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Abstract: After Frankland first synthesized organotin compounds for the first time in 1849, their broad range 
of applications, including in industry and agriculture, resulted in a substantial increase in demand for 
organotin (IV) compounds after the 1940s. Because of the broad range of coordination numbers and molecular 
geometry that could result in numerous features, the structural diversity of organotin (IV) compounds is of 
great interest. Organotin (IV) dithiocarbamate has recently received attention as a therapeutic agent among 
organotin (IV) compounds. The hybrid complex individual properties of organotin (IV) and the 
dithiocarbamate moieties form a synergy of action stimulating increased biological activity. Organotin (IV) 
components have been shown in cytotoxicity studies to play a crucial role in cytotoxicity.  Ligands serve to 
target and react to molecules while preventing unwanted changes in biomolecules. Organotin (IV) 
dithiocarbamate compounds have also been discovered to exhibit a broad range of cellular, biochemical, and 
molecular effects, with their toxicity largely determined by their structure. This review discusses the potential 
cytotoxicity effect of organotin(IV) dithiocarbamate, as well as its synthesis, elemental and spectroscopy 
analysis. 
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1. Introduction 

Organotin compounds have been used for over 170 years and are still some of the most effective 
chemicals available. The growing application of organotin derivatives, particularly organotin (IV) 
compounds, has increased the global production of these compounds. Even though the toxic side 
effects of organotin (IV) compounds are concerning, but there are some new ways to reduce toxic 
side effects and improve the compound properties [1]. These compounds are a big industry, with 
production between 40,000 and 51,000 tons each year [2–4]. Their high catalytic and redox capacities, 
structural versatility, ligand exchange potential, and broad potential contacts with biologically 
beneficial properties make organotin (IV) compounds attractive for a wide variety of usage [1,5,6]. 

Organotin (IV) compounds are often applied as polyvinyl chloride (PVC) stabilizers, industrial 
and agricultural biocides, and catalysts [7–9]. In addition, organotin(IV) compounds have proven to 
be effective antibacterial, antimalarial, schizonticidal, and anticancer agents [10–14]. The biological 
activity of organotin compounds are generally expressed in such order: RSnX3 < R2SnX2 <R4Sn << 
R3SnX, with triorganotin (IV) substituents possessing the greatest impacts [8,15–19]. For the anionic 
X groups, such as chloride, fluoride, oxide, hydroxy, carboxylate, and thiolate [20], it is reported that 
they have very little effect on the activities [17,19,21]. However, combining two biologically active 
moieties in the same molecule could enhance their activity [19,22]. 

As stated by Adeyemi and Onwudiwe, as well as Pellerito et al., the biological effects of 
organotin compounds can be influenced by the existence of one or more C-Sn bonds, relying on the 
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amount and type of the alkyl (R) substituents connected to the Sn center  [5,23]. The longer the alkyl 
chain on an organotin compound, the lower its toxicity [17,21], but it also can vary depending on the 
test organism [17]. Besides that, compounds containing aryl groups were found to be less toxic than 
those containing alkyl groups [24,25]. 

Adverse effects and acquired resistance to platinum-based cancer therapies have led to increased 
research efforts in the search for new platinum-based treatments. Tin complexes have been suggested 
as potential therapeutic substitutes for cisplatin due to their similar chemical characteristics [26–30]. 
Even though their precise mode of action is indefinite, these compounds, like cisplatin [8,31], are 
believed to bind to the external phosphate groups of DNA and interfere with internal phospholipid 
metabolism [8,32], thereby causing apoptotic cell death. Organotin derivatives show great potential 
as therapeutic agents for a variety of tumor cells [5,33]. These include those associated with the 
ovaries, lungs, kidneys, colon, prostate, breast cancer and melanoma [34–36]. They have also shown 
significant selectivity for a number of cancer cell lines despite the diversity of their ligands 
[8,32,37,38]. 

Dithiocarbamate, including organotin(IV), is a class of dithiocarbamate metals that has been 
substantially investigated for its beneficial biological potential [35,39,40]. These complexes has rare 
stereoelectronic properties caused by the sulfur atoms of the dithiocarbamate ligand, which assist to 
transport the molecules to the target sites and prolong the retention time [39], making them widely 
used in the field of medicinal chemistry [41–43]. The organotin (IV) dithiocarbamate compound has 
attracted attention as a recent chemotherapy agent due to its capability to stabilize specific 
stereochemistry and its good anti-proliferative activity noted in in vitro studies [35]. Organotin(IV) 
dithiocarbamate compounds have shown a cytotoxic effect on various cancer cell lines [28,35,37,44] 
whereas triorganotin complexes yielded the highest toxicity effects [28,35,45]. 

Mamba et al., Menezes et al., and Syed Annuar et al. claimed that the individual   properties of 
organotin (IV) and dithiocarbamate constituents may develop synergistic impacts which enhance 
biological activities [8,46,47]. Metal dithiocarbamate complexes are practically insoluble in water, yet 
highly soluble in organic solvents. The chelation of tin ions by dithiocarbamate ligands reduces the 
metal ion polarity, promotes lipophilicity,  and increases permeability, resulting in increased 
biological activity of organotin (IV) dithiocarbamates compounds [12,45,48]. The two sulfur atoms 
that are present in the molecule provides dithiocarbamates ligands a strong metal-binding ability. 
They can act as enzyme inhibitors responsible for cancer growth (such as catalase), altering the 
production of reactive oxygen species or triggering the induction of apoptosis at the mitochondria 
[49].   

The potential of organotin derivatives as pharmacological agents is rapidly emerging. This 
review summarized a specific methodology useful for synthesizing organotin(IV) dithiocarbamate 
compounds and their characterization by using elemental and spectroscopy analysis. Besides that, 
this review also investigated their cytotoxic potential against various cancer cells. 

2. Background Chemistry of Organotin(IV) Dithiocarbamate 

Tin, a group 14 post-transition metal can exist in two main oxidation states, tin(II) or tin(IV) [1]. 
Nevertheless, most of the known tin compounds are organotin (IV) derivatives, which are relatively 
more stable than their +II state, are readily oxidized to their +IV state, and frequently polymerized 
[50]. Organotin compounds are formed when tin (Sn) bonds with carbon (C) atoms [5,8,51]. A general 
formula represents these compounds: RxSn(L)4-x where R represents an alkyl (such as methyl, ethyl, 
propyl, butyl) or aryl (such as phenyl) group, and L represents an organic or inorganic ligand [20,52]. 
In addition, organotin compounds can be categorized based on the number of organic moieties on 
the tin atom: mono-substituted, di-substituted, tri-substituted, and tetra-substituted (Figure 1) 
[20,23,34,53]. 
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Figure 1. Structure of organotin(IV) compounds. 

