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ABSTRACT 

This research work is concerned with the synthesis, spectroscopic characterization and 

biological applications of monometallic, homo/hetero bi- and tri-metallic complexes of 

tin and palladium with various S donor ligands.  

Di/triorganotin(IV) and palladium(II) salts were treated with potassium salts of ligand 

((HL1, HL2 & HL3) dithiocarbamate or free ligands (HL4, HL5 & HL6) in 1:1 and 1:2 

molar ratios to produce thiolates, phenolates and dithiocarbamates. Methanol, acetone, 

toluene or water were used as a medium for the reactions. Thin layer chromatography of 

the samples was carried out to monitor the progress of the reaction and to check the 

purity of the compounds. The characterization of the newly synthesized complexes and 

their parent ligands was carried out by different spectroscopic techniques, for example, 

IR, UV/VIS, multinuclear (1H,13C) NMR spectroscopy and mass spectrometry. The data 

obtained from these studies helped to ascertain the bonding behavior of the ligand donor 

sites and structural aspects of these compounds.  

Based on IR study, bidentate chelating mode of dithiocarbamate moieties to metals has 

been suggested. A distorted trigonal bipyramidal or a tetrahedral environment around 

tin(IV) in chlorodiorganotin(IV)/diorganotin(IV)/triorganotin(IV) phenolates, thiolates 

and dithiocarboxylates has been pointed out, respectively in the coordinating solvents on 

the basis of multinuclear NMR spectra. The absorption bands in UV/VIS spectroscopy 

indicated that palladium(II) complexes possessed the square planner geometry around 

Pd(II) center in solution. The fragmentation pattern were obtained from mass (EI-MS) 

spectrometry followed the suggested molecular skeletons of the synthesized complexes.  

Antibacterial and antifungal activities of many homo and heterometallic complexes were 

studied against different bacterial and fungal strains. Minimal inhibitory concentrations 

of complexes used to inhibit bacterial and fungal strains were also determined. Some of 

the compounds were found to have antimicrobial activity comparable or even more than 

reference drugs and may be considered for use as drugs in future. The triorganotin(IV) 

derivatives have strong bactericidal and fungicidal action than diorganotin(IV) complexes 

with few exceptions. The antimicrobial activity of homotrimetallic complexes have been 

higher as compared to monometallic/bimetallic and heterotrimetallic complexes. The 
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excellent behavior of trimellalic complexes as antimicrobial agent was based on the 

presence of greater number of tin(IV) metals in these complexes.  

The hemolytic activity of was also found out to study the effect of these compounds on 

red blood cells. The hemolytic activity of these substances have been observed in 

between the hemolytic activity of the Triton X-100 which was used as positive control 

and phosphate buffered saline (PBS) was taken as negative control during this study. 

These compounds can be used as antimicrobial agents as their hemolytic activity have 

been found low as compared to their antibacterial and antifungal activities.  

Two bacterial strained, B. subtilis and E. coli were used to examine the antibiofilm 

activity of these synthesized compounds. The complexes were also found to be good 

inhibitor against biofilms of bacteria.  

Some monometallic, homo/hetero bi- and tri-metallic complexes of tin and palladium 

with various sulfur donor ligands possess potent antimicrobial activities and less 

hemolytic effects. So it is possible to use these compounds as antibiotic drugs. 
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Chapter 1 

INTRODUCTION 

1.1 Organotins 

Organotins possessed structural diversity and high selectivity and are well known 

organometalliv compounds which have found their use in academic research, medical field 

and industrial chemistry (Sessler et al., 2005 & Shahzadi et al., 2008a). Organometallic 

compounds are exploited in these fields due to intrinsic characteristics of metal ions, 

variation in their coordination number, geometries and most suitable kinetic and 

thermodynamic properties (Muhammad et al., 2009a). So these metal complexes have been 

contributing a lot in progress of biomedical and inorganic chemistry (Pellei et al., 2008). 

The organometallic compounds in which tetravalent tin center has been covalently 

bounded to organic species are known as organotins. Organotins can be represented as 

R4SnX4-n; n= 1 to 4, R may be alkyl or aryl substituent and ‘X’ stands for any electron pair 

donor functional group e.g. halide, carboxylate and thiolates etc. (Smith, 1998). The 

organotin derivatives had not been utilized commonly for nearly 100 years due to lack of 

commercial applications. In 1940’s, the increase in the production of PVC (polyvinyl 

chloride) in plastic industry opened new horizons for research on organotin(IV) complexes 

(Abbas et al., 2013).  

Organotin(IV) compounds has become popular due to their use as gelations as well as 

anticorrosion agents (Beltr΄an et al., 2004; Chandrasekhar et al., 2009) in material chemistry. 

These organometallic compounds have their applications as CO2 fixation, wood preservation, 

luminescent and nonlinear optical (NLO) compounds (Rivera et al., 2009; Abbas et al., 2013; 

Mairychov΄a et al., 2012; Crawford et al., 2011).  

These organotin(IV) derivatives have been found efficient catalysts in different 

industrial processes e.g. transmetallation. Many organic reactions has been catalyzed by 

organotin(IV) compounds. These compounds have been proved as efficient catalysts in redox 

reactions and coupling reactions. Organotin(IV) species have high selectivity for a reaction, 

so they save time and product during a protection-deprotection cycle for a reaction. In 
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industry, esterification and transesterification processes have been carried out in the presence 

of organotin(IV) derivatives (Durand et al., 2000).  

The most common application of organotins is stabilization of polyvinyl chloride 

(Davies, 2004). They are also used for silicone curing processes (Thoonen et al., 2004). 

These compounds have found their use in preparation of polyurethanes (Evans et al., 1981). 

Organotin(IV) compounds proved as highly potent biologically active species, so a 

considerable interest in synthesis and characterization of these substances has been 

developed (Hong et al., 2013). These compounds have been used as potential therapeutic 

agents, anti-microbial and anti-proliferative (Baul et al., 2001). In the recent years, they have 

also been investigated as antitumor (Clarke et al., 1999) and anti-tuberculosis agents 

(Kovala-Demertzi et al., 2009). They proved themselves as good anticancer agents in in vitro 

tests even more effective than cisplatin in some cases (Pettinari et al., 1997). They also 

possess remarkable anti-inflammatory and anti-fouling activities (Nath et al., 2009; Okoro et 

al., 2011) as well.  

1.2 Synthesis of organotin(IV) compounds 

1.2.1 Synthesis of tetraorganotin(IV) compounds 

Different methods are employed to synthesize tetraorganotin(IV) derivatives. 

Reaction of Grignard reagent with tin chloride to prepare tetraorganotin compounds is an 

example of classic method. Tetraethyltin is obtained by the reaction of ethylmagnesium 

bromide with tin tetrachloride (Pereyre et al., 1987):  

4EtMgBr + SnCl4  Et4Sn + 4MgClBr     (1.1) 

Mixed tetraorganotin(IV) compounds can be synthesized from organotin halides and 

Grignard reagents. Synthesis of a mixed organotin compound, dibutyldivinyltin is shown in 

the given reaction.  

Bu2SnCl2 + 2C2H3MgBr  Bu2Sn(C2H3)2 + 2MgBrCl  (1.2) 

Trialkylaluminium compounds can also be used synthesize organotin(IV) 

compounds.  

3SnCl4 + 4R3Al    3R4Sn + 4AlCl3     (1.3) 
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1.2.2 Preparation of organotin halides 

Redistribution reactions, Kocheshkov comproportionation reactions are used to 

produce mixed organotin(IV) chlorides from symmetrical tetraorganotin compounds. On 

industrial scale, organotin(IV) halides are synthesized by reaction of tetraorganotin(IV) with 

tin(IV) tetrachlorides as shown in reaction given below. Organolithium and Grignard 

reagents are employed for laboratory scale production of compounds. 

           3R4Sn  +  SnCl4   4R3SnCl     (1.4) 

R4Sn   +  SnCl4    2R2SnCl2     (1.5) 

R4Sn   +  3SnCl4  4RSnCl3     (1.6) 

         Sn + 2RX     R2SnX2      (1.7) 

1.2.3 Preparation of organotin hydrides 

Conversion of mixed alkyl organotin chlorides to organotin hydrides is carried out by 

reduction with different reducing agents. For example LiAlH4 is used for the reduction of 

RnSnCl4-n to give hydrides and hydrostannation to double bound and triple bond. The 

unsymmetrical and heterocyclic organotin(IV) hydrides can be synthesized by the following 

given reactions. The reduction of trimethyltin chloride with lithium aluminum hydride 

resulted into synthesis of trimethyltin hydrides (Davies, 1997). 

4R3SnCl + LiAlH4     4R3SnH + LiAlCl4   (1.8) 

2Me3SnCl + LiAlH4        2Me3SnH + LiAlCl4   (1.9) 

Bu2SnCl2 + 1/2 LiAlH4   Bu2SnH2 + 1/2 LiAlCl4  (1.10) 

1.2.4 Preparation of organotin thiolates 

Alkali metal mercaptides or thiols are treated with organotin halide, oxides, 

alkoxides, hydroxides or amines to give mercapto derivatives (Haiduc & Zuckerman, 1985). 

 R3SnCl + NaSR  R3SnSR + NaCl     (1.15) 

 R3SnOSnR3 + 2RSH  2R3SnSR + H2O   (1.16) 

 RSOR + RSH   R3SnSR + ROH    (1.17) 
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 R3SnOH + RSH  R3SnSR + H2O    (1.18) 

1.2.5 Preparation of organotin carboxylates 

Organotin(IV) hydroxides and oxides react with carboxylic acid to produce 

organotin(IV) carboxylate derivatives commonly in methanol. 

R3SnOH + RCO2H  R3SnOCOR + H2O   (1.19) 

(R3Sn)2O + RCO2H  2R3SnOCOR + H2O   (1.20) 

When organotin(IV) halides are treated with metal carboxylates, organotin(IV) 

carboxylates are produced after refluxing. Carbon tetrachloride and acetone are most 

common solvents for this reaction. 

               RnSnCl4-n + (4-n)RCO2M  RnSn(OCOR)4-n + (4-n)MCl (1.21) 

1.3 Properties of organotin compounds 

The organometallic substances which have atleast one carbon-tin covalent bond in 

their structure formula are classified as organotins. The bond strength of C-C or C-Si is 

greater than C-Sn bond as bond dissociation energy of the normal C-C bond (335-380 

KJ/mol) is greater than the mean dissociation energy of a Sn-C bond (188-230 KJ/mol). The 

bond dissociation energy of tin-carbon bond is not too low to make it very reactive. Thus a 

C-Sn bond has been found to be very stable to atmospheric oxygen, heat and water at 

ordinary temperature. These substances are stable upto 200 oC (Zukarman et al., 1978), and 

do not thermally decompose under normal conditions. Diorganotin oxides are polymeric in 

nature.  Tin shows fewer tendencies to catenate i.e. form chains with Sn-Sn bonds. Organotin 

complexes if ignited burn strongly with the emission of clouds of tin oxide (Blunden et al., 

1985). However, the cleavage of tin-carbon bond occurs readily as compared to halogens, 

strong acids, other electrophilic reagents and UV radiations. Alkyl groups are slowly 

decomposed than aryl, allyl and vinyl groups on the basis of saturation of bond. The 

compounds which have higher alkyl groups as substituent are not readily decomposed. The 

chemical and physical properties of organotin(IV) complexes depend upon number, nature 

and chain length of the organic substituent attached to tin ion.  
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Organotin(IV) derivatives are covalent in nature so they are not readily soluble in 

aqueous medium. These substances can be dissolved in common organic solvents. The nature 

as well as number of alkyl moieties attached to tin(IV) decided the solubility behavior of 

these complexes (Blunden et al., 1984). The solubility of organotin(IV) species has also been 

observed in non-aqueous solvents e.g. glycol, pyridine, benzene, dimethyl sulfoxide and 

other organic solvents (Smith, 1998). However methyltin halides may dissolve in water. Due 

to their ionic nature, triorganotin hydroxides mostly behave like inorganic bases. The melting 

point of organotin(IV) compounds varies with chain length of organic substituent. There 

exists inverse relation between chain length and melting point of compounds.  

1.4 Types of organotin compounds 

Based on number of organic substituent present in organotins, their derivatives are 

classified as tetraorganotins, triorganotins, diorganotins  and monoorganotins. 

Tetraorganotins are very stable. They are comparatively non-toxic so they are inactive 

against microbials. Toxic triorganotin(IV) compounds are obtained by slow decomposition of 

tetraorganotin(IV) moieties. These compounds with four organic groups can be used in 

industry as preparatory materials and catalysts.  These complexes have limited industrial 

value because they are toxic (Chiwal et al., 2013).  

Triorganotin compounds are toxic for living organisms so they are used as 

antimicrobial agents in industry and agriculture. Their biological activity depends upon 

nature of organic chain. Tributyltin compounds (tributyltin oxides, Incidine) are used in 

antifouling paints. They are also employed in wood treatment and preservations. These 

compounds are also used as molluscicides to kill molluscs. Triphenyltins (Fentin, Tinmate, 

Brestanol) are also biologically active compounds and used as industrial biocides. They are 

used as antifungal agents in agriculture and also as antifouling agents in paint industry (Van 

der Kerk, 1976). Many triphenyltin(IV) compounds such as Plictran, Bay Bue 1452, Vendex 

and Torque have been found to have potential to act as miticides and acricides to kill mites 

and ticks, respectively (Smith, 1998). 

Diorganotin compounds e.g. dimethyltin, dibutyltin and diestertins are very important 

on industrial scale. These compounds are very common for their use as catalysts in organic 

reactions for example, in formation of polyurethane and curing of silicones. They are also 
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important due to their application as heat stabilizers in polyvinyl chloride production 

especially for manufacturing of PVC used for packing of food materials. As diorganotin(IV) 

and triorganotin(IV) have less toxicity, so 2/3rd of total consumption of tin(IV) in industry in 

world consists of these compounds (Kroschwitz, 1997).  

Organotin compounds with one organic substituent known as monoorganotin(IV) e.g. 

methyltin, butyltin, octyltin and monoestertins are biologically inactive and less toxic. On the 

basis of low toxicity many monoorganotin(IV) have been used in industry as PVC heat 

stabilizers. 

1.5 Possible coordination numbers of tin and geometries of organotin 

compounds 

The valence shell electronic configuration of Tin atom is 5s25p25d0 and its ion exists 

in +2 and +4 oxidation states. In its divalent and tetravalent ionic form, tin uses its s, p and d 

orbitals in hybridization. In tetravalent tin(IV) compounds, tin center experience sp3 

hybridization and follows tetrahedral geometry due to four covalent bonds. The presence of 

empty 5d orbital in valence shell of Sn(IV) is responsible for its higher coordination number. 

This suitable energy vacant 5d orbital involves in sp3d and d2sp3 hybridization in many 

organotin(IV) complexes. 

The coordination number of tin in organotin(IV) complexes has been decided on the 

basis of the following two factores. 

 (1) Increasing the number of electronegative substituent on tin will increase the Lewis 

acidity on tin and will favor higher coordination numbers  

(2) Conversely; the bulky moieties will favor lower coordination number. 

Tin may adopt the coordination numbers 3, 4, 5, 6 or 7 in its organotin(IV) 

derivatives. The geometries are related to the coordination numbers. 
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Sn Sn

sp3 sp3d

Sn

sp3d2

Tetrahedral Trigonal bipyramidal Octahedral  

Figure 1.1. Principal coordination geometries for tetravalent tin. 

CN = 3: They are trigonal planar. The bulky organic substituent having multiple bonds are 

coordinated. 

CN = 4: The compounds with tetra coordinated tin(IV) center always possess tetrahedral 

geometry. 

CN = 5: Trigonal bipyramidal geometry is followed by penta coordinated tin center. This 

coordination behavior is commonly followed by triorganotin compounds and less commonly 

by diorganotin species. 

CN = 6: Hexa-coordinated systems are rare in cases of tri- or tetraorganotins and are 

commonly manifested by highly Lewis-acidic classes i.e. R2SnX2 or RSnX3. 

The type of geometry of organotin(IV) derivative depends upon the number and 

nature of the coordinated ligands. These complexes follow tetrahedral, triangular bipyramid 

and octahedral geometries based on the number and nature of bonded ligands especially 

anionic ligands.  

In organometallic derivatives and inorganic compounds of tin, it shows variety of 

geometries and variable coordination number (Davis, 2004; Smith, 1997). Inter and intra-

molecular coordination with various electron donor atoms like oxygen, nitrogen and sulfur is 

also responsible for increased coordination number of tin. Although tin behaves as a hard 

acid even then it forms thiolates with sulfur containing ligands. Tetra-coordinated di- and 

triorganotin(IV) compounds with general formula R3SnX and R2Sn(X)2, where X groups are 

monodentate donor atoms, follow tetrahedral geometry (Andreeti et al., 1984; Speziali et al., 

1994). But tin atom exhibits higher coordination numbers if X groups contain donor atoms 

for more coordination. A distorted trigonal bipyramidal geometry was shown by five 

coordinating tin compounds (Martincov´a et al., 2007), while six-coordinated tin compounds 
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possess both monocapped trigonal bipyramidal and distorted octahedral geometries         

(Cea-Olivares et al., 1994). The four-membered chelate rings do not exist in solution due to 

their instability, while five-membered chelate rings are more stable species (Lyˇcka et al., 

1990). 

1.6 Applications of organotin(IV) compounds 

Organotin(IV) compounds have found their applications in industry and other fields 

as organometallic compounds. These compounds have their applications as antibacterial, 

antifungal, antifouling and anti-inflammatory agents (Rehman et al., 2004; Nhan et al., 2005; 

Chaudhary et al., 2006; Pellerito et al., 2006). They are also used for treatment of 

cardiovascular problems (Nath et al., 2005). They have become more important in medical 

field due to their potent antitumor and anticancer activities (Pellerito & Nagy, 2002). 

1.6.1 Use of organotin compound in industry 

Organotin(IV) derivatives have many applications in industry as given below: 

i) Heat stabilizers 

Polyvinyl chloride is unstable at 100 oC. It starts losing HCI at this temperature. So it 

is necessary to stabilize PVC against heat so that it could not decompose during fabrication. 

Organotin compounds are found most effective than other reagents used as stabilizers. They 

gave clear product due to their greater solubility in resins. These complexes are also used as 

stabilizer to make polymers stable against light, oxygen and heat. They have been proved the 

best heat stabilizers in PVC industry. Many other polymer materials like neoprene also resist 

against degradation and decomposition by oxygen, heat and light when organotin(IV) 

complexes are employed as stabilizer in these polymers (Evans & Karpel, 1985). Small 

amount of these stabilizers (1-1.5 %) is enough to prevent decomposition of the PVC at high 

temperature during processing and in sunlight (Ahmad et al., 2002). Organotins has also been 

used as heat stabilizers in other resins where PVC is added. This is true for nitrile and 

acrylics modified with halogenated substances, chlorinated paraffin and chlorinated 

polyethylene. Organotins are also used in lubricating oils as antioxidant and sludge 

inhibitors. Hydrogen peroxide and rubber are also protected by these efficient stabilizers. 

Some other polymers such as polyamides, cellulose, acetates, polyamides and polyprolyne 
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are also heat and light sensitive. Organotin compounds are used to increase their stability. 

Compounds with Sn-S bonds are considered to be efficient stabilizers.   

ii) Homogeneous catalysts 

Homogeneous catalysts belong to class of catalysts which has the same phase as the 

reacting species in a reaction. Homogeneous catalysts have their applications in industry as 

they give stereoselective products. For example, triphenyltin(IV) formate, di-n-butyltin(IV) 

dilaurate, di-n-butyltin(IV) diacetate act as catalyst in liquid phase.  

Dibutyltin(IV) compounds have found their significant use as catalysts to increase the 

production of cross linking agents and polyfoams under moderate conditions. They have their 

use in curing of silicone resins as well as in manufacturing of polyesters and polyurethane 

foams on industrial scale (Evans & Karpel, 1985). In reduction of aldehyde to give ketones, 

tripheyltin(IV) formate is used as catalyst to increase the efficiency of the process. 

Organotin(IV) derivatives catalyzes many organic reactions to increase the yield of product 

in short time, for example, hydrogenation, isomerization, Friedel Craft alkylations and 

acylations (Marton et al., 1989). These compounds also act as homogeneous catalyst in the 

synthesis of silicate binders (Gitlitz, 1981).  

The mixture of transition metal compounds and organotins is used for the 

polymerization of olefin. Organotin compounds are considered good catalyst due to their 

stability and easy handling.  

1.6.2 Biological Applications 

Organotin derivatives have become important in pharmaceutical chemistry due to 

their various biological activities for the past few decades (Pellerito & Nagy, 2002; Burger   

et al., 1990; Gielen, 2002 & Nath et al., 2001).  

i) As Agrochemicals    

Organotin species are safe to use as different type agrochemicals because they are 

comparatively environment friendly. They produce tin residues as end products which are 

less harmful for environment. These compounds have low phyotoxicity and not affect the 

non-targeted parts of plants which make them good agrochemicals. Many triorganotin 
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compounds are to protect crops in specialized applications (Crowe, 1987). Triphenyltin 

acetate and triphenyltin hydroxides were first time used as agrochemicals. These compounds 

have proved as potent fungicides (Attahiru et al., 1991).  

ii) Antifouling paints 

Fouling is a phenomenon in which aqutic organisms get attachmrent on the suface of 

vehicles working in water. The fouling due to attachment of bacterial colonies, hydroids, 

mollucesa and tunicates increases the weight of the vehicles working in water bodies. As a 

result, the fuel consumption for these vehicles becomes greater (Champ & Seligman, 1996). 

Antifouling agents of different types have been applied to remove the mass of aquatic 

organisms from the surface of the vehicles. So the expenses of fuel consumption decrease 

and also the speed of vehicle increase in water.  

Many organotin(IV) complexes have been used to avoid fouling on vehicles in water 

bodies. Triorganotin(IV) derivatives have been proved as very active antifouling agents. 

Since 1960, these compounds are applied in the form of paint on the surfaces of vehicles to 

avoid fouling due to microorganisms present in water bodies (Champ & Seligman, 1996). 

The use of triorganotin(IV) compounds as antifouling paint increases with passage of time 

due to their greater activity. Later on, the derivatives of tributyltin(IV) were found to be toxic 

for the growth of Pacific oysters. They caused a decrease in growth of the species when used 

as antifouling paints on water vehicles. On the basis of toxicity of triorganotin(IV) 

compounds, their use as antifouling agents has been banned by many countries to save water 

vegetation. But in some countries, triorganotin(IV) compounds are still painted on vehicles as 

antifouling agent to enhance the speed and operating frequency of large size tankers and 

naval crafts. But they are not applied in small sized boats which are 25 m long or smaller 

than it (Molloy et al., 1989). 

iii) Veterinary applications 

Organotin derivatives have veterinary applications as commercial formulation in 

combination with other organic compounds. They are used for poultry and animal husbandry. 

For example worm infections in poultry are combated with a product which has dibutyltin 

dilaurate, one of its constituent. A combination of dibutyltin dilaurate, piperazine and 
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phenothiazine has been used as a commercial formulation (Evans, 1981). Organotin 

compounds have found their applications for treatment of sheep and cattle as insecticides.  

iv) Antitumor agents 

Cancer is a disease which happens due to uncontrolled growth of cells in body by fast 

DNA replication. This disease is very cruel to cause death of patient in many cases in the 

whole world. The disease is cured by inhibiting the fast cellular growth. For this purpose, the 

inhibition of DNA replication is carried out by treatment with ionization radiations. Some 

chemical substances are also effective for direct interaction with DNA to destroy it. These 

substances have side effects on body due to bioaccumulation in body as they have less 

possibility to excrete with water from body due to less solubility in aqueous medium. Some 

tumor cells have developed resistance against already existing antitumor drugs. Organotin 

compounds have got mounted attraction as anticancer reagents because they possessed high 

apoptotic inducing character (Xanthopoulou et al., 2006). Organotin(IV) derivatives can stop 

DNA replication on the basis different types of interactions between both. Organotin(IV) 

species develop electrostatic interaction with anionic part of DNA backbone. In some cases, 

organotin(IV) moieties insert their self into the stack base pairs of DNA (Zia-ur-Rehman       

et al., 2009a).    

Organotin(IV) species may be proved as efficient solid and hematologic cancer 

agents due to their highest antiproliferative activity (in vitro) (Gielen, 2002; Gielen & 

Tiekink, 2005 & Hadjikakou & Hadjiliadis, 2009). Antiproliferative activity of organotin 

compounds can be enhanced by organic substituent and nature of ligand. Some 

diorganotin(IV) and triorganotin(IV) were found more active as antitumour agents than cis-

platin (in vitro) when they were used for the treatment of different humane cell lines e.g. 

WiDr colon carcinoma (Gielen, 1996 & Clarke et al., 1999). 

v) Antibacterial agents 

Tributyltin(IV) derivatives have proved excellent antibacterial agents against Gram-

positive bacteria. These compounds can also be used as destroy Gram-negative bacteria when 

applied in combination with another substance. For example, when formaldehyde is mixed 
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with tributyltin(IV) benzoate, the resultant mixture acts as the best disinfectant to stop 

destruction of biomaterials by bacteria (Molloy et al., 1989). 

vi) Fungicides 

Organotin compounds, such as triphenyltin acetate and triphenyltin hydroxide have 

long been used extensively to treat many fungal diseases in crops e.g. potatao blight, coffee 

leaf rust, leaf spot and rice blust (Dogan et al., 2002).  

vii) Molluscicides 

Different triorganotin(IV) derivatives e.g. triphenyltin(IV) chloride, tributyl oxide and 

tributyl fluoride have been used to destroy mollusc even at low concentration. In many 

Eastern and African countries, triphenyltin(IV) and tributyltin(IV) have been effectively 

applied to kill snails which are carrier of bilharzias. They are also active against pests of 

paddy rice (Smith, 1982).  

viii) Insecticides 

Triorganotins as well as pyrethroids are effective against adult mosquitoes as well as 

their young larvae. Triphenyltin fungicides possess disinfectant properties and may also act 

as insect chemosterilants. Similarly, tributyltin(IV) oxide can be applied as insecticide 

against many types of insects due to its toxic nature (Eng et al., 2003). 

ix) Antiviral agents 

Organotins have also been found as effective antiviral agents. The potential of these 

substances as antiviral gents has been determined by the nature of coordinated ligand and 

organic substituent present on tin(IV). They also inhibit viral replications and cancer cell 

growth as active agents. For example, many diorganotin and diorganotin dichloride 

compounds exhibited both anti-tumour and antiviral activities. Similarly, organotin 

compound which are known antibacterial agents have also been proved good to inhibit 

cancer cell line and viral growth. These observations suggest that same cellular pathways 

have been adopted during tumor growth and bacterial/viral infections (Muñoz-Bonilla & 

Fernández-García, 2012).  
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1.6.3 Miscellaneous applications 

i) Precursors for forming SnO2 films on glass 

The surface properties of glass can be changed by coating its surface with a film of 

tin(IV) oxide. For example, a layer of SnO2 on surface of glass, bottles and jar can increase 

the strength of these materials. The ability of glass to adhere organic lubricants on its surface 

can be enhanced by coating it with a layer of tin(IV) oxide. The scuff resistant properties of 

glass are increased due to presence of organic lubricant films. Organotin(IV) derivatives are 

used as precursors for tin SnO2 in place of tin(IV) halides now a days. They form layer of 

tin(IV) oxides on the surface of glass at low temperature, 500-600 oC. Many diorganotin(IV) 

derivatives for example diethyltin(IV) and dimethyltin(IV) dichlorides have been used for the 

coating of glass with tin(IV) oxide 

1.7 Dithiocarbamates 

Dithiocarbamate are disulfur analogous of carbamate with general formula -S2CNR2. 

The alkali metal or ammonium salt of dithiocarbamates is synthesized by reaction of CS2 

with an amine in basic solution. Their solubility in any solvent depends upon nature of R 

group. The structure of dithiocarbamate exists in two resonance forms which contribute to 

their stability. These compounds are effective anionic ligands for transition metals (Tiekink, 

2008).  

Lots of research has been carried out to develop new methods for the preparation of 

dithiocabamate and to explore their structure diversity (Awang et al., 2011; Poplaukhin & 

Tiekink, 2008 & Barolli et al., 2009). The compounds of dithiocarbamate with organotin(IV) 

dithiocarboxylates exhibit structure variations. The geometry at the Sn center is decided by 

nature of organic substituent and also on the mode of coordination of the ligand (Barba et al., 

2012). Structural diversity also depends upon the size of amine species and intermolecular 

interactions. Polymeric structures of dithiocarbamate complexes also observed due to 

presence of secondary interactions (Zia-ur-Rehman et al., 2009b). 

  These complexes showed many applications in industry. They are commonly used as 

additives in vulcanization of rubber and stabilizers for PVC (Faraglia et al., 2005; Guzel & 

Salman, 2006). They have got importance due to ability to encapsulate ions and molecules 
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(Beer et al., 2001 & Beer et al., 2003). Dithiocarbamate can also be used as chromogenic 

sensors of anion binding (Fuentes-Mart´ınez et al., 2009).  

In biology, the compound containing sulfur bonded groups are very common and 

biologically active. Due to resemblance with compounds in living things, organotin(IV) 

compounds with Sn-S bond have been proved very efficient as antimicrobial agents (Unoura 

et al., 1998; Zheng et al., 2000; Teruel et al., 2001; Ronconi et al., 2005a; Tiekink, 2008; 

Torshizi et al., 2008; Moghaddam et al., 2009; Torshizi et al., 2009 & Saeidfar et al., 2009). 

They have been proved efficient anticancer agents when examined against many human 

cancer cell lines (Yin & Xue, 2006). They also possess anti-insecticidal activity against 

mosquito larval species (Eng et al., 2003).  

