B. Kalluraya, P. Shetty, Regioselective
reaction:  synthesis,  characterization  and
pharmacological studies of some new Mannich
bases derived from 1, 2, 4-triazoles. European J.
med. Chem., 44, 3784 (2009).

W. AlZoubi, Y.G. Ko,Organometallic complexes of
Schiff bases: Recent progress in oxidation catalysis.
J. Orga. Chem., 822, 173 (2016).

S. Eswaran, A. V. Adhikari, N. S. Shetty, Synthesis
and antimicrobial activities of novel quinoline
derivatives carrying 1, 2, 4-triazole moiety.
European J. med. Chem, 44, 4637 (2009).

P. Przybylski, A. Huczynski, K. Pyta, B. Brzezinski,
F. Bartl, Biological properties of Schiff bases and
azo derivatives of phenols. Current Org. Chem, 13,
124 (2009).

S. V. Gaikwad , B. B. Musale , S. M. Lonkar , An
Ecofriendly Synthesis and Bioactivity Evaluation of
New Bromo Schiff’s Bases in Water under Stirring
Method, International J. Uni. Sci. and Tech., 03, 256
(2018).

V. B. Arion, M. A. Jakupec, M. Galanski, P.
Unfried, B. K. Keppler, Synthesis, structure,
spectroscopic and in vitro antitumour studies of a
novel gallium (111) complex with 2-acetylpyridine
4N-dimethylthiosemicarbazone. J. Inor. Biochem.,
91, 298 (2002).

C. C. Garcia, B. N. Brousse, M. J. Carlucci, A. G.
Moglioni , M. M. Alho , G. Y. Moltrasio , N. B.
D'Accorso, E. B. Damonte, Inhibitory effect of
thiosemicarbazone derivatives on Junin virus
replication in vitro. Anti. Chem. and Chemo., 14, 99
(2003).

H.J. Zhang, Y. Qian, D. D. Zhu, X. G. Yang , H.
L. Zhu, Synthesis, molecular modeling and
biological evaluation of chalcone thiosemicarbazide
derivatives as novel anticancer agents. European J
Medi. Chem., 46, 4702 (2011).

A. Walcourt, M. Loyevsky, D. B. Lovejoy, V. R.
Gordeuk, D. R. Richardson, Novel aroylhydrazone
and thiosemicarbazone iron chelators with anti-
malarial activity against chloroquine-resistant and-



Md. Mohiuddin et al.,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

sensitive parasites. The International J. Biochem. &
Cell bio, 36, 401 (2004).

M. Wang, L. F. Wang, Y. Z. Li, Q. X. Li, Z. D. Xu,
D. M. Qu, Antitumour activity of transition metal
complexes with the thiosemicarbazone derived from
3-acetylumbelliferone. Tran. Met. Chem, 26, 307
(2001).

N. Gulerman, S. Rollas, H. Erdeniz, M. Kiraz, Anti-
bacterial, anti-fungal and anti-mycobacterial
activities of some substituted thiosemicarbazides
and 2, 5-disubstituted-1, 3, 4-thiadiazoles. J. Phar.
Sci., 26, 1 (2001).

K. H. Reddy, P.S Reddy, P. R. Babu, Nuclease
activity  of  2-substituted heteroaromatic
thiosemicarbazone and semicarbazone copper (I1)
complexes. Tran. Met. Chem., 25, 154 (2000).

M. B. Ferrari , F. Bisceglie, G. Pelosi , M. Sassi, P.
Tarasconi, M. Cornia, S. Capacchi, Albertini R,
Pinelli S, Synthesis, characterization and X-ray
structures of new antiproliferative and proapoptotic
natural aldehydethiosemi carbazones and their
nickel (1) and copper (II) complexes. J. Inor.
Biochem., 90, 113 (2002).

M. Adams, C. de Kock, P. J. Smith, K. Chibale, G.
S.  Smith, Synthesis, characterization and
antiplasmodial evaluation of cyclopalladated
thiosemicarbazone complexes. J. Orga. Chem., 736,
19 (2013).

R. Sharma, T. S. Lobana, M. Kaur, N. Thathai, G.
Hundal, J. P. Jasinski, R. J. Butcher , Variable
coordinating activity of sulfur in silver(l) complexes
with  thiophene  based N  1-substituted
thiosemicarbazones: First case of thiopheneyl-
thione sulfur bridging in a dinuclear complex. J.
Chemical Sci, 128, 1103 (2016).

M. A. Arafath, F. Adam, S. R. Fouad, Al-Suede, S.
A. Juaid, B. Mohamed, K. Ahamed, M. Amin, S. A.
Majid, Schiff base-nickel, palladium and platinum
complexes derived from N-cyclohexylhydrazine
carbothioamide and 3-hydroxy-4-
methoxybenzaldehyde: Selective Antiproliferative
and Proapoptotic Effects Against Colorectal
Carcinoma. Drug Dev. Res. 80, 778 (2019).

S. Medici, M. Peana, V. M. Nurchi, I. J. Lachowicz,
Crisponi, M. A. Zoroddu, Noble metals in medicine:
Latest advances. Coor. Chem. Revi. 284, 329 (2015).
D. J. Drain, C. L. Goodacre and D. E.
Seymour, Some further studies on the in vitro
tuberculostatic behaviour of para-aminosalicylic
acid and related compounds. J. Pharm. Phar., 1, 784
(1949).

R. L. Thompson, S. A. Minton, Jr., E. Officer and G.
H. Hitchings, Effect of Heterocyclic and Other
Thiosemicarbazones on Vaccinia Infection in the
Mouse, J. Immunol., 70, 229 (1953).

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

J.Chem.Soc.Pak., Vol. 46, No. 01,2024 62

D. H. Jones, R. Slack, S. Squires and K. R. H.
Wooldridge, Antiviral Chemotherapy. 1. The
Activity of Pyridine and Quinoline Derivatives
against Neurovaccinia in Mice. J. Med. Chem., 8,
676 (1965).

D. J. Bauer, L. St. Vincent, C. H. Kempe and A. W.
Downe, Prophylactic Treatment of Smallpox
Contacts with N-Methylisatin(B-Thiosemi
carbazone (Compound33T57,Marboran), Lancet, 2,
494 (1963).

A. Lewis and R.G. Shepherd in A. Burger (Ed.), In
Vitro Activities of Cloxyquin(5-Chloro quinolin-8-
ol)against Mycobacterium  tuberculosis,  Med.
Chem., Wiley, New York, p. 431 (1970).

A. Kaminski, Prensa Med. Argent. Ligational
behavior of two biologically active NS donors
toward oxovanadium (IV) ion and potentiation of
their antibacterial activities by chelation to, J. Inor.
Biochem., 40, 1263 (1953).

D. L. Klayman, J. E. Bartosevich, T. S. Griffin, C. J.
Mason and J. P. Scovill, 2-  Acetylpyridine
thiosemicarbazones. 1. A new class of potential
antimalarial agents, J. Med. Chem., 22, 855 (1979).
D. L. Klayman, J.P. Scovill, J.F. Bartosevich and
C.J.Mason,2-Acetylpyridinethiosemi carbazones. 2.
N* N*-Disubstituted ~ derivatives as potential
antimalarial agents, J. Med. Chem., 22, 1367 (1979).
D. L. Klayman, J. P. Scovih, J. F. Bartosevich and
C. J. Mason, Eur. 2-Acetylpyridine Thiosemi
carbazones.lll:  Selenium analogs as potential
antimalarial agents, J. Med. Chem., 16, 317 (1981).
X. Douglas, E. L. West and Anthony, S. B. Padhye,
R. C Chikate, P. B. Sonawane, S. A. Kumbhar and
R. G Yerande, Thiosemicarbazone complexes of
copper (1) Structural and Biological studies, Coor.
Chem. Rev., 123, 49, (1993).

D. H. Petering, Physico-chemical properties of the
antitumor agent, 3-ethoxy-2-oxobutyr aldehyde bis
(thiosemicarbazonato)copper(Il), Bioinor. Chem., 1,
255 (1972).

D. T. Minkel and D. H. Petering, Cancer Res., Initial
Reaction of 3-Ethoxy-2-oxobutyr  aldehyde
Bis(thiosemicarbazonato)Copper(1l) with Ehrlich
Ascites Tumor Cells, Cancer Res., 38, 117 (1978).

D. T. Menkel, L. A. Saryan and D. H. Petering,
Structure-function correlations in the reaction of
bis(thiosemicarbozonato) copper(ll) complexes
with Ehrlich ascites tumor cells, Cancer Res., 38,
124 (1978).

M. C. Jain, A. K. Srivastava and P. C. Jain, Some
tetragonally distorted copper(ll) complexes of 4-
benzylamidothiosemicarbazide and its thiosemi
carbazone, Inorg. Chim. Acta, 23, 199 (1977).