The dithiocarbamate anions of generic formula -S2CNR’R” (Figure 2) are the semi-amides of 
dithiocarbonic acids and sulfur analogs of carbamates (R2NCO2-) [54–57]. Since 1940s, 
dithiocarbamates have been utilized as non-systemic pesticides to contain various fungal diseases in 
numerous crops and ornamental plants [58]. Moreover, these compounds and their derivatives are 
active agents in pharmacology, medicine, and biochemistry, and are extensively used in inorganic 
and organic chemistry. Its stability and interesting electrochemical and optical properties make it a 
valuable tool in research [59]. Previous studies reported that the two donor sulfur atoms contribute 
significantly to the metal binding capabilities of the dithiocarbamate ligand [45,55]. These compounds 
possess well-known ligands are able to bind firmly and selectively to a wide range of metal ions 
[55,60], making them extremely useful in a variety of medicinal and industrial applications. 

 

Figure 2. Structure of dithiocarbamate. 

The local geometry around the Sn(IV) atom will be affected by the chelation mode and 
coordination number of the dithiocarbamates [54,61]. Additionally, the binding properties of the 
metal ions will also determine the structure of the resulting metal complexes [45,62]. The 
dithiocarbamate is able to coordinate to the tin atom, relying on the the Sn(IV) atom’s coordination 
number ranging from four to seven [54,61]. These compounds are bidentate (two S atoms bonded to 
the central metal atom or ion), anisobidentate bridging (one S atom bonded to the metal ion while the 
other S atom bridged to an adjacent molecule, forming dissimilar Sn-S bond distances) or 
monodentate (one S atom attached to the core of metal atom or ion) (Figure 3) [5,54,55,59,61,63–65]. 
Nonetheless, these anions usually behave in a bidentate manner as reported by Awang and 
colleagues [59]. 

 

Figure 3. Difference coordination mode of dithiocarbamate [64]. 
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3. Synthesis of Organotin(IV) Dithiocarbamate 

The general formula of the organotin(IV) dithiocarbamate is represented as RnSn(S2CNR'R")4-n 
(n = 1, 2, or 3), where R, R', and R" represent alkyl or aryl groups [66]. Adeyemi and Onwudiwe 
reported there was no one specific way to prepare organotin(IV) dithiocarbamate complexes; instead, 
various techniques have been applied [5]. Perry and Geanangle documented that metal 
dithiocarbamate (DTC) complexes were commonly prepared by two synthetic routes: a) metathetical 
reactions of alkali-DTC salts with metal compounds, and b) reactions of metal hydroxides with 
carbon disulfide and the corresponding amines [67]. Several studies, however, have shown that the 

in-situ method is the most effective way to synthesize the organotin(IV) dithiocarbamates compounds 
[35,44,45,54,66,68–75]. 

The in-situ method has been proposed as the best way to prepare the dithiocarbamate 
compounds because the ligand cannot be synthesized in solid form at a higher temperature above 
4°C [54]. The reaction between carbon disulfide and the secondary amine causes the exothermic 
reaction (heat release) from the production of dithiocarbamic acid [35,76]. The higher temperature 
will cause the ligand to break down, causing the formation of carbon dioxide, hydrogen sulfide, and 
ammonium thiocyanide [54]. Domazetis, Magee, and James (1977) prepared the triphenyltin(IV) 
dithiocarbamate compounds using the low-temperature method, giving good production and high 
purity of compounds [63]. This shows that the temperature highly influences the product’s form. 
However, these complexes formed are very sturdy at ambient temperature and start to melt at 
temperatures exceeding 100°C [54]. 

Previous studies reported that synthesized compounds using this method yielded greater than 
50% [35,44,45,69–71,74]. Through their own research, Awang et al., and Muthalib and Baba noted that 
the dithiocarbamate ligands were synthesized by nucleophilic addition of carbon disulfide to the 
corresponding amines in cold ethanol solutions (<4°C) [66,75]. Generally, the order of adding 
reagents (amines, bases, and carbon disulfide) for the synthesis of dithiocarbamates does not affect 
the product formed, provided the correct stoichiometric proportions are used [64]. The synthesis of 
organotin (IV) dithiocarbamate complex is achieved by putting in a defined amount of organotin (IV) 
chloride dropwise to a stirred mixture of ligands. The white precipitate that developed at end of the 
process was filtered, washed with ethanol, and vacuum dried in a desiccator over silica gel [66,75]. 
The purpose of washing the compounds formed with cold ethanol is to remove any unwanted 
residues from the desired product [64]. The narrow melting point intervals of about 1-2°C indicated 
that the compound was of good purity [45]. Schemes 1 and 2 show general reaction schemes for 
synthesized complexes that produce high yields (>70 %). 

 

Scheme 1. The general reaction between secondary amine, carbon disulfide, and mono-tin(IV) 
trichloride [75]. 
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Scheme 2. General reactions between N-methyl-N-cyclohexylamine, carbon disulfide, and 
organotin(IV) chloride [66]. 

The labile chloride ion is readily displaced by the dithiocarbamate ligand, and the molar ratio of 
the dithiocarbamate ligand to the organotin (IV) salt varies with the anions (e.g., Cl-) exist in the 
organotin (IV) salt [5]. Kamaludin and Awang (2014) reported complexes with the general formula 
RnSn[S2CN(C2H5)(C6H5)]4-n (where R = Bu and Ph for n = 2; R = Ph for n = 3) derived from 
the reaction between N-ethyl-N-phenyldithiocarbamate and corresponding organotin(IV) 
salts using the different molar ratios of 1:2 for di-organotin(IV) and 1:1 for tri-organotin(IV) 
compounds [54]. The compounds obtained from the reaction scheme in Scheme 3 yielded a range of 
yields from 32.0 to 84.5%. 

 

Scheme 3. The schematic reaction between N-ethylaniline, carbon disulfide, and organotin(IV) 
chloride [54]. 

Some organotin(IV) dithiocarbamate complexes were prepared using a slightly modified 
procedure. Mohamad, Awang and Kamaludin (2016), Adeyemi, Onwudiwe and Hosten (2018), and 
Adeyemi et al. (2020) synthesized the ligand by adding ammonia solution to an amine solution prior 
to adding carbon disulfide [44,69,74]. The ammonia solution added to the reaction provides a basic 
condition necessary for the reaction to occur [74].  

4. Characterization of Organotin(IV) Dithiocarbamate. 

4.1. Elemental Analysis of Organotin(IV) Dithiocarbamate (CHNS) 

The proportions of carbon, hydrogen, nitrogen, and sulfur in organic compounds can be 
determined by CHNS analysis. The process of breaking down organic materials results in the release 
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of gases, which can then be analyzed to determine the elements present in a sample [77]. According 
to the analysis, when all values are within the adequate range and the experimental elemental 
proportion match the theoretical values, the Sn atom is chelated with the dithiocarbamate group to 
create neutral compounds [55,72]. Table 1 shows the synthesized organotin (IV) dithiocarbamate 
complexes’ physical and elemental analysis data.  

Table 1. Data of organotin (IV) dithiocarbamate complexes’ physical and elemental analysis. 