The antimicrobial activities of organotin complexes depend on the nature and number 

of organic substituent (R) present in compound. If ‘L’ is ligand attached to tin center, then 

the order of decrease in activity trend is as R3SnL3 < R2SnL2 < R3SnL. The presence of 

ligand with secondary interactions enhances the bioactivity of the complex (Zia-ur-Rehman 

et al., 2009b). The ligands with sulfur as donor atoms have resemblance to biological ligands 

like peptides or amino acids (Pellerito & Nagy, 2002). The complexes with sulfur group e.g. 

dithiophosphates, dithioxantates, or dithiocarboxylates have ability to mimic the active sites 

of some metallic enzymes. These complexes are simple than biological systems (Nath et al., 

2001).   

1.8 Other sulfur containing ligands 

Sulfur containing ligands have variation in their donor properties because their donor 

properties can be changed with the nature of substituent. Their demand in organometallic 

chemistry is increasing day by day due to versatility in their chelating behavior. These 

ligands produce complexes with metals which has varieties of structures as well as 

properties. These complexes have many biological applications (Menezes et al., 2008). 

Thiolate and heterocyclic thionates complexes form an inorganic part of metalloprotein and 

enzymes (Stiefel & Matsumoto, 1995). In triazoles and thiadiazole, the biological activity of 

compounds has been related to presence of >N-C-S- group. The biocidal activities, for 

example antifungal (Lu et al., 2006), antibacterial (Dogan et al., 2002), anti-inflammatory 

(Palaska et al., 2002), anti-tuberculosis (Foroumadi et al., 2003), anticonvulsant (Chufˇıan, 
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1999) and anticancer (Chou et al., 2003) activities of these compounds were found to be 

high. The compounds derived from thiadiazoles have also found very common in agriculture, 

industry and medicine (Dogan et al., 1998; Chuf´an et al., 1999; Dogan et al., 2002; Palaska 

et al., 2002; Foroumadi et al., 2003; & Chou et al., 2003). 

Organotins also possess anticancer activity. Variety of organotin(IV) compounds 

have been prepared with different type of ligand systems and their antitumor behavior has 

been studied (Gielen, 2002). Later on, it was suggested that the ligands which have 

resemblance to biological systems can give compounds with potential anticancer activity. 

Organotin complexes were synthesized with 2-mercaptopyrimidine and 2-mercapto-

4-aminopyramidine as sulfur donor groups. These ligands have ability to inhibit the 

production of tRNA in cells as they possess basic structure of 2-mercaptopyrimidine 

nucleosides (Hadjikikou et al., 2000). On the basis of this strategy, many organotin 

derivatives have been prepared which has remarkable anticancer activity even comparable to 

cis-platin. It has also been studied in the previous literature that 2, 4-disubstituted thiazole 

derivatives possess potent anti-tubercular activity (Jain et al., 2004a). 

1.9 Palladium  

Palladium is a p block element of group 10 in periodic table having atomic number 

46. It is a steel white metal representing by symbol Pd. It is very stable towards any reagent 

including acids or alkalis. It is reactive towards nitric acid and aqua regia. It commonly exists 

in three oxidation states Pdo, Pd2+ and Pd4+. Elemental palladium can react with chlorine and 

forms palladium(II) chloride which may dissolve in nitric acid and may be precipitated as 

palladium(II) acetate on adding the acetic acid. Both the palladium(II) chloride and 

palladium(II) acetate are relatively inexpensive, reactive and are suitable entry points to 

palladium chemistry. Palladium is mobile as disulfide, chloride and hydroxide complexes, 

depending on oxygen fugacity, ligand concentration, pH and temperature. The hydroxide 

complexes predominate over chloride complexes at near-neutral to basic pH. The palladium 

ions may form strong complexes with both inorganic and organic ligands and also interact 

with DNA/RNA or proteins, thereby disturbing a variety of cellular processes. Moreover, 

different oxidation states exhibit different effects. The ability of Pd4+ ions to alter their 

oxidation states to Pd2+ may cause harmful effects.   
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1.10 Coordination behavior of palladium  

Among the palladium complexes, the most common are those of palladium(II). 

According to the Pearson's classification, R3P, R3As, CN-, CO etc. are examples of soft 

bases. They contain easily oxidizable electron-donor atoms with high polarizability and low 

electronegativity. The hard bases are those which contain donor atoms with high 

electronegativity, low polarizbility and are difficult to oxidize. Ligands such as NH3, RNH2, 

H2O, OH-, CH3COO- etc. belong to this latter category. Since the palladium cations have 

been considered as soft acids, their complexes with soft bases should be more stable than 

those with hard bases. It is the most probable reason that the considerably higher number of 

palladium complexes have been investigated with soft bases as compared with the hard bases 

as ligands (Pearson, 1963 & Pearson, 1968). 

1.11 Synthesis of palladium complexes  

The reaction of sodium salt of dithiocarbamates in aqueous solution with and 

palladium chloride in ethanolic solution produces palladium dithiocarbamates on heating 

(Jian et al., 2002).  

       

1.12 Structure activity relationships in palladium complexes  

Recently, efforts has been made to synthesize Pd(II) and Pt(IV) complexes with 

ligands which resemble to biological donor groups as they have high anticancer ability. 

During study of these complexes, it has been observed that trans-Pd complexes are more 

potent as compared to their cis-isomer. These both isomers are interconvertible and exist in 

equilibrium. For the formation of tran-isomer, monodentate bulky ligands have been used in 

Pd(II) complexes (Abu-Surrah et al, 2002). More stable and less toxic palladium(II) 

complexes showed more in vitro antitumor activity (Caires et al, 1999). Organometallic 

biphosphine-based cyclopalladated complexes have been synthesized to increase the stability.  
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1.13 Aims and objectives 

The objective of this project to be carried out was to synthesize homo/heteronuclear 

bi- and trimetallic complexes of organotin(IV) and Pd(II) with different sulfur donor ligands 

and to characterize them by different physico-chemical methods and spectral techniques. 

Elemental analysis is usually the first step in the characterization of a compound. 

Spectroscopic methods that will also be used for the structural interpretation of organotin(IV) 

derivatives and palladium complexes for example IR, UV/Vis, (1H, 13C) NMR spectroscopy 

and mass spectrometry.  

Different biological applications of the synthesized homo and heterometallic 

complexes will be tested. Antibacterial, antifungal, hemolytic and antiobiofilm activities of 

the ligands and newly synthesized complexes were evaluated to check the effect nature and 

number of ligands on biological activity of organotin(IV) and palladium(II) complexes. The 

structure-activity relationship was also developed from the information obtained from 

biological study. 
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REVIEW OF LITRATURE 

2.1 Synthesis  

Farina et al. (2002) followed the metathesis and insertion methods to prepare organotin(IV) 

dithiocarbamates (Farina et al., 2002). When triorganotin(IV) chloride, R3SnCl and 

diorganotin(IV) dichloride,  R2SnCl2  where R is C6H5, C6H5CH2, n-C4H9, n-C8H17 were 

treated with 2-[(2,3-dimethylphenyl) amino]benzoic acid  in the presence of triethylamine, 

new derivatives of organotin(IV) were obtained in good yield (Masood et al., 2004). Schiff 

bases (C13H11NO2 and C16H16N2O2) and triphenyltin chloride were refluxed together in the 

presence of triethyl amine to produce two Sn(IV) complexes, C49H39NO2Sn2 and 

C52H44N2O2Sn2 (Rehman et al., 2004). Di- and triorganometallic complexes of oxygen donor 

ligand were also prepared. These complexes were synthesized in the presence of 

triethylamine in dry methanol (Shahzadi et al., 2005). 

Chlorodiorganotin dithiocarbamates were prepared after refluxing a mixture of 

diorganotin(IV) dichloride and 4-methyl-1-piperidine carbodithioic acid in dry methanol 

(Shahzadi et al., 2006). Tributyltin(IV) oxide, (Bu3Sn)2O was treated with four 

pyridinecarboxylic acid derivatives under refluxing. The reaction produced tributyltin(IV) 

complexes of these acids (Win et al., 2006).  The refluxing of diorganotin(IV) dichloride and 

triorganotin(IV) chloride (Me, n-Bu and Ph) with piperidine-1-thiocarboxylic acid in dry 

toluene resulted into di-and triorganotin(IV) derivatives (Shahzadi et al., 2007).  

Two ligands, 3-[(2,6-diethylphenylamido)]propanoates and 2-[(2,6-diethylphenylamido)] 

benzoates were used by Shahzadi et al. (2008b) to prepare organotin(IV) complexes. The 

ligand was treated with R3SnCl and R2SnCl2 (Me, n-Bu and Ph) in round bottom flask while 

dioctyltin(IV) oxide was treated with ligand in Dean and Stark trap under refluxing 

conditions in the presence of trierthylamine (Shahzadi et al., 2008b). A novel 

triorganotin(IV) complex was obtained by reacting meso-2,3-dibromosuccinic acid with tri-

n-butyltin chloride and a base, sodium ethoxide in dry ethanol under nitrogen atmosphere 

(Yin et al., 2008).  
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Triphenyltin(IV) hydroxide and diphenyltin(IV) oxide were treated with 5-chloro-2-

mercapto-benzothiazole  to synthesize new phenyl derivatives in good yield (Xanthopoulou 

et al., 2008). 

Diorganotin(IV) dichloride (Me, Bu & Ph) and N-methyl-m-nitrobenzohydroxamic acid were 

reacted together under refluxing conditions to produce their new derivatives (Farina et al., 

2009). R3SnCl, where R = C4H9, C6H11, C6H5 and 4-(4-nitrophenyl)piperazine-1-

carbodithioic acid (HL) were refluxed together to produce respective triorganotin(IV) 

dithiocarboxylates (Zia-ur-Rehman et al., 2009a). Hussain et al., (2010) synthesized 

organotin(IV) derivatives of р-tolyl acetic acid Four organotin(IV) derivatives of type,  

[Bu2Sn{S2CN(C4H8)}2], [Et2Sn{S2CN}3Ph], [Ph2Sn{S2CNEt2}2] and [Ph3Sn{S2CNEt2}] 

were prepared with sulfur donor ligand (Menezes et al., 2010). Monoisopropyl and mono     

n-propyl glutarate were used to synthesize various organotin complexes. Monoester and 

organotin(IV) species were refluxed together to produce new complexes (Hussain et al., 

2012).  

The salts of diphenyltin(IV) and zinc(II) were treated with 2-benzoylpyridine                   

N(4)-cyclohexyl thiosemicarbazone in ethanol produced their respective complexes (Yang    

et al., 2013). Bidentate ligand, 2-mercapto-5-methylbenzimidazole was used to prepare 

homo/heterometallic complexes of organotin(IV) and palladium(II) in methanol (Rafiq et al., 

2014). In step-1, diorganotin(IV) dichloride and triorganotin(IV) chloride react with 2-

mercapto-5-methylbenzimidazole in 1:1 molar ratio. In second step, carbon disulfide was 

treated with the product of first step and R2SnCl2, R3SnCl (R = Me, n-Bu, Ph) and PdCl2 was 

added in this reaction mixture to prepare homo and heterobimetallic complexes. Six 

diorganotin(IV) and triorganotin(IV) derivatives of indole-3-propionic acid (HL) were 

synthesized. Organotin(IV) chlorides were reacted with ligand (HL) in 1:1 and 2:1 molar 

ratios to produce their respective complexes, Bu2SnL2, Me2SnL2 & Ph3SnL (Chilwal et al., 

2014).   

The condensation of 5-(2-nitrophenyl)furfural and 2-aminobenzoic acid produced an oxygen 

donor Schiff base. The synthesized ligand was treated with respective organotin(IV) 

chlorides to prepare trimethyltin(IV), tributyltin(IV), dimethyltin(IV) and dibytyltin(IV) 

complexes (Dias et al., 2015). Faraglia (2002) prepared mixed ligand complexes of 
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palladium and platinum in two step reaction. The reaction of dithiocarbamic acid 

(Me2NCS2H or ESDT(EtO2CCH2MeNCS2H) with metal ions (M = Pd/Pt) produced complex 

[M(dithiocarbamato)Cl]n in first step. While in second step, L-methioninol (Mol) was added 

in solution of the synthesized chlorocarbamato metal(II) complex in chlorinated hydrocarbon 

in 1:1 molar ratio to obtain [M(dithiocarbamato)(Mol)]Cl. Mononuclear and binuclear 

complexes were produced by reaction of metal and ligand in 1:1 and 1:2 molar ratio. A 

palladium dithiocarbamates complex with bidentate ligand, [Pd(ESDTM)Cl2] where       

ESDT = EtO2CCH2(CH3)NCS2
− was thermal degraded in oil at 90-110 oC to obtain a new 

polymeric complex, [Pd(ESDT)Cl]n (Trevisan et al., 2002).  

 A reaction of aqueous solution of tetrachloropalladinate(II) with tris[2-(diphenylphosphino) 

ethyl] phosphine (PPh3) in chloroform was used to prepare a palladium complex, 

[Pd(PP3)Cl]Cl (Fernandez et al., 2002). Ali et al. prepared stable pentadentate complexes of 

empirical formula [M(dapsme)].0.5Me2CO where M is Pd(II) and Pt(II). The condensation of 

S-methyldithiocarbazate and 2,6-diacetylpyridine resulted into a new Schiff base 

((H2dapsme) (Ali et al., 2003). Pd(II) complexes of the type Pd(daap)2 could be synthesized 

by reacting K-daap.2H2O (daap = 3-dithiocarboxy-3-aza-5-amino pentanoate) with K2PdCl4 

in a small amount of water (Zoricaleka et al., 2004).  

Methylsarcosine dithiocarbamate of palladium(II) (MSDT) were synthesized in a two steps 

procedure by Giovagnini et al. (Giovagnini et al., 2005a). A dinuclear complex, [Pd2L4] was 

got by treating PdCl2(CH3CN)2 with sodium salt of 5-mercapto-1-methyltetrazole in 

methanol (HL) (Wang et al., 2006). The reaction of a substituted dithiocarbamic acids with 

PdCl2 in dichloromethane, in a 2:1 ligand:metal molar ratio resulted into formation of 

palladium(II) amine dithiocarbamates (Shaheen et al., 2007a). Thiolate complexes, 

[Pd(L)nCl(R3P)], where L = pyridine-2-thiolate, pyrimidine-2-thiolate, purine-6-thiolate; R3P 

= P(o-tolyl)3, PPh3, PPh2Cl; n = 1, 2 was yielded by the reaction of [Pd(PR3)2Cl2)] and 

heterocyclic thiolates in dichloromethane (Shaheen et al., 2008). The reaction of 2,2′-

bipyridine (bpy) and sodium salt of butyldithiocarbamate (Bu-dtcNa) resulted into a novel 

Pd(II) complex, [Pd(bpy)(Bu-dtc)]NO3 (Torshizi et al., 2008).  

Formation of Pd(bpy)(Et-dtc)]NO3 involved the reaction between [Pd(bpy)Cl2] and AgNO3 

in acetone-water followed by a drop wise addition of ethyldithiocarbamate (Et-dtc) sodium 
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salt dissolved in doubly distilled water (Moghaddam et al., 2009). Potassium methyl xanthate 

reacted with PdCl2 in water to produce [Pd(Me-Xantahte)2] (Shahzadi et al., 2009). Pd(II) 

complexes, Pd(L)(R3P)Cl (R3P = (o-tolyl)3P, Ph2ClP, Ph3P; L = 4-methylpipradine 

dithiocarbamate, N-methylpiperazinedithiocarbamate, 1,2,3,4-tetrahydro isoquinoline 

dithiocarbamate) were synthesized in an equivalent metal-ligand ratio (Shaheen et al., 2010).  

The reaction of sodium salt of dithiocarbamates (pip-dtc) and diaquo-2,2΄-bipyridine 

Pd(II)/Pt(II) nitrate resulted into a complex, [M(bpy)(pip-dtc)]NO3 (M= Pd(II)/Pt(II), bpy = 

2,2'-bipyridine, pip-dtc = piperidine dithiocarbamate) (Torshizi et al., 2011a). 

 Ma et al. prepared different palladium complexes by its treatment with 1,4-dab/1,3-dap and 

4-toluenesulfonyl-L-amino acids and fluorine containing Schiff base ligands in the mixture 

of water and alcohol (Ma et al., 2012). Then Schiff base, N-(4-fluorobenzylidene)-2,6-

diethylbenzenamine ligand (L) was used to prepare a complex of type, [Pd (L)2Cl2] (Ma       

et al., 2013). 

Tamayo et al. (2014) used 3-methylpyrazole-4-carboxaldehyde thiosemicarbazone 

(MePhPzTSC) to prepare palladium complex, [Pd(MePhPzTSC)2]. Palladium center was 

attached to bidentate ligand through nitrogen atom of azomithine and thiol sulfur of the NH-

C=S. A new ligand 4-toluenesulfonyl-L-serine (tsserH2) was prepared from reaction of                         

4-toluenesulfonyl chloride and L-serine. Then a palladium complex, [Pd(4,4-dmbipy) 

tsser].1/2CH3CN  (4,4-dmbipy = 4,4-dimethylbipyridine) was prepared in the presence of   

0.5 M sodium hydroxide in a mixture of methylnitrile and methanol. Another palladium 

complex was also prepared with 4,4-dimethylbipyridine by following above method 

(Mehdipour et al., 2015). Palladium(II) complexes were also prepared with  Schiff bases 

obtained from different benzaldehyde derivatives. An amine (C6H5)SC6H4NH2 and different 

aldehyde, (o-CH3)(C6H5), (o-OCH3)(C6H5) or (o-CF3)(C6H5) were used to synthesize these 

Schiff bases (Keleş et al., 2015). 

2.2 Characterization 

2.2.1 Spectroscopy 

A ligand, 2-(N-maleoylamino)-2-methylpropanoate coordinated to di- and triorganotin(IV) 

species in bidentate manner to give their respective complexes. The bidentate bonding of 
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ligand through carboxylate group was justified on the basis of difference of νasym(COO) and 

νsym(COO) which was <200. The bond angles were calculated by applying Lockhart's 

equation applying on 1H and 13C spectrum. The information obtained from these results 

suggested tetrahedron geometry around tin(IV) center. The tetrahedral geometry around tin 

atom was also proved by the 119Sn NMR spectrum (Ahmad et al., 2005). 

Organotin(IV) compounds Bz2SnCl(ACDA) and Bz2Sn(ACDA) where  ACDA stands for    

2-amino-1-cyclopentene-1-carbodithioic acid, showed υasym CSS at ≈ 900 cm-1. It is predicted 

from above values that ligand coordinated to metal by two sulfur donor sites in bidentate 

fashion. It was symmetrically splitted for Bz3Sn(ACDA) indicating the unidentate mode of 

chelation (Tarassoli et al., 2006). Hydroxyl group of hexadentate schiff base coordinated to 

diorganotin(IV) species was also studied by IR spectroscopy (Barba et al., 2007). The 

absence of a broad band at approximately 3400 cm-1 in IR spectrum of complexes indicated 

the involvement of O–H groups of schiff base in bonding. The azomethine nitrogen 

coordinated to tin was suggested by a considerable shift of vibrations (1615–1617 cm-1) 

towards lower frequency with respect to ligand. These complexes possessed axis of 

symmetry (C2) in solution. The symmetry was suggested on the base of the observation that 

signals for both halves of the molecular species in 1H and 13C NMR spectra were same. 119Sn 

NMR spectroscopy demonstrated the presence of penta coordinated tin(IV) atom as single 

signals were observed for the dimethyltin, dinbutyltin, diphenyltin complexes in the expected 

range. The values of coupling constant, 1J(119Sn–13C) of the diorganotin( IV) compounds and 

Cα–Sn–Cα΄ angles also confirmed the five-coordinate tin entities. 

 The nature of coordination in organotin(IV) complexes has been found out by IR and 13C 

NMR study by Ali et al. (2010). The coordination of ligand to metal center through nitrogen 

site was indicated on the basis of disappearance of stretching bands associated with 

vibrational frequency of N-H bond in IR spectra of the synthesized complexes. The bonding 

by sulfur had been proved by splitting of ν(-CSS) band appeared at 959 cm-1 in spectra of 

complexes. In 13C NMR spectra of diphenyltin(IV) derivatives, carbon of thionyl group 

shifted upfield due to coordination of ligand (Ali et al., 2010).   

The splitting of a band into a doublet with separation value > 20 cm-1 suggested that 

dithiocarboxylic acid bonded to diorganotin in monodentate fashion. In dithiocarboxylate 
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complexes, a single band at 1019 cm-1 which has been assigned to vibrational frequency of       

ν(C-S) has been shifted to lower frequency. The value of coupling constant, [2J(119Sn, H)] for 

dimethyltin(IV) proposed the hexa coordination of ligand to tin center. The integration values 

of this peak indicated the coordination of two ligands metal ion. The involvement of sulfur 

atom of ligand in bonding has been suggested on the basis of upfield shifting of signal 

assigned to CSS group in spectra of complexes. The 119Sn NMR chemical shift values of all 

the derivatives confirmed the formation of single moieties during reaction. The 119Sn NMR 

signal for diorganotin(IV) complex appeared at lower frequencies (-484 ppm) as compared to                  

hexa-coordinated complexes of dibenzyltin derivatives in DMSO. The shift of frequency 

pointed out that coordination number of metal ions increase in solution form (Yousefi et al., 

2012).   

The organotin(IV) derivatives of 2-mercapto-1,3,4-thiadiazole showed absorption of IR 

radiations in the region associated with stretching frequencies of Sn-S and Sn-N group. In the 

IR spectra of these complexes, the band associated with SH group disappeared which is 

confirmation of coordination through sulfur. The coordination of ligand through sulfur can 

also be proved on the basis of a strong absorption peak which was noted in Far IR region at 

335-344 cm-1 in the spectra of synthesized complexes. This peak has been attributed to Sn-S 

bond stretching vibrations. The presence of strong band at 652 cm-1 proved O-Sn-O bridging 

in dimethyltin(IV) derivatives. Formation of complexes was also proved by downfield shift 

of all the carbon resonance frequencies in 13C NMR spectra of complexes. Typical signals 

were observed in 119Sn NMR spectra for tetrahedral geometry around tin ion in triphenyl, 

trimethyl and dibutyltin(IV) compounds. Signals observed for dimethyltin derivative showed 

that tin atom was five coordinated in this complex (Wang et al., 2012). 

The absorption due to (CS) gave two bands in the range 900-1000 cm−1 with a separation 

value >20 cm−1 in IR spectrum. The monodentate coordination of the ligand, 1,1-dithioate 

with tin atom was suggested in  trimethy, tributyl and tricyclohexyltin complexes. The ligand 

coordinated to triphenyltin(IV) complex in bidentate manner which was suggested due to 

presence of single band in spectra of this complex. 2J[119Sn-1H] and 1J[119/117Sn-13C] 

coupling constant for trimethyltin(IV) derivative supported the tetra-coordinated tin centre in 

the solution (Zia-ur-Rehman et al., 2012a). The signals of ipso-C has been observed in the 

range based on penta-coordinated tin ion in the spectra of triphenyltin(IV) complexes. The 
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119Sn spectra for trimethyl, tributyl and tricyclohexyltin(IV) dithiocarboxylate indicated a 

four-coordinated Sn atom in these complexes whereas triphenyltin(IV) had five-coordinated 

tin atom. 

The difference in values of stretching vibrations frequencies (∆ν) of triorganotin and 

diorganotin carboxylate e.g. [Bu3Sn(C5H4O2S)], [Me3Sn(C5H4O2S)], [Cy3Sn(C5H4O2S)], 

[Bu2Sn(C5H4O2S)2], [Oct2Sn(C5H4O2S)2] helped to suggest the mode of bonding of ligand to 

metal ion. The magnitude of ∆ν was in the range < 200 cm-1 indicated that carboxylic acid 

act as bidentate ligand in all complexes. The coupling constant calculated from NMR spectra 

described the structure of organotin(IV) carboxylates in solution. Triorganotin compounds 

showed tetrahedral geometry around tin center as confirmed by coupling constant derived 

fron NMR spectra of trimethyltin(IV) complexes. The coupling constants of diorganotin(IV) 

compounds suggested skew trapezoidal geometry for these complexes (Abbas et al., 2013). 

The bidentate and unidentate bonding mode of carboxylate to organotin(IV) moieties has 

been observed. The mode of bonding has been suggested on the basis of difference between 

symmetric and antisymmetric stretching vibrational frequencies of carboxylate group in the 

spectra of these complexes. The absorption band which was assigned to proton of hydroxyl 

group has not been observed in the spectra of organotin(IV) derivatives confirmed the 

formation of new complexes. When the electronic charge moved from ligand to metal atom, 

the resonance signal shifted downfield in 13C NMR spectrum (Xiao et al., 2013). 

The mode of bonding of carboxylate group to dibutyltin(IV) observed was monodentate, 

anisobidentate and bidentate (Ramírez-Jiménez et al., 2013). This was proved on the basis of 

energy difference between the asymmetric and symmetric frequencies in IR spectra. These 

complexes possessed molecular symmetry as suggested by NMR (1H & 13C) spectra 

(Ramírez-Jiménez et al., 2013).  

In mono and diorganotin(IV) compounds, a bidentate ligand, 2-acetylpyridine-N(4)-

cyclohexylthiosemicarbazon formed coordinate bonds through sulfur of thiosemicarbazone 

and nitrogen of azo group. The shifting of stretching and bending ν(C-S) to bands in spectra 

of complexes indicated bonding through sulfur atom. Bonding of ligand to tin atom through 

azomethine-N, thiolato-S and pyridine-N was supported by 1H NMR spectroscopy. Due to 

coordination through nitrogen of azomethine, proton signal of this group shifted downfield in 
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spectra of complexes. The contribution of the pyridine ring nitrogen in its bonding to the tin 

center was also indicated by shift of resonance frequencies of the carbons of pyridine in free 

ligand to upfield region in complexes. The values of 2J [119Sn, 1H] and 1J[119Sn,13C] showed 

six coordinated environment around tin atom in solution. 119Sn chemical shifts values also 

confirmed the hexa-coordinated tin center in solution (Salam et al., 2013).  

The bonding behavior of bis(2-hydroxy-3-methoxybenzylidene)succinohydrazide and bis(5-

bromo-2-hydroxybenzylidene)succino- hydrazide in dinuclear organotin(IV) complexes was 

decided on the basis of their IR spectra (Sedaghat et al., 2014). Different functional groups of 

the ligands e.g. OH, NH and C=N are involved in coordination to tin center. The comparison 

of IR spectra of the ligand and organotin(IV) explained the nature of coordination. The 

absence of IR bands associated with the hydroxyl and amine groups in the spectra of 

organotin(IV) complexes which confirmed the bonding of oxygen and nitrogen group to 

metal ion in these organotin(IV) complexes. The bonding through these functional groups 

was also confirmed due to appearance of vibrational frequencies in the region 400-600 cm-1. 

The nature of coordination of the ligands to both tin(IV) centers has also been confirmed by 

the information obtained from 119Sn{1H}NMR spectra of these complexes. Formation of 

single specie was confirmed on the basis of presence of sharp singlet in 119Sn{1H}NMR 

spectra. This suggested that complex has a plane of symmetry. In 1H NMR spectra, high 

frequency signals for phenolic and enolic oxygen are absent in spectra of complexes, it also 

confirmed involvement of oxygen in bonding.  The involvement of two imine nitrogen in 

bonding with tin(IV) has been proved by the appearance of signal due to imine group 

protons. These signals have also been accompanied by satellites due to coupling, 3J(119Sn-

1H). 

The bonding of 3-caboxymethoxyphenoxy with di-n-butyltin(IV) in macrocyclic 

organotin(IV) complexes occurred through carboxylate group. The bonding through 

carboxylate group was indicated by the fact that signals of acidic proton have not been 

observed in spectra of the synthesized complexes. The difference in symmetric and 

asymmetric vibrational frequency of carboxylate group in spectra of complexes pointed out 

monodentata coordination of this group (Sougoule et al., 2014).  
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Schiff base S-methyl- and S-benzyldithiocarbazate derived from thiophene-2-aldehyde were 

used to prepare Ni(II), Cu(II), Pd(II) and Pt(II) complexes. When IR spectra of the 

complexes was compared with spectra of ligand, it was noted that the bonding of azomethine 

nitrogen to tin(IV) site resulted into the shifting of position of bands which has been 

associated with ν(C-N) to lower frequency. The coordination of ligand in organotin(IV) 

complexes was occurred through nitrogen and sulfur atoms. This was confirmed due to 

appearance of new bands associated with these groups at 460 cm-1 and 360 cm-1 in the 

spectra of complexes (Ali & Mirza, 2000).  Mixed ligand of methylaminoacetic acid, ethyl 

ester dithiocaboxylate and pyridine was used to synthesize Pd(II) complexes. Sharp bands 

appeared in the region 3100-3300 cm-1 verified the presence of ν(N-H). In the IR spectra of 

ionic 1:3 and 1:4 complexes, cis- and trans-Pt(PrNH)Cl, [Pt(PrNH)Cl]Cl and [Pt(PrNH)]Cl, 

the band due to stretching vibrations of –NH group appeared at lower side as compared to 

respective band due to 1:2 complex  (Faraglia et al., 2001). 

Faragalia (2002) studied IR spectra of mixed ligand complexes of palladium(II) and 

platinum(II) with dithiocarbamates and L-methioninol. The involvement of NH2 group of 

ionic moiety in bonding with palladium(II) and platinum(II) was indicated by appearance of 

broad band below 3100 cm-1. The ionic nature of complexes containing N, S chelated 

methioninol was also confirmed by the absence of M-halide vibrations in the far IR region. 

