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ABSTRACT 
 
 Due to many health problems caused by bacteria, the studies to find excellent antibacterial agents to 
overcome these problems have been actively carried out for many years. Organotin and dithiocarbamate 
compounds have emerged as potential candidate to be applied as antibacterial agent. Thus, three new organotin 
(IV) dithiocarbamate complexes were successfully synthesized by the reactions between bis-2-
methoxyethyldithiocarbamate, (C4H7O)NCS2 with dimethyltin(IV) dichloride, dibutyltin(IV) dichloride and 
triphenyltin(IV) chloride , RxSnClx (R= Bu, Me, Ph) and (x= 1, 2 or 3) in this study. These series of 
organotin(IV) complexes were synthesized using “in situ” insertion method and characterized by determination 
of melting point, CHNS elemental analysis, infrared spectroscopy (FT-IR), 1H and 13C nuclear magnetic 
resonance (NMR) and UV-vis spectroscopy. Presence of important absorption bands such as v(C=N+), v(C-S) 
and v(Sn-S) as well as expected resonances in 1H and 13C NMR proved they were synthesized as predicted. 
Compound 3 showed good inhibition activity against Gram-positive bacteria but it showed negative result 
against Gram-negative bacteria. Compound 2 exhibited broad inhibition activity against both Gram-positive and 
Gram-negative bacteria. Thus, we can clarify that compounds 2 and 3 have great potential in pharmaceutical 
manufacturing industries in the near future.   
 
Key words: Organotin, Dithiocarbamates (DTCs), Anti-microbial. 
 
Introduction 
 
 Recently, the increasing number of diseases caused by dangerous microorganisms has becoming major 
problem worldwide. Therefore, serious attempts have been made to find efficient antimicrobial agents to fight 
against these pathogenic microorganisms. Organotin complexes were widely known to exhibit important 
biological activities such as antifungal (Menezes et al., 2005; Singh and Kaushik, 2008), antibacterial (Mamba 
et al., 2010; Khan et al., 2008; Chauhan and Shaik, 2005) and antitumour (Awang et al., 2010; Syng-ai et al., 
2002) activities. Generally, general formula of organotin compound is RnSnX4-n which R refers to organic ligand 
and X refers to other ligand (Heard, 2005). Meanwhile, dithiocarbamate moiety is commonly studied due to its 
significant biological behaviour (Mamba et al., 2010; Awang et al., 2011). Combination of these two precious 
species should possibly produce a compound with good antibacterial activity. In this study, several 
organotin(IV) dithiocarbamate complexes was synthesized and biological activity of these complexes towards 
selected Gram-negative and Gram-positive bacteria was investigated. 
 In conjunction to our previous report on the synthesis and antimicrobial activity of organotin(IV) featuring 
methylcyclohexyl and methylpiperazinedithiocarbamate systems have triggered us to extend the study involving 
this similar system (Adli et al., 2013). Therefore, here, we report on the combinatorial tasks involving synthesis, 
characterization and biological activities of three newly synthesized organotin(IV) complexes featuring bis-2-
methoxyethyldithiocarbamate moiety. 
 
Materials and Methods 
 
 All chemicals and solvents were purchased and used as received without further purification from standard 
commercial suppliers. Melting Point Stuart SMP3 and CHNS Flashea 1112 Series were used to carry out 
melting point and CHNS elemental analyses. Infrared spectra of all synthesized compounds were recorded on a 
FTIR Perkin Elmer 100 Spectrophotometer using KBr discs in the range 4000-400 cm-1. UV analysis for 
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compounds 2 and 3 were carried out using UV-1601PC Shimadzu UV-vis Spectrophotometer by dissolving ca. 
1x10-4 M samples in methanol and each sample was prepared in 1cm3 cuvette. However, due to poor solubility 
in methanol, spectrum for compound 1 could not be generated. 1H and 13C NMR spectra for all compounds were 
successfully obtained in deuterated chloroform (CDCl3) using BRUKER AVANCE III 400 MHz NMR 
Spectrometer.      
 
