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ABSTRACT

The review of the literature demonstrated that the diverse properties of the
organotin (IV) attributed to the various moieties contained inside the molecule
account for the functions and utility of the organotin (IV) complexes. Furthermore,
the capacity of organometallic compounds to stabilize complexes with unique
stereochemistry is well documented. Due to their robust coordination chemistry,
consistency, and varied molecular structures, these complexes exhibit a wide
spectrum of biological activity. This article provides an overview of complexes'
arrangement and geometry, spectroscopic research, and physical, chemical, and
biological properties. This review also focuses on recent developments in
conventional chemistry, practical synthesis methods, and the diverse functions of
organotin (IV) complexes.

INTRODUCTION

Organotin complexes comprise one of the most important sections of organometallic
chemistry as they are able to exist in different forms regarding the structure and
geometries [1]. Now it is generally accepted that when tin (IV) bound to suitable
ligands, it architects the tetra, penta, hexa and hepta coordinated structures and
distorted trigonal bipyramidal, tetrahedral, octahedral, and distorted octahedral
geometries respectively [2-7]. However, it is also observed that the one oxidation state
can be changed to other by varying and changing different reaction conditions. Thus,
tin (II) compounds can be converted to tin (IV) compounds by thermal decomposition
[8]. Besides the theoretical and structural interests, Organotin complexes are important
and could be exploited to develop novel metal-based medications. [9-13]. Similarly,
these compounds have an important function in a variety of fields and are widely
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utilized for their natal qualities like antibacterial, antitumor, antifungal, and antiviral
[9,14,23,15-22]. Furthermore, organotin carboxylates were well established for their
biological effects (more than organic compounds of any other metal). Sedaghat ef al.
developed various organotin (IV) compounds against various hematologic and solid
malignancies in vitro [24]. Literature showed that organotin (IV) compounds with
carboxylato and dithiocarbamato ligands have also been studied extensively because
they showed high antileishmanial, antifungal antiurease, and antibacterial activities. It
was also reported that some complexes exhibit tremendous activity even then the
standard drug like di-n-octyl and di-tert-butyl derivatives of N’-(2-hydroxy-3-
methoxybenzylidene)formohydrazide and its complexes showed great activity for
antileishmanial then the Amphotericin B [25-27], Organotin (IV) carboxylates have
been found to have the highest cytotoxic activity in these experiments. [28]. Similarly,
Deya et al. prepared the other derivatives of Organotin (IV) compounds possessing
high-promising anticancer activities against human cancer cell lines in vitro [29].
Several studies are accessible on the activeness of Organotin (IV) compounds for
Intercalative mode of interaction with DNA, heterobimettalic DNA (deoxyribo nucleic
acid) receptors, DNA condensation, binding, cleaving activity, and cytostatic activity.
Ultimately these activities give the evidence for their anticancer activity along with
other important biological applications [30-35]. Furthermore, extensive study on the
redox activity and catalytic behavior towards the glutathione S-transferase in Zebrafish,
ring opening polymerization and transesterification reactions has been done on large
extent which provides improvement in characteristics of new material [34,36-40].
Numerous studies on certain amino acids as readily accessible bioactive and as a
mediocre in peptide combination are now underway. Amino acids can function as
bidentate ligands and build the Organotin (IV) compounds, which further enables the
interchange and transport machineries to sense metal ions in the humanoid frame, as
demonstrated by Garcia-Lopez et al. [37]. Tin (IV) oxides could be used as light emitting
diodes, solar cell, transmetallating agents and can be converted to nanoparticles or
cross-linked nanocomposite [36,41,42]. Similarly, organotin compounds derived from
Schiff bases are also known to exhibit optical properties and known to enhance
biological activities [43—45]. Beside all these, Organotin compounds exhibit some other
tremendous properties viz. PVC stabilizes, protection coatings for ships, antifouling
paint [46]. Organotins can also pollute the ecosystem [47-49]. This review will be useful
in determining the structure as well physicochemical properties of organotin
complexes, moreover the review will emphasize in relating to its abundant properties.

SYNTHESIS AND CHARACTERIZATION OF ORGANOTINS

Organotin complexes catch the eyes of many researchers due to their broad range
applications in various fields since its pioneer [50-52]. They synthesize the number of
complexes and established their structure at the hand of various advance spectroscopic
techniques [53-57]. In 2020, Du et al. synthesized the many organotin complexes having
formula [(R25n)2L(u3-O)]n, [(RsSn)zL]n, [(PhsSn)2L], [R2SnL(1,10-phen)]n, [(R2SnCl)2L(1,10-
phen)] (R = Me, n-Bu) from 1,4-naphthalenedicarboxylic acid. Further, they used X-ray
crystallography, FT-IR (Fourier-transform infrared spectroscopy), NMR (Nuclear
magnetic resonance), PXRD (Powder X-ray diffraction), and elemental analysis to
determine the structure of the produced complexes. The presence of absorption band at
456—495 and 556-588 cm~! confirmed the Sn—O and Sn-C bonding. Similarly, °Sn NMR
signal at -108.6 ppm affirmed the tetra—coordination which was also explained by X-ray
crystallography. Observations that some compounds exhibit 2D network structure
containing tetranuclear 26-membered macrocycles and tetraorganodistannoxane unit
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while other complexes exhibit the dinuclear tin monomer unit which constructed the
1D infinite chain via C-H-m and C-H--O interaction. These further can architect the 2D
supramolecular structure. Further, authors can perform the mass spectroscopy
fragmentation which will gave the more information about the structure of synthesized
compounds [58].