S. Caric, D. Petrovic, D. Lazar and V.M. Leovac, X-
ray powder data and crystallographic data of copper-
salicylaldehyde-s-methylthiosemicarba zone and


https://europepmc.org/article/med/15392542
https://europepmc.org/article/med/15392542
https://europepmc.org/article/med/15392542
https://www.sciencedirect.com/science/article/pii/0162013488800345
https://www.sciencedirect.com/science/article/pii/0162013488800345
https://www.sciencedirect.com/science/article/pii/0162013488800345
https://www.sciencedirect.com/science/article/pii/0162013488800345

Md. Mohiuddin et al.,

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

copper-8-quinolinealdehyde-s-methyl
tliiosemicarbazone complexes. Z. Kristallogr., 148,
153 (1978).

V.M. Leovats and N.V. Gerbeleu, Zh. Neorg.
Khim., Coordination compounds of copper (I1) with
S-methylthiosemicarbazone of salicyl aldehyde,
Chemisc. Information., 23, 1272 (1978).

S. Padhye, G. B. Kauffman, Transition metal
complexes of Semicarbazones and Thiosemi
carbazones., Coor. Chem. Rev., 63, 127 (1985).

W. C. Kaska, C. Carrano, J. Michalowski, J. Jackson
and W. Levinson, Inhibition of the RNA dependent
DNA polymerase and the malignant transforming
ability of Rous sarcoma virus by thiosemicarbazone-
transition metal complexes. Bioinor Chem., 8, 225
(1978).

B. P. Mohapatra and S. K. Pujari, Ind.., Complexes
of Cobalt (II), Nickel (1), Copper (Il), Zinc (I1),
Cadmium (II) & Mercury (II) with Chelating
Tridentate Ligands, Semicarbazone &
Thiosemicarbazone of Benzoin, J. Chem., 22A, 525
(1983).

Y. K. Bhoon, Ind., Copper (II), Nickel (1) & Cobalt
(1) Complexes of Monothiosemi carbazone of
9,10-Phenanthraquinone, J. Chem., 22A, 433
(1983).

N. C. Mishra and B. Mohapatra, Complexes of
Co(Il), Ni(l), Cu(ll) and 2zn(ll) with ethyl
acetoacetate semicarbazone and thiosemi carbazone,
J. Inor. Nucl. Chem., 41, 408 (1979).

D. X. West, R, M. Makeever, J. P. Scovill and D. L.
Klayman, Copper(ll) complexes of thiosemi
carbazones derived from 2-acetylpyridine and its n-
oxide, Polyhedron, 3, 947 (1984).

X. Douglas, E. West and Anthony, Liberta, S. B.
Padhye, R. C. Chikate, P. B. Sonawane, A. S.
Kumbhar and R. G. Yerande, Thiosemicarbazone
complexes of copper (1) Structural and Biological
studies., Coor. Chem. Rev., 123, 49, (1993).

M.B. Ferrari, G.G Fava, C. Pelizzi, P. Tarasconi
andG.Tosi, Thiosemicarbazones as coordinating
agents. Part2. Synthesis, spectroscopic
characterization, and Xray structure of aquachloro
(pyridoxalthiosemicarbazone) manganese(ll)
chloride and aqua(pyridoxal thiosemicarbazonato)-
copper(ll) chloride monohydrate, J. Chem. Soc.,
Dal. Tran., 227 (1987).

N. V. Gerbeleu, M. D. Revenko and V. M. Leovac,
Russ. Structural and physical correlations in
the biological properties  of  transition  metal
heterocyclic thiosemicarbazone and S-
alkyldithiocarbazate complexes, J. Inor. Chem., 22,
1009 (1977).

F. Tui, K. I. Thurta and N. V. Gerbeleu, Russ.
Structural and physical correlations in the biological
properties of transition metal heterocyclic

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

J.Chem.Soc.Pak., Vol. 46, No. 01,2024 63

thiosemicarbazone  and S-alkyldithio  carbazate
complexe, J. Inor. Chem., 22, 1497 (1977).

E. K. John and M. A. Green, Structure-activity
relationships for metal-labeled blood flow tracers:
comparison  of  ketoaldehydebis(thiosemicarba
zonato)copper (1) derivatives, J. Med. Chem., 33,
1764 (1990).

E.W. Ainscough, A. M. Brodie, J. D. Ranford and J.
M. Waters, Structure of the copper(l1) complex of 2-
acetylpyridinehexamethylene iminyl
thiosemicarbazone, [Cu(Lhexim)Br], J. Chem. Soc.,
Dal. Tran., 2195 (1991).

C. N. Banti,A. D. Giannoulis ,N. Kourkoumelis et
al.Mixed ligand -silver(l) complexe with anti-
inflammatory agents which can bind to
lipoxygenase and calfthymus DNA, modulating
their function and inducing apoptosis. Metallomics,
4, 545 (2012).

L. Kyros, N. Kourkoumelis, M.Kubicki, L. Male,
M.B. Hursthouse, I.I. Verginadis,E. Gouma, S.
Karkabounas, @ K.  Charalabopoulos, S.K.
Hadjikakou, Structural properties, cytotoxicity, and
anti-inflammatory activity of silver(l) complexes
with  tris(p-tolyl)phosphine  and  5-chloro-
2mercaptobenzo thiazole.Bioinor. Chem. App.,
2010 (2010).

J. S. Casas, M. S. Garcia-Tasende, Sordo. Main
group metal complexes of semicarbazones and
thiosemicarbazones: a structural review. J.
Coor.Chem. Rev., 209, 197 (2000).

L. A. Ashfield, A. R. Cowley , J. R. Dilwort and
P.S.Donnely, Functionalized Thiosemicarbazone
Clusters of Copper(l) and Silver(l). Inor.Chem., 43,
4121 (2004).

L. J. Ashfield, A. R. Cowley, J. R. Dilworth , P. S,
Donnelly,  Functionalized  thiosemicarbazone
clusters of copper (1) and silver (1). Inor. Chem., 43,
4121 (2004).

T. S.Lobana, S. Khanna, R. Sharma, G. Hundal, R.
Sultana, M. Chaudhary, R. J. Butcher and
Castineiras, A Versatility of Thiosemicarbazones in
the Construction of Monomers, Dimers and
Hydrogen-Bonded  Networks  of  Silver(l)
Complexes, Cry. Growth Des. 8, 1203 (2008).

T. S. Lobana, S. Khanna, G. Hundal, B. J. Lia and
C. W. Liu, The influence of substituents at the
C? carbon of thiosemicarbazones on bonding and
nuclearity of silver(l)complexes, Polyhedron, 27,
2251 (2008).

T. S. Lobana, S. Khanna, G. Hundal,P. Kaur, B.
Thakur, S. Attri and R. J Butcher, Coinage metal
derivatives of salicylaldehyde thiosemicarbazones:
Synthesis, structures, bond isomerism and H-bonded
networks, Polyhedron 28, 1583 (2009).

T. S. Lobana,S. Khanna and A. Castineiras, Sulfur
bridging by acetophenonethiosemi carbazone in


http://nopr.niscair.res.in/bitstream/123456789/49242/1/IJCA%2022A%285%29%20433-435.pdf
http://nopr.niscair.res.in/bitstream/123456789/49242/1/IJCA%2022A%285%29%20433-435.pdf
http://nopr.niscair.res.in/bitstream/123456789/49242/1/IJCA%2022A%285%29%20433-435.pdf
https://link.springer.com/chapter/10.1007/3-540-53499-7_1
https://link.springer.com/chapter/10.1007/3-540-53499-7_1
https://link.springer.com/chapter/10.1007/3-540-53499-7_1
https://link.springer.com/chapter/10.1007/3-540-53499-7_1

Md. Mohiuddin et al.,

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

[Ag(p-dppm)2(u-SR)AG(ONO2)] (NOs) dimer with
a new {Agz(u-P,P)2 (u-SR)} core, Inor. Chem., 10,
1307 (2007).

T. S. Lobana,S. R. Butcher, Synthesis, spectroscopy
and structures of halogen and sulfur-bridged
dinuclear  silver(l) complexes  with  N-
substitutedthiophene-2-carbaldehydethiosemi
carbazone, Polyhedron, 28, 1103 (2009).

T. S. Lobana, P. Kumari, I. Kaur, N. Kaur, G. Garg
and R. J. Butcher, Coinage (Cu,Ag) metal
derivatives  of  salicylaldehyde  N-ethylthio
semicarbazone:synthesis,  spectroscopy,  and
structures, J. Coor. Chem., 65, 1750 (2012).