General synthetic approach:  
 
 All reactions were carried out at temperature below 2°C. Firstly, dithiocarbamate ligand was synthesized 
using secondary amine (1.0 mol) and carbon disulphide (1.0 mol). After first part of the reaction has completed, 
organotin chloride (0.5 mol) was added to solution of ethanolic dithiocarbamate. Then, white precipitate 
produced during the reaction was filtered and washed using little cold ethanol (2x3mL) to remove any impurity 
which may present. The desired products were left to dry at an ambient environment for approximately 2 days. 
 
Preparation of Complexes:  
 
 Compound 1 was prepared by the addition of carbon disulphide, CS2 (1.21 mL, 10 mmol) to a 30 mL 
ethanolic solution of bis-2-methoxyethylamine (2.93 mL, 10 mmol) and stirred for an hour at below 2°C. Next, 
dimethyltin(IV) dichloride (1.10 g, 5 mmol) was added and stirred for another one hour to form white 
precipitate in the solution. The precipitate was filtered and washed with cold ethanol and dried in vacuo. 
Compounds 2 and 3 were prepared by a similar manner with replacement of dibutyltin(IV) dichloride (1.52 g, 5 
mmol) or triphenyltin(IV) chloride (3.85 g, 10 mmol). Compounds 2 and 3 were obtained in white powder and 
white crystalline solids respectively. Scheme 1 and 2 summarize reaction pathways of all complexes synthesised 
in this study.   
 

 
 
Fig. 1: Reaction pathway of complex 1 and 2. 
 

 
 
Fig. 2: Reaction pathway of complex 3. 
 
Anti-microbial Study:  
 
 Anti-microbial activity test was carried out by using Disc Diffussion Test (Mearns-Spragg, 1997) on 
selected strains based on its medical importance and type. The strains chosen were Gram-positive bacteria 
Bacillus cereus (ATCC 11778) and Staphylococcus aureus (ATCC BAA-1026), Gram-negative bacteria 
Escherichia coli (ATCC 4157) and Salmonella typhimurium (ATCC 29629). Nutrient broth (Oxoid; beef extract 
1g/l, yeast extract 2g/l, peptone 5g/l, sodium chloride 5g/l) were prepared for growing bacteria culture in liquid 
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medium. All microorganisms’ culture solutions were adjusted to the turbidity of the 0.5 Mc Farland prior to 
inoculation on the nutrient agar. Experiments were conducted in triplicate. Sterile 6mm paper disc (Whatman) 
was saturated with extracts and left to air dry. The process was then repeated and approximately 90 µl of 
extracts in total was loaded on each disc. The diameter of the inhibition zone was measured after overnight 
incubation at 28 to 37°C. The results were expressed as the diameter of inhibition zone around the discs in mm. 
Tetracyclin commercial antibiotic and DMSO were used as positive and negative controls. 
 
Result and Discussion 
 
 All synthesized complexes are in white precipitate and white crystalline solids. The physical properties of 
all complexes are tabulated in Table 1. These compounds were found to be insoluble in most common organic 
solvents at room temperature but soluble in chloroform. They were characterized via several typical 
spectroscopic techniques namely Fourier Transform Infrared (FT-IR), Ultraviolet Visible (UV-vis) and Nuclear 
Magnetic Resonance (NMR) spectroscopy. 
 
Table 1: Physical properties and analytical data of organotin (IV) complexes. 

Complexes Product color and state Yields Melting Point (°C) 