IR spectra also confirmed that binuclear species should contain a bridging methioninol 

molecule between two M(dithiocarbamato)Cl moieties (Faragalia, 2002). The electronic 

spectra of [M(dapsme)].0.5 Me2CO in the solid state showed that it possessed monomeric 

square-planar structure (Ali et al., 2003). 

The complicated IR spectra has been obtained for complexes of a sulfur donor ligand                  

S-methyl(ethylsarcosinedithiocarbamate) (ESDTM) with Pt(II) and Pd(II). The nature of the 

spectra pointed out that complexes, [M(ESDT)(Am)Cl] species (M = metal ions & Am = syn 

or Nor) existed in isomeric forms. The complexes of S-methyl(ethylsarcosinedithiocarbamate 

(ESDTM) with different metals, [M(ESDT)(Am)Cl] species (M = Pt(II), Pd(II);  Am = Syn, 

Nor) existed in isomeric forms. 1H-13C HMQC experiments were applied to assign signals to 

protons and carbons which were appeared in 1H and 13C spectra. The presence of these 

complicated signals was a proof of formation of complexes. The dipolar couplings were 

obtained from the comparative study of the 1H-1H COSY and 1H-1H NOESY. The values of 
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couplings were used to assign position of different functional groups of ligand and 

complexes (Alverdi et al., 2004). 

A schiff base has been derived from sulfanilamides and aminobenzothiazole to prepare its 

palladium complexes. The formation of Schiff base during reaction has been decided due to 

presence of a band at 1620 cm-1 in its IR spectra. The confirmation of palladium(II) complex 

with Schiff base was made on basis of the shifting of this band to lower side in IR spectra of 

complexes. The coordination was also supported by a shift of 10 to 9 ppm in position for the 

methine proton in the 1H NMR spectra. The presence of N=CH carbon in the complexes has 

also been confirmed due to presence of its peak at 169 ppm in 13C NMR spectra of 

complexes (Coombs et al., 2005). Formation of η3-allyl palladium(II) complexes of co-

ligands, Ph2P(S)CHP(S)Ph2 and OC(CF3)CHCO(C4H3S) was indicated by IR spectra. It also 

proved that bonding of ligand to metal was bidentate. NMR spectroscopy confirms the 

presence of product in isomer forms (Subasi, 2005).  

The comparison of NMR spectra of the ligand and new complexes suggested the mode of 

bondind N-allyl-N΄-pyrimidine2-ylthiourea with palladium(II), platinum(II) and nickel(II) 

complexes. The characteristic bands associated with pyrimidine ring vibrations shifted 

upfield in spectra of complexes as compared to their position in spectra for free ligand. The 

idea also suggested the bonding of ligand through pyrimidine nitrogen to the metal ions. The 

new bands appeared at 280, 313 and 420 cm-1 were based on the stretching vibrations 

associated with M-N bonds (M=Pt, Pd & Ni) which is also a confirmation of complex 

formation between ligand and metal(II). The involvement of sulfur in coordination with 

Pd(II) and Pt(II) has been pointed out due to appearance of new bands associated with Pd-S 

and Pt-S vibrational frequencies in the range 320-345 cm-1, Far IR region. The coordination 

of sulfur with Ni(II) has not been proved by IR spectra of nickel complexes (Kandil et al., 

2007). 

The coordination of a bidentate ligand, butyldithiocarbamate with Pd(II) and Pt(II) caused a 

shift in position of ѵ(N-CSS) band to higher frequency in spectra of complexes as compared 

to parent ligand. The change in position of band assigned to this group has been justified on 

the basis of increase in partial double bond character C-N bond. The participation of sulfur in 

bonding has also been pointed out. This observation has been confirmed by NMR spectra of 



 
 

28 
 

the ligand and complex. The square planar configuration of these complexes was indicated 

by UV/VIS spectroscopy study (Torshizi et al., 2008 & Moghaddam et al., 2009).  

It was observed that in complexes of Ru(II) and Pd(II) with 2,6-(bispyrazol-1-yl)pyridines, 

the solvent molecules are also coordinated to metal ions. Different spectroscopic techniques 

(UV/Vis, IR and NMR) were used to explain the nature of bonding in these complexes 

(Chakrabarty et al., 2010). It was suggested on the basis of electronic and IR spectra of the 

ligand and IR spectra that aromatic thiohydrazides bonded to nickel(II) and palladium(II) 

metals through nitrogen and sulfur sites and trans product was obtained. Coordination 

through hydrazinic nitrogen was also confirmed by downfield shift of NMR signals of 

hydrazinic proton in complexes as compared to free ligands (Mukherjee et al., 2011). 

The shift in vibrational band associated with ν(C=S) to higher frequency justified the 

bonding of 3-[(2-hydroxybenzylidene)amino]-2-thioxoimidazolidin-4-one to palladium(II). 

This shift in position of band has been observed due to coordination of thione group through 

sulfur to tis metal ion. The bonding of iminic nitrogen to pd(II) was resulted to shift 

absorption band of ν(C=N) to lower frequency by 14 cm–1 due to increase in single bond 

character in carbon nitrogen bond. Oxygen of carbonyl group did not participate in bonding 

as there is no appreciable change in absorption band of C=O group on complexation. The 

coordination through nitrogen and sulfur of bidentate ligand to metal ion has also been 

confirmed by NMR spectra. The square planner arrangement of the donor atoms around 

metal center has been pointed out by UV/Vis spectroscopy (Smit et al., 2013). 

Spectroscopy study of cationic palladium(II) complexes with imidazole derivative ligands 

proved the coordination of ligand to metal. Presence of water of crystallization in complex 

was also suggested by IR spectra of complexes (Małecki, 2013). Kele et al. (2015) studied 

coordination of a new Schiff base to Pd(II) by NMR and IR spectroscopy. The results 

showed that bidentate ligand coordinated to metral ion by using nitrogen and sulfur as donor 

sites. It was also found out that azomethine group of ligand also donates its π-electrons to     

d orbitals of palladium(II) (Keleş et al., 2015). 

2.2.2 Crystal structure analysis 

The tin was found to be bonded asymmetrically to coordinating dithiocarboxylate and three 

carbons of phenyl substituent in Ph3Sn[S2CN(C12H16)]. In organotin derivatives with bulky 
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substituent e.g. cycohexyl the longer Sn-Slong bond lengths were exhibited due to steric 

hindrance. The longer bond distances were found in the region 2.92–3.24 Å and the Sn-Sshort 

bond lengths were observed in the range 2.45–2.48 Å. When sulfur occupied axial position, it 

is involved to form S-Slong bonds and distorted trigonal bipyramidal geometry was observed. 

The trigonal bipyramidal structure was also confirmed by the values of τ (Zia-ur-Rehman et 

al., 2009a). Tin(IV) ion has also been coordinated to nitrogen of the 2-(4,4-dimethyl-2-

oxazolinyl)-3-thienyl ligand. The metal ion has six coordination number and followed 

trapezoidal bipyramidal geometry (Lo et al., 1992). 

The dithiocarboxylate, Ph2(2-NC5H4CH2CH2)Sn(S2CNMe2) was monodentate and the bond 

length of Sn-N was 2.486(7) Å (Mahon & Molloy,  1993). The bond angle of S-Sn-N lie at 

169.6(2)o when nitrogen and sulfur were present at axial positions. The diphenyltin(IV) 

derivatives showed trigonal bipyramid geometry. Trigonal bipyramidal geometries were also 

observed for Ph3Sn[S2CN(CH2CH2)2NCS2]SnPh3. In this case, dinegative dithiocarboxylate,       

-S2CN(CH2CH2)2NCS2- bridged the triorganotin(IV). X-ray data revealed that 

Ph3Sn[S2CN(CH2CH2)2NCS2]SnPh3 possessed approximate trigonal bipyramidal geometries 

which are same as structures of tin(IV) derivatives with asymmetrically coordinating 

dithiocarboxylate ligands, R3Sn(S2CNR′). In these complexes, a bidentate, dinegative 

dithiocarboxylate ligand bridges the triorganotin centers and gave trigonal bipyramidal 

structure (Yin et al., 2008;  Zia-ur-Rehman et al., 2012a; Hanif et al., 2008 & Tarassoli et al., 

2006). While in case of complexes where tin(IV) covalently bonded to two organic 

substituent, one asymmetrically dithiocarboxylate and one halide, the geometry around metal 

ion is trigonal bipyramidal (Zia-ur-Rehman et al., 2008; Shahzadi et al., 2006). The bond 

lengths for Sn-S bond lies trans to the halide atoms are found longer than the other Sn-S 

bonds.  

Geometries of the compounds whose τ values lie in the range 0.40–0.60 were almost 

intermediate between trigonal bipyramidal and square pyramidal having a small bias toward 

the latter. There are a number of geometries which have values of τ less than 0.40 (Abbas      

et al., 2012). In the structure of Ph2Sn(S2CNMe2)Br (Tian et al., 2006), τ = 0.38, which 

contrasts with τ = 0.59 and 0.57 in structures of Ph2Sn(S2CNEt2)X for X= Cl (Fuentes-

Martínez et al., 2009). Me2Sn[4-ethoxylcarbonylpiperazine-1-carbodithioate]Cl (Aziz-ur-

Rehman et al., 2010) and Me2Sn(S2Cpiperidine)Cl (Ali et al., 2005) showed square 
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pyramidal geometries based on their values of τ. Intra and intermolecular interactions also 

disturbed the geometries of coordination compounds.  There were two intramolecular Sn-O 

contacts formed by the carbonyl-oxygens, that is, 2.949 and 3.147 Å in 

[MeO(O=)CCH2CH2]2Sn(S2CNMe2)Cl (Jung et al., 1991), which was proved by lower value 

of τ = 0.29.  Intramolecular interactions were also observed in Me2Sn [4-ethoxylcarbonyl 

piperazine-1-carbodithioate]Cl (Aziz-ur-Rehman et al., 2010) with τ = 0.35. Finally, on the 

basis of intermolecular secondary interactions between Sn-S groups, the geometry of 

chlorodimethyltin(IV) 4-benzylpiperidine-1-carbodithioate  adopted a supramolecular zig-

zag chain form. Dithiocrboxylate (R2Sn(S2CNR΄)X coordinated in more symmetric way 

(Zia-ur-Rehman et al., 2011). In dibutyltin(IV) bis[4-benzylpiperidine-1-carbodithioate], 

skewed trapezoidal bipyramidal geometry has been observed with two asymmetrically 

coordinating dithiocarboxylate ligands and two tin bound butyl groups.  

The bond angles observed for Sshort-Sn-Sshort and Slong-Sn-Slong were found 95.33 and 131.37°, 

respectively in o-ClC6H4CH2)2Sn[S2C(4-methylpiperidine)]2 (Yin et al., 2008) compound.  

Intramolecular Sn-Cl interaction of 3.901Å caused an increase in Sshort-Sn-Sshort bond angle 

and a decrease in Slong-Sn-Slong angle. As phenyl substituents are more electronegative than 

alkyl substituents so they attained octahedral structure. So diphenyltin(IV) derivatives 

possessed distorted octahedral geometry (Menezes et al., 2004). 

The presence of secondary interactions in Me2Sn(S2CNEt)2 has been observed. They were 

proved by the sum of van der Waals radii (4.0 Å) of sulfur atom and tin(IV). The deviation in 

bond lengths and angles due to presence of Sn-S secondary interactions is observed in the 

triclinic form of dimethyltin(IV) complex, but this behavior has not been noted in other 

geometries like orthorhombic and monoclinic (Lockhart et al., 1986) forms. Hydrogen-

bonding functionality was also existed in some dithiocarboxylate.  

In binuclear complex, [PhSn(S2CNEt2)(S)(CH2CH2CH2)SnPh(S2CNEt2)] a bridged sulfide, 

an asymmetrically coordinating dithiocarboylate and two organic substituents have been 

coordinated to pentavalent tin(IV). This bridged ligand has two fold of symmetry in 

diphenyltin(IV) complex (Dakternieks et al., 1995). The pattern of Sn-S bond distance also 

confirmed this geometry of organotin(IV) complexes in which trans positions occupied the 

longer distance. Dinuclear compounds followed trigonal bipyramidal geometries suggested 
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by the observation of values of τ. In dinuclear compound (t-Bu)2Sn(S2CN(H)CH2CH2N(H) 

CS2)2Sn(t-Bu)2, dithiocarboxylates bridged two tin atoms together (Jung et al., 1986). 

Triphenyltin(IV)-2-hydroxybenzoate (Rauf et al., 2008) possessed distorted tetrahedral 

geometry around tin atom in which the Sn-O bonding distance was 2.065 Å. Similarly, 

triphenyltin salicylate (Baul et al., 2007) and dimethylstannyl bis[3-amino-4-chlorophenyl 

carboxylate] (Aziz-ur-Rehman et al., 2011) also followed tetrahedral geometries. 

Tin derivatives with bidentate carboxylate exhibited distorted trigonal bipyramidal geometry. 

Tin was pentacoordinated having carboxylate oxygens spanning one apical and one 

equatorial position. Triphenyltin(IV) also showed same geometry in which the two Sn-O 

bonds (2.564 and 2.115 Å). (Hussain et al., 2010 & Baul et al., 2007) In compounds with 

general formula trans-R3SnO2 (R is alkyl group), a single bidentate carboxylate behaved as a 

bridge between two adjacent SnR3 species. The penta-coordinated tin(IV) center has organic 

substituent at equatorial position while oxygen of carboxylates occupied axial positions 

(Sakho et al., 2012).  

In 1-D polymeric chain structure, the oxygen of carboxylate which is directly bonded to 

phenyl group formed a second bond to other tin center. The size of organic substituent on tin 

atom affects the geometry of a complex (Gan & Tang, 2011). In some cases triorganotin(IV) 

derivatives deviated from predicted structures on the basis of different factors. In these 

complexes, the substituent attached to tin(IV) center played important role in deciding the 

geometry due to their steric and electronic effects (Zhang et al., 2011). Muhammad et al. 

(2009a) also verified these observations for geometries of tributyltin(IV) 4-methoxyphenyl- 

ethanoate and trimethyltin(IV) 3-[(3′,5′-dimethylphenyl amido)]propanoates. It was found 

that one not axial Sn-O bond were of unequal length (Muhammad et al., 2009a). A 

tetrahedron was resulted from two shorter and two longer Sn-O bonds. Dimethyltin 

dibenzoate and several other compounds also possessed similar geometry around tin with the 

carboxylate ligands having anisobidentate of coordination fashion (Ahmad et al., 2002; 

Hussain et al., 2010 & Hanif et al., 2007). The compound which had two carboxylates 

bonded to tin in an anisobidentate mode exhibited highly distorted octahedral or bicapped 

tetrahedron (Muhammad et al., 2009b).  
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In dimethyltin(IV) (9-anthracene-carboxylate), two bulky anthracene groups have been 

present in ligand which prevented intra and intermolecular bonding of carboxylate to tin(IV). 

Tin atom has been bonded to oxygen of two carboxylate, two methyl moieties and one 

solvent molecule. This structure was resulted to a trigonal bipyramidal monomeric geometry 

(Danish et al., 2011). 

The coordination number of tin was seven in monoorganotin(IV) tricarboxylates (Xu et al., 

2006). Three carboxylic ligands attached to tin(IV) by bidentate mode and one position was 

occupied by organic group attached through carbon, examples are 2-pyridine- carboxylate 

and 2-chlorobenzoxylate. It was confirmed by X-ray crystallography of R2SnX3 (R = Me) 

that tin had a trigonal bipyramidal geometry (Hernan et al., 2006).  

The whole skeleton of complex [Pd(ESDT)(PrNH2)Cl] where ESDT=EtO2CCH2(CH3)NCS2
- 

was planar and the complex existed in the solid phase in one isomeric form. This compound 

followed distorted square planner geometry with Pd(II) in the center (Faraglia et al., 2001). 

Ali et al. (2003) prepared a Schiff base (mdapsme) by a reaction of 2,6-diacetylpyridine with                     

S-methyldithiocarbazate. A palladiyum complex, [Pd(mdapsme)Cl] was prepared from the 

synthesized  Schiff base and its crystal structure was analyzed by X-ray diffraction. This 

tridentate ligand existed in anionic form. The nitrogen atoms of both pyridine and 

azomethine and sulfur atom of thiolates were involved in coordination to Pd(II). The 

complex possessed distorted square planner geometry. The X-ray diffraction data also 

showed that acetyl group did not participate in coordination (Ali et al., 2003).    

The crystal structure of [Pd(Me-Xanthate)2] was determined X-ray diffraction. It was found 

that two bidentate chelating xanthate anion were bonded to Pd(II) ion. Distorted square 

planner geometry was observed around metal ions. All donor atoms and palladium ion were 

lie in the same plane. As chelation resulted to 4 membered ring, S3-Pd1-S2 angle had been 

compressed to 75.45(4)o due to angle strain. The remaining bond angles were observed to be 

177.97(4)o and 104.77(5)o.  The values of bonds lengths of S4-C2 and S5-C2 were observed 

in between single bond and double bond. The molecules were present parallel to each other 

and both methyl groups were situated trans to each other (Shahzadi et al., 2009). 

A nitrogen donor ligand N,N′-bis(salicylidene)-1,2-cyclohexanediamine was treated with 

palladium(II) in the presence of triethylamine and a crystal of the synthesized complex was 
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obtained. The data of X-ray analysis of the crystal pointed out that palladium complex 

followed square planar geometry (Akbari et al., 2013). 

2.3 Biological studies 

2.3.1 Antibacterial study 

Organotin(IV) complexes of 1-piperidinecarbodithioic acid with general formula R2Sn(Cl)L      

(R = CH3, C2H5, C4H9, C6H5, C7H7) exhibited significant  antibacterial activity  When 

organotin(IV) diethyldithiocarbamates were screened  in vitro against pathogens of sugar 

producing crops and test species. Triakylltin(IV) complexes higher antimicrobial activities 

than diaryltin(IV) derivatives (Shahzadi et al., 2006). 

The nature of substituents present on benzene also affects the antimicrobial activity.  

Presence of an electron-releasing group (methyl) enhanced the activity (Khan et al., 2008). 

Some compounds of tin(IV) and diorganotin with indolyldithiocarbamate were also tested 

against antimicrobial activity. They possess potential inhibitory activity for bacterial strains. 

Methyltin(IV) and phenyltin(IV) dithiocarbamate possessed comparable activity, while the 

activity of dibutyltin(IV) dithiocarbamate is lower. The chloro group is more labile than 

organic substituent so Cl2Sn(indtc)2 possessed highest activity.  

Four different ligands containing thiol group and their di- and triorganotin(IV) complexes 

were found to be inactive when they were tested against different strains of bacteria. 

Tributyltin showed mild antibacterial activity (Nath et al., 2008).  

Khan et al. (2010) tested the biological activity of diorganotin(IV) complexes of 4-methyl-1-

piperidinecarbodithioate against six bacterial strains. These complexes showed insignificant 

activity against Shigella flexenari, Escherichia coli, Pseudomonas aeruginosa, and 

Salmonella typh. Moderate activity has been observed against Bacillus subtilis and Shigella 

flexenari. Maximum antibacterial activity of the complexes has been found against 

Staphylococcus aureus. 4-Ethoxycarbonylpiperazine-1-carbodithioates of chlorodiorganotin, 

diorganotin(IV) and triorganotin(IV) (where organic group = CH3, n-C4H9 and C6H5) were 

examined against six common bacterial strains. The biological activity of triorganotin(IV) 

derivatives was found to be greater than diorganotin(IV) complexes. Among triorganotin(IV) 

derivatives, trimethyltin(IV) complexes are strongest antibacterial agents. Tributyltin(IV) 
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have moderate activity while triphenyltin(IV) have minimum activity (Aziz-ur-Rehman        

et al., 2010).  

Minimum inhibitory concentration of diorganotin compounds of 2-acetylpyrazine and                 

2-benzoylpyridine N(4)-phenylthiosemicarbazone derivatives N(4)-phenylthiosemicarbazone  

(Li et al., 2011) against bacterial strains. The inhibitory properties of former ligand its 

diorganotin(IV) derivatives observed greater than latter. Dialkyltin complexes possessed 

remarkable activity as compared to corresponding (Ph)2Sn(IV) complexes in all cases. 

Chlorodimethyltin derivative of 2-acetylpyrazine N(4)-phenylthiosemicarbazone exhibited 

maximum antibacterial activity. It is proved growth inhibitory activity of complexes depend 

on nature of the substituent in the thiosemicarbazones as well as organic substituent attached 

to tin(IV) center. 

The complexes showed good bacterial activity with exceptions. The activity of organotin(IV) 

dithicarboxylate was investigated against different bacterial strains (Zia-ur-Rehman et al., 

2012b). The antibacterial ability of the ligand has been increased after coordination with 

organotin(IV) complexes. The presence of chloro group in chlorodibutyltin(IV) complexes 

made them biologically active as compared to diorganotins. Chlorodibutyltin(IV) has ability 

to be hydrolyzed easily than dibutyltin(IV) complexes (Yin et al., 2006).  

Diorganotin(IV) dichloride, triorganotin(IV) chloride, ethylphenyltin(IV) dichloride and 

methylphenyltin(IV) dichloride were tested for their antibacterial ability against three 

bacterial strains, E. Coli, C. albicans and B. subtilis. Many antibiotics were taken as standard. 

MePhSnCl2 and EtPhSnCl2 showed potent activity against B. subtilis nearly equivalent to 

antibiotics to presence of chloro group. Diorganotin(IV) also been proved effient against all 

the bacterial strains (Vafaee et al., 2012). Four bacterial strains, P. multocida, E. coli,           

B. subtilis and S. aureus, were used to test antibacterial potency of organotin(IV) derivatives 

of cyclohexylcarbamodithioic acid. The prepared diorganotin(IV) and triorganotin(IV) 

complexes have been proved efficient antibacterial reagents. (Jabbar et al., 2012). The 

homobimetallic complexes of tin with tranexamic acid were used for in vitro study were 

found to be inactivate against four pathogenic bacteria (Anwar et al., 2013). 

Three bacterial strains B. subtilis, E. coli and C. albicans were used to evaluate the 

antibacterial activity of organotin(IV) compounds. These compounds exhibited remarkable 
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antibacterial activity but less than standard antibiotic drugs It was observed that biological 

activity of organotin(IV) derivatives depended on the nature of organic substituent present in 

these compounds. Organotin(IV) compound with ethyl substituent have proved excellent 

antibacterial agents against E. Coli as compared to methyl group containing compounds. 

Ethyl group has hydrophobic nature and its interaction with lipid membrane is more 

remarkable than methyl substituent. The organotin(IV) compounds showed different 

antimicrobial behavior against E. coli and C. albicans as compared to B. subtilis due to 

difference in nature of their cell wall (Ruzicka et al., 2013). 

a) Mechanism of action of antibacterial agents 

Any compound showed antibacterial behavior either by killing the bacteria or by blocking 

the active sites to stop the multiplication of bacteria (Sedaghat et al., 2011). An antibacterial 

substance deactivates various cellular enzymes or it involves the denaturation of cellular 

proteins. So the normal cellular processes and the metabolic reactions of the bacteria do not 

work properly. Enzyme prosthetic group also inhibits the replication of DNA. Another 

possibility is bond formation between tin and donor atoms of ligands at active biological 

centers due to the hydrolysis of organotin complexes (Sedaghat et al., 2013). The biological 

activity of diorganotin(IV) and chlorodioragaotin(IV) were compared by Chilwal & Narula 

Chlorodiorganotin(IV) showed higher activity due to greater libility of the chloro group. 

They also suggested that biologically active substances inhibited the internal processes of cell 

due to hydrogen bonding with functional groups of cell constitutes (Chilwal & Narula, 2013). 

It is also assumed that these compounds produce an enzyme which affects the metabolic 

pathways of the organisms. They become less active to metabolize nutrients so the growth of 

microorganisms ceased. The effect of these compounds occurs especially on those enzymes 

which need free –SH group for their activity. 

Solubility of biocidal compounds is the most important factor for its effectiveness against 

different microorganisms. Any character in a complex which enhances its solubility in the 

lipids makes it feasible to cross the cell membrane. The nature and number of organic 

substituent present in organotin(IV) complexes decided the antimicrobial behavior of these 

complexes. An increase in efficiency of the ligand on complexation with organotins is based 

on an increase its lipophilicity and permittivity to cross the cell wall by the metal complexes 
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(Kaczmarek et al., 2009). Organotin compounds are also biologically active species. 

Biological activities also affected by the charge on the organotin compounds. The variation 

in activities of organotin used against different species of microorganisms is based on the 

impermeability of the cell wall and differences in the nature of ribosomes (Sarma et al., 

2007). 

The antibacterial study of different organotin(IV) complexes against Gram-+ve and Gram-ve 

bacterial strains was carried out. It revealed that the complexes were more toxic towards 

Gram-positive bacterial strains. This difference can be justified on the basis of composition 

of cell walls of both strains. The Gram (-) cells possessed high antigenic specificity due to 

presence of an outer-lipid covering, lipopolysaccharide which protects bacteria against 

organotin(IV) complexes (Chaudhary et al., 2009 & Sedaghat et al., 2011).  

The antibacterial activity of diorganotin(IV) derivatives has been comparatively low than 

triorganotin(IV) complexes. It can be explained on the basis of movements of metal ions 

across the cell wall and to disturb the normal cell processes. The permittivity of the lighter 

molecules across the cell membrane is greater than heavier one. So the activity of the 

organotin derivatives decreased in the order: Me > Bu > Ph.  In some cases tributyltin 

derivatives with large sized butyl group showed greater activity than trimethyltin(IV) 

compounds due to  its high lipophilic character (Chaudhary et al., 2009 & Aziz-ur-Rehman   

et al., 2010). Organotin(IV) complex, Cl2Sn(indtc)2 also showed highest biological activity. 

The activity was based on the labile nature of chloro group as compared to the alkyl groups. 

The interaction of complexes with the organisms also depends on their electron density. It 

can easily penetrate through cell wall due to its lypophobicity. But in some cases, the 

organotin(IV) compounds with chloro substituent did not follow the given behavior. These 

compounds showed moderate activity due to lack of hydrogen bonding of compounds with 

cell constituents (Khan et al., 2008). The biological activity of complexes also depend upon 

the geometry of organotins. A ligand helps the organotin species to cross the cell membrane 

and to reach the active sites where they are released due to hydrolysis.  Presence of anionic 

ligand also enhanced the bioactivity of these compounds. Compounds which follow 

tetrahedral structure in solution possess potential activity with few exceptions (Amin et al., 

2011). Hexa-coordinated compounds showed more biocidal activity than their corresponding 

penta-coordinated organotin derivatives.  
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In some cases the activity of diaryltin derivatives is found to be greater than dialkyltin 

complexes. The increase in activity is based on the solubility difference of both groups in 

lipids. Organotin compounds with two phenyl groups are more soluble in lipids and can pass 

through the cell wall efficiently. The solubility behavior of organotin species having phenyl 

substituent is due to the delocalization of electron over the whole ring after complexation 

(Sedaghat et al., 2013).  

2.3.2 Antifungal activity 

Biological activities of diorganotin dithioate derivatives showed that they had no acaricidal 

activity for Tetranychus cinnabarinus, but certain antifungal activities were observed (Lu et 

al., 2006). 1-Piperidinecarbodithioic acid and it’s all organotin complexes showed markedly 

lower antifungal activity than reference drug (Shahzadi et al., 2006). Dibutyltin mononuclear 

compound, [(C4H3S)CS2CH2CO2]2Sn(Bu)2 showed higher inhibitory property for Alternaria 

solani (57.1%) and Physolospora piricola (43.9%), respectively, while in dimers the 

inhibition percentage of {[((C4H3O)CS2CH2CO2)Sn(n-Bu)2]2O}2 for Gibbereila zeae and 

Physolospora piricola 52.6% and 50.0%, respectively. Tri- and diorganotin(IV) complexes 

were prepared with four ligands and their antifungal activity was found out against five 

fungal strains. Those organotin(IV) complexes, in which tin(IV) center has been bounded to 

three substituents showed even greater activity than refrence. In few cases, antibacterial 

activity of the complexes has been found less than the parent ligand (Nath et al., 2008).  

When organotin(IV) diethyldithiocarbamates were screened  in vitro against fungi 

responsible for mycotic infections in animals. It was proved that the nature of metal atom and 

of the organic substituent had a significant effect on the fungicidal activity of these 

compounds. The synthesized diorganotin(IV) derivatives of dithiocarboxylate exhibited 

significant antifungle activity against fungal strains, Trichophyton longifusus and 

Microsporum canis. All the organotin complexes showed very significant fungicial activities 

(Khan et al., 2010).  

Di- and triorganotin(IV) complexes of cyclohexylcarbamodithioic acid showed maximum 

antifungal activity. The results are based on the presence of sulfur atom in the complex which 

has potential to inhibit fungi. The antifungal activity of the examined complexes has been 

observed greater as compare to antibacterial ability (Jabbar et al., 2012). 
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Zia-ur-Rehman et al. (2012) used five different strains of fungi to test antifungal activities of 

organotin(IV) compounds. The results showed same trend as cited in earlier literature. Some 

complexes possessed antimicrobial activity even more than reference drug. The antifungal 

activity of these triorganotin(IV) derivatives was found greater than chlorodiorganotin(IV) 

and diorganotin(IV) complexes (Zia-ur-Rehman et al., 2012b).  Four bacterial strains, G. 

lucidum,   A. flavus, A. niger and A. alternate and were screened against tranexamic acid and 

its homobimetallic complexes. The complexes showed good bacterial activity with 

exceptions. Triorganotin(IV) derivatives showed greater activity than diorganotin(IV) against 

fungal strains within a given series (Anwar et al., 2013). Five fungal strains were screened 

against the ligand and organotin(IV) compounds. The standard drug used was Terbina fine. 

Organotin(IV) compounds showed better results than the ligand except few cases (Tariq et 

al., 2013). 