A. Castineiras, R. Pedrido: Novel fluorescent
cationic  silver  thiosemicarbazone  clusters
containing  different  eight-membered  Ag4S4
metallacycles. Inor. Chem., 48, 4847-4855 (2009).
R. Pedrido,M. J. Romero,M. R. Bermejo, M. M.
Calvo,A. M. Noya, G. Zaragoza, Coordinative
trends of a tridentate thiosemicarbazone ligand:
synthesis, characterization, luminescence studies
and desulfurization processes, Bioin. Chem. and
Appl., 2010 (2010)

D. E. S. Silva, A. B. Becceneri, M. C. Solcia, J. V.
B. Santiago, M. B. Moreira, J. A. Gomes Neto,
F. R. Pavan, M. R. Cominetti, J. C. M. Pereira and
A. V. G. Netto, Cytotoxic and apoptotic effects of
ternary  silver()  complexes  bearing  2-
formylpyridine thiosemicarbazones and 1,10-
phenanthroline. Dalt. Trans., 49, 5264 (2020).

P. Patanjali, R. Kumar, Sourabh, A. Kumar, P.
Chaudhary and R. Singh, Reviewing Gold(lll)
complexes as effective biological operators. Main
Group Chem., 17, 35 (2018).

L. Zhou, H. Liu, K. Liu and S. Wei, Gold
compounds and the anticancer Immune Response.
Front. Phar., 12, 739481 (2021).

A. Valente, A. Podolski-Renic’, 1. Poetsch, N.
Filipovic’, O". Lo"pez, I. Turel and P. Heffeter,
Metal and metalloid-based compounds to target and
reverse cancer multidrug resistance, Drug Res.
Updates, 58, 100778 (2021).

L. Kou, S. Wei and P. Kou, Current Progress and
Perspectives on Using Gold Compounds for the
Modulation of Tumor Cell Metabolism, Front.
Chem., 9, 733463 (2021).

T. Gamberi, A. Pratesi, L. Messori and L. Massali,
Proteomics as a tool to disclose the cellular and
molecular mechanisms of selected anticancer gold
compounds, Coor. Chem. Rev., 438, 213905 (2021).
Y. Bai, G.J. He, Y.G. Zhao, C. Y. Duan, D. B. Dang,
Q. J. Meng. Porous material for absorption and
luminescent detection of aromatic molecules in
water. Chemical communi., 14, 1530 (2006).

S.D. Khanye, G.S. Smith, C. Lategan, P.J. Smith, J.
Gut, P.J. Rosenthal, K. Chibale, Synthesis and in

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

J.Chem.Soc.Pak., Vol. 46, No. 01,2024 64

vitro evaluation of gold(l) thiosemicarbazone
complexes for antimalarial activity. J. Inor.
Biochem., 104, 1079 (2010).

A. Molter, J. Rust, C.W. Lehmann, G. Deepa, P.
Chiba, F. Mohr.Synthesis, structures and anti-
malaria activity of some gold(1)phosphine
complexes containing seleno- and thiosemi
carbazonato ligands. Dal. Trans., 40, 9810 (2011).
M.J.M. Campbell, A.J. Collis and R.Grzeskowiak,*’
Electron paramagnetic resonance spectrum and
covalency parameters of copper-63 (KTS). Bioinor.
Chem., 6, 305 (1976).

V.V.Zelentsov, Y.V Rakitin, Y. Do, A.K Stroesku,
M.D. Revenko, K.I.Turta and N.VGerbeleu, Russ,
Transition metal complexes of semicarbazones and
thiosemicarbazones. J. Inor. Chem., 22, 233 (1977).
N.V Gerbeleu and F.K. Zhovmir, Russ. The
formation and properties of a tetradentate
macrocyclic ligand of thiosemicarbazones in the
presence of Cu (1) and Ni(ll) ions, J. Inor. Chem.,
27, 309 (1982).

D. X. West and A. E. Liberta, S. B. Padhye, R. C.
Chikate, P. B. Sonawane, A. S. Kumbhar and R. G.
Yerande, Thiosemicarbazone complexes of copper
(1) Structural and Biological studies. Coor. Chem.
Rev., 123, 49, (1993).

C.F. Bell and CR. Theocharis, Structure of the
antitumour agent di-p-acetato-(O)-bis[(2-
pyridinecarbaldehydethiosemicarbazonato)
copper(I)]. Acta Crysta. Sec. C 43 (1987).

A.G. Bingham, H. Bogge, A. Muller, E.W.
Ainscough and A.M. Brodie,  Synthetic,
spectroscopic, and X-ray crystallographic studies on
binuclear copper(ll) complexes with a tridentate
NNS-bonding 2-formylpyridine thiosemicarbazone
ligand. The characterization of both neutral and
deprotonated co-ordinated ligand structures. J.
Chemical Soc., Dal. Tran., 493 (1987).

M. B. Ferrari, G.G Fava, P.Tarasconi
Thiosemicarbazones as co-ordinating agents. Part 3.
Synthesis, spectroscopic characterization, and X-ray
structure of methyl pyruvate thiosemicarbazone

hemihydrate, chloro (ethyl
pyruvatethiosemicarbazonato)copper (II) (green
form), and chloro (pyruvic acid

thiosemicarbazonato)copper (Il) dihydrate (blue
form). J. Chemical Soc., Dal. Tran., 2, 361 (1989).

D. L. Klayman,J. F. Bartosevich,T.S. Griffin, C. J.
Mason, J.  P.  Scovill,  2-Acetypyridine
thiosemicarbazones. 1. A new class of potential
antimalarial agents. J. Med. Chem., 22, 855 (1979).
M. C. Miller, K. F. Bastow, C. N .Stineman ,J. R.
vance, S. C. Song, D. X. West, I. H. Hall, The
cytotoxicity of 2-formyl and 2-acetyl-(6-picolyl)-
4N-substituted thiosemicarbazones and their copper
(IDcomplexes. Arch. Pharm., 331, 121 (1998).



Md. Mohiuddin et al.,

82.

83.

84.

85.

86.

87.

88.

89.

90.

M. C. Miller, C. N Stineman, J. R. Vance, D. X.
West, I. H. Hall, Multiple mechanisms for
cytotoxicity induced by copper (11) complexes of 2-
acetylpyrazine-Nsubstituedthiosemicarba  zones.
App.. Organo. Chem., 13, 9 (1999).

D.X. West, A.E. Liberta, K.G. Rajendran, I.H Hall,
The cytotoxicity of copper (II) complexes of
heterocyclic thiosemicarbazones and 2-substi
tutedpyridine N-oxides, Anti. Drugs, 4, 241 (1993).
E. Shahsavani, A.D. Khalaji, N. Feizi, M.
Kucerakova, M. Dusek., Synthesis, characterization,
crystal structure and antibacterial activity of new
sulfur-bridged dinuclear silver(l) thiosemicarbazone
complex [Agz(PPhs)(u-S-Brcatsc),(n!-S-Brcatsc),]
(NOs)2. Inor. Chim. Acta., 429, 61 (2015).

N.V. Loginova, T.V. Koval’chuk, A.T. Gres, N.P.
Osipovich, G.I. Polozov, Y.S. Halauko, Y.V.
Faletrov, H.l. Harbatsevich, A.V. Hlushko, LI.
Azarko, Y.V. Bokshits. Redox-active metal
complexes of sterically hindered phenolic ligands:
Antibacterial ~ activity and  reduction  of
cytochrome c. Part 1V. Silver(l) complexes with
hydrazone and thiosemicarbazone derivatives of
4,6-di-tert-butyl-2,3-dihydroxybenzaldehyde.
Polyhedron, 88, 125 (2015).

D. Mahendiran, P. Gurumoorthy, K. Gunasekaran et
al. Structural modeling, in vitro antiproliferative
activity, and the effect of substituents on the DNA
fastening and scission actions of heteroleptic
copper(ll) complexes with terpyridines and
naproxen. New J. Chem., 39, 7895 (2015).

D. Mahendiran,R. S. Kumar, A K Rahiman,
Heteroleptic silver(l) complexes with 2,2": 6'2"-
terpyridines and naproxen: DNA interaction,
EGFR/VEGFR2 kinase, growth inhibition and cell
cycle arrest studies. Mater Sci Eng C, 76, 601
(2017).

F. Bisceglie, M. Tavone, F. Mussi, S. Azzoni, S.
Montalbano, S. Franzoni, P. Tarasconi, A. Buschini
and G. Pelosi, Effects of polar substituents on the
biological activity of thiosemicarbazone metal
complexes. J. Inor. Biochem., 179, 60 (2018).

P.J. Jansson, P.C. Sharpe, P.V. Bernhardt, D.R.
Richardson, Novel thiosemicarbazone of the ApT
and DpT series and their copper complexes:
identification of pronounced redox activity and
characterization of their antitumor activity. J. Med.
Chem., 53, 5759 (2010).