1 
Me2Sn[C14H14S202N]2 

 
White precipitate 

 
76% 

 
123.5-127.7 

2 
Bu2Sn[C12H16S202N]2 

 
White precipitate 

 
81% 

 
107.1-109.2 

3 
Ph3Sn[C7H15S2O2N] 

 
White crystalline solids 

 
85% 

 
156.2-158.5 

 
 There are three important stretching frequency regions for IR analysis of these complexes which are 
v(C=N+), v(C-S) and v(Sn-S) (Sharma and Kaushik, 2004). Sharp peaks at region 1488-1478 cm-1 which can be 
observed in all IR spectra are assigned as thioureide band from dithiocarbamate moiety. Thus, this proves to be 
dithiocarbamate ligands were successfully synthesized in all complexes. Besides, another important band of 
interest in the study of organotin(IV) dithiocarbamate is v(C-S) stretching frequency. Shahzadi et al., (2008) 
suggested that value of ν(C-S) stretching can be used to investigate coordinating behaviour of dithiocarbamate 
towards central metal. Presence of a single band at 995-965 cm-1 in all complexes indicates dithiocarbamate is 
bonded as bidentate ligand (Awang et al., 2011). Bonding of organic ligand towards metal centres can be 
determined by observing absorption of v(Sn-C). Meanwhile, vibrational band observed in all IR spectra at 442-
467 cm-1 can be assigned as stretching frequency of v(Sn-S) (Adli et al., 2013; Fuentes-Martínez et al., 2009). 
Table 2 shows selected important IR vibration data of synthesized complexes. 
 
Table 2: Selected important IR vibration data (cm-1). 

Complexes ν(C=N+) ν(C-S) ν(Sn-C) ν(Sn-S) 
1 

Me2Sn[C16H15NO2]2 
1488.88 

(s) 
987.06 

(m) 
571.31 

(w) 
460.47 

(m) 
2 

Bu2Sn[C16H15NO2]2 
1484.31 

(s) 
965.95 

(m) 
569.81 

(w) 
467.87 

(m) 
3 

Ph3Sn[C16H15NO2]2 
1478.32 

(s) 
994.41 

(s) 
590.11 

(m) 
442.48 

(m) 

 
 Electron absorption spectra of these complexes were recorded in methanol, 1cm3 cuvette with concentration 
of ca. 1x 10-4 M. The presence of single strong absorption peak shifted to shorter wavelength at 205 nm suggests 
an intramolecular π-π* transition in dithiocarbamate ligand (Mishra et al., 2005). Therefore, the formation of 
NCS2 bonding were strongly confirmed by the existence of this (C=N) band. Besides, the range of absorption 
around 253-261 nm indicated the presence of lone pair electrons of sulphur due to n-π* transition. While, in the 
range of 277-322 nm, these bands may be contributed from the electronic transition between p orbital of sulphur 
and empty 5d orbital of tin (Singh & Varshney, 2006). However, Adli et al., (2013), reported the presence of a 
broad shoulder band in all spectra indicates an extended conjugation system in their studied molecules of 
organotin(IV) dithiocarbamate complexes. 
 In 1H NMR analysis, the chemical shifts for proton in methoxy moiety of bis(2-methoxyethyl) ligand 
appears in the range of δH 3.37-4.11 ppm. Besides, a pair of triplets in the range of δH 3.35-4.21 ppm indicated a 
methylene resonance of the ligand (Hogarth & Ranford, 2009). While, phenyl resonance in complex 3 which 
bonded to central tin atom can be observed at δH 7.46-7.81 ppm as unresolved overlapping resonances from 
various substituted phenyl rings.  
 The 13C NMR of methoxy group in all complexes can be observed in the range of δC 58.98- 59.06 ppm 
while the resonance of carbon which directly attached to nitrogen atom is found in the range of δC 49.18-55.52 
ppm. Another important resonance in dithiocarbamate moiety is thione carbon (CS2). In compounds 1, 2 and 3 
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the chemical shift of CS2 were observed at δC 197.75, 201.50 and 197.32 ppm respectively. The CS2 resonances 
were shifted to downfield due to deshielding effect of electronegative atom of nitrogen (Prakasam et al., 2007). 
All 1H and 13C NMR analysis data are tabulated in Table 3 and Table 4 respectively. 
 
Table 3: The data of 1H NMR Spectra for complexes of 1, 2 and 3. 

