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ABSTRACT 

The antibacterial activity test of some organotin (IV) benzoate derivative compounds, namely dibutyltin (IV) di-o-

, m-, p-chlorobenzoate (2-4) against Staphylococcus aureus and Escherichia coli has been performed. These compounds 

were synthesized from dibutyltin (IV) oxide (1) with o-, m-, p-chlorobenzoic acid. The  antibacterial activity tests were 

conducted by diffusion and dilution method and compared their activity with chloramphenicol as positive control and 

methanol as negative control. The results of the diffusion test showed that the inhibition zone observed for dibutyltin(IV) 

oxide was 0 mm indicating that this compound did not have antibacterial activity. The dibutyltin (IV) m-dichlobenzoate 

with a concentration of 100 ppm was observed to have the biggest inhibition zone against the two bacteria, indicating that 

compound 3 was the most effective as antibacterial compared to the other series. The results of dilution test showed that 

the minimum inhibitory concentration (MIC) of dibutyltin (IV) o-dichlorobenzoate against S. aureus and E. coli was 100 

ppm while the MIC for dibutyltin (IV) di-m-chlorobenzoate was 40 ppm.  The dibutyltin (IV) di-p-chlorobenzoate was 

only observed against S. aureus with MIC value of 60 ppm. Based on the MIC values obtained in the antibacterial activity 

of these dibutyltin (IV) di- o-, m-, p-chlorobenzoate indicated that these compounds are potential to be developed as 

antibacterial drug. 
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1. INTRODUCTION 

The emergence of bacterial resistance to 

commercial antibiotics is a global issue in the health 

sector. Over the past two decades, the number of 

antibacterial agents found and introduced to the market 

has declined and failed to answer the challenges posed by 

increasing pathogenic resistance to common antibacterial 

drugs [1]. Drug resistance has also become a global 

medical and clinical problem. Therefore, it is very 

important to develop drugs that are specific and selective, 

targeting the process of resistance mechanism [2]. 

Management of antibiotic resistance is the most 

pressing public health problem that challenges modern 

medicine [3]. Increased antibiotic resistance is a 

consequence of microbial evolution and adaptation, which 

is caused by excessive consumption of anthropogenic 

antibiotics [4].  Increased cases of bacterial resistance are 

not matched by the discovery of new antibiotics [5]. One 

case of increased infection is caused by the opportunistic 

pathogen S. aureus. S. aureus is a Gram-positive bacteria 

that can cause serious infectious diseases such as: 

septicaemia, pneumonia, endocarditis, osteomyelitis, 

gastroenteritis and abscesses [6]. In 2002, vancomycin-

resistant S. aureus (VRSA) was first isolated in Michigan 

and Pennsylvania [7]. S. aureus infection rate continued to 

rise in recent decades and the growing problem of 

antibiotic resistance in the treatment of S. aureus 

infections [8]. Amoxicillin is a penicillin derivative that 

belongs to the β-lactam antibiotic group and is very 

effective in cases of S. aureus infection because of good 

oral absorption and has been used since the 1940s [9]. 

Having found the resistance of S. aureus cases in hospital 

and its prevalence is increasing with the discovery of S. 

aureus produce penicillinase [10].  Cases of S. aureus 

resistance to penicillin group occur in more than 86% of 

cases. The case of resistance caused the failure of therapy 

using amoxicillin in S. aureus infections [11].  

E. coli is a Gram-negative rod bacteria facultative 

anaerobic species most common in the gastrointestinal 

tract of humans and animals. This microbe is usually 

harmless and is also an important bacterium, but in large 

amounts, it can cause a number of diseases [12].  E. coli 

can be a pathogen if there is an increase in the amount or 

is outside the digestive tract. E. coli will produce 

enterotoxins which can cause diarrhoea or urinary tract 

infections [13]. Antimicrobial resistance to E. coli has 

been reported worldwide. Treatment for E. coli infection 

has been complicated by the emergence of resistance to 

most first-line antimicrobial drugs [14]. Many cases of E. 

coli resistance to ampicillin have been found, so its use to 

overcome this bacterial infection needs to be reconsidered 

[13]. Complex compounds resulting from metal-based 

synthesis are designed by combining ligands to produce 

important biological activities. The resulting complex 

compounds can increase efficiency and reduce the effects 

of poisons or side effects while lowering therapeutic doses 

and overcoming the mechanism of drug resistance.  