Complexes 
Yield 

(%) 

Meltin

g point 

(°C) 

Elemental analysis % Found 

 (Calculated) References 

C H N S 

Dimethyltin(IV) 
methylcyclohexyldithiocar

bamate 

89 
147.9- 
148.8 

40.66 
(41.14) 

6.46 
(6.48) 

5.30 
(5.33) 

26.43 
(24.38) 

[66] 
Dibutyltin(IV) 

methylcyclohexyldithiocar
bamate 

83 
122.6- 
124.0 

47.15 
(47.29) 

8.08 
(7.55) 

4.62 
(4.60) 

22.72 
(21.02) 

Triphenyltin(IV) 
methylcyclohexyldithiocar

bamate 

76 
136.8- 
138.2 

57.71 
(57.99 ) 

4.98 
(5.39) 

2.57 
(2.60) 

11.26 
(11.90) 

Diphenyltin(IV) N-
butyl-N-

phenyldithiocarbamate 

82.1 
102.1-
104.0 

56.15 
(56.59) 

5.89 
(5.31) 

3.77 
(3.88) 

16.81 
(17.77) 

[45] 
Triphenyltin(IV) N-

butyl-N-
phenyldithiocarbamate 

34.0 
101.0 -
102.0 

60.54- 
(60.64) 

5.08 
(5.09) 

2.34 
(2.44) 

11.31 
(11.17) 

Dibutyltin(IV) N-ethyl-
N-phenyldithiocarbamate 

84.5 
126.9 -
128.2 

50.72 
(49.92) 

7.47 
(6.12) 

4.22 
(4.48) 

20.26 
(20.50) 

[54] 
Di-tert-butyltin(IV) N-

ethyl-N-
phenyldithiocarbamate 

51.6 
124.8 -
126.5 

48.19 
(49.92) 

7.34 
(6.12) 

4.13 
(4.48) 

20.10 
(20.50) 

Diphenyltin(IV) N-ethyl-
N-phenyldithiocarbamate 

74.8 
70.2-
72.9 

54.13 
(54.14) 

4.49 
(4.54) 

4.27 
(4.21) 

18.28 
(19.27) 

Triphenyltin(IV) N-
methylbutyldithiocarbama

te 
78 

88.3- 
90.8 

55.70 
(56.27) 

4.91 
(5.31) 

2.34  
(2.73) 

11.91 
(12.52) 

[55] 

Dibutyltin(IV) 
methoxyethyldithiocarba

mate 
76 68-69 

41.76 
(40.77) 

6.07 
(7.14) 

4.91 
(4.31) 

19.25 
(19.75) 

[73] 
 Triphenyltin(IV) 

methoxyethyldithiocarba
mate 

89 93-94 
54.38 

(53.76) 
4.38 

(5.24) 
2.87 

(2.51) 
12.13 

(11.49) 

Dibutyltin(IV) (2-
methoxyethyl)methyl 

dithiocarbamates 
66.31 

59.7–
62.9 

40.26 
(38.50) 

7.33 
(6.82) 

4.98 
(5.04) 

23.65 
(22.84) 

[74] 
Diphenyltin(IV) (2-

methoxyethyl)methyl 
dithiocarbamates 

78 
109.1–
111.1 

44.70 
(43.93) 

5.12 
(5.03) 

4.26 
(4.67) 

20.24 
(21.33) 

Tricyclohexyltin(IV) 
(2-methoxyethyl)methyl 

dithiocarbamates 
76.39 

102.7–
104.4 

52.40 
(51.89) 

8.05 
(8.14) 

2.53 
(2.63) 

12.47 
(12.05) 
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Dimethyltin(IV) 

N-ethyl-N-phenyl 
dithiocarbamates 

82 
167–
169 

43.90 
(44.37) 

5.01 
(4.84) 

4.99 
(5.17) 

23.99 
(23.69) 

[69] 
Dibuthyltin(IV) 

N-ethyl-N-phenyl 
dithiocarbamates 

87 
121–
122 

48.42 
(49.92) 

5.81 
(6.12) 

5.48 
(4.48) 

21.50 
(20.50) 

4.2. Fourier Transform Infrared Spectroscopy (FTIR) Analysis 

Infrared spectroscopy (FTIR) is a well-known technique used to identify organic  materials, 
including their structure, behavior, and surroundings of molecules in their native environments [78]. 
Besides that, it is used to determine coordination modes and binding properties of metal complexes 
[35]. The FTIR spectrum of the sample is often recorded in the 4000-400 cm-1 range [79–84]. The 
presence of a functional group in a molecule or sample that changes its electric dipole moment during 
vibration has to be a prerequisite to show an infrared spectrum [79]. There are four important 
absorption regions in the infrared spectrum; υ (C---N), υ (C-S), υ (Sn-C), and υ (Sn-S), indicating the 
formation of organotin(IV) dithiocarbamate complexes that will be discussed in the review. 

Dithiocarbamates can be identified by the distinct infrared spectral bands called the thioureide 
ν (C---N) and ν (C-S) bands [35,57,74,75,85,86]. These two stretching frequencies are of particular 
interest in the IR spectra since they can be used to distinguish between mono- and bidentate modes 
of binding of dithiocarbamate ligands [87]. Besides that, the presence of these two bands confirms 
that the ligands of dithiocarbamate coordinate to the tin atom via thiol-sulfur [66]. The thioureide 
band is a combination of v(C–N) and v(C=N) [74]. This band is a set of carbon-nitrogen bonds that 
fall between single bonds at 1250–1350 cm-1 and double bonds at 1640–1690 cm-1 [85,88,89]. However, 
these bands are often observed in the spectral range of 1450-1550 cm-1 [90,91], which is associated 
with the vibration of the partial double bond and a polar character [5,92].  

The partial double bond character of this thioureide band may be due to the delocalization of 
electrons in the –NCS2 region [45,74,89]. This band is sensitive to the presence of substituent groups 
on the tin(Sn) atom. The stretching of the (C---N) bond can be explained by considering that the more 
electronegative the substituent, the less the electron density on the tin atom and thus, the greater the 
contribution of the canonical structure (Figure 4). This will cause a stronger double-bond character 
to the (C---N) bond [93].  
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Figure 4. Canonical structure [93]. 

Besides that, the more electronegative substituent will increase the frequency of   vibration 
[35,74,93,94]. Onwudiwe and colleagues observed an upward shift around 15  cm-1 after 
complexation due to the movement of the electron cloud of the –NCS2 group closer to the metal center 
[86]. This is in agreement with the results of previous studies which obtained a higher stretching 
frequency, 1503–1478 cm-1, and 1479-1475 cm-1         respectively due to the removal of electrons to 
the tin center of the compound [35,44].  

A study found that the stereochemistry of the complex and the metal's oxidation state influenced 
the frequency, with the following order: planar > tetrahedral > octahedral [95]. Awang and colleagues 
observed that the C-N bands shifted down to lower frequencies due to the increase in coordination 
number [59]. This demonstrates that the geometry of the compound may affect the degree of 
interaction between the dithiocarbamate ligand and the metal ion, which has resulted in a decreased 
stretching frequency. 