Similarly, Antonenko et al. in 2020 prepared the two strings of organotin (IV)
carboxylates which were based on the natural bile acids (cholanic) and phenolic
antioxidants having formula (cholate)SnMes, (lithocholate)SnPhs, (deoxycholate)SnPhs,
(cholate)SnPhs, (R(CH2)2CO0)2SnBu, (R(CH2)2CO0)25nMez, (RCOO):25nBu,
(RCOO)5nMez, RCOOH and R(CH:):COOH (R= 3,5-di-tert-butyl-4-hydroxyphenyl),
respectively. Further, the authors build the structure using *C, 'H X-ray diffraction
analysis, NMR, elemental, and IR spectra. In the IR spectra the valent vibrations due to
C=O0 of carboxyl group bonded to the tin atom appeared at the 1597-1706 cm-'. It was
reported that in the solid state they exist as monomer while the carboxylate unit was
coordinated via O-atom bidentately. Furthermore, it was revealed that in the
monocrystals, the Sn atom exhibit the distorted octahedral geometry. Further. the 9Sn
NMR can also be studied of this published work which will uncover the environment
of tin [59].

In another study, Naz et al. formed the tri and diorganotin subordinates from 2,4-
dichlorophenoxyacetic acid with formula R2Snl2 and RsSnL where R = Me, Bu, Oct and
L = 2,4-dichlorophenoxyacetate. They characterized the synthesized complexes in solid
state using 'H, ®*C-NMR, X-ray crystallography, IR, and elemental analysis. Further, the
bidenticity of the ligand having penta and hexa-coordinated arrangements encircling
the Sn (IV) and the Sn-O and Sn-C bonding was confirmed by the FT-IR spectroscopy
appeared at 440-485 and 540-575 cm-. While the Lockart’'s equation was applied to
calculate the C-Sn-C angle values from the NMR data and reported at 114.7° and 144.8°
which were in the agreement with 5-coordinated and 6-coordinated geometry. Further,
the mass fragmentation can also be studied of this published article which can be more
informative regarding the structures [60].

Similarly, Tarassoli et al. synthesized the organotin (IV) compounds by treating 2-
amino-1-cyclopentene-1-carbodithioic acid (ACDA) with organotin (IV) chlorides
(RoSnCla-n, where n = 3, R = Ph and n = 2, R = Ph or nBu). The synthesized complexes
were framed in formula [Bu2Sn (ACDA)], [PhsSn (ACDA)], [Ph2Sn (ACDA)2] and
[Ph2SnCl (ACDA)]. Further, they characterized all the complexes by using various
advance spectroscopic techniques. In the IR spectra of complexes, the absence of
absorption band in the range of 2550-2430 cm™ due to S-H bond showed the
coordination of ligand with Sn atom via this site. "°Sn NMR was used to determine the
coordination number of Sn atom ligand-Sn-ligand angle which was five and 359.5(7) °
respectively. Furthermore, the X-ray crystallography confirmed the environment of the
tin which was distorted trigonal bipyramid in some complexes whereas in other
irregular octahedral. The coordination of ACDA as an anisobidentate ligand was also
observed and it oriented itself such that it can make the NH--S intramolecular
hydrogen bonding. Further, the spectroscopic study of this work can extend by
exploring the C NMR of the synthesized compounds which will reveal the
neighboring and coordination environment of the C-atom [61].

In a separate study, Dey et al. reacted the ligand viz. 3-(2-hydroxyphenylimino)-1-
phenylbutan-1-one and diorganotin (IV) dichlorides to form the tin complexes with
general formula R:Sn[Ph(O)C=CH-C(Me)=N-CsH4(O)] where R = Ph, Me using
methanol as solvent in the presence of triethylamine. Various spectroscopic techniques
were adopted to establish the structure of synthesized complexes like IR, 13C, H, 95n,
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5N NMR spectra and elemental analyses. Further, single crystal X-ray diffraction
confirms the structure of complexes and free ligand. It was observed that in monomeric
tin atom adopted distorted trigonal-bipyramidal whereas distorted octahedral in case
of dimeric when consisting of the intermolecular Sn-O bond (phenolic). Whereas. 9Sn
NMR data revealed that tin atom was penta coordinated in solution. The authors, in
future can also study the mass fragmentation pattern of these prepared compounds
which will provide the more knowledge about structures of complexes [62].

