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Abstract 

In the present study, monometallic, homo- and heterobimetallic complexes containing 

tin(IV), tin(IV)-tin(IV) and tin(IV)-palladium(II), respectively with various [O,O], [O,S] and 

[S,S] donor ligands have been synthesized. The ligands used were 3-[4-(2-

hydroxyethyl)phenylamido] propenoic acid (HL1), 3-[IH-indazolyl-6-amido]propenoic acid 

(HL2), 3-[5-methyl-1H-pyrazol-3-amido]propenoic acid (HL3), 3-[4-(2-hydroxyethyl) 

phenylamido]propanoic acid (HL4), 3-[5-methyl-1H-pyrazol-3-amido]propanoic acid (HL5), 

2-[IH-indazolyl-6-amido]benzoic acid (HL6), 3-amino-1,2,4-triazole,5-carboxylic acid 

(HL7), 1H-1,2,4-triazole-3-thiol (HL8), 2-mercapto-5-methyl benzimidazole (HL9), 5-amino-

3H-1,3,4-thiadiazole-2-thiol (HL10). The free ligands or their salts were treated with 

organotin chlorides and/or palladium chloride in methanol/water to synthesize the complexes 

1-84. 

The purity of the products was tested using TLC. The coordination mode of ligands, 

structural confirmation and geometry assignment of the complexes both in solid and solution 

states were made, using different analytical techniques such as elemental analysis, IR, UV 

visible spectroscopy, NMR (1H, 13C), mass spectrometry and X-ray single crystal analysis. IR 

data suggested a bidentate bonding of the carboxylate (COO−) and dithiocarbamate moieties 

(CSS−) with few exceptions of monodentate bonding. The triorganotin(IV) complexes 

exhibited polymeric trigonal bipyramidal geometry in solid state while monomeric 

tetrahedral geometry in solution state. The chlorodiorganotin(IV) 

carboxylates/thiocarbamates showed trigonal bipyramidal environment around tin(IV) both 

in solid and solution state. Spectroscopic data supported the tetrahedral geometry both in 

chlorodi- and triorganotin(IV) complexes with thiol donor site (-SH) of the ligands. UV-

visible absorption data demonstrated a square planar geometry around Pd(II). The mass (EI-

MS) fragmentation pattern agreed well with the molecular skeleton of the investigated 

complexes. The synthesized complexes were also screened for their biological activities such 

as antibacterial, antifungal and cytotoxicity. The results showed that triorganotin(IV) 

complexes exhibited more bactericidal, fungicidal and cytotoxic effects than diorganotin(IV) 

complexes. The synthesized complexes possessed hemolytic activities sufficiently lower as 

compared to triton X-100 and higher than PBS.  
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Chapter 1 

     INTRODUCTION 

1.1 Tin  

Tin is a ductile, flexible and crystal-like silvery-white metal. It shows two allotropic forms 

near the room temperature. The first form is gray tin which is known to stable at 

temperatures lower than 13.2. Gray tin slowly converts into the second form white tin at the 

temperature greater than 13.2 °C. The normal form of the metal is believed to be white tin 

which has numerous applications. This normal form converts into the second form gray tin 

when the temperature drops below 13.2 °C. The addition of slight quantities of antimony or 

bismuth to the white tin can avoid this transformation. Tin metal is located in the fourteenth 

group and fifth period of the modern periodic table. The atomic number of tin is 50 and its 

nuclear mass is 118.71 amu. Tin is represented by symbol Sn and it is also called stannum in 

Latin. The electronic configuration assigned to tin metal is [Kr] 4d10 5s2 5p2. Due to the 

broad range of application, elements of the periodic table of group 14 are play important role 

in the life of human beings. Due to the specific significance, these elements have been placed 

in ‘Main Group Metal Elements’ in the periodic table. 

1.2 Properties of tin 

The electronic configuration of  Sn shows that it has four electrons in the valence shell with 

II and IV oxidation state. Amphoteric nature exhibited by Sn(IV) while positive nature shows 

by Sn(IV). At ambient temperatures Sn is inert towards hydrogen, water, oxygen ammonia 

and nitrogen. On tin surface, a thin layer of oxide appear when at high temperature water 

vapors and oxygen react with metal. In the same manner, presence of oxygen, tin is at white 

it burn with a flame of  pale white and made tin(IV) oxide. The 6th group member, tellurium, 

selenium and sulfur react with Sn strongly when heated at high temperature (Omae, 1989). 

Metallic tin due to amphoteric property shows vulnerable behavior towards hydrogen halides. 

Alkaline stannite and hydrogen is formed when dissolve in warm aqueous solution of  alkali 

hydroxide. Stannous sulfide form when tin react with dry hydrogen sulfide dry at              

100-400 oC.  Phosphorous pentachloride, on treating at 170 oC with fine powdered tin 

reduces into phosphorous trichloride which stannic chloride at the final stage (Omae, 1989). 
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Different analytical ttechniques are used for structural determination of tin complexes due to 

presence of tin in natural as well as radioactive isotopes (Weissin, 1966; Poller, 1970). In 

NMR studies, three isotopes of tin 119Sn, 117Sn and 115Sn of relative abundances, 7.67, 8.68 

and 0.35 %  respectively suitable for nuclear magnetic resonance which are magnetically 

active (I = 1/2 (Harris et al., 1978). In  Mössbauer spectroscopy, excellent source of  gamma 

rays is 19mSn (Silver, 1999). 

1.3 Organotin compounds 

Organotin compounds can be defined as the compounds which contain one covalent bond 

between the carbon and tin (C-Sn bond) and represented by the general formula   RnSnX4-n, 

X may be a group, a metal, hydrogen, bonded to Sn via halogen, sulfur, oxygen and nitrogen, 

etc. and n is 1 to 4. Organotin compounds base on the number of organic moieties, divided 

00into tetra- tri-, di- and mon- (R4Sn, R3SnX, R2SnX2, RSnX3). R is any aryl group or alkyl 

whereas X shows carboxylate, oxide, hydroxide, thiolates or halide) is an anionic species or a 

moiety which are bonded to tin through sulfur, halogen, oxygen and nitrogen, etc. (El-Sherif 

et al., 2012). 

In 1849 Edward Frankland isolated a specimen of diethyltin diiodide Et2SnI2.  He studied the 

reaction of ethyl iodide and metallic tin at high temperature 150-200 °C  (Frankland, 1849). 

But after a long time of the synthesis, commercial application start in 1940’s when organotin 

use as PVC stabilizer and detail study start in that field. 

 

On comparison of strength of bond (Si-C) bond becomes stronger then Sn-C bond, due to 

non-polar nature of bond. That’s way (Si-C) bond show stable behavior in the presence of 

air, many nucleophilic moieties and moisture. However, break down of bond (Sn−C) made 

possible by using different reagents, including mineral acids, metal halides and halogens, etc. 

The coordination numbers in organotin compounds are greater than four are commonly occur 

due to larger size of tin metal atom and 5d atomic orbitals which are low-lying and empty. 

The application of organotin compounds in industry (Das et al., 1992; Davies, 1997; Smith, 

1998) based on the liability of the anion X, stability of the bond (Sn−C) and variation in 

coordination number. Due to these properties, organotin(IV) used in different chemical 
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processes like transformations, transmetalation reactions, catalysts, addition to unsaturated 

compounds, and PVC stabilizers.  

1.3.1 Synthesis of organotin compounds 

Grignard reaction 

This reaction is used to prepare tetraorganotins, R4Sn. In this reaction firstly a Grignard 

reagent RMgBr is prepared by reacting an organic bromide, RBr, with Mg turning. The 

tetraorganotins are prepared by the reaction of this reagent with stannic chloride, SnCl4. 

Reaction conditions for the synthesis of tetraorganotin compounds are 80 °C temperature and 

THF as a solvent (Aylett, 2012). 

 

Wurtz method 

The basis of this reaction is the in situ reaction between Sodium, alkyl halide and tin 

tetrahalides (SnX4). There are some disadvantages to this reaction. The biggest drawback is 

that enormous amount of solvent should be used (Cima et al., 2003).  

 

Organoaluminium method 

This method is also convoyed by the production of R3SnX, R2SnX2, and RSnX3. 

Direct synthesis 

Sir Edward Frankland used direct method to obtain organotin compounds for the first time. 

He studied the reaction of ethyl iodide and metallic tin at high temperature 150-200 oC. As a 

result of this reaction the crystals of diethyltin diiodide were formed. In addition to these four 

main reactions, there are some other methods that are also used to synthesize organotin 

compounds. These reactions are as  
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a) Sisido method 

In 1953 Sisido and his colleagues obtained di and tribenzyltin chlorides in good yields by the 

condensation reaction of different reactive halides and powder of tin with water or toluene in 

occurrence of  water. When a strongly polar solvent is used this reaction yields triorganotin 

compounds while diorganotin compounds are formed in a weakly polar solvent  

 

b) Redistribution reaction (Kocheskov Reaction) 

In this reaction tetraalkyltin (R4Sn) are used as raw material for the production of trialkyltin 

halide, R3SnX, a dialkyltin dihalide, R2SnX2, and monoalkyltin trihalides, RSnX3. This 

reaction is also known as comproportionation reactions (Moedritzer, 1966). For the synthesis 

of organotin compounds at commercial level, the metallic tin is firstly converted into SnCl4. 

Grignard reagent is then used to convert SnCl4 into R4Sn. R4Sn is used as raw material to 

produce organotin halides. The production of halides of organotins can also be done by 

redistribution reaction with SnCl4 . 

 

1.4 Coordination geometries of divalent and tetravalent tin  

High coordination numbers of tin in the divalent and tetravalent tin are probable because of 

the involvement of unoccupied 5d orbitals of suitable energy (Figure 1.1).  
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Figure  1.1 Coordination geometries of divalent and tetravalent tin 

 

1.5 Applications of organotin compounds 

Organotin(IV) compounds are found to have a broad series of agricultural, industrial (Yin    

et al., 2006; Evans and Karpel, 1985) and biological (Bonire et al., 1998; Win et al., 2010) 

applications. Broadly speaking, all these applications fall in two major categories. i. 

Biological applications ii. Non-Biological applications 

Some important biological uses of organotin complexes are as under,  

1.5.1 Non-biological  

In transformer oils and vinyl plastics organotin compounds were initially used as stabilizers 

(Price and Fresenius, 1977). Research has been done in these decades to explore the 

commercial applications of organotin compounds. Now a day’s tin complexes are used in 

different chemical reactions as catalyst and in processing of  (PVC)  polyvinyl chloride  as 

heat light and stabilizer (Hoch, 2001). Here explain most important uses of organotin 

complexes.   

1.5.1.1 Polymer stabilizers 

n polymers like neoprene and polyvinylchloride (PVC) during hot fabrication organotin 

mixtures are operated as stabilizers next to degradation by oxygen, light and decomposition 

(Evans, 1989; Blunden et al., 1985). Organotin(IV) complexes are excellent stabilizers for 

Sn Sn Sn Sn
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the stabilization of polyvinyl chloride (PVC) at high temperatures. The stabilization of PVC 

requires high temperature and during this process, Hydrochloric acid (HCl) is removed on 

catalysis and the final product is a conjugated polyene. Dehydrochlorination by thermal 

means can be prevented by accumulation of 1-1.5% amount of the organotin preservative in 

poly vinyl chloride through treating at 180−200 °C (Ahmad et al., 2000). Sn-S bond 

containing compounds are known to be the most efficient heat stabilizers. Organotin(IV) 

stabilizer are ideal stabilizers with good oxidation catalysts ((Cusack and Smith, 1983). 

1.5.1.2 Catalysts 

In plastic industry, several tin derivatives are used as homogeneous catalysts. When reactants 

and catalysts are in the same phase is called homogenous catalyst and is usually a liquid. 

(Karpel, 1984; Mukaiyama et al., 1983). Synthesis of alcohols required organotin 

carboxylatesas as catalysts (Genz et al., 1983). Industrial important, Sn-Re  and Sn-Pt systems 

supported on alumina use as catalysts in industries. The important reactions in the petroleum 

industry e.g. dehydrogenation, isomerization, dehydrocyclization, hydrogenation of 

hydrocarbons and cracking have proved to be efficient by organotin complexes (Fuller, 

1974). 

1.5.1.3 Fire retardants 

Organic and inorganic complexes of tin have shown potential as flame retardants (Cusack, 

1993). The promotion of level of fire retardance requires the existence of polystyrene, 

cellulose derivate of acetic acid, and polymethyl methacrylate and halogen. In unsaturated 

polyester thermostats, the anhydrous oxide of tin(IV) yields enhanced fire retardance when 

halogens are existent.  

1.5.1. 4 Precursors for formation of SnO2 films on glass 

A slim shielding of oxide of tin present on the glass is accustomed to support the glassware, 

returnable flasks, and vessels. The observance of organic emollient films is also assisted by 

the help of tin(IV) oxide coating and the scuff endurance of the glass apparatus is increased 

by adherence (Budd, 1981). The chloride of tin with oxidation state +4 was originally 

considered as the precursor for the films of tin(IV) oxide. Nevertheless, the recent advances 

have employed the use of dimethyltin dichloride at a temperature of 500-600 °C (Sacher, 

1979; Budd, 1981; Karpel, 1987). 
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1.5.1.5 Electroplating 

The most frequently exhausted tin compounds as electroplating material are Sn(SO4)2, SnCl2, 

Sn(BF4)2 and K2SnO3. These compounds are generally used on a metallic surface. These 

compounds generally result in a broad variety of credits surrounding tin on metallic surfaces. 

The additional coverings utilized in tin-alloy coating are tin-copper, tin-cadmium, tin-cobalt, 

tin-nickel and tin-zinc (Cusack, 1993).  

1.5.2 Biological applications 

Organotin complexes exhibit strong biological activities. The low concentrations of these 

complexes are also very toxic. The biological action of organotin(IV) compounds is directly 

associated with the quantity of organic substituents coordinated to central tin atom. The 

biological action of organotin complexes is managed by amount and environment around 

organic substituents linked with the tin atom. The tin(IV) derivatives in which three alkyl or 

aryl groups are coordinated have very influential poisonous activity on fundamental nervous 

system. In sequence of trialkyltin(IV) R3Sn(IV)+ complexes, the most toxic compounds are 

lower homologs (methyl, ethyl) and the extent of poisonousness reduces from the tri-n-

propyl to tri-n-octyl, the hindmost are non-poisonous (Pellerito et al., 2006). 

1.5.2.1  Antimalarial activity  

Malaria, a chronic disease, has been ignored from many years. According to the report of World 

Health Organization, there were about 219 million patients of Malaria estimated in 2017. 

Millions of people of people die annually by this disease. Many tin complexes are reported which 

play an important role as antimalarial agents (Shaheen et al., 2012; Khan et al., 2004; Dawara 

and Singh, 2011; Shujah et al., 2014). The activity can be explain on the basis of chelation 

theory, destruction in the synthesis of cell wall of microorganisms, inhibition in enzyme, 

however, exact process of killing microorganisms is not yet known (John et al., 2004; Prasad 

et al., 2011). Ancistrocladaceae is one of these agents. In ancistrocladaceae imine group is 

present in molecular chain form (Da Silva et al., 2011). 

1.5.2.2 Anti-tumor activities 

organotin(IV) complexes are metal based drugs which are very useful for the treatment of tumors 

and some of them have been found to possess high potential (Siddiqi et al., 2009; Du et al., 

2011; Ruan et al., 2011). This development has led scientists to synthesize new tin-based drugs 

with low toxicity and a good activity for the treatment of cancer. Cisplatin and its derivatives 
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(nedaplatin, oxalylplatin and carboplatin) have been used as chemotheraeutic agents in the 

treatment of of different types of cancers; ovarian, bladder, testicular, small cell lung, 

cervical and neck and head carcinoma. However, due to drug resistance, toxicity of platinum, 

inadequate bioavailability and low solubility in water, it is of most important to find 

alternative agents  which is based on non-platinum systems with fewer side effects and better 

cytotoxic and anticancer properties. A series of diorganotin compounds demonstrated after the 

discovery of antitumor agents like cis-platin have shown good antitumor activities (Shang et al., 

2011). 

The secondary structure of DNA is damage when RnSn(4-n)
+  ion coordinate with base pair of 

DNA (Crowe et al., 1984). In anti-tumor and anti-cancer drugs, target site is DNA (Tariq     

et al., 2013, 2013a; Shahabadi et al., 2010). Covalent and non covalent interactions are main 

mode of interactions of drugs with DNA. Intercalation and groove binding i.e. non-covalent 

interactions involve in mostly drugs. The structure of the DNA becomes unwind when 

smaller aromatic and planar compounds coordinate with base pair of DNA, thus storage of 

DNA, transcription and genetic transformation processes becomes damage, in intercalating 

mode of interaction  (Arshad et al., 2012). 

1.5.2.3 Pharmaceutical applications 

The metal ions and their complexes are believed to play important role in different 

biochemical processes occurring in living bodies. There are many diseases which are easily 

cured by organotin(IV) compounds ((Peters et al., 1980).). The study relating the 

organotin(IV) complexes and the methods by which they affect in collaboration with 

different parts are ideal models for the study of the interaction of drugs with human beings. 

Tributyltin(IV) complexes were used against mosquito (Aedes aegypti) which causes spread 

of yellow fever. It was observed that tributyl tin complexes were more efficient then 

triphenyl tin derivatives in the chemotherapy of leishmaniasis  (Nguyen et al., 2000).  

Interaction of organotin(IV) compounds through new ligands in different coordination 

geometries lead to the formation of new drugs which are found to be extremely beneficial in 

various aspects. The organotin(IV) complexes exhibit many applications in molluscicides, 

antifungal, anticancer, antimalarial, antibacterial, and veterinary science (Baul et al., 2001; 

2006). 
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1.5.2.4 Veterinary 

Commercially dibutyltin dilaurate is use in combination with phenothiazine and piperazine 

for treatment of infections of worms in poultry (Peters et al., 1980; Evans, 1989).  

1.5.2.5 Dentistry 

Numerous dental complications are being solved by using different tin chemicals in dentistry. 

For example, several kinds of toothpaste encompass tin(II) fluoride which is used as a 

medium to resist the decay. This compound is also beneficial for the undeviating use to teen-

agers’teeth ((Wright, 1980). SnF2 is also used as dentifrices (tooth powder). It is also used to 

reduce enamel solubility and decay. Dental prosthetic devices are protected by vulcanizing 

silicon rubbers in which DBTDL and Sn(CH3CO2)2 are utilized as catalysts. 

1.5.2.6 Crop protection 

Triorganotin(iv) complexes have many applications in the field of agriculture because of 

their effectiveness in the treatment of pest diseases in crops (Gielen, 1996). Several 

triorganotin compounds are established as agrochemicals and effectively utilized in different 

applications. Organotin compounds are less dangerous to non-targeted organisms due to their 

low phytotoxicity. These compounds can also be effortlessly degraded in the environment 

creating inoffensive tin deposits (Blunden et al., 1985a). Attack of triorganotin(IV) 

complexes to the plasma membrane make the wide release of K+ by increasing the 

permeability of the membrane (Crowe, 1987). 

1.6. Structure activity relationship of organotin(IV) complexes 

Alkyl/aryl groups bonded to tin(IV)  determined the biological activity on complexes. It 

means that anionic moiety which is bonded to tin is not a major factor affect the activity. In 

organotin(IV)  series, biological activity of complexes (RnSnX4─ n), increase with the increase 

in substitution of organic moieties at tin centre ((Eng et al., 1998; Kemmer et al., 1998; Zhu 

et al., 2011; Ruan et al., 2011). 

1.6.1. Factors involved in structure activity relationship 

In the structure activity relationship, nature of organic moiety, R and ligand (L) nature 

produce effect on the activity of organotin(IV) complexes  

1.6.1.1 Nature of organic moiety 

Number of hydrocarbon groups (CH) bonded to Sn atom is also important in respect of 

biological activity. The biocidal action of tetraorganotin(IV) derivatives may be due to rapid 
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in vitro or in vivo dealkylation to triorganotin(IV) complexes while  monoorganotin(IV) 

complexes show no appreciable  activity. Among triorganotin complexes, n-Bu3SnCl 

complexes show strong biological activity. However, higher and lower members of alky 

groups bonded to tin decrease the activity. Higher triorganotin(IV) and tri n-(C8H17) 

complexes are biologically inactive. As compared to mono-, di-, tri-, and tetra-organotin(IV,  

R2Sn(IV)+2 comlexes show  higher anticancer activity. Among  diorganotin(IV) compounds, 

Ph2Sn(IV)+2  and Et2Sn(IV)+2 complexes show the maximum activity (Pellerito and Nagy, 

2002). 

1.6.1.2 Ligands nature  

The significant antimicrobial activities of organotin(IV) complexes may also depend on 

Nature of ligand, enhance fat–solubility and transport the  organotin(IV) group to the active 

site (Tariq et al., 2013; Willem et al., 1997). As compare to organotin(IV) complexes, free 

ligand and parent organotin compounds show less biological activity. Enhance activity of 

organotin(IV) complexes due to additive (not a synergistic) effect of the ligand group and  Sn 

metal ions  

1.7 Organotin(IV) carboxylates 

Those complexes containing [O,O] donor ligands are called organotin(IV) carboxylates. 

They show a broad diversity in structure, widespread industrial and biological applications 

(Baul et al., 2002; Renamy et al., 2004; Lvarez-Boo et al., 2006; Shahzadi et al., 2010; 

Zhang et al., 2011; Muhammad et al., 2012; Tian et al., 2013).  

Structural variations may result due to variation in bonding of carboxylate ligands towards 

organotin. A tetrahedral structure is formed when the carboxylate group bonded to tin metal 

atom in a monodentate mode. A pentacoordinated polymer is generally formed for a bridged 

carboxylate group (Davies, 2004). It has been found that solid state structures of 

triorganotin(IV) complexes do not show their stability in solution and change into four-

coordinated moieties i.e. in solution exist in monomers (Holecek et al., 1983; Lycka et al., 

1984; Sadiq-ur-Rehman et al., 2004; Rauf et al., 2008; Chalupa et al., 2009; Tariq et al., 

2013, 2013a;).  

In organotin(IV) complexes, when small alkyl groups like methyl, butyl coordinated to tin 

metal atom form bridged polymeric structures, while larger alkyl groups like phenyl form 

tetrahedral structure (Tiekink, 1991). Thus, a polymeric structure for tributyl- or phenyltin 
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carboxylates  is usually observed with the R group being electron withdrawing. In solution, 

the organotin carboxylates may exist in at least two different forms (Smith and Tupciauskas, 

1978). The first form is a tetracoordinated tin and it is observed in diluted solution while the 

second form namely pentacoordinated tin is adopted in concentrated solution or in the solid 

state. In some cases tin may exhibit both a tetra and a penta coordinated geometry 

particularly in polymeric materials in the solid state (Angiolini  et al., 2000).  

1.8   Methods of synthesis of organotin(IV) carboxylate 

Three different routes have been used to synthesize organotin carboxylates which are 

describe in brief here 

1.8.1 Hydroxides/Oxides of organotin(IV) with carboxylic acids 

Triorganotin(IV) R3SnL and diorganotin(IV) R2SnL2 complexes are made by using 

hydroxides/oxides of organotin(IV) with carboxylic acids in the presence of solvent benzene 

or toluene (Li et al., 2004; Baul et al., 2006; Shahzadi et al., 2007; Abbas et. al., 2013). 

R3SnOH + R'COOH      R3SnOCOR'+ H2O  (1.9) 

R2Sn(OH)2 + 2R'COOH     R2Sn(OCOR')2+ 2H2O  (1.10)  

R2SnO +   2R'COOH      R2Sn(OCOR')2 + H2O  (1.11) 

(R3Sn)2O + 2R'COOH     2R3SnOCOR'+ H2O  (1.12) 

Where, R = n- C8H17, C6H5, n- C4H9, C2H5,  CH3  

1.8.2 Halides of organotin(IV) with salts of carboxylic acids  

Triorganotin (IV) and diorganotin (IV) carboxylates have been synthesized by refluxing 

triorganotin chloride or diorganotin dichloride with salts of carboxylic acid ligands in the 

presence of suitable solvent like acetone, toluene, carbon tetrachloride and chloroform in 

appropriate molar ratio (Rehman et al., 2004; Muhammad et al., 2009; Tariq et al., 2013a). 

R3SnCl + R'COONa      R3SnOCOR'+ NaCl  (1.13) 

R2SnCl2 + 2 R'COONa     R2Sn(OCOR')2 + 2NaCl (1.14) 

Where, R = , C6H5, C2H5, n- C4H9, CH3 
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1.8.3 Halides of organotin(IV) with carboxylic acids  

 By using suitable base, organotin(IV) halides and organic acids react to form triorganotin 

and diorganotin(IV) carboxylates (Zhang et al., 2005; Shahid et al., 2009; Chalupa et al., 

2009; Li et al., 2010). Here given some important reactions: 

R3SnCl + HL + NEt3     R3SnL + Et3N.HCl   (1.15) 

R2SnCl2 + 2HL + 2NEt3     R2SnL2 + 2Et3N.HCl   (1.16) 

Where, R = C6H5, n- C4H9, C2H5, CH3  

1.9 Organotin(IV) dithiocarbamates 

This class of compounds comprises organotin containing a Sn-S bond formed via the -CSS 

group. The dithio moiety (-CS2) in the complexes show stabilization due to its resonating 

structure and exhibit strong coordination behavior. It has been observed that dithiocarbamate 

as a ligand combine with transition and non-transition metal ion and  form stable  complexes 

 (Wilton-Ely et al., 2008; Srinivasan et al., 2009). As well as binding mode is concerned,  

both complexes, homo and heteronuclear, dithio moiety combine with metal  in different 

ways (Shahzadi et al., 2008; Menezes et al., 2004; Singh and Bhattacharya, 2012). The 

biological systems affected by dithio ligands, owing to their strong metal bining property and 

behave as enzymes inhibitors  (Cicotti, 2003; Khan et al., 2010; Zia-ur-Rehman   et al., 

2011a).  The anion of  dithiocarbamates, Et2CNS2 is used in Wilson’s disease (Sunderman, 

1979; Bodenner et al., 1986). Dithiocarbamates like ziram (zinc-dimethyldithiocarboxylate) 

are used as fungicides for fruit, seed foliages and vegetable crops.  

Tin dithiocarboxylates are extensively used in the process of rubber vulcanization 

(Nieuwenhuizen et al., 1997) and as pesticides (Cicotti, 2003). Metal dithiocarbamates are 

considered as  precursors for the synthesis of nanocrystals of metal sulphide (Menezes et al., 

2004; Singh and Bhattacharya, 2012). Due to biological applications and dual structure The 

coupling of organotin moieties with dithiocarbamate ligands has gained interest (Tiekink, 

2008). Fungicidal action of organotin dithiocarboxylates are observed due to the inhibition of  

ergosterol  biosynthesis. Biological activity of organotin complexes are higher as compared 

to  uncoordinated dithiocarboxylate moiety, shows the significance of tin in biological 

activities (Menezes et al., 2008).  
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The structure of organic groups as well as mono- and bidentate mode of (-CS2) is important 

with the coordination of Sn atom. Dimeric, trimeric, and supramolecular structure are formed 

due to intermolecular secondary interactions of  dithiocarbamate ligand  (Tlahuext et al., 

2011). An intercalative mechanism organotins, exert their anticancer action due to these 

secondary interactions via a mechanism similar to cis-platin (Zia-ur-Rehman et al., 2012a). 

1.9.1 Synthesis 

Triorganotin (IV) and diorganotin (IV) dithiocarbamates have been synthesized by 

triorganotin chloride or diorganotin dichloride with metal salts of dithiocarbamates in the 

presence of suitable solvent like acetone, toluene, carbon tetrachloride and chloroform in 

appropriate molar ratio (Pellei et al., 2005; Xue et al., 2005) or with ammonium 

dithiocarbamates (Chauhan  and Shaik, 2005).  

 

R3SnCl + R´2NCS2M  ⎯→  R3SnS2CNR´2   (1.17) 

  R2SnCl2 + 2R´2NCS2M  ⎯→  R2Sn(S2CNR´2)2  (1.18) 

    M = Na, Li, NH4
+  

In an other procedure, triethylamine used as a base with organotin halides and 

dithiocarboxylic acids to synthesize organotin dithiocarboxylates  (Shahzadi et al., 2006a; 

Tlahuext et al., 2011; Singh and Bhattacharya, 2012).  

R´2NCS2H + R3SnCl + Et3N  ⎯→  R3SnS2CNR´2 + Et3N.HCl (1.19) 

 2R´2NCS2H + R2SnCl2 + 2Et3N  ⎯→  R2Sn(S2CNR´2)2 + 2Et3N.HCl (1.20) 

1.10 Palladium 

Palladium in its appearance resembles with platinum, a soft silver-white metal which 

becomes ductile when annealed however when it is cool greatly increases its hardness and 

strength. Chlorine reacts with elemental palladium and forms PdCl2 and dissolves in nitric 

acid but on adding acetic acid form precipitates of palladium acetate. Both the chloride and 

acetate of palladium are comparatively economical, reactive and appropriate opening point to 

palladium chemistry.  

The solubility of palladium occurs in different mineral acids like hot HNO3, conc. H2SO4 

however when it is in finely divided form then it is soluble in HCl (Hammond, 2004). The 
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common oxidation states shown +4, +2, +1. In many cross coupling reactions catalysed by 

compounds in which palladiumin shows +3 oxidation state, these compounds exist as 

intermediate in these reactions (Chen et al., 2002).  

Crabtree In 2002 reported synthesis of palladium(VI) Palladium makes stable coordination 

complexes with ligands having soft sulfur/nitrogen and phosphorus donor atoms because 

Pd(II) ion is a soft electron acceptor (Talanova et al., 2000). 

1.10.1 Coordination behavior of palladium complexes  

The chemistry of palladium thiolates is now expanding rapidly owing to their properties are 

similar to certain industrial and biological catalysts (Shaheen et al., 2007). Thioamide ligand 

work as bidentate chelating mode and exhibit a square-planar geometry in the palladium 

complexes (Serrano et al., 2002; Rebolledo et al., 2005; Shaheen  et al., 2006; Matesanz and 

Souza, 2007) terminal S bonded (Lobana et al., 2000; Nadeem et al., 2009), or bidentate 

bridging (Engelking et al., 1994). However, thioamides when occur in the thione form 

behave as a monodentate ligand and bonded only through S atom  (Wisniewski and Glowiak, 

1998, Nadeem et al., 2008). In 1999 Quiroga et al. concluded that the Pd(II) ions interact 

with DNA, enable cross bindings, inducing apoptosis and inhibit its synthesis. Now a day’s 

anticancer activity of Pd(II) derivatives has drawn attention due to their similarity in 

chemical properties and coordination modes with Pt(II) complexes. Pt(II) complexes, 

however, in certain cases, show greater activity then Pd(II) derivatives (Tusek-Bozic et al., 

1998; Gao et al., 2006).  

1.10.2 Structure activity relationships in palladium complexes 

At the square planar Pd center, the two leaving groups which are in trans configuration show 

promising anticancer or antiproliferative property (Matesanz et al., 1999 and Kuduk-

Jaworska et al., 2004). Besides their bioactivity, nitrogen/sulfur-containing palladium(II) 

complexes have also been used as catalysts for selective hydrogenation, alkenes are produced 

from terminal alkynes (Pelagatti et al.,1998; Sharma et al., 2009). 

Palladium complexes of sulfur containing ligands, thiol (SH) and thiocarbonyl used against 

metal containing drugs as detoxicant agents (Faraglia et al., 2003), dithiocarbamates (-CS2) 

use as inhibitors of side effects induced by cisplatin (Shaheen et al., 2010). In the study of 

bonding of proteins with the metallic cations (Fregona et al., 2003), a use ful model in the 

study is derivatives of dithiocarbamate wih α-amino acids. In the complexes the  NC(S)SH 
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moiety is replaced with NC(S)SR and then this ligand coordinate  as terminal or as bridging  

manner with transition metals (Criado et al., 1990, 1992). Pd(II) ions coordinate to the  

dithiocarbamate moiety in a (-S : S’-) manner (Faraglia et al., 2003 and Shaheen et al., 

2006). Das and Livingstone (1978) propose that sulfur containing ligands when coordinate to 

palladium(II) are more active anticancer drugs. Many palladium dithiocarbamates complexes 

[Pd(ESTD)Cl]n, [Pd(MSDTM)Br]n, and [Pd(ESTD)(2-pic)Cl] are known to show cytotoxic 

activity against HeLa, HL60,  renal, ovarian melanoma, lung, prostate, colon, breast and 

prostate cancer cell lines (O’Dwyer et al., 1999; Scozzafava et al., 2000; Alverdi et al., 2004; 

Giovagnini et al., 2005). Anti-inflammatory (Ueno et al., 2000)  antibacterial (Ghani   et al., 

2011), antifungal (Roy et al., 2008; Sharma et al., 2009), and antiproliferative activity 

(Nadeem et al., 2010) also reported in literature.  