2.3.3 Cytotoxicity 

Dibutyltin(IV) complex of 4-methyl-1-piperidine carbodithioic acid was evaluated for its 

cytotoxicity to determine the LD50 data. It had been observed that the compound showed 

positive lethality with a LD50 value = 83.6901 μg/ml. The number of R groups has a crucial 

effect on toxicity. It has been observed that triorganotin compounds are most toxic followed 

by the diorganotins, while the monoorganotin compounds showed low toxicity (Khan et al., 

2010).  

Twenty human carcinoma cell lines having different histological origins were used to test 

anticancer activity (in vitro) activity of glycoconjugatetin(IV) complexes. The complexes 

exhibited good potential to act as a drug. The dimethylorganotin(IV) derivatives exhibited 

extraordinary activity against oral cancer cell lines with GI50 values <10 mg/ml (Tabassum et 

al.,  2011). 

2.4.4 Structure-activity relationship 

Toxicological activities of organic compounds are related to molecular structures by a 

common method known as quantitative structure–activity relationship. This is a regression 

expression which relates measurable biological activity to physicochemical or biochemical 

properties of the given molecule. 
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It has been reported as early as 1886 that organotins compounds containing at least one tin-

carbon bond were biologically active (Blunden, 1984). Toxicities were not studied 

systematically until the 1950s (Davies et al., 1982). It was well documented that toxicity of 

organotins depended on both the number and the nature of organic moieties attached to 

tin(IV) center. Triorganotin complexes which have three tin-carbon bonds were found to be 

the most active species. The nature of the organic substituent attached to triorganotin decided 

the species to which they were most toxic. For example, trimethyltin derivatives had high 

toxicities towards insects and mammals while triphenyl compounds were highly toxic to 

fungi, mollusks and fish (Crowe, 1987).  Generally, organotin species with alkyl groups were 

found to be more toxic than their arylorganotins counterparts (Song   et al., 2006).  

The nature of ligand had minor influence on the biocidal behavior of the organotin 

derivatives. Ligand showed significant effect on activity of tin compounds if it also had 

biological activity. Ligand can enhance the activity by supporting the easy movement of the 

organotin moiety to the active site. It was also found to be most important if it was bounded 

to the tin atom through chelation. The first two cases resulted an increase while chelated 

molecules showed a significant decrease in activity. Increase in solubility of organotin 

species resulted into an increase in biological activities. Biological activity is also related to 

synergistic bonding effects (Song et al., 2007).  

The literature stated that biological activity is directly related to the coordination 

environment around the tin center. The nature of the donor atom also influenced the 

biological activity of organotin complexes. The anionic ligand enhances antimicrobial 

activity to higher level by increasing charge on the organotin moieties. The organotin(IV) 

complexes are helped by organic ligands to reach the target point and affect microbial cells. 

All the complexes, with some exceptions had tetrahedral environment in the solution so they 

had potent biocidal activity (Shahzadi et al., 2005).  

Khan et al. (2006) observed that a plot of ID50 values verses partition coefficient produced a 

straight line. The results showed that an increase in partition coefficient caused a proportional 

decrease in ID50. The biocidal activity was boosted due to increase in partition coefficient as 

the bulkiness of R groups enhanced the lipophilicity in all complexes. The polarity of tin-

carbon bond decreases in the order for the given groups as Bz > Ph > Bu > Et > Me. The 
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increase in hydrophillicities of the complexes were based on the presence of polar ligand,     

2-maleimidopropanoic acid which resulted in an enhancement of toxicity of tin(IV) center. 

The nature of alkyl substituents, the polarity of carboxylate group and the partion coeffient 

are affected by each other and they also decided the toxicity of organotin(IV) derivatives 

(Khan et al., 2006). 

Song et al. (2007) developed quantitative structure activity relationship models for three 

mosquito species. It was suggested that the interactions between the molecules and all three 

species of larvae were different as the models were obtained using different descriptors of the 

molecules and the killing mechanism for each species of larvae. A series of triorganotin 

dithiocarbamates also showed similar reactivity behavior. The triorganotin(IV) caboxylates 

were found to possess high toxicity towards the three species of mosquito larvae. 

Triorganotins can be used as potential larvicides because they are non toxic species and 

readily biodegradable (Song et al., 2007). 

The biological activity of organotin(IV) compounds depended on different factors. Nath et al. 

(2013) studied the anti-inflammatory activities organotin(IV) dipeptides. It was experienced 

that the polarity of side chain of ligand and alkyl groups already present at tin(IV) center and 

their partition coefficient affected the efficiency of organotin(IV) dipeptides as anti-

inflammatory agents (Nath et al., 2013). It was also observed by Nath et al. (2005) that 

transportation of organotin(IV) cationic species across the cell wall affected by the nature of 

tin-oxygen/tin-nitrogen bond as well as conformation of ligand in cellular fluid and steric 

effect of different groups attached to metal center (Nath et al., 2005). The research on 

triphenyltin(IV) complexes also proved the above cited observations. Triphenyltin(IV) 

complexes with dipeptides followed the order of decrease in anti-inflammatory activity as 

Ph3Sn(His-Ala) > Ph3Sn(HTyr-Phe) > Ph3Sn(His-Leu). The increase in side length of side 

chain present at C-2 of the ligand caused to decrease in activity of complex (Boo et al., 

2009). 

The decrease in anti-inflammatory activity with bulkiness of the side chain was also observed 

in diorganotin(IV) complexes of dipeptides . The order in decrease in activity has been noted 

was as n-Bu2Sn(Tyr-Phe) < Ph2Sn(Tyr-Phe) <  n-Oct2Sn(Tyr-Phe) < Ph2Sn(His-Ala) < 

Me2Sn(His-Ala) < n-Oct2Sn(His-Leu) < n-Oct2Sn(His-Ala) < Me2Sn(His-Leu). The results 
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showed that presence of bulky groups caused steric hindrance which decreased the rate of 

diffusion of organotin(IV) species. For example, n-Bu2Sn(Tyr-Phe) exhibited lowest activity 

due to existence of steric effect due to presence of  two bulky butyl groups in this complex. 

The transportation of this dibutyltin(IV) complex becomes slow due to steric hindrance of 

bulky groups across cell wall. So the biological activity of this complex became lowest than 

all analogues (Nath et al., 2009). The presence of heterocyclic rings in dipeptide molecules 

caused an increase of the anti-inflammatory activity of its organotin(IV) complexes. Any one 

of the amino acid residue possessed potent anti-inflammatory activity e.g. tyrosine, 

phenylalanine, leucine, alanine, valine and glycine showed low to moderate activity. 

Different donor groups present on heterocyclic rings form strong coordinate covalent bond 

with organotin(IV) moieties. These groups are also involved in hydrogen bonding with other 

groups. The easy transportation of active species across the cell membrane becomes slow due 

to strong interactions of different functional groups. Diorganotin(IV) complexes of 4-methyl-

1-piperidinecarbodithioic acid followed tetrahedral structure in the solution so they exhibited 

significant activity (Nath et al., 2013). 

It was also observed by Tahira et al. (2011) that coordination of ligand to tin center enhanced 

the biological activity. The significant results were obtained for complexes which were 

exhibited tetrahedral geometry in solution (Tahira et al., 2011). The nature of bacterial strains 

also decided the toxicity of complexes. The Gram (-) bacteria are more resistant towards 

metal complexes due to greater antigenic specificity. The antigenic specificity of Gram (-) 

cells was related to the presence of high contents of lipopolysaccharide in their cell 

membrane (Anwar et al., 2013). The potential of organotin(IV) complex depended on the 

environment around the tin(IV) ion. The suggestion based on the structure-activity 

relationship has been observed in many cases. The biological activity of organotin(IV) 

complexes has been decided by the availability of vacant positions on tin(IV) center for 

coordination, the nature of ligand-tin(IV) bond and hydrolysis of these bonds in solution 

(Chilwal et al., 2013). 
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Chapter 3 

MATERIALS AND METHODS 

3.1 Chemicals 

All the chemicals and reagents used in this research work were of analytical grade. 

The organotin(IV) salts of chorides, carbon disulphide and palladium chloride (PdCl2) were 

collected from Sigma-Aldrich. Different organic solvents, for example, acetone, chloroform, 

ethanol, dimethyl sulphoxide, n-hexane, methanol, petroleum ether, and toluene etc were 

procured from Lab-scan, Riedal-de-Haen and Merck. These solvents were used after drying 

in situ by adopting standard experimental methods and were freshly collected prior to use 

(Armarego et al., 2003). Oxoid (UK) was preferred to purchase potato dextrose sugar, 

nutrient agar and nutrient broth. 3-Aminorhodanine (L1), 2-amino-6-nitrobenzothiazole (L2), 

2-amino-5-nitrothiazole (L3), 6-ethoxy-2-mercaptobenzothiazole (HL4), 4-hydroxy-2-

mercapto-6-methylpyrimidine (HL5) and 2-thioazoline-2-thiol (HL6) were also purchased 

from Sigma Aldrich. 

3.2 Instrumentation 

To check the purity of the ligands and the synthesized homo and heterometallic 

complexes, their melting points were determined with the use of Stuart SMP3 and MP-D 

Mitamura Rieken Kogyo (Japan). Elemental analysis the substances was carried out on 

Perkin Eimer 2400 Series II. Perkin-Elmer-100 FTIR spectrophotometer was used to record 

the infrared (IR) spectra (4000-250 cm-1) of all the organotin(IV) and palladium bi- and 

trimetallic compounds. The solid samples were employed as KBr/CsBr pellets in IR study. 

1H and 13C NMR spectra of all the compounds were evaluated by Bruker ARC 300         

MHz-FTNMR and Bruker 400 MHz-FT-NMR, respectively. The sample were prepared in 

highly pure deutrated chloroform (CDCl3) and Tetramethylsilane was taken as an internal 

standard. An instrument, MAT-311A Finnigan made in Germany was used to obtain electron 

impact mass spectra of the compounds under study. 

In antibacterial and antifungal studies, the cultures were incubated and sterilized with 

the use of incubator obtained from Sanyo (Germany) and autoclave of Omron (Japan). The 

minimum inhibitory concentrations of samples were to be active against microbes were 
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found out by Micro Quant apparatus (BioTek, USA). The sample solution was centrifuged in 

H-200 NR (Kokusan, Japan). In cytotoxicity assay, RBCs were counted by Hemocytometer 

(Fisher Ultra Plane, Japan). 

3.3 Synthesis of ligand salt of dithiocarbamates  

R1-3NH2 (L1, L2 and L3) and KOH were taken in methanol in a round bottom flask 

in 1:1 molar ratio and mixed well. After stirring the above solution, CS2 (0.06 mL) was also 

poured to this solution in small portions at 0 oC. The resultant solution was continued to stir 

at 25 oC. After 4 hours, the solution was concentrated on rotary evaporator. Yellow colored 

product was obtained in good yield. The recrystallization of the product was carried out with 

a mixture of diethyl ether and methanol (3:2) after washing and drying. TLC technique was 

employed to find out purity of product (Khan et al., 2010). 

 

 

                         

 

Scheme 3.1. Synthesis of ligand salt of dithiocarbamates. 

3.4 Synthesis of monometallic complexes 

3.4.1 Synthesis of organotin(IV) dithiocarbamates 

Triorganotin(IV) chloride (1:1) or diorganotin dichlorides (1:1/1:2) was slowly added 

to solution of ligand (HL1, HL2 and HL3) in dry methanol (1 mmol) with continuous 

stirring. The reaction mixture was allowed to reflux for 5-6 hours till the completion of 

reaction. The progress of reaction was checked by time to time with TLC technique. Rotary 

evaporator was used to make the solution concentrated. The product was separated by 
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filtration of solution and recrystallized with chloroform and ethanol (4:1) mixture (Zia-ur-

Rehman et al., 2012b).   

 

   

R1;  R = Me (1), n-Bu (2) 

R2; R = n-Bu (5)      

R3;  R = n-Bu (7) 

 

 R2;  R = n-Bu (4) 

 

            R2;  R = n-Bu (3)  

              R3;  R = Me (6) 

R1-3 = See scheme 3.1 

Scheme 3.2. Synthesis of organotin(IV) dithiocarbamates. 

3.4.2 Synthesis of organotin(IV) thiolates 

Procedure 1 

The ligand, 6-Ethoxy-2-mercaptobenzothiazole (HL4) and triethylamine were mixed 

together in 30 mL dry toluene in 1:1 molar ratio and the resulting mixture was stirred for 30 

minutes at 25 oC. Methanolic solution of triorganotin(IV) chloride (1 mmol) was also added 

to reaction mixture and refluxed for 6 hours. The resultant solution was concentrated by 
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removal of solvent by rotary evaporator. The filtration of the concentrated solution gave a 

solid product. The product was washed with a mixture of methanol and petroleum ether. 

 

R = Me (8), n-Bu (9) & Ph (10)             

Scheme 3.3. Synthesis of organotin(IV) thiolates of ligand, HL4. 

Procedure 2 

2-Thiazoline-2-thiol (HL6) was stirred in dry methanol (50 mL) in a two necked flask 

for 15 minutes. R3SnCl and R2SnCl2 were added in above solution (1:1 molar ratios). After 

refluxing the solution for 8 hours, it was concentrated by evaporation of solvent by rotary 

evaporator. Thin layer chromatography of the reaction mixture was performed to check the 

completion of reaction. The solid product was obtained when the concentrated solution was 

filtered. A mixture of n-hexane and ethyl acetate was used for recrystallization of the 

product. 

 

                                 R = Me (21), n-Bu (22) & Ph (23) 

 

                                 R = Me (24), n-Bu (25) & Ph (26)                              

Scheme 3.4. Synthesis of organotin(IV) thiolates of HL6. 
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3.4.3 Synthesis of organotin(IV) phenolates 

R3SnCl/R2SnCl2 and ligand (HL5) were mixed in 50 ml methanol in 1:1 or 1:2 molar 

ratios into a flask. The obtained solution was given 8 hours for refluxing. The TLC technique 

was employed to confirm the completion of reaction. A solid product was obtained after 

removal of solid product under reduced pressure. 

 

                                      

                                      R = Me (11), n-Bu (12) & Ph (13) 

 

 

           

          R = Me (14), n-Bu (15) & Ph (16) 

 

 

                                 R = Me (17), n-Bu (18) & Ph (19)                       

 

 

Scheme 3.5. Synthesis of organotin(IV) phenolates. 
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3.4.4 Synthesis of palladium complexes 

An equimolar amount of palladium(II) chloride in distilled water (50 mL) was poured 

in the solution of ligand (HL5, HL6) in 50 mL methanol in a flask. The mixture was 

continued to stir at 25 oC. After 2 h, orange colored precipitates appeared in the mixture. The 

product was obtained after filtration and it was dried in air (Rafiq et al., 2014). 

 

                                                  R5 (20) & R6 (27) 

          R5 & R6 = See scheme 3.5 & 3.4   

Scheme 3.6. Synthesis of palladium complexes. 

3.5 Synthesis of bimetallic complexes 

3.5.1 Synthesis of homobimetallic complexes 

(i) Homobimetallic complexes with same dialkyl/aryltin(IV) groups  

10 mL solution of diorganotin dichloride in acetone (2 mmol) was poured slowly in 

solution (10 mL) of ligand, HL5 (1 mmol) in dried methanol with continuous stirring of the 

solution. The above said solution was subjected to reflux for 6 hours and then was 

concentrated by removal of solvent under reduced pressure in rotary evaporator. After 

filtration of solution, solid product was obtained. TLC technique was employed to check 

purity of product (Jabeen et al., 2012). 

 

          R = n-Bu (39) & Ph (50)                R5 = See scheme 3.5                                               

Scheme 3.7. Synthesis of homobimetallic complexes with same dialkyl/aryltin(IV) groups. 

(ii) Homobimetallic complexes with different dialkyl/aryltin groups 

Step-1 

The adopted procedure was same as discussed in 3.5.1 section (i) 
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Step-2 

The diorganotin(IV) dichloride (1 mM) was mixed in 10 mL solution of the product 

of step 1 (1 mmol) which has been dissolved in dried methanol (30 ml) with constant stirring. 

The resultant solution was allowed to reflux with continuous stirring. After refluxing the 

solution for 8 h, the solvent was removed under reduced pressure. The concentrated solution 

was filtered to sepate the product. The recrystallization of the dried product was carried out 

with a mixture of petroleum ether and methanol in 1:2 molar ratio. The purity of the product 

was monitored by thin layer chromatography technique. 

 

 

                            R =  n-Bu, R̀ = Ph (40)              &        R = Ph, R̀ = n-Bu (49) 

                             R5= See scheme 3.5 

Scheme 3.8. Synthesis of homobimetallic complexes with different dialkyl/aryltin groups. 

(iii) Homobimetallic complexes with palladium chloride 

Stoichiometric amount of PdCl2 was dissolved in 20 mL distilled water at 40 oC. The 

solution of HL2 or HL4 has been prepared in methanol (20 mL) was poured in the above 

said solution in 2:1 (L:M) molar ratio. The mixture was set to stir at room temperature for      

2 hours. The orange colored precipitates were separated from the solution after filtration. The 

product was dried in open air. 

   

      

         

Scheme 3.9. Synthesis of homobimetallic complexes with palladium chloride. 
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3.5.2 Synthesis of heterobimetallic complexes 

Step-1  

The ligand (HL5/HL6) and diorganotin(IV) dichloride were dissolved in 30 mL dry 

methanol in 1:1 molar ratio in two necked flask. The resultant solution was alloed to reflux 

for 8 h and the progress of the reaction was monitored by thin layer chromatography. The 

solution was concentrated by removal of solvent. The solid product was obtained after 

filtration of the solution and was dried in air. 

Step-2  

The stichiometric amount of palladium(II) chloride was dissolved in water (20 mL) 

with continuous stirring. The solution of the product obtained in step-1 was prepared in 

methanol (20 mL) was mixed with the solution of PdCl2 in 1:1 molar ratio. The obtained 

mixture was stirred at room temperature. After 2 h, orange red precipitates were obtained. 

The solution was filtered off and the product was allowed to dry in air.  

 

 

                                                                

           R = n-Bu (41) & Ph (51) 

 

      

R = Me; X = Me (52),      R = Me; X = Cl (53),        R = n-Bu; X = Cl (54)    &      R = Ph ; X = Cl (55) 

  

Scheme 3.10. Synthesis of heterobimetallic complexes. 
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3.6 Synthesis of trimetallic complexes 

3.6.1 Synthesis of homotrimetallic complexes 

Step-1  

Solid diorganotin dichloride was mixed well in solution of ligand (HL5) in dried 

methanol (30 ml) in 1:2 molar ratios in small portions. The obtained solution was given 8 h 

to reflux. The evaporation of solvent was carried out under reduced pressure in rotary to 

concentrate the solution. The product obtained after filtration of solution was dried in open 

air. 

Step-2 

The solution (1 mmol) of the product of step 1 was prepared in dry methanol (30 ml). 

Then triorganotin(IV) chloride/diorganotin(IV) dichloride (2 mmol) was mixed in small 

portions with above solution. After the refluxing of 8 hours, the solvent was evaporated to 

make the solution concentrated. TLC of the reaction mixture was performed time to time to 

find out the completion of reaction. The obtained product was placed in air for complete 

drying.  

 

R = n-Bu,  R̀ = Me (33) & Ph (34)                   R = n-Bu,  R̀ = Me (35), n-Bu (36) & Ph (37)      

R = Ph,  R̀ = Me (42), n-Bu (43) & Ph (44)                               R = Ph,  R̀ = Me (45) & n-Bu (46) & Ph (47)  

R5 = see section 3.5       

Scheme 3.11. Synthesis of homotrimetallic complexes. 
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3.6.2 Synthesis of heterotrimetallic complexes 

Step-1  

The solid diorganotin(IV) dichloride was mixed with the solution of ligand (HL5) in 

methanol (30 mL) in 1:2 molar ratios. The refluxing of the resultant mixture was carried out 

for 8 hours in round bottom flask. The evaporation of solvent from solution resulted into the 

solid product. The product was separated by filtration and was dried in air.  

Step-2  

The solution of palladium chloride (1 mmol) in 20 mL distilled water was poured in 

methanol (20 mL) containing the product (1 mmol) which has been collected from in step-1 

of the reacton with continues stirring. After 2 hours stirring, the product was separated as 

orange colored precipitates in the reaction mixture. The solution was filtered and the 

precipitates were placed in open air to dry. 

 

 

 

R = n-Bu (38) & Ph (48)                                  R5 = See scheme 3.5    

 

 

Scheme 3.12. Synthesis of heterotrimetallic complexes. 
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3.7 Biological studies 

3.7.1 Antibacterial activity 

The antibacterial potential of all the ligands and many homo and hetrero complexes 

was evaluated against different bacterial strains. Disc diffusion method (CLSI, 2007) was 

adopted to inhibit the bacterial strains, S. aureus, B. subtilis, P. multocida and E. coli by the 

test samples in this in vitro study. 

Slants and Petri plates were filled with nutrient agar medium to prepare pure cultures. 

The nutrient broth was dissolved in distiller (13g/L), mixed well and then autoclaved it. The 

autoclaved culture (10 µL) of bacterial strains and agar medium were mixed thoroughly and 

shacked well at 37 oC for 24 hours. The inocula were collected and preserved at 4 oC. These 

inocula (1 X 108 spores/mL) were used for further investigations in this study. The distilled 

water was used to prepare homogeneous mixture of nutrient agar. The autoclaving of the 

medium was done for 15 minutes by stabilizing the temperature at 121oC to sterilize it. The 

inoculum (100 µL) was dissolved in 100 mL medium. The prepared mixture was poured in 

Petri plates (sterilized). Every plate contained the growth medium and sample solution       

(100 μL). 100 μL of sample solution has its 10 mg/mL of DMSO in this growth medium. The 

plates were covered with discs of small sized filter paper. The temperature of the Petri plates 

was again adjusted at 37 oC for 24 hours to do their incubation. Many of the samples to be 

tested inhibit the bacterial strains. In Petri plates, the clear zones of inhibition were observed 

due to inhibition of bacterial strains by sample solutions. Zone reader was used to measure 

the zone of inhibition (mm) produced in the prepared Petri plates (Huang et al., 2001).  

3.7.2 Antifungal activity 

Antifungal activity of the ligands and homo and heterometallic complexes were also 

investigated against A. alternate, A. flavus, A. niger and R. solani. The antifungal ability of 

the samples were tested by following Disc Diffusion Method.  

The pure cultures of the microbs were prepared from nutrient agar in Petri plates and 

slants. The presterilization of these Petri plates was done by heating at 180 oC in hot air oven 

for 3 hours.  The preparation of fungi cultures was carried out from potato dextrose agar. The 

fungal strains in culture were multiplied by incubation of slants at 28 oC for 3 to 4 days. The 
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Petri plates were sterilized and fungal growth medium was poured on them. These prepared 

plates were allowed to incubate at 20 oC for 2 days. The small filter paper discs were used to 

apply 100 µL of sample with strength 10 mg/mL in DMSO on growth medium. These discs 

containing sample were laid flat on on Petri plates. After incubation of Petri plates the zone 

of inhibition of fungi caused by sample was measured by zone reader in millimeters (Sarker 

et al., 2007).  

3.7.3 Minimum inhibitory concentrations 

Four bacterial strains (B. subtilis, S. aureus, E. coli, P. multocida) and four fungal 

strains (A. niger, A. flavus, A. alternate, R. solani) were tested to find out MIC of all the 

ligands and their synthesized complexes. Aseptic conditions were employed during 

preparation of plates. 96 well plates were used after sterilization and were labeled carefully. 

The sample used for this study was taken in concentration 10 mg/ml of DMSO. In first row 

of plates, the sample (100 µL) was added in first step. In all other wells, 50 µL of normal 

saline or nutrient broth was pipped out. Then two fold serial dilutions were carried out. After 

each use, the tips were discarded. Now each well possessed the sample solution in serially 

descending concentration. Twelve dilutions (two fold) were made with concentration ranges 

from 5, 2.5, 1.25, 6.25×  10-1, 3.12 × 10-1, 1.56 × 10-1, 7.81 × 10-2, 3.90 × 10-2, 1.95 × 10-2, 

9.76 × 10-3, 4.88 × 10-3 and 2.4 × 10-3 mg/ml. Resazurin indicator solution (10 µL) was 

poured in each well. A broth solution was prepared by 3 X strength. Now 30 µL of this 

nutrient broth was added that final volume of this broth was considered as single strength. A 

concentration of 5 x 105 CFUmL-1 was achieved by addition of 10 µL of bacterial suspension 

(5 x 106 CFUmL-1). A set of controls were present with each plate.  

A column contained all the solutions with broth (10 µL) in place of bacterial solution. 

Another column possessed all the solutions but no sample solution. A column was taken as 

positive control which has a broad spectrum antibiotic. These plates were incubated at 

different temperature and for different time intervals for bacteria and fungi. The incubation of 

the plates was carried out at 28 oC for two days for fungi while at 37 oC for one day in the 

case of bacteria. The absorbance of solutions containing bacteria and fungi were measured at 

620 nm and 500 nm, respectively by micro quant. The result was considered positive when 

purple colour of the solution turned pink or it became colourless. The lowest concentration of 
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any solution which cuased a change in colour was taken as minimum inhibitory 

concentration (Sarker et al., 2007). 

3.7.4 Hemolytic activity  

The hemolytic activity of the ligands, organotin(IV) and palladium(II) compounds 

was tested by Powell’s method (Powell et al., 2000). Then 2-3 drops of heparine was mixed 

well with 3 mL freshly prepared heparinized human blood. This blood sample was taken in a 

sterile falcon tube (15 mL) and centrifuged at 3000 rpm. After 5 minutes, viscous pellet was 

obtained after removal of supernatant solution. Sterilized isotonic solution, Phosphate 

buffered saline was further used to wash the pellets till the pH maintained at ̴ 7.4. The sample 

solution was mixed in PBS solution at room temperature for half an hour to stabilize its pH at 

7.4. The chilled Saline buffer solution (20 mL) was also mixed with the washed blood cells. 

Haemacytometer was used to count Erythrocytes in blood sample.  

The cell suspension was diluted with sterile Phosphate-Buffered Saline and was 

stored on wet ice. In each assay, 7.068 X 108 cells/mL were present. Five different solvents 

were used to prepare sample solution and 20 mL of each sample type was taken into five 

different Eppendorf tubes. Triton X-100 has ability for 100 % lysis of blood cells. For each 

assay, 0.1 % of Triton-X 100 was used as positive control in this study. The Phosphate 

Buffered Saline solution (0 % lysis) has been used as negative control. Each Eppendorf 

contained 20 µL of sample with concentration 10 mg/ml in DMSO. The blood suspension 

(180 µL) was mixed with sample thoroughly in each Eppendorf. The Eppendorfs were 

agitated for 10 minutes after their incubation at 37 oC for 35 minutes. The tubes were cooled 

in ice bath for 5 minutes. Then they were centrifuged at 4200 rpm for next five minutes.  The 

chilled PBS solution (900 µL) was added in100 µL of supernatant which was collected from 

each Eppendorf. Three replicates were used in well plates. One set of 96 well plates 

contained supernatant (200 µL). Triton-X 100 (positive control) and PBS (negative control) 

were also taken in well plates to compare the data. Each sample aborbed visible radiations at 

576 nm wavelength and the magnitude of absorbace was measured by Micro Quant. Standard 

deviation was found out by triplicate experiments and data was summarized as % hemolysis 

(Sharma and Sharma, 2001). 
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3.7.5 Antibiofilm activity 

The microorganisms especially bacteria has ability to adhere on the surfaces of 

objects and form biofilms. Antibiofilm ability of all the ligands and their synthesized 

complexes was determined by a reported method (Kubota et al., 2008). The microtitre plates 

were prepared to check the biofilm inhibition capacity of these complexes. Broth medium 

was used to grow bacterial culture. These cultures were grown overnight and then diluted 

upto 1:100 into fresh medium to use as biofilm inhibition assay. The diluted medium (200 

µL) was carefully taken out with pipette and was poured to 96-well microtitre plate. Sterile 

PBS (200 µL) was thrice used to rinse these wells present in microtitre plates. 96 % Ethanol 

was filled in washed wells for 15 minutes. The solvent was removed by evaporation and the 

plates were dried at 37 oC.  In each well plate, broth Sabouraud (100 µL) with concentration, 

10 mg/ml was poured. This broth was not added in wells with positive controls. The 

concentration of the compound was same as used to inhibit the same strain of bacteria in its 

planktonic form. The temperature was adjusted at 37 oC to incubate the prepared plates for 24 

hours. After removal of medium from incubated plates, they were dried in air.  

The solution (1%) of crystal violet was added in plates and placed for five minutes. 

The microtitre plates were again dried after washing with distilled water. Then, 200 µL of 

glacial acetic acid (33 %) was also poured in these wells. The absorbance of each solution 

was measured by ELISA reader at 540 nm. The positive control (Rifampicine) and negative 

control (microbial medium without microorganisms) were also studied to compare the data 

obtained in this study. 
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Chapter 4 

RESULTS AND DISCUSSION 

4.1 Syntheses  

Di- and triorganotin(IV) chlorides in dry methanol were treated with dithiocarbamate 

and thiol group containing ligands to synthesize homo/hetero bi- and trimetallic complexes of 

organotin(IV) and palladium(II).  The free ligands with sulfur donor sites were synthesized in 

situ in methanol at room temperature either by reacting ligand with KOH and CS2. The 

ligands were treated with organotin(IV) salts to yield the monometallic, homo/hetero bi- and 

trimetallic derivatives containing Sn←S coordination. The organotin(IV) complexes which 

were obtained as a result of reactions of organotin(IV) chlorides and the ligands in methanol 

were treated with aqueous solution of palladium chloride to produce heterometallic 

complexes. 