Additionally, the metal can act as a carrier and / or 

stabilizer of the drug until it is able to reach the target. At 

the same time, organic ligands with well-known biological 

activities can transport and protect metals, then avoid side 

reactions on the route to potential targets. The combined 
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effect of metal-ligands can produce a significant increase 

in the activity of the resulting coordination compounds 

[15, 16]. 

A research on the type of ligand and asymmetric 

complexes of tin(II) complex has been reported that the 

compound has a significant effect on the inhibition of S. 

aureus and E. coli [17]. Organotin (IV) 2-amino-5-

nitrobenzoate compounds has also been known to have 

good activity as antibacterial compounds [18]. The 

diphenyltin (IV) di-3-chlorobenzoate and triphenyltin (IV) 

3-chlorobenzoate have been reported to have strong 

activity against Pseudomonas aeruginosa and Bacillus 

subtilis [19]. The antibacterial activity of diphenyltin(IV) 

dibenzoate and triphenyltin(IV) benzoate compounds by 

the diffusion method against B. substilis and P. aeruginosa 

provides produced growth inhibition at a concentration of 

200 ppm [20]. Based on the interesting results of 

antibacterial activity of some organotin(IV) compounds 

which have been reported by some researchers, the 

purpose of this study is to do in vitro bacterial activity for 

compounds of dibutyltin(IV) o-dichlorobenzoate, 

dibutyltin(IV) m-dichlorobenzoate and dibutyltin(IV) p-

dichlorobenzoate against S. aureus and E. coli. 

 

2. METHODS AND MATERIALS 

 

2.1 Materials 

All reagents used were AR grade. dibutyltin(IV) 

oxide [(C4H9)2SnO], o-,m-, m-chlorobenzoic acid, sodium 

chloride (NaCl), Nutrient Agar (NA)  were obtained from 

Sigma,  methanol (CH3OH) is product of JT Baker, and 

chloramphenicol were used as received without further 

purification. Gram positive bacteria S. Aureus was 

obtained from laboratory of PGI Cikini hospital, Jakarta, 

Gram negative bacteria E. coli was obtained from 

Integrated laboratory and inovation technology center, 

Universitas Lampung. 

 

2.2 Instumentations 

IR spectra were recorded on a Bruker VERTEX 

70 FT-IR spectrophotometer with KBr discs in the range 

of 4000-400 cm-1. 1H and 13C NMR spectra were recorded 

on a Bruker AV 600 MHz NMR (600 MHz for 1H and 150 

MHz for 13C). All experiments were run in DMSO-D6 at 

298K. The number of runs used for 1H experiments were 

32 with reference at DMSO signal at 2.5 ppm, while the 
13C were 1000-4000 scans with the reference  DMSO 

signal at 39.5 ppm.  The UV spectra were recorded in the 

UV region using a Shimadzu UV-245 Spectrophotometer. 

Measurements were performed in 1 mL quartz-cells. 

Solutions with concentration of 1.0x10-4M were prepared 

using methanol as a solvent. Elemental analyses (CHNS) 

were conducted on Fision EA 1108 series elemental 

analyser. 

 

2.3 Preparation of Dibutyltin(IV) 2-, 3-, 4- 

      Chlorobenzoate 

The dibutyltin(IV) 2-, 3-, 4-chlorobenzoate 

compounds used in this work were prepared based on the 

procedures previously reported [19-27]. These procedures 

are adaptation from the work available in the literature [3].  

The procedures as follows: 

A mass of 3.44 g (0.01 mol) of dibutyltin(IV) 

oxide [(C4H9)2SnO] (1) was disolved in 30 mL methanol, 

and  0.8 g (0.02 mol) 2-,3-, 4-chlorobenzoic acid in 20 mL 

methanol was added into solution. This  reaction mixture 

was stirred for about 4 h.  The product, dibutyltin(IV) 

dichlorobenzoate (2=ortho, 3=meta, 4=para) was 

precipitated out as white solid, filtered off and dried in 

vacuo for several days until completely dry. The yield was 

2.33 g (94 %). The products were then characterized by 

microelemental analyzer and spectroscopies of UV, IR and 
1H and 13C NMR. 