Similarly, Tariq et al. synthesized the library of organotin (IV) carboxylate complexes
with formula [PhsSnL], [Me2SnLz2], [n-Oct25nL2], [n-Bu2SnL:], [n-BusSnL] and [MesSnL]
where L= 3-(4-fluorophenyl) acrylic acid. Further, all the complexes were attributed by
NMR ('H, ©#C), FT-IR, and single crystal analysis. IR spectra showed the absorption
band at 443-467 cm-! that confirmed the deprotonation had occurred when the ligand
coordinated via the COO- group with di and triorganotin (IV) component. Further, the
Av value of vym(COO)- and Vasym(COO)- showed the binding mode of COO- i.e.
bidentate. Furthermore, some complexes exhibit the octahedral geometry while some
trigonal bipyramidal geometry which was revealed by the J["'917Sn-H] coupling
constant value found at 86/82 and 66/62 Hz respectively. Further, it was assisted by the
C-5n-C bond angle measured from 'J['°Sn-13C] value by employing Lockhart equation
and observed at 138.9° and 116.4° which was for the 6 and 5-coordinated geometry. All
the findings were supported by single crystal analysis. This study further can be hold
out by exploring their mass fragmentation pattern and molecular docking also which
will be more useful [63].

In another study, Win et al. described the preparation of 4-coordinated mono- and
tetranuclear organotin (IV) carboxylate complexes and characterized them by using
micro- and gravimetric analysis, 'H, 1¥C, 1Sn-NMR, FTIR and X-ray crystallography. IR
spectra showed the absence of HL absorption band in the case of complexes which
indicated that the coordination occur via COO- component. %Sn NMR signal resolved
that triphenyltin (IV) complexes exhibit distorted trigonal bipyramid geometry and
five-coordinated by showing signal at —180 to —260 ppm. While another complex
showed a signal at -260.88 ppm confirming the penta-coordination of tin (IV) atom and
its trans-trigonal bipyramid geometry. Exceptionally, X-ray crystallographic and NMR
spectroscopic study manifested that in the crystallization acetone molecule had also
participated. The authors can also use the UV-Vis spectroscopy which will be helpful in
describing the electronic transition and exact geometry of the complexes [64].

Furthermore, Sirajuddin et al. prepared the fourteen organotin (IV) carboxylate
complexes having peptide linkages in 2-(4-methoxy-2-nitrophenylcarbamoyl) benzoic
acid). The structure was recognized by using single crystal X-ray techniques, FT-IR, and
NMR ('H, 3C and 9Sn) elemental analyses. The coordination occurred by the oxygen
atom of the carboxylate group, according to FT-IR measurements. 2J(1"°Sn-'H), J(***Sn-
13C) NMR and O values obtained from Lockhart's equation revealed the octahedral and
trigonal bipyramidal geometry of the diorganotin (IV) and triorganotin (IV) derivatives.
Whereas the Crystallographic data of triorganotin (IV) compounds uncovered that the
tin possessed the distorted trigonal bipyramidal geometry. The IR data confirmed the
bidentate nature of ligand by providing the Av value which is <200cm. Further, single
crystal XRD data was also in support with the IR data for Av values by using the
equation, Av= 1818.10r + 16.47(60CO-120) + 66.8. Further, the mass spectrometry will
be more helpful in elucidating the structure [65].

Similarly, Sirajuddin et al. in 2018 prepared the Organotin (IV) compounds of ligand
and portrayed by CHN analysis, NMR, FTIR, and other spectrometry tools. X-ray
crystallography data of single crystal showed that the three-alkyl group occupied the
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equatorial position and distorted trigonal bipyramidal arrangement around Sn.
Further, the oxygen atom of carboxylate and amide were behaved as bridge linking the
adjacent tin atoms with the trigonal plane defined three phenyl ipso-C atoms. Similarly,
the trigonal bipyramidal geometry was confirmed by the t-values i.e., 0.78, 0.77, 0.82
and 0.92. FT-IR spectra showed the unidentate nature of ligand by observing Av at 265
cm-l. Mass spectral data was also in agreement with the proposed structure by giving
m/z peak for M+ ion near to calculated. The study of the Mossbauer spectroscopy and
magnetic susceptibility further will expand the area of published work [66].

In another study, Vieira et al. reacted 2-aminobenzoic acid with 1,3-cyclohexadione to
prepare 2-(3-oxocyclohex-1-enyl) benzoic acid (HOBz). Further, these ligand treated
with organotin chlorides to synthesize the [PhsSn (OBz)], [BusSn (OBz)], [MesSn (OBz)],
[Ph2Sn (OBz)O]2, [Bu2Sn(OBz)O]2 , and [Me2Sn(OBz)O]2. Furthermore, the structure of
all synthesized compounds was constructed using a variety of elemental and
spectroscopic techniques. The FT-IR spectra revealed that the vibrations due to
intramolecular hydrogen bonding between -C=O.... HOOC- was disappeared in
complexes and a new band found in the range of 1492-1360 cm™ and 1630-1590 cm!
assigned to the symmetric and asymmetric vibrations of COO group. The difference
value of the symmetric and asymmetric vibrations proved the monodentate nature of
ligand. Further, the polymeric chain arrangement of the complexes were established by
moving down the frequency range at 1658, 1652 and 1658 cm-!because of -C=0.......5n
intermolecular interaction. It was also supported by the X-ray crystallography. Further,
crystallography study uncovers the perfect trigonal bipyramid geometry of the
complexes by showing that tin atom was adjoined by two oxygen atoms and three
methyl groups which occupied the axial and equatorial positions, respectively. The
study of 'H NMR and Mossbauer spectra further can reveal the more structural
information [67].