By using different ligands complexes of organotin(IV) and organopalladium(II) are important 

in inorganic, medicinal and  pharmaceutical chemistry. However, on the synthesis of homo-

and heterobimetallic complexes, few research work reported in the literature.  

The aim of this research work is to synthesize monometallic, homo- and hetero-bimetallic 

complexes of Sn(IV), Sn(IV)-Sn(IV) and Sn(IV)-Pd(II), respectively with various donor 

ligands. To characterize the newly synthesized complexes by different techniques like 

elemental analysis, FTIR, UV-Visible, NMR (1H and 13C) spectroscopy, mass spectrometry 

and X-ray diffraction. The synthesized complexes will be tested for antimicrobial, 

antibiofilm and hemolytic activities for the search of new biologically active and potent 

antibacterial, antifungal agents. 
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Chapter 2 

    REVIEW OF LITERATURE 

2.1 Organotin carboxylates (O, O donor ligand) 

2.1.1 Synthesis of triorganotin carboxylates 

Baul et al. (2001) synthesized triorganotin carboxylate by the use of sodium salt of 

derivatives of aryl substituted hydroxybenzoic acid with Ph3SnCl in methanol or with 

tributyltin oxide in toluene solution. In 2002, they prepared triorganotin(IV) complexes in 

reasonable yield by using stoichiometric quantities of trimethyl and triphenyltin chloride with 

sodium or potassium derivatives of 2-aminoacetate in benzene. Angiolini et al. (2004) used 

Bu3SnCl and bis-tributyltin oxide for the synthesis of tri-n-butyltin carboxylates. The ligands 

used in this direct esterification process were 4-(isopropyl)-phenyl-ethanoic acid and 4-

(ethyl)-phenyl-ethanoic acid and medium was toluene. In 2004, Sadiq-ur-Rehman and 

coworkers prepared oxygen donor ligand in the laboratory by Perkin condensation method. 

The synthesized ligand was then refluxed with triorganotin(IV) (methyl, n-butyl and pheny) 

chloride in chloroform for the formulation of carboxylate 

Renamy et al. (2004) synthesized triphenyltin N-methylanthranilate, triphenyltin 

dicyclohexylacetate and trimethyltin 3,5-dinitrobenzoate derivatives by reacting –COOH  

with respective triorganotin(IV) hydroxide. Tian et al. (2005) prepared  

[R3SnOCOCH2CH2COC6H4C6H5] (R= C6H5; c-C6H11; C6H5C(CH3)2CH2) by reacting 4-(4-

biphenyl)-4-oxobutyric acid (fenbufen acid) with triphenyltin, tricyclohexyltin and tri(2-

phenyl-2-methylpropyl)tin hydroxide in benzene under reflux with a Dean–Stark separator. 

Pedro et al. (2006) used 3-(aryl)-2-sulfanylpropenoic acids for the synthesis of new series of 

triphenyltin(IV) complexes by varying the aryl groups e.g., phenyl, thienyl, furyl, 

methoxyphenyl acid in ethanol/acetone. Hussain et al. (2008) synthesized triphenyltin(IV) 

carboxylates in quantitative yield. 

Shahid et al. (2008) synthesized ligand, oxygen donor by simple stirring of succinic 

anhydride with 2,4,6-tribromoaniline in glacial acetic acid. They synthesized ligand acid with 

appropriate triorganotin(IV) chloride (methyl, butyl and triphenyl) in the presence of Et3N 

produces R3SnL derivatives under reflux. Balas et al. (2008) prepared organotin(IV) complex 

of thiobarbituric acid by reacting solution of 2-thiobarbituric acid in aqueous media with 

butlyltin(IV) chloride in methanol. Sadiq-ur-Rehman et al. (2008) used silver salt of carboxyl 
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ligand for the synthesis   of      trimethyl    and    tributyl    organotin(IV)    carboxylates 

[Me3SnL, n-Bu3SnL]. Shahid et al. (2009) used naphthylamine with anhydride to produce 2-

(N-naphthylamido)benzoic acid and synthesized ligand acid by reaction with R3SnCl (1:1) 

R= methyl, n-butyl, phenyl, benzyl  to produce triorganotin(IV) compounds. Chalupa           

et al. (2009) prepared compound by refluxing benzoic acid with appropriate triorganotin(IV) 

chloride (n-butyl, ethyl, cyclohexyl) in dichloromethane. Muhammad et al. (2009) prepared 

[Bu3SnL]n, [Me3SnL]n where L = 4-nitrophenyl   ethanoates by using triorganotin(IV) 

chloride in dry toluene.  

Kalucerovic et al. (2010) used xylylthioacetic acid and mesityl thioacetic acid with SnPh3Cl 

in toluene to synthesized the triphenyltin(IV) carboxylates [{SnPh3(O2CCH2SXyl)}N] (Xyl = 

3,5-Me2C6H3) and [{SnPh3(O2CCH2SMes)}N] (Mes = 2,4,6-Me3C6H2). Sharma  et al. (2010) 

obtained triorganotin complexes in moderate to good yields by Ph3SnCl, n-Bu3SnCl and 

Me3SnCl with 2-methylphenol. Ruan et al. (2011) synthesized triorganotin(IV) acrylic acid 

complexes. Zhang et al. (2011) synthesized triorganotin(IV) carboxylates 

{(Ph3Sn)[(COO)(CH2C5H3NCl)]}n, {(Me3Sn)[(COO)(CH2C5H3NCl)]}n, 

(PhCH2)3Sn)[(COO)(CH2C5H3NCl)]}n . H2O from 6-chloro-3-pyridine acetic acid. Shi et al. 

(2012) used chiral acids along with trimethyl, tributyl and triphenyltin(IV) chloride in the 

presence of sodium ethoxide and synthesized chiral triorganotin(IV) carboxylates, 

[(R3Sn)(O2C13H17)]n and [(R3Sn)(O4C9H9)]n. Sakho et al. (2012) synthesized triphenyltin 

carboxylates, [(C6H5)3Sn(L)2] from reaction of Ph3SnOH with 4-oxo-4-phenyl butanoic 

(LH).  

Xiao et al. (2013) used different acids for the synthesis of triphenyltin carboxylates in 

toluene. Martsinko et al. (2013) synthesized the binuclear tin(IV) complex [Sn(μ-Hedtra)(μ-

OH)SnCl3(H2O)]·3H2O by reacting N-(2-Hydroxyethyl) ethylenediamine triacetic acid 

(H4Hedtra) with SnCl4. Sirajuddin et al. (2014) synthesized triorganotin(IV) carboxylates by 

refluxing R3SnCl (R= CH3, n-C4H9,C6H5) with ligand.  

2.1.2 Syntheses of diorganotin carboxylates 

Kovala-Demertzi et al. (2001) used tolfenamic acid (2-[bis(3-chloro-2-

methylphenyl)amino]benzoic acid) with dibutyl- and dimethyl tin(IV) oxides in benzene 

under reflux, Me2LSnOSnLMe2]2 [Bu2LSnOSnLBu2]2 and Bu2SnL2.H2O were formed. 

Pruchnik et al. (2002) used different derivatives of benzoic acid with di-n-butyltin 
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oxide in ethanol under nitrogen atmosphere to synthesize orange red tetranuclear di-

n-butyltin aminoaryl carboxylates. Li et al. (2004) prepared aryl hydroxamate ligands 

[X = NH2, NO2 or F] in dry  methonal  In mono and binuclear compounds, the ratio of  

R2SnO2 and ligands was 1:2 and 1:1, respectively. Dokorou et al. (2004) conducted 

experiment between N-(2,6-dimethylphenyl) anthranilic acid) and diorganotin oxide in 

benzene. The result of this experiment was in the form of novel complexes i.e. 

[Bu2Sn(DMPA)2],  [Bu2(DMPA)SnOSn(DMPA)Bu2]2. Zhang et al. (2005) prepared 

monomeric or polymeric derivaties of  3-hydroxy-2-pyridinecarboxylic acid by using 

diorganotin  dichloride (methyl, butyl, phenyl, PhCH2), base (sodium ethoxide) and 

ligand:(3-OH-2-picH): in different molar ratios.  Baul et al. (2005) used substituted benzoic 

acids for the synthesis of diorganotin carboxylates. The potassium salt of  carboxylic ligands 

reacted with dimethyl, dibutyl and diphenyltin(IV) dichloride in anhydrous methanol to yield 

different  complexes. 

Yin et al. (2006) used 2-pyrazine carboxylic acid and di-n-octytin to synthesis diorganotin 

carboxylates {[(n-C8H17)2Sn(O2CC4H3N2)]2O}2 and (n-C8H17)2Sn(O2CC4H3N2)2, 

respectively. Khan et al. (2006) prepared bioactive ligand by stirring solution of maleic 

anhydride with 2-aminopropanoic acid in glacial acetic acid. The synthesized ligand was then 

treated with diorganotin dichloride in dry toluene. Ahmed et al. (2006) refluxed nalidixic 

acid  with diorganotin dichloride under inert atmosphere to synthesize diorganotin 

carboxylates.  

Shahzadi et al. (2007) prepared ligand acid by the reaction of maleic and phthalic   anhydride   

with   2,4,6-tribromoaniline   in  glacial acetic acid and these ligands were further treated 

with dimethyl, dibutyl, dibenzyl and dioctyltin(IV) dichloride in 1:2 ratio to synthesize 

diorganotin carboxylates. Baul et al. (2007)   used benzoic acid ligand withdi-n octyltin(IV)  

oxide to synthesize  complexes. Vieira et al. (2008) investigated the reaction of carboxylic 

acids; HOC6H4CH=NC6H4COOH and H2NC6H4COOH with dimethyltin(IV) and 

dibutyltin(IV) dichloride in methanol. Mahmood et al. (2008) prepared dimethytin(IV) S(+)-

2-(4-isobutylphenyl)propanoate in dry toluene by refluxing acid (2 mmol) with 

dimethyltin(IV) oxide (1 mmol). Kang et al. (2009) synthesized carboxylates from 

substituted aromatic compounds and benzene-1,2-dicarboxylic anhydride by adopting 

Friedel–Crafts acylation procedure and then these acids were treated with dibutyltin oxide to 
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form tetranuclear dibutyltin(IV) carboxylates. Abdellah et al. (2009) studied the reaction 

between 2- or 4-hydroxybenzoic acid with dimethyl and dibutyltin(IV) dichloride in the 

presence of KOH to yield diorganotin complexes in reasonable yield. Hussain et al. (2009) 

prepared ligand acid by treating the 2,3-methylenedioxybenzaldehyde with malonic acid in 

suitable conditions after that HL or NaL was refluxed with organotin(IV) hydroxide chloride  

or organotin oxide and organotin chloride in anhydrous toluene to synthesize diorganotin 

derivatives. Shahzadi et al. (2010) obtained carboxylic acid by overnight stirring of solution 

of  substituted aniline with phthalic anhydride in glacial acetic acid and synthesized acid in 

dry toluene with triethylamine and then salt of the ligand was treated with di-methyl, butyl, 

octyltin(IV) dichloride to prepare diorganotin derivatives.  

Sakho et al. (2010) made di-O-tolyltin(IV) and tricyclohexyltin(IV) by refluxing  ligands, 2-

(4-methylbenzoyl) and 2-(4-ethylbenzoyl) benzoic acid in benzene with R2SnO (octyl) 

R3SnOH (cyclohexyl). Du et al. (2011) synthesized dibutyltin complexes based on 1,3- and 

1,4-benzenedicarboxylic acid. Ma et al. (2011) treated dibutyl-, dimethyl-, diphenyl-and 

dibenzyltin dichloride with  chiral acid. Vafaee et al. (2012) study reaction of quinoline-2-

carboxylic acid (LH) with organotin(IV) EtPhSnCl2, EtPhSnO, MePhSnO and 

{MePhSnClL}n to synthesized diorganotin unsymmetrical derivatives polymeric 

{EtPhSnClL}n, {MePhSnClL}n and mononuclear EtPhSnL2, MePhSnL2. Muhammad et al. 

(2012) used sodium salt of ligand; 3-(4-bromophenyl)-2-ethylacrylate with different 

diorganotin dichloride; methyl, butyl, ethyl and dioctyltin oxide in dry toluene to synthesize 

organotin complexes in good yield.  

Tariq et al. (2013) prepared ligand, 3-(4-flourophenyl)-2-methylacrylic acid by refluxing 4-

flourobenzaldehyde, piperidine, methylmalonic acid (1:2:2 molar ratio) in pyridine and then 

this ligand was further treated with R2SnCl2 (R= CH3, n-C4H9) and R2SnO (R= C8H17) to 

synthesize diorganotin derivatives. Abbas et al. (2013a) studied the reaction of di-n-octyltin 

and di-n-butyltin oxide with 2-thiophene acetic acid in dry toluene (1:2 molar ratio) 

producing diorganotin(IV) complexes i.e. di-n-octyl stannyl bis[2-thiophene acetate]and di-n-

butylstannyl bis [2-thiophene acetate]. 

Win et al. (2014) synthesized organotin(IV) carboxylate (5-NH2-2-Cl-C6H3COO)2(CH3)2Sn 

by refluxing a 1:2 molar mixture of 5-amino-2-chlorobenzoic acid with dimethyltin(IV) 

oxide and dibutyltin(IV) oxide. Hussain et al. (2015) synthesized  tin(IV) derivatives with 



20 
 

carboxyl ligand, 5-chloro-2-hydroxybenzoic acid by stirring ligand solution with R2SnCl2 to 

form R2Sn(Cl)L and  R2SnL2 diorganotin(IV) carboxylates.  

2.1.3 Characterization 

2.1.3.1 IR 

Dokorou et al. (2001) studied the binding of –COO group in [Bu2LSnOSnLBu2]2 and 

[Me2LSnOSnLMe2]2 complexes by IR. The difference of asymmetric and symmetric 

stretching frequency showed monodentate and bridging bidentate bonding of carboxylate 

group for dibutyl and  dimethyltin complexes. Ahmad et al. 2002) studied  the symmetric and 

asymmetric  stretching frequencies  of carbonyl group in di- and triorganotin derivatives. 

There is increase of νasym and decrease of νsym vibrational frequencies when the coordination 

number  increases from four to five, the difference of ∆ν (νasymCOO¬ - νsymCOO¬) decreases. 

Shahid   et al. (2003a) showed that carboxylate group of tri- and diorganotin derivatives of 4-

bromomaleanilic acid behave as either bridiging bidentate or monodentate. Szorcsik et al. 

(2004) investigated the bonding sites of pyridine mono- and dicarboxylic acids ligand on 

complexation with Bu2SnO. It was observed that polymeric (oligomeric) complexes are 

formed when carboxyl group present in between two atoms. 

Shahzadi et al. (2005) characterized complexes by infrared spectroscopy. The synthesized 

complexes do not show any peak in 2900-2600 cm-1, indicating the deprotonation of 

carboxylate groups and bonding with tin, new bands ν(Sn-O) observed in the complexes in 

the range of 490-426 cm-1, confirmed the complexion.  

Ma et al. (2006a) described the structure of organotin complexes of 2,4,5-trifluoro-3-

methoxybenzoic acid in solid state by IR. Absences of –OH bands in the region of 3200-3500 

cm-1 in the spectra of complexes indicates that coordination occurs via this site. The 

magnitude of Δν [ν(COOasym)─ν(COOsym)], 202–217 cm-1, is smaller than that of the free 

ligand, 341 cm-1, which suggests the presence of bidentate chelating carboxylate groups.  

Pellei et al. (2008) characterized the ligand, bis(1-methyl-1H-imidazol-2-ylthio)acetate and 

their organotin(IV) complexes with FTIR. The presence of COO moiety in derivatives was 

detected by an intense broad absorption band due to asymmetric and symmetric stretching 

frequencies in the range 1639–1656 cm-1 and 1308–1335 cm-1, respectively. The ∆ν values 

(about 300 cm-1), showed   monodentate behavior of –COO moiety in complexes. Amini et 

al. (2009) characterized complexes  [EtPh2SnOC(O)CH3],    EtPhSn[OC(O)C6H5]2  and  
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[Ph2PrSnOC(O)CH3] by IR. The red shift of asymmetric and symmetric bands in complexes 

with respect to the free ligand acid and also showing new peaks of tin –oxygen, tin-carbon 

around 450 and 520 cm-1, respectively, confirmed  the complexion. Hussain et al. (2010) 

studied the carbonyl absorption frequencies in tri- (R3SnL R = n-Bu) and diorganotin 

complexes (R2SnL2 R = n-Oct, Ph,, n-Bu Me, Et) of methylenedioxybenzoic acid in solid 

state. One carbonyl absorption band in the FTIR spectra showed that both carbonyl groups in 

diorganotin complexes have same environment whereas ∆ν values indicate bidentate 

behavior of carboxylate group.  

Zhu et al. (2011) characterized organotin(IV) derivatives [{Ph3Sn(FcCOO)}2(4,4'-bipy)] 

[Ph3Sn(FcCOO)(H2O)](phen), [Fc =(ƞ5-C5H5)Fe(ƞ5-C5H4)] by IR. The strong vibrational 

bands at 1383–1422 and 1578–1599 cm-1 were assigned to symmetric and assymetric 

frequencies. The carboxylate group in tributyltin complex was a bidentate, while in other 

complexes of ferrocene it acts as a monodentate.  

Shah et al. (2013) determined the structure of organotin complexes with ligand, 3-[(3,5-

dichlorophenylamido)]propanoic acid. The absences of characteristic band at 3435 cm-1 in 

the complexes due to ν(–OH) and appearance of new peaks in the region of 412-471 cm-1 and 

541–586 cm-1 for ν(Sn-O) and ν(Sn-C), respectively confirmed the synthesis of complexes. 

Hussain et al. (2014) studied tri-, di- and chlorodiorganotin complexes with ligand, 4-

piperidinecarboxylic acid by IR spectroscopy. The complexation was confirmed due to 

appearance of Sn-C bands in the range of 519-554 cm-1 and in between 264-279 cm-1 

(phenyltin complexes), Sn-O (442-451cm-1) and Sn-Cl (318-375 cm-1) bands, respectively. 

2.1.3.2 1H, 13C NMR 

Baul et al. (2001) characterized diphenyl, dibutyl and dimethyltin(IV) complexes of 

potassium N-(2-hydroxyarylidene) aminoacetate by multinuclear NMR in CDCl3 and 

DMSO-d6 solutions. The values of 2J[119Sn,1H] coupling constant  occur  between 75-93 Hz,   

which fall well within the range proposed for penta andhexa coordinated tin species. 

Shahzadi et al. (2002) characterized n-tributyltin(IV) complexes with different ligands, 

Results of coupling constants showed tetrahedral geometry. Shahid et al. (2003) determined 

the 13C NMR data of di-and triorganotin(IV) complexes of ligand with benzoic acid moiety. 

The carboxylate carbon which is directly bonded to tin atom change chemical shift value 

after bonding, while other carbons do not exhibit significant change after complexion. The 
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chemical shift of 119Sn moves to upfield/higher field due to electron donating ability of alkyl 

group bonded to tin and data shows tetrahedral geometry around Sn(IV) in solution. Masood 

et al. (2004) concluded from multinuclear NMR that tetrahedral geometry in  

triorganotin(IV) while di- showed (R2SnL2, R2SnCl) showed hexa- or penta coordinated 

geometries, respectively R = n-C4H9, C6H5, C6H5CH2, n-C8H17. Pellei et al. in 2005 

characterized triorganotin complexes of the sodium bis (3,5-dimethylpyrazol-1-yl)acetate 

[LCO2]− by multinuclear NMR. The tin-proton coupling  in trimethyl tin derivatives is 57.3 

Hz, indicating four-coordinated tin moiety, complex show a distorted tetrahedral geometry 

with angle Me–Sn–Me 111° due to disposition of Me groups. 

Ma et al. (2006b) found that no resonance appeared at about 11 ppm, in the 1H NMR spectra 

of organotin complexes of 2,3,4,5-tetrafluorobenzoic acid, exhibited replacement of carboxyl 

proton on complexion. The 13C NMR  spectra shows only single resonance of COO- group 

present although two different types of carboxyl groups are present, it may be due to 

magnetic equivalence of carbonyl carbon or the separation between the two sets of resonance 

is small to be resolved. According to Hanif et al. (2007) -CH3 proton of dimethyl and 

trimethyltin derivatives of piperonylic acid appear as sharp singlet in the 1H NMR spectra 

with 2J[119Sn,1H] coupling of 82 and 58.3 Hz. The n-butyl protons of the same ligand show 

multiplet in the range of 1.82-1.25 ppm due to CH2-CH2-CH2-skeleton, while terminal CH3    

moiety shows a  triplet around 0.92 ppm.   

Nath et al. (2008) characterized [{R2Sn(Tyr-Phe)} and {R3Sn(HTyr-Phe)} of 

tyrosinylphenylalanine (H2Tyr-Phe) by NMR. In the 1H NMR spectra of complexes, the -

CO(OH) resonance of ligand (δ 12.0–13.0 ppm) was absent which suggests the replacement 

of carboxylic proton by organotin(IV) moiety. The 13C NMR spectral data of complexes 

showed that the resonances of the carboxylic carbon was shifted upfield (180.6–178.4 ppm) 

than in ligand (208.1 ppm). Hussain et al. (2009) investigated the structure of 

triphenyltin(IV) [2-(2,3-dimethylanilin)nicotinate] complex by NMR. Data showed that  tin 

metal atom has a tetrahedral geometry in solution state.  

Ruisi et al. (2010) characterized the trimethyl, triphenyl and tri n-butyltin(IV) complexes by 

NMR. The tin-proton  and tin-carbon  coupling constant help to determine the coordination 

and geometry behaviour around tin, C-Sn-C bond angle, 120˚ derived by Holecek and Lycka 

equaions showed the trigonal bipyramidal geometry of complexes. Sun  et al. (2011) used 1H 
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NMR for the characterization of organotin carboxylates. The spectra showed at terminal 

methyl catbon of n-butyl appear as triplet 3J(1H,1H) 0.90 ppm, while the remaining carbon of 

n-Bu group gives multiplet at 1.31-1.37 ppm. Abass et al. (2013) studied  carbon atoms of 

organic moiety bonded to tin atom have satellites due to tin carbon coupling. The 

1J[119Sn,13C] coupling constants in triorganotin derivatives lie in the range of 333-393 Hz, 

indicates tetrahedral geometry, while the 1J coupling constant in diorganotin derivatives are 

in the range of 491-569 Hz, which support the skew trapezoidal geometry around tin.  

Tariq et al. (2014) characterized carboxylate complexes of organotin by NMR. Results 

showed that  n-octyltin(IV) complex show different behavior for methylene proton (CH2) as 

compared to n-butyl and exhibited multiplet at 0.84-1.30 ppm. The values of coupling 

constant for triorganotin complexes show four coordinated tin, while diorganotin exhibited 

five coordinated tin(IV) in non-coordinated solvent. 

2.1.3.3  MASS 

Shahid et al. (2003a) studied the mass spectra of ligand acid, 2-[(4-

bromoanilino)carboxyl]benzoate and R3SnL and R2SnL2  complexes R = C6H5CH2, C6H5, n-

C4H9, C2H5, CH3 at 70 ev. Molecular ion peak with low intensity was observed in all the 

carboxylates. similar pattern was found in both tri- and diorganotin complexes, Sn+or SnH+, 

as the final product is formed either due to successive removal of alkyl/aryl group, then CO2 

and after that other part of ligand, or in the first step CO2 followed by R moiety and then 

removal of ligand in both types of complexes.  

Sadiq-ur-Rehman et al. (2004a) described the fragmentation pattern in ligand acid 

[C15H11FO2], 3-(3-fluorophenyl)-2-phenylpropenoic acid and its trimethyltin derivatives. The 

structure of the compound was justified by the fragmentation pattern. The ligand acid showed 

loss of F- or COOH group, while in trimethyltin(IV) complex, the primary fragmentation was 

due to removal of methyl group or ligand (R’COO). The secondary and tertiary 

fragmentations involved elimination of CO2 and R’, respectively if primary fragmentation 

was due to loss of –CH3 group, which finally ends to [Sn+]. 

Pellei et al. (2005a) studied labile organotin systems in solution by electrospray ionization 

technique at voltage of 30 V. The negative ion spectra of compounds 

{[(pyS)2CHCO2]SnR3}[(R = Cy, Ph, n-Bu and Me) (pyS,  bis(2-pyridylthio)acetate)] 

generally contain structurally important fragments [[{(pyS)2CHCO2}, (pyS)]-,- O2]
- and 
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molecular ion peak, M+ while in the positive ion spectra peaks of  organotin(IV)    moieties 

like [R3Sn]+ were present. Sharma et al. (2011) studied mass spectral data for 

diorganotin(IV) complexes of 4-methylphenol by fast atom bombardment (FAB) technique. 

The complexes did not show a molecular ion peak, M+,  most intense peak at 767 and  82 m/z  

corresponds to [{n-Bu2SnCl(OC6H4Me-4}2+ Me]+ and [{n-Bu2Sn(OC6H4Me-4)2}2 –  Me + 

H]+ in   the   respective  complexes  which indicates a marked   tendency of the complexes 

toward association, suggesting thereby their dimeric nature. The presence of [n-Bu2Sn]+ units 

bridged by 4-methylphenoxo groups was also indicated by the mass spectra of complexes. 

Camacho-Camacho et al. (2012) explained the electrospray ionization (ESI) mass spectra of 

triorganotin(IV) complexes of urocanic acid, a positive peak at m/z = 429 (10%) and 487 

(1%) exhibited which correspond to the cationic structures 

[(C6H6N2O2)Sn(CH2CH2CH2CH3)3]
+ and [(C6H6N2O2)Sn(C6H5)3]

+, respectively. The MS 

peak exhibited the correct isotopomer distribution, as expected for tin isotope distribution. 

Chilwal et al. (2013) characterized diorganotin complexes of monoisopropyl and 

monomethyl nadiate, succinate, and phthalate by fast atom bombardment. Under the FAB 

mass conditions, the observation of molecular ions in the mass spectra of the compounds 

confirmed monomers of the compounds. 

2.1.3.4 X-Ray Crystallography 

To determining structures of the crystalline compounds in a direct way, X-ray 

crystallography is used. Information about thermal displacement factors, atoms position and 

structural parameters provided by this technique in a compressive manner. A appropriate 

sample is mount on a fiber of glass on a goniometer, a mechanical device. For accurate 

measurement of  angular displacements tilt  and rotate the crystal in all directions by device.  

Ahmad et al. (2002) studied the crystal structure of trimethyltin(IV) complex 

[(CH3)3Sn(C13H7O3F2)]. The Sn atom  exhibit a trigonal bipyramidal geometry, with 

orthorhombic crystal system having a space group Pbca. Diop et al. (2003) studied the 

structure of bis(triphenyltin) oxalate (Ph3Sn)2(C2O4). A centrosymmetric structure contain 

monodentate carboxylate with four-coordinated tin atom. Zhang et al. (2004) explained 

crystal structure of complexes contain sulphur donor ligand, it contain bridging- S–S-

linkages and planar four-membered Sn2O2 ring form unusual macrocycle with exocyclic tin 

atom as six-coordinated and endocyclic tin atom as five-coordinated environment. Ma et al. 
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(2005) studied  X-ray  structureof dimethyltin complex of 2,6-pyridinedicarboxylate 

[Me2Sn(2,6-pdc)]3, it contain planar 12-membered cyclic cavity. Ladder type structure 

[Me2Sn(2,6-pdc)]2(MeOH)2 and methanol molecule as a solvent  present  in each unit. 

Shahzadi et al. (2006) described a distorted octahedral structure of the compound  

[Sn(acac)2Cl2] (acetylacetonato)dichlorotin(IV), two chlorides and both oxygen atoms of the 

acetylacetone group occupy the cis position.  

Baul et al. (2007) determined the crystal structure of triethyltin complexes. In the complex, 

O-atom of carboxylate group and O-atom of water molecule have in  axial position, while the 

equatorial positions are occupied by three ethyl groups in trigonal bipyramidal geometry. 

Xanthopoulou et al. (2008) studied the structure of dimethyltin derivative of benzoic acid, a 

polymeric structure, infinite chains with helical conformations are formed. Wu et al. (2009) 

determined the crystal structures, distannoxane dimer containing five-coordinated tin atoms. 

Triphenyltin complex [(C6H5)3Sn(L)],  carboxylate group of ligand bonded to Sn atom in a 

monodentate manner and molecule adopts a distorted tetrahedral geometry.  

Shah et al. (2011) studied two types of tin, exocyclic Sn atom connected to centrosymmetric 

planar Sn2O2 unit via two bridging bidentate carboxylate groups while the exocyclic Sn atom 

bonded with other two carboxylate ligands in monodentate manner. Shi et al. (2012) studied 

the structure [(Me3Sn)(O2C13H17)]n of trimethyltin derivative with ligand (S)-(+)-2-(4-

isobutyl-phenyl)propionic acid, 1-D infinite chiral zigzag chain structure was found, however 

1-D spring-like chiral helical chain structure with  channel was observed when trimethyltin    

form complex  with ligand  (R)-(+)-2-(4hydroxyphenoxy)propionic acid 

[(Me3Sn)(O4C9H9)]n.  

Hussain et al. (2013) studied the structure of  novel polymeric tributyltin(IV) complex of 

acetylene dicarboxylate, the coordination geometry of the tin atom is distorted trigonal 

bipyramidal, both carboxyl groups of ligand acid behave in a bidentate manner, bonded to 

adjacent Sn. Win et al. (2014) studied structure of dibutyltin complex (5-NH2-2-Cl-

C6H3COO)2(C4H9)2Sn  by X-ray crystallography. The complex shows polymeric form, seven 

coordination number to each metal atom due to additional Sn–N coordination and a 

monomeric structure also exists in the compounds. 
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 2.2 Dithiocarbamates (S, S donor ligand) 

2.2.1 Synthesis 

Tarassoli et al. (2001) used dithiocabamate to synthesize organotin complexes. Complexes 

are prepared by reacting diphenyl- and di-n-butyltin dichloride and triphenyltin chloride in 

different molar ratios with ACDA ligand. Eng et al. in 2003 adopted a low-temperature 

method to synthesize a different types of dithiocarbamates triorganotin [R3SnS2CNR'2], 

where R= tricyclohexyl and triphenyltin chloride. Pellei et al. (2005) react a [L2CS2]
─  ligand 

which is anionic in nature, bis(3,5-dimethylpyrazolyl)dithioacetate  react with organotin salts 

to synthesized organotin(IV) derivatives in a reasonable yield. 

Xue et al. (2005) adopted two procedures for the synthesis of heterocyclic dithiocarbamate; 

R2Sn(Cl)S2CNR’2 complexes were prepared by using anhydrous sodium dithiocarbamate and 

absolute benzene solution of bis(2-fluorobenzyl)tin dichloride  by using one procedure and in 

other procedure used solution of di(3-Cl-benzyl)tin dichloride and dichloromethane solution 

of sodium dithiocarbamate to synthesize complexes. 

Chauhan and Shaik (2005) synthesized 1,3-dithia-2-stannacyclopentane derivatives 

SCH2CH2SSn[S2CNR2]Cl, and SCH2CH2SSn[S2CNR2]2  (where R =   –CH2–CH2–), CH3, 

C2H5  by the reaction of  ammonium/sodium salts of dialkyldithiocarbamates with 2,2-

dichloro-1,3-dithia-2-stannacyclopentane by using solvent benzene.  

Shahzadi et al. (2006a) introducesd carbon disulphide by simple stirring at room temperature 

in 4-methylpiperidine and synthesized thioic acid which was further treated with 

triethylamine and then refluxed with R2SnCl2 (R=Me, Bu, Ph) to yield diorganotin(IV) 

complexes. 

Tarassoli et al. (2006) synthesized benzyltin complexes of (ACDA) by changing the ratio of 

ligand to tin salt. Bz2SnCl(ACDA) complex prepared by reaction of 1 molar  of ACDA with 

dibenzyltin dichloride. ACDA react in two molar ratio with dibenzyltin dichloride and 

tribenzyltin chloride to produce Bz2Sn(ACDA)2 and Bz3Sn(ACDA). 

Lu et al. (2006) studied reaction of dithio acid (ArCS2CH2CO2H, Ar = 2-furyl, 2-thienyl or 

phenyl) with n-Bu2SnO in 2:1 molar ratio to give monomer (ArCS2CH2CO2)2Sn(Bu)2 and in 

1:1 molar ratio give dimer {[(ArCS2CH2CO2)Sn(Bu)2]2O}2. Zia-ur-Rehman et al. (2007) 

synthesized complex of dimethyltin(IV) by stirring the anhydrous methanolic solution of 4-

methylpiperidine dithiocarbamate  with dimethyltin(IV) dichloride at room temperature. 
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Shahzadi et al. in 2008 also used the same ligand, 4-methyl-1-piperidine carbodithioic acid 

with triphenyltin(IV) chloride to synthesize  complex by refluxing in anhydrous toluene.  