Dibutyltin(IV)  di-o-chlorobenzoate (2): yellow 

solid; UV-Vis max. (MeOH) nm (log ): 238 and 278;   IR 

max. (KBr) cm-1: 2925.97 (bu), 1595.96 (C=O), 1436.51 

(CO2 asym), 1053.30 (Sn-O-C), 748.04 (Sn-O),  420.10 

(Sn-Bu);1H-NMR (in DMSO-D6, 600 MHz)  (ppm): Hα. 

Hβ = 1.56-1.67. Hγ = 1.30-1.35, Hδ = 0.84-0.97, H in 

benzoate = 7.31-7.75;  13C-NMR (in DMSO-D6, 150 

MHz):  (ppm):  C in butyl, Cα = 21.32; Cβ = 26.86; Cγ = 

25.69;  Cδ = 13.57; C in benzoate C5 = 165.90; C6 

=133.09,C7 = 131.35; C8.9 = 130.76, C10 = 130.39; C11 = 

127.03; microelemental analysis, found (calculated): C 

48.52 (48.56), H 4.78 (4.83). 

Dibutyltin(IV)  di-m-chlorobenzoate (3): white 

yellowish solid; UV-Vis max. (MeOH) nm (log ): 238 

and 279;   IR max. (KBr) cm-1: 2925.63 (bu), 1628.80 

(C=O), 1421.59 (CO2 asym), 1070.96 (Sn-O-C), 747.88 

(Sn-O),  431.19 (Sn-Bu);1H-NMR (in DMSO-D6, 600 

MHz)  (ppm): Hα. Hβ = 1.54-1.60, Hγ = 1.24-1.33, Hδ = 

0.83-0.86, H in benzoate = 7.53-7.90;  13C-NMR (in 

DMSO-D6, 150 MHz):  (ppm):  C in butyl, Cα = 21.29; 

Cβ = 26.78, Cγ = 25.56; Cδ = 13.57; C in benzoate C5 = 

164.62; C6 = 133.00, C7.8 = 130.76; C9.11 = 128.94, C10 = 

127.985; microelemental analysis, found (calculated): C 

48.48 (48.56), H 4.68 (4.83). 

Dibutyltin(IV)  di-p-chlorobenzoate (4): white 

solid; UV-Vis max. (MeOH) nm (log ): 240 and 278;   IR 

max. (KBr) cm-1: 2925.37 (bu), 1609.25 (C=O), 1401.90 

(CO2 asym), 1084.84 (Sn-O-C), 771.96 (Sn-O),  477.29 

(Sn-Bu); 1H-NMR (in DMSO-D6, 600 MHz)  (ppm): Hα. 

Hβ = 1.52-1.55, Hγ = 1.26-1.30, Hδ = 0.78-0.81, H in 

benzoate = 7.55-7.97;  13C-NMR (in DMSO-D6, 150 

MHz):  (ppm):  C in butyl, Cα = 21.28; Cβ = 26.79, Cγ = 

25.54; Cδ = 13.52; C in benzoate C5 = 163.89; C6 = 

131.35, C7.11 = 131.27; C8.10 = 128.51, C9 = 127.92; 

microelemental analysis, found (calculated): C 48.54 

(48.56), H 4.80 (4.83). 

 

2.4 Antibacterial Activity Test by Diffusion Test 

Nutrient agar (NA) has been used as the media 

for the antibacterial activity test. In 100 mL aquadest was 

dissolved 2.8 g of NA, heated and sterilized by autoclave 

at 121C, pressure of 1 atm for 15 minutes. 15 mL of steril 

media was placed on sterilized petri disc. The preparation 

of the media was conducted at laminar air flow, and left 

the media to solidify. 
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The diffusion test method was performed based 

on the procedure available in the literature [19, 20, 28-30] 

and as follows: one ose of S. aureus and E. coli was 

diluted with 2 mL of salin solution (NaCl 0.85%) and was 

used as bacteria suspension. 1 mL of the suspension was 

then innoculated on NA, flattened with spreader. 4 paper 

discs were prepared. The first paper disc was for the 

positive control (chloramphenicol), the second was for 

negative control containing the methanol, solvent used for 

the test, the third and fourth paper discs containing the 

organotin(IV) compounds tested. All paper discs were 

then placed on the surface of media.They were then 

incubated for 1 day at 37C and were monitored to see the 

inhibition zone. The compounds giving the most effective 

inhibition was then chosen for the dilution method.  