4.2 Properties  

Homo and heterometallic complexes (1-55) were mostly solids with sharp melting 

points and were obtained in good yield. Theses complexes were found stable in air and 

soluble in different solvents e.g. methanol, ethanol, acetone, chloroform, dimethyl sulfoxide 

etc. The physical data of the ligands and the prepared complexes have been listed below in 

Table 4.1. 
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Table 4.1. Physical parameters of organotin(IV) and palladium(II) derivatives.   

Comp. 

no. 
Reactant 1 Reactant 2 

Yield 

(%) 

M. P. 

(oC) 
Solubility  Structural Formula 

Molecular Formula  

(Formula Mass) 

Elemental Analysis 

% Calculated (Found) 

C H N 

1 C4H3N2OS4 (CH3)2SnCl2 81 142 
Methanol 

DMSO 

 

C10H12N4O2S8Sn 

(595.46) 

20.17 

(20.23) 

2.03 

(2.07) 

9.41 

(9.45) 

2 C4H3N2OS4 (C4H9)2SnCl2 74 192 
DMSO 

Acetone 

 

C16H24N4O2S8Sn 

(679.62) 

28.28 

(28.34) 

3.56 

(3.61) 

8.24 

(8.31) 

3 C8H5N3O2S3  (C4H9)3SnCl 86 208  DMSO 

 

C20H31 N3O2S3Sn 

(560.38) 

42.87 

(42.82) 

5.58 

(5.61) 

7.50 

(7.54) 

4 C8H5N3O2S3  (C4H9)2SnCl2 81 211 

Methanol 

Ethanol 

DMSO  

C16H22 ClN3O2S3Sn 

(538.72) 

35.67 

(35.62) 

4.12 

(4.15) 

7.80 

(7.75) 

5 C8H5N3O2S3 (C4H9)2SnCl2 84 198 
Methanol  

DMSO 

 

C24H26 N6O4S6Sn 

(773.60) 

37.26 

(37.21) 

3.39 

(3.42) 

10.86 

(10.90) 

6 C4H3N3O2S3 (CH3)3SnCl 75 161 

Methanol 

Ethanol 

DMSO 

 

 

C7H11N3O2S3Sn 

(384.09)) 

21.89 

(21.94) 

2.89 

(2.81) 

10.94 

(10.93) 
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7 C4H3N3O2S3 (C4H9)2SnCl2 75 252 
Methanol 

DMSO 

 

 

 

 

 

 

C16H22N6O4S6Sn 

(673.48) 

28.53 

(28.58) 

3.29 

(3.34) 

12.48 

(12.54) 

8 C9H9NOS2 (CH3)3SnCl 72 187 
DMSO 

Acetone 

 

 

C12H17NOS2Sn  

(374.11) 

38.53 

(38.57) 

4.58 

(4.53) 

3.74 

(3.78) 

9 C9H9NOS2 (C4H9)3SnCl 77 134 
DMSO 

Acetone 

 

 

C21H35NOS2Sn  

(500.35) 

50.41 

(50.45) 

7.05 

(7.11) 

2.80 

(2.85) 

10 C9H9NOS2 (C6H5)3SnCl 82 150 
DMSO 

Acetone 

 

 

C27H23NOS2Sn  

(560.32) 

57.88 

(57.89) 

4.14 

(4.19) 

2.50 

(2.54) 

11 C5H6N2OS (CH3)3SnCl 68 
297 

(dec) 

Methanol 

DMSO 

 

C8H14N2OSSn  

(304.98) 

31.51 

(31.47) 

4.63 

(4.68) 

9.19 

(9.24) 

12 C5H6N2OS (C4H9)3SnCl 81 298 DMSO 

 

C17H32N2OSSn  

(413.13) 

47.35 

(47.31) 

7.48 

(7.51) 

6.50 

(6.46) 

13 C5H6N2OS (C6H5)3SnCl 85 
278 

(dec) 

Methanol 

Ethanol 

DMSO 
 

C23H20N2OSSn  

(491.19) 

56.24 

(56.20) 

4.10 

(4.15) 

5.70 

(5.73) 
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14 C5H6N2OS (CH3)2SnCl2 74 
270 

(dec) 

Methanol 

DMSO 

 

C7H11ClN2OSSn 

(325.40) 

25.84 

(25.87) 

3.41 

(3.45) 

8.61 

(8.58) 

15 C5H6N2OS (C4H9)2SnCl2 78 282 DMSO 

 

C13H23ClN2OSSn 

(409.56) 

38.12 

(38.15) 

5.66 

(5.70) 

6.84 

(6.87) 

16 C5H6N2OS (C6H5)2SnCl2 82 220 
Acetone 

DMSO 

 

C17H15ClN2OSSn 

(449.96) 

45.42 

(45.46)  

3.36 

(3.32) 

6.23 

(6.28) 

17 C5H6N2OS (CH3)2SnCl2 70 
251 

(dec) 

Methanol 

DMSO 

 

C12H16N4O2S2Sn 

(431.12) 

33.43 

(33.46) 

3.74 

(3.77) 

13.00 

(13.05) 

18 C5H6N2OS (C4H9)2SnCl2 75 269 DMSO 

 

C18H28N4O2S2Sn 

(515.28) 

41.96 

(41.99) 

5.48 

(5.51) 

10.87 

(10.91) 

19 C5H6N2OS (C6H5)2SnCl2 79 249 

Acetone 

Methanol 

DMSO 
 

C22H20N4O2S2Sn 

(555.26) 

47.59 

(47.62) 

3.63 

(3.67) 

10.09 

(10.14) 

20 C5H6N2OS PdCl2 79 189 DMSO 

 

C5H5N2OSPdCl2 

(318.5) 

18.86 

(18.89) 

1.58 

(1.62) 

8.80 

(8.84) 
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21 C3H5NS2 (CH3)3SnCl 75 124 
Chloroform 

DMSO 
 

C6H13NS2Sn  

(282.01) 

25.55 

(25.61) 

4.65 

(4.68) 

4.97 

(5.02) 

22 C3H5NS2 (C4H9)3SnCl 74 165 

Chloroform 

DMSO 

Acetone 

Methanol 
 

C15H31NS2Sn  

(408.25) 

44.13 

(44.19) 

7.65 

(7.64) 

3.43 

(3.47) 

23 C3H5NS2 (C6H5)3SnCl 72 136 

Chloroform

Acetone 

Methanol 

DMSO 
 

C21H19NS2Sn  

(468.22) 

53.87 

(53.82) 

4.09 

(4.13) 

2.99 

(2.95) 

24 C3H5NS2 (CH3)2SnCl2 78 141 
Chloroform 

DMSO 
 

C5H10ClNS2Sn  

(302.43) 

19.86 

(19.90) 

3.33 

(3.36) 

11.72 

(11.75) 

25 C3H5NS2 (C4H9)2SnCl2 71 176 

Chloroform 

Methanol 

DMSO  

C11H22ClNS2Sn 

(386.59) 

34.17 

(34.20) 

5.74 

(5.78) 

9.17 

(9.21) 

26 C3H5NS2 (C6H5)2SnCl2 76 210 
Chloroform 

DMSO 
 

C15H14ClNS2Sn 

(426.57) 

42.23 

(42.20) 

3.31 

(3.35) 

3.28 

(3.31) 

27 C3H5NS2 PdCl2 82 132 DMSO 

             

C3H4NS2PdCl2  

(295.53) 

12.19 

(12.21) 

1.36 

(1.39) 

4.74 

(4.78) 

28 C10H12N4O2S8Sn PdCl2 73 
251-

253 
 DMSO 

 

C10H12N4O2SnS8Pd2Cl4 

 (950.12) 

12.63 

(12.67) 

1.26 

(1.30) 

10.10 

(10.13) 

29 C20H31 N3O2S3Sn  PdCl2 74 
168-

170 

Methanol 

DMSO 

 

C20H31N3O2  SnS3PdCl2   

(737.71) 

32.56 

(32.59) 

4.24 

(4.28) 

5.70 

(5.67) 
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30 C8H4 N3O4S3PdCl2 PdCl2 77 
152-

155 
DMSO 

 

C8H4 N3O4S3Pd2Cl4 

(624.98) 

15.37 

(15.40) 

0.65 

(0.68) 

6.72 

(6.76) 

31 C27H23NOS2Sn PdCl2 76 234 
Methanol 

DMSO 

 

 

C27H23NOS2SnPdCl2 

(737.64) 

43.96 

(43.99) 

3.14 

(3.18) 

1.90 

(1.92) 

32 C9H8NOS2PdCl2 PdCl2 71 198 
Methanol 

DMSO 
 

C9H8NOS2Pd2Cl4 

(564.95) 

19.13 

(19.16) 

1.43 

(1.47) 

2.48 

(2.51) 

33 C18H28N4O2S2Sn (CH3)3SnCl 76 227 

Methanol 

Ethanol 

DMSO 

 

C24H46N4O2S2Sn3  

(786) 

36.64 

(36.67) 

5.85 

(5.89) 

7.12 

(7.15) 

34 C18H28N4O2S2Sn (C6H5)3SnCl 71 285 
Ethanol 

DMSO 

 

C54H58N4O2S2Sn3 

(1218) 

53.20 

(53.24) 

4.76 

(4.79) 

14.60 

(14.57) 

35 C18H28N4O2S2Sn (CH3)2SnCl2 69 258 DMSO 

 

C22H40Cl2N4O2S2Sn3 

(816) 

32.35 

(32.39) 

4.90 

(4.93) 

6.86 

(6.90) 

36 C18H28N4O2S2Sn (C4H9)2SnCl2 75 255 

Methanol 

Ethanol 

DMSO 
 

C34H64Cl2N4O2S2Sn3 

(984) 

41.46 

(41.50) 

6.50 

(6.54) 

5.69 

(5.72) 
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37 C18H28N4O2S2Sn (C6H5)2SnCl2 70 212 

Methanol 

Ethanol 

DMSO 
 

C42H48Cl2N4O2S2Sn3 

(1064) 

47.37 

(47.40) 

4.51 

(4.55) 

5.26 

(5.22) 

38 C18H28N4O2S2Sn PdCl2 65 294 DMSO 

 

C18H28N4O2SnS2 PdCl2 

(692.61) 

31.19 

(31.23) 

4.04 

(4.07) 

8.09 

(8.12) 

39 C13H23ClN2OSSn (C4H9)2SnCl2 72 239 

Methanol 

Ethanol 

DMSO 
 

C21H40Cl2N2OSSn2 

(676.95) 

37.26 

(37.30) 

5.96 

(5.99) 

2.34 

(2.37) 

40 C13H23ClN2OSSn (C6H5)2SnCl2 76 209 
Methanol 

DMSO 

 

C25H32Cl2N2OSSn2 

(716.93) 

41.88 

(41.93) 

4.50 

(4.54) 

2.23 

(2.26) 

41 C13H23ClN2OSSn PdCl2 74 263 DMSO 

 

C13H23ClN2OSnSPdCl2 

(585.88) 

26.65 

(26.68) 

3.78 

(3.81) 

4.78 

(4.82) 

42 C22H20N4O2S2Sn (CH3)3SnCl 68 226 

Methanol 

Ethanol 

DMSO 

 

C28H38N4O2S2Sn3  

(886) 

37.92 

(37.95) 

4.29 

(4.33) 

6.32 

(6.35) 

43 C22H20N4O2S2Sn (C4H9)3SnCl 77 224 

Methanol 

Ethanol 

DMSO 
 

C46H74N4O2S2Sn3 

(1138) 

48.51 

(48.54) 

6.50 

(6.53) 

4.92 

(4.95) 
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44 C22H20N4O2S2Sn (C6H5)3SnCl 72 295 

Methanol 

Ethanol 

DMSO 
 

C58H50N4O2S2Sn3 

(1258) 

55.32 

(55.35) 

3.97 

(4.01) 

4.45 

(4.48) 

45 C22H20N4O2S2Sn (CH3)2SnCl2 67 232 
Methanol 

DMSO 

 

C26H32Cl2N4O2S2Sn3 

(998) 

31.26 

(31.29) 

3.21 

(3.25) 

5.61 

(5.64) 

46 C22H20N4O2S2Sn (C4H9)2SnCl2 76 208 

Methanol 

Ethanol 

DMSO  

C38H56Cl2N4O2S2Sn3 

(1166) 

39.11 

(39.14) 

4.80 

(4.84) 

5.49 

(5.52) 

47 C22H20N4O2S2Sn (C6H5)2SnCl2 70 201 
Methanol 

DMSO 

 

C46H40Cl2N4O2S2Sn3 

(1246) 

44.30 

(44.34) 

3.40 

(3.43) 

4.49 

(4.53) 

48 C22H20N4O2S2Sn PdCl2 72 255 DMSO 

 

C22H20N4O2SnS2PdCl2 

(732.59) 

36.04 

(36.07) 

2.73 

(2.77) 

7.64 

(7.68) 

49 C17H15ClN2OSSn (C4H9)2SnCl2 75 287 

Methanol 

Ethanol 

DMSO 
 

C25H32Cl2N2OSSn2 

(716.93) 

41.88 

(41.92) 

4.50 

(4.53) 

2.23 

(2.27) 

50 C17H15ClN2OSSn (C6H5)2SnCl2 71 210 DMSO 

 

C29H24Cl2N2OSSn2 

(756.90) 

46.02 

(46.05) 

3.20 

(3.24) 

3.70 

(3.73) 

51 C17H15ClN2OSSn PdCl2 68 270 DMSO 

 

C17H15ClN2OSnSPdCl2 

(625.86) 

32.62 

(32.66) 

2.25 

(2.28) 

4.48 

(4.51) 
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52 C6H13NS2Sn PdCl2 85 190 

Methanol 

Ethanol 

Acetone 

DMSO  

C6H13NSnS2PdCl2 

(459.34) 

15.69 

(15.73) 

2.85 

(2.88) 

3.05 

(3.08) 

53 C5H10ClNS2Sn PdCl2 72 222 DMSO 

 

C5H10NSnS2PdCl2 

(479.76) 

12.52 

(12.56) 

2.10 

(2.13) 

2.92 

(2.95) 

54 C11H22ClNS2Sn PdCl2 79 155 DMSO 

 

C11H22ClNSnS2SnPdCl2 

(563.92) 

23.43 

(23.46) 

3.93 

(3.97) 

2.48 

(2.51) 

55 C15H14ClNS2Sn PdCl2 81 192 
DMSO 

Chloroform 

 

C15H14ClNSnS2PdCl2 

(603.90) 

29.83 

(29.87) 

2.34 

(2.38) 

2.32 

(2.35) 
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4.3 Infrared spectroscopy  

The nature of different functional groups present in the ligands and complexes were 

found out by infrared spectroscopy. A number of useful information e.g., the nature of 

ligand, coordination environment around metal ion and structure of the new complexes in 

solid phase can be inferred from IR spectra. Infrared spectra of the complexes taken as 

KBr/CsBr pellets have been carried out in the range of 4000-250 cm−1. The IR data of the 

ligands, their organotin(IV) and palladium(II) dithiocarbamates and thiolates (1-55) has been 

given in Table 4.2-4.7.  

In IR study of ligand spectra (HL1-HL3), the stretching frequencies based on the 

functional groups of the ligands for example, S-CS, S-H and C-N are very important. 

Similarly the frequency bands obtained in the spectra of the complexes due to stretching 

vibrations of Sn-C, Sn-S, Sn-Cl, Pd-S and Pd-Cl were also of prime interest. In spectra of 

these ligands, a sharp, broad band has been observed in the range 3000-2700 cm-1 which was 

assigned to vibrational frequency of a functional group, H-SSC. The band of this acidic 

proton has not been observed in the spectra of the complexes. It is suggested that thiol group 

has been deprotonated and ligand is coordinated to metal through this site (Zia-ur-Rehman    

et al., 2007). IR spectra are also helpful to find out mode of coordination and to predict 

geometry around metal atom in these complexes. The coordination of the ligand to 

organotin(IV) moiety in organotin(IV) complexes has been predicted on the basis of 

vibration frequency of C-N and C-SS groups. Bidentate bonding mode of ligand in these 

complexes is suggested due to presence of a single, splitted band of CSS absorption 

frequency positioned at 974–924 cm-1 (Jung et al., 1986).  

The coordination of ligands to metals could also be pointed out on the basis of 

increase in double bond character in nitrogen-carbon bond (N-C) as shown by shifting of 

stretching frequency to higher energies also confirmed the coordination of ligand in complex 

by bidentate mode (Ronconi et al., 2005b). The stretching frequency for this bond has been 

observed in the range of 1474-1446 cm-1. The position of this band lie between the stretching 

frequencies 1690-1640 cm-1 and 1360-1250 cm-1 which were assigned to double bond and 

single bond in N-C, respectively. The observations suggested that the bond has strength in 
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between single and double bond. This data indicated that the bond has both single bond 

(1360-1250 cm-1) and double bond character (1690-1640 cm-1) (Khan et al., 2010).  

In chlorodiorganotin(IV) complexes, ν(N-CSS) is observed at higher energy level 

than diorganotin(IV) complexes because chloride increase positive charge on nitrogen as it is 

electron withdrawing group (Zia-ur-Rehman et al., 2012b). When the spectra of complexes 

were compared with the IR spectra of the ligands for the idea about involvement of nitrogen 

of N-H bond in coordination, it was observed that there no appreciable change in position of 

bands associated with this group. The information suggested that the above said nitrogen has 

not been involved in bonding with metal ions. 

The involvement of thiol group in coordination was observed in the complexes of 

ligand HL4-HL6. The absorption bands in the region 2700-2400 cm-1 associated with thiol 

group have been found in the spectra of ligands. These bands have not been found in the 

spectra of their complexes. The observation suggested that thiol group is deprotonated and 

ligand-metal bond occurred through this site (Nath et al., 2006). Far IR data obtained for 

organotin(IV) complexes followed the literature available about stretching frequency of  

ν(Sn-S) vibrations in thiolates complexes (Zia-ur-Rehman et al., 2012b).  The appearance of 

new bands in the range 400-300 cm-1 was also strong evidence for coordination of sulfur with 

tin(IV) center in these complexes. These bands have been observed in the spectra of 

organotin(IV) complexes in the region 396-311 cm-1.    

In case of ligand HL5, phenolic group is also coordinated to tin metal through oxygen 

as donor atom. The involvement of phenolic oxygen in coordination has been confirmed by 

comparing the spectra of complexes with spectra of complexes. A strong and wide stretching 

band which has been found at 3649 cm-1 in IR spectra of the ligand was not observed in the 

spectra of organotin(IV) complexes. The observation verified the participation of oxygen in 

coordination with metal ion (Samota & Seth, 2010). The new bands appeared at lower 

frequency (445-511 cm-1) in the spectra of these complexes also confirmed the formation of 

covalent bond between oxygen and tin(IV). The involvement of sulfur of ligand HL5 in 

complex formation was also noted on the basis of stretching vibrations which were found in 

Far-IR region in the spectra of organotin(IV) derivatives. All these observations confirmed 

participation of phenol and thiol groups in coordination with organotin(IV) species.  
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The confirmation of organotin(IV) complexes was also made as their IR spectra 

contained Sn-C vibrational bands. The bands based on tin-alkyl and tin-aryl bonds stretching 

vibrations appeared at 578-506 cm-1 and 282-226 cm-1, respectively (Jabbar et al., 2012).  

In homo and heterometallic complexes of Pd(II), the ligands coordinated to metal ion 

through sulfur as donor atom. The bonding between palladium(II) and sulfur these complexes 

has been verified on the basis of stretching bands related to ν(Pd-S) in Far-IR region at        

381-323 cm-1. The coordination of ligand to mtal ion was also confirmed on the basis of new 

bands in the range 304-332 cm−1 in the spectra of complexes which have appeared due to 

stretching frequency of ν(Pd-Cl)  (Singh and Varshney, 2001).   



 
 

68 
 

Table 4.2. IR data (cm-1) of complexes of 3-aminorhodanine dithiocarbamate (HL1). 

Comp. no. υ(N–H) υ(S–H) υ(C–N) υ(C=S) υ(C–S) υ(Sn–C) υ(Sn–S) υ(Pd–S) υ(Pd–Cl) 

HL1 3336 2893 1420 1026 920 - - - - 

1 3366 - 1446 1078 971 556 452 - - 

2 3382 - 1457 1068 954 551 454 - - 

28 3365  1447 1070 974 556 450 364 326 

 

 

Table 4.3. IR data (cm-1) of complexes of 2-amino-6-nitrobenzothiazole dithiocarbamate (HL2). 

Comp. no. υ(N–H) υ(S–H) υ(C–N) υ(C=S) υ(C–S) υ(Sn–C) υ(Sn–S) υ(Sn–Cl) υ(Pd–S) υ(Pd–Cl) 

HL2 3452 2730 1418 1044 914 - - - - - 

3 3453 - 1465 1015 926 565 428 - - - 

4 3454 - 1474 1040 958 537 456 321 - - 

5 3456 - 1451 1021 961 558 445 - - - 

29 3451 - 1466 1012 924 561 428 - 352 320 

30 3454 - 1466 1048 930 - - - 361 

354 

315 

321 

 

 



 
 

69 
 

Table 4.4. IR data (cm-1) of complexes of 2-amino-5-nitrothiazole dithiocarbamate (HL3). 

Comp. no. υ(N–H) υ(S–H) υ(C–N) υ(C=S) υ(C–S) υ(Sn–C) υ(Sn–S)  

HL3 3102 2874 1425 1092 935 - - 

6 3186 - 1457 1023 948 550 432 

7 3166 - 1460 1002 945 550 431 

 

Table 4.5. IR data (cm-1) of complexes of 6-ethoxy-2-Mercaptobenzothiazole (HL4). 

 

Table 4.6. IR data (cm-1) of complexes of 4-hydroxy-2-mercapto-6-methylpyrimidine (HL5). 

Comp. 

no. 

υ(O–H)/ 

υ(N–H) 
υ(C=N) υ(Sn-O) υ(Sn-S) υ(Sn–C) υ(Sn-Cl) υ(Pd-S) υ(Pd–Cl) 

HL5 
3649/ 

3079 
1621 - - - - - - 

11 3101 1557 488 - 506 - - - 

12 3095 1557 480 - 507 - - - 

13 3054 1553 484 - 279 - - - 

14 3081 1557 472 - 545 372 - - 

15 3101 1557 478 - 532 361 - - 

16 3101 1556 505 - 286 385 - - 

17 3085 1557 507 - 546 - - - 

Comp. no. υ(N–H) υ(C=N) υ(Sn–C) υ(Sn–S) υ(Pd–S) υ(Pd–Cl) 

HL4 3132 1560 - -  - 

8 3116 1473 565 361 - - 

9 3107 1475 578 352 - - 

10 3038 1474 359 340 - - 

31 3086 1487 262 340 364 330 

32 3110 1484 - - 
378 

381 

332 

325 
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18 2952 1550 504 - 540 - - - 

19 2952 1554 506 - 246 - - - 

20 2960 1555 472 - 527 - - - 

33 - 1561 511 314 536 - - - 

34 - 1558 508 312 
546 

242 
- - - 

35 - 1556 492 312 524 360 - - 

36 - 1548 473 314 541 358 - - 

37 - 1551 454 314 
528 

226 
365 - - 

38 - 1555 461 - 532 - 343 320 

39 - 1562 445 312 543 
368 

345 
- - 

40 - 1559 481 314 
540 

232 

361 

354 
- - 

41 - 1546 458 - 514 - 338 306 

42 - 1557 456 318 
550 

511 
- - - 

43 - 1552 470 313 
254 

522 
- - - 

44 - 1558 448 315 
272 

359 
- - - 

45 - 1556 452 312 
275 

546 
348 - - 

46 - 1564 466 315 
264 

537 
357 - - 

47 - 1552 474 318 
282 

331 
352 - - 

48 - 1563 465 - 227 - 323 311 

49 - 1548 448 314 
374 

515 
368 - - 

50 - 1546 452 315 
282 

338 
345 - - 

51 - 1566 470 - 326 360 328 315 
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Table 4.7. IR data (cm-1) of complexes of 2-thiazoline-2-thiol (HL6). 

Comp. no. υ(N–H) υ(C=N) υ(Sn-S) υ(Sn–C) υ(Sn–Cl) υ(Pd–S) υ(Pd–Cl) 

HL6 3002 1535 - - - - - 

21 - 1505 326 533 - - - 

22 - 1513 312 541 - - - 

23 - 1530 330 279 - - - 

24 - 1513 323 516 359 - - 

25 - 1513 314 530 352 - - 

26 - 1519 324 241 358 - - 

27 - 1517 - - - 349 318 

52 - 1530 332 576 - 335 319 

53 - 1531 311 531 360 354 304 

54 - 1516 323 565 352 358 314 

55 - 1530 310 242 356 351 310 
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Figure 4.1a. IR spectrum of complex 5.  
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Figure 4.2a. IR spectrum of complex 22. 
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Figure 4.2b. Far-IR spectrum of complex 22.  
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Figure 4.3. IR spectrum of complex 27. 



 
 

76 
 

4.4 Molar conductance and UV/vis spectroscopy 

The molar conductance of the synthesized complexes of palladium has been 

measured in the range 2.08-24.82 Ω-1 cm2mol-1 at 25 oC in 1 X 10-4 M DMSO solution. All 

the compounds showed non-electrolytic behavior. The slight conductance observed may be 

due to some dissociation or solvolysis in solution (El-Qisairi et al., 2007). The chloride ions 

are not ionized in solution as free ion which indicated on the basis of non-electrolytic 

behavior of solution. This behavior of solution also justified a presence of non-ionizeable 

covalent bond between metal ion and ligand. 

The UV/Vis spectral analyses of ligands, their monometallic and bimetallic 

complexes of palladium(II) were found out in DMSO (1 x 10-3 M) in the wavelength 200-800 

nm at room temperature. The newly synthesized heterobimetallic (Sn,Pd) complexes with 

concentrations of 1 x 10-5 M in DMSO were also analyzed. The obtained data for electronic 

transitions within ligands, complexes and molar absorptivity constants (ε) have been listed in 

Tables 4.8-4.9 which are given below and the representative spectra of complexes 52, 55 and 

63, 64 are given in Figures 4.4 and 4.5.  

Strong charge transfer transitions based on S→Pd bond have been found in electronic 

spectra of palladium(II) complexes. The presence of CT bands supported the idea that sulfur 

atoms of thiol group was bonded to the palladium(II) ion. The geometry of these palladium 

complexes was found as square planner (Ali et al., 2003). Pd(II) belongs to d8 group of 

transition metals and experience d-d transitions. In the spectra of Pd(II) complexes, 

absorption peaks due to singlet-single (spin allowed and singlet-triplet transitions are 

observed (Smit et al., 2013). If ligand is coordinated to Pd(II) through sulfur as donor atom 

then strong charge transfer transitions interfere with expected absorption bands of d-d 

transitions (Mishra et al., 2007). An increase in the molar extinction coefficient values was 

recorded due to electronic transitions of lone pair of electrons of sulfur atom (Mukherjee et 

al., 2012). 

The electronic spectra of pd(II) complexes with sulfur donor atom consists of sharp 

absorption bands in UV region but no peaks has been appeared in Visible region for any 

complex. Intraligand transitions (π→π⃰ & n→π⃰) has been occurred in UV/Vis spectra of 

ligands (HL1-HL3) and their complexes. It is obvious from the spectra of complexes with 



 
 

77 
 

these ligands that intraligand transitions are shifted to longer wavelength due to coordination 

with metal. Intense absorption bands due to combined effect of LMCT and d-d transitions 

have also been found in the range 281-351 nm in these complexes. The square planner 

geometries have been proposed for metal ions on the basis of information obtained from 

electronic spectroscopy. 

Palladium(II) possessed square planner environment of the donor atoms in its 

heterometallic complexes with organotin(IV) moieties (Alhayaly et al., 2005). In these 

complexes, a decrease in absorption has been noted as compared to monometallic complexes 

of Pd(II) on the basis of charge transfer from ligand to tin metal (Buttrus et al., 2008). A shift 

of absorption band towards longer wavelength region has been observed in organotin(IV) 

derivatives when the ligand is attached to electron withdrawing group. The results obtained 

for heterometallic complexes clearly indicate that the structural variations in organotin(IV) 

moieties have almost no effect in the absorption of these complexes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

78 
 

Table 4.8. Molar conductance and UV/vis absorption data of Pd complexes. 

Compound 

Molar conductance 

Ω-1cm2mol-1 

 

Wavelength 

(nm) 
Absorbance 

ε 

(mol-1 

dm3cm-1) 

20 5.14 336 2.647 264700 

27 31.76 351 2.424 242400 

30 11.04 306 2.442 244200 

32 19.56 301 2.327 232700 

 

 

 

 

 

 

 

Table 4.9. Molar conductance and UV/Vis absorption data of heterobimetallic (Sn,Pd) 

complexes. 

Compound 
Molar Conductance 

Ω-1cm2mol-1 

Wavelength 

(nm) 
Absorbance 

ε 

(mol-1 

dm3cm-1) 

28 16.05 272 0.538 53800 

29 13.78 281 0.574 57400 

31 24.82 305 0.638 63800 

38 2.08 302 0.324 32400 

41 6.42 316 0.643 64300 

48 4.94 325 0.632 63200 

51 7.34 318 0.275 27500 

55 12.67 313 0.306 30600 
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                     Figure 4.4. UV/Vis absorption spectra of complexes 29 and 31 recorded in  

                     1x10-5 M DMSO solution at 25 oC. 

