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Abstract 

Synthetic, spectroscopic and biological studies of triphenyltinsalicylate pyridine 

(TPhTSaPy) complex derived from pyridine having a nitrogen donor system have 

been undertaken. Silversalicylate, on interaction with triphenyltin chloride (TPhTCl), 

yielded triphenyltinsalicylate (TPhTSa), which upon further interaction of the 

intermediate (TPhTSa) with pyridine afforded the TPhTSaPy complex having a 

Sn←N bond. The structures of these compounds were elucidated by elemental 

analysis and spectroscopic (IR, Mass, 
1
H and 

13
C NMR) studies. 

 

The growth-inhibiting potential of the final product (TPhTSaPy) and its intermediate 

(TPhTSa) was compared with that of the commercially available antifungal drug 

TPhTCl against a series of medically important pathogens including fungal, and 

Gram-positive and Gram-negative bacterial strains. 

  

The results revealed that TPhTSaPy was strongly active against Staphylococcus 

aureus 29737, S. aureus ML 267, Escherichia coli RP4, Pseudomonas aeruginosa 

ATCC 25619 and Vibrio cholerae 2 while it failed to exhibit any activity against 

Sarcina luteus 9341, Bacillus subtilis ATCC 6633 and B. pumilus 8241 at the tested 

concentrations. TPhTSaPy displayed moderate activity against E. coli K88, E. coli 

ATCC 10536, E. coli VC Sonawave 3:37 C, E. coli 18/9, E. coli CD/99/1, Shigella 

dysentery 1, S. dysentery 8, S. soneii 1, S. soneii BCH 397, S. boydii 937 and S. 

flexneri Type 6, V. cholerae 1037 and V. cholerae 785. The lowest MIC (25 µg/ml) 

value was observed against S. aureus 29737, S. aureus ML 267, E. coli RP4, P. 

aeruginosa ATCC 25619 and V. cholerae 2. TPhTCl was active against E. coli and 

V. cholerae 2. But, S. luteus 9341, B. pumilus 8241 and B. subtilis ATCC 6633 

strains were completely resistant to it. On the other strains of bacteria it showed 

moderate activity. The lowest MIC (25 µg/ml) value was observed against E. coli 

CD/99/1, E. coli 18/9, E. coli K88 and V. cholerae 2. 

According to these results, TPhTSaPy was more active than TPhTCl against S. 

aureus, and P. aeruginosa but less active against E. coli. Thus, TPhTSaPy has shown 

a broad antibacterial spectrum than TPhTCl. But, the activity of TPhTCl against the 

fungal strains tested in the present study namely, Candida albicans ATCC 10231, 

Aspergillus niger ATCC 6275, Penicillium notatum ATCC 11625 and P. 

funiculosum NCTC 287 was superior to that of TPhTSaPy. 
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1. INTRODUCTION 

1.1 Organotins 

Tin is metallic element which belongs to group IVA of the periodic table (Z = 

50, A = 118.71) with electronic configuration of [Kr] 5s24d105p2 (Taddese 

and Shemelis, 2002). The element has a melting point of 231.9 °C and a 

boiling point of 2507 °C. Below the melting point it exists in three allotropic 

forms: grey tin (stable below 13 °C); white tin (the malleable and ductile 

metallic form); and, above 161 °C, the brittle form γ-Sn. Tin is mainly used in 

tinplated containers, but it is also extensively used in solders, in alloys such 

as bronzes, Babbitt, pewter, and type metal, and in more specialized alloys 

such as dental amalgams and the titanium alloys used in aircraft engineering. 

  

Inorganic tin compounds, in which the element may be present in the 

oxidation states of +2 or +4 are used in a variety of industrial processes for 

the strengthening of glass, as a base for colors, as catalysts, as stabilizers in 

perfumes and soaps, and as dental anticariogenic agents. The oxides of tin 

are amphoteric, commonly forming stannous and stannite salts (oxidation 

state +2) and stannic and stannate compounds (oxidation state +4); the 

oxidation state +3 is reported to be unstable. From these compounds 

Organotin compounds can be synthesized (EGVMS, 2002). 

 

Organotin compounds are organic compounds that contain metallic tin. 

Tin(IV) and organotin(IV) compounds, a deceptively simple area of inorganic 

and metal-organic chemistry, have been receiving more attention due to the 

important industrial (Blunden et al., 1985; Molloy, 1989) and environmental 

applications. The coordination chemistry of tin is extensive with various 

geometries and coordination numbers known for both inorganic and 

organometallic complexes. Higher coordination numbers can be generated by 

inter-/intramolecular interaction, especially in complexes where tin bonds to 

electronegative atoms, such as oxygen, nitrogen, and sulfur. Furthermore, 
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organotin compounds have gained an edge over other organometallics due 

to their bioavailability in the ecosystem and entrance into the food chain. 

 

1.2 Classification and Uses of Organotins 

Organotin compounds are classified as monosubstituted organotin 

compounds (RSnX3), disubstituted organotin compounds (R2SnX2), 

trisubstituted organotin compounds (R3SnX), and tetrasubstituted organotin 

compounds (R4Sn). In compounds of industrial importance, R is usually a 

butyl, octyl, or phenyl group and X, a chloride, fluoride, oxide, hydroxide, 

carboxylate, or thiloate. 

 

Organotin compounds have important applications in several areas and 

hence are made industrially on a large scale.  Organotin compounds are now 

the active components in a number of biocidal formulations, finding 

applications in such diverse areas as fungicides, miticides, molluscicides, 

marine antifouling paints, surface disinfectants and wood preservatives. 

Information on the structures of organotin complexes continues to 

accumulate, and new applications of organotin compounds are being 

discovered in industry, ecology and medicine. In recent years, investigations 

have been carried out to test their anti-tumor activity and it has been 

observed that indeed several R2SnX2 and R3SnX species show potential as 

antineoplastic agents, but in many cases there is disappointingly low in vivo 

toxicity. 

 

So far, RSnX3 compounds have had a very limited application, but they are 

used as stabilizers in PVC films (Craig, 1986). 

   

R2SnX2 compounds are commercially the most important derivatives, and 

are mainly used in the plastics industry, particularly as heat and light 

stabilizers in poly vinyl chloride (PVC) plastics to prevent degradation of the 

polymer during melting and forming of the resin into its final products. They 

are also used as catalysts in the production of polyurethane foams and in the 

room-temperature vulcanization of silicone rubbers (Smith, 1998). Recent 
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tests on their anti-tumour activity have revealed that several R2SnX2 adducts, 

as well as triorganotin species, show potential as antineoplastic and 

antituberculosis agents (Galani et al., 2003). R2SnX2 carboxylates are also 

reported to have antitumor activity (Narayanan, 1990). 

 

R3SnX compounds exhibits a broad spectrum of biological activity which 

includes, fungicidal (George et al., 1998), antitumor (Davies, 2004), 

antifouling agents, in wood preservation and miticides (Choudhury et al., 

2001), biocidal properties and are used as pesticides or insecticides in 

agriculture (Van der Kerk, 1975). The most important classes of these 

compounds are the tributyl-, tricyclohexyl-, and triphenyltin compounds. 

  

Tributyltin (TBT) is one of the most efficient and most toxic components 

added to antifouling paints. Its dispersion in the environment has caused 

serious deleterious effects on shellfish; even at very low concentrations 

(Bryan et al., 1991). The environmental hazards associated with TBT have 

provoked regulation and restricted use of TBT-containing antifouling paints. 

Despite of the fact that direct anthropogenic input should have been (in 

principle) reduced, the decrease in contamination of ecosystems has not 

been clearly demonstrated in every area. Indeed, due to their weak 

degradability in anoxic sediments, butyltin compounds remain a potential 

source of contamination for aquatic environments (George et al., 1998). 

 

Triphenyltin (TPhT) is used in agriculture as acaricide and fungicide (for 

example, Ph3SnOH and Ph3SnCl are known commercial fungicides) and, to a 

lesser extent, in antifouling paints. However, its toxic effects are not fully 

known (Blunden et al., 1986). 

 

It is generally believed that the toxicity of organotin compounds increases 

with increasing size of the alkyl group of the organotin molecule and with 

increasing substitution of the tin atom (Craig, 1982). Previous studies on a 

wide variety of organisms showed that R3SnX compounds were more toxic 

than their R4Sn and RSnX3 counterparts. Various studies have shown that the 
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replacement of a ligand (X) in such systems (R3SnX, R2SnX2 and R2SnClX) 

changes the toxicity effect of the organotin moiety. 

  

The coordination mode of the carboxylateorganotin group is usually 

monodentate, bridging bidentate or chelating bidentate. The tridentate 

coordination mode of the carboxylate group has also been observed in the 

diorganotin carboxylate compound. On the other hand, the coordination 

number and environment of the central tin atom can be easily controlled by 

using different functionalized carboxylic acids with additional oxygen, sulfur 

or nitrogen donor groups. Organic ligands with sulfur, nitrogen, oxygen and 

fluorine substituents have long been used to enhance the biological activity 

of organotin(IV) carboxylates. Also organotin compounds with such ligands 

have widely been tested for their possible use in cancer chemotherapy. 

 

In general, the biocidical activity of organotin compounds is greatly 

influenced by the structure of the molecule and the coordination number of 

the tin atoms. Studies on organotin complexes containing carboxylate ligands 

with additional donor atom available for coordinating to tin atom have 

revealed that new structural types may lead to different activities. 

 

Various parameters have been tested to estimate relationships between 

molecular structure and biological activity, especially those that represent the 

hydrophobicity of the molecules. The toxicity effects of the organotin are 

strongly influenced by the R-groups (Nguyen et al., 2000). The X-group, 

on the other hand, influences their solubility and volatility (Eng et al., 1996). 

 

R4Sn compounds are mainly used as intermediates in the preparation of 

other organotin compounds. 