The number of peaks in the υ(C-S) band region can be used to determine the chelation mode of 
the ligand to the central Sn(IV) atom [45,92]. This υ(C-S) stretching band usually appears in the range 
of 950-1050 cm-1 [54,61,90,91,96]. Apparently, there are two types of υ (C-S) bands, υ (CS2) asymmetry 
and υ (CS2) symmetry, which are found at 1120 – 1131 cm−1 and 995 – 1008 cm−1, respectively [87]. A 
single peak in the spectrum is associated with a bidentate symmetrical bonding while the splitting of 
this band into a doublet may be attributed to the unsymmetrical monodentate nature of the 
dithiocarbamate moiety [97]. Previous studies found a single υ(C-S) band at the absorption peak near 
1000 cm-1, suggesting a bidentate mode of coordination [35,44,46,66]. The bands split by a difference 
of 20 cm-1 or more within the same region indicated that the ligand coordinated to the central Sn(IV) 
atom in a monodentate fashion [56,91,92]. 

Organotin(IV) compounds can be identified by the presence of the two vibrating bands: υ (Sn-
C) and υ (Sn-S). Adeyemi et al. indicated that peaks attributed to the Sn-C stretch frequencies were 
512-507 cm-1 [44]. These results are consistent with studies by Haezam et al. who found vibrational 
bands of Sn-C in the range 546-556 cm−1 within the complex, indicating the stretching frequency for 
compounds with aryl groups [35]. In contrast, Kamaludin and Awang found that Sn-C stretching 
occurred for diphenyltin(IV) and triphenyltin(IV) compounds with aryl groups at 256 and 261 cm-1, 
and for dibutyltin(IV) compounds with alkyl groups at 554 cm-1 [54].  

Sn-S stretching vibration commonly appears in the far IR region and indicates the presence of 
metal-ligand bonds and that complexation has occurred. Muthalib and his colleagues reported a 
strong absorption band attributed to the Sn-S stretching frequencies appearing in the range of 325–
386 cm−1 [94]. This agrees with previously published data for organotin(IV) dithiocarbamate 
compounds, with Sn-S stretching vibrations being     recorded in the regions of 355-377 cm-1, and 
384-390 cm-1 [54,98]. Table 2 lists the important infrared absorption bands (cm−1). 
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Table 2. Important infrared absorption bands (cm−1). 

Compounds ν(C---N) ν(C---S) ν(Sn-C) ν(Sn-S) References 

(CH3)2Sn[S2CN(C7H7)(iC3H7)]2 1444 997 - 377 
[98] 

(C4H9)2Sn[S2CN(C7H7)(iC3H7)]2 1427 956 - 355 
(CH3)2Sn[S2CN(CH3) (C6H11)]2 1475 974 554 357 

[66] (C4H9)2Sn[S2CN(CH3) (C6H11)]2 1459 975 532 359 
(C6H5)3 Sn[S2CN(CH3) (C6H11)] 1478 979 261 349 
(C4H9)2Sn[S2CN(CH3)(C6H11)]2 1478 979 - 375 

[57] 
(C4H9)2Sn[S2CN(iC3H7)(C6H11)]2 1479 978 - 389 

(C4H9)2Sn[S2CN(C4H9)(C6H5)]2 1487.42 951.14 567.97 - 
[45] 

(C6H5)2Sn[S2CN(C4H9)(C6H5)]2 1457.81 996.86 258.69 - 
(C6H5)ClSn[S2CN(CH3)(C2H5) ]2 1511 997,957 - 318 

[75] 
(CH3)ClSn[S2CN(CH3)(C2H5)] 2 1519 995, 957 - 349 
(C4H9)2Sn[S2CN(C2H5)(C6H5)]2 1488.72 1003.50 554.14 385.96 

[54] (C6H5)2Sn[S2CN(C2H5)(C6H5)]2 1490.73 1000.62 256.21 390.23 
(C6H5)3Sn[S2CN(C2H5)(C6H5)] 1478.64 996.50 261.09 384.06 

Bu2Sn[C16H34NCS2]2 1464 1025,963 563 412 
[99] 

Ph3SnS2CNC5H12 1497 983 605, 567 445 
C20H26N2S4Sn 1461 1006 551 450 

[69] C26H38N2S4Sn 1488 1020 553 447 
C30H30N2S4Sn 1462 1003 552 444 
(CH3)2Sn(L)2 1503 981 507 451 

[44] (C4H9)2Sn(L)2 1487 1008 512 440 
(C6H5)2Sn(L)2 1478 996 510 443 

(C6H5)2Sn[S2CN(C3H5)2]2 1475.54 977.91 545.85 441.70 
[35] 

(C6H5)3Sn[S2CN(C3H5)2] 1479.40 972.12 555.50 445.56 

4.3. Nuclear Magnetic Resonance (NMR) spectroscopy  

NMR spectroscopy is an advanced technique for characterizing most organotin(IV) complexes. 
This technique provides useful information for predicting the geometry of organotin(IV) complexes. 

1. 1H NMR spectroscopy  

The 1H NMR spectrum of the complex can be assigned to two regions of signals: methyl and 
methylene proton in dithiocarbamate ligand (3-4 ppm) and organic groups attached to the Sn atoms 
of aliphatic groups (1-2 ppm), and the phenyl group (7-8 ppm) [74]. Studies by Adeyemi et al. found 
that 1H NMR chemical shifts of the complexes were observed in the range of δH, 3.94-3.56 ppm and 
δH 4.16-4.11 ppm, respectively, attributed to methylene protons directly attached to the N atoms of 
the dithiocarbamate ligands [44,100]. 

The alkyl groups present within the complex affected the chemical shifts in the 1H NMR spectra 
of the dithiocarbamate moiety [70]. Onwudiwe and Ajibade [101] observed a downfield by δ = 0.4–
0.6 ppm for methyl linked directly to N atoms in contrast with a study by Riveros and colleagues 
[102] which observed a chemical shift at δH 3.26-3.40 ppm. A downfield shift may contribute to the 
effect of the electronegativity of the nitrogen atom compared to the alkyl carbon [101,103]. Besides 
that, the electronegativity of the coordinated dithiocarbamate group is higher than that of the 
uncoordinated group [104]. 

Adeyemi and colleagues [70] observed that the proton signals of the methyl group of the N-ethyl 
dithiocarbamate appeared to have lower chemical shifts than the N-methyl group at 1.23 ppm and 
3.80 ppm, respectively, likely due to the deshielding effect that was reduced as the distance of the 
alkyl chain from the thioureide bond or metal center increased [105,106]. This result suggests that the 
resonances of the methyl protons connected to the N atom will be unaffected by the differences in the 
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organotin used to form each complex as the influence of substituents decreases rapidly with distance 
[74]. 

Studies provide compelling evidence that organic groups attached to nitrogen atoms and tin(IV) 
atoms produce distinct proton signals [44,94]. For example [94], the N-methyl protons signal was 
observed as a singlet at 3.19 - 3.34 while multiplets signals at 1.12 - 1.95 ppm and 4.50 to 4.65 ppm 
were assigned to N-cyclohexyl protons. For the isopropyl group, multiplet signals of 5.08-5.10 ppm 
and doublet of 1.21-1.26 ppm were assigned for methyne and methyl protons, respectively. 
Meanwhile, the chemical shifts of 7.27 to 8.07 ppm indicated the proton aromatic signals of the phenyl 
group (C6H5-N) [45,106]. 