JA. Lessa, JC Guerra, L.F. Miranda, C.F.D.
Romeiro, J.G. Da Silva, I.C. Mendes, Speziali NL,
Souza-Fagundes EM, Beraldo H, Gold(I) complexes
with  thiosemicarbazones: cytotoxicity against
human tumor cell lines and inhibition of thioredoxin
reductase activity. J. Inor. Biochem., 105, 1729
(2011).

91

92.

93.

94.

95.

96.

97.

98.

99.

J.Chem.Soc.Pak., Vol. 46, No. 01,2024 65

J.A. Lessa, K.S.O. Ferraz, J.C Guerra, L.F Miranda,
C.F.D. Romeiro, E.M. Souza-Fagundes , P.J.S.
Barbeira, H. Beraldo, Spectroscopic and
electrochemical characterization of gold(l) and
gold(lll) ~ complexes  with  glyoxaldehyde
bis(thiosemicarbazones):  cytotoxicity  against
human tumor cell lines and inhibition of thioredoxin
reductase activity. Biometals, 25, 587 (2012).

B.P. Luciana, S.L. Gabrieli, G.P. Jeferso, P. Da
Silva.Jonas, M.R. Elaine, S. Fagundes. S. C .VVenn
Vutey, A. Desideri, H. Beraldo, Metal complexes
of  3-(4-bromophenyl)-1-pyridin-2-ylprop-2-en-1-
one thiosemicarbazone:  cytotoxic  activity
andinvestigation on the mode of action of the
gold(l11) complex. Biometals, 29, 515 (2016).

M. Affan, M. Salam, F.B Ahmad, R.B. Hitam, F.
White : Triorganotin (IV) complexes of pyruvic
acid-N(4)-cyclohexylthiosemicarbazone (HPACT):
Synthesis, characterization, crystal structure and in
vitro antibacterial activity. Polyhedron, 33, 19
(2012).

L.J. Ashfield, A.R. Cowley, J.R. Dilworth, P.S.
Donnelly:  Functionalized  thiosemicarbazone
clusters of copper (1) and silver (I). Inor. Chem., 43,
4121 (2004).

M.X. Li, D. Zhang, L.Z. Zhang, J.Y. Niu, Synthesis,
crystal structures, and biological activities of 2-
thiophene N(4)-methylthiosemi carbazone and its
unusual hexanuclear silver(l) cluster. Inor. Chem.
Comm,, 13, 1268 (2010).

J. Easmon, G. Puérstinger, G. Heinisch, T. Roth,
H.H. Fiebig, W. Holzer, W. Jaéger, M. Jenny,
Synthesis, cytotoxicity, and antitumor activity
ofcopper(ll) and iron(ll) complexes of 4N-
Azabicyclo[3.2.2]nonanethiosemicarbazones
derived from acyldiazines. J. Med. Chem., 44, 2164
(2001).

JS. Casas, M.S. Garcyia-Tasend, J. Sordo, J.
Hofmann, Main group metal complexes of
semicarbazones and thiosemicarbazones. A
structural review. Coor. Chem. Rev., 209, 197-261
(2000).

ZH. Liu, C.Y. Duan, JH. Li, Y.J. Liu, Y.H. Mei,
X. Z. You, Structural dependence of z-r interactions
in dithiocarbazato and thiosemi carbazato nickel
complexes. New J. Chem., 24, 1057 (2000).

Y.P. Tian, C.Y. Duan, C.Y. Zhao, X.Z. You, T.C.W.
Mak, Z.Y. Zhang, Synthesis, crystal structure, and
second-order optical nonlinearity of bis(2-
chlorobenzaldehydethiosemicarbazone) cadmium
halides (CdL,X2:X=Br,I). Inor. Chem., 36, 1247
(1997).

100.E. Grunfeld , A. Ramirez, M. Hunter, M. Richards :

Women's knowledge and beliefs regarding breast
cancer. British J. can., 86(9), 1373 (2002).



Md. Mohiuddin et al.,

101.C.Cuthbertson, Ph. D. Thesis, Transforming
subjectivities: global mental health, biopolitics, &
depression in Chile, University of Illinois at Urbana-
Champaign, (2014).

102.L.A. Saryan, E. Ankel, C. Krishnamurti, D.H.
Petering and H. Elford, Comparative cytotoxic and
biochemical effects of ligands and metal complexes
of alpha.-N-heterocycliccarbox
aldehydethiosemicarbazones, J. Med. Chem., 22,
1218 (1979).

103. JA Crim and H.G. Petering, The Antitumor
Activity of Cu(ll) KTS, the copper(Il)Chelate of 3-
Ethoxy-2-oxobutyraldehydeBis(thiosemicarba
zone), Cancer Res., 27 1278 (1967).

104. M. Ligo, A. Hoshi, K. Kuretani, M. Natsume and M.
Wada, Gann, Antitumor activity of N-heterocyclic
carboxaldehyde thiosemicarbazone derivatives. J. of
Inor. Biochem.,68, 221 (1977).

105.L.A. Saryan, K. Mailer, C. Krishnamurti, W.
Antholine and D.H. Petering, Interaction of 2-
formylpyridine thiosemicarbazonato copper (ll)
with ehrlich ascites tumor cells. Biochem. Phar., 30,
1595 (1981).

106. M.B. Ferrari, G.G. Fava, E. Leporati, G. Pelosi, R.
Rossi, P. Tarasconi, R. Albertini, A. Bonatti, P.
Lunghi, Pinell, Synthesis, characterisation and
biological activity of three copper(ll) complexes
with a modified nitrogenous base: 5-formyluracil
Thiosemicarbazone. J. Inor. Biochem., 70, 145
(1998).

107.W.E. Antholine, J.M. Knight and D.H. Petering,
Inhibition of tumor cell transplantability by iron and
copper complexes of 5-substituted 2-formylpyridine
thiosemicarbazones, J. Med. Chem., 19, 339 (1976).

108.G.W. Bushnell and A.Y.M. Tasang, Can., The
crystal and molelcular structure of benzil
bisthiosemicarbazonatocopper(ll) and the
antitumour mechanism of related compounds. J.
Chem., 57, 603 (1979).

109. M.B. Ferrari, G.G Fava, E. Leporati, G. Pelosi, R.
Rossi, P.Tarasconi, R. Albertini, A. Bonatti, P.
Lunghi, Pinell, Synthesis, characterisation and
biological activity of three copper(ll) complexes
with a modified nitrogenous base:5-formyl
uracilthiosemicarbazone S. J. Inor. Biochem., 70,
145 (1998).

110.1.H. Hall, C.B. Lackey, T.D. Kistler, J.S. Ives, H.
Beraldo, L. Ackerman, D.X. West, Arch. Pharm.
Pharm. The Cytotoxicity of Symmetrical and
Unsymmetrical Bis(thiosemicarbazones) and Their
Metal Complexes in Murine and Human Tumor
Cells. Med. Chem., 333, 217 (2000).

111. J. Garcia-Tojal, A. Garcia-Orad, J.L. Serra, J.L.
Pizarro, L. Lezama, M.l. Arriortua, T. Rojo,
Synthesis and spectroscopic properties of copper(ll)
complexes derived from thiophene-2-carbaldehyde

J.Chem.Soc.Pak., VVol. 46, No. 01,2024 66

thiosemicarbazone. Structure and biological activity
of [Cu(CsHsNsSy)2], J. Inor. Biochem., 75, 45
(1999).

112.J. Garcia-Tojal, A. Garcia-Orad, A. Alvarez-Diaz,
J.L. Serra, M.K. Urtiaga, M.I. Arriortua, T. Rojo,
Biological activity of complexes derived from
pyridine-2-carbaldehyde thiosemicarbazone. J.
Inor. Biochem., 84, 271 (2001).

113.B.M  Zeglis, V. Divilov, JS. Lewis
Roleofmetalation inthe topoisomerase lla inhibition
and antiproliferation activity of a series ofa-
heterocyclic-N4-substitutedthiosemicarba ~ zones
and their Cu(ll) complexes. J. Med. Chem., 54, 2391
(2012).

114.J.G Da Silva, A.A.R Despaigne, S.R.W.Louro, C.C
Bandeira, E.M. Souza-Fagundes, H. Beraldo
(2013b), Cytotoxic activity, albumin and DNA
binding of new copper(Il) complexes with chalcone-
derived thiosemicarbazones. Europian J. Med.
Chem., 65, 415 (2013).

115. M. Jagadeesh, S.K. Kalangi, L. Sivarama Krishna,
AV. Reddy, Spectrochim, Halo-substituted
thiosemicarbazones and their copper(ll), nickel(ll)
complexes: Detailed spectroscopic characterization
and study of antitumour activity against HepG2
human hepatoblastoma cells, Acta.A: Moll. Biomoll.
Spectrosc., 118, 552 (2014).