Compounds Moieties Chemical Shift, δH (ppm) 
1 (s, 3H, Sn-CH3) 

(s, 3H, O-CH3) 
(t, 3JHH=5Hz, 2H, N-CH2) 
(t, 3JHH, 3JHH2H, O-CH2) 

2.05 
3.37 

3.52-3.53 
3.69-3.72 

2 (t, 3JHH= 7Hz, 3H, CH3) 
(m, 3JHH= 7Hz,  4H, CH2) 
(m, 3JHH= 7Hz,  4H, CH2) 

(t, 3JHH= 7Hz, 2H, Sn-CH2) 
(t, 3JHH= 5Hz, 2H, N-CH2) 
(t, 3JHH= 5Hz, 2H, O-CH2) 

(s, 3H, O-CH3) 

0.92-0.95 
1.39-1.48 
1.39-1.48 
1.87-1.93 
3.35-3.40 
3.68-3.71 

4.11 
3 (s, 3H, O-CH3) 

(t, 3JHH= 5Hz, 2H, N-CH2) 
(t, 3JHH= 6Hz, 2H, O-CH2) 

(s, 5H, Sn-C6H5) 
(m, 3JHH= 5Hz, 3H, Sn-C6H5) 

3.41 
3.76-3.79 
4.18-4.21 

7.46 
7.79-7.81 

 
Table 4: The data of 13C NMR Spectra for complexes of 1, 2 and 3. 

Compounds Moieties Chemical Shift, δC (ppm) 
1 O-CH3 

N-CH2 
Sn-CH3 
NCS2 

59.01 
49.18 
9.09 

197.75 
2 O-CH3 

N-CH2 
Sn-C4H9 

NCS2 

58.98 
55.62 
28.33 

201.50 
3 O-CH3 

N-CH2 
Sn-C6H5 

NCS2 

59.06 
57.13 

128.64 
197.32 

 
 In antibacterial test, tetracyclin as positive control was used in order to give a good comparison between 
antibacterial activity of positive control and synthesized organotin(IV) dithiocarbamate complexes. Besides, 
dimethyl sulfoxide (DMSO) was used as negative control in this study since all complexes were soluble in this 
solvent and DMSO gives no effect towards inhibition of bacterial strains. Most complexes were shown to be 
active against tested bacterial strains excluding complex 1. Both complexes 2 and 3 inhibit both gram negative 
and gram positive bacteria (Table 5). However, most of selected compounds inhibit the growth of Gram-
positive compared to Gram-negative bacteria with moderate activity. This may arise because of thickness of cell 
wall on the negative strain bacteria. Results show that complex 2 has biological activities for both groups of 
bacteria, indicating that it has broad range of biological activities by referring to the collected data. The most 
effective complex is compound 3 due to the highest toxicity posse by this complex. This is in agreement with 
Etaiw et al., (2010) which reported triorganotin compounds are more biologically active than diorganotin 
compounds. Moreover, presence of three phenyl groups in complex 3 enhances its toxicity against bacteria 
(Awang et al., 2011). In addition, delocalization of π electron within chelate ring system is directly increase 
lipophilic character of the complex (Shaheen et al., 2011). Thus, this allows the compound to be efficiently 
absorbed by the bacteria membrane. This is in agreement with other reports on the effect of bacterial cell wall 
and metabolism from complexes 2 and 3 (Mamba et al., 2010). 
 
Table 5: Anti-microbial activity of organotin (IV) dithiocarbamate complexes against tested strains. 

Compounds 
Tested 

Bacterial Strains 

 
Positive 
Control 

 
Negative Control 

 
1 

 
2 

 
3 

Staphylococcus Aureus 15 X X 11 13 
Bacillus Cereus 12 X X 11 14 

Salmonella Thypi 18 X X 10 X 
Escherichia Coli 13 X X 7 X 

X: No inhibition 
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Conclusion: 
 
 Three organotin(IV) dithiocarbamate complexes featuring bis-2-methoxyethyldithiocarbamate ligand were 
successfully synthesized and characterized. Melting point analysis showed relatively accurate and synchronized 
result for all complexes. Furthermore, important information in IR and NMR spectra can be clearly observed as 
consistent as in literatures which ensure the synthetic pathway suggested indeed has formed these complexes. 
From antibacterial test, complexes 2 and 3 were found to be active against tested bacterial strains which are 
believed to have a significant potential in pharmaceutical industries in the future.  
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