Zia-ur-Rehman et al. (2009) investigated the reaction of 4-benzylpiperidine-1-carbodithioate 

ligand-salt with different organotin chloride in appropriate molar ratios, to synthesize 

R2SnClL {R = CH3, C2H5, n-C4H9, } R2SnL2 {R = CH3, C2H5,     n-C4H9}, R3SnL {R=CH3, n-

C4H9, C6H5, C6H11} dithiocarboxylates. The ligand salt, 4-benzylpiperidinium 4-

benzylpiperidine-1-carbodithioate was prepared bystirring methanol solution of 4-

benzylpiperidine with carbon disulfide at room temperature. Khan et al. (2010) synthesized 

Bu2Sn(acac)(4-MePCDT) complex by stirring the solution of ligand acid and 

dibutyltin(acac)2 (1:1) in anhydrous chloroform at temperature below 10 ˚C. Baba et al. 

(2011) successfully synthesized organotin(IV) dithiocarbamates, R2Sn (S2CNR'R'')2 by 

reacting the R= diphenyl, dibutyl,  dimethyl  and  di-t-butyltin(IV) dichloride.  

According to Tlahuext et al. (2011) dithiocarbamate ligands bis- and tris gave 

chlorodiorganotin(IV) di-{(R2SnCl)2(bis-dtc)} and trinuclear complexes, {(R2SnCl)3(tris-

dtc)}. Hussain et al. (2011) react  methanol solution of 4-piperidine with  carbon disulfide in 

at 0 °C  and prepared dithiocarbmate ligand,  4-(hydroxymethyl)piperidine-1-carbodithioic 

acid. This ligand (HL) on reaction with suitable organotin(IV) chloride gave R3SnL and 

R2SnL2  . Muthalib et al. (2011) studied direct reaction among amines, carbon disulphide and 

diphenyltin dichloride in ethanol to synthesize dithiocarbamate compounds 

(C6H5)2Sn[S2CNR'R''] (R' = C7H7, C2H5,CH3; R'' = C7H7, C4H9, C6H11, C2H5, i-C3H7). Yousefi 

et al. (2012) described synthesis of mononuclear diorganotin(IV) dithiocarboxylates 

(R2SnL2) by reaction of organotin chloride; methyl, n-butyl, phenyl, benzyl  with 

morpholine-1-carbodithioate. 

Singh and Bhattacharya (2012) studied the dithiocarbamate ligand with Ph3SnCl, n-Bu3SnCl, 

(CH3)2SnCl2, (C3H7)2SnCl2 and SnCl4 resulted in triorgano, diorgano and monoorganotin 

dithiocarbamate complexes. Khan et al. (2012) produced organotin  compounds by mixing 

stoichiometric amounts of piperidine-1-dithiocarboxylic acid and organotin(IV) chlorides, 

phenyltin trichloride and ditertiarybutyltin dichloride in anhydrous chloroform.  

Shaheen et al. (2012) synthesized dithiocarbamate ligand by adding carbon disulfide  into the 

solution of ligand,  N-(2,3-dimethylphenyl)piperazine  in dry methanol. After synthesis of 

ligand it is reacted with appropriate organotin chloride to synthesize Ph3SnL, Bu3SnL, 
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Me3SnL, Ph2SnClL, Bu2SnClL, Me2SnClL, Et2SnClL and Et2SnL2, dithiocarboxylates.     

Zia-ur-Rehman et al. (2012) synthesized triorganotin compounds [C10H10NS2SnR3] where R 

= C4H9, C6H5, CH3 and  C6H11 by metathesis reaction of ligand salt 1,2,3,4-

tetrahydroisoquinolnium   with appropriate triorganotin(IV) chloride in the 1:1 molar ratio.  

Adli et al. (2013) used ligand N-methylcyclohexyl dithiocarbamate, 1-methylpiperazine 

dithiocarbamate with organotin(IV) chloride  to synthesize dithiocarbamate in good yield. 

Javeed et al. (2014) produce organotin derivatives by treating potassium o-methyl 

carbonodithioate with organotin salts. 

2.2.2 Characterization 

2.2.2.1 IR 

Tarassoli et al. (2001) characterized the organotin(IV) compounds of carbodithioic acid by 

FTIR. The spectra of dibutyl, diphenyl and triphenyltin complexes indicates that the metal-

ligand bond formation occurs through –CSS group due to absence of  ν(S–H) vibrational 

band which appears in the spectra of ligand (2550–2430 cm−1) and new peaks apper in the  

region of 340-365 cm-1  which are assigned to tin-sulphur, while these peaks are not present 

in the ligand spectra. Eng et al. (2003) studied the nature of coordination between the 

dithiocarbamate ligand and the tin atom by using ν(C-S) stretching vibrations. The –CS2 

group bonded symmetrically or bidentate  in mono- and di-alkyl dithiocarbamate Complexes 

is  determined   by the appearance of single vibration in the region of  986 and 991 cm−1 in 

the spectra. 

Xue et al. (2005) studied the bonding nature of diorganotin(IV) complexes of heterocyclic 

dithiocarbamate by IR. The bidentate behavior of dithiocarbamates are deduced due to 

presence of   single absorption band around 1000 cm-1 while absorption band around 450  

cm-1     in the complexes is assigned to Sn-S bond which confirms the complexation. Yin and 

Xue (2006) studied the IR spectra of complexes. The  absorption  bands   which  appear in 

the region of 1120-1131 cm-1 and 995-1008 cm-1 can be assigned to asymmetric and 

symmetric absorption frequencies ν(CS2)s, respectively and the difference between these 

values [ν(CS2)as – ν(CS2)s] lie in the range 120–137 cm−1, showed that the sulfur  atoms of 

the dithiocarbamate moiety coordinate to the central Sn in a bidentate  manner. Shahzadi      

et al. (2008) investigated the two (carbon-sulphur) bonds at 1055 and 960 cm-1 in the spectra  

showed  that the ligand bonded with tin in an anisobidentate way.  
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Zia ur rehman et al. (2009) characterized complexes of tin with carbodithioate by FTIR. A 

single peak appear 1060-900 cm-1 region which is assign to (carbon-sulphur) stretching 

vibration, gives idea about the 1,1-dithiolate moiety bonded with tin in bidentate fashion.  

The band appears in the region of 476-645 and 334-380 cm-1 due to (tin-carbon) and  (tin-

sulphur) vibration indicate complexation.  

Hussain et al. (2011) studied the IR spectra of ligand carbodithioic acid and its complexes of 

tin. The absorption frequencies of  carbon disulphide are asymmetric  and symmetric present 

at 1040–1046, 965–967 cm−1 and difference of these two frequencies lie in the range of 75-

79, exhibited both sulfur atom of dithiocarbmate  group  coordinated  with tin in bidentate  

manner. Tlahuext et al. (2011) concluded that salt of dithiocarbamate in the 

chlorodiorganotin(IV) (R = n-Bu, Me) complexes are bonded with metal atom in 

anisobidentate fashion. 

Singh and Bhattacharya (2012) used IR to explain the coordination behavior of 

dithiocarbamate ligands with  (Ph3SnCl, Pr2SnCl2, Me2SnCl2, BuSnCl3 and SnCl4) with 

organotin chloride. Spectral data showed ν(C-S) stretching vibration below a pair of bands at 

1000 cm-1 that shows carbon disulphide linked to the tin metal atom in a monodentate mode. 

At 970 cm-1 single symmetrical peak appear which is due to ν(Carbon-Sulphur) and prove a 

symmetrically bidentate bonding in  dichlorotin bis(dithiocarbamate) complex.  

Adli et al. (2013) characterized the di- and triorganotin (R = Bu, Me, Ph) complexes of 1-

methylpiperazine and N-methylcyclohexyl dithiocarbamate by IR. Results showed that v(C-

S)  appear as two bands in the diorganotin(IV)  thus prove that monodentate behaviour of  

ligand. While singe peak appear in triorganotin show bidentate bonding. The vibrational 

bands appear at 1460–1485, 963–1025, 515–571 and 400–450 cm-1 assigned to v(carbon-

nitrogen), v(carbon-sulphur), v(tin-carbon) and v(tin-sulphur) indicated the complex 

formation. Javeed et al. (2014) studied the IR spectra of of potassium o-methyl 

carbonodithioate of tin complexes, presence of two νC=S absorptions in complexes at 1365–

1462 and 1010–1072 cm−1 indicates ligand coordinate to the metal in monodentate manner. 

2.2.2.2 1H and 13C NMR 

Tarassoli et al. (2001) characterized the structures of butyl and phenyltin(IV) complexes of 

carbodithioic acid by 1H NMR. The –SH signal disappeared on coordination with tin and 

formed Sn-S bond. The phenyltin complexes showed two multiplets in the region of 7.35–
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7.62 and 7.67-8.06 ppm assigned to H(3,4,5) and H(2,6) protons of –C6H5 rings. The –CH3 

protons exhibited a triplet in butyltin compounds and down field overlapping multiplets 

appeared due to -CH2-CH2-CH2- skeleton as compared to uncomplexed Bu2SnCl2. Eng et al. 

(2003), characterized the dithiocarbamate complexes [R3SnS2CNR'2]  by NMR. The 13C 

NMR chemical shifts in  the range 194.3 to 201.0 ppm were observed which is due to the –

CS2 carbon atoms in the dithiocarbamates. The 1J(119Sn–13C) coupling constants lie in the 

range from 60 to 620 Hz and 321–339 Hz in triphenyl and tricyclohexyltin(IV) compounds, 

respectively.  

Pellei et  al. (2005) suggested in dimethyltin complex exhibited five-coordinate geometry on 

the basis of coupling constant while angle is estimated to be 130◦, suggesting a distorted 

equatorial disposition of the Me groups. Shahzadi et al. (2006b) characterized the diethyltin 

derivatives, the α-CH2 resonates 2.48 ppm as quartet with  coupling constant 61 Hz, while the 

CH2 proton of dibenzyltin gave a singlet at 1.25 ppm with tin-proton coupling 66 Hz.  The 

values of the coupling constant indicate the four coordinated geometry in solution. 

Zia-ur-Rehman et al. (2007) studied the 1H-NMR spectra of dimethyl tin carbamate complex, 

The singlet which is appear in the spectra of ligand at 1.27 ppm may be due to –SH group. 

The disappearance of this peak in the complexes indicate proton of dithiocarboxylic acid 

relpaced by tin moiety. Zia-ur-Rehman et al. (2009) characterized the dibutyl, diethyl and 

diphenyl tin complexes of carbodithioate by 13C NMR. The  deshielding of carbon atom 

(ligand)  bonded   to  alkyl/aryl  tin confirmed  the complexation  and 1J[119Sn–13C]     value 

(530 Hz)  showed  penta-coordinated geometry. Hussain et al. (2011) observed    that    

phenyl  protons give multiplets in the region of 7.43–8.24  and 7.37–7.86 ppm,  while a sharp    

singlet appear in the spectra at 0.51 and 1.55 ppm for methyl   protons   of  alky/aryl/ltin (IV)    

derivatives.  

Shaheen et al. (2012) evaluated    possible geometry of triphenyl- trimethyl-,  tributyltin(IV) 

complexes of carbodithioate by  multinuclear NMR. Triorganotin(IV) complexes dissociate 

in solution and showed a  tetrahedral  geometry, while Et2SnL  showed    octahedral   

geometry, whereas    Et2SnClL complex  exhibited  five coordinated geometry  in solution. 

Khan et al. (2012) characterized the diorganotin(IV) (t-Bu, Ph) derivatives of carbodithioic 

acid by NMR and confirmed coordination of sulfur with tin due to the down field chemical 

shift (196.04-192.90 ppm) of  carbon atom bonded with alkyl/aryl tin as compared to ligand 
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(178.69 ppm). Hussain et al. (2013) studied the 1H and 13C NMR resonances for 

organotin(IV) esters of 3-(benzo[d] [1,3]dioxol-4-yl)propanoic acid. The single resonance of 

OH in ligand acid disappeared on coordination with tin. 2J[119Sn, 1H] coupling values 

calculated for tetramethyldistannoxane are 71 and 86 Hz which suggest sp3d hybridization 

around tin. Win et al. (2014) explain the NMR spectra of 5-amino-2-chlorobenzoic acid with 

dibutyltin (1) and dimethyltin (2) complexes. The butyl group show resonance in the region 

of δ 0.75–1.60 ppm while dimethyltin show signal at 0.83 ppm.  Formation of the complexes 

were also verified by 13C NMR studies. The signal of –COO group in complexes shifted 

downfield as compared to ligand, signifying that the carboxylate group bonded with tin(IV).  

2.2.2.3 MASS 

The mass spectra for tri-, chlorodi-, and diorganotin(IV) derivatives of carbodithioate showed 

rich ion distributions. As generally the case for  organometallic compounds, resulting ions 

were easily and quantitatively recognized from the specific isotopic peak pattern for ‘Sn’ and 

SnCl’.  

Pellei et al. (2005) studied compounds of (3,5-dimethylpyrazolyl) dithioacetate by 

electrospray ionization technique. The anionic spectra of triorganotin derivatives showed free 

ligand [LCS2] peak at 279 m/z owing          to the less constancy of complexes in solution of 

acetone. This behaviour of  instability was also  confirmed by the presence of minor peaks 

due to diorganotin(IV) moiety in compounds. However    triphenyltin(IV)    complexes     

showed     peaks   at 350(100) m/z (%) due to Sn(C6H5)3 moiety. The positive-ion spectra 

fragments at 451, 331 and 578 m/z exhibited species, [(SnPh2O)2+H+]+ [(SnMe2O)2+H+]+, 

and [(LCS2)(SnMe2O)2+4H+]2+, respectively. Shahzadi et al. (2008) studied the mass spectra 

of triphenyltin complex of 4-methylpiperidine-dithiocarbamato-S,S'. Molecular ion peak in 

the spectra of complexes was not observed, while the base peak is because of  moiety 

[C6H12NSnPh3]
+  after the loss of CS2 from molecular ion. 

Zia- ur-Rehman et al. (2008) investigated the breakup pattern by electron impact mass 

spectrometry Spectral data exhibited the fragmentation happened due to the loss of  organic 

moiety of ligand [ArN(CH2)4NC.] and may be due to loss of  R. (C2H5 or CH3) group. 

Tlahuext et al. (2011) studied the mass spectra (FAB) of  of trinuclear and diorganotin(IV). 

The data reflect that [M-Cl]+ fragment ions of complexes were formed while molecular ion 

peak was not observed.  
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Khan et al. (2012) used mass spectrometry to characterize the new and diorganotin(IV) 

(ditertiarybutyltin) dichloride and chloromono (phenyltintrichloride) complexes of carboxyl 

ligand.During fragmentation of complexes, ligand is lost first then CS2 and several R groups. 

The base peak appeared at m/z 56 due to fragment [C3H6N]+ which is obtained by the loss of 

CS2 from the ligand, followed by the removal of CH3 and C2H4 radicals. Sirajuddin et al. 

(2014) characterized the triorganotin(IV) complexes by mass spectrometry. In compounds, 

fragmentation happened due to  loss of alkyl/aryl groups from organotin then ligand moiety 

is lost.  

2.2.2.4 X-Ray Crystallography 

Haiduc et al. (2001) studied crystal and molecular structures of trimethyl and 

triphenyltin(IV) complexes of ligand 1,3,5-triazine-2,4,6-trithiolato. The structures showed 

‘manxane’ arrangement of  tetrahedral organotin units about the central triazine but no 

intermolecular interactions were observed. Barone et al. (2002) highlighting the structure of 

complexs Sn(S2CNEt2)2(SCH2CF3)2 and Sn(S2CNEt2)2(SPh)2 wherein thiolate ligands were 

monodentate and present on cis position in distorted octahedral geometry of complex.  

Ali et al. (2005) studied the X-ray structure of chlorodimethyltin(IV) piperidine-1-

carbodithioate [Me2Sn(S2CN(CH2)5)Cl], the dithiocarbamate moiety of ligand bonded to 

metal in bidentate mode spanning axial. Xue et al. (2005) explained the coordination of tin in 

complex (3-Cl-Bz)2Sn[S2CN(CH2CH2)2NEt]2, skew-trapezoidal planar geometry containing 

two 3-chlorobenzyl moiety and two asymmetrical dithiocarbamate groups in the structure of  

diorganotin heterocyclic dithiocarbamate.  

Tarassoli et al. (2006) explaines structure of tribenzyltin 2-amino-1-cyclopentene-1-

carbodithioates wherein the coordination geometry of tin is distorted from an ideal 

tetrahedron and Sn atom in the complex Bz3Sn(ACDA) is bonded to one C atom of each 

benzyl group.  Shahzadi et al. (2008) determined the unsymmetrical nature of the ligand, 

towards coordination to triphenyltin(IV). The complex has a distorted trigonal bipyramid 

geometry, tin metal bonded with three phenyl groups of triphenyltin(IV) and two atoms of 

sulfur of –CS2. 

Baba et al. (2011) studied the single crystals of  bis(N-benzyl-N-isopropyldithiocarbamato-

κ2S,S'-)di-n-butyltin(IV). The Sn(IV) atoms in these  complexes was chelated by both S 

atoms of the –CS2 group and form six-coordinated geometry. Hussain et al. (2011) 
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determined the structure of chlorodimethyltin complex od carbodithioato. The calculated τ 

values (0.22) showed that the geometry is square-pyramidal.   

Zia-ur-Rehman et al. (2011) studied  geometry of tin(IV) derivative  on the basis of τ values, 

0.24 and 0.6 for chlorodiethyl- and chlorodibutyltin(IV) complexes of 4-

benzhydrylpiperazine-1-carbodithioates, respectively, authenticated the square-pyramidal 

and trigonal bipyramidal geometry. Singh and Bhattacharya (2012) described the crystal 

structures of organotin derivatives of dithiocarbamate, the tin atom coordinated to the ligand 

(–CS2) in anisobidentate mode, the triphenyltin complex, showed deviation in geometr from 

regular tetrahedron to trigonal bipyramid, while dipropyl and dimethyltin complexes showed 

skew trapezoidal bipyramidal geometry. The –CS2 group in dichlorotin 

bis(dithiocarbamate)complex  coordinated to Sn(IV) inbidentate manner and molecule adopts 

a cis-octahedral geometry 

2.3 Thiol ligands (S-Donor Ligand) 

2.3.1 Synthesis and characterization 

Larionov et al. (2000) synthesized the compounds (CH3)2Sn(C12F9S)2, (CH3)2Sn(C10F7S)2 

and (C2H5)2Sn(C10F7S)2 by perfluorobiphenyl-4-thiolate and perfluoronaphthalene-2-thiolate 

anions in ethanol with respective tin salts. A distorted tetrahedron (SnC2S2 core) geometry 

around tin is determined. Thermolysis of  these compounds results   in    SnO2 (in air)   or  

SnS2 (in argon). Xanthopoulou et al. (2003) made dimethyltin(IV) compound of 5-chloro-2-

mercaptobenzothiazole [(CH3)2Sn(cmbzt)2] by treating methanolic solution of 

dimethyltin(IV) dichloride with aqueous solution of ligand. In the FTIR spectra of complex, 

the shift of thioamide stretching bands to lower frequencies shows deprotonation of the 

ligand, while  the  stretching vibration appeared at 3395-380 cm-1 was assign to tin–sulphur 

bond. The results of X-ray diffraction analysis indicate that the geometry around tin(IV) is 

distorted octahedral with two nitrogen atoms, two sulfur atoms with cis-S, cis-N, trans-C 

configurations. 

Ma et al. (2008) made organotin derivatives by using diorganotin(IV) dichloride and 

triorganotin(IV) chloride (PhCH2, Me, Ph) with 4,4’-thiodibenzenethiol in a 1:1 and in a 2:1 

molar ratio, respectively. The IR spectra of complexes indicated  that absorption band 

appeared in the region of 305-322 cm-1 was due to ν(tin-sulphur), while in the free ligand the 

absorption band appeared at 2560 cm-1 due to SH group was absent in the complexes, which 
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confirmed coordination of tin through sulphur atom. The tin proton coupling of tri- and 

dimethyltin complexes are 27.2 and 83.2 Hz, indicate tetrahedral tin(IV). X-ray diffraction 

analysis showed that monomeric structures are triorganotin compounds, centrosymmetric 

dinuclear macrocyclic structures are diorganotin compounds with four coordinated tin. two-

dimensional networks, one-dimensional chains and three-dimensional structures of 

supramolecule  are formed due to non-bonded Sn….S, C–H…π  interactions. 

Wang et al. (2012) synthesized organotin complexes [(Bu2Sn)(C2HN2S2)2], 

[(Me2Sn)4(C2HN2S2)2(μ3-O)2(C2H5O)2] and [(Ph3Sn)(C2HN2S2)]  and by reacting    

triorganotin chloride or diorganotin dichloride with  2-mercapto-1,3,4-thiadiazole in benzene. 

The presence of ν(tin-sulphur) band at about 335-344 cm-1, indicated  that coordination occur 

through S atom in complexes. On the basis of NMR, it was concluded that methyl complex 

was five coordinated, while complexes of Bu and  Ph    were   typical   of    four   coordinated 

geometry.  X-ray diffraction shows that macrocycle was formed in butyl complexes by 

intermolecular hydrogen bonding C-H…….N. one-dimensional (1D) helical chain present in 

phenyl complex and a typical ladder structure found in methyl complex of 2-mercapto-1,3,4-

thiadiazole 

Tarassoli and Azizi-Talooky (2012) used 2-thiazoline-2-thione (TZDSH) with organotin to 

synthesize [SnR2(C3H4NS2)2], while TZDSH with SnPh2Cl2 in dichloromethane under inert 

atmosphere yields [SnPh2Cl2(C3H5NS2)2]. IR spectra exhibited ligand (TZDSH) was 

coordinated to tin through exocyclic sulfur not via nitrogen. The 1H NMR spectra of 

dimethyltin complex showed that the methyl protons give signals at chemical shift of 1.23 

ppm with tin proton coupling 82.7 Hz, Me-Sn-Me angle as calculated by Lockhart and 

Manders equation was 134.40°, while the protons of butyl (-C4H9) and phenyl (-C6H5) groups 

were observed in the region of 0.97-1.80 and 7.26-7.44 ppm, respectively. The 13C NMR 

spectra showed that the ligand in all the complexes had four coordinated tin except 

[SnPh2Cl2(C3H5NS2)2], which showed six-coordinate tin(IV) in solution.  

2.4 Palladium complexes 

2.4.1 Synthesis 

Talanova et al. (2000) studied interaction of bis(phosphine sulfides) Ph2P(S)-X- P(S)Ph2 (X= 

CH2,C(CH3)2, CH2CH2, NH, S and SCH2S), with PdCl2 in chloroform to yield palladium 

complexes. In 2002 Sanchez et al.  synthesize [Pd{2-(2-Ph2PC6H4–CH=N)C6H4O}X]    
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X=AcO, Cl complexes by using monoanionic tridentate ligand [2-(2-Ph2PC6H4–   

CH=N)C6H4O] and palladium precursors ([Pd(OAc)2] or [PdCl2(PhCN)2]) in 

dichloromethane. Fregona et al. (2003) reported synthesis of palladium derivative of 5ter-

butylsarcosinedithiocarbamate and 5ter-butylsarcosine(S-methyl)dithiocarbamate) by stirring 

with  pladdium(II) chloride and bromide. 

Papathanasis et al. (2004) produced palladium complex [Pd(Ap4Et)(H2Ap4Et)] by   stirring 

methanol solution of H2Ap4Et, 2-hydroxyacetophenone N(4)-ethylthiosemicarbazone with 

aqueous solution of K2PdCl4 at room temperature. Perez et al. (2005) studied the reaction of 

ligands; 3-methyl-5-phenylpyrazole, 3-methyl-5-(2-pyridyl)pyrazole with [PdCl2(CH3CN)2] 

to give pyrazole derived palladium complexes [PdCl2(HL)2]. Gao et al. (2006) synthesized 

palladium benzylmalonate complex  at room temperature by mixing benzylmalonic acid and 

2,2-bipyridine in ethanol and aqueous solutions of PdCl2. Dey et al. (2006) made novel 

binuclear derivatives [PdX(ECH2CH2CH2NMe2)]2 where X = OAc,Cl. First prepared this 

comples [Pd(ECH2CH2CH2NMe2)2]6 (E=S; Se)  was  by reacting Na2PdCl4 with sodium salt 

of 3-dimethylamino-1-propylchalcogenolates in methanol and then first complex again react 

with [Pd(OAc)2]3 or Na2PdCl4 to synthesize bimetallic complex. 

Shaheen   et al. (2007)  used dithiocarbamates of α-amino acids to synthesized Pd(II) 

complexes in good yield. (R3P)2PdCl2 (R = Ph, Ph2Cl, o-tolyl,) react with N-methyl 

cyclohexyldithiocarbamate (MCHDTC) and N,N-dicyclohexyldithiocarbamate (DCHDTC) 

in 1:1 molar ratio.  Mishra et al. (2007) used variety of thiohydrazone ligands; 

salicylaldehdyde- acetaphenone- and cyclohexanone-1,1-diphenyl-2-thiohydrazone with 

PdCl2 to synthesize palladium(II) complexes of type [Pd(L)Cl2].  

Hernandez et al. (2008) used thiosemicarbazone to synthesize palladium(II)bis-      chelates 

by reacting benzaldehyde-, m-cyanobenzaldehyde-, o-nitrobenzaldehyde- 4-phenyl-1-

benzaldehyde thiosemicarbazone and Pd(acac)2 in CH2Cl2/CH3OH. Kovala-Demertzi           

et al. (2008) prepared palladium(II) compounds     [PdCl(Ac4Npypipe)]  [PdCl(Fo4Npypipe)] 

by using Li2PdCl4, lithium tetrachloropalladate in methanol with appropriate 

thiosemicarbzon. Voitekhovi et al. (2009) synthesized palladium complex [PdL2Cl2] by 

stirring palladium(II) chloride dihydrate solution with 5-amino-2-tert-butyltetrazole at room  

temperature.  
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Keter et al. (2009)  prepared  orange coloured pyrazolyl palladium(II) complexes with 

formula [PdCl2(3,5-t-Bu2bpza)] and PdCl2(3,5-Me2bpza)] in dichloromethane by using 

[PdCl2(MeCN)2] and  K2[PdCl4]  palladium salts. Ghassemzadeh et al. (2010) synthesized 

mononuclear complex of the type [(PPh3)Pd(HL)Cl]Cl.2CH3CN] by using 

triphenylphosphine as a ligand in acetonitrile, and PdCl2 as a palladium precursor. Nadeem et 

al. (2010) pepared palladium(II) compounds by triphenylphosphine in acetonitrile to aqueous 

solution of K2[PdCl4] followed by methanolic solution of thioamides, [L = methylthiourea, 

thiourea, tetramethylthiourea, N,N’-dimethylthiourea, 2-mercaptopyrimidine, 2-

mercaptopyridine and thionicotinamide].  

Bergamini et al. (2011) synthesized palladium(II) complex with mercaptothiazoline at room 

temperature by reaction of aqueous solution of lithium tetrachloropalladate(II) (Li2PdCl4) 

with freshly prepared aqueous solution of the potassium salt of 2-mercaptothiazoline in 1:2 

molar ratio. Orysyk et al .(2011) prepared palladium compounds in an acidic medium (pH 

2.0–2.5) under constant stirring at moderate (55 °С) temperature. Mansouri-Torshizi et al. 

(2011) synthesized palladium complex by sodium salt of octyldithiocarbamate with 

[Pd(bpy)Cl2] (bpy =2,2-bipyridine). In 2012 Ramachandra et al. synthesized Pd(II) 

thiosemicarbazone complexes [Pd(L)(AsPh3)] and [Pd(L)(PPh3)] by refluxing CH2Cl2  

solution of  ligand (H2L) with ethanol solutions of [PdCl2(PPh3)2] and [PdCl2(AsPh3)2]  

Khan et al. (2012a) synthesized palladium complexes [(DT)Pd(PR3)Cl] by reacting 

dithiocarbamate, dipropyl-, bis(2-methoxyethyl)-, dibutyl-, dimethyldithiocarbamates with 

appropriate phosphine (PR3) diphenyl-p-tolyl-,    triphenyl-, diphenyl-2-methoxyphenyl-, p-

cholorodiphenyl- and diphenyl-t-butylphosphine in 1:1 molar ratio under reflux. Acharya     

et al. (2012) used N,O and S donor ligands; 1-hydroxy-2-(2'-

alkylthiophenylazo)naphthalenes,     2-hydroxy-1-(2'-alkylthiophenylazo)naphthalenes  and 

ethanol solution of Na2[PdCl4] to synthesize palladium complexes [Pd(L)Cl] at room 

temperature.  

Barra et al. (2013) used N-methyl-3,5-dimethyl-1-thiocarbamoylpyrazole as a source of 

ligand to synthesized palladium derivatives. Małecki et al. (2013) obtained the cationic 

palladium(II) compounds by reaction of PdCl2 with imidazo[1,2-α]pyridine  and 1-

methylimidazole in acetonitrile.  
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Mukherjee et al. (2013) synthesized palladium complex by bis(pyridine-2-

carboxamide)benzene dianion. Perez et al. (2013) explained formation of palladium 

derivatives, trans- [PdCl2L2] by pyrazole as asource of ligands 3-methyl, 5- methyl of 2-

phenyl-1H-pyrazolyl in ethanol along with [PdCl2(CH3CN)2] in dry acetonitrile. Tamayo et 

al. (2014) synthesized the palladium complex, [Pd(MePhPzTSC)2], by refluxing methanol 

solution of 3-methylpyrazole-4-carboxaldehyde thiosemicarbazone MePhPzTSC with  PdCl2  

solution in methanol. 

2.4.2 Characterization 

Fregona et al. (2003) structure of palladium ter-butylsarcosinedithiocarbamate complex 

isdetermined by FT-IR, suggesting the –NCSS group coordinating to Pd(II) atom is in a 

bidentate mode in a square-planar geometry. Ramadan et al. (2004) characterized the 

palladium complexes of 2-aminobenzimidazole and 2-(2'-pyridyl)-benzimidazole. 

Spectroscopic data of these complexes showed that the ligands were bidentate, occupied 

equatorial positions and the two chlorine atoms are in cis position of square plannar 

geometry.  

Papathanasis et al. (2004) studied the X-ray structure, palladium(II) bonded the ligand, 

Ap4Et2
¬ (the dianion) through imine N, phenolato O, and thiolato   atoms, in a planar 

conformation, however the neutral molecule showed that the  thione S atom coordinated in a 

monodentate manner to the metal. The electroni spectra of complexes showed that transition 

within the ligand orbital occurred when absorption of radiation in the UV region.  

Perez et al. (2005) characterized the palladium(II) complexes of pyrazole ligands; 3-methyl-

5-phenylpyrazole by IR, characteristics stretching frequencies appear at 483–463 cm-1 were 

assigned to (palladium-nitrogen) bond, while in the region of (360–329 cm-1) assigned to 

(palladium-chlorine) bond. X-ray diffraction analysis of palladium complex of 3-methyl-5-

(2-pyridyl)pyrazole showed Pd(II) has a slightly distortion in the  square plannar geometry. 

Gao et al. (2006) studied the coordination of Pd(II) with ligand 2,2-bipyridyl-benzylmalonate 

by single-crystal analysis and found that the Pd(II) bonded with bipyridyl moiety  nitrogen 

atoms and oxygen atoms from the benzylmalonate and with a square planar geometry and for 

stabilization of structure  the bipyridyl group adopts π–π stacking modes. Antonio de Leo´n 

et al. (2007) characterized the Pd(II) complexes by IR. The 489 and 454 cm-1, and 342-310 

cm-1 , stretching vibration  indicate the palladium is bonded with pyrazole ring with two 
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nitrogen and chlorine atoms, respectively. Shaheen et al. (2007) characterized the N-

methylcyclohexyl- and N,N-dicyclohexy dithiocarbamate Pd(II) complexes by 1H NMR. The 

coordination of metal with   –CSS moiety of ligands was confirmed due to absence of proton 

singlet (SH) in the complexes which appeared in the free ligand at δ 5.48 ppm. The 

downfield  shift of C=S resonance in the 13C NMR spectra of complexes (204.5–207.6 ppm)  

as compared to uncoordinated ligand (δ= 192.6–196.6 ppm) showed thatcomplexation occurs 

via S atoms, IR characteristics stretching bands exhibited  bidentate symmetrical bonding of 

–CSS moiety with Pd(II) derivatives.  

Kovala-Demertzi et al. (2008) described the square-planar geometries of palladium 

complexes, Pd(II) coordinated to the azomethine N-atom, pyridyl N atom,  and the thiolato 

S-atom of ligand. Roy et al. (2008) studied the electronic spectra of  tetrathiocyano-

palladium(II)    complexes   of  diene ligand. Data of spectra showed in the UV region two  

charge transfer bands appear at 256-305 nm. In the apectra two new charge transfer band 

appear at 332 and 407 nm due to transition from ligand molecular orbital (which is highest 

occupied orbitals) to palladium (probably lowest unoccupied d-orbital. 