116.F.A. Backford, J. Teassing, A.Stott, A.A. Holder,
O.G. Poluektov, L.Li, N.P. Seeram, Anticancer
activity and biophysical reactivity of copper
complexes of 2-(benzo[d][1,3]dioxol-5-
ylmethylene)-N alkylhydrazine carbothioamides,
Inor. Chem. 15, 225 ( 2012).

117.D. Palanimuthu, S.V. Shinde, K.Sumasundaram,
A.G. Samuelson, In Vitro and in Vivo Anticancer
Activity of Copper Bis(thiosemicarbazone)
Complexes, J. Med. Chem., 56, 722 (2013).

118. M.L. Milunovic, E. Enyedy, N.V. Nagy, T.Kiss, R.
Trondl, M.A. Jakupec, B.K. Keppler, R. Krachler,
G,Novitchi, V. B. Arion,, L- andD-Proline
Thiosemicarbazone  Conjugates:  Coordination
Behavior in Solution and the Effect of Copper(ll)
Coordination on Their Antiproliferative Activity.
Inorg. Chem, 51, 9309 ( 2012).

119.D.X. West, AE. Liberta, S.B. Padhye et al.
Thiosemicarbazone complexes of copper(ll):
structural and biological studies. Coor. Chem. Rev.,
123, 49-71 (1993).

120.J. Easmon, G. Purstinger, H. Getal. Synthesis,
cytotoxicity and antitumor activity of coppe (Il) and
iron(Il)complexes of 4N-azabicyclo[3.2.2] non
anethiosemicarbazones derived from acyl diazines.
J. Med. Chem., 44, 2164 (2001).

121.T.S. Lobana, G. Bhargava, V. Sharma, M. Kumar.
Indian. A, Thiosemicarbazonates of silver(l):



Md. Mohiuddin et al.,

Synthesis, spectroscopy and reactivity towards
triphenylphosphine. J. Chem., 42, 309 (2003).

122. A. Castineiras, R. Pedrido., Factors Involved in the
Nuclearity of Silver Thiosemicarbazone Clusters:
Cocrystallization of Two Different Sized
Tetranuclear Silver(l) Clusters Derived from a
Phosphinothiosemicarbazone Ligand, Inor. Chem.,
47,5534 (2008).

123.T.S. Lobana, S. Khanna, A. Castineiras., Sulfur
bridging by acetophenone thiosemicarbazone in
[Ag(u-dppm)2(u-SR)Ag(ONO2)](NOs) dimer with
a new {Ag2(u-P,P)2(u-SR)} core, Inor. Chem. 10,
1307 (2007).

124.T.S. Lobana, S. Khanna, G. Hundal, P. Kaur, B.
Thakur, S. Attri, R.J. Butcher., Coinage metal
derivatives of salicylaldehydethiosemi carbazones:
Synthesis, structures, bond isomerism and H-bonded
networks, Polyhedron, 28, 1583 (2009).

125.M.X. Li, D. Zhang, L.Z Zhang et al. Synthesis,
crystal structures, and biological activities of 2-
thiophene N(4)methylthiosemicarbazone and its
unusual hexanuclear silver(l) cluster. Inor. Chem.,
13, 1268 (2010).

126.E.W. Ainscough, A.M Brodie, W.A. Denny et al.
Nitrogen, sulfur and oxygen donor adduct swith
copper(ll) complexes of antitumor 2-formyl
pyridinethiosemicarbazone  analogs:  physico
chemical and cytotoxic studies. J. Inor. Biochem.,
70, 175 (1998).

127.M. Poyraz, C. N. Banti, N. Kourkoumelis, V.
Dokorou, M. J. Manos, M. S. Sim¢i¢, T. Goli¢-
Grdadolnik, A.D. Mavromoustakos, I.I Giannoulis,
Verginadis, K. Charalabopoulos and S. K.
Hadjikakou, Synthesis, structural characterization
and biological studies of novel mixed ligand Ag(l)
complexes with triphenylphosphine and aspirin or
salicylic acid, Inorganica Chim. Acta, 375, 114
(2011).

128.C.N. Banti, A.D. Giannoulis, N. Kourkoumelis et
al.Mixed ligand -silver(l) complexes with anti-
inflammatory agents which can hind to
lipoxygenase and calf-thymus DNA, modulating
their function and inducing apoptosis. Metallomics,
4, 545 (2012).

129.C.N. Banti, A.D. Giannoulis, N. Kourkoumelis et
al. Novel metallo-therapeutics of the NSAID
naproxen. interaction with intracellular components
that leads the cells to apoptosis. Dal. Trans., 43,
6848 (2014) .

130.C.N. Banti,A.D. Giannoulis ,N. Kourkoumelis et
al.Silver(l) compounds of the anti-inflammatory
agents salicylic acid and p-hydroxylbenzoic acid
which modulatecell function, J. Inor Biochem., 142,
132 (2015).

131.S. Medici, M. Peana, G. Crisponi, V. M. Nurchi, J.
I. Lachowicz, M. Remelli and M. A. Zoroddu, Silver

J.Chem.Soc.Pak., Vol. 46, No. 01,2024 67

coordination compounds: A new horizon in
medicine. Coor. Chem. Rev., 327, 349 (2016).

132.F. Bisceglie, M. Tavone, F. Mussi, S. Azzoni, S.
Montalbano, S. Franzoni, P. Tarasconi, A. Buschini
and G. Pelosi, Effects of polar substituents on the
biological activity of thiosemicarbazone metal
complexes. J. Inor. Biochem., 179, 60 (2018).

133.A.P.A. Oliveira, J.F.G. Ferreira,L.M. Farias, P.P.
Magalhaes, L.R.  Teixeira, H. Beraldo,
Antimicrobial Effects of Silver(l) and Bismuth(lII)
Complexes with Secnidazole-Derived Schiff Base
Ligands: the Role of the Nitro Group Reduction. J.
Braz. Chemical. Soc., 30, 2299 (2019).

134.D. E. S. Silva, A. B. Becceneri, M. C. Solcia, J. V.
B. Santiago, M. B. Moreira, J. A. Gomes Neto, F. R.
Pavan, M. R. Cominetti, J. C. M. Pereira and A. V.
G. Netto, Cytotoxic and apoptotic effects of ternary
silver() complexes bearing 2-formylpyridine
thiosemicarbazones and 1,10-phenanthroline. Dal.
Trans., 49, 5264 (2020).

135.P. J. Barnard, M. V. Baker, S. J. Berners-Price and
D. A. Day, Mitochondrial permeability transition
induced by dinuclear gold(l)-carbene complexes:
potential new antimitochondrial antitumour agents.
J. Inor. Biochem., 98, 1642 (2004).

136.M. V. Baker, P. J. Barnard, S. J. Berners-Price, S.
K.Brayshaw, J. L. Hickey, B. W. Skelton and A. H.
White, Cationic, linear Au(1) N-heterocyclic carbene
complexes:  synthesis, structure and anti-
mitochondrial activity. Dal. Trans., 3708 (2006).

137.R. Rubbiani, I. Kitanovic, H. Alborzinia, S. Can, A.
Kitanovic, L. A. Onambele, M. Stefanopoulou, Y.
Geldmacher, W. S. Sheldrick, G. Wolber, A.
Prokop, S. Wo'lfl and I. Ott, Benzimidazol-2-
ylidene Gold(l) Complexes Are Thioredoxin
Reductase Inhibitors with Multiple Antitumor
Properties. J. Med. Chem., 53, 8608 (2010).

138.K. Yan, C.-N. Lok, K. Bierlaand C.-M. Che, Gold(1)
complex of N,N'-disubstituted cyclic thiourea
with in vitro and in vivo anticancer properties potent
tight-binding inhibition of thioredoxin reductase.
Chem. Commun., 46, 7691 (2010).

139.A. Meyer, C. P. Bagowski, M. Kokoschka, M.
Stefanopoulou, H. Alborzinia, S.Can,D. H.
Vlecken,W. S. Sheldrick, S. Wo'lfl and 1. Ott, On
the Biological Properties of Alkynyl Phosphine
Gold(l) Complexes, Angew. Chem., Int. Ed., 51,
8895 (2012).

140.G. Powis, P. Wipf, S.M. Lynch, A. Birmingham,
D.L. Kirkpatrick, Molecular pharmacology and
antitumor activity of palmarumycin-based inhibitors
of thioredoxin reductase. Mol. Cancer Ther., 5, 630

(2006).
141.Y. Lu, X. Ma, X. Chang,Z. Liang,L. Lv, M. Shan,
Q. Lu, Z Wen, R Gust, W. Liu. Recent

development of gold (1) and gold (111) complexes as



Md. Mohiuddin et al.,

therapeutic agents for cancer diseases, Chemical
Soc. Rev., 51, 5518 (2022).

142. A. Casini, C. Hartinger, C. Gabbiani, E. Mini, P.J.
Dyson, B. K. Keppler,L. Messori Gold(lll)
compounds as anticancer agents: relevance of gold—
protein interactions for their mechanism of action. J.
Inor. Biochem., 102, 564 (2008).