 

 

 

 

          

             Figure 4.5. UV/Vis absorption spectra of complexes 38 and 41 recorded in 

                     1x10-5 M DMSO solution at 25 oC. 
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4.5 Nuclear magnetic resonance spectroscopy 

The nature of coordination and structure of organotin(IV) and palladium complexes 

were also confirmed by the information obtained from multinuclear magnetic resonance 

spectroscopy. The NMR (1H and 13C) spectra of the ligands and the complexes were obtained 

to suggest the structures of these substances. The coordination of ligands to metal ions has 

been verified from the information obtained from the data of coupling constants, nJ(119Sn, 

1H) and nJ(119Sn, 13C) which was obtained from NMR spectra (Hussain et al., 2011). 

4.5.1 1H NMR spectroscopy 

The environment of protons in the ligands and the synthesized organotin(IV) and 

palladium compounds was found out by 1H NMR spectroscopy in solutions (DMSO-d6). The 

chemical shift values were assigned to protons by their distinct intensities and multiplicity 

patterns, nJ-values and the satellites. The integration curve on NMR spectra gave information 

about number of protons responsible for each signal. The proposed structure based on above 

information was consistent with the expected structure. The results are given in Table 4.10-

4.15 representative spectra of complexes are given in Figures 4.8-4.13. 

The absence of a single peak at 1.52 ppm in spectra of derivatives of ligands HL1-

HL3 indicated the replacement of carbamodithioic acid protons with metal moieties on 

chelation. Broad signals also appeared in the range 2.10-4.06 ppm in these spectra. This 

observation suggested a fast tautomerism of proton between nitrogen and sulfur atoms 

(shown below). In spectra of complexes, there was no prominent change in position of 

signals assigned to these protons.  

                 

In 1H NMR spectra of HL4, HL5 and HL6, broad signals obtained at 12.05 ppm,       

12.27  ppm and  12.25 ppm indicated the presence of mercapto (SH) group in these ligands. 

The absence of signals based on SH group in spectra of complexes suggested the 

involvement of mercapto group in coordination. Similarly coordination of HL5 with metal 

through phenolic site was indicated by disappearance of its proton signals (10.09 ppm) in 
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metal complexes which were present in free ligand spectra. Chemical shifts of other protons 

present in the ligands did not show a significant change in their position after complexation.  

The protons of organotin(IV) moieties in these complexes were assigned chemical 

shift values according to the literature (Zia-ur-Rehman et al., 2009a). The methyl protons of 

trimethyl-, chlorodimethyl- and dimethyltin(IV) complexes of all the ligands showed 

chemical shifts with well-defined satellites in the region 0.83-2.06 ppm, respectively. 

Coupling constants and C-Sn-C bond angle calculated from satellites indicated that 

trimethyltin possessed tetrahedral geometry in the solution. While chlorodimethyltin(IV) 

exhibited trigonal bipyramidal in solution form. On the other hand dimethyltin(IV) exists in 

both penta coordinated and hexacoordinated forms (Table 4.22). Tri-n-butyl, chlorodi-n-butyl 

and di-n-butyltin(IV) compounds gave complex nature spectra due to long alkyl chains. In 

spectra of chlorodi-n-, di-n- and tri-n-butyltin(IV) complexes, the triplets appeared in the 

range 0.99-0.51 ppm having coupling constant, 3J(1H, 1H) = 7.6-7.1were assigned to terminal 

methyl group of butyl group. On the other hand, the α-CH2, β-CH2 and γ-CH2 protons of 

these n-butyl groups produced multiplets in the region 1.14-1.97 ppm (Shujah et al., 2014). 

Due to complex nature of proton resonance of butyl and phenyl groups, coupling constant, 

2J[119Sn, 1H]  in their complexes was difficult to obtain. So it is not most helpful to predict 

geometry around tin atom in these cases. 

The difference in chemical shift values of meta, para and ortho protons of substituted 

aromatic ring in spectra of complexes predicted the nature of bonding in phenyltin(IV) 

complexes. The absorption signals due to ortho protons were appeared downfield, while 

upfield shift was observed due to meta and para protons. These observations are in 

accordance with already available literature on phenyltin(IV) complexes. The variation in 

chemical shift values of both set of protons in phenyl ring helped out to suggest the 

geometries of triphenyltin(IV) complexes. Anisobidentate bonding between ligand and metal 

has been indicated on the basis of difference in chemical shift values of both groups of 

protons (Abbas et al., 2013).   

The ligand coordinated to Pd(II) ion by donation of electron pair of sulfur atom. This 

is confirmed on the basis of the absence of signals due to thiol protons in the spectra of 

complexes. The flow of electron density from ligands to metal ion resulted into desheilding 
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of other protons of ligands. The effect of desheilding of protons decreases regularly with 

distance from the coordination site. However, these protons of the ligands do not experience 

prominent change in their position relative to the free ligand (Hassan et al., 2008).       

Compounds containing tin are usually amenable to study by several nuclei and 

spectra can afford a substantial amount of information concerning the bonding, 

stereochemistry and dynamic process (Harrison, 1989). Both 1H and 13C spectra comprise a 

central intense peak which is flanked on either side by two pairs of satellites due to two bond 

coupling to 117Sn and 119Sn nuclei. Fermi contact mechanism was applied to find out 

coupling constants of nuclear spins. There is an increase in magnitude of coupling constants 

has been observed when the hybridization changes from d2sp3 to sp which was responsible 

for an increase in s character in sigma bond (Otera, 1981). In Sn-C bond, s character 

percentage was calculated with the help of coupling constant, 2J[119Sn, 1H].  So the kind of 

hybridization followed by a central metal ion can be pointed out from the values of coupling 

constant. The coordination number followed by tin(IV) in organotins was also found out by 

information obtained from 2J[119Sn, 1H]. It was observed that the nature of bonding, structure 

and valence electronic distribution in C-Sn bond present in organotin(IV) derivatives were 

indicated by magnitude of both coupling constants, 2J[119Sn, 1H] and 1J[119Sn, 1H] (Davis & 

Smith, 1982).   

The information based on coupling constants was applied to suggest the geometries of 

organotin(IV) complexes in solution. The coupling constant, 2J[119Sn,1H] was used to 

calculate the C-Sn-C bond angles in solution by applying the following Lockhart equations 

(Sirajuddine et al., 2014). 

θ = 0.0105[2J(119Sn, 1H) – [ 2J(119Sn, 1H] + 122.4   (4.1) 

      (In coordinating solvent) 

The results obtained from 1H NMR spectra (Figures 4.8-4.13) pointed out four to five 

coordination number in di- and triorganotin(IV) derivatives. The hybridization varied from 

sp3 to dsp3 due to decrease in s character in C-Sn bond which was based on an increase in 

coordination number from four to five. This resulted into an increase of coupling constants, 

2J[119Sn,1H] value (Schurmann et al., 1999). 
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Figure 4.6. NMR numbering of organotin moieties linked to at least one sulfur or oxygen 

donor site have been presented by α, β, ,  while those coordinated to second sulfur atom 

have been denoted by α, β,  and . 

 

 

 

Figure 4.7. NMR numbering of ligand.
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Table 4.10. 1H NMR dataa-c of organotin(IV) and palladium(II) derivatives of                        

3-aminorhodanine dithiocarbamate (HL1).  

Proton (HL1) 1 2 28 

 1.52 (s) - - - 

 2.10 (s) 2.00 (s) 2.04 (s) 2.00 (s) 

3 4.11 (s) 4.07 (s) 4.09 (s) 3.95 (s) 

             Α - 
0.91 (s) 

[86,73] 

1.71-1.76 

 (m) 

0.91 (s) 

[86,73] 

Β - - 
1.65-1.68 

 (m) 
- 

Γ - - 
1.42-1.47  

(m) 
- 

Δ - - 
0.51  

(t, 7.1) 
- 

 

 

 

Table 4.11. 1H NMR dataa-c of organotin(IV) and palladium(II) derivatives of 2-amino-6-

nitrobenzothiazole dithiocarbamate (HL2).  

Proton (HL2) 3 4 5 29 30 

 1.52 - - - - - 

 4.00 (s) 3.94 (s) 3.93 (s) 3.95 (s) 3.45 (s) 3.42 

3 
8.53           

(s) 

8.50               

(s) 

8.51                

(s) 

8.52                       

(s) 

8.50  

(s) 

8.48  

(s) 

5 
7.02          

(d, 6.8) 

7.01               

(d, 6.8) 

7.02                      

(d, 6.8) 

7.02                   

(d, 6.8) 

7.01  

(d, 6.8) 

7.01  

(d, 6.6) 

6 
7.83           

(d, 7.3) 

7.82               

(d, 7.3) 

7.82                     

(d, 7.3) 

7.82                      

(d, 7.3) 

7.86  

(d, 7.3) 

7.84  

(d, 7.3) 

         α, β - 
1.38-1.59  

(m) 

1.59-1.97 

(m) 

1.59-1.97 

(m) 

1.38-1.57  

(m ) 
- 

Γ - 
1.28-1.32 

(m) 

1.39-1.51 

(m) 

1.39-1.51 

(m) 

1.26-1.32 

(m) 
- 

Δ - 
0.88 

(t, 7.5) 

0.79  

(t, 7.1) 

0.79  

(t, 7.1) 

0.89 

(t, 7.5) 
- 

 

 

aChemical shifts (δ) in ppm. Coupling Constants, 2J[117/119Sn, 1H] and 3J(1H, 1H) in Hz are listed in square  

brackets and parenthesis, respectively.  bMulticity of proton signals is written as s=singlet, d=doublet, 

dd=doublet of doublet, t=triplet, m=multiplet, q=quintet, bs=broad signal. cNumbering is in accordance with 

Figure 4.6 and 4.7.       
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  Table 4.12. 1H NMR dataa-c of organotin(IV) and palladium(II) derivatives 2-amino-5-

nitrothiazole dithiocarbamate (HL3).  

Proton (HL3) 6 7 

 1.52 (s) - - 

 4.06 (s) 4.02 (s) 4.00 (s) 

3 8.57 (s) 8.58 (s) 8.59 (s) 

                α - 
0.83 (s)                    

[52,47] 
1.54-1.58 (m) 

β  - - 1.40-1.44 (m) 

γ - - 1.26-1.29 (m) 

δ - - 
0.78  

(t, 6.9) 
 

 

Table 4.13. 1H NMR dataa-c of organotin(IV) and palladium(II) derivatives of 6-ethoxy-2-

mercaptobenzothiazole (HL4).  

Proton (HL4) 8 9 10 31 32 

 12.05 - - - - - 

2 6.87 (s) 6.87 (s) 6.85 (s)  6.87 (s)  6.79 (s) 6.80 (s) 

4 
 7.01     

 (d, 7.5)  

 7.00     

 (d, 7.5)  

 7.00     

 (d, 7.5)  

 7.00     

 (d, 7.5) 

 7.00     

 (d, 7.5) 

6.97  

(d, 7.5) 

5 
7.57  

(d, 7.5) 

7.57  

(d, 7.5) 

7.57  

(d, 7.5) 

7.58  

(d, 7.5) 

7.56  

(d, 7.5) 

7.53 

(d, 7.5) 

8 
4.12  

(q, 8.0)  

4.13  

(q, 8.0)  

4.13  

(q, 8.0)  

4.14  

(q, 8.0)  

4.14  

(q, 8.0)  

4.08 

(q, 8.0) 

9 
1.37  

(t, 8.0)  

1.36  

(t, 8.0) 

1.36  

(t, 8.0) 

1.38  

(t, 8.0) 

1.35  

(t, 8.0) 

1.35 

(t, 8.0) 

        Α - 
1.54 (s)                    

[58,56] 1.62-1.91 

(m ) 

- - - 

Β - - 
7.72-7.80 

(m)  

7.71-7.82 

(m)  
- 

Γ - - 
1.39-1.50 

(m) 7.39-7.48 

(m) 

7.37-7.49 

(m) 

- 

Δ - - 
0.99   

(t, 7.2) 
- 

aChemical shifts (δ) in ppm. Coupling Constants, 2J[117/119Sn, 1H] and 3J(1H, 1H) in Hz are listed in square  

brackets and parenthesis, respectively.  bMulticity of proton signals is written as s=singlet, d=doublet, 

dd=doublet of doublet, t=triplet, m=multiplet, q=quintet, bs=broad signal. cNumbering is in accordance with 

Figure 4.6 and 4.7.       
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Table 4.14a. 1H NMR dataa-c of organotin(IV) and palladium(II) derivatives of 4-hydroxy-2-mercapto-6-methylpyrimidine (HL5). 

Proton  (HL5) 11 12 13 14 15 16 17 18 19 20 

 10.09(s) - - - - - - - - - - 

 12.27 (s) 12.27 (s) 12.24 (s) 12.26 (s) 12.26 (s) 12.25 (s) 12.25 (s) 12.25 (s) 12.25 (s) 12.25 (s)  

3 5.70 (s) 5.68 (s) 5.67 (s) 5.68 (s) 5.68 (s) 5.69 (s) 5.68 (s) 5.68 (s) 5.68 (s) 5.68 (s) 5.66 (s) 

5 2.05 (s) 2.03 (s) 2.04 (s) 2.05 (s) 2.01 (s) 2.01 (s) 2.01 (s) 2.01 (s) 2.01 (s) 2.01 (s) 2.03 (s) 

      α - 2.06 (s) 

1.44-1.68  

(m ) 

- 2.06 (s) 
1.50-1.67 

(m) 
- 2.06 (s) 

1.51-1.69 

(m) 
- - 

β - - 

7.76-7.91 

(m)     [44, 

36] 

- 
1.50-1.67 

(m) 

7.79-7.84 

(m) 
- 

1.51-1.69 

(m) 

7.68-7.82      

(m) 
- 

γ - - 
1.24-1.29 

(m) 7.35-7.47 

(m) 

- 
1.27-1.34 

(m) 7.43-7.56 

(m) 

- 
1.22-1.36 

(m) 7.38-7.46 

(m) 

- 

δ - - 
0.90  

(t, 7.5) 
- 

0.87  

(t, 7.2) 
- 

0.86   

(t, 7.2) 
- 

aChemical shifts (δ) in ppm. Coupling Constants, 2J[117/119Sn, 1H] and 3J(1H, 1H) in Hz are listed in square brackets and parenthesis, respectively.  bMulticity 

of proton signals is written as s=singlet, d=doublet, dd=doublet of doublet, t=triplet, m=multiplet, q=quintet, bs=broad signal. cNumbering is in accordance 

with Figure 4.6 and 4.7. 
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Table 4.14b. 1H NMR dataa-c of bi and trimetallic complexes of organotin(IV) and palladium(II) with 4-hydroxy-2-mercapto-6-

methylpyrimidine (HL5). 

Proton (HL5) 33 34 35 36 37 38 39 40 41 

 10.09 (s) - - - - - - - - - 

 12.27 (s) - - - - - - - - - 

3 5.70 (s) 5.68 (s) 5.67 (s) 5.69 (s) 5.68 (s) 5.69 (s) 5.68 (s) 5.68 (s) 5.68 (s) 5.66 (s) 

5 2.05 (s) 2.03 (s) 2.05 (s) 2.02 (s) 2.06 (s) 2.04 (s) 2.04 (s) 2.04 (s) 2.04 (s) 2.03 (s) 

        α - 
1.56-1.63 

(m) 

1.28-1.32 

(m) 

1.56-1.75 

(m) 

1.54-1.73 

(m) 

1.52-1.75  

(m) 

1.53-1.76 

(m) 

1.57-1.79  

(m) 

1.48-1.66  

(m) 

1.45-1.68 

(m) 

β - 
1.56-1.63 

(m) 

1.28-1.32 

(m) 

1.56-1.75 

(m) 

1.54-1.73 

(m) 

1.52-1.75  

(m) 

1.53-1.76 

(m) 

1.57-1.79 

 (m) 

1.48-1.66  

(m) 

1.45-1.68 

(m) 

γ - 
1.27-1.32 

(m) 

1.28-1.32 

(m) 

1.21-1.35 

(m) 

1.25-1.34 

(m) 

1.24-1.40  

(m) 

1.20-1.38 

(m) 

1.27-1.38  

(m) 

1.25-1.36  

(m) 

1.22-1.35 

(m) 

δ - 
0.86   

(t, 7.2) 

0.86   

(t, 7.2) 

0.86   

(t, 7.2) 

0.89   

(t, 7.2) 

0.88   

(t, 7.2) 

0.88   

(t, 7.2) 

0.86  

(t, 7.2) 

0.89  

(t, 7.2) 

0.87  

(t, 7.2) 

        α' - 1.28 (s) - 1.36 (s) 
1.53-1.65 

(m) 

- - 
1.46-1.62  

(m) 

- - 

β' - - 
7.76-7.91 

(m) 
- 

7.70-7.72  

(d) 
- 

7.70-7.72  

(d) 
- 

γ' - - 
7.40-7.46 

(m) 

- 
1.29-1.31 

(m) 7.26-7.36   

(m) 

- 
1.28-1.37  

(m) 7.14-7.39  

(t, 7.2) 

- 

δ' - - - 
0.87  

(t, 7.2) 
- 

0.86  

(t, 7.2) 
- 

aChemical shifts (δ) in ppm. Coupling Constants, 2J[117/119Sn, 1H] and 3J(1H, 1H) in Hz are listed in square brackets and parenthesis, respectively.  bMulticity 

of proton signals is written as s=singlet, d=doublet, dd=doublet of doublet, t=triplet, m=multiplet, q=quintet, bs=broad signal. cNumbering is in accordance 

with Figure 4.6 and 4.7. 
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Table 4.14c. 1H NMR dataa-c of bi and trimetallic complexes of organotin(IV) and palladium(II) with 4-hydroxy-2-mercapto-6-

methylpyrimidine (HL5). 

Proton (HL5) 42 43 44 45 46 47 48 49 50 51 

 10.09 (s) - - - - - - - - - - 

 12.27 (s) - - - - - - - - - - 

3 5.70 (s) 5.68 (s) 5.67 (s) 5.69 (s) 5.68 (s) 5.69 (s) 5.68 (s) 5.68 (s) 5.68 (s) 5.68 (s) 5.66 (s) 

5 2.05 (s) 2.03 (s) 2.04 (s) 2.02 (s) 2.04 (s) 2.01 (s) 2.01 (s) 2.01 (s) 2.01 (s) 2.02 (s) 2.03 (s) 

    α                 - - - - - - - - - - - 

β - 
7.56-7.71 

(m) 

7.77-7.97 

(m) 

7.77-7.97 

(m) 

7.56-7.70 

(m) 

7.91-7.93 

(d) 

7.71-7.92 

(m) 

7.79-7.98 

(m) 

7.72-7.95 

(m) 

7.70-7.72 

(d) 

7.74-7.91 

(m) 

γ, δ - 
7.00-7.25 

(m) 

7.39-7.45 

(m) 

7.39-7.45 

(m) 

7.07-7.28 

(m) 

7.25-7.38 

(m) 

7.28-7.43 

(m) 

7.31-7.40 

(m) 

7.30-7.35 

(m) 

7.20-7.36 

(m) 

7.24-7.41 

(m) 

α' - 1.14 (s) 
1.64-1.89 

(m ) 

- 1.12(s) 
1.41-1.55 

(m) 

- - 
1.43-1.57 

(m) 

- - 

β' - - 
7.34-7.48 

(m) 
- 

7.46-7.62 

(m) 

- 
7.41-7.59 

(m) 

- 

γ' - - 
1.36-1.48 

(m) 7.14-7.25 

(m) 

- 
1.21-1.34 

(m) 
- 

1.14-1.23 

(m) 
- 

δ' - - 
0.89 

(t, 7.2) 
- 

0.88 

(t, 7.2) 

7.27-7.40 

(m) 
- 

0.87 

(t, 7.2) 

7.12-7.18 

(m) 
- 

aChemical shifts (δ) in ppm. Coupling Constants, 2J[117/119Sn, 1H] and 3J(1H, 1H) in Hz are listed in square brackets and parenthesis, respectively.  bMulticity 

of proton signals is written as s=singlet, d=doublet, dd=doublet of doublet, t=triplet, m=multiplet, q=quintet, bs=broad signal. cNumbering is in accordance 

with Figure 4.6 and 4.7. 
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Table 4.15. 1H NMR dataa-c of organotin(IV) and palladium(II) derivatives of 2-thiazoline-2-thiol (HL6).  

Proton (HL6) 21 22 23 24 25 26 52 53 54 55 27 

 
12.25 

(s) 
- - - - - - - - - - - 

2 
3.89     

(t, 7.1)  

3.85        

  (t, 7.1)  

3.85          

 (t, 7.1)  

3.87           

(t, 7.1)  

3.84          

 (t, 7.1)  

3.87          

 (t, 7.1)  

3.84          

 (t, 7.1)  

3.85         

(t, 7.1)  

3.86          

(t, 7.1)  

3.85       

(t, 7.1)  

3.85       

(t, 7.1)  

3.86          

  (t, 7.1) 

3 
3.54      

(t, 7.1) 

3.52     

  (t, 7.1) 

3.51      

 (t, 7.1) 

3.51      

 (t, 7.1) 

3.52       

(t, 7.1) 

3.51     

 (t, 7.1) 

3.52      

 (t, 7.1) 

3.51  

(t, 7.1) 

3.52 (t, 

7.1) 

3.52  

(t, 7.1) 

3.51  

(t, 7.1) 

3.51    

  (t, 7.1) 

    α                 - 
0.92 (s)    

[59,56]                  
1.46-1.69 

(m ) 

- 
1.38 (s) 

[91,68] 

1.59-1.70 

(m) 
- 

0.90 (s)    

[59,56]                  

1.32 

(s) 
1.46-1.68 

(m) 

- - 

β - - 

7.73-7.97 

(m)  

[72, 59] 

- 
1.50-1.57 

(m) 

7.71-8.12 

(m)  

[123,114] 

- - 
7.81-7.97 

(m) 
- 

γ - - 
1.31-1.39 

(m) 7.37-7.53 

(m) 

- 
1.24-1.34 

(m) 7.24-7.41 

(m) 

- - 
1.34-1.45 

(m) 7.43-7.65 

(m) 

- 

δ - - 
0.83   

(t, 7.6) 
- 

0.87 

 (t, 7.5) 
- - 

0.87  

(t, 7.5) 
- 

aChemical shifts (δ) in ppm. Coupling Constants, 2J[117/119Sn, 1H] and 3J(1H, 1H) in Hz are listed in square brackets and parenthesis, respectively.  bMulticity 

of proton signals is written as s=singlet, d=doublet, dd=doublet of doublet, t=triplet, m=multiplet, q=quintet, bs=broad signal. cNumbering is in accordance 

with Figure 4.6 and 4.7. 
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Figure 4.8. 1H NMR spectrum of complex 1 in DMSO. 
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Figure 4.9. 1H NMR spectrum of complex 6 in DMSO. 



 
 

92 
 

 

Figure 4.10. 1H NMR spectrum of complex 13 in DMSO. 
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Figure 4.11. 1H NMR spectrum of complex 23 in DMSO. 
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Figure 4.12. 1H NMR spectrum of complex 25 in DMSO. 
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Figure 4.13. 1H NMR spectrum of complex 34 in DMSO.   

 



 
 

96 
 

4.5.2 13C NMR spectroscopy  

13C NMR spectroscopy helped to find out the nature of coordination of ligand and to 

find out the geometries of the complexes. The spectra were obtained by using the DMSO-d6 

solution of these compounds. Incremental method was employed to signals obtained in 

spectra to individual carbons. The Incremental method is a way used to assign chemical shift 

values to different groups. It is a simply additivity method which is based on the concept that 

base values of chemical shifts assigned to CH, CH2, CH3 are increased by changing the 

nature of substituent attached with these groups (Kalinowski et al., 1984) and comparing 

with literature available (Faraglia        et al., 2002; Ma et al., 2003 & Jabbar et al., 2012). In 

Figure 4.6 and 4.7, NMR numbering of carbons has been listed. The spectroscopic data has 

been reported in Tables 4.16-4.21 while the representative spectra of the ligands and 

complexes are shown in Figures 4.14-4.19.   

In 13C NMR spectra of metal dithiocarbamate of ligands (HL1-HL3), there has been 

observed a slight shift in position signals associated with all carbons of the ligand except 

carbon of –CSSH group. The shift in position of signals assigned to this carbon was 

significantly downward. This observation suggested that coordination of ligand occurs 

through S,S atoms. Ligands (HL4, HL5 HL6) react to organotin moieties through SH group. 

Ligand HL5 also coordinated to metal through OH groups which was confirmed by 

comparing the spectra of the complexes and the ligands. The magnitude of coupling 

constants decided the structure of the newly synthesized complexes (Table 4.22).  

Triorganotin(IV) derivatives experienced greater shielding effect due to overcrowding 

of groups. A minor downfield shift in position of carbon attached to donor atoms in all the 

triorganotin(IV) complexes was noted. The values of 1J[119Sn,13C], coupling constant for the 

triorganotin(IV) complexes indicated four-coordinated environment around tin atom (Willem     

et al., 1998; Danish et al., 2009). Chlorodiorganotin(IV) are found to be penta-coordinated in 

DMSO-d6 solution. Diorganotin(IV) derivatives possessed trigonal bipyramid and octahedral 

geometries in non-coordinated solvents as suggested by values of the coupling constants and 

also from C-Sn-C bond angles calculated from 1J[119Sn,13C]  (Zia-ur-Rehman et al, 2012b).  

In 13C NMR spectra of palladium(II) complexes, non-equivalent  protons experienced 

slightly downfield shift as compared to their position in spectra of ligand which supported the 
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coordination of the ligand to M(II) ion. The complexation of ligands (HL1-HL3) to Pd(II) 

metal deshields thionylcarbons and the carbon signals shift downfield in spectra of 

complexes. The resonances for carbons-nitrogen bond slightly shifted downfield due to 

increase in partial double bond character in this bond (Shaheen et al., 2010). 

The information obtained from chemical shifts and both coupling constants           

(1J[119Sn, 13C] & 2J[119Sn, 13C]) is a useful probe to assess the nature of bonding, bond 

distances and the structure of complexes. The values for coupling constants provided 

comprehensive information about any electron distribution changes that would be observed 

in Sn-C bonds. The coordination number of metal atom varies directly with change in 

chemical shift values (Sirajuddine et al., 2014). The bond angle of Me-Sn-Me can be 

determined by its relationship with coupling constants which was developed by Lockhart et 

al. (1986). 

 [1J(119Sn,13C)] = 11.4θ - 875      (4.2) 

The coordination geometry of methyltin(IV) complexes can be predicted from this 

relationship on the basis of bond angles. Two relationships listed below have been introduced 

to suggest geometries of n-butyltin(IV) and phenyltin(IV) derivatives by Holecek et al. 

(1990).   

 [1J(119Sn,13C)] = [(9.99 ± 0.73)θ] – [746 ± 100]  (4.3) 

[1J(119Sn,13C)] = [(15.56 ± 0.84)θ] – [1160 ± 101]   (4.4) 
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Table 4.16. 13C NMR dataa,b of organotin(IV) and palladium(II) derivatives of                              

3-aminorhodanine dithiocarbamate (HL1).  

aChemical shifts (δ) in ppm. Coupling Constants, nJ[117/119Sn, 13C] in Hz are listed in square brackets .  

bNumbering is in accordance with Figure 4.6 and 4.7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Carbon (HL1) 1 2 28 

1 203.6  180.0 182.5 180.3 

2 168.9  165.0  166.6  165.3  

3 43.3 43.5 41.7 37.6 

4 199.2  198.6  198.2  193.3  

            α - 
2.7      

[678,625] 

24.0                     

[695,574] 

2.7      

[678,625] 

β - - 
28.2  

[29] 
- 

δ - - 
25.7 

 [84] 
- 

γ - - 14.5 - 
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Table 4.17. 13C NMR dataa,b of organotin(IV) and palladium(II) derivatives of 2-amino-6-

nitrobenzothiazole dithiocarbamate (HL2).  

Carbon (HL2) 3 4 5 29 30 

1 206.1 195.9 196.4 194.7 194.7 194.9 

2 175.4 174.4 170.1 175.4 170.5 167.6 

3 120.1 120.1 119.8 120.1 119.7 119.1 

4 145.1 145.1 144.9 145.1 144.8 144.8 

5 122.7 122.7 123.7 122.7 121.6 121.4 

6 118.2 118.2 117.1 118.2 117.4 117.3 

7 160.2 160.2 161.6 160.2 160.7 160.5 

8 132.4 132.4 133.0 132.4 127.8 125.6 

        α - 
19.5         

[391] 

24.4         

[690] 
138.9 19.6         

[391] 
- 

β - 27.0 
26.9 

[32] 
137.1 26.8 - 

δ - 
26.1 

[62] 
26.2 128.3 29 - 

γ - 14.2 13.5 131.3 194.7 - 

 

Table 4.18. 13C NMR dataa,b of organotin(IV) and palladium(II) derivatives of 2-amino-5-

nitrothiazole dithiocarbamate (HL3). 

Carbon (HL3) 6 7 

1 208.4 167.3 165.5 

2 163.6  160.7  161.5  

3 136.2 135.1 135.8 

4 148.2  147.8  147.5  

               α - 
-3.2      

 [352,318] 

24.8         

 [772,749] 

β - - 
27.0  

[38] 

γ - - 
26.4  

[96] 

δ - - 14.2 
aChemical shifts (δ) in ppm. Coupling Constants, nJ[117/119Sn, 13C] in Hz are listed in square brackets .  

bNumbering is in accordance with Figure 4.6 and 4.7. 
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Table 4.19. 13C NMR dataa,b of organotin(IV) and palladium(II) derivatives of 6-ethoxy-2-

mercaptobenzothiazole (HL4). 