Sharma et al. (2009) studied the benzothiazoline complex with palladium by IR and the 

absence of v(SH) and v(NH) bands in the complexes which appear in the free ligands in the 

range of 2600–2500 and 3350–3250 cm−1,   respectively, suggesting the bonding of palladium 

with S and N atoms. The signals of the protons of  both (–NH) and (–SH) in the 1H NMR 

spectra of complexes disappeared, which appeared in the the region of 5.52-4.25 ppm and 

4.51–5.50 ppm in the free  ligand proved the bonding of metal through these sites.  

Voitekhovich   et al. (2009) studied the crystal structure of complex [PdL2Cl2], wherein 5-

amino-2-tert-butyltetrazole (L) and observed that endocyclic N4 atom of ligand bonded to the 

metal atom. Ghassemzadeh et al. (2010) characterized the mononuclear and  binuclear 

palladium complexes with thione ligand by single crystal X-ray analysis. It was found that 

the metal coordinated to the N and S atoms of 1,2,4-triazole moiety in a bidentate manner, 

while bridging behavior was observed by deprotonated triazole moiety between the two 

metals, via its hydrazine nitrogen atom and thiol sulfur atom to one metal center and through 

its endocyclic N atom to the other metal center.  

Bergamini et al. (2011) studied the coordination of 2-mercaptothiazoline ligand with Pd(II) 

by solid-state nuclear magnetic resonance and infrared spectroscopy. It was observed that 
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ligand bonded to the metal via S of thiol and N of the heterocyclic ring, similarly  dimeric 

structure for the complex, [Pd(C3H4NS2)2]2 was supported by mass spectrometric 

measurements.  

Orysyk et al. (2011) studied Pd(II) complexes  by UV-visible spectroscopy. Spectra show (π 

→ π* Py) and n → π* charge transfer bands (C=NPy), (C=S) of ligand happened 

hypsochromic shifts by 450–470 cm–1 when ligand bonded with metal ion, which give rise to 

following (C=NPy → Pd, n → π* (C=S)) and (SPd) ligand to metal charge–transfer 

transition.  

The low frequency  region of the IR spectra of complexes showed bands of equal intensity at 

434 and 348 cm–1 (Pd–N and Pd–S stretching vibrations, respectively). Comparing the 

characteristic absorption bands in the IR spectra of complexes and free ligand revealed that it 

is coordinated to the metal atom in the thione form as a chelating bidentate ligand through the 

thiourea S atom and the pyridine N atom. Khan et al. (2012) studied the X-ray single crystal 

structure of dibutyldithiocarbamate complex of palladium(II). It was found that the complex 

[(DT)Pd(PR3)Cl], has square–planar geometry which is distorted.  The –CSS moiety bonded 

in a bidentate manner. Barra et al. (2013) characterized the palladium complexes with N'-

methyl-3,5-dimethyl-1-thiocarbamoylpyrazole [PdX2(tmdmPz)] (where X = Cl, Br, I, SCN) 

by different spectroscopic techniques.  

Mukherjee et al. (2013) studied the electronic absorption spectra of complex [PdL] [where L 

= bis(pyridine-2-carboxamide)benzene], intramolecular π→π* transition appears as a sharp 

band in the spectra of complexes around 280 nm, while charge transfer transition occured 

from ligand to metal around 310 nm. Perez et al. (2013) described the NMR results of 

palladium complexes of pyrazol ligand. Two conformational isomers, syn and anti can be 

observed in solution due to a very slow rotation around Pd–N bond. X-ray diffraction study 

of palladium complexes showed monomeric trans-[PdCl2L2] species and intermolecular 

hydrogen bonding interactions observed in molecular packing.  

Tamayo et al. (2014) characterized the complex [Pd(MePhPzTSC)2] by IR. azomethine 

nitrogen atoms and sulfur in the form of thiol of ligand  after deprotonation of the moiety  

NH-C = S bonded with Pd(II) cation and stretching vibration of to ν(Pd-S) and  ν(Pd-N) 

show at 400 and 441 cm−1. The thiocarbonyl group show chemical shift at 177.3 ppm while 
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in complex signal at 172.2 ppm in 13CNMR. This upfield shift show that Pd coordinate with 

the ligand. The molecular ion peak M+ of complex appear in the FAB mass spectrum. 

2.5 Homo and Heterobimetallic complexes 

2.5.1 Synthesis and Characterization 

Sharma et al. (2006) synthesize monometallic butyltin(IV) complexes in 1:2 molar ratio  by 

treating butyltin(IV) salt with diethanolamines. The monomeric heterobimetallic complexes  

are formed in 1:1 molar ratio on  interaction with metal alkoxide with the synthesized 

complex (R'= Pri; M = Ti, Al, Ge, Zr to   produce (Rdea)2{M(OR')n}]). Spectroscopic studies 

showed that five- and six- coordinated tin(IV) species occur in monometallic and 

heterobimetallic complexes.  

Tahira et al. (2011) synthesize novel complexes  trialkyl organotin by using ligands 4-amino 

butanoic acid, tranexamic acid, phenylalanine  and tin salts of tributyltin and trimethyltin 

chloride. These synthesized complexes in inert atmosphere condense with formyl ferrocene 

under inert atmosphere to form organotin(IV) ferrocenyl compounds. Oxygen atom of ligand 

in a bidentate  manner and complexes in solution show a distorted tetrahedral geometry as 

suggested by spectroscopic characterization.. 

Jabeen et al. (2012) used sodium salt of pipecolinic acid, CS2 and organotin salts to 

synthesize homobimetallic derivatives of tin  at room temperature under stirring conditions.  

The coordination behaviour of ligand in the solid state is determined by FTIR. results  

showed that geometry is  trigonal bipyramidal because ligand coordinate with tin metal atom  

in bidentate manner  with oxygen and sulphur atoms while results of multinuclear NMR 

revealed the geometry is tetrahedral in the  solution.  

Hussain et al. (2012) prepared homobimetallic complexes by refluxin  triorganotin chlorides 

with dicarboxylic acid. NMR studies showed that complexes dissociate in solution and five-

coordinated geometry changed into four coordinated.  

Ali et al. (2014) prepared homobimetallic dithiocarbamates of organotin(IV) by using 4-

trimethylenedipiperidine-1-carbodithioate with di- and triorganotin(IV) chloride at room 

temperature. Spectroscopic techniques confirms that the ligand coordinated with tin in 

anisobidentate way with square pyramidal or distorted trigonal bipyramidal geometry. 

Hussain et al. (2015) made heterobimetallic derivatives of tin and palladium  R3SnLCS2]2Pd. 

First react solution of sarcosine in methanol with a base (KOH) and then added equimolar 
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amount of CS2 in the above reaction mixture. Added  organotin salts and reflux then added 

aqueous solution of PdCl2 in this pot. The bonding sites which is present around Pd(II) and 

Sn(IV) makes four- and five-coordinate thus suggest bidentate bonding of both  dithioate and  

carboxylate ligands as suggested by FT-IR. 

2.6 Biological activities  

Antifungal Activity 

Antibacterial Activity 

2.6.1 Antifungal Activity 

Mahmood et al. (2003) determined that tributyl and triphenyltin derivatives were highly 

active against fungal strains   Penicillium notatum,     Candida albican, Duterium notatum, 

Alternaria solani and Genicularia. The activity of complexes increase with increase chain of 

alkyl/aryl group bonded to tin. Sadiq-ur-Rehman et al. (2005) checked the ligand acid  and 

its tin complexes against different fungi Candida albicans, Trichophyton longifusu, Candida 

glaberata. Diethyltin compound was observed high activity only against Microsporum canis,  

while dimethyltin  complexes showed no pronounced activity against all strains of fungus.   

Ahmad et al. (2006) evaluated methyl, butyl, phenyl and benzyl tin(IV) complexes activity 

against spergillus flavis, Trichophyton longiformis, Candida albicans, Fusarium solani 

Microsporum canis and Fusarium moniliformis. Activity of methyl and phenyltin complexes 

when compared with standard drug showed significant activity against the tested fungi.  

Lu et al. (2006) checked antifungal activity of diorganotin dithioates. The inhibition 

percentage of [(C4H3S)CS2CH2CO2]2Sn(Bu)2, mononuclear tin compounds, against 

Physolospora piricola and Alternaria solani was 43.9 and 57.1 % respectively, while 

{[(C4H3O)CS2CH2CO2)Sn(Bu)2]2O}2, dimers showed high inhibition percentage for 

Physolospora piricola (50.0%) and Gibbereila zeae (52.6%) fungal strain.  

Menezes et al. (2008) studied antifungal activity of complex [Sn{S2CN(CH2)4}2Rn] against 

different fungi. The biological  activity of the organotin complexes towards the fungal strains 

depends on the nature and the number of organic fragments coordinated with Sn(IV). The 

activity observed in the complexes in the order Ph3 >    Bu2 > Cl2 > Ph2 > Ph = Cy3. Shaheen 

et al. (2007) observed N,N-dicyclohexyl and N-methylcyclohexyl dithiocarbamate Pd(II) 

complexes exhibited significant antifungal activity against Fusarium moniliformes, while the 

activity was not found significant against Mucor sp. All compounds showed moderate 
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activity against fungal strains, Aspergillus fumigates and Aspergillus niger. Zia-ur-Rehman   

et al. (2008) studied fungicidal activity of tribenzyl and triphenyltin(IV) complexes of 

sodium salt of 5, 5-diethyl barbital using various plant pathogens A. brassicae, C. capsici, C. 

loeosporiodes, H. graminium and A. brassicicola via hanging drop method. The 

triphenyltin(IV) complex exhibits  higher activity at a lower concentration (at 50 ppm, 70% 

inhibition) as compared to    that   of  the   tribenzyltin(IV)   complex, which 

exhibitssignificant activity  at a higher concentration (at 500 ppm, 50% inhibition).  

Shahzadi et al. (2008) demonstrated that the triphenyltin(IV) derivative of carbodithioic acid 

exhibited          high antifungal activity as compared to free ligand. 4-methyl-1-piperidine   

carbodithioic acid against various strains of fungi Candida glaberata, Fusarium solani, 

Trichophyton  longifusus, but no results found against Microsporum canis, Candida albicans 

and Aspergillus flavus.Sharma et al. (2009) concluded that the sulfur donor ligands were 

found quite toxic but their toxicity increased on complexation with palladium metal against 

selected fungi, Macrophomina phaseolina and Fusarium oxysporum. 

Zia-ur-Rehman et al. (2012) studied the supramolecular triorganotin(IV) dithiocarboxylates 

which were formed more active than the chlorodi- (n-C4H9)2SnClL and diorganotin(IV) 

complexes R2SnL2 [R= C2H5, n-C4H9, CH3], against the fungi,  Helminthosporium solani, 

Alternia solani, Aspergillus nigar, Aspergillus flavus and Fusarium sp.. The triorganotin 

complexes showed activity in theis way n-Bu3SnL> Me3SnL >Ph3SnL >(C6H11)3SnL. 

2.6.2 Antibacterial Activity 

Shahid et al. (2005) used agar well diffusion method for screening organotin carboxylates 

against bacterias.  Methyl, butyl and phenyltin carboxylates are the most effective than 

benzyl- and octyl-tin complexes against the tested bacteria. Shahzadi et al. (2006a) 

concluded that the chloro-diorganotin(IV) complexes (R2SnClL; R = Me, Bu, Ph) showed 

promosing  activity towards all tested bacteria.  

Roy et al. (2008)   determine the activity of palladium complexes  of   3, 10-C-meso-Me8[14]    

diene,  by the disc diffusion method.    Reported  complexes    has    significant   activity  

against selected bacteria; Shigella dysenteriae, Salmonella typhi, Bacillus cerelus and 

Escherichia coli. Kang et al. (2009) found that activity of complex [Bu2(L)SnOSn(L)Bu2]2 

[HL = 2-(4-methylbenzoyl)benzoic acid], against gram negative bacteria, Escherichia coli 

was better than against gram negative bacteria, B. subtilis. The imipinem was used as 
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standard drug. Nadeem et al. (2010) tested P. aeruginosa, S. aureu, B. subtilis,  E. coli 

bacteria against the palladium(II) complexes of thioamides and triphenylphosphine. Better 

activity observed complexes of methylthiourea, tetramethylthiourea, mercaptopyridine, and 

mercaptopyrimidine while thionicotinamide and tetramethylthiourea complexes show no 

activity against all tested bacteria. Ruisi et al. (2010) determined in vitro antibacterial activity 

of trimethyl- and tributyltin(IV)complexes of carboxylic acid ligand. Data showed that gram 

positive bacteria,   Streptococcus agalactiae, Enterococcus faecalis and Staphylococcus 

aureus exhibited better activity as compared to gram negative bacteria (Klebsiella  

pneumonia, Escherichia coli and Citrobacter freundii). 

Sharma and Kumar (2011) found that complexes of 4-methylphenol; n-Bu2SnCl(OC6H4Me-

4) and n-Bu2Sn(OC6H4Me-4)2 exhibited a significantly enhanced activity at minimum 

inhibitory concentration (MIC) 7.81–15.62 μg/mL   towards all bacteria, as compared to 

commercial antibiotic streptomycin. The results may be explained on the basis of better 

diffusion of complexes into the  bacterial cells and coordination of metal to phenolic group.  

Shaheen et al. (2012) reported activity of organotin(IV) derivatives of  carbodithioate ligand 

against different strains of bacteria.  Results showed significant activity of compound against 

bacterial strains, but triorganotin (IV) complexes had better activity then diorganotin (IV) 

complexes (Tiekink, 2008).  

Vafaee et al. (2012) check the activity of  diorganotin complexes of   quinoline-2-carboxylic    

acidas compared to standards drugs such as tetracycline, gentamicin, penicillin and 

ampicillin  The tested bacteria are Escherichia coli, Bacillus subtili and Candida albicans      

All organotin compounds (Ph2SnL2 and Me2SnL2) displayed amazing  antibacterial activities 

against bacteria Escherichia coli, Bacillus subtili and Candida albicans.  

Fatima et al. (2014) used disc diffusion method and tested antifungal activity of O-methyl 

carbonodithioate organotin(IV) complexes against fungal strains, A. niger, A. flavis, A. 

fumigates F. solani. As compared to other organotin it was evident that  dibutyltin complex 

showed the greatest inhibitory effect.  
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MATERIALS AND METHODS 

3.1 Chemicals 

For the synthesis of ligands and complexes different chemicals of Sigma-Aldrich were 

bought and used without any treatment. 

4-Amino phenethylalcohol 

3-Amino-1,2,4-triazole-5-carboxylic acid  

3-Amino, 5-methyl pyrazole 

6-Amino indazole 

5-Amino-3H-1,3,4-thiadiazole-2-thiol 

2-Mercapto-5-methylbenzimidazole 

1H, 1,2,4 Triazole-3-thiol 

Maleic anhydride 

Succinic anhydride 

Phthalic anhydride 

Dimethyltin(IV) dichloride (97%) 

Diphenyltin(IV) dichloride (98%) 

Di-n-butyltin(IV) dichloride (96%) 

Trimethyltin(IV) chloride (97%) 

Triphenyltin(IV) chloride (95%) 

Tri-n-butyltin(IV) chloride (96%) 

Palladium chloride 

From Merck (Germany) carbon disulphide, glacial acetic acid and organic solvents 

(chloroform, diethylether, ethanol, n-hexane, acetone, methonal, DMSO and toluene) were 

purchased. Standard procedures of drying the solvents are used (Armarego and Chai, 2003).  

3.2 Instrumentation 

Meltimg point of synthesize ligands and different complexes synthesized during research 

work was determinedby using the apparatus electrothermal Gallenkamp (UK). . Elemental 

Analyzer CHNS-932 Leco (USA) found the  percentage of  following elements: nitrogen, 

sulfur, carbon and hydrogen. Thermo Nicolet-6700 FT-IR spectrophotometer with KBr/CsBr 

pellets was used to obtain the spectra of ligand and complexes in the region of                 
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4000-200 cm−1. Bruker ARC 300 MHz-FT-NMR spectrometer or Avance AV-300 MHz find 

1H at 300 MHz and 13C NMR at 75 MHz. At 70 ev in an ionization mode, JEOL JMS 600-H 

mass spectrometer was used for mass spectral data. Shimadzu 1800 Visible 

spectrophotometer were recorded electronic absorption spectra. 

For single X-ray crystallography suitable crystals were first selected UV under microscope 

then on tip of glass it becomes fixed and mount on diffractometer, Bruker KAPPA Apex II 

CCD. The data collection was processed at room temperature. For cell enhancement and data 

reduction SAINT was used  (Bruker, 2007), while SHELXS-97 was used for solution of 

structures (Sheldrick, 2008). For molecular graphics, PLATON (Spek, 2003), in-built with 

WinGX (Farrugia, 2012) was used. Anisotropic displacement parameters refined the non-

hydrogen atoms in the structure. 

3.3 Synthesis  

3.3.1 General procedure for synthesis of ligand acids HL1-6 

Stoichiometric amount of maleic/succinic/phthalic anhydride was dissolved in glacial acetic 

acid and mixed with a solution of the substituted aniline in glacial acetic acid (Shahzadi       

et al., 2010; Shah et al., 2013; Sirajuddin et al., 2014). For 24 hour reaction mixture was 

stirred magnetically at room temperature.  The product thus obtained was precipitated due to 

its low solubility in acetic acid, which was subsequently filtered and washed with cold 

distilled water and then air dried (Scheme 3.1). The physical data for synthesized ligands are 

given in Table 3.1. Crystals were grown by slow evaporation in the solvent of methanol for 

single crystals X-ray diffraction.   
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Scheme 3.1: Synthesis of acid ligands (HL1-HL6) 
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Table 3.1 Physical data of synthesized acids (HL1-HL6) 

Lig. 

No 

Reactants M.P 

(°C) 

Yield 

(%) 

Recryst 

alization 

Structural formula with names Elemental Analysis 

Calculated (found) 

 1 2     %C %H %N 

HL1 4-amino 

phenethyl 

alcohol 

Maleic 

anhydride 

178 80 Methanol 

 
3-[phenethyl alcohol-4-amido]propenoic acid 

61.27 

(61.27) 

5.57 

(5.54) 

5.95 

(5.93) 

HL2 6-amino 

indazole 

Maleic 

anhydride 

235 85 Methanol 

 
 

3-[IH-indazolyl-6-amido]propenoic acid 

57.14 

(57.16) 

3.92 

(3.90) 

18.17 

(18.20) 

HL3 3-amino-5-

methyl 

pyrazole 

Maleic 

anhydride 

195 73 Ethanol 

 
3-[5-methyl-1H-pyrazol-3-amido]propenoic acid 

83.69 

(83.65) 

5.46 

(5.45) 

10.84 

(10.85) 

HL4 4-amino 

phenethyl 

alcohol 

Succinic 

anhydride 

165 79 Methanol 

 
 

3-[phenethyl alcohol-4-amido]propanoic acid 

60.75 

(60.73) 

 

6.37 

(6.35) 

5.90 

(5.91) 

HL5 3-amino, 5-

methyl 

pyrazole 

Succinic 

anhydride 

225 86 Methanol 

 
3-[IH-indazolyl-6-amido]propanoic acid 

55.09 

(55.08) 

6.16 

(6.15) 

14.28 

(14.25) 
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Lig. 

No 

Reactants M.P 

(°C) 

Yield 

(%) 

Recryst 

alization 
Structural formula with names Elemental Analysis 

Calculated (found) 

HL6 6-amino 

indazole 

Phthalic 

Anhydride 

188 65 Methanol 

 
2-[IH-indazolyl-6-amido]benzoic acid 

64.64 

(64.65) 

5.09 

(5.10) 

14.13 

(14.15) 

 

The following ligands (Table 3.2) were purchased and used for complexation without further purification. 

Table 3.2 Physical data of ligands (HL7-10) 

Ligand No. Mol. Wt. M.P. (oC) Structural Formula with Names 

HL7 211 223-225 

 
3-amino-1,2,4-triazole-5-carboxylic acid 

HL8 101 232-233 

 
1H, 1,2,4 triazole-3-thiol 

HL9 164 285-286 

 
2-mercapto-5-methyl benzimidazole 

HL10 133 242-243  

 
5-Amino-3H-1,3,4-thiadiazole-2-thiol 
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3.3.2 Synthesis of ligand salts (HL2, 3, 5, 6) 

1 mmol  of sodium hydrogen carbonate dissolved in distilled water and then added dropwise 

into the 1 mmol methanol solution of ligand acid (HL2, 3, 5, 6) to prepare sodium salts of 

ligands, RCOONa. The resulting solution after stirring for 2 h, under reduced pressure was 

evaporated  at room temperature to get the solid product. 

 

 Scheme 3.2: Synthesis of sodium salts of ligands HL2,3,5,6 

 

3.3.3 Synthesis of complexes (1-18) 

At room temperature in 100 ml round bottom flask, 1 mmol of HL1, HL4, HL7 ligand acids 

dissolve in methanol and in the above solution 1 mmol methanol solution of  NaOH was 

added and stirred for 2 hr in. The reaction mixture was refluxed for 6 h after addition of 

R2SnCl2/R3SnCl (1 mmol).  The sodium chloride formed makes the turbid solution and for 

removal from reaction mixture, left for overnight at room temperature and NaCl formed was 

removed by simple filteration (Hussain et al., 2012). Product (1-18) in the solid form was 

obtained by using a rotary evaporator (Scheme 3.3-3.5). Recrystallization was done from 

methanol:petroleum ether mixture (2:1).  
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3.3.4 Synthesis of complexes (19-22, 31-34, 39-42, 51-53) 

Organotin(IV) salts in the form of chloride and dichloride and sodium salt of carboxyl ligands are 

used to synthesized  organotin(IV) complexes. In the procedure, complexes were made by refluxing 

both solution, 1 mmol of RCOONa ligands (NaL2,3,5,6)  with  I mmol of R3SnCl/R2SnCl2 in dried 

methanol  for 8 h in 250 ml two necked round bottom flask (Schemes 3.6, 3.7, 3.8). A turbid solution 

was formed after refluxing the reaction mixture. To separate the salt, sodium chloride this turbid 

solution was placed overnight and then filtered  (Muhammad et al., 2012). Product was obtained 

when the  filtrate was rotary evaporated. The resultant complex were further crystallized from 

methanol:petroleum ether mixture (3:1).  

 

Scheme 3.6: Synthesis of complexes (19-22, 31-34) 

 

Scheme 3.7: Synthesis of complexes (39-42) 

 

         

Scheme 3.8: Synthesis of complexes (51-53)   
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3.3.5 Synthesis of complexes (57-62, 75-76, 81-83) 

The organotin(IV) complexes were synthesized by the reaction of thiolate ligands (HL8-10) in 

250 ml two necked round bottom flask with triorganotin(IV) chloride/diorganotin(IV) 

dichloride using methanol as a solvent in 1:1 molar ratio, using Scheme 3.9-3.11. After 

refluxing for 10 h product was removed by using a rotary evaporator. Recrystallization of 

product was done by mixture of methanol: petroleum ether (2:1). 

 

 

Scheme 3.9: Synthesis of complexes (57-62) 

 

Scheme 3.10: Synthesis of complexes (75-76) 

 

Scheme 3.11: Synthesis of complexes (81-83)  
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3.3.6 Synthesis of homobimetallic complexes (23-26, 35-38, 47-50, 54-56) 

To synthesize homobimetallic complexes of tin(IV), first dissolve sodium salt of ligands 

HL2-3,5-6 in the ratio of 1 mmol into the  30 ml of methanol solution, reaction mixture was 

stirred for 1 hr after adding 1 mmol of CS2. Then R2SnCl2/R3SnCl in the quantity of 2 mmol 

in which R=Me, n-Bu, Ph was dissolved in small quantity of methanol and added in the 

above reaction mixture. The reaction content was refluxed for 8 hrs (Scheme 3.11-3.14) (Zia-

ur-Rehman et al. 2008; Jabeen et al., 2012). At the end of refluxing, content of the flask was 

cooled and salt formed was separate out by using method of filteration. Homobimetallic 

complexes in the solid form were obtained when evaporate the above filtrate with rotary 

evaporator. Recrystallization of product was done by mixture of methanol: petroleum ether 

(2:1). 

 

 

 

    

Scheme 3.12: Synthesis of complexes (23-26) 
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Scheme 3.13: Synthesis of complexes (35-38) 

 

Scheme 3.14: Synthesis of complexes (47-50) 
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Scheme 3.15: Synthesis of complexes (54-56) 

 

3.3.7 Synthesis of homobimetallic complexes (63-68, 77-78) 

To synthesize homobimetallic complexes, first dissolve the lgands HL8,9  into the methanol of 

volume 30 ml. Now CS2 dissolve in small quantity of methanol (5 ml) after dissolution, 

added this solution into methanol solution of  ligand acid. The molar ratio present between 

the ligand acids and CS2 is 1:1. After dropwise addition of CS2, reaction content was stirred 

for half an hour. Then R2SnCl2/R3SnCl (2 mmol) (Scheme 3.15-3.16) solution in methanol 

(20 ml) was added and refluxed for 8 hr. The solvent was evaporated by using a rotary 

evaporator under reduced pressure and the solid product, (63-68, 77-78) was obtained. The 

complexes were recrystallized from methanol:petroleum ether (2:1). 
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Scheme 3.16: Synthesis of complexes (63-68) 

         

Scheme 3.17: Synthesis of complexes (77-78) 

 



57 
 

3.4.8 Synthesis of heterobimetallic complexes (27-30, 47-50, 69-74, 79-80) 

To synthesize heterobimetallic complexes, the selective complexes (19-22, 39-42, 57-62,75-

76) of ligands HL2, HL5, HL8 and HL9 were dissolved in methanol with stirring. Now CS2 

dissolve in small quantity of methanol (5 ml) after dissolution, added this solution into 

methanol solution of  ligand acid. The molar ratio present between the ligand acids and CS2 

is 1:1. After dropwise addition of CS2, reaction content was stirred for 2 hour. Dissolve 

required (1 mmol) quantity of PdCl2 in distilled water by simple stirring at temperature of 40-

45 °C. Then added this solution drop wise  into the above medium and start stirring for two 

hours at room temperature. After two hours stirring, filtered the brick red precipitates and 

dried in air. Recrystallization of product was done by mixture of acetone: petroleum ether 

(2:1). 

 

 

Scheme 3.18: Synthesis of complexes (27-30) 

 

Scheme 3.19: Synthesis of complexes (47-50) 
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Scheme 3.20: Synthesis of complexes (69-74) 

 

 

Scheme 3.21: Synthesis of complexes (79-80) 

 

3.3.9 Synthesis of complex 84 

1 mmol solution of  PdCl2 was prepared in distilled water (50ml) then this solution added im 

1 mmol methanolic solution of 5-amino-3H-1,3,4-thiadiazole-2-thiol. The resulting reaction 

mixture was stirred for 2 h at room temperature. Orange coloured precipitate formed was 

filtered and dried. The product was crystallized in acetone:petroleum ether (2:1). 

 

 

  

 Scheme 3.22: Synthesis of complex (84) 
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3.4 Antimicrobial activities 

3.4.1 Antibacterial/antifungal assay by disc diffusion method 

Disc diffusion method was used to determine the antifungal and antibacterial activity of 

newly synthesized metal complexes and ligands by using the method reported in literature 

(Fritsche     et al., 2007). For determination of antibacterial activity, medium was prepared by 

dissolving 28 g l -1 of nutrient agar in water and 3.9 g l -1  of  potato dextrose agar in water for 

antifungal and then sterilized for 15 min at 121 oC.  Then  inoculums (100 mL/100 mL) were 

added into the medium and shifted into the already sterilized petri plates. On growth medium 

test sample solution (100 μL) was added on to the 9 mm filter paper discs. After this placed 

this filter paper on  the growth medium. For Bacterial growth petri plates at 37 oC for 24 h but 

for fungal growth time is increase from 24 to 48 h placed in the incubator. Clear zones were 

produced by the samples inhibited the bacterial growth and show activity. Zone reader was 

used to measure the inhibition of bacteria in millimeters 

3.5 Biofilm inhibition assay 

Biofilms are produce by the bacteria that shows adhesion character on surface. For 

determination of activity, first  microtitre plates were prepared according to the method 

reported in literature (Kubota et al., 2008). In broth media yeast and bacterial culture 

overnight were grown. For biofilm inhibition test diluted the culture into fresh medium upto 

1:100. 200 µL solution which is diluted above, poured into the 96-well plate. When growth 

has been done then with the help of  pipette, medium was detached carefully. In the 

microtitre plates, the wells present were rinsed with sterile PBS solution of 200 µL three 

times. Wells for 15 minutes were filled with ethanol (96 %), after washing. 1 % crystal violet 

of 200 µL for 5 minutes were added, afterwards dried in air. Washed with distilled water  

these microtitre plates then dried. At the end, glacial acetic acid  which is 33 % in 

concentration, 200 µL was poured into the wells. With the help of  ELISA reader at the 

wavelength of 540 nm, absorbance was noted. Data obtained for given sample of biofilm 

formation were compared with the negative control, medium of microbes only in  which no 

any   microorganisms present while positive control was used strain PTCC 1431 of S. aureus 

bacteria. 
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3.6 Hemolytic activity 

Powell’s standard method was used to check the hemolytic activity of the ligand and 

organotin complexes (Powell et al., 2000). In a sterile 15 ml falcon tube was added 3 ml of 

the freshly heparinized human blood and centrifugation was at the conditions of 4,200 rpm 

for 5 minutes. When centrifugation process was complete then in the falcon tube, above layer 

is removed. The viscous pellet obtained, washed with pH ∼ 7.4 phosphate-buffered saline 

(PBS) three times. After this process, washed pellets were added in the chilled PBS buffer 

solution of 20 ml. In the 2 ml of Eppendorf tube, added 180 µL blood cell suspension which 

is diluted and then placed in the incubator at time of 35 min with temperature about 37 oC. 

Immediately for time of 10 min tubes were agitated after incubation. After this process the 

tubes were put on ice just for time of 5 min then at speed of 4,200 rpm centrifuged for 5 min. 

After completion of this process, 100 µL of upper layer was taken and diluted it with 900 µL 

chilled PBS. The sample tubes were placed on wet ice. For this activity, use 96 well plates 

and added 200 µL sample solution in these ones. 0.1% Triton X-100 shows  100% of lysis of  

blood act as positive control and 0 % of blood lysis in PBS which is negative control. 

Spectrophotometer was used to find out the absorbance at 576 nm. Triplicate experiment was 

done and  get data.  
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RESULTS AND DISCUSSION 

4.1 Organotin(IV) carboxylates of ligands having O-O donor sites 

4.1.1 Synthesis  

The ligand acids HL1 and HL4 were synthesized by the reaction of 4-aminophenethyl alcohol 

with maleic and succinic anhydrides, respectively, as described in materials and method 

section, scheme 3.1. The ligand acid HL1 was yellow in color while HL4 was purple in color, 

having sharp melting points. The single X-ray structure of 4-aminophenethyl alcohol (R1), 

HL1 and HL4 are given in respective unit (Figures 4.31, 4.33, 4.35). Carboxylates of 

Organotin(IV) (1-18) were made according to the procedures given in section 3.3.3 with 68-

90 % yield. These newly synthesized complexes exhibit sharp melting points and show  

solubility in common organic solvents. Molecular formulas, percentage yields, molecular 

weights and melting points of the synthesized complexes are given in Tables 4.1-4.3. These 

newly synthesized compounds were characterized by elemental analysis (C, H and N), 1H 

and 13C NMR spectroscopy, FTIR and mass spectrometry. Elemental analysis results showed 

that the calculated value of carbon, hydrogen and nitrogen of these complexes are close to the 

actual values.  