 

1.3 The Mechanism of Antimicrobial Activity  

Several in vivo studies showed that organotin compounds are immunotoxic, 

neurotoxic, genotoxic and hepatotoxic. Their increasing use has given rise to 

ubiquitous environmental contaminations. The general order of toxicity of 

organotin compounds to microorganism increases with the number and chain 
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length of organic groups bonded to the tin atom. R4Sn and inorganic tin have 

little toxicity. The TBT and TPhT compounds have been in use for thirty years 

in many countries and there have been very few undesirable effects reported 

in humans (Smith and Kumar, 1996). Because of their lipophilicity (Vizgirda, 

1972), organotins are regarded as membrane active. There is evidence that 

the site of action of organotins may be both at the cytoplasmic membrane 

and intracellular level. Consequently, it is not known whether cell surface 

adsorption or accumulation within the cell, or both is a prerequisite for 

toxicity. Biosorption studies on a fungus, cyanobacteria, and microalgae 

indicates that cell surface binding alone occurred in these organisms, while 

studies on the effects of TBT on certain microbial enzymes indicated that in 

some bacteria TBT can interact with cytosolic enzymes. 

  

Microorganism-organotin interactions are influenced by environmental 

conditions. In aquatic systems, both pH and salinity can determine organotin 

speciation and therefore reactivity. These environmental factors may also 

alter selectivity for resistant microorganisms in polluted systems. Organotin 

compounds may be degraded both chemically and biochemically. Hydrolytic 

decomposition occurs at rather extreme pH values (< 1 or > 13) unless there 

are other catalytic influences. Nevertheless, some authors consider that it 

could occur fairly rapidly in an aquatic environment, although the 

environmental pH is usually between 4 and 10 (Chapman et al., 1972; 

Sheldon, 1975). This could be the case, if photochemical decomposition were 

also involved (Barnes et al., 1973). 

 

Study on the effect of R3SnX compounds on membrane permeability using 

phospholipid model membranes and human erythrocytes shows that TBT and 

TPhT are able to induce the release of entrapped carboxyfluorescein from 

large unilamellar vesicles. The rate of release is similar for 

phosphatidylcholine and phosphatidylserine systems and the presence of 

equimolar cholesterol decreases the rate of the process. Release of 

carboxyfluorescein is almost abolished when a non-diffusible anion like 

gluconate is present in the external medium, and it is restored by addition of 
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chloride. Tributyltin compounds function as ionophores and produce 

haemolysis of human erythrocytes in a dose-dependent manner (Vizgirda, 

1972), release calcium from sarcoplasmic reticulum, alter phosphatidylserine-

induced histamine release, alter mitochondrial membrane permeability, 

perturb membrane enzymes and induce apoptosis in lymphocytes. Organotin 

compounds have been shown to affect cell signalling; they activate protein 

kinase C and increase free arachidonic acid through the activation of 

phospholipase A2 (Antonio et al., 2005). Hydrophobicity of organotin 

compounds suggests that their interaction with membranes may play an 

important role in their toxic mechanism.  

 

Relative kinetics determination shows that potassium leakage occurs 

simultaneously with hemoglobin release. Hemolysis is reduced when 

erythrocytes are suspended in a gluconate medium. These results indicate 

that triorganotin compounds are able to transport organic anions like 

carboxyfluorescein across phospholipids bilayers by exchange diffusion with 

chloride and suggest that anion exchange through erythrocyte membrane 

could be related to the process of hemolysis. 

 

In this respect, the understanding of the interaction of organotin compounds 

with the lipid component of membranes is of considerable interest. 

Fluorescence polarization measurements suggested that the effect of TBT on 

liposomal membranes is dependent on the anion moiety. But for TPhT the 

TPhT cation was the causative agent of the biotoxicity. Studies on the 

release of liposomebound praseodymium indicated that the lipophilicity and 

polarity of organotin compounds and the surface potential and environment 

of the lipid molecules are important factors in their interaction with 

membranes. From the study of the interaction of several organotin 

compounds (differing in their polar and hydrophobic moieties) with 

erythrocytes it was concluded that the different effects can result from a 

different location of the organotin compound in the lipid bilayer. 
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The cholinesterases are a group of enzymes of which acetylcholinesterase 

(AChE) is the most significant because of its role in the regulation of nervous 

impulses across neuron/neuron and neuron/target tissue synapses. In such a 

system, an action potential arriving at the distal end of an axon causes the 

release of the neurotransmitter acetylcholine which diffuses across the 

synapse to activate the cholinergic receptors of another neuron or the target 

tissue. As the enzyme AChE hydrolyzes acetylcholine, synaptic transmission 

ceases and the nerve membranes return to their resting potential and are 

prepared for the next stimulus (O’Brien, 1976). AChE has important 

toxicological significance because it is readily inhibited by phosphate and 

carbamate esters that are commonly, used as insecticides. The inhibition 

causes nervous transmission to continue unchecked and results in a 

neuromuscular malfunction which can be lethal. The potential of triorganotin 

compounds to inhibit AChE has been sparsely explored in the literature 

(Nazni et al., 1993), reported that triethyltin hydroxide was capable of 

causing rapid paralysis of house flies upon topical application. Triethyltin 

carboxylate esters, however, failed to inhibit cholinesterase (Appel, 2004; 

Nazni et al., 1993) but proved effective in blocking conduction in the isolated 

central nerve cord of the American cockroach, Periplaneta americana (L.). 

 

1.4 Adverse Effects  

Tributyltin chloride (TBTCl) and bis(triphenyltin) oxide (TPhTO), have 

pleiotropic adverse effects on both invertebrate and vertebrate endocrine 

systems. Organotins persist as prevalent contaminants in dietary sources, 

such as fish and shellfish, and through pesticide use on high-value food crops 

(Blaber, 1970; Golub et al., 2004). Additional human exposure to organotins 

may occur through their use as antifungal agents in wood treatments, 

industrial water systems, and textiles. Mono- and diorganotins are prevalently 

used as stabilizers in the manufacture of polyolefin plastics (PVC), which 

introduces the potential for transfer by contact with drinking water and 

foods. 
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Exposure to organotins such as TBTCl and TPhTO results in imposex, the 

abnormal induction of male sex characteristics in female gastropod mollusks 

(Gibbs et al., 1986; Matthiessen et al., 1998). Bioaccumulation of organotins 

decreases aromatase activity leading to a rise in testosterone levels that 

promotes development of male characteristics (Shimasaki et al., 2003). 

Imposex results in impaired reproductive fitness or sterility in the affected 

animals and is one of the clearest examples of environmental endocrine 

disruption. TBT exposure also leads to masculinization (McAllister et al., 

2003; Omura et al., 2001), but TBT is only reported to have modest adverse 

effects on mammalian male and female reproductive tracts and does not 

alter sex ratios (Boyer, 1989; Ogata et al., 2001). Instead, hepatic-, neuro-, 

and immunotoxicity appear to be the predominant effects of organotin 

exposure (Heidrich et al., 2001). Hence, the current mechanistic 

understanding of the endocrine-disrupting potential of organotins is based on 

their direct actions on the levels or activity of key steroid-regulatory enzymes 

such as aromatase and more general toxicity mediated via damage to 

mitochondrial functions and subsequent cellular stress responses (Gennari et 

al., 2000; Powers et al., 1991). 
  

However, it remains an open question whether in vivo organotins act 

primarily as protein and enzyme inhibitors; or rather mediate their endocrine-

disrupting effects at the transcriptional level. Recent work has shown that 

aromatase mRNA levels can be down-regulated in human ovarian granulosa 

cells by treatment with organotins or ligands for the nuclear hormone 

receptors, retinoid X receptors (RXRs) or peroxisome proliferator-activated 

receptor (PPAR) (Mu et al., 2001; Felix et al., 2006). 

 

Over the last two decades, the incidence of obesity and associated metabolic 

syndrome diseases has risen dramatically, becoming a global health crisis. 

Increased caloric intake and decreased physical activity are believed to 

represent the root causes of this dramatic rise. However, recent findings 

highlight the possible involvement of environmental obesogens, xenobiotic 

chemicals that can disrupt the normal developmental and homeostatic 
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controls over adipogenesis and energy balance. Environmental estrogens, i.e. 

chemicals with estrogenic potential, have been reported to perturb 

adipogenic mechanisms using in vitro model systems, but other classes of 

endocrine-disrupting chemicals are now coming under scrutiny as well. 

 

New data identify TBTCl and TPhTCl as nanomolar agonist ligands for RXRs 

and PPAR, nuclear receptors that play pivotal roles in lipid homeostasis and 

adipogenesis. The environmental obesogen hypothesis predicts that 

inappropriate receptor activation by organotins will lead directly to adipocyte 

differentiation and a predisposition to obesity and/or will sensitize exposed 

individuals to obesity and related metabolic disorders under the influence of 

the typical high-calorie, high fat Western diet. The linking of organotin 

exposure to adipocyte differentiation and obesity opens an important new 

area of research into potential environmental influences on human health 

and disease.  
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1.5 Objectives  

1.5.1 General Objective 

To synthesize, characterize and evaluate the antibacterial and antifungal 
effects of triphenyltinsalicylatepyridine (TPhTSaPy). 

 

1.5.2 Specific objective 

• To synthesize TPhTSaPy from the reaction of TPhTCl, silversalicylate 

and pyridine. 

• To determine the physical and analytical data of TPhTCl, TPhTSa, and 

TPhTSaPy. 

• To determine the structure of TPhTSaPy using elemental analysis and 

spectroscopy (IR, Mass, 1H and 13C NMR) techniques. 

• To study the antimicrobial activity of TPhTSaPy and compare with the 

antimicrobial activities of TPhTCl and TPhTSa. 
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2. MATERIALS AND METHODS  

2.1 Materials 

2.1.1 Chemicals 

The following chemicals and solvents were purchased and used as received. 