 

2.5 Antibacterial Activity Test with Dilution Test 

The most effective concentration inhibition zones 

obtained for all dibutyltin(IV) dichlorobenzoate (2-4) 

compounds tested with diffusion test, then were tested 

with dilution test. They were  dissolved with methanol and 

the volumes were varied for dilution test based on the 

procedure described by other [19, 20, 28-30]. The 

compounds tested with certain volume were then placed to 

liquid NA media, homogenized with vortex and then pour 

to petri disc, left them until solidified. The bacteria 

suspensionsof S. aureus and E. coli were then innoculated 

on the media at temperature of 37C for 2-3 days. The 

growth of bacteria was then monitored every day. The 

volume of the compound tested was varied into 0.5; 1.0; 

1.5; 2.0 and 2.5 mL where each of them was mixed with 

15 mL of liquid NA media, homoginezed with shaker. The 

most effective compounds tested were a compound which 

was the compound with the smallest concentration but the 

inhibition zone was the biggest [28-30]. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Synthesis Anda Characterization of the 

Compounds  

The results of microelemental analysis of all 

compounds synthesized  are all in good agreement with 

the calculated values where the value differences are less 

than 1%, indicated that the synthesized compound 2 to 4  

have been formed as expected. The analysis with IR 

spectroscopy has also been taken to all compounds. Based 

on the spectra recorded, compound 1 is  characterized by 

the presence of stretch of Sn-O at  666.76 cm-1. Upon 

reaction of 1 with the ligands (o-benzoicd acid, m-

benzoicd acid and p-benzoicd acid), the strecthes of Sn-O 

from compounds 2 - 4 were still observed, but has been 

shifted to higher wave numbers, i.e. at 748.04; 747.88; and 

771.96 cm-1, moreover in compounds 2 - 4 are now present 

the Sn-O-C vibration at 1053.30; 1070.96; and 1084.84 

cm-1, respectively. The presence of C=O strectch at   

1595.96; 1628.80; and 1609.25  cm-1  for these three 

compounds indicating that the carbonyl group is now 

present in the compounds 2 - 4. The data observed were in 

agrrement with the data obtained in the literatures [20-27]. 

The data of max  in the UV analysis for the reported 

compound 2-4 were also obtanied and it is clear that there 

was important shifting in the max  for each synthesized 

compound. For example in compounds 1, the max 

observed was  204 nm. An example in 2 , there were large  

shift in both and n-л*  transitions, due to the 

replacement of oxygen by 2-chlorobenzoate making the 

max  were observed at 238 and 263 nm. In general, the 

chlorobenzoates ligand are strong chromophore group due 

to the presence of –C=O- and –C=C- bonds. The large 

shifts observed in 2, 3 and 4 were due to the increase of 

conjugate bond in these compounds, leading to decreased 

energy difference between HOMO and LUMO, and  

increased max [18-24, 31].  

The characteristic chemical shifts of  the spectra 

for the compounds were characterized carefully and 

compared to some previous results [20-27, 32].  Based on 

the data of 1H NMR spectra for compound 2-4, the 

chemical shifts of butyl protons attached to tin metal 

appeared in the range of 1.26 - 1.60 ppm, and the protons 

in benzoate ring appeared at 7.31-7.90 ppm. The 13C NMR 

spectra of these compounds are very similar to the results 

obtained previously [22, 23, 32]. The carbon in the 

carboxyl group for all compounds appeared in the 

chemical shiftt region of 163.9-165.9 ppm. The δ of 

carbons in the butyl ligand of 2-4 are tin the range of 13.5-

26.79 ppm, and the carbons in the benzoate are in δ range 

of 127 – 133 ppm [22, 23, 32]. 

 

3.2 Antibacterial Test of Compounds 2-4 

The results of antibacterial test of dibutyltin(IV) 

di-o-, m-, p-chlorobenzoate (2-4) compounds by diffusion 

methods against S. aureus and E. coli bacteria are shown 

in Table-1. 
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Table-1. Average inhibition Zone (mm). 
 