4.1.2 Spectroscopic investigations 

4.1.2.1 IR Spectroscopy 

The IR spectra of ligand acids (HL1, HL4, HL7) and synthesized organotin(IV) carboxylates 

(1-18) in the range of 4000-250 cm−1  were recorded as KBr/CsBr discs. The important 

vibrational bands relevant to structural assignments of synthesized complexes are presented 

in Tables 4.4-4.6. When compare the spectra of ligand acids with those of the complexes, 

new absorption bands appear in the area of 412-459 cm-1 are assign to ν(Sn–O) bond. The 

formation of  ν(Sn-O) band indicates the coordination of tin(IV) through this site (Sakho et 

al., 2012; Tariq et al., 2014). The ν(Sn-C) stretching frequencies appear in the region of 524-

560 cm−1, however may be due to the mass effect of Sn-Ph, weak absorption band appear in 

the range of  triphenyl and diphenyltin(IV) complexes (Yin et al., 2007). In the spectra of 

free ligands HL1, HL4 and complexes the amido (-NH) group appear in the region of 3305-

3384 cm-1  while –NH group gave characteristic vibration in the range of 3086-3098 cm-1  in 

triazole ring of ligand HL7. 
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Table 4.1 Physical data of complexes with 3-[4-(2-hydroxyethyl)phenylamido]propenoic acid (HL1) 

Comp.No. Reactants Complex (Structure) 

 

% 

Yield 

 

M.P 

(oC) 

 

Molecular 

Formula 

(Formula Mass) 

Elemental analysis 

Calculated (found) 

1                               2 C                H           N 

1 C12H13NO4 (CH3)2SnCl2 

 

90 95-98 C14H18ClNO4Sn 

 

(418.5) 

40.18 

(40.15) 

4.34 

(4.31) 

3.35 

(3.39) 

2 C12H13NO4 (C4H9)2SnCl2 

 

82 65-67 C20H30ClNO4Sn 

 

(502.5) 

47.79 

(47.71) 

6.02 

(6.05) 

2.79 

(2.76) 

3 C12H13NO4 (C6H5)2SnCl2 

 

76 120-22 C24H22ClNO4Sn 

 

(542.5) 

53.13 

(53.15) 

4.09 

(4.10) 

2.58 

(2.53) 

4 C12H13NO4 (CH3)3SnCl 

 

88 133-135 C15H21NO4Sn 

 

(398) 

45.26 

(45.23) 

5.32 

(5.29) 

3.52 

(3.54) 

5 C12H13NO4 (C4H9)3SnCl 

 

74 105-107 C24H39NO4Sn 

(524) 

54.98 

(54.97) 

7.50 

(7.52) 

2.67 

(2.65) 
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6 C12H13NO4 (C6H5)3SnCl 

 

69 71-73 C30H27NO4Sn 

 

(584) 

61.67 

(61.65) 

4.66 

(4.64) 

2.40 

(2.42) 

  

Table 4.2 Physical data of complexes with 3-[4-(2-hydroxyethyl) phenylamido]propanoic acid (HL4) 

Com.

No. 

Reactants Complex (Structure) 

 

% 

Yield 

 

M.P 

(oC) 

 

Molecular Formula 

(Formula Mass) 

Elemental analysis 

Calculated (found) 

1                      2 C                  H           N 

7 C12H15NO4 (CH3)2SnCl2 

 

73 95 C14H20ClNO4Sn 

 

(420.5) 

39.99 

(39.94) 

4.79 

(4.75) 

3.33 

(3.30) 

8 C12H15NO4 (C4H9)2SnCl2 

 

80 102 C20H35ClNO4Sn 

 

(504.5) 

47.60 

(47.56) 

6.39 

(6.41) 

2.78 

(2.75) 

9 C12H15NO4 (C6H5)2SnCl2 

 

76 79 C24H24ClNO4Sn 

 

(544.5) 

52.93 

(52.90) 

4.44 

(4.42) 

2.57 

(2.53) 

10 C12H15NO4 (CH3)3SnCl 

 

65 145 C15H23NO4Sn 

 

(400) 

45.26 

(45.29) 

5.32 

(5.30) 

3.52 

(3.54) 
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11 C12H15NO4 (C4H9)3SnCl 

 

68 82 C24H41NO4Sn 

 

(526) 

54.77 

(54.76) 

7.85 

(7.87) 

2.66 

(2.65) 

12 C12H15NO4 (C6H5)3SnCl 

c 

72 150 C30H29NO4Sn 

 

(586) 

61.46 

(61.43) 

4.99 

(4.97) 

2.39 

(2.41) 
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Table 4.3 Physical data of complexes with 3-amino-1,2,4-triazole-5-carboxylic acid (HL7)  

Comp

.No. 

Reactants Complex (Structure) 

 

% 

Yield 

 

M.P 

(oC) 

 

Molecular 

Formula  

   (Formula Mass) 

Elemental analysis 

Calculated (found) 

1                      2 C              H              N 

13 C3H4N4O2 (CH3)2SnCl2 

 
 

73 113-115 C5H9ClN4O2Sn 

 

(311.5) 

19.29 

(19.23) 

2.91 

(2.88) 

18.00 

(18.09) 

14 C3H4N4O2 (C4H9)2SnCl2 

 
 

68 74-76 C11H21ClN4O2Sn 

 

(395.5) 

33.41 

(33.45) 

 

 

5.35 

(5.31) 

14.17 

(14.19) 

15 C3H4N4O2 (C6H5)2SnCl2 

 
 

78 68-70 C15H13ClN4O2Sn 

 

(435.5) 

41.37 

(41.30) 

3.01 

(3.05) 

12.87 

(12.82) 

16 C3H4N4O2 (CH3)3SnCl 

 
 

74 104-105 C6H12N4O2Sn 

(291) 

24.77 

(24.73) 

 

4.16 

(4.12) 

19.26 

(19.29) 

17 C3H4N4O2 (C4H9)3SnCl 

 
 

72 93-95 C15H30N4O2Sn 

(417) 

43.19 

(43.15) 

7.25 

(7.29) 

13.43 

(13.41) 

18 C3H4N4O2 (C6H5)3SnCl 

 
 

69 83-86 C21H18N4O2Sn 

(477) 

52.87 

(52.84) 

3.80 

(3.84) 

11.74 

(11.71) 
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The occurrence of ν(NH) absorptions in the complexes (1-18) cm-1 showed that the NH group 

do not participate in bonding. In chlorodiorganotin derivatives (1-3, 7-9, 13-18) peak 

observed in the region of 309-328 cm-1 can be assigned to ν(Sn–Cl) stretching, and suggest 

the attachment of one Cl moiety in the reactions (Rufen et al., 2005; Rizwan      et al., 2014). 

n the IR spectra of ligands (HL1, HL4) broad and strong band due to ν(OH) group of ethyl 

alcohol (-CH2-CH2-OH) appear  around 3200 cm-1. Appearance of ν(OH) band in complexes 

(1-12) almost in the same position as in the ligand exhibited the non involvement of the -OH 

group  in coordination with tin metal (Ahmad et al., 2002; Abdellah et al.; 2009, Shi et al., 

2012; Baul et al., 2013). However in complex 12, stretching vibration due to  ─OH group is 

absent showing participation of this group in complex formation. Crystal structures of 

complex 12 also support the same result (Figure 4.47). 

IR spectroscopy is useful technique in deciding the coordination mode of carboxyl group to 

tin metal (Shahzadi et al., 2005; Azadmeher et al., 2007; Ma et al., 2011). Difference (Δν) 

between νasym(COO─) and νsym(COO─) stretching vibrations decided the binding behavior of 

ligand (COO– moiety) with Sn metal. Carboxyl group showed a monodentate nature, if Δν 

value is greater than 250 cm–1.  when Δν is less than 250 cm–1 the bidentate coordination of 

COO– moiety with Sn(IV) metal atom is observed. Moreover bridging behavior and chelate 

structure is found in complexes when Δν value between 150-250 cm–1 and  value less than 

150 cm–1,  respectively. 

For findings the structures of the synthesized complexes, characteristic vibration frequencies 

of FTIR of complexes have been related with their ligands and and values given in literature 

(Kovala-Demertzi et al., 2005; Muhammad et al., 2009). Bidentate nature of the ligand is 

found when magnitude of the Δν for the chlorodiorganotin complexes (1-3, 7-9) of ligand 

HL1, HL4 and chlorodiorganotin(IV), triorganotin(IV)   complexes (13-18) of  HL7 is less 

than 250 cm-1, thus 5-coordinated geometry for tri- and chlorodiorganotin(IV) derivatives in 

solid state is proposed. The magnitude of the Δν for the complexes (4-6, 10-12) is greater 

than 250 cm-1, which reflects the unidentate nature of the –COO moiety. Single crystal X-ray 

structures of 10, 11 and 12 also support the same results (Figures 4.41, 4.45 .4.47).  
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Table 4.4 Infrared data of 3-[4-(2-hydroxyethyl)phenylamido]propenoic acid (HL1) and its 

organotin(IV) complexes  

Complex no. ν(COO)asym ν(COO)sym ∆ν ν(Sn–C) ν(Sn–O) ν(Sn–Cl) 

HL1 1623 1345 278 

 

- - - 

 

(1) 1590 1397 193 545 412 317 

(2) 1571 1385 186 524 426 321 

(3) 1581 1393 188 269 431 313 

(4) 1620 1361 259 532 439 - 

(5) 1618 1352 266 531 417 - 

(6) 1610 1358 252 264 427 - 

 

 

 

Table 4.5 Infrared data of 3-[4-(2-hydroxyethyl)phenylamido]propanoic acid (HL4) and its 

organotin(IV) complexes  

Complex no. ν(COO)asym ν(COO)sym ∆ν ν(Sn–C) ν(Sn–O) ν(Sn–Cl) 

HL4 1635 1341 294 - - - 

 

(7) 1597 1405 192 532 427 321 

 

(8) 1590 1413 177 556 441 309 

(9) 1570 1386 184 264 421 311 

(10) 1605 1365 261 537 438 - 

(11) 1598 1345 253 541 440 - 

(12) 1627 1370 257 251 449 - 
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Table 4.6 Infrared data of 3-amino-1,2,4-triazole-5-carboxylic acid (HL7) and its 

organotin(IV) complexes  

Complex no. ν(COO)asym ν(COO)sym ∆ν ν(Sn–C) ν(Sn–O) ν(Sn–Cl) 

HL7 1625 1361 264 - - - 

 

(13) 1560 1420 140 551 440 328 

 

(14) 1580 1428 152 547 451 325 

 

(15) 1595 1410 185 274 449 321 

 

(16) 1542 1374 168 560 459 - 

 

(17) 1560 1385 175 556 446 - 

 

(18) 1558 1380 178 253 458 - 
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4.1.2.2 1H NMR  
1H NMR spectra of the ligands acids (HL1, HL4, HL7) and their organotin(IV) carboxylates 

are recorded in CDCl3 and DMSO solution. The data are presented in Tables 4.7-4.9 and 

representative spectra of ligand (HL1) and complexes 5 and 12 are given in Figures 4.1−4.3. 

1H and 13C NMR spectra  interpretation,  numbering of ligands and different R groups 

bonded with Sn atom are given in schemes 4.1 and 4.2. The peak multiplicity pattern, 

intensity pattern, nJ values and satellites due to [119/117Sn, 1H] coupling were used to assign 

the proton resonance signals.  

The peak appeared at 12.95, 11.98 and 11.32 ppm in the spectra of ligands HL1, HL4 and 

HL7, respectively assigned to –COOH peak and absence of this characteristics peak of 

hydrogen shows that the coordination of organotin(IV) occur via oxygen atom of carboxylate 

group in the spectra of complexes (1-18). The presence of singlet of amido proton (-CONH) 

in the region of δ = 9.83-10.38 ppm for synthesized complexes (1-12) and ligands (HL1, 

HL4) showed that nitrogen does not participate in complexation. The olefinic protons at δ = 

6.29-6.35 ppm showed two doublets of proton (H2) while (H3)  proton of (-CH=CH-) 

showed also two doublets in the range of δ = 6.29-6.35 ppm with coupling constant of both 

protons 3J(1H,1H) 12 Hz indicating both protons are cis to each other in the complexes (1-6) 

and ligand HL1. The alkane (-CH2-CH2-) protons (H2) and (H3) of the complexes (7-12) and 

ligand (HL4) resonate as two triplets in the region of δ = 2.41-2.45 and 2.29-2.39 ppm.  

The phenyl group of ligands (HLI, HL4) in complexes gave signals in the expected region   

(δ = 7.06 - 7.55 ppm). Proton attached with C-8 and C-10 of ligands and complexes gave 

doublet in the range of δ =7.06-7.17 ppm with a coupling constant 3J(1H,1H) 8.1-8.4 Hz, like 

wise proton attached with C-7 and C-11 of ligands and complexes gave doublet at (δ =7.46-

7.55 ppm) with a 3J(1H,1H)  coupling constant 8.1-8.4 Hz. The alcoholic protons        (–CH2-

CH2–OH) of H(12) show triplet in the range of δ = 2.61-2.69 ppm having 3J(1H–1H) 

coupling constant (6.9,7.2 Hz) and H(13) show triplet in the range of δ = 3.52-3.59 ppm 

having 3J(1H–1H) coupling constant (6.9,7.2 Hz) and singlet in the region of 4.60-4.75 ppm 

due to OH proton (labeled as H-14). The OH proton singlet does not appear in the spectra of 

complex 12. These observations are in accordance with the crystal structure of complex 12 

(Figure 4.47). 
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The peak appeared at δ =13.74 ppm and δ = 6.85 ppm, assigned to –N(3)H and N(7)H2 

protons, respectively in the spectra of ligand HL7. The presence of singlet in complexes (13-

18) indicates that the –N(3)H and amino proton N(7)H2, does not involve in coordination 

process. The methyl protons resonate as sharp singlet in chloro dimethyltin (1, 7, 13) 

complexes at   δ= 0.91, 1.05, 0.38 ppm with coupling constant 2J[119/117Sn, 1H] = 72, 74 and 

79 Hz, respectively, while in trimethyltin derivatives (4, 10, 16) it appears at δ= 0.51,  0.52 

and 0.62 ppm with 2J[119/117Sn-1H] = [58/55] Hz. The terminal -CH3 protons of chlorodi                      

n-butyltin(IV) complexes (2, 8, 14) and tri-n-butyltin(IV) complexes (5, 11 17) show a signal 

of triplet in the region of (0.82-0.92 ppm) with value of 3J(1H,1H) coupling constant 7.2-7.4 

Hz (Sadiq-ur-Rehman et al., 2004; Hanif et al., 2010). The rest of the protons of butyl groups   

-CH2, -CH2 and -CH2 show a multiplet in the range of 1.16-1.80 ppm (Chalupa et al., 

2009). A complex multiplet/pattern appear in the region of 7.01-8.05 ppm of  carboxylates of 

di- and triphenyltin (3, 6, 9, 12, 15, 18) complexes due to phenyl group attached with tin(IV) 

(Kang et al., 2009; Kalucerovic et al., 2010). 

Lockhart and Manders (1986) derived the equations to correlate the coordination pattern of 

tin(IV) in di- and triorganotin(IV) derivatives in coordinating and non- coordinating solvents. 

When angle calculated in chlorodi- and trimethyltin(IV) complexes by using Lockhart and 

Manders equations, the value of  C−Sn−C bond angle show five and four coordinated 

environment around tin respectively (Pellei et al., 2005; Hussain et al., 2013).  
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Table 4.7 1H NMR dataa-d of 3-[4-(2-hydroxyethyl)phenylamido]propenoic acid (HL1) and 

its organotin(IV) complexes 

Proton 

No. 

HL1 (1) (2) (3) (4) (5) (6) 

1 12.95, s - - - - - - 

 

2 6.30, d 

(12) 

6.31, d  (12) 6.35, d 

(12) 

6.29, d 

(12) 

6.30, d 

(12) 

6.34, d 

(12) 

6.32, d  

(12) 

3 6.47, d 

(12) 

6.46, d 

(12) 

6.49, d 

(12) 

6.45, d 

(12) 

6.48, d 

(12) 

6.50, d 

(12) 

6.46, d 

(12) 

5 10.37, s 10.38, s 10.35, s 10.37, s 10.34, s 10.35, s 10.30, s 

 

7,11 7.52, d 

(8.4) 

7.50, d 

(8.4) 

7.49, d 

(8.4) 

7.51, d 

(8.4) 

7.54, d 

(8.4) 

7.55, d 

(8.4) 

7.51, d 

(8.4) 

8,10 7.17, d 

(8.4) 

7.17, d (8.4) 7.16, d 

(8.4) 

7.15, d 

(8.4) 

7.14, d 

(8.4) 

7.13, d 

(8.4) 

7.16, d 

(8.4) 

12 2.68, t 

(6.9, 7.2) 

2.65, t 

(6.9, 7.2) 

2.69, t 

(6.9, 7.2) 

2.67, t 

(6.9, 7.2) 

2.64, t 

(6.9, 7.2) 

2.63, t 

(6.9, 7.2) 

2.68, t 

(6.9, 7.2) 

13 3.57, t 

(6.9, 7.2) 

3.58, t 

(6.9, 7.2) 

3.56, t 

(6.9, 7.2) 

3.59, t 

(6.9, 7.2) 

3.55, t 

(6.9, 7.2) 

3.58, t 

(6.9, 7.2) 

3.52, t 

(6.9, 7.2) 

14 4.63, s 4.60, s 4.61, s 4.65, s 4.63, s 4.61, s 4.60, s 

 

α 

- 0.91, s 

[72] 

1.67-1.73, m - 0.51, s 

[58,56] 

1.60-1.69, m - 

β 

- - 1.33-1.45, m 7.76-7.91, m - 1.60-1.69, m 7.15-7.36, m 

 

 
- - 1.33-1.45, m 7.76- 7.91, m - 1.31-1.41, m 7.15-7.36, m 

 

- - 0.90, t 

(7.2) 

7.45-7.55, m - 0.92, t 

(7.2) 

7.01-7.12, m 

a Values in ppm give Chemical shifts (δ)  

b 3J(1H,1H), 2J[119/117Sn,1H] and  in Hz are listed in parenthesis and square brackets, 

respectively. m =multiplet, t =triplet, d= doublet, s =singlet, these are  Multiplicity c 

d  4.1 and 4.2 schemes represent the NMR numbering  
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Table 4.8 1H NMR dataa-,d of 3-[4-(2-hydroxyethyl)phenylamido]propanoic acid (HL4) and 

its organotin(IV) complexes 

Proton 

No. 

HL4 (7) (8) (9) (10) (11) (12) 

1 11.98, s - - - - - - 

 

2 2.42, t 

(6.6) 

2.41, t 

(6.8) 

2.45, t 

(6.4) 

2.44, t 

(6.6) 

2.43, t 

(6.8) 

2.43, t 

(6.9) 

2.44, t 

(6.9) 

3 2.31, t 

(6.6) 

2.36, t 

(6.8) 

2.34, t 

(6.4) 

2.39, t 

(6.6) 

2.30, t 

(6.8) 

2.29, t 

(6.9) 

2.38, t 

(6.9) 

5 9.87, s 9.89, s 9.85, s 9.83, s 9.90, s 10.0, s 9.91, s 

7,11 7.47, d 

(8.4) 

7.48, d 

(8.1) 

7.46, d 

(8.4) 

7.49, d 

(8.4) 

7.47, d 

(8.4) 

7.47, d 

(8.1) 

7.48, d 

(8.4) 

8,10 7.11, d 

(8.4) 

7.09, d 

(8.1) 

7.11, d 

(8.4) 

7.06, d 

(8.4) 

7.09,d 

(8.4) 

7.08, d 

(8.1) 

7.11, d 

(8.4) 

12 2.62, t 

(6.9, 7.2) 

2.61, t 

(6.9, 7.2) 

2.68, t 

(7.2) 

2.67, t 

(6.9, 7.2) 

2.69, t 

(6.9, 7.2) 

2.65, t 

(6.9) 

2.67, t 

(7.2) 

13 3.55, t 

(6.9, 7.2) 

3.57, t 

(6.9,7.2) 

3.56, t 

(7.2) 

3.55, t 

(6.9,7.2) 

3.58,t 

(6.9,7.2) 

3.55, t 

(6.9) 

3.57, t 

(7.2) 

14 4.62, s 4.75, s 4.68, s 4.76, s 4.65, s 4.75, s - 

 

α 
 1.05, s 

[74] 

1.72-1.77, 

m 

- 0.33, s 

[69] 

1.03, t 

(7.8, 8.4) 

- 

β 
 - 1.72-1.77, 

m 

8.05- 8.08, 

m 

- 1.49-1.59,  

M 

7.80-8.01, 

M 

 
 - 1.41-1.48, 

m 

7.35-7.52, 

M 

- 1.18-1.30,  

M 

7.23-7.43, 

M 

 
 - 0.84, t 

(7.3) 

7.35-7.52, 

m 

- 0.82, t 

(7.2) 

7.23-7.43, 

M 
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Table 4.9 1H NMR dataa-,d of 3-amino-1,2,4-triazole-5-carboxylic acid (HL7) and its 

organotin(IV) complexes 

Proton 

No. 

HL7 (13) (14) (15) (16) (17) (18) 

1 11.32, s 
- - - - - 

- 

 

3 13.74, s 13.46, s 13.75, s 13.74, s 13.80, s 13.65, s 13.69, s 

 

7 6.85, s 6.83, s 6.89, s 6.79, s 6.87, s 6.75, s 6.84, s 

 

Α 

- 0.38, s 

[79,68] 

1.78-1.63,  

m 

7.66-7.70, 

M 

0.62, s 

[58/56] 

1.72-1.80,  

M 

7.66-7.70, 

M 

Β 

-  1.46-1.36, 

 m 

7.66-7.70, 

M 

- 1.36-1.47, 

 M 

8.01-8.05, 

m 

 

-  1.20-1.16,  

m 

7.36-7.44, 

M 

- 1.30-1.35, 

 M 

7.71-7.77, 

m 

 

-  0.92, t 

(7.4) 

7.36-7.44, 

M 

- 0.90, t 

(7.4) 

7.46-7.52, 

m 
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Figure 4.1 1H NMR spectrum of ligand HL1 
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Figure 4.2 1H NMR spectrum of complex 11
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Figure 4.3 1H NMR spectrum of complex 12
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4.1.2.3 13C NMR 

Ligand acids (HL1, HL4, HL7) and their organotin(IV) carboxylates (1-18) are recorded for 

13C NMR in CDCl3 and DMSO solution. The chemical shift value of  ligand acids carbon 

and also its complexes carbon were assigned by comparison with literature values (Ma          

et al., 2011; Tariq et al., 2013) by nJ[119Sn,13C] coupling constant (Gielen et al., 1994) and 

results obtained from incremental method (Kalinowski et al., 1988). The data are presented 

in Tables 4.10-4.12 and representative spectra of complexes 5, 11 and 12 are given in Figures 

4.4−4.6.  

The chemical shift of aromatic (phenyl group) and aliphatic carbon (-CH=CH-), (-CH2-CH2-) 

and (-CH2-CH2-OH) of  ligand HL1, HL4, while C(2) and C(5) in triazole ligand, (HL7)  

occur small changes in complexes, when compared the values of chemical shift with  ligand 

acid. 

The carboxylate carbon in all ligand acids, C(1) undergoes a downfield shift in all the 

synthesized complexes that shows the involvement of –COOH group in bonding with tin(IV) 

(Muhammad et al., 2009). This deshielding is produced as a result of  transfer of the density 

of electron from the ligand to the Sn metal atom (Ma et al., 2006). The additional peaks 

present in the spectra of the complexes gave signals in the specific region, due to the presence 

carbon atom of phenyl, methyl and  butyl groups which are bonded with tin. (Sadiq-ur-Rehman    

et al., 2005).  

According to Nadvornik et al. (1984) and Lycka et al. (1985) triphenyltin and trialkyltin 

complexes show four-coordinating geometry, when coupling 1J[119Sn, 13C] is observed in the 

range of 550-670 and 325-400 Hz, respectively while couplings in the range of 750–850 and 

440–540 Hz, five coordinated diorganotin compounds (phenyl, alkyl) in solutions, 

respectively. 

In the present study tin-carbon satellite 1J[119Sn, 13C]  in case of  trimethyl, tributyltin 

complexes (4, 10, 16, 17) gave values in the range of [346-394] Hz and triphenyl complexes 

(6, 18) exhibited 1J coupling in between [641-646] Hz, characteristic of four coordinated 

tin(IV) in solution (Tariq et al., 2014). The 1J[119Sn, 13C] coupling constant of 

chlorodimethyl and chlorodibutyltin complexes supported penta coordinated environment 

around tin in solution (Shaheen et al., 2012). In case of methyltin(IV) complexes the C–Sn–C 

bond angles is calculated from Lockhart’s equation (Lockhart and Manders, 1986b). While 
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Holecek equations (Holecek et al., 1983; Holeček and Lycka, 1986) are used for the butyl 

and phenyltin(IV) derivatives. The C-Sn-C bond angle for trimethyl, tributyltin(IV) 

complexes are between 110-111˚ and for triphenyltin(IV) complexes it is 116˚. While in 

diorganotin(IV) case the C-Sn-C angles are between 122-124˚. The coupling constants (nJ) 

and the calculated C-Sn-C bond angles (θ) suggested five and four coordination geometry in 

di- and triorganotin(IV) carboxylates respectively (Table 4.13).  

However the crystal structures of triorganotin(IV) complexes 10 and 12 show five 

coordinated tin(IV) atom in solid state. The 1H NMR spectra of  triphenyltin(IV) complex 12 

shows proton signal of (H-14) absent, exhibited the O atom of moiety (–CH2-CH2-O)  

coordinated with tin which corresponds to pentacoordinated tin(IV) atom (Figure 4.47). The 

trimethyltin(IV) complex 10 exhibited 1J[119/117Sn, 13C] 530, 514 Hz which shows five 

coordinated tin(IV) atom. 

These results are agree with the X-ray crystallographic data of complexes 10, 11, 12 (Figure  

4.41, 4.45 and 4.47). 
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Table 4.10 13C NMR dataa-c of 3-[4-(2-hydroxyethyl)phenylamido]propenoic acid (HL1) and 

its organotin(IV) complexes  
13C 

No. 

HL1 (1) (2) (3) (4) (5) (6) 

1 167.26 170.23 172.21 169.30 170.34 171.49 172.26 

2 135.71 134.77 135.19 135.88 134.62 134.29 135.75 

3 136.82 136.80 136.75 136.69 136.74 136.83 136.65 

4 163.53 162.42 162.34 163.23 163.31 162.34 163.98 

6 137.11 137.15 137.18 137.20 137.14 137.83 137.16 

7,11 119.98 119.95 119.92 120.93 119.96 120.25 119.95 

8,10 129.64 129.60 129.65 129.63 129.69 129.44 129.64 

9 128.11 128.10 128.09 128.15 128.20 128.41 128.16 

12 38.30 38.42 38.91 38.46 38.50 38.70 38.75 

13 63.65 63.61 63.64 63.63 63.69 63.71 63.61 

Α 
- 1.80 

[518] 

29.51 

[502] 

139.01 

 

-1.41 

[394, 382] 

17.04 

 

138.02 

[646] 

Β 
- - 27.53 

[36.5] 

136.52 

 

- 27.78 

 

136.93 

[48] 

 
- - 26.42 

[101] 

129.0 

 

- 27.03 

[33] 

130.25 

 

 
- - 13.64 130.32 

 

- 13.65 128.54 

 

a Values in ppm are chemical shifts (δ)  

b nJ[119/117Sn, 13C] in Hz are listed in square brackets. 

c4.1 and 4.2 schemes represent the NMR numbering  
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Table 4.11 13C NMR dataa-c of 3-[4-(2-hydroxyethyl)phenylamido]propanoic acid (HL4) and 

its organotin(IV) complexes  
13C 

No. 

HL4 (7) (8) (9) (10) (11) (12) 

1 172.33 176.42 175.62 177.18 176.26 176.30 175.44 

2 32.33 32.51 32.94 31.85 32.93 32.76 31.87 

3 30.70 30.64 30.92 30.21 31.11 30.37 31.24 

4 170.28 170.51 171.62 170.91 171.78 171.58 171.03 

6 137.31 136.35 137.46 136.78 137.96 137.94 137.89 

7,11 120.25 119.35 120.41 120.56 119.31 119.33 119.32 

8,10 129.31 129.27 129.45 129.89 129.34 129.27 129.38 

9 134.11 134.16 134.19 134.48 134.17 134.15 134.26 

12 32.50 32.18 32.20 33.20 32.83 33.79 32.95 

13 62.46 62.42 62.69 62.58 62.78 62.82 62.81 

Α 
- 1.72 

[522] 

17.05 

 

139.70 0.70 

 [530, 514]  

20.00 137.20 

 

Β 
- - 27.52 136.51 

[47] 

- 28.30 

[15] 

136.89 

[24] 

 
- - 26.11 

 

128.32 

[61,59] 

- 27.59 

[39] 

128.04 

[57] 

 
- - 13.47 129.24 

[13] 

- 14.18 127.50 
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Table 4.12 13C NMR dataa-c of 3-amino-1,2,4-triazole-5-carboxylic acid (HL7) and its 

organotin(IV) complexes  

13C 

No. 
HL7 (13) (14) (15) (16) (17) (18) 

1 171.85 172.50 173.91 172.42 172.11 172.68 173.21 

2 158.61 158.92 158.66 158.31 158.65 158.71 158.20 

5 164.50 164.22 164.86 164.53 164.31 164.70 164.90 

Α - 
2.13 

 

19.11 

[488/472] 
137.13 

-4.90 

[388/379] 

16.51 

[346/321] 

139.51 

[641] 

Β - - 
28.15 [27] 

 
136.72 - 21.40 136.45 

 - - 
26.92 [75] 

 
129.26 - 25.33 128.26 

 
- - 14.13 128.61 - 13.64 129.39 
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Table 4.13 (C-Sn-C) angles (˚) based on NMR parameters of selected complexes with ligand 

HL1, HL2 and HL7 

Comp.No. 1J[(119Sn, 13C] 

(Hz) 

2J[119Sn, 1H] 

(Hz) 

Angle(˚) 

       1J                                2J 

1 

 

518 72 123 122 

2 

 

492 - 120 - 

4 

 

394 58 111 111 

6 

 

646 - 116 - 

7 522 74 122 122 

 

10 530 69 123 117 

 

13 - 79 - 122 

 

14 488 - 123 - 

 

16 388 58 111 111 

 

17 346 - 111 - 

 

18 641 - 116 - 
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 HL1 

   

 HL4  

 

 HL7 

Scheme 4.1 Numbering schems of ligands (HL1, HL4 and HL7) for 1H and 13C NMR 

interpretation     

     Sn CH3



 

 

 

 

 

Scheme 4.2: Sn atom bonded with organic moiety, Scheme of numbering for NMR. 
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Figure 4.4 13C NMR spectrum of complex 5 
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Figure 4.5 13C NMR spectrum of complex 11 
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Figure 4.6 13C NMR spectrum of complex 12 
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4.1.2.4 Mass spectrometry 

Data of mass spectra at 70 eV for the synthesized clorodi-and triorganotin carboxylates (1-

18) and ligands (HL1, HL4, HL7) were determined by electron impact method and presented 

in Tables 4.14-16, respectively and general mass fragmentation pattern is given in Schemes 

4.3 and 4.4 and in Figures 4.7 and 4.8, mass spectra of complexes 5 and 10 respectively are 

given as representative specgtra. In case of  main group organometallics, generally no  

molecular ion (M+)  peak present, so same situation found in the mass spectra of 

organotin(IV) conplexes. Fragmented ions containing tin were easily identified due to 

characteristic isotopic pattern for ‘‘Sn” and ‘‘SnCl” species (Harrison, 1989; (Zia-ur-Rehman 

et al., 2008). Mass fragments obtained from the ligand and complexes are according to the 

structure of the complexes and are in good relation with the literature (Masood et al., 2004; 

Farooq   et al., 2013; Sirajuddin et al., 2014). 