TPhTCl, sodium hydroxide, salicylic acid, acetone, methanol, ethanol, 

pyridine, silver nitrate, sodium salicylate, chloroform, Petroleum ether, 

dimethyl sulfoxide (DMSO), KBr, and CDCl3. 

  

2.1.2 Apparatus and Instruments 

Melting points were measured on METTLER TOLEDO with FP82HT Hot 

Storage melting-point apparatus and in a capillary tube on an electrothermal 

melting point apparatus; IR spectra were recorded on a PERKIN ELMER 

Spectrum BX Spectrophotometer; and 1H NMR and 13C NMR spectral data 

were collected using a Bruker Avance DMX400 FT-NMR spectrometer at 

Department of Chemistry, Faculty of Science, Addis Ababa University, 

Ethiopia; ESI (Electrospray Ionization) mass spectra were measured on LC-

MS (Liquid Chromatography – Mass Spectrometry), Thermo Finningan LCQ 

Deca XP Plus at Institute of Pharmaceutical Sciences, Department Of 

Pharmacognosy, Graz University, Graz, Austria; and the mass percent was 

analyzed using vario EL CHNOS elemental analyzer at Central geological 

Laboratory, Ethiopian Geological Survey, Addis Ababa, Ethiopia.  

 

2.1.3 Test organisms 

TPhTCl, TPhTSa and TPhTSaPy were tested against the following Gram 

negative bacterial strains: Escherichia coli RP4, E. coli K88, E. coli ATCC 

10536, E. coli VC Sonawave 3:37 C, E. coli 18/9, E. coli CD/99/1, Shigella 

dysenteriae 1, S. soneii 1, S. soneii BCH 217, S. boydii 937, S. flexneri type 

6, Vibrio cholerae 2, V. cholerae 1037, V. cholerae 785 and Pseudomonas 

aeruginosa ATCC 25619. The Gram positive bacterial strains used were:  

Staphylococcus aureus 29737, S. aureus ML 267, Sarcina luteus 9341, 

Bacillus subtilis ATCC 6633 and B. pumilus 8241. And the following fungal 
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strains were used: Candida albicans ATCC 10231, Aspergillus niger ATCC 

6275, Penicillium notatum ATCC 11625 and P. funiculosum NCTC 287. 

 

 

All the bacterial and fungal strains were procured from Department of 

Pharmaceutical Technology, Jadavpur University, Kolkata; Central Drugs 

Laboratory, Kolkata and Institute of Microbial Technology, Chandigarh, India.  

The strains were first checked for purity on the basis of standard 

microbiological, cultural and biochemical tests and then used for their 

sensitivity towards the sample. 

 

2.2 Methods 

2.2.1 Synthesis of the compound 

TPhTSaPy was synthesized by a series of three steps. The procedures from 

the literature (Choudhury et al., 2001) for each step are given below. 

2.2.1.1 Synthesis of Silversalicylate 

Required amount of silver nitrate (AgNO3) and equimolar amount of 

sodiumsalicylate (C7H5O3Na) were dissolved in water, in different flasks. The 

above solutions were mixed in conical flask which was well covered by 

aluminum foil. The reaction was too fast and immediately white precipitate of 

silversalicylate (C7H5O3Ag) was formed. The solution was filtered by Buckner 

Funnel to separate the filtrate (sodium nitrate) from the precipitate (silver 

salicylate) and the precipitate was dried, weighed and kept in dark area. 

• Silver compounds are sensitive to light. They oxidize in the 

presence of light and the white precipitate becomes black. So as to 

prevent from light cover the silver salicylate solution as well as the 

filtered silver salicylate by aluminum foil. 

   

2.2.1.2 Synthesis of TPhTSa 

The required quantity of silversalicylate and equimolar amount of TPhTCl 

were added in a 500-ml conical flask which was clean and covered by 

aluminum foil. 300 ml of Chloroform was added and the reaction mixture was 



SYNTHESIS, SPECTRAL AND ANTIMICROBIAL STUDIES OF TPhTSaPy 

 

 13 

stirred for 48 hrs at room temperature. After 48 hrs the mixture was filtered 

gravimetrically and the solid silver chloride was discarded. The filtered 

solution was gradually evaporated using water bath. The solid TPhTSa was 

then recrystalized from chloroform. 

 

2.2.1.3 Synthesis of TPhTSaPy  

The required quantity of TPhTSa was dissolved in chloroform and twice 

equimolar amount of pyridine was added. The reaction mixture was kept for 

more than 48 hrs at room temperature. The crystals were separated from 

the mother liquior, dried and washed by Petroleum ether to remove the 

unreacted pyridine. 

 

2.2.2 Structural Determination  
 

The structure of TPhTSaPy was elucidated using the IR, Mass and NMR 

spectroscopic techniques by comparing the spectra of TPhTSaPy with spectra 

of TPhTCl and TPhTSa; and by C, H and N percentage compositions. 

 

IR spectra were recorded on PERKIN ELMER Spectrum BX 

Spectrophotometer using KBr discs in the range of 4000-400 cm−1. 

 

1H and 13C NMR spectral data were collected using a Bruker Avance 400 NMR 

spectrometer at a frequency of 400 Hz with CDCl3 as solvent and 

tetramethylsilane (TMS) as internal standard at room temperature. 

 

ESI mass spectra were measured on Thermo Finnigan LCQ Deca XP plus (LC-

MS). Electrospray ionization (ESI) is one of the softest ionization techniques, 

which can be easily coupled to liquid phase separation techniques, such as 

high-performance liquid chromatography (HPLC). The soft character of ESI 

allows the molecular mass (M) determination of many organometallic (Colton 

et al., 1995; Rosenberg et al., 2003) and metal complex compounds (Lemr et 

al., 2000). 

 

Before the advent of ESI, the conventional electron ionization (EI) was the 

ionization technique of choice in the analysis of more volatile organotin 
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compounds. EI mass spectra yield many fragment ions, but this advantage 

may also be a limiting factor of EI owing to the extensive fragmentation and 

hence the lack of molecular mass information. This drawback can be 

overcome by ESI with an ion trap analyzer, which combines the information 

about the molecular mass obtained from the first-order mass spectra and 

additional structural information based on multistage tandem mass 

spectrometric (MSn) analyses.  

 

TPhTCl and TPhTSa were analyzed using negative-ion ESI-MS together with 

MSn while the ESI mass spectrum of TPhTSaPy was recorded in both polarity 

modes. The most labile (i.e. the most polar) bond is cleaved first, yielding 

the base peaks in the positive-ion ESI mass spectra, [Cat]+, and in negative-

ion ESI mass spectra, [An]
-
. The symbol [Cat]+ is used for [M–Rn]+ ions 

through the text, where Rn is the most polar substituent bonded to the 

central tin atom. The counterpart [Rn]
-
 is written schematically as [An]

-
. 

 

The samples were dissolved in ethanol at concentrations of  ̴ 0.1 – 0.5 mmol 

l-1 and analyzed by direct infusion at a flow-rate of 1–3 µl min-1. Mass spectra 

were recorded in the range m/z 150 – 2000 both in the negative and 

positive-ion modes. The ion source temperature was 300 °C and the flow-

rate and pressure of nitrogen were 4 l min-1 and 10 psi, respectively. The 

collision amplitude was 1 V.  

 

2.2.3 Antimicrobial Activity 

For the evaluation of antimicrobial activity of the starting material (TPhTCl), 

the intermediate (TPhTSa) and the product (TPhTSaPy) broth micro-dilution 

assay (Ellof, 1998) and agar diffusion method (Acar and Goldstein, 1996) 

were employed. 

 

2.2.3.1 Agar Diffusion Method 

Agar disc diffusion technique was used for the screening of in vitro 

antimicrobial activity. Inocula of bacteria were prepared in nutrient broth and 

fungi in Saborauds dextrose agar slant. The molten Muller Hinton medium 
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was poured in sterile Petri dish (9 cm in diameter) to a depth of 4 mm. The 

medium was left to solidify. Then it was seeded with respective test 

organisms; all samples to be tested were dissolved in DMSO. Discs of 

diameter 6 mm of Whatmann filter paper no. 1 were cut and sterilized. 

 

The filter paper discs were immersed in the solutions of samples; the discs 

were removed after soaking and left in a sterile Petri dish to permit the 

solvent to evaporate. After about 10 min the paper discs were transferred to 

seeded agar plate. Five discs were kept on the seeded agar plates. Finally 

the dishes were incubated at 37 ºC for 24 hrs (for bacteria) and at 30 ºC for 

72 hrs (for fungi), where clear inhibition zones were detected around each 

disc. 

 

A disc soaked in DMSO alone was used as a control under the same 

conditions and no inhibition zone was observed for DMSO. Ciprofloxacin and 

Griseofulvin in distilled water were also used as a positive control for 

bacterial and fungal strains, respectively. Each distinct inhibition zone was 

measured as diameter in millimeters; both antibacterial and antifungal 

activities were calculated as a mean of triplicates. 

 

2.2.3.2 Micro-dilution Assay  

Dilution susceptibility testing methods are used to determine the minimal 

concentration of antimicrobial to inhibit or kill the microorganism. This can be 

achieved by dilution of antimicrobial in either agar or broth media. 

Antimicrobials are tested in log2 serial dilutions (two fold). 

 

Micro-dilution assay was carried out on a tissue culture test plate (96 wells) 

using nutrient broth. Test strains were suspended in broth to give final 

density of 5 x 105 CFU/ml. Stock solutions of the compounds were prepared 

and serial dilutions were performed so that the final concentrations were in 

the range of 5 - 1000 µg/ml in DMSO. These were prepared in a 96 well 

plate, including a control. The inocula were added and the plates were 

incubated at 37 ºC for 24 hrs (for bacteria) and at 30 ºC for 72 hrs (for 
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fungi). Antimicrobial activity was detected by adding 20 µl of 0.5 % aqueous 

solution of triphenyl tetrazolium chloride (TTC), Merck.  