In addition, Adeyemi et al. [44] reported proton signals in the organotin moiety for the 
dimethyltin(IV) derivative that appeared in the upfield region as a singlet at 1.53 ppm [66]. For the 
dibutyltin(IV) derivative, the proton signals were found in the range of 2.35–0.88 ppm, assigned to 
methylene and methyl protons of the butyl group [107]. A diphenyltin(IV) derivative was found in a 
range of 8.06 to 7.78 ppm, which was consistent with signals reported for aromatic protons bonded 
to the Sn atom [68,94]. For the phenyl group, the coupling constants for the protons were difficult to 
measure because the signals appear as multiplets [54]. The multiplet resonances may be due to the 
overlapping of proton signals in the aromatic group attributed to the phenyl ring attached to the N-
atom of the ligand, and the phenyl group attached to the central Sn(IV) atom [45].  

2. 13c NMR spectroscopy  

The chemical shift of the CS2 peak of the thioreide carbon (–NCS2) group is the most significant 
shift to characterize the dithiocarbamates complexes. This peak usually occurs between δ 185-220 
ppm [108] and the presence of the signal confirms that the coordination of sulfur to the metal atom 
has occurred [35,59,71]. A study by Onwudiwe and Ajibade (2011) observed weak signals of the 13C 
NMR spectrum for NCS2 carbons of the dithiocarbamate complex at 190.51 – 202.10 ppm [101], in line 
with a previous study (196.8 – 201.9 ppm) [75] and another (197.79-200.82 ppm) [35]. According to 
Adeyemi, Onwudiwe & Hosten (2019), the presence of the double bond character within the 
thiouriede group has been linked to the lower values of the NCS2 peaks [70]. The dithiocarbamate 
ligands with greater trans-effect have more shielded -CS2 groups, indicating greater electron density 
of the ligating group [109]. 

Furthermore, carbon signals for other carbon-containing substances were also observed in the 
13C NMR spectroscopy. Signals attributed to the methylene carbon close to the electronegative 
nitrogen atom have been observed in the range of δC 55.59-57.05 ppm [73], δC 57.0-59.8 ppm [44] 
and δC 56.56-57.84 [74]. Recent studies have shown that the methylene-C signal has a 
downfield shift, which could be attributed to the electronegative effect of the N atoms [45]. 
The electronegativity effects of the N atom cause a downfield shift in the spectrum 20 times 
higher at 13C than the 1H chemical shift [45,110]. 

A study by Adeyemi et al. (2020) reported carbon signals in the alkyl substituents attached to 
the tin center of dimethyl complex resonated at δ 15.0 ppm [44] which was in agreement with 
previous studies [66]. For the dibutyl complex, the resonation was observed between δ 31.2 and 
13.9 ppm [111]. Meanwhile, the diphenyl complex was found in the region of δ 136.2 to 128.9 ppm 
consistent with data reported by Haezam et al. [35], which showed resonation at δ 119.0-135.75 ppm. 
Sometimes, the two signal sets of the aromatic carbon can be seen, indicating that both 
dithiocarbamate moieties on the adjacent sides of the tin metal are unequal or magnetically unpaired 
for the aromatic groups [70,106]. 

3. 119Sn NMR spectroscopy  
119Sn NMR spectroscopy usually determines the coordination number of tin [94] and provides 

information on the geometry of organotin(IV) complexes [111]. The 119Sn shift is found to depend on 
the nature of the group attached to the Sn. The R substituent of the dithiocarbamate group attached 
to the Sn atom affects the chemical shift of 119Sn although each compound has the same coordination 
number [112] due to the sensitivity of the chemical environment of tin [94,113]. Besides that, the 
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nature of the chelating ligand (X) in RnSnX4−n can affect the values of δ (119Sn), with a higher 
electronegativity of the coordinate ligand causing the δ (119Sn) value to shift downfield [111,114]. 

The 119Sn NMR spectrum of an organotin(IV) complex often indicates a singlet and is 
significantly lower in frequency than the corresponding organotin(IV) salts. The lower chemical shifts 
of 119Sn are mainly due to the presence of electronegative substituents and dπ-pπ bonding effects, 
which lead to changes in the coordination numbers and bond angles near the tin center [115]. Hence, 
a lower chemical shift indicates an increase in the coordination number [112,114]. Figure 5 shows a 
119Sn chemical shift value (δ) at -335 ppm, indicating a hexacoordinated geometry around 
the Sn metal [44]. The list below classifies the most common structures of organotin(IV) compounds 
according to the coordination numbers [5,116–119]: 

1. Four-coordinate compounds (δ = 200 to -60 ppm): Distorted Tetrahedral structure  
2. Five-coordinate compounds (δ = -90 to -190 ppm): Distorted Trigonal-bipyramidal structure  
3. Six-coordinate compounds (δ = -210 to -400 ppm): Distorted Octahedral structure 
4. Seven-coordinate compounds (δ = -338 to -446 ppm): Distorted Pentagonal bipyramidal 

structure 

 

Figure 5. 119Sn NMR (ppm) analysis of the [(CH3)2SnL2] complex [44]. 

4.4. Recrystallization and Crystallography Study 

X-ray crystallography can further confirm the structural geometry of organotin(IV) complexes. 
Generally, a crystallography study involves four important steps: crystallization, data collection, 
structural elucidation, and refinement/verification [120]. The crystallization of organotin(IV) 
dithiocarbamate complexes is often done by dissolving the compound in a mixture of an organic 
solvent such as chloroform:ethanol in the respective ratio of 1:1, 2:1, or 1:3. The mixture is allowed to 
evaporate for a few days at room temperature before being collected and analyzed using X-ray 
technology. In previous studies, these methods have obtained colorless crystals [35,54,98].  

Deschamps (2010) suggested a similar technique for the crystallization of the small molecule that 
was used to produce a single crystal suitable for X-ray diffraction experiments [120]. Figure 6 shows 
a different type of crystal formation in which some compounds crystallize as thin plates that stick 
together or form stacks that appear to be single (a), which is unsuitable for x-ray diffraction. However, 
careful dissection (such as agglomerations) can yield useful single crystals (d). Besides that, rapid 
crystal growth often results in many crystals growing from a single nucleation center, forming 
elongated or acicular crystals (b). These also can be separated to yield useful single crystals (e). 
Crystal forms that look like glass wool or dust balls (c) are among the least desirable crystal forms. 
However, careful dissection can separate a single crystal from one of these undesirable forms (f). 
Crystals that are as small as 5x40x220 microns can be used for data collection [120,121]. 
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Figure 6. Different types of crystal formation [120]. 