According to the m/z value observed in spectra, three primary fragmentation patterns are 

suggested for triorganotin(IV) complexes. One of the pathway of fragmentation pattern gives 

different groups as end product e.g. R, COOR' and [Sn]+. In other patheays, at the end [R']+ is 

formed which is obtained after the removal of alkyl/aryl tin group in the form of [R3Sn]+ and 

then carbondioxide remove  from the complex. While in the third pathway, first one of the 

alkyl/aryl group R from complex [R'OCOR3Sn] and then COO group and after that other R 

groups from alkyl tin and finally give alkylgroup of ligand [R']+.  In case of  

chlorodiorganotin compounds a different behaviour of mass fragmentation was observed but 

this pathways is also end in the same way as purposed  in triorganotin compounds.  
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Table 4.14 Mass spectral data of organotin(IV) complexes with 3-[4-(2-

hydroxyethyl)phenylamido]propenoic acid (HL1)  

Comp. No. Mass fragmentation  m/z (%) 

HL1 

 

 

[C12H13O4N]+ 235(20), [C11H12O2N]+ 189(4.3), [C8H10ON]+136(100), [C8H9O]+121(23), 

[C7H8N]+ 106(51), [C7H6]+ 90(4), [C3H3O]+ 55(7), [C4H3O3]+ 99(16) [C6H5]+ 77 (11), [CO2]+ 

44(75) 

1 [(CH3)2SnOCOC11H12O2NCl]+ 419(5), [(CH3)2SnOCOC11H12O2N]+ 384(11), 

[(CH3)SnOCOC11H12O2N]+ 369(7), [(CH3)SnC11H12O2N]+ 325(19), [SnC11H12O2N]+ 310(35), 

[C12H12O4N]+ 234(9), [C11H12O2N]+190(5), [C7H8N]+ 106(100), [(CH3)2SnCl]+ 185(15), 

[CH3SnCl]+ 170(2), [SnCl]+ 155(14), [Sn]+ 120(3) 

2 [(n-C4H9)2SnOCOC11H12O2NCl]+ 503 (n.o), [(n-C4H9)2SnOCOC11H12O2N]+ 468 (12), 

[(n-C4H9)SnOCOC11H12O2N]+ 411 (38), [(n-C4H9)SnC11H12O2N]+ 367 (23), [SnC11H12O2N]+ 

310 (27), [C12H12O4N]+ 234(9), [C11H12O2N]+190(42 ), [C8H10ON]+ 136(100), [(n-C4H9)2SnCl]+ 

269(78), [n-C4H9SnCl]+ 212 (13), [SnCl]+ 155 (68), [CH3(CH2)2CH2]+ 57 (62), [Sn]+ 120 (21) 

3 [(C6H5)2SnOCOC11H12O2NCl]+ 543(3), [(C6H5)SnOCOC11H12O2NCl]+ 466(19), 

[(C6H5)SnC11H12O2NCl]+ 422(23), [SnC11H12O2NCl]+ 345(31), [SnC11H12O2N]+ 310(21), 

[C12H12O4N]+ 234(39), [C11H12O2N]+190(11), [(C6H5)2SnCl]+ 309 (100), [C6H5SnCl]+ 232 (55), 

[SnCl]+ 155(19), [C6H5]+ 77(20), [C6H5-C6H5]+ 154(29), [Sn]+ 120(14) 

4 [(CH3)3SnOCOC11H14O2N]+ 399(2), [(CH3)2SnOCOC11H12O2N]+ 384(29), 

[(CH3)2SnC11H12O2N]+ 340(11), [(CH3)SnC11H12O2N]+ 325(15), [SnC11H12O2N]+ 310(41) 

[C12H12O4N]+ 234(100), [C11H12O2N]+ 199(21), [(CH3)3Sn]+165(65), [(CH3)2Sn]+150(18), 

[CH3Sn]+ 135(32), [Sn]+ 120(16) 

5 [(n-C4H9)3SnOCOC11H12O2N]+ 524(n.o), [C12H13O4N]+ 235(20), [C8H11ON]+ 137(16), 

[C11H12O2N]+ 189(4.3), [(n-C4H9)3Sn]+ 291(21), [n-(C4H9)Sn]+ 177(33), [CH3(CH2)2CH2]+ 57 

(6), [Sn]+ 119(20), [(n-C4H9)2SnC11H14O2N]+ 425(1.7),  [(n-C4H9) SnC11H14O2N]+ 368(4.5), 

[SnC11H14O2N]+ 311(2) [C7H8N]+ 106(100), [C6H5]+ 77 (11), [CO2]+ 44(75) 

6 [(C6H5)3SnOCOC11H12O2N]+ 585(n.o), [C12H12O4N]+ 234(12), [C11H12O2N]+ 190(19), 

[(C6H5)3Sn]+ 351 (58), [(C6H5)2Sn]+ 274 (72), [C6H5-Sn]+ 197 (26), [C6H5]+ 77 (32),     [Sn]+ 120 

(23), [C12H12O4N]+ 234(100), [(C6H5)2SnOCOC11H12O2N]+ 508(9), [(C6H5)2SnC11H12O2N]+ 

464(22), [(C6H5)SnC11H12O2N]+ 389(18), [SnC11H12O2N]+ 310(19), [C12H12O4NSn]+354(9) 

 n.o= Not observed 
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Table 4.15 Mass spectral data of organotin(IV) complexes with 3-[4-(2-

hydroxyethyl)phenylamido]propanoic acid (HL4) 

Complex no. Mass fragmentation  m/z (%) 

HL4 C12H15O4N]+ 237(100), [C11H12O2N]+ 189(4.3), [C8H12ON]+137(51), [C7H8N]+ 106(43), 

[C6H5]+ 77 (11), [CO2]+ 44(75), [C8H9O]+121(12 ), [C7H6]+ 90(26), [C4H5O3]+ 101(14) 

7 [(CH3)2SnOCOC11H14O2NCl]+ 421(5), [(CH3)2SnOCOC11H14O2N]+ 386(9), 

[(CH3)SnOCOC11H14O2N]+ 371(12), [(CH3)SnC11H14O2N]+ 327(19), [SnC11H14O2N]+ 

312(22), [C12H14O4N]+ 236(100), [C11H14O2N]+192(42), [(CH3)SnOCOC11H14O2NCl]+ 

406(61), [(CH3)SnC11H14O2NCl]+ 362(28), [SnC11H14O2NCl]+ 347(57), [(CH3)2SnCl] + 

185(75), [CH3SnCl]+ 170(23),  [SnCl]+ 155(14), [Sn]+ 120(21) 

8 [(n-C4H9)2SnOCOC11H14O2NCl]+ 505 (n.o), [(n-C4H9)2SnOCOC11H14O2N]+ 470(12),   

[(n-C4H9)SnOCOC11H14O2N]+ 413(7), [(n-C4H9)SnC11H14O2N]+ 369(11), [SnC11H14O2N]+ 

312(13), [(n-C4H9)SnOCOC11H14O2NCl]+ 448(23),                            [(n-

C4H9)SnC11H14O2NCl]+ 404 (9), [SnC11H14O2NCl]+ 347(33), [C12H14O4N]+ 236(100), 

[C11H14O2N]+192(42), [(n-C4H9)2SnCl] + 269(78), [n-C4H9SnCl]+ 212(13), [SnCl]+ 155(68), 

[CH3(CH2)2CH2]+ 57(62),  [Sn]+ 120(6) 

9 [(C6H5)2SnOCOC11H14O2NCl]+ 545(3), [(n-C6H5)2SnOCOC11H14O2N]+ 510(7),  

[(n-C6H5)SnOCOC11H14O2N]+ 433(19), [(n-C6H5)SnC11H14O2N]+ 389(12), [SnC11H14O2N]+ 

312(21), [C12H14O4N]+ 236(39), [C11H14O2N]+192(23), [(C6H5)2SnCl]+ 309(100), 

[C6H5SnCl]+ 232(21), [SnCl]+ 155(15), [C6H5]+ 77(38), [C6H5-C6H5]+ 154(29), [Sn]+ 

120(17) 

10 [(CH3)3SnOCOC11H14O2N]+ 401(n.o), [C11H14O2N]+ 192(4), [(CH3)3Sn]+165(81), 

[(CH3)2Sn]+150(20), [CH3Sn]+ 135(37), [Sn]+ 120 (17), [(CH3)2SnOCOC11H14O2N]+ 

386(6.5), [(CH3)SnC11H14O2N]+ 327(9), [(CH3)SnC10H14ON]+ 299(4), [SnC10H16N]+ 

270(4), [C11H10O2N]+ 188 (87), [C7H8N]+ 106(100), [C3H3O]+ 55(26), [C7H7]+ 91(13) 

11 [(n-C4H9)3SnOCOC11H14O2N]+ 527(n.o), [C12H14O4N]+ 236(36), [C11H14O2N]+ 192(51),  

[(n-C4H9)3Sn]+ 291(11), [n-(C4H9)2Sn]+ 234(21), [n-(C4H9)Sn]+ 177(28), [CH3(CH2)2CH2]+ 

57(29), [Sn]+ 120(9), [C7H8N]+ 106(100),                                         [(n-

C4H9)2SnOCOC11H14O2N]+ 470(6), [(n-C4H9)2SnC11H14O2N]+ 426(11),                       [(n-

C4H9) SnC11H14O2N]+ 369(21), [SnC11H14O2N]+ 312(51) 

12 [(C6H5)3SnOCOC11H14O2N]+ 587(n.o), [C12H14O4N]+ 236(100), [C11H14O2N]+ 192(41), 

[(C6H5)3Sn]+ 351(21), [(C6H5)2Sn]+ 274(65), [C6H5-Sn]+ 197(36), [C6H5]+ 77(29),  

[Sn]+ 120(9), [(C6H5)2SnOCOC11H14O2N]+  510(13),  [(C6H5)2SnC11H14O2N]+ 466(9),   

[(C6H5)SnC11H14O2N]+ 389(11),  [SnC11H14O2N]+ 312(42),  [C12H14O4NSn]+354(17)      

   n.o= Not observed 
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Table 4.16 Mass spectral data of organotin(IV) complexes with 3-amino-1,2,4-triazole-5-

carboxylic acid (HL7) 

Compound no. Mass fragmentation: m/z (%) 

 

13 

[(CH3)2SnOCOC2H3N4Cl]+ 312(2), [(CH3)2SnOCOC2H3N4]+ 277(13), 

[(CH3)SnOCOC2H3N4]+ 262(23), [(CH3)SnC2H3N4]+ 218(21), [SnC2H3N4]+ 203(23),  

[OCOC2H3N4]+ 127(12), [(CH3)SnOCOC2H3N4Cl]+ 297(19), [(CH3)SnC2H3N4Cl]+ 253(32), 

[SnC2H3N4Cl]+ 238(19), [C3H4N4O2]+ 128(100), [C2H3N4]+ 83(56), [(CH3)2SnCl] + 185(46), 

[CH3SnCl]+  170(12), [SnCl]+ 155(16), [Sn]+ 120(26) 

14 [(n-C4H9)2SnOCOC2H3N4Cl]+ 396 (10), [(n-C4H9)2SnOCOC2H3N4]+ 361(9),  

 [(n-C4H9)SnOCOC2H3N4]+ 304(21),  [(n-C4H9)SnC2H3N4]+ 260(19), [SnC2H3N4]+ 203(17), 

[(n-C4H9)SnOCOC2H3N4Cl]+ 339(21), [(n-C4H9)SnC2H3N4Cl]+ 295 (31),  

  [(n-C4H9)2SnCl] + 269(40), [n-C4H9SnCl]+ 212(76), [C3H4N4O2]+ 128(100), [SnCl]+ 155 

(29), [CH3(CH2)2CH2]+ 57 (68), [Sn]+ 120(8), [SnC2H3N4Cl]+ 238(11), [C2H3N4]+ 83(18) 

15 [(C6H5)2SnOCOC2H3N4Cl]+ 436 (6), [(C6H5)2SnOCOC2H3N4]+ 401 (9), 

[(C6H5)SnOCOC2H3N4]+  324(16), [(C6H5)SnC2H3N4]+ 280(19), [SnC2H3N4]+ 203(21), 

[OCOC2H3N4]+ 127(31), [SnC2H3N4Cl]+ 238(16), [C2H3N4]+ 83(19), [(C6H5)2SnCl]+ 

309(72), [C6H5SnCl]+ 232(34), [SnCl]+ 155(17), [C3H4N4O2]+ 128(100), [C6H5]+  77(42), 

[Sn]+120(18) 

16 [(CH3)3SnOCOC2H3N4]+ 292(4), [C3H3O2N4]+ 127(100), [C2H3N4]+ 83(31),  

[(CH3)3Sn]+165(16), [(CH3)2Sn]+150(16), [CH3Sn]+ 135(12), [Sn]+ 120(23), 

[(CH3)2SnOCOC2H3N4]+ 277(13), [(CH3)2SnC2H3N4]+ 233(11), [(CH3)SnC2H3N4]+ 

218(19), [SnC11H14O2N]+ 203(46) 

17 [(n-C4H9)3SnOCOC2H3N4]+ 418(n.o),  [(n-C4H9)3Sn]+ 291(19), [n-(C4H9)2Sn]+ 234(67), [n-

(C4H9)Sn]+ 177(48), [CH3(CH2)2CH2]+ 57(61), [Sn]+ 120 (15),                                 

[(n-C4H9)2SnOCOC2H3N4]+ 361(18), [(n-C4H9)2SnC2H3N4]+ 317(11),  

 [(n-C4H9) SnC2H3N4]+ 260(23), [SnC2H3N4]+ 203(9), [C2H3N4]+ 83(13),   

   [C3H4N4O2]+ 128(100) 

18 [(C6H5)3SnOCOC2H3N4]+ 478(n.o), [C3H3O2N4]+ 127(9), [C2H3N4]+ 83(100),  [(C6H5)3Sn]+ 

351(77), [(C6H5)2Sn]+ 274(23), [C6H5-Sn]+ 197(13), [C6H5]+ 77(83),    [Sn]+ 120(17), 

[(C6H5)2SnOCOC2H3N4]+ 401(19),  [(C6H5)2SnC2H3N4]+ 357(23),   [(C6H5)SnC2H3N4]+ 

280(8),  [SnC2H3N4]+ 203(21)  

 n.o= Not observed 
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Scheme 4.3: General mass fragmentation pattern for triorganotin(IV) derivatives. 
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Scheme 4.4: General mass fragmentation pattern for chlorodiorganotin(IV) derivatives 
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Figure 4.7 Mass spectrum of complex 5 
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Figure 4.8 Mass spectrum of complex 10 
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4.2 Homo- and Heterobimetallic complexes of ligands having O- and S -donor sites 

4.2.1 Synthesis 

The ligand acids HL2 and HL6 were synthesized by the reaction of 6-amino indazole with 

maleic and phthalic anhydrides, respectively as described in materials and method section, 

scheme 3.1. The ligand acids HL3 and HL5 were synthesized by the reaction of 3-amino,5-

methyl pyrazole with maleic and succinic anhydrides, respectively. The ligand acids HL2 and 

HL3 were yellow in color, while HL5 and HL6 were purple in color, having sharp melting 

points. The single X-ray structure of HL5 ligand is given in respective unit (Figure 4.37). To 

synthesize di-and tri organotin(IV) complexes (19-22, 31-34, 39-42, 51-53) sodium salts of 

ligands (NaL2-3, 5-6) were treated with respective organotin chloride in 1:1 molar ratios.  To 

synthesize homobimetallic complexes of tin(IV) (23-26, 35-38, 43-46, 54-56) salts of ligands 

were reacted with CS2, di- and triorganotin in 1:1:2 molar ratios. The selective synthesized 

complexes (19-22, 39-42) were reacted with CS2 and palladium chloride in 1:1:1 molar ratio 

to form heterobimetallic complexes (27-30, 47-50). These newly synthesized complexes (19-

56) are soluble in common organic solvents and stable having sharp melting points. 

Molecular formulas, percentage yields, molecular weights and melting points of the 

synthesized complexes are given in Tables 4.17-4.20. These newly synthesized compounds 

were characterized by elemental analysis (C, H, N, S) FTIR, 1H and 13C NMR spectroscopy 

and mass spectrometry elemental analysis results show that the calculated values of carbon, 

hydrogen, nitrogen and sulphur complexes are close to the actual values. 

4.2.2 Spectroscopic investigations 

4.2.2.1 IR Spectroscopy 

The coordination behavior of complexes (19-56) in the solid state is determined with the help 

of IR spectroscopy. As a result of comparing the spectra of free ligands with those of 

synthesized complexes,  values to different absorption bands (cm–1) were assigned. The 

representative values of vibrational frequencies (cm–1) of complexes and ligands (HL2, HL3, 

HL5 and HL6 are given in Tables (4.21-4.25) and representative spectra of complexes 21, 30, 

31 and 42 are shown in Figures 4.9-4.12. 
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Table 4.17 Physical data of complexes with 3-[IH-indazolyl-6-amido]propenoic acid (HL2)  

Comp 

No 

 

Reactants 

Product (Structure) 

 

% 

Yield 

 

M.P 

(oC) 

 

Molecular Formula 

(Formula Mass) 

Elemental analysis 

Calculated (found) 

1               2            3 

C              H              N             S 

19 C11H8N3NaO3 

 

 

- (CH3)2SnCl2 

 
 

68 120 C13H14ClN3O3Sn 

 

(414.5) 

37.68 

(37.59) 

3.40 

(3.37) 

10.14 

(10.12) 

- 

20 C11H8N3NaO3 

 

 

- (C4H9)2SnCl2 

 
 

72 78 C19H26ClN3O3Sn 

 

 

(498.5) 

45.77 

(45.69) 

5.26 

(5.21) 

8.43 

(8.41) 

- 

21 C11H8N3NaO3 

 

 

- (C4H9)3SnCl 

 
 

81 152 C23H35N3O3Sn 

 

 

(520) 

53.10 

(53.07) 

6.78 

(6.73) 

8.08 

(8.07) 

- 

22 C11H8N3NaO3 

 

 

- (C6H5)3SnCl 

 
 

73 183 C29H23N3O3Sn 

 

(580) 

60.03 

(60.05) 

4.00 

(3.98) 

7.24 

(7.29) 

- 

23 C11H8N3NaO3 

 

 

CS2 (CH3)2SnCl2 

 

78 79 C16H19Cl2N3O3S2Sn 

 

(555) 

34.62 

(34.55) 

3.45 

(3.44) 

7.57 

(7.52) 

11.55 

(11.50) 

24 C11H8N3NaO3 

 

 

CS2 (C4H9)2SnCl2 

 
  

80 102 C28H43Cl2N3O3S2Sn 

 

(723) 

46.49 

(46.45) 

 

5.99 

(5.63) 

5.81 

(5.98) 

8.87 

(8.81) 



97 
 

Comp. 

No. 

 

Reactants 

Product (Structure) 

 

% 

Yield 

 

M.P 

(oC) 

 

Molecular Formula 

(Formula Mass) 

Elemental analysis 

Calculated (found) 

1                    2            3 

C              H          N          S 

25 C11H8N3NaO3 

 

 

CS2 (C4H9)3SnCl 

 
 

69 185 C36H61N3O3S2Sn2 

 

(885) 

48.83 

(48.86) 

6.94 

(6.90) 

4.75 

(4.74) 

7.24 

(7.23) 

26 C11H8N3NaO3 

 

 

CS2 (C6H5)3SnCl 

 
 

75 176 C48H37N3O3S2Sn2 

 
(1005) 

57.34 

(57.31) 

3.71 

(3.68) 

4.18 

(4.17) 

6.38 

(6.39) 

27 C13H14ClN3O3Sn 

 

CS2 PdCl2 

 

71 168 

dec. 

C14H13Cl3N3O3PdS2Sn 

 
(666.5) 

23.88 

(23.85) 

1.85 

(1.87) 

6.43 

(6.40) 

9.81 

(9.85) 

28 C19H26ClN3O3Sn 

 

CS2 PdCl2 

 

68 198 

dec. 

C14H13Cl3N3O3PdS2Sn 

 

(750.5) 

31.98 

(31.58) 

3.36 

(3.40) 

5.59 

(5.60) 

8.54 

(8.55) 

29 C23H35N3O3Sn 
 

CS2 PdCl2 

 
 

82 178 
dec. 

C24H34Cl2N3O3PdS2Sn 
 

(772) 

37.30 
(37.28) 

4.44 
(4.42) 

5.44 
(5.46) 

8.30 
(8.28) 

30 C29H23N3O3Sn 

 

CS2 PdCl2 

 

89 158 

dec. 

C30H22Cl2N3O3PdS2Sn 

 
(832) 

43.27 

(43.29) 

2.66 

(2.64) 

5.05 

(5.08) 

7.70 

(7.69) 
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Table 4.18 Physical data of complexes with 3-[5-methyl-1H-pyrazol-3-amido]propenoic acid (HL3) 
Comp. 

No. 
 

Reactants 
Product (Structure) 

 
% 

Yield 
 

M.P 
(oC) 

 

Molecular Formula 

(Formula Mass) 

Elemental analysis 
Calculated (found) 

1               2            3 

C                   H              N             S 

31 C8H8N3NaO3 

 

 

- (CH3)2SnCl2 

 

68 131 C10H14ClN3O3Sn 

 

(378.5) 

31.74 

(31.72) 

3.73 

(3.75) 

11.10 

(11.12) 

- 

32 C8H8N3NaO3 

 

 

- (C4H9)2SnCl2 

 

75 119 C16H26ClN3O3Sn 

 

(462.5) 

41.55 

(41.57) 

5.67 

(5.60) 

9.08 

(9.05) 

- 

33 C8H8N3NaO3 

 

 

- (C4H9)3SnCl 

 

79 107 C20H35N3O3Sn 

 

(485) 

49.61 

(49.51) 

7.29 

(7.31) 

8.68 

(8.83) 

- 

34 C8H8N3NaO3 

 

 

- (C6H5)3SnCl 

 

81 89 C26H23N3O3Sn 

 

(545) 

57.38 

(57.71) 

4.26 

(4.21) 

7.72 

7.60) 

- 

35 C8H8N3NaO3 

 

 

 

CS2 (CH3)2SnCl2 

 

60 115 C13H19Cl2N3O3S2Sn2 

 

(638) 

24.48 

(24.49) 

3.00 

(3.03) 

6.59 

(6.57) 

10.06 

(10.05) 

36 C8H8N3NaO3 

 

 

CS2 (C4H9)2SnCl2 

 

71 125 C25H43Cl2N3O3S2Sn2 

 

(806) 

37.25 

(37.29) 

5.38 

(5.39) 

5.21 

(5.20) 

7.96 

(7.95) 
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37 C8H8N3NaO3 

 

 

CS2 (C4H9)3SnCl 

 

85 97 C33H61N3O3S2Sn2 

 

(849) 

46.66 

(46.63) 

7.24 

(7.23) 

4.95 

(4.94) 

7.55 

(7.53) 

38 C8H8N3NaO3 

 

 

CS2 (C6H5)3SnCl 

 

80 95 C45H37N3O3S2Sn2 

 

(969) 

55.76 

(55.73) 

3.85 

(3.83) 

4.33 

(4.32) 

6.62 

(6.61) 
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Table 4.19: Physical data of complexes with  3-[5-methyl-1H-pyrazol-3-amido]propanoic acid (HL5) 

Comp 

No. 

 

Reactants 

Product (Structure) 

 

% 

Yield 
 

M.P 

(oC) 
 

Molecular Formula  

   (Formula Mass) 

Elemental analysis 

                   Calculated (found) 

                    1               2            3 

     C              H              N             S 

39 C8H10N3NaO3 

 

 

- (CH3)2SnCl2 

 

85 114 C10H16ClN3O3Sn 

 

(380.5) 

31.57 

(31.40) 

4.24 

(4.20) 

11.05 

(11.07) 

- 

40 C8H10N3NaO3 

 

 

- (C4H9)2SnCl2 

 

72 85 C16H28ClN3O3Sn 

 
(464.5) 

41.36 

(41.30) 

6.07 

(6.08) 

9.04 

(9.05) 

- 

41 C8H10N3NaO3 

 

 

- (CH3)3SnCl 

 

69 79 C11H19N3O3Sn 

 
(360) 

36.70 

(36.72) 

5.32 

(5.30) 

11.67 

(1168) 

- 

42 C8H10N3NaO3 

 

 

- (C4H9)3SnCl 

 

80 103 C20H37N3O3Sn 

 

(486) 

49.40 

(49.45) 

7.67 

(7.69) 

8.64 

(8.60) 

- 

43 C8H10N3NaO3 

 

 

CS2 (CH3)2SnCl2 

 

58 121 C13H21Cl2N3O3S2Sn2 
 

(640) 

24.41 
(24.42) 

3.31 
(3.35) 

6.57 
(6.50) 

10.02 
(10.03) 

44 C8H10N3NaO3 

 

 

CS2 (C4H9)2SnCl2 

 

69 68 C25H45Cl2N3O3S2Sn2 
 

(808) 

 

37.16 
(37.18) 

5.61 
(5.63) 

5.20 
(5.25) 

7.94 
(7.95) 

45 C8H10N3NaO3 

 

 

CS2 (CH3)3SnCl 

 

78 85 C15H27N3O3S2Sn2 

 
(599) 

30.08 

(30.05) 

4.54 

(4.50) 

7.02 

(7.05) 

10.71 

(10.75) 
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 Com. 
No. 

 
Reactants 

Product (Structure) 
 

% 
Yield 

 

M.P 
(oC) 

 

Molecular Formula  

(Formula Mass) 
 

Elemental analysis 
                   Calculated (found) 

                    1               2            3 

C              H              N             S 

46 C8H10N3NaO3 

 

 

CS2 (C4H9)3SnCl 

 

69 212 C33H63N3O3S2Sn2 

 

(851) 

46.55 

(46.53) 

7.46 

(7.45) 

4.94 

(4.93) 

7.53 

(7.54) 

47 C10H16ClN3O3Sn 

 

CS2 PdCl2 

 

62 256 

dec. 

C11H15Cl3N3O3PdS2Sn 

 

(632.5) 

20.88 

(20.85) 

2.39 

(2.38) 

6.64 

(6.65) 

10.13 

(10.15) 

48 C16H28ClN3O3Sn 

 

 

CS2 PdCl2 

 

53 276 

dec. 

C17H27Cl3N3O3PdS2Sn 

 

(716.5) 

28.48 

(28.45) 

3.80 

(3.85) 

5.86 

(5.84) 

8.94 

(8.95) 

49 C11H19N3O3Sn 

 

CS2 PdCl2 

 

81 300 

dec. 

C12H18Cl2N3O3PdS2Sn 

 

(612) 

23.53 

(23.50) 

2.96 

(2.95) 

6.86 

(6.85) 

10.47 

(10.44) 

50 C20H37N3O3Sn 

 

 

CS2 PdCl2 

 

85 315 

dec. 

C21H36Cl2N3O3PdS2Sn 

 

(738) 

34.14 

(34.15) 

4.91 

(4.90) 

5.69 

(5.68) 

8.68 

(8.69) 
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Table 4.20 Physical data of complexes with 2-[IH-indazolyl-6-amido]benzoic acid (HL6) 

Comp 

No. 

Reactants Product (Structure) 

 

% 

Yield 

 

M.P 

(oC) 

 

Molecular Formula 

(Formula Mass) 

Elemental analysis 

Calculated (found) 
1                    2                  3 

C              H              N             S 

51 C15H11N3NaO3 

 

 

- (CH3)3SnCl 

 

53 165 C18H19N3O3Sn 

 

(444) 

48.68 

(48.64) 

4.31 

(4.27) 

9.46 

(9.41) 

- 

52 C15H11N3NaO3 

 

 

- (C4H9)3SnCl 

 

79 86 C27H37N3O3Sn 

 

(570) 

 

 

56.86 

(56.84) 

6.54 

(6.49) 

7.37 

(7.39) 

- 

53 C15H11N3NaO3 

 

 

 

- (C6H5)3SnCl 

 

83 94 C35H25N3O3Sn 

 

(630) 

62.89 

(62.85) 

4.00 

(3.96) 

6.67 

(6.65) 

- 

54 C15H11N3NaO3 

 

 

 

CS2 (CH3)3SnCl 

 

49 149 C22H27N3O3S2Sn2 

 

(683) 

38.69 

(38.65) 

 

 

3.98 

(3.95) 

6.15 

(6.12) 

9.39 

(9.35) 

55 C15H11N3NaO3 

 

CS2 (C4H9)3SnCl 

 

82 103 C40H63N3O3S2Sn2 

 

(935) 

51.36 

(51.32) 

6.79 

(6.72) 

4.49 

(4.45) 

6.86 

(6.84) 

56 C15H11N3NaO3 

 

 

 

CS2 (C6H5)3SnCl 

 

85 125 C52H39N3O3S2Sn2 

 

(1055) 

59.18 

(59.12) 

3.72 

(3.69) 

3.98 

(3.96) 

6.08 

(6.04) 
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(1)                          (2)                 (3) 

 

Scheme 4.5 Different modes of attachment of (COO-) moiety to the tin metal  

 

Di- and triorganotin(IV) carboxylates absence of characteristics ν(OH) broad band (3450-

3260 cm–1) in complexes and occurrence of new stretching vibration in the area of 418–478 

cm–1, showing (Sn-O) bond and also indicated that coordination of oxygen atoms of the 

COO– group with Sn(IV) atom. (Shah et al., 2012; Du et al., 2012). In the ligands and 

complexes due to COO moiety, the symmetric and asymmetric stretching vibrations were 

observed in the range of 1428-1337 and 1675-1523 cm–1, respectively.  

Monodentate, bidentate, and bridging there are three types of bonding of  carboxylate group 

(COO) group to metal  (Nara et al., 1996; Abdellah et al., 2009). It is observed that when 

both oxygen atoms equally in the complexes coordinate with tin metal atom then it is called 

bidentate bonding. However when metal bonded with one oxygen atom, monodentate 

behaviour observed.  When two metal atoms coordinate with two oxygen atom of the one 

carboxylate group, bridging bonding appear in complexes as shown in Scheme 4.5. 

According to literature (Eng et al., 2007; Shahzadi et al., 2010; Xiao et al., 2013) the 

bonding mode of carboxylate ligand acid can be determined from the ∆ν values. Ligand and 

reported complexes show bidentate behavior as Δν value is  less than 250 cm-1 in both cases. 

As a result of complex formation, the electron density on the oxygen atom of the COO- 

moiety reduces. As a result of bonding of carboxyl group with tin, ∆ν  value in complexes is 

less then free ligand due to shifting of  asymmetric stretching frequencies to lower region 

while symmetric stretching frequencies to higher  region thus decrease in ∆ν takes place as 

compared to ligands (Ahmad et al., 2002; Iqbal et al., 2013). The Δν values give idea of 

geometry/coordination no. of complexes in solid state, thus indicate 5-coordinated geometry. 
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 Monometallic complexes (19-22, 31-34, 39-42 and 51-53), the ν(N–H) band appears in the 

spectra in the region of 3209-3040 cm-1. The absence of this band in the homobimetallic 

complexes (23-26, 35-38, 43-46 and 54-56) and in the area of 962-1005 cm-1 new band (C-S) 

appear which indicates the coordination of  ligand to Sn(IV) through –CSS group.  This 

bonding is  also proved due to appearance of ν(Sn-S) bands in the region 364–391 cm−1 

(Anwer et al., 2013; Faizah et al., 2011). The presence of  single band of ν(C-S) around 900-

1000 cm-1 indicates that dithiocarbamate group is bonded to central metal in bidentate 

fashion, however splitting of this band with a separation value greater than 20 cm-1,  proposes 

the mondentate bonding of 1,1-dithioate moiety with tin (Yin and Xue, 2006; Zia-ur-rehman 

et al., 2012). Bidentate coordination of –CSS moiety with tin was observed in all the 

complexes due to appearance of single C-S stretching vibrations. Indithiocarbamate moiety 

another important region is thioureide band (N–CSS). This bond (C-N) was allocated in the 

range 1457–1494 cm-1 in the studied complexes.  

According to Singh and Bhattacharya (2012), values of (C-N) present in these complexes is 

found in-between double (1690–1640 cm-1) and single bond  (1360–1250 cm-1) of carbon and 

nitrogen. Resonances structure of (N–CSS) moiety shows that double bond nature partially 

found in C-N bond due to this reason some double bond partially observed in C–S bonds. 

Heterobimetallic complexes (Table 4.25) IR spectra show a single bond in the region of 968-

995 cm-1. This is due to (C-S) stretching vibrations, indicate palladium metal coordinate with 

dithiocarbamate moiety in bidentate manner (Shaheen et al., 2010). (Pd–S) and (Pd–Cl)  

vibrational bands at 342-318 and  298-270 cm-1, respectively also support the formation 

of  complexes (Hussain et al., 2015a). The ν(Sn-C) stretching frequencies appear in all the 

complexes in the region of 587-526 cm−1, however weak absorption band appear at 263-249 

cm-1 in triphenyl and diphenyltin(IV) complexes. 

. 
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Table 4.21  The IR spectral data of  3-[IH-indazolyl-6-amido]propenoic acid (HL2) and its organotin(IV) complexes 

Comp. 

No. 
ν(N–H) ν(COO)asym ν(COO)sym ∆ν ν(Sn1–C) ν(Sn2–C) ν(Sn–O) ν(C–S) ν(C–N) ν(Sn–S) ν(Sn–Cl) 

HL2 3188 1665 1360 275 - - - - - - - 

19 3180 1560 1412 148 526 - 433 - - - 284 

20 3160 1538 1405 133 530 - 442 - - - 
273 

 

21 3130 1552 1367 185 533 - 430 - - - 
- 

 

22 3195 1564 1374 190 257 - 476 - - - 
- 

 

23 - 1560 1412 148 526 541 431 971 1473 381 281 

24 - 1538 1406 134 532 521 429 962 1466 388 279 

25 - 1548 1370 178 547 558 455 969 1463 391 
- 

 

26 - 1553 1365 188 263 545 422 968 1480 390 
- 

 

      ν(Sn1-C) = Organotin moiety bonded with oxygen; ν(Sn2-C) = Organotin moiety bonded with sulphur. 

 

 



106 
 

Table 4.22 The IR spectral data of 3-[5-methyl-1H-pyrazol-3-amido]propenoic acid (HL3) and its organotin(IV) complexes  
Comp.  

No. 

ν(N–H) ν(COO)asym ν(COO)sym ∆ ν ν(Sn1–C) ν(Sn2–C) ν(Sn–O) ν(C–S) ν(C–N) ν(Sn–S) ν(Sn–Cl) 

 

HL3 3073 1650 1370 276 - - - - - -  

 

31 3065 1565 1426 139 546 - 446 - - - 265 

 

32 3078 1550 1390 160 538 - 443 - - - 263 

 

33 3081 1581 1410 171 545 - 419 - - - - 

 

34 3071 1578 1395 183 246 - 433 - - - - 

 

35 - 1550 1390 160 538 514 443 991 1466 371 277 

 

36 - 1535 1407 128 530 541 421 978 1470 383 265 

 

37 - 1580 1405 175 544 535 418 995 1457 369 - 

 

38 - 1578 1385 193 249 264 433 985 1461 364 - 
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Table 4.23 The IR spectral data of  3-[5-methyl-1H-pyrazol-3-amido]propanoic acid (HL5) and its organotin(IV) complexes 

Comp. 