2.2.3.2.1 Determination of minimum inhibitory concentration 

(MIC)  

MIC was defined as the lowest concentration of a compound that inhibited 

visual growth, as indicated by TTC staining (dead cells are not stained by 

TTC). MICs were determined as the concentration with no visible growth. 

The MIC values (µg/ml) were determined by the checker board technique 

using nutrient agar medium (Mazumder, et al., 2000). Five sets of dilution 

(100 µg/ml) of the test compounds, Griseofulvin and ciprofloxacin (Solvent: 

DMSO) were prepared in a sterile McCarteney bottles. Sterile nutrient agar 

plates were prepared and incubated at 37 ºC for 24 hrs (for bacteria) and at 

30 ºC for 72 hrs (for fungi) to check for any sort of contamination. Sterile 

filter paper discs (Whatman no. 1) of 6 mm diameter were soaked in the 

same dilution of the compounds and placed in appropriate positions on the 

surface of the flooded plates, marked as quadrant at the back of the 

petridishes. The petridishes were incubated at 37 ºC for 24 hrs (for bacteria) 

and at 30 ºC for 72 hrs (for fungi) and these plates were examined for the 

highest dilution which was inhibiting bacterial and fungal growth, i.e. the 

minimum inhibitory concentration (MIC). Similar procedure was adopted for 

the pure ciprofloxacin and Griseofulvin. All the experiments were performed 

in triplicates.  
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OH
COOAgOH

COONa

              +   AgNO3                                     +      NaNO3 
 
Sodium salicylate     Silver nitrate                                   Silver salicylate            Sodium nitrate 

 

Sn Cl
OH

COOAg O

OSn C

HO

                 +                                                               +  AgCl 

 
 
 
     TPhTCl                   Silversalicylate                          TPhTSa                   Silverchloride 
      

CHCl3 

 

3. RESULTS AND DISCUSSION 

3.1 Synthesis of the compound 

3.1.1 Synthesis of Silversalicylate 

3.5 g of silver nitrate and 3.0 gm of sodium salicylate were dissolved in 

water, in separate beakers. The two solutions were mixed. White precipitate 

was formed. The solution was filtered. The precipitate was dried; weighed 

and 4.009 g white solid with melting point of 101 - 102 oC was obtained. The 

percent yield of the reaction was 87 %. 

Chemical Reactions and Equations 

 

 

 

 

 

 

3.1.2 Synthesis of TPhTSa 

4.72 g of TPhTCl and 3.0 g of silversalicylate were mixed and dissolved in 

chloroform. The solution was stirred for 48 hrs and filtered after 48 hrs, and 

the solid AgCl was discarded. The filtrate was evaporated.  The crystals were 

recrystalized in chloroform, dried, weighed and 4.658 g white crystals with 

melting point of 108 – 110 oC were obtained. The percent yield of the 

reaction was 78 %. 

Chemical Reactions and Equations 

 

           

 

  

   

   
 
 

Equation-1  Synthesis of Silversalicylate 

Equation-2  Synthesis of TPhTSa 
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Equation-3  Synthesis of TPhTSaPy 

3.1.3 Synthesis of TPhTSaPy  

1.0 g of TPhTSa was dissolved in chloroform and 0.324 g of pyridine was 

added, at room temperature. After 72 hrs, the crystals were separated from 

the mother liquior, dried and washed by petroleum ether to remove the free 

pyridine. The crystals were dried, weighed and 0.936 g white crystals with 

melting point of 100 – 101 oC were obtained. The percent yield of this 

reaction was 81 %. 

Chemical Reactions and Equations 

 

 

 

3.2 Physical and Analytical Data 

3.2.1 Melting Point and Elemental Analysis 

The melting points of TPhTCl, TPhTSa and TPhTSaPy were determined in a 

capillary tube on an electrothermal melting point apparatus and METTLER 

TOLEDO with FP 82HT Hot Storage device, the percentage composition in 

CHNOS elemental analyzer and reported in Table 1. 

 

All the complexes are solids having sharp melting points, stable at room 

temperature and non-hygroscopic. The products so obtained were soluble in 

common organic solvents (like benzene, chloroform, acetone), DMF and 

DMSO.  

 

The elemental analysis data showed that the percent composition of TPhTCl 

by mass was C = 53.61% and H = 3.86%. This value was in agreement with 

the calculated composition C = 56.03% and H = 3.89%. 

     TPhTSa                       Pyridine 

Sn

O C

HO

O

N

 
 

 
 

 

 

 

 
  

 

  

 
 

 
 

 

 

Sn O C

O

HO

N+ 

          TPhTSaPy 
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The percent composition of TPhTSa was also obtained as C = 58.38% and H 

= 4.08% and it was consistent with the calculated value C = 61.60% and H 

= 4.11% by mass. 

 

The experimental data showed that TPhTSaPy contains C = 60.72%, H = 

4.37% and N = 2.20% by mass and this value was consistent with the 

calculated value C = 63.61%, H = 4.42% and N = 2.47%. This result 

revealed the formation of the complex, TPhTSaPy.  

 

 

      Table-1   Synthetic and analytical data for TPhTCl, TPhTSa and TPhTSaPy 

Analysis, found (Calc) 
(%) 

 
 

Compound 

 
 

Empirical 
Formula 

 
 

Mass  
(g/mol) 

 
 

m.p  
(OC) 

 
 

Yield  
(%) C H N 

TPhTCl C18H15SnCl 385.5 103-104  53.61 
(56.03) 

3.86 
(3.89) 

 

TPhTSa C25H20SnO3 487 108-110 78.12 58.38 
(61.60) 

4.08 
(4.11) 

 

TPhTSaPy C30H25SnO3N 566 100-101 80.55 60.72 
(63.61) 

4.37 
(4.42) 

2.20 
(2.47) 

 

3.2.2 Spectral Characterization  

The structure of TPhTSaPy was determined using the IR, NMR and Mass 

spectroscopic techniques by comparing its spectrum with the spectra of the 

precursor TPhTCl and the intermediate TPhTSa. 

 

3.2.2.1 Infrared Spectroscopy 

IR spectra were recorded on PERKIN ELMER Spectrum BX 

Spectrophotometer using KBr discs in the range of 4000-400 cm−1. Important 

bands for structural assignments and the IR spectra of TPhTCl, TPhTSa and 

TPhTSaPy are given in Figures 1, 2 and 3, respectively. The summarized 

characteristic stretching vibration frequencies of the important functional 

groups are also given below in Table 2. 
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       Table-2   Characteristic stretching vibration frequencies (cm−1) of functional 

groups 

Compound Stretching vibrations of 
functional groups 

TPhTCl TPhTSa TPhTSaPy 

 
Aromatic 

 =C-H Stretching vibrations (3064-

3000)w 

3066-3006 
w 

3022-2991 w 3065-3021 
w 

 C-H Out of plane Stretching (1000-
650)s 

729,695 s 863m,814m,766s,
728s,692s,670s 

8623,813m, 
767m,730s, 
698s, 669m 

 C-H In plane-deformation (1225-
950)m 

1075m,1022
w,996m 

1160s,1076s, 
1022w,996 m 

1161w, 
1077m, 
996 m 

 C=C Stretching vibrations (1600-
1450)m,s 

1479s, 
1429m 

1482s,1430s 1484s, 
1430m 

Salicylate 

  -OH vibrations (3450-3150) broad 
band 

 3063 w 3436 broad 

  -OH deformation (1200-1050)s  1242s 1244w 

   C-OH stretching (1410-1310)s  1385s,1352s 1386s,1352s 

   Carbonyl stretching (1670-1590)s    1633s,1594s 1633m, 
     1597s 

Sn-C stretching vibrations (455-
420)m,s 

448m 444s,420m 455m 

Sn-Cl stretching vibrations (395-35)w     

Sn-O stretching vibrations (534-625)w  600-537w 625-534w 

Sn�N stretching vibrations 
(410±10)w 

  410w 

W = weak, m = medium, s = strong 
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The characteristic vibrational frequencies have been identified by comparing 

the spectra of the complex with its precursors; and important features may 

be summarized as follows: 

 

In the IR spectrum of the TPhTCl (fig. 1), the bands were assigned as 

follows: Medium intensity band at 448 cm-1 was due to ν(Sn–C) stretching 

vibration, strong intensity bands at  730 cm-1 and 696 cm-1 were due to C-H 

out of plane Stretching, medium intensity bands in the region 1225 -996 cm-1 

were due to C-H in plane-deformation, medium intensity band at 1480 cm-1 

and strong intensity band at 1430 cm-1 were due to C=C Stretching 

vibrations, and weak intensity bands in the region 3336 - 3006 cm-1  were 

due to =C-H stretching vibrations. 

Figure-1   IR Spectrum of TPhTCl 
 

In the IR spectrum of the TPhTSa (fig. 2), bands which were appeared in the 

spectrum of TPhTCl and new bands were observed and assigned as follows: 

Medium intensity band at 420 cm-1 and strong intensity band at 444 cm-1 

were due to asymmetric and symmetric ν(Sn–C) stretching vibration, 

respectively; medium-to-strong intensity bands in the region  863 - 670 cm-1 

were due to  phenyl and salicylate C-H out of plane Stretching, medium-to-
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strong intensity bands in the region  1160 - 964 cm-1 were due to  phenyl 

and salicylate C-H in plane-deformation, strong intensity bands at 1482 cm-1 

and at 1430 cm-1 were due to C=C Stretching vibrations, and weak intensity 

bands in the region 3436 -3006 cm-1  were due to =C-H stretching vibrations. 