Carbon (HL4) 8 9 10 31 32 

1 163.0 160.5 160.2 160.8 160.5 160.1 

2 104.5 102.6 102.3 102.3 92.1 92.6 

3 154.6 154.2 153.7 153.7 153.6 154.9 

4 115.1 114.3 114.5 114.6 114.4 114.7 

5 122.7 122.5 122.6 122.1 122.3 122.6 

6 146.1 145.4 145.1 145.9 145.4 145.4 

7 135.9 135.4 135.2 135.4 125.2 125.7 

8 65.2 64.9 64.5 64.1 64.7 64.5 

9 15.7 14.3 14.6 14.8 14.5 14.9 

        Α - 
-2.8 

[366] 

18.8          

[392] 
139.7 138.6 - 

Β - - 
28.1 

[24] 

138.2         

[50] 

137.8         

[50] 
- 

Γ - - 
26.6            

[61] 

124.8         

[64] 

125.2         

[64] 
- 

Δ - - 13.6 
129.6 

[12] 

130.6 

[12] 
- 

aChemical shifts (δ) in ppm. Coupling Constants, nJ[117/119Sn, 13C] in Hz are listed in square brackets .  

bNumbering is in accordance with Figure 4.6 and 4.7. 
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Table 4.20a. 13C NMR dataa,b of organotin(IV) and palladium(II) derivatives of 4-hydroxy-2-mercapto-6-methylpyrimidine 

(HL5). 

Carbon (HL5) 11 12 13 14 15 16 17 18 19 20 

1 153.5 15.1 152.5 152.5 153.0 153.5 152.5 153.1 153.0 152.5 152.5 

2 161.4 161.0 161.4 161.4 160.9 161.5 161.4 161.0 160.9 161.4 161.4 

3 104.1 103.6 104.1 104.1 104.1 104.2 103.6 103.6 104.1 104.1 104.1 

4 176.2 175.8 176.2 176.3 175.8 176.2 176.2 175.8 175.8 176.2 176.2 

5 18.5 18.1 18.5 18.5 18.0 18.6 18.0 18.0 18.0 18.5 18.5 

     α - 
2.8      

[374] 

20.0           

[390, 376] 
143.7 1.2 23.1 138.9 3.8 24.4           138.4 - 

β - - 
28.4  

[21] 

135.9 

[28] 
- 

28.4  

[22] 
137.1 - 

26.9  

[32] 
137.5 - 

γ - - 
25.9  

[59] 

128.4 

[41] 
- 26.0 128.3 - 26.2 128.9 - 

δ - - 15.2 129.0 - 14.2 131.3 - 13.5 131.3 - 

aChemical shifts (δ) in ppm. Coupling Constants, nJ[117/119Sn, 13C] in Hz are listed in square brackets .  bNumbering is in accordance with Figure 4.6 and 4.7. 
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Table 4.20b. 13C NMR dataa,b of organotin(IV) and palladium(II) derivatives of 4-hydroxy-2-mercapto-6-methylpyrimidine 

(HL5). 

Carbon (HL5) 33 34 35 36 37 38 39 40 41 

1 153.5 153.1 153.1 153.1 153.1 153.1 153.1 153.2 153.0 153.0 

2 161.4 161.0 161.0 161.0 160.8 161.0 160.9 160.6 160.9 160.8 

3 104.1 103.7 103.7 103.7 104.5 103.7 103.7 103.7 103.5 103.7 

4 176.2 175.8 175.8 175.8 175.8 175.8 175.8 175.6 175.8 175.9 

5 18.5 18.1 18.1 18.1 18.1 18.1 18.2 18.0 18.1 18.1 

      Α - 18.2 18.2 18.0 18.1 18.0 18.2 18.1 18.1 18.1 

Β - 25.3 25.6 25.6 25.4 25.5 25.1 28.4 28.4 28.4 

Γ - 18.2 18.1 18.1 18.2 18.1 18.2 23.1 23.1 23.1 

Δ - 13.6 13.7 13.5 13.4 13.6 13.5 14.3 14.3 14.3 

      α' - 
-2.8 

[366] 

136.0 

[28.59] 
3.9 25.6  138.1  - 

26.4  

 [672] 
139.5 - 

β' -  
134.7 

[42.14] 
 26.7 136.6 - 27.9 135.4 - 

γ' -  128.3  26.0 124.2 - 25.8 126.5 - 

δ' -  128.9  13.1 131.7 - 13.4 131.2 - 

aChemical shifts (δ) in ppm. Coupling Constants, nJ[117/119Sn, 13C] in Hz are listed in square brackets .  bNumbering is in accordance with Figure 4.6 and 4.7. 
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Table 4.20c. 13C NMR dataa,b of organotin(IV) and palladium(II) derivatives of 4-hydroxy-2-mercapto-6-methylpyrimidine (HL5). 

Carbon (HL5) 42 43 44 45 46 47 48 49 50 51 

1 153.5 153.0 152.4 152.8 152.5 153.3 152.9 152.4 153.1 152.8 152.7 

2 161.4 160.6 160.9 160.3 160.7 160.4 160.2 160.5 160.9 160.4 160.8 

3 104.1 103.8 103.7 103.1 103.6 103.2 103.6 103.8 103.4 103.2 103.4 

4 176.2 175.1 175.9 175.4 175.5 175.8 175.7 175.4 175.7 175.3 175.9 

5 18.5 18.2 18.3 18.4 18.2 18.1 18.3 18.4 18.2 18.2 18.3 

α - 151.5 151.4 151.4 151.4 151.4 151.5 138.5 138.3  138.1  - 

β - 133.1 134.7 134.6 134.7 134.5 133.1 136.9  136.7  136.9  - 

γ - 128.2 127.9 127.6 127.9 127.8 128.2 
127.3 

[64] 

127.5  

[64] 

127.2 

[64] 
- 

δ - 127.5 127.1 127.0 127.0 127.2 127.1 130.2 130.4 130.1 - 

α' - 
-3.2        

[352,318] 
18.4    136.0 

4.2       

[681,625] 
24.4         138.4  - 24.4         136.1  - 

β' - - 
28.6            

[23] 
134.7 - 

26.9           

[39] 
136.9  - 

26.9           

[39] 
134.9  - 

γ' - - 
26.6            

[60] 
128.3 - 

26.0           

[97] 

127.5  

[64] 
- 

26.0           

[97] 

126.5 

[64] 
- 

δ' - - 14.0 128.9 - 14.6 130.2 - 14.6 129.2 - 

aChemical shifts (δ) in ppm. Coupling Constants, nJ[117/119Sn, 13C] in Hz are listed in square brackets .  bNumbering is in accordance with Figure 4.6 and 4.7. 
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Table 4.21. 13C NMR dataa,b of organotin(IV) and palladium(II) derivatives of 2-thiazoline-2-thiol (HL6).  

Carbon (HL6) 21 22 23 24 25 26 27 52 53 54 55 

1 199.4  193.5  193.4  193.1  193.2  199.4  199.4 192.6  193.6  193.7  193.4  193.1  

2 33.9 32.8 32.6 32.2 32.2 33.4 33.4 33.5 33.3 33.3 33.4 33.4 

3 51.9  49.8  49.3  49.8  49.4  51.9  49.8  49.1  49.8  49.9  49.3  49.2  

Α - -2.6   18.4   
139.2       

[640] 

4.96  

[658]      
26.0          

135.2 

[68]  
- -2.8   4.9       26.0          135.2  

Β - - 
27.1            

[28] 

137.5        

[48] 
- 

28.1 

[44]            

128.1  

[19] 
- - - 

28.14           

[22] 

128.18  

[60] 

Γ - - 
26.8            

[67] 

129.6         

[64] 
- 26.03            127.7 - - - 

27.84           

[92] 
127.7 

Δ - - 14.5 
130.6  

[11] 
- 14.2 126.9 - - - 14.2 126.9 

 

aChemical shifts (δ) in ppm. Coupling Constants, nJ[117/119Sn, 13C] in Hz are listed in square brackets .  bNumbering is in accordance with Figure 4.6 and 4.7. 

 

 

 

 

 

 

 

 

 

 

 



 
 

105 
 

 

 

 

Figure 4.14. 13C NMR spectrum of complex 6 in DMSO. 
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Figure 4.15. 13C NMR spectrum of complex 8 in DMSO. 
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Figure 4.16. 13C NMR spectrum of complex 13 in DMSO. 

 



 
 

108 
 

 

Figure 4.17. 13C NMR spectrum of complex 25 in DMSO. 
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Figure 4.18. 13C NMR spectrum of complex 26 in DMSO. 
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Figure 4.19. 13C NMR spectrum of complex 34 in DMSO. 
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Table 4.22. (C-Sn-C) angles (◦) based on NMR parameters of organotin(IV) derivatives 

(Zia-ur-Rehman et al., 2012b; Jabbar et al., 2012; Sirajuddine et al., 2014). 

Comp. No. Compound 

1J[119/117Sn,13C] 

(Hz) 

2J[119/117Sn,1H] 

(Hz) 

Angle (o) 

1J 2J 

1 Me2SnL2 678 86 136.2 131.3 

2 n-Bu2SnL2 695 - 143.5 - 

3 n-Bu3SnL 391 - 113.8 - 

6 Me3SnL 352 52 107.6 109.2 

7 n-Bu2SnL2 772 - 151.6 - 

8 Me3SnL 366 58 108.8 111.4 

9 n-Bu3SnL 392 - 113.9 - 

11 Me3SnL 374 - 109.4 - 

12 n-Bu3SnL 390 - 113.7 - 

13 Ph3SnL - 43.5 - 107.4 

21 Me3SnL - 59 - 111.8 

23 Ph3SnL 640 59 115.1 111.8 

24 Me2SnClL 658 91 - 136.6 

25 Ph2SnClL - 114 - 167.7 

33 Me3SnL 366 - 108.8 - 

39 n-Bu2SnClL 672 - 141.9 - 

42 Me3SnL 352 - 107.6 - 

45 Me2SnClL 681 - 136.5 - 
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4.6 Mass spectrometry 

The mass fragmentation study of the ligands and their synthesized complexes was 

carried out by the electron impact (EI) mass spectrometer at 70 eV. The data which was 

presented in Table (4.23-4.27) showed the significant abundance of mass fragments and their 

m/z ratio. The mass fragmented ions obtained by this method followed the expected 

structures of the compounds and also justified by cited Literature (Sadiq-ur-Rehman et al., 

2005). Some fragments gave low intensity molecular ion peak whereas it was not observed in 

most of cases. The structure of ligands and organotin species decided the fragmentation 

patterns (Schemes 4.1-4.3).  

In triorganotin dithiocarboxylate, two primary routes of fragmentation were observed. 

They proceed by loss of ligand or organic group (R = Me, n-Bu and Ph) bonded to tin. In 

both type of fragmentation patterns, the primary fragmentation gave daughter ions. Loss of R 

group in successive steps resulted in formation of tin ion as the final product. The peaks 

based on 120Sn and 35Cl were used standard to calculate the relative intensities of ions and 

must be taken as approximate.  

Chlorodiorganotin(IV) compounds gave base peak in mass spectra by adopting 

different fragmentation patterns. Primary fragmentation peak appeared due to loss of alkyl 

substituent or anionic part of compound. Successive fragmentation of ions led to formation of 

SnCl or Sn ions, the later might be derived from CH3Sn+. Other fragments e.g. S2SnCl+ and 

S2SN+, were also observed in spectra of chlorodiorganotin derivatives.  

Diorganotin(IV) followed the fragmentation pattern somewhat different to 

triorganotin complexes but the ion fragments obtained at the end were same as have been 

proposed for triorganotin complexes. Some other fragmentation ions, [C6H5]
+, [C4H9]

+ and 

[CH3]
+ were also found in spectra of organotin complexes with reasonable intensities. 

Representative spectra are given in Figures 4.20-4.23. 
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Scheme 4.1. General mass fragmentation pattern of triorganotin(IV) dithiocarbamate. 

 

 

                              

Scheme 4.2. General mass fragmentation pattern of diorganotin(IV) dithiocarbamate. 

 

 

                                  

 Scheme 4.3. General mass fragmentation pattern of chlorodiorganotin(IV) dithiocarbamate. 
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Table 4.23. Mass spectral data of complexes with HL1. 

Compound m/z (%) 

1 

[(C4H4N2OS4)Sn(CH3)2]+  374 (12.5), [(C4H4N2OS4) Sn(CH3)]+  359 (8.1), [CH2N2S3Sn]+ 

258 (16.4), [C4H4N2OS4]+ 224 (100.0), [Sn(CH3)2]+ 150 (19.4), [Sn]+ 120  (24.9), [CH2S]+ 

46 (54.8) 

2 

[(C4H4N2OS4)Sn(C4H9)2]+ 458 (6.9), [(C4H4N2OS4)SnC4H9]+ 401 (20.7), [(C4H4N2OS4) 

Sn]+ 344 (5.8), [Sn(C4H9)2]+ 234 (3.9), [C4H4N2OS4]+ 224 (59.1), [SnC4H9]+ 177 (8.2), 

[Sn]+ 120 (12.8), [C2HOS]+ 73 (24.5), [C4H9]+ 57 (100.0), [CH2S]+ 46 (12.5) 

28 

 [(C4H4N2OS4)2Sn]+ 568 (10.6), [(C4H4N2OS4)PdCl]+ 476 (1.98), [(C4H4N2OS4)Sn(CH3)2]+ 

374 (47.3), [(C4H4N2OS4)Sn]+ 344 (70.5), , [PdCl2]+ 177 (4.36), [Sn(CH3)2]+ 150 (39.4), 

[SnCH3]+ 135 (7.2), [Sn]+ 120 (100.0), [CH2N2S]+ 74 (3.7) 

 

 

 

 

 

Table 4.24. Mass spectral data of complexes with HL2. 

Compound m/z (%) 

3 

[(C8H4N3O2S3)Sn(C4H9)2]+ 486 (1.7), [(CS2)Sn(C4H9)3]+ 367 (3.8), [(CS2)Sn(C4H9)2]+ 310 

(3.2) 

[Sn(C4H9)3]+ 291 (22.1), [(CS2)SnC4H9]+ 257 (4.5), [Sn(C4H9)2]+ 234 (8.1), [(CS2)Sn]+ 196 

(63.2) [SnC4H9]+ 177 (2.9), [Sn]+ 120 (11.5), [C3HS]+ 69 (18.9), [C4H9)2]+ 57 (100.0) 

4 
[(C8H4N3O2S3)Sn(C4H9)2]+ 486 (1.7), [(CS2)Sn(C4H9)2]+ 310 (3.2), [Sn(C4H9)3]+ 291 (22.1), 

[(CS2)SnC4H9]+ 257 (4.5), [(CS2)Sn]+ 196 (63.2) [SnC4H9]+ 177 (2.9), [Sn]+ 120 (100.0) 

5 

[(C8H4N3O2S3)SnClC4H9]+ 521 (2.8), [(C8H4N3O2S3)Sn]+ 429 (3.2), [SnClC4H9]+ 212 (10.8), 

[SnCl]+ 155 (8.1), [Sn]+ 120 (19.5), [C6H4S]+ 108 (11.6), [C3HS]+, 69 (8.6), [C4H9]+ 57 

(100.0) 
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Table 4.25. Mass spectral data of complexes with HL4. 

Compound m/z (%) 

8 

[(C9H9NOS2)Sn(CH3)3]+ 375 (12.5), [(C9H9NOS2)Sn(CH3)2]+ 360 (40.9), [Sn(CH3)3]+ 165 

(100.0), [Sn(CH3)2]+ 150 (15.4), [SnCH3]+ 135 (31.9), [C6H4NS]+ 122 (24.6), [C6H5]+ 77 

(21.9), [C3HS]+ 69 (12.5) 

9 

[(C9H9NOS2)Sn(C4H9)3]+ 501 (6.1), [(C9H9NOS2)Sn(C4H9)2]+ 444 (100.0), 

[(C9H9NOS2)Sn]+               330 (14.9), [Sn(C4H9)3]+ 291 (11.8), [Sn(C4H9)2]+ 234 (5.3), 

[Sn(C4H9)]+ 177 (40.9), [Sn]+ 120 (18.4), [C6H5]+ 77 (20.5), [C4H9]+ 57 (68.2) 

10 
[(C9H9NOS2)Sn(C6H5)2]+ 484 (5.6), [Sn(C6H5)3]+ 351 (100.0), [Sn(C6H5)2]+ 274 (6.5), 

[SnC6H5]+ 197 (39.0), [C5H5N2O]+ 108 (20.0), [C6H5]+ 77 (35.0) 

 

 

Table 4.26. Mass spectral data of complexes with HL5. 

Compound m/z (%) 

13 

[(C5H5N2SO)Sn(C6H5)2]+ 415 (2.1), [Sn(C6H5)3]+ 351 (16.2), [(C5H5N2SO)Sn(C6H5)]+ 339 

(100.0), [(C5H3NSO) Sn]+ 231 (5.4), [SnC6H5]+ 197 (19.3), [C5H6N2SO]+ 142 (100.0), [Sn]+             

120 (5.6), [C6H5]+ 77 (13.5), [C3H2NO]+ 68 (15.8) 

15 

[SnCl(C4H9)2]+ 268 (8.0), [(C4H2N2SO)Sn]+ 247 (30.6), [SnClC4H9]+ 212 (24.9), 

[(C3H5NO)Sn]+ 190 (2.9), [SnCl]+ 155 (22.2), [Sn]+ 120 (3.2), [C4H9]+ 57 (100.0), [C2H3N]+ 

41 (19.4) 

16 

[(C5H5N2O)SnClC6H5]+ 329 (2.0), [(C5H4N2SO)SnCl]+ 297 (1.0), [(C5H6N2SO)Sn]+ 260 

(1.2), 

[(C3H2NO)SnCl]+ 223 (6.3), [SnCl]+ 155 (9.2), [C5H6N2SO]+ 142 (100.0), [C5H6N2O]+ 109 

(17.19) 

18 
[(C5H6N2SO)Sn(C4H9)2]+ 353 (1.1), [(C5H6N2SO)Sn]+ 260 (1.0), [(C4H6NO)Sn]+ 203 (1.0), 

[SnC4H9]+ 177 (26.8), [C4H6N2S]+ 114 (1.94), [C4H6NO]+ 84 (100), [C4H9]+ 57 (68.3) 

19 
[(C5H4N2SO)Sn(C6H5)2]+ 415 (1.0), [(C5H5N2SO)Sn(C6H5)]+ 344 (1.02), [Sn(C6H5)2]+ 196 

(1.5), [C3H2NO]+ 68 (100.0) 

33 

[Sn(C5H6N2SO)Sn(CH3)2]+ 414 (1.1), [Sn(C5H4N2SO)Sn]+ 383 (1), [(C5H5N2SO)Sn(C6H5)]+ 

341 (1.02), [(C5H5N2O)Sn(C4H9)]+ 281 (1.0), [C4H2N2SO]+ 247 (4.6), [SnClC4H9]+ 212 

(3.53), [C3H2NOSn(C4H9)]+ 212 (2.27), [C5H6N2SO]+ 142 (100.0), [C4H5NO]+ 83 (44.8) 

34 

[Sn(C6H5)3]+ 351 (2.34), [C4H5N2S]+ 308 (100.0), [C4H2N2SO]+ 247 (4.6), [C5H8N2O]+ 231 

(5.4), [Sn(C6H5)]+ 197 (19.3), [Ph2] 154 (67.5), [Sn]+ 120 (5.7), [C6H5]+ 77 (12.9), [C4H9]+ 

57 (13.9) 

35 [(C5H5N2SO)SnC4H9(C5H5N2SO)Sn(CH3)2]+ 581 (1.0), [Sn(C5H5N2O)Sn(CH3)2]+ 431 
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(1.09), [Sn(C5H4N2SO) Sn]+ 375 (1.28), [(C5H5N2O)Sn(C5H5N2O)]+ 335 (4.48), 

[(C5H4N2SO) Sn]+ 261 (17.28), [C5H6N2SO]+ 142 (16.55), [C5H5N2O] 109 (27.07), [C4H9]+ 

57 (100.0) 

37 
[(C5H4N2SO)SnCl]+ 298 (1.0), [(C5H5N2O)Sn(C4H9)]+ 281 (1.0), [SnCl]+ 155 (4.95), 

[C5H6N2SO]+ 142 (100.0), [C4H7N2S]+ 114 (21.10)  

39 

[Sn(C5H4N2SO)Sn]+ 383 (1), [(C4H2N2SO)Sn]+ 304 (1), [(C4H2N2SO)Sn]+ 247 (4.68), 

[SnClC4H9]+ 212 (3.53), [(C3H5NO)Sn]+ 190 (2.93), [SnCl]+ 155 (32.9), [Sn]+ 120 (5.09), 

[C4H9]+ 57 (100.0) 

40 
[(C6H5)2Sn(C5H4N2SO) Sn(C4H9)2]+ 647 (1), [(C5H5N2SO)Sn(C6H5)]+ 341 (1.02), 

[SnCl(C4H9)2]+ 267 (1.06), [C5H6N2SO]+ 142 (100.0), [C3H2NO]+ 68 (80.15),  

44 
[Sn(C5H5N2SO)Sn]+ 386 (1), [Sn(C6H5)3]+ 351 (5.6), [Sn(C6H5)]+ 197 (16.5), [SnCl]+ 154 

(80.7), [C5H6N2SO]+ 142 (66.8), [Sn]+ 120 (100.0), [C4H5NO]+ 83 (18.7) 

47 
[C5H5N2OSn(C6H5)2]+ 386 (1.3), [Sn(C6H5)3]+ 351 (5.6), [Sn(C6H5)2Cl]+ 309 (100), 

[Sn(C6H5)Cl]+ 231 (5.5), [Sn(C6H5)2]+ 197 (15.5), [SnCl]+ 154 (75.9), [C6H5]+ 77 (12.01)  

49 

[(C5H4N2SO)Sn(C6H5)2Cl]+ 450 (1.0), [(C5H4N2SO)Sn(C6H5)2]+ 415 (1.0), 

[(C5H5N2SO)Sn(C6H5)]+ 344 (1.02), [Sn(C6H5)2Cl]+ 309 (1.5), [Sn(C6H5)Cl]+ 232 (2.62), 

[Sn(C6H5)2]+ 196 (1.5), [C3H2NO]+ 68 (100.0) 

 

Table 4.27. Mass spectral data of complexes with HL6. 

Compound m/z (%) 

21 

[(C3H4NS2)Sn(CH3)3]+ 283 (11.2), [(C3H4NS2)Sn]+ 238 (44.6), [Sn(CH3)2]+ 150 (13.6), 

[SnCH3]+ 135 (9.7), [SSn]+ 152 (10.9), [C3H4NS2]+ 118 (61.5), [C2H6NS]+ 76 (4.8), [Sn]+ 

120.0 (100.0)  

22 
[(C3H4NS2)Sn(C4H9)3]+ 409 (6.7), [(C3H4NS2)Sn]+ 238 (14.7), [Sn(C4H9)2]+ 234 (12.0), 

[SSnC4H9]+ 208 (3.4), [Sn]+ 120 (5.9), [C3H4NS2]+ 118 (35.7), [C4H9]+ 57 (100.0)  

23 
[(C3H4NS2)Sn(C6H5)2]+ 393 (2.6), [(C3H5NS) Sn]+ 238 (8.1), Sn(C6H5)2]+ 273 (5.6), 

[SnC6H5]+ 197 (39.4), [Sn]+ 120 (6.9), [C3H4NS2]+ 118 (100.0), [C6H5]+ 77 (35.2) 

52 

[(C3H4NS2) PdCl2]+ 295 (3.1) [(C3H4NS2) Sn(CH3)3]+ 283 (11.2), [(C3H4NS2) Sn]+ 238 

(44.6), [Sn(CH3)3]+ 165 (100.0), [Sn(CH3)2]+ 150 (13.6), [PdCl]+ 141 (2.84), [SnCH3]+ 135 

(9.7), [SSn]+ 152 (10.9), [Sn]+ 120 (6.2), [C3H4NS2]+ 118 (61.5), [C2H6NS]+ 76 (4.8) 

53 

[(C3H4NS2) SnClC6H5]+ 350 (13.4), [(C3H4NS2) PdCl]+ 260 (1.39), [(C3H5NS) Sn]+ 238 

(6.3), [SnClC6H5]+ 233 (3.8), [SnC6H5]+ 197 (45.2), [SnCl]+ 155 (48.2), [PdCl]+ 141 (2.84), 

[Sn]+ 120 (13.7), [C3H4NS2]+ 118 (35.5), [C6H5]+ 77 (100.0), [C2H6NS]+ 76 (4.7) 
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Figure 4.20. EI-MS spectrum of complex 33. 
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       Figure 4.21. EI-MS spectrum of complex 35. 
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Figure 4.22. EI-MS spectrum of complex 39. 
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Figure 4.23. EI-MS spectrum of complex 40. 
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4.7 Biological activities 

4.7.1 Antibacterial activity 

All the ligands and their selective homo and heterometallic compounds were 

examined against Gram(+) and Gram(-) bacterial strains in this antibacterial study by 

following Disc Diffusion method (CLIS, 2007). The four bacterial strains selected for this 

study have many clinical implications such as Bacillus subtilis, food poisoning; 

Staphylococcus aureus, scaled skin syndrome, food poisoning and endrocarditis;  

Escherichia coli, dysentery, infection of wounds and urinary tract; Pasteurella multocida, 

wound infections after dog or cat bites, cause regional lymphadenopathy (swelling of the 

lymph nodes). The data based on antibacterial study was compared with reference drug 

(Rifampicin). Table 4.28-4.33 expressed the zone of inhibition (mm) exhibited by all tested 

compounds. 

The minimum inhibitory concentrations (MIC) for the ligands and their complexes 

used to inhibit the above cited bacterial strains were also determined (Sarkar et al., 2007). A 

sample solution (100 µL) in DMSO (10 mg/ml) was poured into the plates present in first 

row. Nutrient broth or normal saline (50 µL) was taken in all other wells. Two fold dilutions 

were made in each series. 50 µL of sample material was pipetted out in each well and tips 

were discarded after use. Now the concentration of sample is decreasing in each consecutive 

well of series. Twelve dilutions (two fold) were made with following the concentration 

ranges from 5, 2.5, 1.25, 6.25× 10-1, 3.12 × 10-1, 1.56 × 10-1, 7.81 × 10-2, 3.90 × 10-2,          

1.95 × 10-2, 9.76 × 10-3, 4.88 × 10-3 and 2.4 × 10-3 mg/ml (Sarker et al., 2007). Minimum 

inhibition dose was expressed in mg/mL. The MIC values were collected and the results were 

compared with Rifampicin (Table 4.34-4.39).  

A large number of the tested compounds possessed higher antibacterial activity as 

compared to the parent ligands. In some cases their antibacterial activity was found to be 

comparable with Rifampicin. It is interesting to note that some compounds (8, 9, 28, 29, 31 

and 33) exhibited greater activity than standard drug. Maximum inhibitory zone was 

originated at 34 mm by complex 31 against Staphylococcus aureus with suitable MIC value 

(132 μg/ml). Complex 28 also showed strong activity against Staphylococcus aureus with 30 
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mm, zone of inhibition and MIC value at 82 μg/ml. Compounds 7, 24 and 25 displayed least 

activity against all the bacterial strains. 

The composition of cell walls Gram-negative bacteria is different from Gram-positive 

bacteria. The antigenic specificity of Gram-negative bacteria is greater as compared to Gram-

positive bacteria. A resistant membrane of lipopolysaccharide covers the cell wall of Gram-

negative bacteria. In view of above observation, most of the compounds which have proved 

potent antibacterial agents against Gram-positive has been proved as moderate against Gram-

negative bacteria (Chiwal et al., 2014). 

Triorganotin(IV) complexes were found to be the most active agents against bacteria 

than the chlorodiorganotin(IV) and diorganotin(IV). Their antibacterial activity decreased in 

the order: Me3SnL > Bu3SnL > Ph3SnL (L = ligand attached to Sn species). These 

observations can be justified on the basis of rate of diffusion of low molecular weight species 

through the bacterium cell membrane than high molecular weight molecules. Some 

tributyltin(IV) complexes showed greater activity than trimethyltin(IV) compounds because 

large butyl group possessed the high lipophilic character (Bacchi et al., 2005). Some 

diorganotin(IV) complexes also exhibited strong antibacterial activities even greater than 

many triorganotin(IV) compounds.  

The complexation of organotin(IV) moieties with sulfur donor ligands enhanced their 

biological activities (Bacchi et al., 2005). When metal ion is coordinated to an organic 

ligand, its lipophilicity is increased. The penetration of the complex across lipid membrane of 

bacterial cell became more facile due to increase in its lipophilic character. The coordination 

of ligand to metal ion caused a decrease in its polarity. The binding sites of the enzymes in 

pathogens are blocked by these coordinated metal ions due to reduction in polarity. It has 

also been observed that nature of ligand attached to tin(IV) moieties also decided the 

behavior of a complex against microbes (Khandani et al., 2013).  

The palladium complexes exhibited registered activity against all the bacterial strains. 

There have been found increase in antibacterial activity of palladium(II) after coordination to 

a ligand. This increase in antibacterial activity of Pd(II) have been justified by Overton’s 

concept of permittivity of chelation theory presented by Tweedy (Tamayo et al., 2014). 

Metal ions inhibit bacterial cell activities by penetrating inside it. The cell membrane has 
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lipid as a major constitute. According to Overton’s concept, only those species can pass 

through the cell membrane which is more easily soluble in lipids. The antimicrobial activity 

depends on the extent of lipophilicity present in metal complexes. Tweedy’s theory explains 

that donation of electron pair from ligand to metal reduces the polarity of the Pd(II) ion. The 

lipophilicity of the metal ion is also increased due to exchange of its positive charge to 

ligand. This increase in lipophilicity metal ions resulted an enhance in antimicrobial activity 

of the Pd(II) in complexes. 