In separate study, Olafsson et al. used the metathesis reaction of aliphatic organotin:
R'nSnXsn, and [R2P(O)CS:], where (R = Ph, Bz; R” = Me, Et; X = Cl, Br) to synthesize a
string of tin (IV) phosphinoyldithioformate complexes. The structure analysis was done
by the combination of multinuclear NMR ('H, #C, 3P and "9Sn), UV, and IR
spectroscopy. IR spectroscopy revealed the bidentate mode of coordination via S, O
atoms for the series of 2 and 3 complexes whereas, monodentate for first complex series
via S-atom. Further, 3*C NMR and "°Sn coupling constants determined the geometry of
the complexes. In addition, Mossbauer spectra told the oxidation state of tin atom and
showed the quadrupole splitting and comparable isomer shifts for the compounds in
solid state. This published work further can be widen by studying the single crystal X-
ray crystallography, mass spectrometry and magnetic susceptibility of the synthesized
compounds [68].

In another study, Singh et al. prepared the novel streak of organotin (IV) complexes and
schiff bases by using condensation reaction between a-amino acids (isoleucine,
phenylalanine, glycine) and 1H-indole-2,3-dione, 5-chloro-1H-indole-2,3-dione. The
values of spectral studies showed that the monobasic bidentate behavior of schiff base
ligands which were coordinated with the dibutyltin (IV) in octahedral geometry having
general formula [Bu2Sn(L)2]. Furthermore, the single crystal X-ray diffraction study can
be done against this published report [69].

Recently, Abbas et al. reported novel Schiff base-derived organotin (IV) compounds by
reacting 1, 3-bis [(1E)-1-(2-hydroxyphenyl) ethylidene] thiourea with diorganotin
chlorides in methanol under stirring conditions. The structure of all the synthesized
complexes along with Schiff base ligand was analyzed and they found that the ligand
act as a tri-dentate in these complexes [53].
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THERAPEUTIC POTENTIAL OF ORGANOTIN COMPLEXES

Organotin complexes are really interesting primarily due to maturing biological,
pharmaceutical, and industrial properties [70,71]. They are cast-off as operative
biological agent against several diseases. A survey has been done on the application
part of organotin complexes and summed up as follow:

Anti-cancer effects

In 2020, Du et al. found that the complexes with phenyl and n-butyl groups had the
highest anticancer activity than complexes with methyl groups. Further, it was also
observed that the prepared complexes displayed less cytotoxicity activity then the
analogous organotin (IV) precursors [triphenyltin chloride and trimethyltin chloride,
bis(tri-n-butyltin) oxide] for HBL-100 cells. Moreover, some complexes adopted the
ROS (Reactive oxygen species)-mediated pathway to show its apoptotic and cytostatic
effect against the HepG-2 cells. Further, the reported work can be broadening by
screening the anti-microbial activity of synthesized compounds [58].

In another study Win et al. prepared the two 4-coordinated mono and tetra nuclear
organotin carboxylate complexes. The authors examined the prepared complexes
against one non-cancerous (3T3-L1) and three cancerous (breast cancer MCF 7, leukemia
K562, and colon cancer HCT 116) cell lines to measure their anti-cancer activity.
Further, the ICso values of both the complexes were figured out in nanomoles and
found that complexes were more potent for K562 and MCF 7 cell lines even than the
standard drug viz. cis-platin, betulinic acid, 5-FU and Tamoxifen. While the complexes
were mild toxic against 3T3-Li (normal cells). Whereas the ICso value of both the
complexes were same for HCT 116 while for the other K562, MCF 7 and normal cells,
there was difference in results of both the complexes. Anti-microbial and DNA-
photocleavage activity can be studying to broaden the reported work [64].