According to Kim et al. (1987), the coordination geometries of organotin(IV) complexes seem to 
depend on the bonding mode of dithiocarbamate moiety, which is predominantly monodentate or 
bidentate [122]. In addition, the overall coordination number at the Sn atom decreases with the 
number of organic substituents at the Sn atom, which usually occurs when the sulfur donors are 
asymmetrically coordinated [117]. Therefore, this phenomenon affects the structural geometry of the 
complex. Organotin(IV) complexes can exist in a variety of structures depending on their 
coordination environment [1,117,118]. However, distorted tetrahedral, distorted trigonal-
bipyramidal structure, and distorted octahedral are the most common geometries of organotin(IV) 
dithiocarbamates complexes. 

The triorganotin(IV) complexes are often seen as tetrahedral or trigonal bipyramidal symmetry 
with distortions regardless of the nature of the ligands attached to the Sn atoms [123]. The distortion 
arises as a result of the distance of the second uncoordinated sulfur which forms a “pendant-like” 
structure [5]. As shown in Figure 7 and 8, the complexes exhibit a distorted tetrahedral geometry 
around the tin center [45,54]. The             dithiocarbamate ligands coordinate to the Sn 
atom in a monodentate manner due to the large disparity in the C–S bond distances. Consistently, 
Sn-S bond distances are also non-equivalent for both complexes. The C–S bond angles for complex 
(C6H5)3Sn[S2CN(C4H9)(C6H5) are S1–C1=1.758(2) Å and S2–C1=1.675(2) Å while complex 
(C6H5)3Sn[S2CN(C2H5)(C6H5) with two independent molecules in the asymmetric unit have bond 

angles of S1-C1 = 1.759(2) Å; S2-C1 = 1.680 (2) Å; S3-C28 = 1.7496 (19) Å, S4-C28 = 1.6862 (19) Å. 
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Figure 7. ORTEP plot of compound (C6H5)3Sn[S2CN(C4H9)(C6H5) with distorted tetrahedral 
geometry at a 50 % probability level [45]. 

 

Figure 8. ORTEP plot of compound (C6H5)3Sn[S2CN(C2H5)(C6H5) with distorted tetrahedral 

geometry at 50 % probability level [54]. 

The covalent Sn–S bond distances are unequal for both complexes with Sn-S1 (2.4772 (5) Å) 
and Sn-S2 (3.1048 (5) Å) for triphenyltin(IV) N-butyl-N-phenyldithiocarbamate while Sn1-S2 = 
3.1477 (6) Å, and Sn2-S4 = 2.9970 (5) Å for triphenyltin(IV) N-ethyl-N-phenyldithiocarbamate. The 
longer bond distance (3.1048 (5) Å and 3.1477 (6) Å) is less than the sum of the van der Waal radii 
of two atoms (4.0 Å), indicating weak interaction for the Sn1–S2 bond [5]. The wider angles between 
the bond distance also cause deviation in the tetrahedral angles from the ideal tetrahedral geometry 
(109.5°) which is attributed to the influence of the proximity of the non-coordinating thione sulfur 
atoms in the complexes [45,124]. 

The bond length of C-N also known as thioureide distance indicates the formation of the 
dithiocarbamate group. This bond is usually found in the bond length of mean value 1.45 Å 
[45,125]. However, the thioureide distance in both complexes was shorter as compared to the normal 
bond length in which C1-N1=1.337(2) Å for triphenyltin(IV) N-butyl-N-phenyldithiocarbamate 
while for triphenyltin(IV) N-ethyl-N-phenyldithiocarbamate the C1-N1 and C28-N2 is 1.342 (2) Å 
and 1.333 (2) Å, respectively. Therefore, the bonds formed impose a partial double bond feature 
as found in most dithiocarbamate complexes [45,54,76,126]. 

Six coordinated or octahedral geometry around the tin atom are most common for 
diorganotin(IV) complexes. This geometry is usually formed through bidentate coordination of 
dithiocarbamate ligand with its two sulfur atoms to the tin center [117]. Awang & Baba (2012) 
reported an anisobidentate coordination of the dithiocarbamate ligand to the tin atom through four 
Sn-S bonds, forming a six-coordinated geometry (Figure 9) [57]. The covalent Sn–S bonds were Sn(1)-
S(1) = 2.9255(11) Å; Sn(1)-S(3) = 2.8922(9) Å; Sn(1)-S(2) = 2.5419(10) Å; and Sn(1)-S(4) = 2.5293(10) Å). 
The longer Sn-S distances are significantly lower as compared to the sum of the van der Waals radii 
(4.0 Å) [127]. Therefore, these bonds may be considered weak [81]. 

The C-S bond distances [S(2)-C(9) = 1.746(3) Å, S(4)-C(18) = 1.743(4)] and [C(9)-S(1) = 1.692(4), 
C(18)-S(3) = 1.692(4)] of this complex are reported almost similar to the dithiocarbamate complexes 
found by Rehman et al. [128], thus confirming the considerable double bond character associated 
with the C-S bonds. The short thioureide distance (C(9)−N(1) = 1.328(4) Å and C(18)−N(2) = 1.331(4) 
Å) showed that the π-electron density was delocalized over the S2CN moiety and had a partial double 
bond character [45,54]. 
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Figure 9. ORTEP plot of N-alkyl-N- cyclohexyldithiocarbamato)dibutyltin(IV) at 50% probability 
level [57]. 

Haezam et al. (2021) and Adeyemi, Onwudiwe & Hosten (2019) reported the octahedral 
environment around the tin atom resulting from two bidentate coordination of sulfur atoms in ligand 
dithiocarbamate to the tin atom in the organotin(IV) complex as shown in Figure 10 and 11 [35,70]. 
Sulfur atoms in the structure form unequal distances from tin atoms, forming one short Sn-S and long 
Sn-S bond. This suggests that the dithiocarbamate ligand coordinated with the tin atom 
asymmetrically, forming a distortion of the regular octahedral geometry. Adeyemi and colleagues 
reported that the Sn-S distances in dimethyltin(IV) N,N-methyl phenyl-N,N-ethyl phenyl 
dithiocarbamate were higher than the sum of usual Sn-S covalent radii (2.42 Å), but significantly less 
than the sum of the van der Waals radii (3.97 Å) [129], making them a true bond. The distortion 
around the metal center and asymmetrical nature of ligand dithiocarbamate suggests this complex 
has a skew trapezoidal-bipyramidal geometry [70]. 

 

Figure 10. ORTEP plot of compound (C6H5)2Sn[S2CN(C3H5)2]2 at 50% probability level [35]. 
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Figure 11. A structure of dimethyltin(IV) N,N-methyl phenyl-N,N-ethyl phenyl dithiocarbamate 

complex [(CH3)2SnL
1
L

3
] [70]. 