Thus homobimetallic complexes of tin possessed appreciably higher inhibitory 

activities for the bacterial strains as compared to their ligands precursors. The 

homobimetallic complexes of tin(IV) possessed remarkable antibacterial activity as 

compared to bimattic complexes of Pd(II) and Sn(IV). The bimetallic complexes having a 

simultaneous incorporation of palladium and tin have exhibited markedly lower activities 

than the complexes having only a tin(IV) coordination with the ligands. The bimetallic 

complexes of palladium(II) have showed the least activity as compared to homobimetallic 

(Sn,Sn) and heterometallic (Pd,Sn) complexes (Hussain et al., 2015). 
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Table 4.28. Antibacterial activity dataa of complexes of HL1. 

Compound No. 

Bacterial inhibition zone (mm) 

Escherichia 

Coli 

Pasteurella 

multocida 

Bacillus 

subtilis 

Staphylococcus 

aureus 

HL1 16 18 21 19 

1 18 19 - 22 

2 26 - 22 24 

28 19 23 30 25 

Rifampicin 25 27 25 24 

Concentration: 10 mg/mL in DMSO. 

a0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. 

 

 

 

Table 4.29. Antibacterial activity dataa of complexes with HL2. 

Compound No. 

Bacterial inhibition zone (mm) 

Escherichia 

Coli 

Pasteurella 

Multocida 

Bacillus 

subtilis 

Staphylococcus 

aureus 

HL2 16 19 15 14 

3 19 20 - 20 

4 17 - 23 - 

5 15 19 24 19 

29 22 23 25 28 

Rifampicin 25 27 25 24 

Concentration: 10 mg/mL in DMSO. 

a0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. 

 

 



 
 

125 
 

Table 4.30. Antibacterial activity dataa of complexes with HL3. 

Compound No. 

Bacterial inhibition zone (mm) 

Escherichia 

Coli 

Pasteurella 

multocida 

Bacillus 

subtilis 

Staphylococcus 

aureus 

HL3 6 5 4 3 

6 11 14 15 18 

7 8 - 12 11 

Rifampicin 25 27 25 24 

Concentration: 10 mg/mL in DMSO. 

a0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. 

 

 

Table 4.31. Antibacterial activity dataa of complexes with HL4. 

Compound No. 

Bacterial inhibition zone (mm) 

Escherichia 

Coli 

Pasteurella 

multocida 

Bacillus 

subtilis 

Staphylococcus 

aureus 

HL4 7 4 7 4 

8 26 27 29 28 

9 24 26 - 25 

10 20 21 18 17 

31 28 27 32 34 

32 22 21 17 18 

Rifampicin 25 27 25 24 

Concentration: 10 mg/mL in DMSO. 

a0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. 
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Table 4.32. Antibacterial activity dataa of complexes with HL5. 

Compound No. 

Bacterial inhibition zone (mm) 

Escherichia 

Coli 

Pasteurella 

multocida 

Bacillus 

subtilis 

Staphylococcus 

aureus 

HL5 4 3 4 5 

11 21 22 18 20 

12 - 22 25 24 

13 20 21 24 23 

33 23 25 27 - 

51 16 13 18 18 

20 10 - 11 13 

Rifampicin 25 27 25 24 

Concentration: 10 mg/mL in DMSO. 

a0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. 

Table 4.33. Antibacterial activity dataa of complexes with HL6. 

Compound No. 

Bacterial inhibition zone (mm) 

Escherichia 

Coli 

Pasteurella 

multocida 

Bacillus 

subtilis 

Staphylococcus 

aureus 

HL6 - - - - 

24 14 16 17 20 

25 10 9 8 8 

26 - 9 6 7 

54 - 21 25 22 

55 20 - 20 24 

Rifampicin 25 27 25 24 

Concentration: 10 mg/mL in DMSO. 

 a0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. 
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Table 4.34. MIC (bacterial) of complexes with HL1. 

Compound No. 

Minimum Inhibitory Concentration (μg/ml) 

Escherichia 

Coli 

Pasteurella 

multocida 

Bacillus 

subtilis 

Staphylococcus 

aureus 

HL1 163 175 223 199 

1 115 121 - 127 

2 176 - 201 214 

28 106 98 82 91 

Rifampicin 125 87 112 124 

 

 

 

 

 

 

Table 4.35. MIC (bacterial) of complexes with HL2. 

Compound No. 

Minimum Inhibitory Concentration (μg/ml) 

Escherichia 

Coli 

Pasteurella 

multocida 

Bacillus 

subtilis 

Staphylococcus 

aureus 

HL2 224 184 241 253 

3 199 218 - 225 

4 224 - 252 - 

5 152 162 145 138 

29 131 112 129 107 

Rifampicin 125 87 112 124 
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Table 4.36. MIC (bacterial) of complexes with HL3. 

Compound No. 

Minimum Inhibitory Concentration (μg/ml) 

Escherichia 

Coli 

Pasteurella 

multocida 

Bacillus 

subtilis 

Staphylococcus 

aureus 

HL3 376 387 354 365 

6 294 257 239 241 

7 248 - 216 225 

Rifampicin 125 87 112 124 

 

 

 

 

 

 

Table 4.37. MIC (bacterial) of complexes with HL4. 

Compound No. 

Minimum Inhibitory Concentration (μg/ml) 

Escherichia 

Coli 

Pasteurella 

multocida 

Bacillus 

subtilis 

Staphylococcus 

aureus 

HL4 176 165 213 203 

8 132 113 127 125 

9 148 129 - 135 

10 149 135 148 139 

31 117 94 120 132 

32 152 146 181 159 

Rifampicine 125 87 112 124 
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Table 4.38.  MIC (bacterial) of complexes with HL5. 

Compound No. 

Minimum Inhibitory Concentration (μg/ml) 

Escherichia 

Coli 

Pasteurella 

multocida 

Bacillus 

subtilis 

Staphylococcus 

aureus 

HL5 387 412 397 376 

11 156 185 169 172 

12 - 194 170 179 

13 191 210 165 180 

33 123 136 113 - 

51 173 164 141 153 

20 201 - 185 186 

Rifampicine 125 87 112 124 

 

 

 

Table 4.39.  MIC (bacterial) of complexes with HL6. 

Compound No. 

Minimum Inhibitory Concentration (μg/ml) 

Escherichia 

Coli 

Pasteurella 

multocida 

Bacillus 

subtilis 

Staphylococcus 

aureus 

HL6 - - - - 

24 134 119 120 126 

25 141 136 126 132 

26 - 148 135 134 

54 - 105 116 126 

55 131 - 127 127 

Rifampicine 125 87 112 124 
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4.7.2 Antifungal activity 

The antifungal activity of all the ligands and their newly synthesized complexes was 

tested against fungal strains; A. niger, A. flavus, R. solani and A. alternate. Both antifungal 

activity and the minimum inhibitory concentrations of these compounds were examined by 

adopting Disc Diffusion Method and fluconazole was taken as standard drug (Sarkar et al., 

2007). Results of antifungal activity are shown in Tables 4.40-4.45.  

In Minimum inhibitory concentrations determination, a sample solution (100 µL) in 

DMSO (10 mg/ml) was poured into the plates present in first row. Nutrient broth or normal 

saline (50 µL) was taken in all other wells. Two fold dilutions were made in each series. 50 

µL of sample material was piptted out in each well and tips were discarded after use. Now 

the concentration of sample is decreasing in each consecutive well of series. Twelve dilutions 

(two fold) were made with the concentration ranges from 5, 2.5, 1.25,      6.25× 10-1, 3.12 × 

10-1, 1.56 × 10-1, 7.81 × 10-2, 3.90 × 10-2, 1.95 × 10-2, 9.76 × 10-3, 4.88 × 10-3 and 2.4 × 10-3 

mg/ml (Sarkar et al., 2007). The data of MIC have been presented in Tables 4.46-4.51. In all 

the complexes, MIC values are higher than standard but lower than ligand.  

Triorganotin(IV) derivatives 3, 6, 8, 9, 11, 12 and 13 are found to be strong antifungal 

agents. However, compound 1, 2 and 7 also exhibited significant activity against almost all 

fungal strains although they were diorganotin(IV) derivatives. Some compounds 2, 4, 9, 10, 

25, 28, 32, 54, 55 showed no activity against some fungi, despite having a better activity 

against other fungal strains. Most of the metal complexes exhibited greater antifungal activity 

than the corresponding ligands. Compound 28 showed better inhibitory action (25 mm) 

against Aspergillus flavus than the standard drug. The best antifungal activity was observed 

in the case of complex 33 having 22 mm inhibition zone at low value of MIC, 110 (μg/ml). 

The biological activity and MIC values of the complexes depended upon the nature and 

number of organic moieties and ligands attached to metal center (Koshy et al., 2001).  

The following main points are noted during antifungal study: 

 Almost all the complexes to be studied were observed to possess significantly higher 

antifungal activities when compared with the parent ligands.  
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 Antifungal ability of the synthesized complexes was also comparable to the standard 

drug (Fluconazol). 

 Diorganotin(IV) derivatives were found to be less active as compared to their 

respective triorganotin(IV) complexes. 

 Pd(II) complexes showed lower activity as compared to their organotin(IV) 

complexes with the same ligands. 

 Homo bimetallic and trimetallic complexes of tin exhibited were most efficient than 

monometallic complexes. 

 A decrease of antifungal activities was observed for heterobimetallic (Sn, Pd) 

complexes as compared to activities shown by their corresponding homobimetallic 

(Sn, Sn) complexes.  

It is revealed that coordination of ligand with metal caused an increase in antifungal 

activity of organotin(IV) species. The nature of organic substituent and geometries of 

complexes in solution decided the increase in activity of complexes. The highest antifungal 

behavior was observed by metal ions which existed as tetrahedral forms in solution (Tahira   

et al., 2011; Samota et al., 2010). The data of MIC also support the idea that nature of 

substituent in a complex decided the strength of antifungal activity. This can be explained on 

the basis that lipophilicity of a complex is highly affected by nature of the substituent (Khan 

et al., 2010). The following three possible factors may decide the overall antifungal activity 

of the complexes:  

i) lipophilic character of complex  

ii) Diffusion of complex across cell membrane  

iii) the nature of fungal strain 

The first two factors are related to nature of the substituent attached and sometimes 

oppose each other. i.e., by increasing in chain length of substituent, lipophilicity of complex 

increased but its rate of diffusion is decreased. The higher lipophilic character is responsible 

for highest antifungal activity associated with triorganotin(IV) complexes. On the other hand, 

diffusion is responsible for increase in activity of diorganotin(IV) complexes. In some cases 
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diorganotin(IV) exhibited better results on the basis of their more diffusive behavior due to 

their smaller size (Parveen et al., 2015). 

There is no well-known mechanism which can explain the interaction between 

antimicrobial agent and micro-organism. The interaction of complexes with microbes has 

been explained in different possible ways. One possibility is the transportation of metal ion 

moieties by ligands (organic specie) to the target. At the site of action within microbe cells, 

hydrolysis of complex occur which release the metal ions (Hussain et al., 2015). The metal 

ions may develop secondary interactions with different functional parts of a cell of 

microorganism. This will inhibit movement of ribosomal RNA across the cell membrane. 

The synthesis of protein in cell is stopped due to unavailability of rRNA. As a result, 

production of DNA is blocked in the cell nucleus (Zia-u-Rehman et al., 2012a). The binding 

of ligand to organotin(IV) species enhanced the lipophilic character of metal ion. The 

exchange of positive charge of metal ion to ligand reduces the polarity of tin center. The 

reduction of polarity increased the lipophilicity of metal ion in a complex. The migration of 

the metal ion across the cell membrane became more facile due to its greater solubility in 

lipid layer (Jabbar et al., 2012). 

The data obtained from antifungal and antibacterial study depicted the newly 

synthesized complexes exhibited strong inhibition power against these microorganisms. The 

results are in accordance with the antimicrobial studies reported earlier in literature. 

However, comparison of the results with previous literature is quite difficult due to the 

different methodology and strains assayed (Rafiq et al., 2014).    
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Table 4.40. Antifungal activity dataa of complexes with HL1. 

Compound No. 

Fungal inhibition zone (mm) 

Aspergillus  

Niger 

Aspergillus 

flavus 

Rhizoctonia 

solani 

Alternaria 

alternata 

HL1 17 19 20 13 

1 20 22 21 22 

2 19 16 18 - 

28 - 25 23 22 

Fluconazole 23 23 24 25 

Concentration: 10 mg/mL in DMSO. 

a0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. 

 

 

 

Table 4.41. Antifungal activity dataa of complexes with HL2. 

Compound No. 

Fungal inhibition zone (mm) 

Aspergillus  

Niger 

Aspergillus 

flavus 

Rhizoctonia 

solani 

Alternaria 

alternata 

HL2 14 12 13 18 

3 17 15 14 - 

4 15 - 16 14 

5 14 14 16 15 

29 19 20 22 21 

Fluconazole 23 23 24 25 

Concentration: 10 mg/mL in DMSO. 

a0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. 
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Table 4.42. Antifungal activity dataa of complexes with HL3. 

Compound No. 

Fungal inhibition zone (mm) 

Aspergillus  

Niger 

Aspergillus 

flavus 

Rhizoctonia 

solani 

Alternaria 

alternate 

HL3 15 14 18 18 

6 18 19 17 21 

7 17 15 19 16 

Fluconazole 23 23 24 25 

Concentration: 10 mg/mL in DMSO. 

a0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. 

 

 

 

Table 4.43. Antifungal activity dataa of complexes with HL4. 

Compound No. 

Fungal inhibition zone (mm) 

Aspergillus 

Niger 

Aspergillus 

flavus 

Rhizoctonia 

Solani 

Alternaria 

alternate 

HL4 8 9 12 10 

8 15 14 16 19 

9 18 - 12 16 

10 14 15 13 - 

31 20 19 18 17 

32 - 10 12 11 

Fluconazole 23 23 24 25 

Concentration: 10 mg/mL in DMSO. 

a0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. 
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Table 4.44. Antifungal activity dataa of complexes with HL5. 

Compound No. 

Fungal inhibition zone (mm) 

Aspergillus 

niger 

Aspergillus 

flavus 

Rhizoctonia 

solani 

Alternaria 

alternate 

HL5 3 4 3 5 

11 17 15 16 21 

12 18 15 16 19 

13 16 19 17 15 

33 20 18 19 22 

51 15 16 13 14 

20 9 10 12 14 

Fluconazole 23 23 24 25 

Concentration: 10 mg/mL in DMSO. 

a0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. 

 

Table 4.45. Antifungal activity dataa of complexes with HL6. 

Compound No. 

Fungal inhibition zone (mm) 

Aspergillus 

Niger 

Aspergillus 

flavus 

Rhizoctonia 

solani 

Alternaria 

alternate 

HL6 3 4 4 3 

24 12 11 10 13 

25 - 9 12 11 

26 11 12 10 10 

54 15 14 - 12 

55 14 - 15 16 

Fluconazole 23 23 24 25 

Concentration: 10 mg/mL in DMSO. 

a0 = No activity, 5-10 = Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. 
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Table 4.46. MIC (antifungal) data of complexes with HL1. 

Compound No. 

Minimum Inhibitory Concentration (μg/ml) 

Aspergillus 

Niger 

Aspergillus 

flavus 

Rhizoctonia 

solani 

Alternaria 

alternate 

HL1 219 167 173 264 

1 185 - 141 179 

2 204 153 162 195 

28 - 149 140 173 

Fluconazole 134 132 122 114 

 

 

 

 

 

 

Table 4.47. MIC (antifungal) data of complexes with HL2. 

Compound No. 

Minimum Inhibitory Concentration (μg/ml) 

Aspergillus 

Niger 

Aspergillus 

flavus 

Rhizoctonia 

solani 

Alternaria 

alternate 

HL2 409 398 392 406 

3 225 217 211 - 

4 216 - 228 247 

5 249 276 264 199 

29 186 174 159 162 

Fluconazole 134 132 122 114 
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Table 4.48. MIC (antifungal) data of complexes with HL3. 

Compound No. 

Minimum Inhibitory Concentration (μg/ml) 

Aspergillus  

Niger 

Aspergillus 

flavus 

Rhizoctonia 

solani 

Alternaria 

alternate 

HL3 367 384 346 434 

6 226 192 210 235 

7 243 205 224 219 

Fluconazole 134 132 122 114 

 

 

 

 

 

 

 

Table 4.49. MIC (antifungal) data of complexes with HL4. 

Compound No. 

Minimum Inhibitory Concentration (μg/ml) 

Aspergillus 

Niger 

Aspergillus 

flavus 

Rhizoctonia 

solani 

Alternaria 

alternate 

HL4 326 267 276 305 

8 173 161 158 169 

9 184 - 177 195 

10 226 214 252 - 

31 142 139 150 149 

32 - 234 257 263 

Fluconazole 134 132 122 114 
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Table 4.50. MIC (antifungal) data of complexes with HL5. 

Compound No. 

Minimum Inhibitory Concentration (μg/ml) 

Aspergillus 

niger 

Aspergillus 

flavus 

Rhizoctonia 

solani 

Alternaria 

alternate 

HL5 405 387 408 369 

11 199 236 224 217 

12 234 263 223 165 

13 245 258 251 264 

33 114 125 122 110 

51 162 152 138 147 

20 312 301 276 251 

Fluconazole 134 132 122 114 

 

 

 

Table 4.51. MIC (antifungal) data of complexes with HL6. 

Compound No. 

Minimum Inhibitory Concentration (μg/ml) 

Aspergillus 

Niger 

Aspergillus 

flavus 

Rhizoctonia 

solani 

Alternaria 

alternate 

HL6 326 414 376 404 

24 178 181 165 159 

25 - 240 235 242 

26 251 267 286 260 

54 194 167 - 186 

55 151 - 153 138 

Fluconazole 134 132 122 114 
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4.7.3 Hemolytic activity  

The effect of a drug on red blood cell during treatment has been checked by 

hemolytic activity of the compounds. The use of even potent antimicrobial agents has not 

been recommended as medicines if they show strong hemolytic activity. The standard 

hemolytic method was applied to find out in vitro hemolytic activity of the ligands and 

representative metal derivatives using the sample with concentration10 mg/ml in DMSO 

solution (Jabeen et al., 2012). The data obtained for hemolytic activity of the samples was 

compared with both negative control, Phosphate buffered saline (PBS) and positive control, 

Triton-X 100. The results for hemolytic study has been presented in the Figures 4.24-4.29.  

Hemolytic activities of all the ligands and their complexes have been found slightly 

higher than PBS but remarkably lower than Triton X-100. The hemolytic activity of the 

complexes belongs to HL1 and HL4 were found to be less than that of the ligands. The 

complex 12 showed the highest hemolytic effect (80.63 %) while complex 10 had the lowest 

toxicity (2.87 %). The hemolytic effect of all the other compounds has been noted between 

this range 2.87-80.63 %. It was concluded that some complexes (2, 10 & 29) may be proved 

as good medicine on the basis of the results obtained from antimicrobial study and hemolytic 

study. The hemolytic effect of these compounds has been found very low (7.51 %, 2.87 % & 

3.63 %) but they are potent antibacterial and antifungal agents. So these complexes can be 

used as safe antibiotic agents.  

Hemolysis of red blood cells happens when bi-layer lipid membrane ruptured. The 

destruction of red blood cells caused the release of hemoglobin to the supernatant of cell 

suspension. The mechanism of this process is complicated and consists of different type of 

biological damages (Zohra & Fawzia, 2014). The complexes caused the pores and lesions on 

the surface of the membrane which is a start of the destruction of membrane. For example, 

tributyltin(IV) disrupts the membrane of red blood cell directly and results into hemolysis of 

cell (Ortiz et al., 2005). Red blood cells have more complex nature as compared to 

phospholipid vesicles. The destruction properties of organotin(IV) are due to in part to their 

effect on membrane hydration. The effect of triphenyltin(IV) was also similar to 

tributyltin(IV) but less pronounced. This hemolysis relates to potency and chemical 

composition of the complex (Pagliarani et al., 2012). 
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Figure 4.24. Hemolytic activities of complexes with HL1.  Concentration: 10 mg/mL in 

DMSO.  Triton X-100 taken as positive control (97 % lysis) and PBS as negative control   

(1.5 % lysis). 

 

 

Figure 4.25. Hemolytic activities of complexes with HL2. Concentration: 10 mg/mL in 

DMSO. Triton X-100 taken as positive control (97 % lysis) and PBS as negative control    

(1.5 % lysis). 
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Figure 4.26. Hemolytic activities of complexes with HL3. Concentration: 10 mg/mL in 

DMSO. Triton X-100 taken as positive control (97 % lysis) and PBS as negative control    

(1.5 % lysis). 

 

 

 

Figure 4.27. Hemolytic activities of complexes with HL4. Concentration: 10 mg/mL in 

DMSO. Triton X-100 taken as positive control (97 % lysis) and PBS as negative control    

(1.5 % lysis). 
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Figure 4.28. Hemolytic activities of complexes with HL5. Concentration: 10 mg/mL in 

DMSO. Triton X-100 taken as positive control (97 % lysis) and PBS as negative control    

(1.5 % lysis). 

 

 

Figure 4.29. Hemolytic activities of complexes with HL6. Concentration: 10 mg/mL in 

DMSO. Triton X-100 taken as positive control (97 % lysis) and PBS as negative control    

(1.5 % lysis). 
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4.7.4 Biofilm inhibition activity 

The biofilms of two bacterial strains (B. subtilis & E.coli) produced on inert substrata 

were used to study the inhibition of these biofilms by the ligands and the synthesized 

complexes. The solution of compounds has been prepared in DMSO (10 mg/ml) for this 

study. The results are shown in the Figure 4.30-4.4.35. Rifampicin was used as reference and 

the antibiofilm activity is reported as percentage inhibition. The results are based on the 

inhibition ability (percentage) of the tested compounds to the colony of bacterial cells on the 

inert substratum appeared in plastic wells. For all tested complexes, antibiofilm activity was 

found to be present between the values obtained for Rifampicin and for DMSO alone. The 

biofilm produced by B. subtilis was significantly inhibited by a complex of ligand HL5 (51) 

(Figure 4.34).  In some case, free ligands exhibited higher antibiofilm activity than 

synthesized complexes. The antibiofilm activity of ligand HL6 against both bacterial strains 

was found to be highest and comparable to the activity of reference drug (Figure 4.35). 

Almost all the samples possessed efficient antibacterial activity against the planktonic 

form of bacteria, but weak activity of these compounds has been observed against biofilm of 

the same strains. Some complexes for example, 4, 6, 24 and 51 which exhibited potent 

antibacterial activity have also been proved active against biofilm development. These 

compounds can found their potential use as antibiofilm agents. 

The image for antibiofilm activity of ligand (HL6), complex (2), positive control 

(Rifampicin) and negative control (DMSO) were obtained which are given in Figures 4.36-

4.39. These images are taken with phase contrast microscopy. Image of negative control 

(Figure 4.38) shows dark shaded areas which are the organized structure of bacterial biofilms 

on inert substrata. A few dark colored spots indicating the presence of bacterial biofilms are 

seen on image obtained for antibiofilm activity of reference drug (Figure 4.39) which showed 

maximum inhibition ability of Rifampicin. The image of ligand HL6 (Figure 4.36) resembles 

to positive control greater biofilm and possesses inhibition ability while complex (2) shows 

minimum inhibition power as represented in Figure 4.37. 

Many microorganisms have ability to form biofilms on the inert support which have 

proved highly resistant to a wide range of current antimicrobial agents. Many infections are 

hard to treat due to formation of biofilms of microbes on the tissue surface or the implanted 
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devices (Girasolo et al., 2005). The penetration of drug into the biofilm becomes difficult due 

to formation of viscous extracellular matrix on its surface. It also resist to adsorption or 

binding of drug to biofilms. The infection caused by microbes has become serious owing to 

physiological different attributes. i) The microbes attacks at human cells and adhere on its 

surface. ii) They form biofilms on human mucosa or other artificial surfaces e.g. catheters, 

dental devices. These biofilms of microbes are clinically relevant. These biofilms proved 

more resist against antimicrobial treatments as compared to their planktonic forms because 

they shield the microbes from host immune defense (Karale, 2016). Biofilm formation is the 

initial step of the complex marine biofouling process, limiting the performance of submerged 

surfaces in numerous applications. A biofilm even forms on surface coated with paints and in 

most cases it acts as surface to which macrofoulers attach. Knowledge about biofilms 

development opens perspective for new approaches to reduce biofilm formation (Vladkova   

et al., 2014). 

It is most probable that the substances inhibit the formation of biofilm on different 

substrata by interference in the synthesis of the polysaccharidic substance, glycocalyx. 

Glycocalyx can form capsule or slime which is responsible for the formation of biofilms on 

inert surfaces (Reiss, 2014). These substances can inhibit the formation of biofilms by 

disturbing the metabolic pathways of bacteria which became unable to produce many 

microbial components especially those involved in process of adherence and biofilm 

development of microbes on inert substrata (Vladkova et al., 2014).  
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Figure 4.30. Antibiofilm activity of complexes with ligand HL1. 

Concentration: 10 mg/mL in DMSO. 

 

 

 

 

 

Figure 4.31. Antibiofilm activity of complexes with ligand HL2. 

Concentration: 10 mg/mL in DMSO. 
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Figure 4.32. Antibiofilm activity of complexes with ligand HL3. 

Concentration: 10 mg/mL in DMSO. 

 

 

 

Figure 4.33. Antibiofilm activity of complexes with ligand HL4. 

Concentration: 10 mg/mL in DMSO. 
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Figure 4.34. Antibiofilm activity of complexes with ligand HL5. 

Concentration: 10 mg/mL in DMSO. 

 

 

 

 

 

Figure 4.35. Antibiofilm activity of complexes with ligand HL6. 

Concentration: 10 mg/mL in DMSO. 

 

0

10

20

30

40

50

60

70

80

90

100

HL5 12 33 51 Rifampicine

In
h

ib
it

io
n

 (
%

ag
e

)

B. subtilis

E. coli

0

10

20

30

40

50

60

70

80

90

100

HL6 24 25 54 Rifampicine

In
h

ib
it

io
n

 (
%

ag
e

)

B. subtilis

E. coli



 
 

148 
 

 

           

 

 Figure 4.36. Image for the antibiofilm activity of ligand (HL6). 

Biofilm against B. Subtilis. 

 

 

 

                        

Figure 4.37. Image for the antibiofilm activity of complex 2. 

Biofilm against B. Subtilis. 
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          Figure 4.38. Image for the antibiofilm activity of negative control.                  

 Biofilm against B. Subtilis. 

 

                          

Figure 4.39. Image for the antibiofilm activity of positive control. 

Biofilm against B. Subtilis. 
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CONCLUSIONS 

Dithiocarbamate salts of the ligands (HL1, HL2 and HL3) have been synthesized by the 

reaction of KOH and CS2 with ligands in methanol in good yield while other ligands (HL4, 

HL5, HL6) containing thiol group were used without any modification. Organotin(IV) and 

palladium dithiocarbamates, phenolates and thiolates were prepared in high yields by the 

treating R3SnCl/R2SnCl2 (R = Me,  n-Bu, Ph)/PdCl2 with the potassium salts of 

dithiocarbamate and the free ligands. The products were subsequently treated with 

organotin(IV) chlorides or palladium chloride to yield homo bi- and trimetallic (Sn,Sn or 

Pd,Pd) complexes. These reactions were conducted in methanol and toluene. Hetero bi and 

trimetallic (Sn,Pd) complexes were obtained at room temperature by the treating the ligands 

with R3SnCl/R2SnCl2 followed by reaction with PdCl2(aq).  

The formation of complexes between the ligands and Sn(IV) or Pd(II) ions has been 

suggested by comparing IR spectra of the ligands and the synthesized complexes. New 

vibrational bands associated with Sn-S and Pd-S etc. were examined in Far IR region in 

spectra of complexes. The stretching (C-S) values indicated bidentate/monodentate linkage 

of the ligands in dithiocarbamate and thiolate complexes, respectively. 

In UV/Vis spectra of Pd(II) complexes, both intra ligand and charge transfer transitions has 

been observed in UV region. Single peak (LMCT) appeared in UV region for each complex 

but they are inactive in visible region. The data obtained from UV/Vis study pointed out 

square planner geometries for Pd(II) complexes in solution form. 

NMR (1H and 13C) spectra revealed two separate sets of signals for the organotin moieties 

bound to oxygen and sulfur. The signals appeared in NMR spectra of the ligands and their 

derivatives confirmed the coordination of the ligand to metal. On the basis of coupling 

constants, 1J(119/117Sn, 13C) and 2J(119/117Sn, 1H), it was concluded that tin atom was tetra-

coordinated in triorganotin(IV), hexa-coordinated and penta-coordinated in diorganotin(IV) 

derivatives in solution form.  

The mass spectral (EI-MS) study, molecular ion (M+) peaks were observed only in few cases. 

The fragmentation pattern obtained on mass spectra were found to be agreed well with the 

proposed structures of the investigated complexes. 
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The antibacterial and antifungal activities were found higher for organotin(IV) complexes as 

compared to palladium(II) complexes and their ligand precursors. Homotrimetallic 

complexes of organotin(IV) showed highest antimicrobial activity.  

The values of hemolytic activities (%) have been found in between the range of positive 

control (triton X-100) and negative control (PBS).  The data obtained from hemolytic study 

of the ligands and complexes showed that complexes will be proved safe for use as 

complexes as antimicrobial agents.  

Some of the complexes also exhibited significant antibiofilm activity against bacterial 

culture. So these compounds can be considered as new candidates for the control of biofilm 

in these organisms. Our study is the first report of the use of homo/heterobi and trimeallic as 

inhibitor of biofilm formation. 

The data obtained from the antimicrobial study and hemolytic study revealed that the 

synthesized complexes possessed excellent antimicrobial activities. They are good 

antimicrobial agents with high inhibitory effect and low hemolytic activities. So they may be 

used in biomedical and pharmaceutical fields as potent antimicrobial agents. 
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