No. 

ν(N–H) ν(COO)asym ν(COO)sym ∆ ν ν(Sn1–C) ν(Sn2–C) ν(Sn–O) ν(C–S) ν(C–N) ν(Sn–S) ν(Sn–Cl) 

HL5 3045 1567 1337 230 - - - - - - - 

 

39 3040 1525 1350 175 568 - 451 - - - 247 

 

40 3043 1556 1394 162 540 - 445 - - - 269 

 

41 3055 1542 1405 137 538 - 439 - - - - 

 

42 3051 1566 1427 139 549 - 446 - - - - 

 

43 - 1527 1354 173 568 530 452 997 1487 383 249 

 

44 - 1556 1394 162 542 521 445 989 1475 364 270 

 

45 - 1542 1405 137 539 518 439 991 1473 370 - 

 

46 - 1546 1416 132 571 532 472 1005 1480 368 - 
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Table 4.24 The IR spectral data of 2-[IH-indazolyl-6-amido]benzoic acid (HL6) and its organotin(IV) complexes  

Comp. 

No. 
ν(N–H) ν(COO)asym ν(COO)sym ∆ν ν(Sn1–C) ν(Sn2–C) ν(Sn–O) ν(C–S) ν(C–N) ν(Sn–S) 

HL6 3171 1675 1390 285 - - - - - - 

51 3173 1593 1405 188 549 - 426 - - - 

 

52 3178 1570 1417 153 586 - 438 - - - 

 

53 3175 1553 1398 155 261 - 422 - - - 

 

54 - 1590 1407 183 548 529 428 985 1474 365 

55 - 1573 1413 160 586 541 437 975 

 

1494 376 

56 - 1545 1411 134 280 246 470 991 1480 371 
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Table 4.25 The IR spectral data of  heterobimetallic complexes of ligands HL2 and HL5 
Comp. No. ν(N–H) ν(COO)asym ν(COO)sym ∆ν ν(Sn1–C) ν(Sn–O) ν(C–S) ν(C–N) ν(Pd–S) ν(Sn–Cl) ν(Pd–Cl) 

HL2 3188 1665 

 

1360 275 - - - - - - - 

27 - 1565 1411 154 525 430 970 1470 318 

 

260 290 

28 - 1540 1409 131 530 435 965 1468 341 

 

271 293 

29 - 1545 1392 153 548 454 968 1463 339 - 

 

285 

30 - 1532 1363 169 

 

251 444 995 1496 328 - 

 

270 

HL5 3145 1567 1337 230 - - - - - - 

 

- 

47 - 1523 1358 165 565 453 996 1487 327 253 

 

288 

48 - 1557 1390 167 549 448 978 1475 329 273 

 

295 

49 - 1540 1409 131 537 446 981 1473 342 - 

 

298 

50 

 

 1562 1377 188 539 478 980 1475 335 - 297 
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Figure 4.9  IR spectrum of complex 21 
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Figure 4.10a: IR spectrum of complex 30 
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Figure 4.10 b Far -IR spectrum of complex 30 
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Figure 4.11:  IR spectrum of complex 31 
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Figure 4.12 : IR spectrum of complex 42 
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4.2.2.2 Electronic spectra  

Newly synthesized heterobimetallic  (Sn, Pd) complexes (27-30, 47-50) were recorded for 

UV-Visible absorption spectra in the solvent DMSO with concentrations of 1x 10-5 M at 25 

oC temperature. Data obtained from spectra of complexes are given in Table 4.26 while 

representative spectra of complexes 40, 41, 43 and 45-52 are given in Figure 4.13. 

It was obvious from the spectra that a single sharp absorption peak  appear  in the UV region. 

According to literature (Demertzi et al., 1997; Matesanz et al., 1999), complexes of 

palladium(II) exhibited three spins allowed singlet-singlet d–d transition and singlet-triplet 

spins forbidden three transitions occur these complexes. However, the presence of the 

possible bands hindered due to charge-transfer strong transitions, particularly for those 

complexes in which sulfur as a donor atom present.  

Idea of square-planar environment in the palladium complexes supported due to presence of  

combination bands in the region 301-307 nm. These bands arises due to (LMCT) ligand to 

metal charge transfer transition, intra ligand and d–d transition (Alhayaly et al., 2005). The 

complexes exhibited their absorptions almost at the same region due to a similar kind of 

sulphur palladium association and identical environment around palladium. This clearly 

indicates that the structural variations in organotin moities have almost no effect in the 

absorption of these complexes.  

  

 

 

 

Figure 4.13 UV-Visible absorption spectra of complexes recorded in 1x 10-5 M DMSO 

solution at 25o C. 
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Table 4.26: UV-Visible absorption data of heterobimetallic (Sn, Pd) complexes 

Comp. No Wavelength (nm) Absorbance ε (mol-1dm3cm-1) 

27 304 0.547 54700 

28 305 0.114 11400 

29 304 0.797 79700 

30 301 0.211 21100 

47 302 0.568 56800 

48 303 0.483 48300 

49 307 0.489 48900 

50 300 3.031 30310 
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4.2.2.3 1H-NMR  

1H NMR spectra of the ligands and their organotin(IV) complexes are recorded in CDCl3 and 

DMSO solution. The data are presented in Tables 4.27-4.32. 1H and 13C NMR spectra  

interpretation,  numbering of ligands and different R groups bonded with Sn atom are given 

in schemes 4.6 and 4.7. The peak multiplicity pattern, intensity pattern, nJ values and 

satellites due to [119/117Sn, 1H] coupling were used to assign the proton resonance signals.  

The peak appeared at 12.89, 12.00, 12.18 and 12.72 ppm in the spectra of ligands HL2, HL3 

HL5 and HL6, respectively assigned to –COOH peak and in complexes absences of this 

characteristics peak showed that the coordination of organotin(IV) occur through oxygen 

atom of carboxylate group.  

The presence of singlet of (-CONH) proton in the area of δ = 8.02-8.19 ppm for synthesized 

complexes (19-30, 51-56) and ligands (HL2, HL6) showed that nitrogen does not participate 

in complexation. The olefinic protons at δ = 6.18-6.57 ppm showed two doublets of proton 

(H12) while (H13)  proton of (-CH=CH-) showed also two doublets in the range of δ = 6.22-

6.48 ppm with coupling constant of both protons 3J(1H,1H) 12 Hz. The presence of this 

coupling constant shows that protons 12 and 13  in the complexes (19-30) and ligand HL2 are 

cis in position. The signals of phenyl group of ligands (HL2, HL6) in complexes appear in the 

expected region   (δ = 7.03 - 7.99 ppm). 

N(1)-H proton gave signal at chemical shift  11.41-11.59 ppm in organotin(IV) compounds 

(19-22, 51-53). While in case of pyrazole ligands (HL3, HL5) and their complexes (31-34, 

39-42) this proton gave signal in region of 10.32-10.85 ppm. The olefinic protons at δ = 6.36-

6.82 ppm showed two doublets of proton (H9) while (H10)  proton of (-CH=CH-) showed 

also two doublets in the range of δ = 6.11-6.33 ppm with coupling constant of both protons 

3J(1H,1H) 9Hz. The presence of this coupling constant shows that protons 9 and 10  in the 

complexes (31-38) and ligand HL3 are cis in position. The alkane (-CH2-CH2-) protons  of 

the complexes (39-50) and ligand (HL5) resonate as two triplets in the region of δ = 2.34-

2.59 and 2.53-2.85 ppm. 

The presence of chemical shift value in complexes (19-56) for amido proton (-CO-NH-) 

show that this group do not involve in bonding.   
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1H NMR spectra indicate that the carboxyl proton and (N(1)-H) proton signal disappear in 

complexes (27-30, 47-50) and some new peaks appear for the alkyl/aryl group bonded with 

Sn(IV). Appearance of new peaks show complexation occur  through both sites (Zhang et al., 

2011; Jabeen et al.,12; Sakho et al., 2012; Hussain et al., 2015).  

The methyl protons resonate as sharp singlet in chloro dimethyltin  complexes at   δ= 1.28-

1.50 ppm with coupling constant 2J[119/117Sn, 1H] = 72-79 Hz, while in trimethyltin 

derivatives  it appears at δ= 0.51- 0.64 ppm with 2J[119/117Sn-1H] = [58] Hz. When angle 

calculated in chlorodi- and trimethyltin(IV) complexes by using Lockhart and Manders 

equations, the value of  C−Sn−C bond angle value show five and four coordinated 

environment around tin respectively (Muhammad et al., 2014; Santacruz-Juarez et al., 2014).  

The terminal -CH3 protons of chlorodi-n-butyltin(IV) complexes and tri-n-butyltin(IV) 

complexes  show a signal of triplet in the region of (0.76-0.93 ppm) with value of 3J(1H,1H) 

coupling constant 7.1-7.5 Hz (Ma et al., 2006; Shah et al., 2012; Din et al., 2003). The rest of 

the protons of butyl groups   -CH2, -CH2 and -CH2 show a complex multiplet pattern. A 

complex multiplet/pattern appear in the region of 7.32–7.89 ppm  of  di- and triphenyltin  

complexes due to phenyl group attached with tin(IV) and hence knowledge about geometry 

is difficult in these complexes (Xiao et al., 2013). 
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Table 4.27 1H NMR dataa,-d of 3-[IH-indazolyl-6-amido]propenoic acid (HL2) and its organotin(IV) complexes  
Proton 

No. 
HL2 (19) (20) (21) (22) (23) (24) (25) (26) 

(-COOH) 12.89, s - - - - - - - - 

(-NH) 11.58, s  11.53, s 11.59, s 11.53,  s 11.55, s - - - - 

3 8.18, s 8.15, s 8.18,  s 8.16, s 8.19, s 8.18, s 8.16, s 8.12, s 8.13,  s 

5 7.66-7.69 

d (9) 

7.56-7.59 

d (9) 

7.65-7.68 

d (9) 

7.76-7.79 

d (9) 

7.64-7.67 

d (9) 

7.66-7.69 

d (9) 

7.65-7.68 

d (9) 

7.56-7.59 

d (9) 

7.74-7.77 

d (9) 

6 7.09- 7.12 dd 

(1.5,9) 

7.08-7.11 dd 

(1.5,9) 

7.07-7.10 dd 

(1.5,9) 

7.06-7.09 dd 

(1.5,9) 

7.08-7.11 dd 

(1.5,9) 

7.06-7.09 dd 

(1.5,9) 

7.09-7.12    dd 

(1.5,9) 

7.09-7.12  

dd (1.5,9) 

7.08-7.11 dd 

(1.5,9) 

8 7.97 br.s 7.99 br.s 7.98 br.s 7.97 br.s 7.97 br.s 7.99 br.s 7.98 br.s 7.96 br.s 7.95 br.s 

10 8.13, s 8.11, s 8.13, s 8.12, s 8.14, s 8.12, s 8.14, s 8.11, s 8.12, s 

12 6.34-6.38, d(12) 6.25-6.29,    

d(12) 

6.33-6.37 

 d(12) 

6.34-6.38  

d(12) 

6.18-6.22  

d(12) 

6.36-6.40 

d(12) 

6.53-6.57  

d(12) 

6.35-6.39  

d(12) 

6.43-6.47. 

 d(12) 

13 6.27-6.31d, (12) 6.35-6.39,  

d(12) 

6.28-6.32 

 d(12) 

6.30-6.34 

 d(12) 

6.32-6.36 

 d(12) 

6.25-6.29  

d(12) 

6.44-6.48 

 d(12) 

6.27-6.31  

d(12) 

6.30-6.34  

d(12) 

(O)Sn-R          

α 
- 1.48, s 

[74/72] 

1.80-1.77  

M 

1.32-1.46 

 M 

- 1.49, s 

[74/72] 

1.81-1.75 

m 

1.27-1.43 

m 

- 

β 
- 

 

- 1.80-1.77 

 M 

1.63-1.82  

M 

7.84–7.89 

m 

- 1.81-1.75 

m 

1.65-1.82 

m 

7.85–7.82  

M 

 
- 

 

- 1.46-1.39 

 M 

1.32-1.46 

 M 

7.35–7.49 

m 

- 1.45-1.32 

m 

1.21-1.47 

m 

7.40–7.54  

M 

 
- - 0.92, t 

(7.2) 

0.83, t 

(7.5) 

7.51–7.59 

m 

- 0.88, t (7.2) 0.89, t (7.5) 7.51–7.63 

 M 

(S)Sn-R          

α '      1.50s 

[74/72] 

1.82-1.75 

 m 

1.29-1.46 

m 

- 

β'      - 1.82-1.75  

m 

1.63-1.85 

m 

7.82–7.88 m 

 

γ'      - 1.46-1.37 

 m 

1.29-1.46 

m 

7.41–7.52 m 

 

δ'      - 0.90 t(7.2) 0.89 t (7.5) 7.50–7.62 m 

 
aChemical shifts (δ) in ppm.b 2J[119/117Sn,1H] and 3J(1H,1H) in Hz are listed in square brackets and parenthesis, respectively.  

cMultiplicity is given as: s= singlet, d= doublet, t= triplet, m= multiplet. dNumbering in accordance with schemes 4.6 and 4.7. 
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Table 4.28 1H NMR dataa-d of  3-[5-methyl-1H-pyrazol-3-amido]propenoic acid (HL3) and its organotin(IV) complexes 
Proton No. HL3 (31) (32) (33) (34) (35) (36) (37) (38) 

 

(-COOH) 12.00, s - - - - - - - - 

 

(-NH) 10.72, s 10.73 s 10.65 s 10.85 s 10.78 s - - - - 

 

4 5.58, s 5.69, s 5.52, s 5.73, s 5.49, s 5.61, s 5.78, s 5.43, s 5.59, s 

 

6 2.49, s 2.50, s 2.49, s 2.50, s 2.47, s 2.49, s 2.51, s 2.50, s 2.50, s 

 

7 9.50, s 9.45, s 9.36, s 9.70, s 9.75, s 9.62, s 9.68, s 9.85, s 9.44, s 

 

9 6.44-6.47, d 

(9) 

6.78-6.81, d 

(9) 

6.40-6.43, d 

(9) 

7.36-7.39, d 

(9) 

6.63-6.66, d 

(9) 

6.79-6.82, d 

(9) 

7.41-7.44, d 

(9) 

7.52-7.55, d 

(9) 

6.58-6.61, d 

(9) 

10 6.30-6.33, d 

(9) 

6.27-6.30, d 

(9) 

6.18-6.21, d 

(9) 

6.23-6.26, d 

(9) 

6.29-6.32, d 

(9) 

6.11-6.14, d 

(9) 

6.17-6.20, d 

(9) 

6.24-6.27, d 

(9) 

6.25-6.28, d 

(9) 

(O)Sn-R          

α 
- 1.45, s [78] 1.64-1.50 

m 

1.69-1.53 

m 

- 1.45, s 1.63-1.53 

m 

1.67-1.53 

m 

- 

β 
-  1.64-1.50 

m 

1.41-1.22 m 7.74-7.71 

m 

- 1.63-1.51 

m 

1.43-1.24 

m 

7.74-7.71 

M 

 
-  1.34-1.24 

m 

1.41-1.22 

m 

7.47-7.45 

M 

- 1.33-1.24 

m 

1.42-1.22 

m 

7.43-7.46 

M 

 
-  0.83, t 

(7.1) 

0.90, t 

(7.2) 

7.47-7.45 

m 

- 0.85, t 0.88, t 

(7.2) 

7.43-7.46 

M 

(S)Sn-R          

α '      1.46, s [79] 1.65-1.52 

m 

1.69-1.53 

m 

- 

 

β'      - 1.65-1.52 

m 

1.42-1.22 

m 

7.76-7.72 

M 

γ'      - 1.32-1.25 

m 

1.42-1.22 

m 

7.48-7.45 

M 

δ'      - 0.84, t 

(7.1) 

0.87, t 

(7.2) 

7.48-7.45 

M 
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Table 4.29 1H NMR dataa-d of 3-[5-methyl-1H-pyrazol-3-amido]propanoic acid (HL5) and its organotin(IV) complexes 
Proton No. LH5 (39) (40) (41) (42) (43) (44) (45) (46) 

(-COOH) 12.18, s - - - - - - - - 

 (-NH) 10.42, s 10.45, s 10.39, s 10.51, s 10.32, s - - - - 

4 5.78, s 5.64, s 5.69, s 5.73, s 5.56, s 

 

5.64, s 5.84, s 5.52, s 5.59, s 

6 2.50, s 2.51, s 2.49, s 2.50, s 2.49, s 2.51, s 2.50, s 2.51, s 2.49, s 

7 9.18, s 9.15, s 9.38, s 9.46, s 9.48, s 9.68, s 9.52, s 9.85, s 9.64, s 

9 2.56-2.58, d 

(6) 

2.45-2.47, d 

(6) 

2.51-2.53, d 

(6) 

2.34-2.36, d 

(6) 

2.43-2.45, d 

(6) 

2.41-2.39, d 

(6) 

2.59-2.61, d 

(6) 

2.52-2.54, d 

(6) 

2.36-2.38, d 

(6) 

10 2.67-2.69, d 

(6) 

2.78-2.81, d 

(6) 

2.68-2.71, d 

(6) 

2.63-2.65, d  

(6) 

2.75-2.74, d 

(6) 

2.85-2.87, d 

(6) 

2.74-2.76, d 

(6) 

2.81-2.83, d 

(6) 

2.53-2.55, d 

(6) 

(O)Sn-R          

α 
- 1.28, s 

[75,73] 

1.53-1.60 

M 

0.65, s 

[58/56] 

1.66–1.75  

M 

1.28, s 

[75,73] 

1.52-1.60 

m 

0.63, s 1.65-1.73  

m 

β 
- - 1.46-1.52 

M 

- 1.43–1.49  

m 

- 1.45-1.53 

m 

- 1.42-1.47 

M 

 
- - 1.12-1.22  

M 

- 1.33–1.39  

m 

- 1.15-1.23 m - 1.33-1.38 

M 

 
- - 0.78, t 

(6.6) 

- 0.99, t 

 (7.3) 

- 0.76, t  

(6.6) 

- 0.95,  t  

(7.0) 

 

(S)Sn-R          

α ' - - - - - 1.30 s 

[75,73] 

1.54-1.63 

m 

0.65 s 

[58/56] 

1.66-1.72  

M 

β' - - - - - - 1.42-1.51 

m 

- 1.41-1.43 

M 

γ' - - - - - - 1.17-1.21  

m 

- 1.34-1.37 

M 

δ' - - - - - - 0.77, t (6.6) - 0.94, t (7.0) 
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Table 4.30 1H NMR dataa-d of 2-[IH-indazolyl-6-amido] benzoic acid (HL6) and its organotin(IV) complexes 

Proton no. HL6 (51) (52) (53) (54) (55) (56) 

(-COOH) 12.72, s - - - - - - 

(-NH) 11.42, s 11.49, s 11.41, s 11.47, s - - - 

3 8.21, s 8.26, s 8.25, s 8.24, s 8.21, s 8.29, s 8.30, s 

5 7.81-7.84 

d(9) 

7.78-7.81 

d(9) 

7.65-7.68 

d(9) 

7.86-7.89 

d(9) 

7.73-7.76 

d(9) 

7.81-7.84 

d(9) 

7.62-7.65 

d(9) 

6 7.09- 7.12, dd 

(1.5,9) 

7.06-7.12, dd 

(1.5,9) 

7.07-7.12, dd 

(1.5,9) 

7.06-7.11, dd 

(1.5,9) 

7.08-7.12, dd 

(1.5,9) 

7.06-7.10, dd 

(1.5,9) 

7.09-7.13, dd 

(1.5,9) 

8 7.98, br.s 7.99, br.s 7.98, br.s 7.97, br.s 7.97, br.s 7.99, br.s 7.96, br.s 

10 8.08, s 8.05, s 8.07, s 8.02, s 8.06, s 8.04, s 8.06, s 

14 7.55-7.69, m 7.52-7.64, m 7.56-7.67, m 7.58-7.67, m 7.54-7.66, m 7.58-7.64, m 7.59-7.70,  m 

15,16 7.39-7.49, m 7.33-7.42, m 7.26-7.34, m 7.36-7.41, m 7.31-7.36, m 7.41-7.49, m 7.45-7.50, m 

17 7.76-7.80, m 7.78-7.84, m 7.72-7.85,  m 7.75-7.81, m 7.81-7.87, m 7.75-7.81,  m 7.82-7.85, m 

(O)Sn-R        

α 
- 0.54, s 

[58/56] 

1.64-1.74, m 

 

- 0.51, s 

 

1.63-1.72, m - 

β 
- - 1.43-1.49, m 7.65-7.71, m - 1.45-1.49, m 7.62-7.73, m 

 

 
- - 1.32-1.39, m 7.58-7.62, m - 1.32-1.39, m 7.52-7.58, m 

 

 
- - 0.93, t 

(7.5) 

7.35-7.42, m  0.92, t 

(7.3) 

7.31-7.42, m 

(S)Sn-R        

α ' - - - - 0.54, s 

[58/56] 

1.65-1.75, m - 

β' - - - - - 1.42-1.47, m 7.64-7.72, m 

 

γ' - - - - - 1.33-1.39, m 7.53-7.59, m 

 

δ' - - - -  0.92, t 

(7.4) 

7.32-7.40, m 
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Table 4.31 1H NMR dataa-d of 3-[IH-indazolyl-6-amido] propenoic acid (HL2) and its hetero bimetallic complexes  
Proton no. HL2 (27) (28) (29) (30) 

(-COOH) 12.89, s - - - - 

(-NH) 11.58, s 

 
- - - - 

3 8.18, s 8.20, s 8.22, s 8.17, s 8.23, s 

5 7.66-7.69 

d (9) 

7.55-7.58 

d (9) 

7.60-7.63 

d (9) 

7.63-7.66 

d (9) 

7.72-7.75 

d (9) 

6 7.09- 7.12, dd 

(1.5,9) 

7.10-7.13, dd 

(1.5,9) 

7.07-7.10, dd 

(1.5,9) 

7.03-7.06, dd 

(1.5,9) 

7.11-7.14, dd 

(1.5,9) 

8 7.97, br.s 7.95, br.s 7.93, br.s 7.98, br.s 7.88, br.s 

10 8.13, s 8.19, s 8.11, s 8.16, s 8.13, s 

12 6.34-6.38, d(12) 6.35-6.39, d(12) 6.41-6.45, d (12) 6.43-6.47, d (12) 6.33-6.37, d (12) 

 

13 6.27-6.31, d (12) 6.25-6.29,  d (12) 6.22-6.26,  d (12) 6.32-6.36,  d (12) 6.41-6.45, d (12) 

 

(O)Sn-R      

Α 
- 1.50, s [76/73] 

 

1.89-1.31, m 1.63-1.18, m 

 

- 

Β 
- 

 

- 1.89-1.31, m 1.63-1.18, m 

 

7.77–7.85, m 

 
- 

 

- 1.89-1.31, m 1.63-1.18, m 

 

7.32–7.47, m 

 
- - 0.93, t 

(7.5) 

0.83, t 

(7.5) 

7.53–7.60, m 
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Table 4.32 1H NMR dataa-d of 3-[5-methyl-1H-pyrazol-3-amido]propanoic acid (HL5) and its hetero bimetallic complexes 

Proton No. HL5 (47) (48) (49) (50) 

-COOH 12.18, s - - - - 

(-NH) 10.42, s - - - - 

4 5.78, s 5.63, s 5.68, s 5.79, s 5.81, s 

6 2.50, s 2.49, s 2.50, s 2.50, s 2.51, s 

7 9.18, s 9.14, s 9.21, s 9.23, s 9.17, s 

9 2.56-2.58, d (6) 2.44-2.46, d (6) 2.39-2.41, d (6) 2.32-2.34, d (6) 2.55-2.57, d (6) 

10 2.67-2.69, d (6) 2.63-2.65, d (6) 2.70-2.72, d (6) 2.76-2.78, d (6) 2.68-2.70, d (6) 

(O)Sn-R      

Α 
- 1.28, s [75,73] 1.78-1.73, m 0.51, s [58/56] 1.68-1.61, m 

Β 
- - 1.78-1.73, m - 1.46-1.43, m 

 
- - 1.46-1.41, m - 1.38-1.31, m 

 
- - 0.91, t (7.5) - 0.92, t (7.5) 
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Figure 4.14  1H NMR spectrum of ligand HL2 
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4.2.2.4 13C NMR 

The 13C NMR of synthesized complexes and free ligands were recorded in DMSO and 

CDCl3 and their data are presented in Tables 4.33-38. The assignment of 13C signals to each 

carbon atom of the ligands (HL2, HL3, HL5, HL6) and complexes (19-56) were made on the 

basis of results obtained from incremental methods (Williams and Fleming, 1987) and 

resonance values reported in the literature (Shahzadi et al., 2006; Yang Shi et al., 2012; 

Sirajuddin et al., 2015; Hussain et al., 2015).  

In synthesized complexes chemical shifts values found were almost similar with that 

observed in ligand however, the carboxylate carbon is shifted to downfield/upfield in 

compounds, indicating bonding of COO- group through this site with tin(IV) atom (Sadiq-ur-

Rehman et al., 2012; Tariq et al., 2014). The deshielding behavior of carboxylate carbon is 

explained on the basis of electrophilicity of the tin.  

When  charge density shift from carboxyl group towards tin metal atom, downfield chemical 

shift occur.  However, some time electron donating groups bonded with tin shift electron 

density towards carbon atom of carboxylic (COO-) moiety, thus upfield shift takes place  (Ma 

et. al., 2006; Yin et al., 2007; Sadiq-ur-Rehman  et al., 2008; Du et al., 2011; Win et al., 

2014). 

The signals appear in the range of 195-201 ppm in the spectra of homo- and hetero bimetallic 

complexes (23-30, 35-38, 43-50, 54-56) which reflect the coordination of sulfur with tin(IV)          

and palladium(II) via –CSS moiety (Anwer et al., 2013; Ali et al., 2014; Hussain et al.,              

2015). In the 13C NMR spectra of the complexes, additional peaks appear due to the carbon atom       

of butyl, methyl and phenyl groups attached to Sn also supported the complexion process (Xiao        

et al., 2013). 

Lockhart and Manders, 1986a; Lockhart and Manders, 1986b, Holecek et al., 1983; Holecek 

and Lycka, 1986) used coupling constants for the determination of geometry and structure. 

The value of 1J[119/117Sn,13C] for trimethyl and tributyl derivatives of organotin(IV) 

compounds are in the range of 349-396 Hz. The angle (θ), calculated from these coupling  

constants (Table 4.39) suggest a tetrahedral geometry around tin atoms in solution (Rauf et 

al., 2008; Zhang et al., 2014). 1J[119Sn,13C] coupling constant are 488-536 Hz  and 

2J[119/117Sn,1H] values are in between 72-79 Hz, in chlorodiorganotin(IV) complexes and 

consistent with  C-Sn-C angles (122.1-124.8°), thus in solution the geometry of tin is  

suggested trigonal bipyramidal Santacruz-Juarez et al., 2014.  
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Scheme 4.6  Numbering schemes of ligands (HL2, HL3 HL5 and HL6) for 1H and 13C NMR 

interpretation 
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Scheme 4.7  Sn atom bonded with organic moiety, Scheme of numbering for NMR.
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Table 4.33 13C NMR dataa-c of  3-[IH-indazolyl-6-amido]propenoic acid (HL2) and  its organotin(IV) complexes 
13C No. HL2 (19) (20) (21) (22) (23) (24) (25) (26) 

3 131.93 131.77 130.41 130.29 131.88 130.95 131.48 131.98 130.55 

4 119.79 118.53 118.67 119.65 119.35 118.35 118.85 119.89 118.35 

5 121.17 121.89 122.45 122.32 121.45 121.56 121.39 122.19 121.66 

6 114.67 114.35 114.36 114.58 114.69 114.88 114.31 114.89 114.22 

7 133.74 133.44 134.98 134.22 134.11 134.36 134.45 133.65 133.78 

8 99.77 98.45 99.31 98.36 99.87 99.36 98.32 98.62 99.56 

9 140.80 141.42 140.35 140.89 141.56 140.22 141.78 141.65 140.87 

11 164.04 164.88 165.35 165.39 166.48 165.68 164.13 165.55 164.58 

12 137.44 136.45 137.18 137.56 138.99 137.25 138.45 136.65 137.78 

13 132.69 132.68 132.95 132.88 132.44 132.28 132.78 132.83 132.66 

(COOH) 167.74 174.04 172.89 168.25 169.78 174.45 172.58 168.45 169.28 

-CSS - - - - - 197 199 201 195 

(O)Sn-R          

α  - 15.71 

[518/497] 

26.70 

[490/470] 

16.63  

[354, 339] 

137.71 

[642] 

15.77 26.68 

[490/470] 

16.50  

[354/342] 

137.81 

[641] 

β  - - 29.72 [32] 27.87 [20] 136.22 [49] - 25.16 [34] 25.85 [18] 136.83 [48] 

γ  - - 27.24 [82] 26.99 [62] 129.13 [63] - 27.12 [80] 26.15 [63] 129.20 [63] 

δ  - - 13.58 13.63 129.90[12] - 14.89 13.23 130.11 [13] 

(S)Sn-R          

α ' - - - - - 15.80 [520/503] 26.76 [492/472] 16.29 [355/342] 138.80 [641] 

β' - - - - - - 29.16 [34] 26.98 [18] 135.83 [45] 

γ' - - - - - - 27.12 [80] 27.15 [63] 128.21 [64] 

δ' - - - - - - 13.89 13.23 130.55 [12] 

a Chemical shifts (δ) in ppm. b nJ[119/117Sn, 13C] in Hz is listed in square brackets. c Numbering in accordance with schemes 4.6 and 4.7. 
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Table 4.34: 13C NMR dataa-c of  3-[5-methyl-1H-pyrazol-3-amido]propenoic acid (HL3) and its organotin(IV) complexes  

13C No. HL3 (31) (32) (33) (34) (35) (36) (37) (38) 

3 145.16 146.96 145.18 146.35 145.85 146.13 145.28 146.42 145.35 

4 92.30 91.58 91.13 92.45 91.32 91.29 91.56 92.36 91.89 

5 150.07 148.89 150.09 148.65 149.35 148.32 149.79 148.89 150.03 

6 11.28 11.21 11.35 11.24 11.45 11.65 11.09 11.58 11.32 

8 167.5 167.58 167.52 167.23 167.65 167.64 167.78 167.25 167.83 

9 128.7 128.78 128.65 128.45 129.13 128.85 128.49 128.72 129.39 

10 116.5 117.23 116.26 116.89 117.38 116.14 116.58 116.36 117.76 

(-COOH) 174.5 178.45 178.23 173.56 173.68 178.39 178.64 173.05 173.84 

-CSS - - - - - 195 196 201 198 

(O)Sn-R          

α  6.80 [532] 25.70 17.30 [353, 334] 137.78 [643] 6.81 [532] 25.21 17.51 [353] 138.94 [645] 

β   27.23 28.34 [20] 136.80 [43]  29.55 28.16 [20] 134.31 [43] 

   26.75 26.56 [66] 136.56 [70]  27.36 26.18 [61] 137.96 [67] 

   14.16 14.80 128.34  14.27 14.56 128.54 

(S)Sn-R          

α '  - - - - 6.82 [536] 25.23 17.92 [350, 330] 137.91 [645] 

β'  - - - -  27.54 28.17 [20] 135.33 [42] 

γ'  - - - -  26.36 26.13  [61] 136.90 [68] 

δ'  - - - -  14.38 14.58 129.28 

a Chemical shifts (δ) in ppm. b nJ[119/117Sn, 13C] in Hz is listed in square brackets. c Numbering in accordance with schemes 4.6 and 4.7. 
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Table 4.35 13C NMR dataa-c of  3-[5-methyl-1H-pyrazol-3-amido]propanoic acid (HL5) and its organotin(IV) complexes  
13C No. HL5 (39) (40) (41) (42) (43) (44) (45) (46) 

3 143.26 143.28 143.69 143.39 143.64 143.39 144.03 144.52 144.67 

4 91.45 90.63 91.28 91.41 91.32 91.46 90.42 91.69 90.69 

5 150.68 150.61 149.89 149.25 150.35 149.88 150.31 150.29 149.66 

6 12.28 12.49 12.31 12.42 12.54 12.63 12.21 12.36 12.32 

8 169.5 168.39 168.45 169.23 169.36 169.68 168.34 167.86 168.29 

9 30.52 30.58 29.86 29.96 29.45 29.68 30.55 30.71 29.49 

10 32.42 32.13 32.65 33.09 33.16 32.55 31.89 31.95 32.56 

(-COOH) 173.31 175.43 175.56 172.46 172.23 175.64 175.22 172.45 172.14 

-CSS - - - - - 197 194 199 196 

(O)Sn-R          

Α  
6.82 

[536] 

29.5 

[492/472] 

-0.6 

[382/366] 

24.3 

[349/315] 
6.80 [536] 

29.7 

[492/472] 

-0.5 

[382/364] 

25.9 

[347/315] 

Β  - 27.4 - 27.4 [21] - 27.1 - 
26.4 [20] 

 

  - 26.2 - 28.7 [63] - 26.9 - 
27.1 [63] 

 

  - 13.9 - 14.2 - 13.6 - 14.7 

(S)Sn-R          

α ' 
 - - - - 6.84 [536] 

29.3 

[492/472] 

-0.6 

[382/366] 

24.9 

[349/315] 

β' 
 - - - - - 27.1 - 

26.6 [20] 

 

γ'  - - - - - 26.9 - 
28.2 [63] 

 

δ'  - - - - - 13.6 - 
14.5 
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Table 4.36 13C NMR dataa-c of  2-[IH-indazolyl-6-amido]benzoic acid (HL6) and its organotin(IV) complexes  
13C No. HL6 (51) (52) (53) (54) (55) (56) 

3 129.38 129.31 129.39 129.35 129.37 129.41 129.45 

4 119.60 119.43 118.39 119.65 119.16 119.25 118.96 

5 121.17 121.35 122.58 122.12 121.45 122.78 121.39 

6 116.67 115.65 116.11 115.98 116.84 115.28 116.31 

7 134.25 133.14 134.48 134.57 134.29 134.56 134.65 

8 96.32 96.15 97.45 97.26 96.18 96.36 97.22 

9 141.80 142.26 141.45 141.98 142.46 141.38 141.78 

11 164.90 164.78 165.18 165.49 165.18 164.48 164.68 

12 132.15 132.18 132.14 132.16 132.19 132.15 132.19 

13 130.52 130.58 130.55 130.51 130.59 130.52 130.54 

14 130.75 130.74 130.71 130.79 130.78 130.75 130.72 

15 132.45 132.41 132.48 132.49 132.47 132.46 132.45 

16 135.29 135.21 135.28 135.24 135.26 135.22 135.29 

17 127.60 127.65 127.89 127.36 127.45 127.89 127.18 

(-COOH) 170.28 169.24 168.45 172.31 169.19 168.25 172.56 

-CSS - - - - 198 195 196 

(O)Sn-R        

α - -2.2 [396/350] 16.5 [358/342] 137.5 [643] -2.1 [395/358] 17.7 [359/342] 138.9 [645] 

β - - 27.5 [23] 136.9 [48] - 26.6 [23] 137.6 [45] 

 - - 26.9 [62] 130.2 - 29.5 [62] 129.28 

 - - 13.6 128.74 - 13.8 127.26 

(S)Sn-R        

α ' - - - - -2.0 [397/358] 16.7 [359/342] 137.9 [645] 

β' - - - - - 27.6 [23] 136.6 [48] 

γ' - - - - - 29.5 [62] 130.28 

δ' - - - - - 13.8 128.38 
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Table 4.37 13C NMR dataa-c of 3-[IH-indazolyl-6-amido]propenoic acid (HL2) and its hetero bimetallic complexes  
13C No. 