143.M.N. Kouodom, L. Ronconi, M. Celegato, C.
Nardon, L. Marchio, Q.P. Dou, D. Aldinucci D, F.
Formaggio, D. Fregona,Toward the selective
delivery of chemotherapeutics into tumor cells by
targeting peptide transporters: tailored goldbased
anticancer peptidomimetics. J. Med. Chem., 55,
2212 (2012).

144. M. Arsenijevic, M. Milovanovic, V. Volarevic, A.
Djekovic, T. Kanjevac, N. Arsenijevic, S. Dukic, Z.
D Bugarcic Cytotoxicity of gold(l11) complexes on
A549 human lung carcinoma epithelial cell line. J.
Med. Chem., 7, 2 (2012).

145.1. Ott, On the medicinal chemistry of gold
complexes as anticancer drugs. Coor. Chem. Rev,
253, 1670 (2009).

146.1. Ott, X. Qian , Y. Xu, D.HW. Vlecken, 1.J.
Marques, D. Kubutat, J. Will, W.S. Sheldrick , P.
Jesse, A. Prokop, C.P.Bagowski, A gold(l)
phosphine complex containing a naphthalimide
ligand functions as a TrxR inhibiting
antiproliferative agent and angiogenesis inhibitor. J.
Med. Chem., 52 763 (2009).

147.S. Nobili , E. Mini, I. Landini, C. Gabbiani,A.
Casini, L. Messori,Gold compounds as anticancer
agents: chemistry, cellular pharmacology, and
preclinical studies. Med. Res Rev., 30 550 (2010).

148.J.A. Lessa, |.C. Mendes, R.O. da Silva, M.A

Soares,R.G  dos Santos, N.L Speziali, N.C.
Romeiro, E.J. Barreiro, H. Beraldo 2-
Acetylpyridine  thiosemicarbazones:  cytotoxic

activity in nanomolar doses against malignant
gliomas. Europian J. Med. Chemistry 45, 5671
(2010).

149. M. A. Soares, J.A. Lessa, J.G. Mendes, J.G. Da Silva,
R.G. Santos, L.B. Salum, H. Daghestani, A.D.
Andricopulo , B.W. Day,A. J.L.Pesquero JL, W.R.
Rocha, H. Beraldo, N4-Phenyl substituted 2-
acetylpyridinethiosemicarba zones: cytotoxicity
against human tumor cells, structure-activity
relationship studies and investigation on the
mechanism of action. Bioorg. Med. Chem., 20,
3396 (2012).

150.S. Castelli, O. Vassallo, P. Katkar, C.M.
Che,RW.X.Y Sun. Desideri A, Inhibition of human
DNA topoisomerase IB by a cyclometalated gold I11
compound: analysis on the different steps of the
enzyme catalytic cycle. Arch Biochem Biophys, 516,
108-112 (2011).

J.Chem.Soc.Pak., Vol. 46, No. 01,2024 68

151.P.1.S. Maia, H.H. Nguyen, D. Ponademr,A.
Hagenbach, S. Bergemann, R. Gust , V.M Deflon,
U. Abram, Neutral gold complexes with tridentate
SNS thiosemicarbazide ligands. Inorg. Chem., 51,
1604 (2012).

152.Z. Yang , G. Jiang, Z. Xu , S. Zhao,W. Liu,
Advances in alkynyl gold complexes for use as
potential anticancer agents, Coor. Chem. Rev., 423,
213492 (2022).

153. L. Kaps, B. Biersack, H. Mu “ller-Bunz, K.Mahal, J.
Mu “nzner, M. Tacke, T. Mueller, R. Schobert,
Gold(I)>NHC complexes of antitumoraldiaryl
imidazoles: structures, cellular uptake routes and
anticancer activities. J. Inorg. Biochem., 106, 52

(2012).

154.V. Rodriguez-Fanjul, E. Lopez-Torres, M.A.
Mendiola, A.M. Pizarro, Gold (mn
bis(thiosemicarbazonate) compounds in breast

cancer cells: Cytotoxicity and thioredoxin reductase
targeting. J. Med. Chem.,148, 372 (2018).

155.J.A. Lessa, J.C. Guerra, L.F. Miranda, C.F.D.
Romeiro, J.G. Da Silva, I.C. Mendes, N.L. Speziali,
E.M. Souza-Fagundes, H. Beraldo, Gold(l)
complexes with thiosemicarbazones: Cytotoxicity
against human tumor cell linesand inhibition of
thioredoxin reductase activity. J. Inorg. Biochem.,
105, 1729 (2011).

156.J.A. Lessa,K.S.O. Ferraz,J.C. Guerra,L.F. Miranda,
C.F.D. Romeiro,E.M. Souza-Fagundes, P.J.S.
Barbeira, H. Beraldo, Spectroscopic  and
electrochemicalharacteri zation of gold(l) and
gold(lll) ~ complexes ~ with  glyoxaldehyde
bis(thiosemicarbazones).cyto  toxicity  against
human tumor cell lines and inhibition of thioredoxin
reductase activity. Biometals, 25, 587 (2012).

157. Z.N. Siddiqui, F. Faroog, T.M Musthafa, A. Ahmad,
AU. Khan Synthesis, characterization and
antimicrobial evaluation of novel halopyrazole
derivatives. J. Saudi Chemical Soc., 17, 237 (2013).

158.D.X. West, AE. Liberta, S.B. Padhye, R.C.
Chikate,P.B. Sonawane, A.S. Kumbhar, R.G.
Yerande, Thiosemicarbazone complexes of copper
(I):structural and biological tudies. Coor. Chem.
Rev., 123, 49 (1993).

159. D.X.West, A.E. Liberta, S.B. Padhye, R.C. Chikate,
P.B. Sonawane, A.S. Kumbhar, R.G. Yerande:
Thiosemicarbazone complexes of copper (I1):
structural and biological studies. Coor. Chem.
Rev.,123,49 (1993).

160. N.C. Kasuga, K. Sekino, M. Ishikawa, A. Honda, M.
Yokoyama, S. Nakano, N. Shimada, C. Koumo, K.
Nomiya, Synthesis, structural characterization and
antimicrobial activities of 12 zinc (II) complexes
with  four  thiosemicarbazone and  two
semicarbazone ligands. J. inorg. Biochem., 96, 298
(2003).



Md. Mohiuddin et al.,

161.M. Tarafder, K.B. Chew, K.A Crouse, A.M Ali,
B.M Yamin, HK. Fun: Synthesis and
characterization of Cu(ll), Ni(ll) and Zn(ll) metal
complexes of bidentate NS isomeric Schiff bases
derived from S-methyldi thiocarbazate(SMDTC):
biocactivity 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-furyl-methyl)methylenedithio
carbazato]zinc(ll) complex, Polyhedron, 21, 2683
(2002).

162.M. A. Arafath, F. Adam, M.R. Razali, L. E. A.
Hassan, MBK Ahamed, A.M.S Majid: Synthesis,
characterization and anticancer studies of Ni(ll),
Pd(11) and Pt(Il) complexes with Schiff base derived
from N-methylhydrazinecarbothioamide and 2-
hydroxy-5-methoxy-3-nitrobenzaldehyde. J Mol.
Structure, 1130, 791 (2017).

163.D.X. West, C.S. Carlson, K.J. Bouck and A.E.
Liberta, Transition metal ion complexes of
tiosemicarbazones derived from 2-acetylpyridine.
Part 10. A comparison of the chemical and
antifungal properties of the copper(ll)complexes of
2-acetylpyridine 3-pyrrolidinyl-, 3-piperidinyl-,3-
hexamethyleneiminyl- and 3-azabicyclo [3,2,2]-
nonylthiosemicarbazones. Trans. Met. Chem., 17,
271 (1991).

164.P. Bindu, M.R.P. Kurup, T.R. Satyakeerty,.
Polyhedron, Epr, cyclic voltammetric and biological
activities of copper(l1) complexes of salicylaldehyde

J.Chem.Soc.Pak., Vol. 46, No. 01,2024 69

N(4)-substitutedthiosemicarba zone and
heterocyclic bases, Polyhedron,18, 321 (1999).
165.S.G. Kiigiikgiizel SG, S. Rollas, I. Kugikgtizel, M.

Kiraz: Synthesis and antimycobacterial activity of
some coupling products from 4-aminobenzoic acid
hydrazones. European J. Med. Chem., 34, 1093

(1999).

166.Q. Li, H. Tang, Y. Li, M. Wang, L. Wang, C. Xia,
Synthesis, characterization, and antibacterial activity
of novel Mn(ll), Co(ll), Ni(l1), Cu(ll), and Zn(ll)
complexes with vitamin Ks-thiosemicarbazone. J.
Inorg. Biochem., 78, 167 (2000).