 

The newly observed bands which did not appeared in the spectrum of 

TPhTCl were attributable: medium bands in the region 600 - 537 cm-1 to 

ν(Sn–O) stretching vibrations (Laijin et al., 2005) , strong bands in the region 

1242 - 1224 cm−1 to ν(-OH) deformation, strong intensity bands at 1385 cm-1 

and 1352 cm-1 to asymmetric and symmetric ν(C-O) stretching, respectively, 

strong intensity bands at 1633 cm-1 and 1597 cm-1 to asymmetric and 

symmetric Carbonyl stretching, respectively (Yin et al., 2005), and 

broadening of bands in the region 3436 - 3050 cm-1 were due to ν(-OH) 

group attached to the phenyl ring of the ligand moiety vibrations. 

Figure-2   IR Spectrum of TPhTSa 

 

In the IR spectra of the TPhTSaPy (fig. 3), some bands which were appeared 

in the spectrum of TPhTSa did not appeared and a new band was observed 

and assigned as follows: weak intensity band at 455 cm-1 was due to ν(Sn–C) 
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stretching vibration; weak bands in the region 625 - 534 cm-1 were due to 

ν(Sn–O) stretching vibrations; medium-to-strong intensity bands in the 

region  863 - 670 cm-1 were due to  phenyl, salicylate and pyridine C-H out of 

plane Stretching; weak-to-medium intensity bands in the region  1161 - 996 

cm-1 were due to  phenyl, salicylate and pyridine C-H in plane-deformation; 

weak-to-medium bands in the region 1242-1224 cm−1 were due to ν(-OH) 

deformation; strong intensity bands at 1386 cm-1 and 1352 cm-1 were to 

asymmetric and symmetric ν(C-O) stretching, respectively; medium intensity 

bands at 1484 cm-1 and at 1430 cm-1 were due to C=C Stretching vibrations; 

medium intensity bands at 1633 cm-1 and 1594 cm-1 were due to asymmetric 

and symmetric Carbonyl stretching, respectively; weak intensity bands in the 

region 3436 - 3006 cm-1  were due to =C-H stretching vibrations and broad 

band at 3436 cm-1 was due to ν(-OH) group attached to the phenyl ring of 

the ligand moiety vibrations. 

Figure-3   IR Spectrum of TPhTSaPy 
 

The absorption of interest was that of ν(Sn�N) stretching vibrations. In the 

spectrum of TPhTSaPy, a new band was observed at 410 cm-1 which did not 

appear in the spectrum of TPhTSa and assigned to ν(Sn�N) stretching 
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vibrations (Chunlin et al.,  2004). In addition to this, the relative absorbance 

of TPhTSaPy was much higher than the relative absorbance of TPhTSa; this 

was probably due to the change in structure and increase in coordination 

number of tin. These results revealed that there was participation of pyridine 

in the complex formation, thus leading support to the proposed coordination 

in the complex. 

 

3.2.2.2 NMR Spectroscopy 

1H and 13C NMR spectral data were collected using a Bruker Avance 400 NMR 

spectrometer with CDCl3 as solvent and tetramethylsilane (TMS) as internal 

standard. 

For the sack of interpretations of the spectra Hydrogen and Carbons are 

numbered as follows: 

Figure-4 Numbering scheme and structure of (a) TPhTCl (b) TPhTSa (c) TPhTSaPy 

 

3.2.2.2.1 1H NMR Spectra  

The 1H NMR spectra of the compounds are given below and the chemical 

shifts are summarized in Table 3. The signal at δ 7.22 ppm was due to the 

solvent CDCl3. 

 
In the 1H NMR spectrum of TPhTCl (fig. 5), two chemical shifts were 

observed at δ 7.46 ppm as multiplet and at δ 7.66 ppm as multiplet and they 

were assigned for the phenyl protons H-3, H-4, H-5 and H-2, H-6, 

respectively. The integration values were confirmed the presence of nine 

protons at δ 7.46 ppm and six protons at δ 7.66 ppm. The assignments have 

Sn Cl
C

O

HO

1

2

3

4

5

6 O

7

8
9

10

11

12
13

14

Sn

1

2

3

4

5

6

N

16

17

18

19 15

C
O

HO

O

7

8
9

10

11

12
13

14

Sn

1
2

3

45

6

(a) (b) (c)



SYNTHESIS, SPECTRAL AND ANTIMICROBIAL STUDIES OF TPhTSaPy 

 

 
25 

been made correlating the chemical shifts of TPhTCl protons with the 

chemical shifts of the free tetraphenyltin protons (Pretsch, Bühlmann and 

Affolter, 2000) and all these experimentally detected values in the 1H NMR 

spectrum of TPhTCl were consistent with that of chemical shifts of the free 

tetraphenyltin. 

 

      Figure-5   1H-NMR spectrum of TPhTCl in CDCl3  
 
 

In the 1H NMR spectrum of TPhTSa (fig. 6), the signals at δ 7.47(m) and δ 

7.78(m) were assigned for the phenyl protons H-3, H-4, H-5 and H-2, H-6, 

respectively. The ortho-phenyl protons of TPhTSa were showed a slight 

downfield shift in 0.12 ppm than the ortho-phenyl protons of TPhTCl as a 

result of inductive effect of oxygen attached to the tin atom. 

 

New signals were observed in the spectrum of TPhTSa at δ 8.01 as a 

doublet, at δ 6.94 as a doublet, at δ 7.39 as a triplet, at δ 6.84 as a triplet, 

and at δ 11.10 ppm as a singlet (in comparison to TPhTCl spectrum) and 

were assigned for H-9, H-10, H-11 and H-12 protons of salicylate and H-13 

proton of hydroxyl moiety, respectively. The chemical shifts of these protons 
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had little variations when compared with the chemical shifts of the free 

salicylic acid protons. 

       Figure-6   
1H-NMR spectrum of TPhTSa in CDCl3 

 

In the 1H NMR spectrum of TPhTSaPy (fig. 7), the signals at δ 7.46(m) and δ 

7.78(m) were assigned for the phenyl protons H-3, H-4, H-5 and H-2, H-6, 

respectively. All these values were consistent with that detected in the 1H 

NMR spectrum of TPhTSa (fig. 6). 
 

The signals at δ 7.99(d), 6.92(d), 7.38(t), 6.83(t), and 11.25(s) ppm were 

assigned for H-9, H-10, H-11 and H-12 protons of salicylate and H-13 proton 

of hydroxyl moiety, respectively. The signals of H-10, H-9, H-11 and H-12 

protons were shifted upfield but the signal of hydroxyl proton was shifted 

downfield than the same kind of protons of TPhTSa. 

 

The newly observed signals at δ 8.47 as a doublet, at δ 7.24 as a triplet and 

at δ 7.65 ppm as a triplet in the TPhTSaPy spectrum (in comparison to 

TPhTSa spectrum) were assigned for H-15 & H-19, H-16 & H-18, and H-17 

pyridine protons, respectively. In the case of the ligand, the ortho- and para-

protons signal for the free pyridine protons (CH=N) was shifted upfield in the 
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spectra of the corresponding tin complex on account of shielding that was 

attributed to the donation of the lone pair of electrons by the pyridine 

nitrogen to the tin atom which increase the electron density around it. These 

results revealed that there was participation of pyridine in the complex 

formation, thus leading support to the proposed coordination in the 

complexes. 

      Figure-7   1H-NMR spectrum of TPhTSaPy in CDCl3 
 

3.2.2.2.2 13C NMR Spectra  

The 13C NMR and Dept-135 spectra of the TPhTSaPy were interpreted in 

comparison to spectra of TPhTSa and TPhTCl. The summarized 13C NMR and 

Dept-135 chemical shifts are given in Tables 4 and 5, respectively and all 

spectra are given below. The signals at δ 77.39 – 76.74 ppm were due to the 

solvent CDCl3. 

 

In 13C NMR spectrum of TPhTCl (fig. 8), four signals were observed at δ 

129.42, at δ 130.75, at δ 136.39, and at δ 137.56 ppm and they were 

assigned for C-3 & C-5; C-4; C-2 & C-6, and C-1, respectively. The 
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assignments have been made on the basis of available literature reports and 

the spectra of the free tetraphenyltin (Pretsch, Bühlmann and Affolter, 2000; 

Wehrli, Marchand and S. Wehrli, 1988). All these values were consistent with 

that detected in a number of organotin(IV) compounds. 

       Figure-8   13C-NMR spectrum of TPhTCl in CDCl3 

 

DEPT-135 (Distortionless Enhancement by Polarization Transfer) technique 

shows positive signals for C-H and C-H3, negative signals for C-H2 and no 

signals for quaternary carbons. 

 
 

In Dept-135 spectrum of TPhTCl (fig. 9), three signals were observed at δ 

129.51, at δ 130.84, and at δ 136.49 ppm. They were consistent with 13C 

NMR spectrum of TPhTCl and were assigned for C-3 & C-5; C-4 and C-2 & C-

6, respectively. But the peak at δ 137.56 ppm was not appeared indicating 

the quaternary carbon and this signal was assigned for phenyl carbon 

attached to the tin atom, C-1. 
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      Figure-9   Dept-135 spectrum of TPhTCl in CDCl3  
 

 

In 13C NMR spectrum of TPhTSa (fig. 10), the signals at δ 129.55, δ 130.91, 

δ 137.36, and δ 138.10 ppm were assigned for C-3 & C-5; C-4; C-2 & C-6, 

and C-1 phenyl carbons, respectively. The signals of C-2, C-6, and C-1 

phenyl carbons were shifted downfield in comparison to similar phenyl 

carbons in TPhTCl spectrum. This was due to electro-donating group 

attached to the tin atom via oxygen which was deshielding these carbon 

nuclei inductively resulting from resonance. 