A crystal structure of the 1,1-Dibutyl-1,1-bis[(4-methyl-1-piperidinyl)dithiocarbamato)]tin(IV) 
(Figure 12) in the asymmetric unit with four coordination number of the tin atom has been reported 
[81]. Ligand dithiocarbamate bonds to the Sn atom through sulfur atoms (1) and (3), with Sn-S (1) = 
2.534 (12) Å and Sn-S (3) = 2.536 (11) Å. The structural data suggest that the ligand is coordinated in 
a monodentate fashion, which is unusual for di-organotin(IV) substituents [5]. The Sn-S (2) and Sn-S 
(4) bond distances, which are 2.918 (14) and 2.919 (13) Å, respectively, are too long to be strong 
covalent bonds and are considered weak due to shorter than the sum of the van der Waals radii for 
these atoms [98,130]. 

The bond distance is considered as weak maybe because the steric interaction of the two butyl 
groups and the four-membered chelating ring may prevent the formation of the Sn(1)-S(2) and Sn(1)-
S(4) bonds [81,98]. The geometry is distorted from a regular tetrahedron due to the bond angle of 
C(15)-Sn-C(19) being 135.3 (16)° which is larger than the expected angle for a tetrahedron (109.5°) 
[5,45]. Another important distortion is caused by the asymmetric Sn-S bond lengths which the angle 
S(1)-Sn(1)-S(3) of 83.03 (14)°, is not consistent with true tetrahedral geometry. Thus, the coordination 
geometry for this complex is described as distorted tetragonal. 

 

Figure 12. ORTEP drawing of 1,1-dibutyl-1,1-bis[(4-methyl-1-piperidinyl)dithiocarbamato)]tin(IV) 
with atomic numbering scheme [81]. 
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Monorganotin(IV) complex exhibits only distorted octahedral geometries with the little 
exception being the pentagonal pyramid geometry [117]. Muthalib and Baba [75] reported the 
structure of monorganotin(IV) complex with the formula of PhSnCl[S2CN(Et)(i-Pr)]2 (compound 5), 
MeSnCl[S2CN(Me)(Cy)]2 (compound 11) and MeSnCl[S2CN(i-Pr)(CH2Ph)]2 (compound 17) (Figure 

13). These molecules have a distorted octahedral geometry attributed to the bonding between the tin 
atom and the CClS4 donor atom from the two chelating dithiocarbamate ligands. These three 
compounds have short Sn-S bond distances (from 2.5 to 2.7 Å) which indicate symmetric coordination 
modes [131]. The shortest Sn-S bond lengths (Sn-S1= 2.5191(11) Å) observed in compound 5 might be 
due to the higher electronegative effect of the phenyl substituent. 

 

Figure 13. ORTEP plot of compound compounds 5, 11, and 17 with distorted octahedral geometry 
at a 50% probability level [75]. 

5. Anticancer Effect Of Organotin(IV) Dithiocarbamate 

The FDA's approval of cisplatin, Pt1 for the treatment of testicular cancer in 1978 caused a surge 
of interest in clinical metallodrugs and marked the beginning of medicinal inorganic chemistry [132]. 
However, cisplatin is known to have significant side effects, including nephrotoxicity, hepatotoxicity, 
gastrotoxicity, myelosuppression, neurotoxicity, cardiotoxicity, and ototoxicity [133,134]. Therefore, 
this led researchers to turn their attention to non-platinum chemotherapy drugs with few side effects 
[17,27]. 

Recently, the organotin(IV) dithiocarbamate complex has been receiving much attention due to 
its therapeutic potential. Both organotin and dithiocarbamate moieties have been found to play a 
significant role in the cytotoxic activities of various cancerous cell lines [44]. Organotin compounds 
hold potential as a non-platinum chemotherapeutic drug due to their ability to exhibit fewer side 
effects, greater excretion abilities, higher antiproliferative activities, and low toxicity than other 
platinum-based drugs [8,28,32,135]. A study by Varela-Ramirez et al. [29] reported that even though 
organotin have been implicated in important deleterious ecological effects, it is possible that by 
chemical modification these compound can be generated with low toxic side effects and higher 
antitumor activity. For this reason, more stable tin-based compounds with different ligands have 
been synthesized and are starting to be tested as potential cancer treatments. 

Kamaludin et al. (2013) and Muhammad et al. (2022) claim that the toxicity of organotin(IV) is 
directly correlated with the number and nature of the organic moiety [45,136]. Highly substituted 
organotin compounds are more toxic while shorter alkyl substituents enhance the cytotoxic effect of 
compounds [137–139]. On the contrary, according to Adeyemi et al. (2020), longer chains of alkyl or 
aryl groups in organotin complexes cause more cytotoxicity than shorter chain counterparts. 
However, this trend can be a hindrance due to selectivity toward the used cell lines [44]. This could 
be that the toxicity trend based on the length/nature of the substituents depends on the employed 
target. 
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The organotin(IV) compounds with trialkyl and triaryl substitutions are reported to be more 
toxic than those with di-alkyl and aryl substitutions [26,28,35,66,68,73,140]. Compared to the 
cytotoxic activity of the mono-substituted derivatives, the di-substituted alkyl or aryltin(IV) groups 
showed a better cytotoxic effect [39,68,96,131]. However, mono-substituted alkyl or aryltin complexes 
may have good activity, especially for butyl and phenyl derivatives [39] possibly because the 
complexes have exceptional cytotoxic capabilities. Table 3 shows the cytotoxicity of the organotin(IV) 
dithiocarbamate complexes against various human tumor cell lines (IC50 values). The compounds are 
considered to be highly toxic if their IC50 values are lower than 5.0 μg cm-3 (< 8.70 μM) [45,141] (Table 
4). 

Table 3. In vitro cytotoxicity of the complexes against various human tumor cell lines (IC50). 

Compounds 
IC50 values 

(μM) 
Tumor Cell Lines References 

Dibutyltin(IV) N-butyl-N-
phenyldithiocarbamate 

0.8 

Jurkat E6.1 

[45] 

Diphenyltin(IV) N-butyl-N-
phenyldithiocarbamate 

1.3 

Triphenyltin(IV) N-butyl-N-
phenyldithiocarbamate 

0.4 

Doxorubicin hydrochloride 
(control) 

0.1 

Dibutyltin(IV) N-butyl-N-
phenyldithiocarbamate 

5.3 

K-562 
 

Diphenyltin(IV) N-butyl-N-
phenyldithiocarbamate 

9.2 

Triphenyltin(IV) N-butyl-N-
phenyldithiocarbamate 

1.9 

Doxorubicin hydrochloride 
(control) 

11.0 

Triphenyltin(IV) 
benzylisopropyldithiocarbamate 

0.18 

Jurkat E6.1 [26] 
Triphenyltin(IV) 

methylisopropyldithiocarbamate 
0.03 

Triphenyltin(IV) 
ethylisopropyldithiocarbamate 

0.42 

Etoposide (control) 0.12 
MeSnClL2 >4000 

HeLa [39] 

BuSnClL2 8.12 

PhSnClL2 4.37 

Me2SnL2 12.30 

Bu2SnL2 11.75 

Ph2SnL2 0.01 

5-Fluorouracil (control) 40 
Dimethyltin(IV)benzyldithiocarbama

te 
40 

Hela [44] 
Dibutyltin(IV)benzyldithiocarbamate 0.019 
Diphenyltin(IV)benzyldithiocarbama

te 
330 

5-Fluorouracil (control) 40 
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Dimethyltin(IV)benzyldithiocarbama
te 

185 

MCF-7 
Dibutyltin(IV)benzyldithiocarbamate 57.3 
Diphenyltin(IV)benzyldithiocarbama

te 
20 

5-Fluorouracil (control) 56.2 
Diphenyltin(IV) 

diallyldithiocarbamate 
2.36 

HT-29 [35] 
Triphenyltin(IV) 

diallyldithiocarbamate 
0.39 

Table 4. Categories of toxicity levels of chemical compounds [141]. 