167.B. Singh, K. Narang, R, Srivastava Studies on
complexes of Co(1l), Ni(ll), Cu(ll), and Cd(Il) with
acetophenone and 4-hydroxy acetophenone
benzoylhydrazones. Synth. and React. in Inorg. and
Metal-Org. Chem., 31, 1375 (2001).

168. L. Savini, L. Chiasserini, V. Travagli, C. Pellerano,
E. Novellino, S. Cosentino, M.B. Pisano: New a-
(N)-heterocyclichydrazones: evaluation of
anticancer, anti-HIV and antimicrobial activity.
European J. med. Chem, 39, 113 (2004).

169.N.V. Loginova, T.V. Kovalchuk, A.T Gres et al.
Redox-active metal complexes of sterically hindered
phenolic ligands: antibacterial activity and reduction
of cytochrome c. Part 1V. Silver(l) complexes with
hydrazone and thiosemi carbazone derivatives of
4,6-di-tert-butyl-2,3-dihydroxybenzaldehyde.
Polyhedron, 88, 125 (2014).



	1. Anti-bacterial activities of copper, silver and gold Schiff base
	1. Schiff H. Mittheilungen aus dem Universitätslaboratorium in Pisa: Eine neue Reihe organischer Basen. Justus Liebigs Ann Chemistry, 131, 118 (1864).
	2. S. Padhye, G.B. Kauffman, Transition metal complexes of semicarbazones and thiosemicarbazones. Coor. Chem. Rev., 63, 127 (1985).
	3. W. Liufang, Z. Ying , Y. Zhengyin, W. Jigui , W. Qi, Manganese (ii) complex of a hydrazone ligand derived from pyruvic acid and 4-pyridine carboxylic acid hydrazide synthesis and crystal structure. Polyhedron, 10, 2477 (1991).
	4. G. G Mohamed, M. Omar, A. A Ibrahim, Biological activity studies on metal complexes of novel tridentate Schiff base ligand. Spectroscopic and thermal characterization. European J. Med. Chem, 44, 4801 (2009).
	5. J. Balsells , L. Mejorado , M. Phillips, F. Ortega, G. Aguirre, R. Somanathan, P. J. Walsh, Synthesis of chiral sulfonamide/ Schiff base ligands. Tetrahedron: Asymmetry, 9, 4135 (1998).
	6. A. M. Isloor, B. Kalluraya, P. Shetty, Regioselective reaction: synthesis, characterization and pharmacological studies of some new Mannich bases derived from 1, 2, 4-triazoles. European J. med. Chem., 44, 3784 (2009).
	7. W. AlZoubi, Y.G. Ko,Organometallic complexes of Schiff bases: Recent progress in oxidation catalysis. J. Orga. Chem., 822, 173 (2016).
	8. S. Eswaran, A. V. Adhikari, N. S. Shetty, Synthesis and antimicrobial activities of novel quinoline derivatives carrying 1, 2, 4-triazole moiety. European J. med. Chem, 44, 4637 (2009).
	9. P. Przybylski, A. Huczynski, K. Pyta, B. Brzezinski, F. Bartl, Biological properties of Schiff bases and azo derivatives of phenols. Current Org. Chem, 13, 124 (2009).
	10. S. V. Gaikwad , B. B. Musale , S. M. Lonkar , An Ecofriendly Synthesis and Bioactivity Evaluation of New Bromo Schiff’s Bases in Water under Stirring Method, International J. Uni. Sci. and Tech., 03, 256 (2018).
	11. V. B. Arion, M. A. Jakupec, M. Galanski, P. Unfried, B. K. Keppler, Synthesis, structure, spectroscopic and in vitro antitumour studies of a novel gallium (III) complex with 2-acetylpyridine 4N-dimethylthiosemicarbazone. J. Inor. Biochem., 91, 298...
	12. C. C. García, B. N. Brousse, M. J. Carlucci, A. G. Moglioni , M. M. Alho , G. Y. Moltrasio , N. B. D'Accorso, E. B. Damonte, Inhibitory effect of thiosemicarbazone derivatives on Junin virus replication in vitro. Anti. Chem. and Chemo., 14, 99 (20...
	13. H. J. Zhang , Y. Qian , D. D. Zhu , X. G. Yang , H. L. Zhu, Synthesis, molecular modeling and biological evaluation of chalcone thiosemicarbazide derivatives as novel anticancer agents. European J Medi. Chem., 46, 4702 (2011).
	14. A. Walcourt, M. Loyevsky, D. B. Lovejoy, V. R. Gordeuk, D. R. Richardson, Novel aroylhydrazone and thiosemicarbazone iron chelators with anti-malarial activity against chloroquine-resistant and-sensitive parasites. The International J. Biochem. & ...
	15. M. Wang, L. F. Wang, Y. Z. Li, Q. X. Li, Z. D. Xu, D. M. Qu, Antitumour activity of transition metal complexes with the thiosemicarbazone derived from 3-acetylumbelliferone. Tran. Met. Chem, 26, 307 (2001).
	16. N. Gulerman, S. Rollas, H. Erdeniz, M. Kiraz, Anti-bacterial, anti-fungal and anti-mycobacterial activities of some substituted thiosemicarbazides and 2, 5-disubstituted-1, 3, 4-thiadiazoles. J. Phar. Sci., 26, 1 (2001).
	17. K. H. Reddy, P.S Reddy, P. R. Babu, Nuclease activity of 2-substituted heteroaromatic thiosemicarbazone and semicarbazone copper (II) complexes. Tran. Met. Chem., 25, 154 (2000).
	18. M. B. Ferrari , F. Bisceglie, G. Pelosi , M. Sassi, P. Tarasconi, M. Cornia, S. Capacchi, Albertini R, Pinelli S, Synthesis, characterization and X-ray structures of new antiproliferative and proapoptotic natural aldehydethiosemi carbazones and th...
	19. M. Adams, C. de Kock, P. J. Smith, K. Chibale, G. S. Smith, Synthesis, characterization and antiplasmodial evaluation of cyclopalladated thiosemicarbazone complexes. J. Orga. Chem., 736, 19 (2013).
	20. R. Sharma, T. S. Lobana, M. Kaur, N. Thathai, G. Hundal, J. P. Jasinski, R. J. Butcher , Variable coordinating activity of sulfur in silver(I) complexes with thiophene based N 1-substituted thiosemicarbazones: First case of thiopheneyl-thione sulf...
	21. M. A. Arafath, F. Adam, S. R. Fouad, Al-Suede, S. A. Juaid, B. Mohamed, K. Ahamed, M. Amin, S. A. Majid, Schiff base-nickel, palladium and platinum complexes derived from N-cyclohexylhydrazine carbothioamide and 3-hydroxy-4-methoxybenzaldehyde: Se...
	22. S. Medici, M. Peana, V. M. Nurchi, I. J. Lachowicz, Crisponi, M. A. Zoroddu, Noble metals in medicine: Latest advances. Coor. Chem. Revi. 284, 329 (2015).
	23. D. J. Drain, C. L. Goodacre and D. E. Seymour, Some further studies on the in vitro tuberculostatic behaviour of para-aminosalicylic acid and related compounds. J. Pharm. Phar., 1, 784 (1949).
	24. R. L. Thompson, S. A. Minton, Jr., E. Officer and G. H. Hitchings, Effect of  Heterocyclic and Other Thiosemicarbazones on Vaccinia Infection in the Mouse, J. Immunol., 70, 229 (1953).
	25. D. H. Jones, R. Slack, S. Squires and K. R. H. Wooldridge, Antiviral Chemotherapy. I. The Activity of Pyridine and Quinoline Derivatives against Neurovaccinia in Mice. J. Med. Chem., 8, 676 (1965).
	26. D. J. Bauer, L. St. Vincent, C. H. Kempe and A. W. Downe, Prophylactic Treatment of Smallpox Contacts with N-Methylisatin(β-Thiosemi carbazone (Compound33T57,Marboran), Lancet, 2, 494 (1963).
	27. A. Lewis and R.G. Shepherd in A. Burger (Ed.), In Vitro Activities of Cloxyquin(5-Chloro quinolin-8-ol)against Mycobacterium tuberculosis, Med. Chem., Wiley, New York, p. 431 (1970).
	28. A. Kaminski, Prensa Med. Argent. Ligational behavior of two biologically active NS donors toward oxovanadium (IV) ion and potentiation of their antibacterial activities by chelation to, J. Inor. Biochem., 40, 1263 (1953).
	29. D. L. Klayman, J. E. Bartosevich, T. S. Griffin, C. J. Mason and J. P. Scovill, 2-  Acetylpyridine thiosemicarbazones. 1. A new class of potential antimalarial agents, J. Med. Chem., 22, 855 (1979).