 

In addition to the signals of the four phenyl carbons (in comparison to 

TPhTCl spectrum), seven new signals were observed. Attempts have been 

made to correlate these values of chemical shifts with chemical shifts of free 

salicylate ion to predict structures of TPhTSa and assigned for salicylate 

carbons as follows: the signal at δ 175.52 ppm for C-7, the signal at δ 

113.88 ppm for C-8, the signal at δ 132.05 ppm for C-9, the signal at δ 

119.38 ppm for C-10, the signal at δ 136.01 ppm for C-11, the signal at δ 

117.63 ppm for C-12 and the signal at δ 162.11 ppm for C-13. 

 

1  
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But in the case of the ligand, the carbon chemical shift for the free salicylate 

ion C-8 was shifted upfield (from δ 125.40 ppm to δ 113.88 ppm) in the 

spectra of the corresponding tin complex was on account of electric field 

effect produced by the metal. Electric field effects account for the long-range 

shielding contributions (Wehrli, Marchand and S. Wehrli, 1988). Similarly the 

upfield shift of C-9 (from δ 134.50 ppm to δ 132.05 ppm) normally which has 

to be shifted downfield was due to steric effect. Steric effect induces 

polarization of a C-H bond leads to drift of charge along the bond towards 

carbon, thus causing orbitals expansion and hence increase shielding. 

      Figure-10  13C-NMR spectrum of TPhTSa in CDCl3 
 

In Dept-135 spectrum of TPhTSa (fig. 11), seven signals were observed at δ 

129.44, δ 130.82, δ 137.24, δ 131.94, δ 119.26, δ 135.89, and δ 117.51 

ppm. They were consistent with 13C NMR spectrum of TPhTSa and were 

assigned for C-3 & C-5; C-4; C-2 & C-6; C-9; C-10; C-11, and C-12, 

respectively. But the peaks at δ 175.52, δ 162.11, δ 138.10, and δ 113.88 

ppm were not appeared indicating the quaternary carbons and assigned for 

the carbonyl carbon (C-7), for the carbon OH group attached to it (C-13), for 

the phenyl carbon attached to the tin atom (C-1) and for the salicylate 

carbon attached to the carbonyl carbon (C-8), respectively. 
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       Figure-11  Dept-135 spectrum of TPhTSa in CDCl3 
 

In 13C NMR spectrum of TPhTSaPy (fig. 12), fourteen signals were appeared. 

From these fourteen signals eleven signals were in consistent with 13C NMR 

spectrum of TPhTSa (Table 5) with some variations. For example, the upfield 

shifts of C-9 and C-13 signals were due to steric effects caused by increasing 

in coordination number of the tin atom. The downfield shift of C-8 was due 

to decreasing of electric field effect resulting from the coordination of the 

electronegative atom, nitrogen with the tin atom. 

 

The newly observed signals at δ 149.97, δ 124.21 and δ 136.66 ppm (in 

comparison to the 13C NMR spectrum of TPhTSa) were assigned to C-15 & C-

19; C-16 & C-18 and C-17 pyridine carbons, respectively. In the case of the 

ligand, the signals of C-16, C-17 and C-18 were shifted downfield while the 

signals of C-15 and C-19 were shifted upfield for the free pyridine carbons in 

the spectra of the corresponding tin complex on account of deshielding and 

shielding, respectively, resulted from resonance and that was attributed to 

the donation of the lone pair of electrons by the pyridine nitrogen to the tin 

atom. All these spectral results revealed the formation of the 

pentacoordination complex, TPhTSaPy.  
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      Figure-12   13C-NMR spectrum of TPhTSaPy in CDCl3 
 

In Dept-135 spectrum of TPhTSaPy (fig. 13), except the appearance of new 

three signals of the ligand, pyridine, all the other signals were in consistent 

with the signals in Dept-135 spectrum of TPhTSa.    

      Figure-13   Dept-135 spectrum of TPhTSaPy in CDCl3
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Table-3  The chemical shifts of the 1H NMR resonances [ppm]; recorded at room temperature in CDCl3 

          Chemical shift (δ ppm)   
Compound H-3,4,5 H-2,6 H-9 H -10 H -11 H-12 H-14 H-15,19 H-16,18 H-17 

TPhTCl (a) 7.46 
(qd, 2.7, 6.6) 

7.66 
(td, 2.7, 5.8) 

        

Integral intensities 1.5 1.0         

TPhTSa (b) 7.47 
(qd, 3.6, 6.1) 

7.78 
(td, 2.2, 5.5) 

8.01 
(dd, 1.7, 7.9) 

6.94 
(dd, 0.8, 8.3) 

7.39 
(t, 8.6) 

6.84 
(dd, 4.6, 11.6) 

11.10 (s)    

Integral intensities 9.3 6.0 1.0 1.0 1.1 1.0 1.0    

TPhTSaPy (c) 7.46 
(qd, 3.1, 6.1) 

7.78 
(dd, 3.1, 6.4) 

7.99 
(dd, 1.7, 7.9) 

6.92 
(dd, 0.6, 8.3) 

7.38 
(dd, 5.2, 12.1) 

6.83 
(dd, 4.5, 11.5) 

11.25 (s) 8.47 
(dd, 1.6, 5.9) 

7.24 
(ddd, 1.4, 4.5, 7.6) 

7.65 
(tt, 1.8, 7.7) 

Integral intensities 9.1 6.1 1.1 1.0 0.9 1.0 0.9 1.9 1.9 1.0 

   Chemical shifts (δ) in ppm.  nJ [ 1H−1H] in Hz are listed in parenthesis. Multiplicity is given as s = singlet, t= triplet, m = multiplet, and q = quartet.   Numbering is according to Fig. 4. 
 

       Table-4   The chemical shifts of the 
13C NMR resonances [ppm]; recorded at room temperature in CDCl3 

Chemical shift (δ ppm)  
compound C-1 C-2,6 C-3,5 C-4 C-7 C-8 C-9 C-10 C-11 C-12 C-13 C-15,19 C-16,18 C-17 

TPhTCl 137.56 136.39 129.42 130.75           

TPhTSa 138.10 137.36 129.55 130.91 175.52 113.88 132.05 119.38 136.01 117.63 162.11    

TPhTSaPy 138.50 137.20 129.36 130.64 175.14 114.25 131.86 119.13 135.52 117.41 161.94 149.97 124.21 136.66 

           Numbering is according to Fig. 4. 
 

       Table-5   The chemical shifts of the Dept-135 resonances [ppm]; recorded at room temperature in CDCl3 

Chemical shift (δ ppm) compound 

C-1 C-2,6 C-3,5 C-4 C-7 C-8 C-9 C-10 C-11 C-12 C-13 C-15,19 C-16,18 C-17 

TPhTCl __ 136.49 129.51 130.84           

TPhTSa __ 137.24 129.44 130.82 __ __ 131.94 119.29 135.89 117.51 __    

TPhTSaPy __ 137.17 129.33 130.61 __ __ 131.83 119.10 135.56 117.38 __ 149.94 124.19 136.64 

           Numbering is according to Fig. 4.
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3.2.2.3 ESI Mass Spectrometry 

All fragment ions observed in the first-order negative-ion ESI mass spectra 

and MSn spectra are listed in Table 6 with the suggested interpretation.  

 

In the first-order negative-ion ESI mass spectrum of TPhTCl (fig. 14), the 

fragmentation proceeds so easily that abundant fragment ions were 

observed. Tin-containing ions are known to form various adducts easily with 

water and methanol (Lawson et al., 1996; Jones-Lepp et al., 1999) and also 

dimeric and polymeric species (Lawson et al., 1996) can be identified. Since 

the measurements were performed in ethanol, ethanol adducts were 

observed. The base peak at m/z 431 was due to the molecular adduct, 

[(C6H5)3SnCl + C2H5OH]+. Other peaks were also observed and they were 

due to dimeric and polymeric species, adduct formation of ethanol with 

fragment ions and isotopic effect of tin, but the molecular ion peak was 

absent.  

           Figure-14   First-order negative-ion ESI spectrum of TPhTCl  
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The tandem mass, MS2 spectrum of the cationic part [Cat]+ of TPhTCl was 

also recorded. In this spectrum, (fig. 15) the relative abundance of the 

molecular adduct was reduced, the relative abundance of [Cat]+ was 

intensified to 100% with m/z 351, and it was protonated. The molecular ion 

peak which was absent in the first-order negative-ion ESI mass spectrum 

appeared at m/z 386 with a relative abundance of 4%. 

           Figure-15   Tandem mass negative-ion ESI spectrum of TPhTCl 

 

In the first-order negative-ion ESI mass spectrum of TPhTSa (fig. 16), the 

peak at m/z 487 and relative abundance of 100% was obtained for the 

molecular ion [M]+. In addition to all important peaks, which were observed 

in the first-order negative-ion ESI mass spectrum of TPhTCl (fig. 14), some 

new peaks were also observed. Adduct formation of ethanol with fragment 

ions were minimized. But the degree of dimeric and polymeric species 

formation was increased and most of the peaks were as a result of these 

species formation (for detail see Table 6).   
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To avoid unwanted fragmentations, formation of ethanol adducts with 

fragment ions, and dimeric and polymeric species tandem mass spectrum of 

the compound was recorded. In this spectrum only the peak at m/z 443, 

which resulted from the neutral loss of one CO2 molecule from the molecular 

ion, [M]+ was observed.  

            Figure-16   First-order negative-ion ESI spectrum of TPhTSa 

 

Except their relative abundances, all peaks observed in the first-order 

negative-ion ESI mass spectrum of TPhTSaPy were identical with the peaks 

observed in the first-order negative-ion ESI mass spectrum of TPhTSa (fig. 

16). But, in the first-order positive-ion ESI mass spectrum of TPhTSaPy (fig. 