Similarly, Adeyemi et al. synthesized and characterized the many organotin (IV)
compounds coming from N-butyl-N-phenyldithiocarbamate, represented as
(CsHs)2SnL2], (CsHo)2Snl:], (CHs):Snl2] and [CiHsSnl2], where L = N-butyl-N-
phenyldithiocarbamate. The complexes possessed five and six coordination geometry,
was uncovered by the Single crystal X-ray study. Further, cytotoxic activities of the
complexes were evaluated towards human cervical carcinoma (HeLa) cells by using
MTT assay in-vitro. The relationship between structure and activity has also been
investigated in this reported study. The viability of cell and ICso value of the complexes
has been measured at different concentrations and it was found that the compound
showed concentration dependent activity against the cell lines. Furthermore, it was
confirmed that the di-phenyl tin (IV) complex exhibits the least value as compared to
the other complexes as well as the stranded drug used (5-fluorouracil). Whereas the
butyl and di-methyl tin (IV) complexes possessed good cytotoxicity against the HeLa
cell lines even then the standard drug. However, di- butyl tin (IV) complex showed
lesser cytotoxicity and apical ICso value than the other complexes. In this study,
researchers described that the complexes with large alkyl group exhibit greater
cytotoxicity than with the shorter alkyl group. It was observed that, among all the
complexes the butyl tin (IV) complex carried increased lipophilicity and easily inserted
into the base pairs of DNAs of cell lines because of the planar geometry caused by the
diphenyl group attached with tin center. The anti-cancer action of the synthesized
compound further can be screened against other cell linings like breast cancer cells,
hepatocellular carcinoma cell lines, leukemia, and colon cancer [72].
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The key trait of the cancerous cells is the uncontrolled cell division. The organotin
compounds can have ability to inhibit the function of cyclin dependent kinase and
many other proteins which regulates the cell cycle. In human’s ovarian cancer cells,
anticancer agents arrested the cell cycle at GO/G1 phase in OV90 and ES2 cell lines and
lead the cell to apoptosis also. However, in HCT-116, the agents arrested the cell cycle
at G0/G1 phase by downregulating the cyclin D1 and in HepG2 cancerous cells also.
Similarly, in lung cancer cells, it arrests the cell cycle at G1 phase by altering the cyclin
D, p21, and cyclin A expression. While in DU145 and PC-3 cells, these compounds have
the ability to seize the cells at phase GO0/G1, via decreasing the D1/CDK4 and
AKT/cyclin expression. Furthermore, if the compounds are capable of arresting the cell
cycle in GO or G1 phase and whether the compounds are capable of arresting the cell
cycle at S and G2/M phase may be determined. [73-76].

Regulating oxidative stress

Oxidative stress enhanced the drug resistance, disrupts cell death signaling,
angiogenesis, metastasis, survival, cell proliferation, and generation of reactive oxygen
species [77,78]. ROS is playing a potential role in many cellular activities like in
elimination of foreign pathogens and particles, enzyme regulation, differentiation,
proliferation, cell survival and gene expression. Furthermore, ROS also helping the
tumor cell to grow but this property of ROS nowadays is used in the cancer therapy as
revealed by recent study. Many experiments uncovered that the exogenous ROS
generation have been enhanced by the phytochemicals above the threshold level which
further reduced the MMP and kills the cancerous cells selectively. The organotin
compounds can induce the apoptosis and inhibit the proliferation in SMMC7721 cells
via oxidative stress by MMP dissipation and ROS production. Organotin compounds
can induce the apoptosis in human mental cell lymphoma (MCL) Z138,51, MDA-MB-
231, SMMC7721,43 cell lines and HT-29 colon cancer cells via the intrinsic apoptosis
pathway. This pathway considers the downregulation of Bcl-2 which did the Bax
upregulation and enhance the mitochondrial permeability for apoptosis inducing factor
(AIF) which was released in the cytosol by the mitochondria, caspase-3, -7 and -9 were
activated by the AIF present in the cytosol which further target the DNA fragmentation
and induce apoptosis ultimately as given in Figure 1 [79-81]. Oxidative stress also helps
in the activation of intrinsic apoptosis pathway as given in Figure 1.

Further, metal mediated generation of free radicals increased the lipid peroxidation and
alteration in the DNA bases [82]. The antioxidant enzymes and non-enzymatic
antioxidants reduced the effect of ROS and reactive nitrogen species (RNS). Further,
ROS were inactivated under the specific low concentration by these antioxidants which
cause the inhibition in oxidative processes by hindering the radical chain reaction at
both molecular and cellular level. Chelation of metal ion with the antioxidant was
accountable to produce ROS which have the potential to operate in both aquas as well
as membrane domains. This chelated complex has ability to penetrate the cell and make
the complex with metallothionein and other proteins which enhances the elimination of
metals without undergoing in other organs. However, this chelation therapy may cause
various side effects mainly in the loss of essential elements because they showed the
binding affinity towards all the positively charged ions. Therefore, it is necessity to
develop the effective and safe chelating treatment having less side effect [83].
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Figure 1. Schematic representations of apoptotic cell death mediated by organotin complexes by upregulating
and downregulating proapoptotic and antiapoptotic protein, respectively.