Categories IC50 value (μg cm-3) 

Very toxic < 5.0 
Moderately toxic 5.0  ≤ 10.0 

Less toxic 10.0 – 25.0 
Non-toxic > 25.0 

The lipophilicity of metal complexes is often affected by the nature of the alkyl or aryl group on 
the metal core of tin. For instance, the phenyl group in an organotin molecule can facilitate π-π 
interaction with biomolecules [42], which also contribute to enhanced lipophilicity [39]. Previous 
research has shown that compounds containing phenyl groups have the highest cytotoxicity activity 
compared to the other series of complexes being studied with the lowest IC50 value of 0.01 μM 
[28,39,44,98]. 

Additionally, the cytotoxicity of the organotin(IV) complex can be influenced by the ligand 
dithiocarbamate. The ligand system has been reported to play a significant role in the lipophilicity 
and stability of metal complexes [142]. The presence of sulfur donor atoms in the ligand 
dithiocarbamate aids in the transport of metal complexes. The chelation effect due to the polarity of 
the tin metal enhances biological activities [39] by increasing lipophilicity and facilitating the 
transportation of molecules to the targeted sites [44,45,48]. Therefore, the interaction of organotin(IV) 
compounds with cellular and cytoplasmic membranes can occur [143]. 

Previous studies found that the activity of organotin(IV) antitumor compounds was influenced 
by several factors: the stability of ligand-Sn bonds (such as Sn-N, Sn-S, and Sn-O), their slow 
hydrolytic decomposition [144], the structure of the molecule, and the    coordination number of 
the tin(IV) atoms [145]. Metal complexes formed by bidentate ligands such as dithiocarbamate form 
quite stable molecules because of the "chelate effect" and the fact that the decomposition and loss of 
ligand dithiocarbamate are impossible to occur. In addition, the presence of a chelating 
dithiocarbamate should make the coordination of additional S-donor ligands (e.g., methionine and 
cysteine residues) trans to the -NCSS moiety less favorable because of the strong trans-influencing 
effect of the dithiocarbamate sulfur atoms. This may prevent further interactions of the metal center 
with other thiol-containing biomolecules that likely to cause severe side effects such as nephrotoxicity 
[146,147]. A study by Kadu and colleagues found that sulfur-containing compounds had better 
therapeutic indices in acidic environments, in which slightly acidic conditions were typically seen in 
solid tumors induced by the anaerobic fermentation of glucose-secreting lactic acid in the tumor 
tissue [42]. 

Organotin-induced apoptosis may be the primary mechanism of cell death for organotin(IV) 
complexes [8,28,32,35,148]. Jakšić (2012) [149] proposed that organotins might be responsible for 
inducing apoptosis by causing changes to the cytoskeleton and disruption of mitochondrial 
functions. The apoptotic pathway is initiated by the interaction of organotins with cellular 
components, which can lead to perturbation of intracellular Ca2+ homeostasis, and increased [Ca 2+] 
uptake that leads to harmful effects for the mitochondrion itself, such as loss of ΔΨm, increased ROS 
production, followed by MPT and membrane depolarization. The final ΔΨm degradation by MPT 
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promotes the release of cytochrome c from mitochondria into the cytosol, formation of the 
apoptosome, and subsequent activation of initiator caspase-9 and executioner caspase-3, which 
executes the final steps of apoptosis. 

The interaction of organotin compounds with biomolecular proteins is influenced by their 
coordination geometry, biological properties, and presence of the functional group. It has been 
reported that compounds with a lower coordination number of tin atoms (i.e., four) are more exposed 
to interaction with the donor atoms of the biomolecule of the target cell. Therefore, this complex has 
higher anticancer activity [136]. Besides that, organotin(IV) compounds exhibit electrophile 
properties that enhance the interaction with electron-donating groups of biomolecules [53], a trait 
similar to the aquated form of cisplatin, a potent electrophile that reacts with a variety of nucleophiles, 
including nucleic acids and sulfhydryl groups of proteins [150]. The interaction of this compound 
with phosphorus-containing biomolecules such as phospholipids, ATP, and nucleic acids inhibits the 
synthesis of phospholipids and intracellular transport of these biomolecules, hence inducing the 
antiproliferative activity of the organotin(IV) derivative complex [53]. 

Organotin(IV) compounds have been found to cause DNA damage by binding to the phosphate 
backbone of DNA, leading to DNA contraction and a change in DNA conformation [151,152]. The 
interaction of the organotin complex with DNA is different from the interaction of cisplatin with 
DNA, which can bind to DNA via cross-linking [5]. Studies have shown that the planar complex can 
easily intercalate into DNA base pairs in the cell lines [153]. Therefore, this complex may possess high 
cytotoxicity activity. This argument is supported when phenyl-substituted compounds show higher 
cytotoxicity than butyl- and methyl-substituted compounds due to the presence of planar phenyl 
group(s) within the organotin moiety, which enhances the lipophilicity of the complexes and 
subsequent penetration into the organisms [39]. Besides that, organotin can inhibit cell division and 
proliferation by interacting with nitrogenous bases of nucleotides of nucleic acids, interfering with 
the replication and transcription of DNA molecules, or affecting the multienzyme complexes 
responsible for the replication and transcription of DNA [154]. Hence, these complexes may be 
targeting DNA according to findings in the literature [8,32,39,66,68].  

Conclusions 

In this review, we have described the synthesis of organotin(IV) dithiocarbamate complexes by 
using the in-situ method in different molar ratios. Besides that, we have highlighted the different 
coordination modes of dithiocarbamates to the tin(IV) atom; monodentate, bidentate, and 
anisobidentate. Depending on the coordination modes, the structural geometry of organotin(IV) 
dithiocarbamate may exist in the tetrahedral, trigonal-bipyramidal, octahedral, and pentagonal 
bipyramidal structures. The organotin(IV) constituents play a critical role in inducing cytotoxicity, 
with the ligands being involved in transporting and addressing the molecule to the target while 
avoiding unwanted changes within the biomolecules [155]. The presence of a functional group R on 
the Sn(IV) atom is believed to affect the anticancer activities of these complexes [35]. The stabilization 
of a drug by coordination to the metal centers known as metal-drug synergy also enhances the 
activity of the organic drug [146,156]. Therefore, the organotin(IV) dithiocarbamate complex may be 
a potential anticancer agent, but more research is needed to understand the mechanism of cell death 
caused by this complex. 
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