17), the most important two peaks, which did not appear in the first-order 

negative-ion ESI mass spectrum of TPhTSaPy were observed. The first peak 

at m/z 566, (4%) was assigned to the molecular ion [M]+. However, the 

prominent peak at m/z 569 was resulted from the isotopic effect of tin. The 

second important peak observed in this spectrum was at m/z 527 and a 
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relative abundance of 29%. This spectrum was due to loss of salicylate ion, 

[An]
-
 from the molecular ion, which is the counterpart of [M – R]+. These 

spectral results indicated the formation of the complex, TPhTSaPy and its 

structure. 

         Figure-17   First-order positive-ion ESI spectrum of TPhTSaPy 
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Table-6 Ions observed in the first-order negative-ion ESI mass spectra, tandem 

mass spectra (MS/MS) of the cationic part [Cat]+ as a precursor ion and 
other fragment ions in MSn spectra. 

 

Compound 

 

MS 

(MS/MS) of 

[Cat]+ 

Other fragment ions 

observed in MSn 

TPhTCl m/z 431,100%,   

[M + Et -OH]+; 

m/z 351, 15%, [M - Cl]+ 

m/z 351, 100%, 

[Cat]+;  

m/z 386, 4%, 

[M]+ 

m/z 288,  

[PhSn + 2 x Et -OH]+;  

m/z 431, [M + Et -OH]+ 

TPhTSa m/z 487, 100%, [M]+;  

m/z  443,27%, [M - CO2]
+;  

m/z 289, 4%,  

[M – 2 x Ph - CO2]
+;  

m/z 351, [M – R2]+ 

m/z  443,100%,  

[M - CO2]
+ 

m/z 624, 18%, [M + 

R2]+; m/z 546, 10%,  

[M – Ph + R2]+;  

m/z 169, 6%,  

[Sn + Et -OH]+; 

TPhTSaPy 

 

    a 

m/z 487, 100%, [M - R5]+;  

m/z  443, 25%,  

[M - R5 - CO2]
+;  

m/z 289, 5%,  

[M – 2 x Ph - CO2]
+;  

m/z 351, [M - R5 – R2]+ 

 m/z 624, 35%, [M + 

R2]+; m/z 546, 2%,  

[M – Ph + R2]+ 

b m/z 487, 100%, [M- R5]+; 

m/z  443, 16%,  

[M - CO2 - R
5]+; m/z 289, 

4%, [M – 2 x Ph - R5 - 

CO2]
+; m/z 427, 29%, [M - 

R2]+; m/z 569, 15%, [M]+; 

m/z 351, [M – R2]+ 

 m/z 624, 19%,  

[M - R5 + R2]+;  

m/z 547, 15%,  

[M – Ph - R5 + R2]+;  

m/z 383, 5%,  

[M – 2 x Ph - R5 + R2]+ 

a [Cat]+ corresponds to [M–Rn]+, where Ph = Phenyl, Et-OH = ethanol, R1 = chlorine, R2 = 
salicylate, R3 = CO2, R

4 = phenol, R5 = pyridine.  The fragmentation amplitude was 1 V. The 
relative abundances are based on the 119Sn ions. 
b First-order positive-ion ESI mass spectra. 
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3.3 Antimicrobial Test 

The antimicrobial activities of TPhTCl, TPhTSa, TPhTSaPy, Griseofulvin and 

ciprofloxacin are shown in the following Tables. 

3.3.1 Antibacterial Test  

According to the result shown in Table 6, TPhTCl was active against E. coli 

CD/99/1, E. coli 18/9, E. coli K88 and V. cholerae 2. But S. luteus 9341, B. 

pumilus 8241 and B. subtilis ATCC 6633 strains were completely resistant to 

it. On the other strains of bacteria it showed moderate activity. 

 

The MIC values of TPhTCl ranged from 25 - 100 µg/ml. The lowest MIC (25 

µg/ml) value was observed against E. coli CD/99/1, E. coli 18/9, E. coli K88 

and V. cholerae 2. 

 

 Table-7   Determination of MIC of TPhTCl (Antibacterial) 

    (0*-control (DMSO); + growth; - No growth) 

 

Growth in nutrient agar containing 
different concentrations (µg/ml) 

 
Bacterial Strain  

0* 5 10 25 50 100 

Staphylococcus aureus 29737 + + + + + - 
S. aureus ML 267 + + + + - - 
Sarcina luteus 9341 + + + + + + 

Bacillus pumilus 8241 + + + + + + 
B. subtilis ATCC 6633 + + + + + + 
Escherichia coli ATCC 10536 + + + + - - 
E. coli VC Sonawave 3:37 C + + + + + - 
E. coli CD/99/1 + + + - - - 
E. coli RP4 + + + + + - 
E. coli 18/9 + + + - - - 
E. coli K88 + + + - - - 
Shigella dysenteriae 1 + + + + - - 
S. soneii 1 + + + + + - 
S. soneii BCH 217 + + + + + - 
S. flexneri type 6 + + + + + - 
S. boydii 937 + + + + - - 

Pseudomonas aeruginosa ATCC 
25619 

+ + + + - - 

Vibrio cholerae 2 + + + - - - 

V. cholerae 785 + + + + - - 
V. cholerae 1037 + + + + - - 
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As indicated on Table 7, B. pumilus 8241 and B. subtilis ATCC 6633 strains 

were completely resistant to TPhTSa and it showed moderate activity on the 

other strains of bacteria. 

 

The MIC values of TPhTSa ranged from 50 - 100 µg/ml. The lowest MIC (50 

µg/ml) value was observed against E. coli 18/9, E. coli K88, S. boydii 937, P. 

aeruginosa ATCC 25619, V. cholerae 2 and V. cholerae 1037. 

      

Table-8  Determination of MIC of TPhTSa (Antibacterial) 

     (0*-control (DMSO); + growth; - No growth) 

Growth in nutrient agar containing 
different concentrations (µg/ml) 

 
Bacterial Strain  

0* 5 10 25 50 100 

Staphylococcus aureus 29737 + + + + + - 

S. aureus ML 267 + + + + + - 

Sarcina luteus 9341 + + + + + + 

Bacillus pumilus 8241 + + + + + + 

B. subtilis ATCC 6633 + + + + + + 

Escherichia coli ATCC 10536 + + + + + - 
E. coli VC Sonawave 3:37 C + + + + + - 
E. coli CD/99/1 + + + + + - 
E. coli RP4 + + + + + - 
E. coli 18/9 + + + + - - 
E. coli K88 + + + + - - 

Shigella dysenteriae 1 + + + + + - 

S. soneii 1 + + + + + - 

S. soneii BCH 217 + + + + + - 

S. flexneri type 6 + + + + + - 

S. boydii 937 + + + + - - 

Pseudomonas aeruginosa 

ATCC 25619 

+ + + + - - 

Vibrio cholerae 2 + + + + - - 

V. cholerae 785 + + + + + - 

V. cholerae 1037 + + + + - - 
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As can be seen from Table 8, TPhTSaPy was active against S. aureus 29737, 

S. aureus ML 267, E. coli RP4, P. aeruginosa ATCC 25619 and V. cholerae 2. 

But, S. luteus 9341, B. pumilus 8241 and B. subtilis ATCC 6633 strains were 

completely resistant to it. On the other strains of bacteria it showed 

moderate activity. 

 

The MIC values of TPhTSaPy ranged from 25 - 100 µg/ml. The lowest MIC 

(25 µg/ml) value was observed against S. aureus 29737, S. aureus ML 267, 

E. coli RP4, P. aeruginosa ATCC 25619 and V. cholerae 2. 
 

Table-9  Determination of MIC of TPhTSaPy (Antibacterial) 

    (0*-control (DMSO); + growth; - No growth) 

 

Growth in nutrient agar containing 

different concentrations     ( µg/ml) 

 
Bacterial Strain  

0* 5 10 25 50 100 

Staphylococcus aureus 29737 + + + - - - 

S. aureus ML 267 + + + - - - 
Sarcina luteus 9341 + + + + + + 

Bacillus pumilus 8241 + + + + + + 

B. subtilis ATCC 6633 + + + + + + 
Escherichia coli ATCC 10536 + + + + - - 

E. coli VC Sonawave 3:37 C + + + + - - 
E. coli CD/99/1 + + + + - - 
E. coli RP4 + + + - - - 
E. coli 18/9 + + + + - - 
E. coli K88 + + + + - - 
Shigella dysenteriae 1 + + + + + - 
S. soneii 1 + + + + + - 
S. soneii BCH 217 + + + + + - 
S. flexneri type 6 + + + + + - 
S. boydii 937 + + + + - - 
Pseudomonas aeruginosa 

ATCC 25619 

+ + + - - - 

Vibrio cholerae 2 + + + - - - 

V. cholerae 785 + + + + - - 

V. cholerae 1037 + + + + - - 
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According to these results, TPhTSaPy was more active than TPhTCl against 

S. aureus, and P. aeruginosa but less active against E. coli. Thus, TPhTSaPy 

has shown a broad antibacterial spectrum than TPhTCl. 