Anti-bacterial effects

In a recent study, Abbas et al. [13] reported the anti-microbial (bacterial and fungal)
inhibitory action of diorganotin complexes of quercetin and biguanide (Schiff base
ligand). Serial dilution and the agar well diffusion technique was used to assess the
activity. Gram-positive species like Bacillus subtills (MTCC 1133) and Staphylococcus
aureus (MTCC 9760) as well as Gram-negative strains like Pseudomonas aeruginosa
(MTCC 9048) and Escherichia coli (MTCC 589) were used to test the antibacterial
activity. While Aspergillus niger (MTCC 9933) and Scopulariopsis canadensis (MTCC
567) were the targets of antifungal activity. According to the study, the double bonds
between the bi-flavonoid moiety's 25th and 26th positions and 4th and 5th positions are
what give these compounds their potent inhibitory effects.

In 2018, Naz et al. studied the anti-bacterial and DNA binding property of the
synthesized complexes. The bacterial strains gram positive viz. Micrococcus Leuteus
and Staphylococcus Aureus and gram-negative viz. Enterobacter aerogens and
Escherichia coli were selected to determine the anti-bacterial action of the synthesized
complexes using disc diffusion method. It was observed that all the compounds were
active against all the strains and Kanamycin was used as standard. Out of all the series
BusSnL had shown the highest activity against Micrococcus luteus having MIC 53.0
mm. Further, the anti-angiogenesis, anti-malarial and Antileishmanial activity of the
prepared compounds can be studied [60].

Similarly, Tariq et al. used the well diffusion method to investigate the antibacterial
activity of all the produced compounds. The two-gram positive and six-gram negative
bacterial strains were selected to determine the activity viz Staphylococcus aureus,
Micrococcus luteus, and Klebsiella pneumoniae, Bordetella bronchiseptica, Enterobacter
aerogenes, and Escherichia coli, respectively. Roxyithromycin and Cefixime were given as
standard drug and it was found that all the compounds were active against the selected
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strains. The criteria used by authors to measure the anti-bacterial activity were based on
the Zone of Inhibition in mm. Further, some compounds showed the activity more than
20 mm and were considered as excellent agent even more than the selected standard
drug. While the compounds showed below 20 mm were considered as good anti-
bacterial agent. The other biological activities of the synthesized compounds like anti-
viral, anti-inflammatory and anti-malarial further can be explored [63].

In another study, Mahato ef al. synthesized the mononuclear organotin (IV) compounds
using two dithiocarbamato ligands (L1 and L2) which are thiomorpholine-4-
carbodithiolate and 2,6-dimethylmorpholine-4-carbodithiolate respectively. Further, the
structure of all the prepared ligand as well as complexes were analyzed by using FT-IR,
1H, 18C, 1H, "9Sn{'H} NMR, UV-visible spectroscopy, elemental and single-crystal X-ray
diffraction analyses. Furthermore, the in vitro antibacterial properties of the complexes
were screened against E. coli XL-1 Blue cells using agar disc-diffusion method. This
biological activity was appraised by gauging the inhibition zones diameter neighboring
the filter paper discs and DMSO (5%) was used as negative control. It was observed
that the ligands get decomposed during incubation period at 37°C for 24hrs, so the
activity of ligands were not recorded but the complexes showed considerable activity
against selected strain. Further, it was recorded that the activity was increased as the
concentration of the dosage enhanced however the zone of inhibition of both ligand’s
complexes was found nearly same at same concentration viz. at 130 pM the activity was
ranges from 10.1 + 0.14 to 10.75 + 0.21 mm. The complexes possessed the lesser activity
than the standard drug used (Kanamycin and Ampicillin) towards the selected
microorganism. The anti-bacterial activity of the synthesized compounds further can be
expanding against other species such as Staphylococcus aureus, Micrococcus luteus,
Klebsiella pneumoniae, Bordetella bronchiseptica, and Enterobacter aerogenes [84].

Peptidoglycans with long sugar polymers make up the bacterial cell wall
Transglycosidase connected peptidoglycans to glycan strands and lengthened peptide
chains from sugar in polymers from one peptide to the next. The presence of penicillin
binding proteins (PBPs) causes cross-linking between the D-alanyl-alanine and glycine
residues in the peptide chain. This cross-bonding provide strength to the cell wall and
the glycopeptides and B-lactams stops the cell wall synthesis [85-87].

Transcription is a process in which m-RNA is synthesized by using the information of
bacterial DNA. Then the macromolecular structure of ribosome worked to synthesize
the protein presented in m-RNA and the process is known as translation. Cytoplasmic
factors and ribosomes are responsible for the biosynthesis of proteins. Both 305 and 505
ribonucleoprotein subunits collectively composed the 70S bacterial ribosome.
Therefore, antibacterial agents target the synthesis of both ribonucleoprotein subunits
and inhibit the protein biosynthesis [86].

Antileishmanial activity

Sirajuddin et al. in 2018, prepared a series of organotin (IV) carboxylate complexes and
screened for antileishmanial property and reported that all the compounds significantly
reduced the viable promastigotes and used amphotericin B as the standard drug having
ICs0 = 0.50 mg/mL and the maximum compounds possessed the ICso = 1.26 ug/mL
which was the less than half of standard drug. Whereas some compounds showed
comparable activity to the selected standard drug. It was also found that the
compounds exhibited activity by interfering function of parasite mitochondria. In this
study, authors proved the synthesized compounds as the novel drug for medication of
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leishmaniasis. Further, the biological part of this reported study can be extended by
investigating anti-angiogenesis, anti-oxidant and anti-diabetes property [65].