	30. D. L. Klayman, J.P. Scovill, J.F. Bartosevich and C.J.Mason,2-Acetylpyridinethiosemi carbazones. 2. N4,N4-Disubstituted derivatives as potential antimalarial agents, J. Med. Chem., 22, 1367 (1979).
	31. D. L. Klayman, J. P. Scovih, J. F. Bartosevich and C. J. Mason, Eur. 2-Acetylpyridine Thiosemi carbazones.III: Selenium analogs as potential antimalarial agents, J. Med. Chem., 16, 317 (1981).
	32. X. Douglas, E. L.  West and Anthony, S. B. Padhye, R. C Chikate, P. B. Sonawane, S. A. Kumbhar and R. G Yerande, Thiosemicarbazone complexes of copper (II) Structural and Biological studies, Coor. Chem. Rev., 123, 49, (1993).
	33. D. H. Petering, Physico-chemical properties of the antitumor agent, 3-ethoxy-2-oxobutyr aldehyde bis (thiosemicarbazonato)copper(II), Bioinor. Chem., 1, 255 (1972).
	34. D. T. Minkel and D. H. Petering, Cancer Res., Initial Reaction of 3-Ethoxy-2-oxobutyr aldehyde Bis(thiosemicarbazonato)Copper(II) with Ehrlich Ascites Tumor Cells, Cancer Res., 38, 117 (1978).
	35. D. T. Menkel, L. A. Saryan and D. H. Petering, Structure-function correlations   in the reaction of bis(thiosemicarbozonato) copper(II) complexes with Ehrlich  ascites tumor cells, Cancer Res., 38, 124 (1978).
	36. M. C. Jain, A. K. Srivastava and P. C. Jain, Some tetragonally distorted copper(II) complexes of 4-benzylamidothiosemicarbazide and its thiosemi carbazone, Inorg. Chim. Acta, 23, 199 (1977).
	37. S. Caric, D. Petrovic, D. Lazar and V.M. Leovac, X-ray powder data and crystallographic data of copper-salicylaldehyde-s-methylthiosemicarba zone and copper-8-quinolinealdehyde-s-methyl tliiosemicarbazone complexes. Z. KristaIIogr., 148, 153 (1978).
	38. V.M. Leovats and N.V. Gerbeleu, Zh. Neorg. Khim., Coordination compounds of copper (II) with S-methylthiosemicarbazone of salicyl aldehyde, Chemisc. Information., 23, 1272 (1978).
	39. S. Padhye, G. B. Kauffman, Transition metal complexes of Semicarbazones and Thiosemi carbazones., Coor. Chem. Rev., 63, 127 (1985).
	40. W. C. Kaska, C. Carrano, J. Michalowski, J. Jackson and W. Levinson,  Inhibition of the RNA dependent DNA polymerase and the malignant  transforming ability of Rous sarcoma virus by thiosemicarbazone-transition metal complexes. Bioinor Chem., 8, 2...
	41. B. P. Mohapatra and S. K. Pujari, Ind.., Complexes of Cobalt (II), Nickel (II),  Copper (II), Zinc (II), Cadmium (II) & Mercury (II) with Chelating Tridentate  Ligands, Semicarbazone & Thiosemicarbazone of Benzoin, J. Chem., 22A, 525 (1983).
	42. Y. K. Bhoon, Ind., Copper (II), Nickel (II) & Cobalt (III) Complexes of Monothiosemi carbazone of 9,10-Phenanthraquinone, J. Chem., 22A, 433 (1983).
	43. N. C. Mishra and B. Mohapatra, Complexes of Co(II), Ni(II), Cu(II) and Zn(II) with ethyl acetoacetate semicarbazone and thiosemi carbazone, J. Inor. Nucl. Chem., 41, 408 (1979).
	44. D. X. West, R, M. Makeever, J. P. Scovill and D. L. Klayman, Copper(II) complexes of thiosemi carbazones derived from 2-acetylpyridine and its n-oxide, Polyhedron, 3, 947 (1984).
	45. X. Douglas, E. West and Anthony,  Liberta, S. B. Padhye,  R. C. Chikate, P. B. Sonawane, A. S. Kumbhar and R. G. Yerande, Thiosemicarbazone complexes of copper (II) Structural and Biological studies., Coor. Chem. Rev., 123, 49, (1993).
	46. M.B. Ferrari, G.G Fava, C. Pelizzi, P. Tarasconi andG.Tosi, Thiosemicarbazones as coordinating agents. Part2. Synthesis, spectroscopic characterization, and  Xray structure of aquachloro (pyridoxalthiosemicarbazone) manganese(II) chloride and aqua...
	47. N. V. Gerbeleu, M. D. Revenko and V. M. Leovac, Russ. Structural and physical correlations in the biological properties of transition metal heterocyclic thiosemicarbazone and S-alkyldithiocarbazate complexes, J. Inor. Chem., 22, 1009 (1977).
	48. F. Tui, K. I. Thurta and N. V. Gerbeleu, Russ. Structural and physical correlations in the biological properties of transition metal heterocyclic thiosemicarbazone and S-alkyldithio carbazate complexe, J. Inor. Chem., 22, 1497 (1977).
	49. E. K. John and M. A. Green, Structure-activity relationships for metal-labeled blood flow tracers: comparison of ketoaldehydebis(thiosemicarba zonato)copper (II) derivatives, J. Med. Chem., 33, 1764 (1990).
	50. E.W. Ainscough, A. M. Brodie, J. D. Ranford and J. M. Waters, Structure of the copper(II) complex of 2-acetylpyridinehexamethylene iminyl thiosemicarbazone, [Cu(Lhexim)Br], J. Chem. Soc., Dal. Tran., 2195 (1991).
	51. C. N. Banti,A. D. Giannoulis ,N. Kourkoumelis et al.Mixed ligand -silver(I) complexe with anti-inflammatory agents which can bind to lipoxygenase and calfthymus DNA, modulating their function and inducing apoptosis. Metallomics, 4, 545 (2012).
	52. L. Kyros, N. Kourkoumelis, M.Kubicki, L. Male, M.B. Hursthouse, I.I. Verginadis,E. Gouma, S. Karkabounas, K. Charalabopoulos, S.K. Hadjikakou, Structural properties, cytotoxicity, and anti-inflammatory activity of silver(I) complexes with tris(p-t...
	53. J. S. Casas, M. S. Garcia-Tasende, Sordo. Main group metal complexes of semicarbazones and thiosemicarbazones: a structural review. J. Coor.Chem. Rev.,  209, 197 (2000).
	54. L. A. Ashﬁeld, A. R. Cowley , J. R. Dilwort and P.S.Donnely, Functionalized Thiosemicarbazone Clusters of Copper(I) and Silver(I).  Inor.Chem., 43, 4121 (2004).
	55. L. J. Ashfield, A. R. Cowley, J. R. Dilworth , P. S. Donnelly, Functionalized thiosemicarbazone clusters of copper (I) and silver (I). Inor. Chem., 43, 4121 (2004).
	56. T. S.Lobana, S. Khanna, R. Sharma, G. Hundal, R. Sultana, M. Chaudhary, R. J. Butcher and Castineiras, A Versatility of Thiosemicarbazones in the Construction of Monomers, Dimers and Hydrogen-Bonded Networks of Silver(I) Complexes, Cry. Growth Des...
	57. T. S. Lobana, S. Khanna, G. Hundal, B. J. Lia and C. W. Liu, The influence of  substituents at the C2 carbon of thiosemicarbazones on bonding and nuclearity of silver(I)complexes, Polyhedron, 27, 2251 (2008).
	58. T. S. Lobana, S. Khanna, G. Hundal,P. Kaur, B. Thakur, S. Attri and R. J Butcher, Coinage metal derivatives  of salicylaldehyde thiosemicarbazones: Synthesis, structures, bond isomerism and H-bonded networks, Polyhedron 28, 1583 (2009).
	59. T. S. Lobana ,S.  Khanna and A. Castineiras, Sulfur bridging by acetophenonethiosemi carbazone in [Ag(μ-dppm)2(μ-SR)Ag(ONO2)] (NO3) dimer with a new {Ag2(μ-P,P)2 (μ-SR)} core, Inor. Chem., 10, 1307 (2007).
	60. T. S. Lobana,S. R. Butcher, Synthesis, spectroscopy and structures of halogen and sulfur-bridged dinuclear silver(I) complexes with N1-substitutedthiophene-2-carbaldehydethiosemi carbazone, Polyhedron, 28, 1103 (2009).
	61. T. S. Lobana, P. Kumari, I. Kaur, N. Kaur, G. Garg  and R. J. Butcher,  Coinage (Cu, Ag) metal derivatives of salicylaldehyde N-ethylthio semicarbazone:synthesis, spectroscopy, and structures, J.  Coor. Chem., 65, 1750 (2012).
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