   Table-10   Determination of MIC of ciprofloxacin (Antibacterial) 

Growth in nutrient agar containing 
different concentrations ( µg/ml) 

 
Bacterial Strain  

0* 1 2 5 10 25 

Staphylococcus. aureus 29737 + + + - - - 

S. aureus ML 267 + + + - - - 

Sarcina luteus 9341 + + + + - - 

Bacillus pumilus 8241 + + + + - - 

B. subtilis ATCC 6633 + + + + - - 

Escherichia coli ATCC 10536 + + + + - - 
E. coli VC Sonawave 
 3:37 C 

+ + + - - - 

E. coli CD/99/1 + + + + - - 
E. coli RP4 + + + + - - 
E. coli 18/9 + + + + - - 
E. coli K88 + + + + - - 
Shigella dysenteriae 1 + + - - - - 

S. soneii 1 + + - - - - 

S. soneii BCH 217 + + - - - - 

S. flexneri type 6 + + - - - - 
S. boydii 937 + + + - - - 
Pseudomonas aeruginosa ATCC 
25619 

+ - - - - - 

Vibrio cholerae 2 + + + - - - 

V. cholerae 785 + + + - - - 

V. cholerae 1037 + + + - - - 

        (0*-control (DMSO); + growth; - No growth) 

  
 

According to the result shown in Table 10, Ciprofloxacin (100 µg/ml) showed 

a universal activity against the entire test bacterial straines with zones of 

inhibition ranging from 12.0 to 16.0 mm. Since the objective of this work was 

to enhance the activity of TPhTCl, the zones of inhibitions of the TPhTCl were 

compared with that of TPhTSaPy. 
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TPhTSaPy exhibited the largest zone of inhibitions on   S. aureus 29737, E. 

coli RP4, S. soneii 1 and P. aeruginosa ATCC 25619; hence it is more potent 

than TPhTCl which is a commercially available fungicide. TPhTSaPy and 

TPhTCl have the same size of zone of inhibitions on S. aureus  ML 267, E. 

coli ATCC 10536, E. coli VC Sonawave 3:37 C, E. coli CD/99/1, E. coli K88, S. 

soneii BCH 217, S. flexneri type 6, S. boydii 937, V. cholerae 785 and V. 

cholerae 1037. TPhTSaPy exhibited smaller zone of inhibitions on E. coli 18/9 

and S. dysenteriae 1 than TPhTCl and it is less potent. 

 

Table-11   Comparison of zones of inhibition of various samples with respect to 

ciprofloxacin (Antibacterial) 

Diameters of zones of inhibition in mm 
around discs of diameter 6mm at a 
concentration of 100  µg/ml in nutrient agar 

 
Bacterial Strain  

TPhTCl TPhTSa TPhTSaPy ciprofloxacin 

Staphylococcus aureus 
29737 

9.5 9.0 10.0 14.5 

S. aureus ML 267 10.0 9.0 10.0 14.0 
Sarcina luteus 9341 6.0 6.0 6.0 12.5 

Bacillus pumilus 8241 6.0 6.0 6.0 13.0 

B. subtilis ATCC 6633 6.0 6.0 6.0 13.5 
Escherichia coli ATCC 
10536 

9.0 8.5 9.0 13.0 

E. coli VC Sonawave 
 3:37 C 

9.0 8.5 9.5 13.5 

E. coli CD/99/1 10.0 8.0 10.0 12.0 
E. coli RP4 9.0 8.0 11.0 12.0 
E. coli 18/9 10.5 8.5 10.0 13.0 

E. coli K88 10.0 9.0 10.0 14.0 
Shigella dysenteriae 1 9.5 9.0 9.0 15.5 

S. soneii 1 8.0 8.5 8.5 15.0 
S. soneii BCH 217 9.0 8.5 9.0 15.5 
S. flexneri type 6 7.0 6.5 7.0 15.0 
S. boydii 937 7.5 7.0 7.5 14.5 
Pseudomonas 
aeruginosa ATCC 25619 

9.0 9.0 10.0 16.0 

Vibrio cholerae 2 11.0 10.0 11.0 14.0 

V. cholerae 785 10.5 9.0 10.5 14.5 
V. cholerae 1037 10.0 9.0 10.0 14.0 
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3.3.2 Antifungal Test 

As can be seen from Table 11, TPhTCl was active against C. albicans ATCC 

10231 and A. niger ATCC 6275 and moderate sensitivity to P.  notatum ATCC 

11625 and P. funiculosum NCTC 287. 

 

The MIC values of TPhTCl ranged from 50 - 400 µg/ml. The lowest MIC (50 

µg/ml) value was observed against C. albicans ATCC 10231 and the largest 

MIC (400 µg/ml) against P. funiculosum NCTC 287. 

 

Table-12   Determination of MIC of TPhTCl (Antifungal) 

Growth in Saborauds Dextrose Agar media 
containing different concentrations (µg/ml) 

 
Fungal Strain 

0* 10 25 50 100 200 400 800 1000 

Candida albicans ATCC 10231 + + + - - - - - - 

Aspergillus niger ATCC 6275 + + + + - - - - - 

Penicillium  notatum ATCC 
11625 

+ + + + + - - - - 

P. funiculosum NCTC 287 + + + + + + - - - 

 (0*-control (DMSO); + growth; - No growth) 

 
As indicated on Table 12, TPhTSa was active against C. albicans ATCC 10231 

and moderate sensitivity to A. niger ATCC 6275, P. notatum ATCC 11625 and 

P. funiculosum NCTC 287. 

 

The MIC values of TPhTSa ranged from 100 - 800 µg/ml. The lowest MIC 

(100 µg/ml) value was observed against A. niger ATCC 6275 and the largest 

MIC (800 µg/ml) against P. notatum ATCC 11625. 

  

Table-13   Determination of MIC of TPhTSa (Antifungal) 

Growth in Saborauds Dextrose Agar media 
containing different concentrations (µg/ml) 

 
Fungal Strain 

0* 10 25 50 100 200 400 800 1000 

Candida albicans ATCC 10231 + + + + + - - - - 

Aspergillus niger 
ATCC 6275 

+ + + + - - - - - 

Penicillium  notatum ATCC 
11625 

+ + + + + + + - - 

P. funiculosum NCTC 287 + + + + + + - - - 

   (0*-control (DMSO); + growth; - No growth) 
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As can be seen from Table 13, TPhTSaPy has shown moderate sensitivity to 

all fungal strains. 

 

The MIC values of TPhTSaPy ranged from 400 - 1000 µg/ml. The lowest MIC 

(400 µg/ml) value was observed against C. albicans ATCC 10231 and the 

largest MIC (1000 µg/ml) against P. notatum ATCC 11625 and P. funiculosum 

NCTC 287. 

    

Table-14   Determination of MIC of TPhTSaPy (Antifungal) 

Growth in Saborauds Dextrose Agar media 
containing different concentrations (µg/ml) 

 
Fungal Strain 

0* 10 25 50 100 200 400 800 1000 

Candida albicans ATCC 10231 + + + + + + - - - 

Aspergillus niger 
ATCC 6275 

+ + + + + + + - - 

Penicillium  notatum ATCC 
11625 

+ + + + + + + + - 

P. funiculosum NCTC 287 + + + + + + + + - 

(0*-control (DMSO); + growth; - No growth) 

 

Griseofulvin (1000 µg/ml) showed a universal activity against the entire test 

fungal straines with zones of inhibition ranging from 10.0 to 14.0 mm and 

identical MIC values with TPhTCl (Table 14). But the antifungal activity of 

TPhTSaPy was compared with activities of TPhTCl and TPhTSa. 

 
Table-15   Determination of MIC of Griseofulvin (Antifungal) 

Growth in Saborauds Dextrose Agar media 

containing different concentrations (µg/ml) 

 
Fungal Strain 

0* 10 25 50 100 200 400 800 1000 

Candida albicans ATCC 10231 + + + - - - - - - 

Aspergillus niger 

ATCC 6275 

+ + + + - - - - - 

Penicillium  notatum ATCC 

11625 

+ + + + + - - - - 

P. funiculosum NCTC 287 + + + + + + - - - 

(0*-control (DMSO); + growth; - No growth) 
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MIC values and zones of inhibition of these compounds (Table 15) indicate 

that TPhTCl was the most active on all fungal strains and TPhTSaPy the least 

active. Among the three compounds tested, TPhTCl showed a broad 

spectrum of antifungal activity. 

    

Table-16   Comparison of zones of inhibition of various samples with respect to 
Griseofulvin (Antifungal) 

Diameters of zones of inhibition in mm around 

discs of diameter 6mm at a concentration of 

1000  µg/ml in Saborauds Dextrose Agar media 

 
Fungal Strain 

TPhTCl TPhTSa TPhTSaPy Griseofulvin 

Candida albicans ATCC 

10231 

12.0 10.0 11.0 14.0 

Aspergillus niger 

ATCC 6275 

10.0 11.0 10.0 10.0 

Penicillium  notatum ATCC 

11625 

9.0 8.0 8.0 10.0 

P. funiculosum NCTC 287 8.0 9.5 7.5 11.0 
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4. CONCLUSION 

In this study, TPhTSaPy was synthesized from TPhTCl, silversalicylate and 

pyridine in three steps. All, the precursor (TPhTCl), the intermediate 

(TPhTSa) and the complex (TPhTSaPy) are solids, stable at room 

temperature, having sharp melting points and non-hygroscopic. Both the 

intermediate and the final product were soluble in common organic solvents 

(benzene, chloroform, acetone), DMF and DMSO. 

 

All the above mentioned compounds were found to be active against four 

fungal and seventeen Gram-positive and Gram-negative bacterial strains that 

were used in the study. The synthesized compound, TPhTSaPy displayed a 

broad spectrum of antibacterial activity but its potency against the fungal 

pathogens tested was inferior to the commercially available antifungal 

compound TPhTCl. 

From the results of the present study it was concluded that increasing the size 

of the substituent and coordination number on tin atom enhanced antibacterial 

activity but decreased antifungal activity. 
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5. RECOMMENDATIONS AND SUGGESTIONS 

The following suggestions and recommendations can be forwarded for potential 

researchers in the following aspects of the work started. 

It is generally believed that the toxicity of organotin compounds increases with 

increasing size of the alkyl group of the organotin molecule and with increasing 

substitution of the tin atom. So it should be tried to enhance the biocidical 

activity and spectrum of commercially available drugs by: 

� Increasing the coordination number of the tin atoms and  

� Substituting the ligands by the variety of large ligands.  
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