In another study, Sirajuddin et al. in 2019, synthesized the organotin (IV) compounds of
carboxylate ligand. They screened all the complexes for Antileishmanial activity against
the leishmanial major strain kwh 23 and significant reduction of viable promastigotes
done by all the complexes were observed. Furthermore, it was found that NaL showed
the very less antileishmanial activity in comparison to complexes and proved that the
activity intensified after chelation with Sn atom. However, some complexes were more
potent even than the standard drug which is amphotericin B. Authors reported that the
complexes interfused the mitochondrial function of parasites to show their activity.
Therefore, they can be used as a good candidate to treat the leishmaniasis. In future, the
anti-viral, anti-oxidant and anti-inflammatory properties of the reported compounds
can be examined [66].

The organotin compounds caused ultrastructural alterations in L. amazonensis
promastigotes, mainly in plasma membrane and mitochondria after the treatment of
24h. The mitochondrial swelling, plasma membrane and storage-lipic body’s alterations
were observed after 48h. After 72h, the mitochondrial swelling and flagellar pockets
having vacuole were found with alterations. It was concluded from all the treatment
hours that the organotin compounds induced the variation in cell division cycle and
began the energy storage process (because of the stress) which led cells to the death. It
was observed that from the SEM (Scanning Electron Microscopy) the treatment of 24, 48
and 72h provoked the reduction in cell volume and cell rounding [85,88,89].

Anti-fungal activity

Vieira et al. prepared the six organotin complexes by reacting 2-(3-oxocyclohex-1-enyl)
benzoic acid (HOBz) and organotin chlorides. Further, all the complexes were screened
for their anti-fungal activity against Cryptococcus neoformans and Candida albicans.
Beside all these, it was observed that the total molecule surface (TSA) also affects the
toxicity of the complexes hence the complexes of n-pentyl, n-butyl, n-propyl, etc, will be
more toxic for the selected microorganisms than that of the ethyl, methyl. Therefore, the
biological activity order suggested a close relation between lipophilicity and activity.
Further, these reported compounds can be screened for their anti-bacterial, anti-
diabetes and DNA-binding activities [67].

Similarly, Shaheen et al. synthesized the ligand by using diorganotin (IV) dichlorides
and triorganotin (IV) chlorides with 4-(benzo[d] [1,3] dioxol-5-ylmethyl) piperazine-1-
carbodithioate and a series of its derivatives having molecular formula RsSnL, R:SnLCl
and RoSnl> (where R = Ph, Bu, Me). Further, the characterization of the structure was
compassed by 9Sn *C and '"H NMR and FT-IR spectroscopy. Turbinafine (200 1g/mL)
and DMSO were used as the positive and negative control while estimating antifungal
activities. It was published that the activity of all the compounds were approximately
equal to the reference drug used but the derivative is more active than the ligand
against the selected fungal strains. Furthermore, it was reported that the phenyl and
butyl derivatives were more potent than the respective methyl derivative. The activity
related to the interaction of drug with cell or mitochondrial membrane has been also
reported in this published study. Moreover, this study further can be explored by
evaluating the DNA-photocleavage, anti-angiogenesis and anti-malarial activities [22].

The integrity, asymmetry and fluidity of the fungal membrane is regulated by
ergosterol. The anti-fungal agents target the heme protein to co-catalyzes the
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lanosterol’s cytochrome P-450-dependent 14a-demethylation. The inhibition of 14a-
demethylase result into the sterol precursors accumulation along with 14a-methylated
sterols and ergosterol’s depletion which lead to the synthesis of plasma membrane
having altered function and structure [90,91].

DNA binding effects

Mridula et al. synthesized the complexes of diorganotin (IV) having general formula
[R2Sn(L)]20 and [R2Sn(L)]2Cl2 where R=Me, n-Bu, n-Oct, Ph and L=anion of mandelic
acid using microwave-assisted reactions and conventional thermal method. Further, the
distorted trigonal bipyramidal geometry of the complexes having Sn-O-5n bridge were
revealed by the various established spectral studies. The authors found that the
complexes bound to DNA through the intercalative mode. The 10% DMSO/Tris-HCl
buffer solution was used in the UV-Visible spectrophotometer to record the binding
affinity of complexes with CT-DNA while the concentration of the complexes was kept
constant and DNA concentration was varied from 0-28.83 puM. The reported
compounds in future can be examined for their anti-microbial and Antileishmanial
activity [92].