No Materials 

Inhibition Zone (mm) 

S. aureus E. coli 

concentration (ppm) concentration (ppm) 

100 200 300 400 800 100 200 300 400 800 

1 1 0 0 0 0 0 0 0 0 0 0 

2 2 0 5.8 5.8 7.17 11.53 0 0 9.67 9.4 12.4 

3 3 7.1 8.16 11.7 15.45 18.23 9.5 9.5 10.5 13.5 16.7 

4 4 8 8.8 10.7 13.07 14.3 0 0 0 0 0 

C+ K(+) 31 32.7 34.3 36.2 36.8 21.8 26.3 32.1 34.4 36.2 

C- K(-) 0 0 0 0 0 0 0 0 0 0 

 

The dibutyltin(IV) oxide (1) compound did not 

show any inhibition against both bacteria S. aureus and E 

coli, indicating that compound 1 did not have antibacterial 

activity. Of dibutyltin(IV) dichlorobenzoate (2, 3 and 4) 

derivative compounds, dibutyltin(IV) di-m-chlorobenzoate 

(3) has shown to have the largest  inhibition zone. 

Compound 3 was not only giving the largest inhibition 

zone againts S. aureus, but this compound also gave 

inhibition to E. coli, although the inhibition observed was 

still smaller compared to the inhibition zone of the positive 

control used, chloramphenicol. When the higher 

concentration of compounds applied in the bacterial 

activity test (the concentration was up to 800 ppm) the 

bigger inhibition zone observed (i.e. the diameter of 

inhibition zone was  > 16 mm).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table-2. The effectiveness of the compounds against 

S.aureus. 
 

Concentra

tion (ppm) 
2 3 4 

100 0 0.0071 0.0080 

200 0.0029 0.0041 0.0044 

300 0.0019 0.0039 0.0036 

400 0.0018 0.0039 0.0033 

800 0.0014 0.0023 0.0019 

 

Table-3. The effectiveness of the compounds against  

E. coli. 
 

Concentration 

(ppm) 
2 3 

100 0 0.0095 

200 0 0.0046 

300 0.0032 0.0035 

400 0.0024 0.0034 

800 0.0016 0.0021 

 

The dilution method has been used to determine 

the minimum inhibitory concentration (MIC). Based on 

Table-4, dibutyltin(IV) di-o-chlorobenzoate (2) compound 

has a minimum inhibitory concentration (MIC) of 100 

ppm against S. aures and E. coli, dibutyltin(IV) di-m-

chlorobenzoate (3) 45 ppm against S. aures and E. coli, 

dibutyltin(IV) di-p-chlorobenzoate (4) 60 ppm against S. 

aureus. 
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Table-4. Minimum inhibitory concentration of compounds tested. 
 

No Materials concentration (ppm) Bacteria 

1 2 
60 70 80 90 100 110 120 130 

S.aures 
+++++ ++++ +++ ++ + - - - 

2 2 
70 80 90 100 150 200 250 300 

E.coli 
+++++ ++++ +++ +++ ++ + - - 

3 3 
30 35 40 45 55 60 70 80 

S.aures 
+++ ++ - - - - - - 

4 3 
30 35 40 45 55 60 70 80 

E.coli 
+++ ++ - - - -   

5 4 
60 70 80 90 100 110 120 130  

S.aureus +++++ ++++ +++ ++ - - - - 
 

Note of bacterial growth:   

+++++  =  Very high 

++++   =  high   

+++   =  medium   

++   =  little  

 +   =  very little 

-    =  no growth  

 

The differences in antibacterial activity for the 

same compound against S. aures and E. coli were because 

of the structure and composition of the cells of the two 

different bacteria [30, 33]. The different in the structure of 

the compound can also produce a different result in the 

antibacterial activities [19, 20] 

 

4. CONCLUSIONS 

The organotin(IV) compounds which have been 

prepared i.e. dibutyltin(IV) di-o-chlorobenzoate (2), 

dibutyltin(IV) di-m-chlorobenzoate (3), dibutyltin(IV) di-

p-chlorobenzoate (4) have shown to have antibacterial 

activity against S. aureus and E. coli where compound 3 

has been the strongest compared to the other series.  Based 

on the finding of this work, we believe that these 

compounds will be available for future applications as 

antibacterial drug. However we still aim to have better and 

stronger antibacterial drug.  
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