Similarly, Yin et al. prepared the six complexes of organotin (IV) by reacting the
organotin (IV) chlorides and Schiff base ligands obtained from 4-aminobenzoic acid (or
3-aminobenzoic acid) and 2-hydroxy-1-naphthaldehyde. The stern-Volmer equation
confirmed the intercalative manner of binding of DNA with complexes. The anti-
microbial, and anti-oxidant properties of the synthesized compounds can be interpreted
in future [93].

In a separate study, Nath et al. used microwave assisted method to synthesize the
triphenyltin (IV) and diorganotin (IV) derivatives of L-proline and mixed ligand with
1,10-phenanthroline. The mixed ligands were binding more strongly as compared to
the di- and triorganotin (IV) derivatives of L- proline. Further, the partial intercalative
mode of binding has been confirmed by the change in viscosity and intensity of
negative and positive bands in CD spectra as well as melting point of DNA. The
authors can expand this study by investigating the anti-microbial properties [94].

There are different methods of interaction of drug molecules with DNA. There is no
direct interaction between drug and DNA, but drug interact with the DNA binding
proteins and alter the functioning. The drug bind to the RNA which leads to its binding
with the single stranded DNA to form the DNA-RNA hybrid. This hybrid interferes the
transcription activity. The small size aromatic ligands directly bound to the DNA
double helix which is of different type like intercalative and groove binding.

The insertion of drug in between the base pairs of DNA molecule result into the
opening of helix and lengthen the chain and stabilized by the -  interaction between
drug and DNA base pairs. This interaction results into the lengthening of the DNA
chain to the 3 A per molecule of drug binding and unwinding of DNA. The
transcription and replication of DNA is altered by this binding and topoisomerase. The
site and the arrangement of intercalation will measure the degree of unwinding of
DNA. The topoisomerase, DNA and intercalated drug together create the ternary
complex which is toxic for the proliferating cells. Hence, the intercalators are more fatal
for the cancer cells rather than the normal cells [95].
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Anti-inflammatory activity

Nath et al. synthesized the novel derivatives of non-electrolytic di- and tri-organotin
(IV) compounds with general formula PhsSn (HL/H2L"), and R2Sn(L/HL’) where R = Ph,
n-Bu and L/HL = dianion/monoanion of L-carnosine, and D-penicillamine and
HL'/H2L’ = dianion/monoanion of triglycine. Further, the percentage of inhibition (anti-
inflammatory activity) was evaluated using the dosage of 50mg/kg which was given
orally against carrageenin induced edema on the adult albino rats (body weight 120-160
g) of Froster Charles species while the acute toxicity (ALDso) was investigated on albino
mice with body weight 20-25 g of either sex. Anti-inflammatory activity of the
complexes was compared with the standard drug phenyl butazone and it was observed
that PhsSn (IV) derivatives showed the highest activity then the Ph2Sn (IV) derivatives
against specific ligand. The study revealed that the presence of extra phenyl group in
the equatorial position to the tin and lesser number of coordination number has
facilitated the production of PhsSn*(IV) moiety as a part of inhibition. Whereas the di-n-
butyltin (IV) complex showed the lowest activity because of the stronger interaction
with tin which regulate the evolution of R2Sn?*(IV) moiety. This study can be expanded
in future by exploring the anti-cancer, anti-tumor activities [96].

Non-inflammatory drugs act in various events of cell [97]. Some participated in
inhibition of chemotaxis, suppression of superoxide and free radicals, calcium-
mediated intracellular response, and downregulation of the production of IL-1. These
drugs also inhibit the Arachidonic acid metabolism and regulate the Rho/Rho kinase
pathway. Further, some drugs bound to the family member of peroxisome proliferator-
activated receptor (PPAR) and some other intracellular receptors after that activate
them. The activation of PPAR is believed to be cause for anti-inflammatory activities. It
was also observed that these drugs enhance the heat shock protein (HSP) response and
show the effect on COX pathway. The evidence of these mechanism is shown by the
inhibition of nuclear factor-kappa beta (NF-kB) as shown in Figure 2 [97-100].
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Figure 2. Anti-inflammatory action of organotin complexes via inhibition of NF-kB signaling pathways.
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CONCLUSIONS

Organotin complexes are known to be therapeutically active mediators with promising
worldwide recognition. The above deliberated text has proposed its antibacterial,
antifungal, antineoplastic, and anti-inflammatory action. Therefore, organotin
complexes have promising role in pharmaceutical sector to formulate novel
formulations with broad spectrum medicinal applicability (Figure 3). These complexes'
biological activity was demonstrated by their antifungal, antibacterial, and
antileishmanial properties, and novel metal-based medications may be developed in
the future.

In the future, derivatives of organotin with diverse ligands may open new doors to
minimize death rate of dreadful malignancies. Further clinical trials are welcome to
explore their wide use in near future. In addition, role of nanotherapeutic approaches
should also be investigated by the scientific community to lower down the require
dosages as well targeted delivery at the required site.

Synthesis
Characterization

ORGANOTIN
COMPLEXES

Anti
Inflammatory
Activity

Antileishmanial
Activity

Figure 3. Organotin complexes as potent therapeutic agents.
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