HL2 (27) (28) (29) (30) 

3 131.93 131.72 130.14 130.25 131.72 

4 119.79 119.45 119.48 119.65 119.71 

5 121.17 121.73 122.23 122.41 121.39 

6 114.67 114.72 114.29 114.23 114.48 

7 133.74 133.81 134.21 134.63 133.11 

8 99.77 98.41 98.33 98.72 99.83 

9 140.80 140.42 140.31 140.59 141.56 

11 164.04 164.82 165.21 164.39 164.42 

12 137.44 136.45 137.18 137.56 138.99 

13 132.69 132.61 132.72 132.88 132.65 

(-COOH) 167.74 173.53 172.21 168.13 168.71 

-CSS - 196 199 195 197 

Α 
- 15.71 [518/497] 26.23 [488/469] 16.51 [356/349] 139.7 [640] 

Β 
- - 28.13 [31] 21.41 137.2 [47] 

 
- - 27.65 [82] 25.32 128.1 [62] 

 
- - 13.51 13.64 129.9 [14] 

 

 



133 
 

Table 4.38 13C NMR dataa-c of 3-[5-methyl-1H-pyrazol-3-amido]propanoic acid (HL5) and its heterobimetallic complexes  
13C No. HL5 (47) (48) (49) (50) 

3 143.26 143.29 143.60 143.35 143.62 

4 91.45 91.62 91.22 91.31 91.12 

5 150.68 150.62 150.89 149.29 150.21 

6 12.28 12.23 12.35 12.48 12.39 

8 169.52 169.31 169.42 169.65 169.23 

9 30.52 30.41 30.83 30.95 30.43 

10 32.42 32.33 32.63 32.59 32.13 

(-COOH) 173.31 175.21 174.26 172.65 172.18 

-CSS - 197 196 201 198 

Α 
 4.5 [523] 29.81 [490/472] -2.31 [388/379] 24.55 

Β 
 - 27.62 - 26.34 

 
 - 25.18 - 28.46 

 
 - 13.46 - 14.17 
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Table 4.39 (C-Sn-C) angles (˚) based on NMR parameters of selected organotin(IV) derivatives 

omp.No

. 

1J(119Sn, 13C) 

(Hz) 

2J119Sn, 1H) 

(Hz) 

Angle(˚) Comp.

No. 

1J(119Sn, 13C) 

(Hz) 

2J(119Sn, 1H) 

(Hz) 

Angle(˚) 
1J             2J 1J             2J 

19 518 74 122.1 123.8 39 536 75 123.7 124.9 

20 490 - 124.6 - 40 492 - 124.8 - 

21 354 - 111.9 - 41 382 58 110.2 111.0 

22 642 - 116.0 - 42 349 - 111.4 - 

23 520 74 122.3 123.8 43 536 75 123.7 124.9 

24 492 - 124.8 - 44 492 - 124.8 - 

25 355 - 112.0 - 45 382 58 110.2 111.0 

26 641 - 115.9 - 46 349 - 111.4 - 

27 518 76 122.1 122.4 47 523 75 122.6 121.5 

28 488 - 123.0  48 490 - 124.6 - 

29 356 - 112.0  49 388 58 110.5 - 

30 640 - 115.9  51 396 - 111.4 - 

31 532 78 123.4 123.9 52 358 - 112.3 - 

33 353 - 111.8  53 643 - 116.0 - 

34 643 - 116.0  54 397 58 110.5 111.4 

35 536 79 123.7 124.8 55 359 - 112.4 - 

37 350 - 111.5 - 56 645 - 116.2 - 

38 645 - 116.2 -      
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Figure 4.15  13C NMR spectrum of ligand HL2 
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4.2.2.5 Mass Spectrometry 

Data of mass spectra at 70 eV for the synthesized clorodi-and triorganotin carboxylates (1-

18) and ligands (HL2, HL4, HL5, HL6) were determined by electron impact method and 

presented in Tables 4.40-43, respectively. In case of  main group organometallics, generally 

no  molecular ion (M+)  peak present, so same situation found in the mass spectra of 

organotin(IV) conplexes. Fragmented ions containing tin were easily identified due to 

characteristic isotopic pattern for ‘‘Sn” and ‘‘SnCl” species (Harrison, 1989; (Zia-ur-Rehman 

et al., 2008). Mass fragments obtained from the ligand and complexes are according to the 

structure of the complexes and are in good relation with the literature (Masood et al., 2004; 

Farooq   et al., 2013; Sirajuddin et al., 2014). 

According to the m/z value observed in spectra, three primary fragmentation patterns are 

suggested for triorganotin(IV) complexes. One of the pathway of fragmentation pattern gives 

different groups as end product e.g. R, COOR' and [Sn]+. In other patheays, at the end [R']+ is 

formed which is obtained after the removal of alkyl/aryl tin group in the form of [R3Sn]+ and 

then carbondioxide remove  from the complex. While in the third pathway, first one of the 

alkyl/aryl group R from complex [R'OCOR3Sn] and then COO group and after that other R 

groups from alkyl tin and finally give alkylgroup of ligand [R']+.  In case of  

chlorodiorganotin compounds a different behaviour of mass fragmentation was observed but 

this pathways is also end in the same way as purposed  in triorganotin compounds. In the 

spectra of complexes, methyl, butyl and phenyl ions are present in reasonable intensities 
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Table 4.40 Mass spectral data of organotin(IV) complexes with 3-[IH-indazolyl-6-amido] propenoic 

acid (HL2) 

Comp. No. Mass fragmentation: m/z (%) 

HL2 [C11H9N3O3]+ 231(100), [C10H9N3O]+ 187(36), [C4H5N3O]+ 111(21), [C3H5N3]+ 83(11), 

[C3H4N2]+ 68(44), [CO2]+ 44(52), [C6H4]+ 76(29), 

19 [(CH3)2 SnOCOC10H8ON3Cl]+415(5), [(CH3)2 SnOCOC10H8ON3]+ 380(18),  [(CH3) 

SnOCOC10H8ON3]+ 365(21), [(CH3)SnC10H8ON3]+ 321(11), SnC10H8ON3]+ 306(34), 

[C10H8ON3]+ 186(100), [(CH3)2SnCl] + 185(15), [CH3SnCl]+ 170(12), [SnCl] + 155(14), 

 [Sn]+ 120 (19) 

20 [n-C4H9)2 SnOCOC10H8ON3Cl]+499(n.o), [n-C4H9)2 SnOCOC10H8ON3]+  464(5),                      

[(C4H9) SnOCOC10H8ON3]+ 407(11), [n-(C4H9)SnC10H8ON3]+ 363(9), [SnC10H8ON3]+ 306(12), 

[C10H8ON3]+ 186(100), [C11H8O3N3]+230(32), [(n-C4H9)2SnCl] + 269(78), [n-C4H9SnCl]+ 

212(13), [SnCl]+ 155(32), [CH3(CH2)2CH2]+ 57(62),  [Sn]+ 120(6) 

21 [(n-C4H9)3 SnOCOC10H8ON3]+ 521(n.o), [C11H8O3N3]+ 230(32), [C10H8ON3]+ 186(100),           

[(n-C4H9)3Sn]+ 291 (62), [n-(C4H9)2Sn]+ 234 (52), [n-(C4H9)Sn]+ 177 (10), [CH3(CH2)2CH2]+ 57 

(32), [(n-C4H9)2SnOCOC10H8ON3]+ 464(17), [(n-C4H9)2SnC10H8ON3]+ 420(22),                      

[(n-C4H9)SnC10H8ON3]+363(16), [SnC10H8ON3]+ 306(12), [Sn]+ 120 (15) 

22 [(C6H5)3 SnOCOC10H8ON3]+ 581 (n.o), [C11H8O3N3]+230(12), [C10H8ON3]+ 186(100), 

[(C6H5)2SnOCOC10H8ON3]+ 504(23), [(C6H5)2SnC10H8ON3]+ 460(41), [(C6H5)SnC10H8ON3]+ 

383(10), [SnC10H8ON3]+ 306(18), [(C6H5)3Sn]+ 351 (72), [(C6H5)2Sn]+ 274 (56), [C6H5-Sn]+ 197 

(16), [C6H5]+ 77 (41), [Sn]+ 120 (13)  

  n.o  =  Not observed 
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Table 4.41 Mass spectral data of organotin(IV) complexes with 3-[5-methyl-1H-pyrazol-3-

amido] propenoic acid (HL3) 

Comp. No. Mass fragmentation: m/z (%) 

HL3 [C8H9N3O3]+ 195(100), [C7H6N3O3]+ 180(35), [C7H4N3O2]+
 162 (22), [C6H4N3O]+ 134(61), 

[C4H3N3O]+ 109 (31),  [C3H3N3]+  81 (29), [C3H2N2]+ 66(19), [C2HN]+ 39 (11), [C8H7N3O2]+ 

177 (48), [C4H6N3]+ 97 (35), [C4H5N2]+ 82 (56) 

31 [(CH3)2SnOCOC8H8ON3Cl]+379(6), [(CH3)2 SnOCOC8H8ON3]+ 344(9),                                      

[(CH3) SnOCOC8H8ON3]+ 329(15), [(CH3)SnC8H8ON3]+ 285(23), [SnC8H8ON3]+ 270(36), 

[C8H8ON3]+ 150(100),  [(CH3)2SnCl] + 185(15), [CH3SnCl]+ 170(2), [SnCl]+ 155(14),  

[Sn]+ 120 (9), [SnC8H8ON3Cl]+ 305(18), [(CH3) SnOCOC8H8ON3Cl]+ 364(25),  

[(CH3) SnC8H8ON3Cl]+320(41) 

32 [n-C4H9)2SnOCOC8H8ON3Cl]+463(<0.5), [n-C4H9)2 SnOCOC8H8ON3]+ 428(3),   

[(C4H9) SnOCOC8H8ON3]+ 371(65), [n-(C4H9)SnC8H8ON3]+ 327(26), [SnC8H8ON3]+ 270(32), 

[C8H8ON3]+ 150(71),  [C9H8O3N3]+194(21),  [n-C4H9) SnOCOC8H8ON3Cl]+ 406(49),          

[(n-C4H9) SnC8H8ON3Cl]+362(51), [SnC8H8ON3Cl]+ 305(11), [(n-C4H9)2SnCl]+ 269(100),  

[SnCl]+ 155 (23), [CH3(CH2)2CH2]+ 57 (40), [Sn]+ 120 (13) 

33 [(n-C4H9)3SnOCOC8H8ON3]+ 485(n.o), [C9H8O3N3]+194(18), [C8H8ON3]+ 150(100),          

[(n-C4H9)3Sn]+ 291(28), [n-(C4H9)2Sn]+ 234(41), [n-(C4H9)Sn]+ 177(88), [CH3(CH2)2CH2]+ 57 

(14), [Sn]+ 120(21), [SnC8H8ON3]+ 270(11), [(n-C4H9)2SnOCOC8H8ON3]+ 428(27),           

[(n-C4H9)2SnC8H8ON3]+ 384(34), [(n-C4H9)SnC8H8ON3]+327(46) 

34 [(C6H5)3SnOCOC8H8ON3]+ 545(<0.5), [C9H8O3N3]+194(21), [C8H8ON3]+ 150(100), 

[(C6H5)2SnOCOC8H8ON3]+ 468(29), [(C6H5)2SnC8H8ON3]+ 424(48), [(C6H5)SnC8H8ON3]+ 

347(16), [(C6H5)3Sn]+ 351 (65), [(C6H5)2Sn]+ 274 (46), [C6H5-Sn]+ 197 (18), [C6H5]+ 77(85), 

[Sn]+ 120 (29)    

   n.o  =  Not observed 
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Table 4.42 Mass spectral data of organotin(IV) complexes with 3-[5-methyl-1H-pyrazol-3-

amido]propanoic acid (HL5) 

Comp. No. Mass fragmentation: m/z (%) 

HL5 [C8H11N3O3]+ 197(18), [C7H8N3O3]+ 182(76), [C7H6N3O2]+
 164 (100), [C5H4N3O2]+ 138(23), 

[C5H2N3O]+ 120(41), [C4H2N3]+  92(21), [C4H3N3]+  93(36) [C3H2N2]+ 65(53) 

39 [(CH3)2SnOCOC8H10ON3Cl]+381(6), [(CH3)2SnOCOC8H10ON3]+ 346(9), 

[(CH3)SnOCOC8H10ON3]+ 331(15), [(CH3)SnC8H10ON3]+ 287(23), SnC8H10ON3]+ 272(36), 

[C8H10ON3]+ 152(100), [(CH3)2SnCl] + 185(15), [CH3SnCl]+  170(2), [SnCl] + 155(14), 

[(CH3)SnOCOC8H10ON3Cl]+366(25), [(CH3)SnC8H10ON3Cl]+322(41), [SnC8H10ON3Cl]+ 

307(18), [Sn]+ 120(15) 

40 [n-C4H9)2SnOCOC8H10ON3Cl]+465(<0.5), [n-C4H9)2SnOCOC8H10ON3]+ 430(3),  

[(C4H9) SnOCOC8H10ON3]+ 373(65), [n-(C4H9)SnC8H10ON3]+ 329(26), SnC8H10ON3]+ 

272(32), [C8H10ON3]+ 152(71), [Sn]+ 120 (13), [C9H10O3N3]+196(21),   

[n-C4H9) SnOCOC8H10ON3Cl]+ 408(49), [(n-C4H9) SnC8H10ON3Cl]+364(51), 

[SnC8H10ON3Cl]+307(11), [(n-C4H9)2SnCl] + 269(68), [SnCl]+ 155(23), [CH3(CH2)2CH2]+ 

57(40) 

41 [(n-C4H9)3SnOCOC8H10ON3]+ 487(n.o), [C9H10O3N3]+196(18), [C8H10ON3]+ 152(100),  

[(n-C4H9)3Sn]+ 291(28), [n-(C4H9)2Sn]+ 234(41), [n-(C4H9)Sn]+ 177(88), [CH3(CH2)2CH2]+ 

57(14), [(n-C4H9)2SnOCOC8H10ON3]+ 430(27), [(n-C4H9)2SnC8H10ON3]+ 432(34),  

[(n-C4H9)SnC8H10ON3]+329(46), [SnC8H10ON3]+ 272(11), [Sn]+ 120(21) 

42 [(C6H5)3SnOCOC8H8ON3]+ 545(<0.5), [C9H8O3N3]+ 194(21), [C8H8ON3]+ 150(23), 

[(C6H5)2SnOCOC8H8ON3]+ 468(29), [(C6H5)2SnC8H8ON3]+ 424(48), [(C6H5)SnC8H8ON3]+ 

347(16), [(C6H5)3Sn]+ 351(65), [(C6H5)2Sn]+ 274(46), [C6H5-Sn]+ 197 (18), [C6H5]+ 77(85), 

[Sn]+ 120(29) 

   n.o  =  Not observed 
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Table 4.43 Mass spectral data of organotin(IV) complexes with 2-[IH-indazolyl-6-amido] 

benzoic acid (HL6) 

Comp. No. Mass fragmentation  m/z (%) 

HL6 [C14H10ON3COOH]+ 280(32), [C14H11ON3]+ 236(65), [C8H7ON3]+ 184(55), [C8H7ON3]+ 

156(100), [C8H6ON2]+ 141(29) 

51 [(CH3)3SnOCOC14H10ON3]+ 445(8), [C15H10O3N3]+ 280(22), [C14H10ON3]+ 236(100), 

[(CH3)2SnOCOC14H10ON3]+ 430(32), [(CH3)2SnC14H10ON3]+ 386(51), [(CH3)SnC14H10ON3]+ 

371(18), [SnC14H10ON3]+ 356(12),  [(CH3)3Sn] +165(16), [(CH3)2Sn] +150(12), [CH3Sn]+ 

135(18), [Sn]+ 120(28) 

52 [(n-C4H9)3 SnOCOC14H10ON3]+ 571(n.o), [C15H10O3N3]+ 280(19), [C14H10ON3]+ 236(100), 

[(n-C4H9)3Sn]+ 291(72), [n-(C4H9)2Sn]+ 234(41), [n-(C4H9)Sn]+ 177(18), [CH3(CH2)2CH2]+ 

57(66), [Sn]+ 120(14), [(n-C4H9)2SnOCOC10H8ON3]+ 514(27), [(n-C4H9)2SnC10H8ON3]+ 

470(32), [(n-C4H9)SnC10H8ON3]+413(18), [SnC14H10ON3]+ 356(21) 

53 [(C6H5)3SnOCOC14H10ON3]+ 631(n.o), [C15H10O3N3]+ 280(39), [(C6H5)2SnOCOC14H10ON3]+ 

554(32), [(C6H5)2SnC14H10ON3]+ 510(14), [(C6H5)SnC14H10ON3]+ 433(13), [SnC14H10ON3]+ 

356(19), [Sn]+ 120(19) [C14H10ON3]+ 236(28), [(C6H5)3Sn]+ 351(100), [(C6H5)2Sn]+ 274(61), 

[C6H5-Sn]+ 197(28), [C6H5]+ 77(32) 

   n.o  =  Not observed 
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4.3 Homo- and Heterobimetallic complexes of ligands having S- donor sites 

4.3.1 Synthesis 

To synthesize di-and tri organotin(IV) complexes (57-62, 75-76, 81-83) HL8, HL9, HL10 

ligands  were treated with respective organotin chloride in 1:1 molar ratios.  To synthesize 

homobimetallic complexes of tin(IV) (63-68, 77-78) HL8, HL9 ligands were reacted with 

CS2, di- and triorganotin in 1:1:2 molar ratios. The synthesized complexes in step one were 

again treated with CS2 and palladium chloride in 1:1:1 molar ratio to form heterobimetallic 

complexes (69-74, 79-80) The ligand HL10 was treated with aqueous solution of palladium 

chloride to form palladium complex (84). The single X-ray structure of ligand HL10 is given 

in respective unit (Figure 4.39). These newly synthesized complexes (57-84) are soluble in 

common organic solvents and stable having sharp melting points. Molecular formulas, 

percentage yields, molecular weights and melting points of the synthesized complexes are 

given in Tables 4.17-4.20.  

4.3.2 Spectroscopic investigations 

4.3.2.1 Infrared spectroscopy 

IR spectra of ligands (HL8, HL9 and HL10) and complexes (57-84) in the range of 4000-200 

cm−1  were recorded as KBr/CsBr discs and data are presented in the form of Tables 4.47-

4.49 and representative spectra of complexes 58 and 73 are shown in Figure 4.16-4.17. As a 

result of comparing the spectra of free ligands with those of synthesized complexes, values to 

different absorption bands (cm–1) were assigned. 

The (S–H) stretching vibration which is appeared in the ligands HL8 and HL9 at 2560 and 

2573 cm-1 becomes disappeared in the complexes. Thus, indicated that bonding of tin occur 

through sulphur atom. This is further confirmed by the presence of (Sn1–S) bands in the 

studied complexes in the area of 301-329 cm-1 (Ma et al., 2008). In the free ligands, (NH) 

band appeared in the region of 3048 and 3280 cm-1; position of this band remains almost 

same (3016-3260 cm-1) in (57-62, 75-76) complexes evidently describes the non-involvement 

of immino nitrogen in monometallic/homometallic complexes.  
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Table 4.44 Physical data of complexes with 1H-1,2,4-triazole-3-thiol (HL8) 

Comp. 

No. 

Reactants Product (Structure) 

 

% 

Yield 

 

M.P 

(oC) 

 

Molecular Formula 

(Formula Mass) 

Elemental analysis 

Calculated (found) 

1                                   2 

    C              H              N             S 

57 C2H3N3S (CH3)2SnCl2 

 

 

75 208-11 C4H8ClN3SSn 

 

(284.5) 

16.87 

(16.76) 

2.81 

(2.71) 

14.76 

(14.68) 

11.24 

(11.39) 

58 C2H3N3S (C4H9)2SnCl2 

 

83 219-22 C10H20ClN3SSn 

 

(368.5) 

32.56 

(32.51) 

5.42 

(5.41) 

11.39 

(11.49) 

8.68 

(8.62) 

59 C2H3N3S (C6H5)2SnCl2 

 

79 195-99 C14H12ClN3SSn 

 

(408.5) 

41.16 

(41.17) 

2.96 

(2.95) 

10.29 

(10.30) 

7.85 

(7.84) 

60 C2H3N3S (CH3)3SnCl 

 

91 185-88 C5H11N3SSn 

 

(264) 

22.75 

(22.74) 

4.20 

(4.19) 

15.92 

(15.90) 

12.15 

(12.17) 

61 C2H3N3S (C4H9)3SnCl 

 

73 122-25 C14H29N3SSn 

 

(390) 

43.96 

(43.93) 

7.43 

(7.27) 

10.76 

(10.63) 

8.20 

(8.39) 

62 C2H3N3S (C6H5)3SnCl 

 

93 197-99 C10H17N3SSn 

 

(450) 

53.33 

(53.39) 

3.77 

(3.49) 

9.33 

(9.28) 

7.11 

(7.20) 
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Comp. 

No. 

 

Reactants 

Product (Structure) 

 

% 

Yield 

 

M.P 

(oC) 

 

Molecular Formula  

  (Formula Mass) 

Elemental analysis 

               Calculated (found) 

1                        2                    3 

    C              H              N             S 

63 C4H8ClN3SSn 

 

 

CS2 (CH3)2SnCl2  

 

58 202-04 C7H13Cl2N3S3Sn2 

 

(544)  

15.44 

(15.40) 

2.38 

(2.55) 

7.72 

(7.75) 

17.64 

(17.54) 

64 C10H20ClN3SSn 

 

 

CS2 (C4H9)2SnCl2 

 

68 214-15 C19H37Cl2N3S3Sn2 

 

(712) 

31.97 

(31.86) 

5.19 

(5.23) 

5.89 

(5.73) 

13.48 

(13.66) 

65 C14H12ClN3SSn 

 

 

CS2 (C6H5)2SnCl2 

 

74 124 C27H21Cl2N3S3Sn2 

 

(792) 

40.95 

(40.93) 

2.67 

(2.65) 

5.31 

(5.29) 

12.15 

(12.13) 

66 C5H11CN3SSn 

 

 

CS2 (CH3)3SnCl 

 

85 135 C9H19N3S3Sn2 

 

(503)  

21.50 

(21.48) 

3.81 

(3.85) 

8.36 

(8.34) 

19.13 

(19.15) 

67 C14H29CN3SSn 

 

 

CS2 (C4H9)3SnCl 

 

80 115-18 C27H55N3S3Sn2 

 

(755) 

42.91 

(42.75) 

7.28 

(7.21) 

5.56 

(5.51) 

12.71 

12.70) 

68 C10H17CN3SSn 

 

 

CS2 (C6H5)3SnCl 

 

79 183-85 C39H31N3S3Sn2 

 

(875) 

53.48 

(53.22) 

3.54 

(3.46) 

4.80 

(4.42) 

10.97 

(10.80) 
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Com. 

No. 

 

Reactants 

Product (Structure) 

 

% 

Yield 

 

M.P 

(oC) 

 

Molecular Formula 

(Mol. Weight) 
 

Elemental analysis 

Calculated (found) 

1               2            3 

C              H              N                S 

69 C4H8ClN3SSn 

  

CS2 PdCl2 

 

68 260 

dec. 

C5H7Cl3N3PdS3Sn 

 

(536.5) 

50.94 

(50.85) 

3.63 

(3.60) 

5.94 

(3.97) 

6.80 

(6.72) 

70 C10H20ClN3SSn 

  

CS2 PdCl2 

 

70 287 

dec. 

C11H19Cl3N3PdS3Sn 

 

(620.5) 

40.40 

(40.36) 

4.93 

(4.90) 

8.57 

(8.54) 

9.80 

(9.78) 

71 C14H12ClN3SSn 

  

CS2 PdCl2 

 

78 262 

dec. 

C11H19Cl3N3PdS3Sn 

 

(660.5)  

46.35 

(46.39) 

3.06 

(3.02) 

3.28 

(3.21) 

11.25 

(11.39) 

72 C5H11CN3SSn 

  

CS2 PdCl2 

 

65 278 

dec. 

C6H10Cl3N3PdS3Sn 

 

(516) 

31.83 

(31.80) 

4.27 

(4.24) 

4.95 

(4.98) 

17.00 

(17.09) 

73 C14H29CN3SSn 

  

CS2 PdCl2 

 

75 280 

dec. 

C15H19Cl3N3PdS3Sn 

 

(642) 

34.84 

(34.85) 

2.23 

(2.25) 

3.87 

(3.84) 

13.29 

(13.26) 

74 C10H17CN3SSn 

  

CS2 PdCl2 

 

79 267 

dec. 

C21H16Cl3N3PdS3Sn 

 

(702) 

24.87 

(24.85) 

2.61 

(2.65) 

4.83 

(4.80) 

16.60 

(16.65) 
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Table 4.45 Physical data of complexes with ligand 2-mercapto-5-methyl benzimidazole (HL9) 

Com. 

No. 

 

Reactants 

Product (Structure) 

 

% 

Yield 

 

M.P 

(oC) 

 

Molecular Formula  

     (Mol. Weight) 
 

Elemental analysis 

              Calculated (found) 

1               2            3 

   C              H           N           S 

75 C8H8N2S  - (C6H5)2SnCl2 

  

78 203-

205 

C20H17ClN2SSn 

 

(471.5) 

50.94 

(50.85) 

3.63 

(3.60) 

5.94 

(3.97) 

6.80 

(6.72) 

76 C8H8N2S  - (CH3)3SnCl 

  

65 257-

259 

C11H16N2SSn 

 

(327) 

40.40 

(40.36) 

4.93 

(4.90) 

8.57 

(8.54) 

9.80 

(9.78) 

77 C20H17ClN2SSn  CS2 (C6H5)2SnCl2 

  

69 181-

183 

C33H26Cl2N2S3Sn2 

 

(855) 

46.35 

(46.39) 

3.06 

(3.02) 

3.28 

(3.21) 

11.25 

(11.39) 

78 C11H16N2SSn CS2 (CH3)3SnCl 

  

73 241-

243 

C15H24N2S3Sn2 

 

(566) 

31.83 

(31.80) 

4.27 

(4.24) 

4.95 

(4.98) 

17.00 

(17.09) 

79 C20H17ClN2SSn  CS2 PdCl2 

  

65 259 

dec. 

C21H16Cl3N2PdS3Sn 

 

(723.5) 

34.84 

(34.85) 

2.23 

(2.25) 

3.87 

(3.85) 

13.29 

(13.25) 

80 C11H16N2SSn CS2 PdCl2 

  

68 275 

dec. 

C12H15Cl2N2PdS3Sn 

 

(579)  

24.87 

(24.83) 

2.61 

(2.60) 

4.83 

(4.85) 

16.60 

(16.58) 

 

 

 

Table 4.46 Physical data of complexes with ligand 5-amino-3H-1,3,4-thiadiazole-2-thiol (HL10) 
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Comp. 

No. 

Reactants Product (Structure) 

 

% 

Yield 

 

M.P 

(oC) 

 

Molecular Formula  

     (Mol. Weight) 
 

Elemental analysis 

                   Calculated (found) 

1 2    C              H           N                 S 

81 C2H3N3S2 (CH3)2SnCl2 

 
 

  

69 152-54 C4H8ClN3S2Sn 

(316) 

15.16 

(15.40) 

2.52 

(2.67) 

13.27 

(13.47) 

20.22 

(20.15) 

82 C2H3N3S2 (C4H9)2SnCl2  

  

83 175-77 C10H20ClN3S2Sn 

(400) 

29.96 

(29.75) 

4.99 

(4.86) 

10.48 

(10.52) 

15.98 

(15.86) 

83 C2H3N3S2 (C6H5)2SnCl2  

 

78 197-99 C15H15ClN3S2Sn 

(440) 

38.13 

(38.26) 

2.72 

(2.71) 

9.53 

(9.52) 

14.52 

(14.62) 

84 C2H3N3S2 PdCl2  

  

63 278dec. C3H5Cl2N3PdS2 

(324) 

11.10 

(11.15) 

1.55 

(1.54) 

12.95 

(12.93) 

19.76 

(19.75) 
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FTIR data show that complexes of  homobimetallic (63-68,77-78) and heterobimetallic (69-

74,79-80), stretching vibrations of (N-H) becomes disappeared and new bands of –CSS 

group appear in the spectra of complexes thus indicate that tin and palladium also coordinate 

through this site. The bonding pattern of dithiocarbamate moiety (N–CSS) with metal atoms 

are studied with the help of (C–S) and (C-N) stretching vibration. A strong peak at 952–1005 

cm-1 which is appeared in the spectra of complexes (63-74, 77-80), allotted  to the (C–S) 

stretching vibration. 

The presence of  single band of ν(C-S) around 900-1000 cm-1 indicates that dithiocarbamate 

group is bonded to central metal in bidentate fashion, however splitting of this band with a 

separation value greater than 20 cm-1,  proposes the mondentate bonding of 1,1-dithioate 

moiety with tin (Yin and Xue, 2006; Zia-ur-rehman et al., 2012). Bidentate coordination of –

CSS moiety with tin was observed in all the complexes due to appearance of single C-S 

stretching vibrations. In dithiocarbamate moiety another important region is thioureide band 

(N–CSS). This bond (C-N) was allocated in the range 1457–1494 cm-1 in the studied 

complexes.  

According to Singh and Bhattacharya (2012), values of (C-N) present in these complexes is 

found in-between double (1690–1640 cm-1) and single bond  (1360–1250 cm-1) of carbon and 

nitrogen. Resonances structure of (N–CSS) moiety shows that double bond nature partially 

found in C-N bond due to this reason some double bond partially observed in C–S bonds as 

shown in scheme 4.8 

.  

 

 

Scheme 4.8  Resonant forms of the -NCSS- moiety 
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The shifting of stretching frequency of C=S towards lower wave number in complexes as 

compared to ligand HL10 (1058 cm-1) indicate the coordination of sulfur with tin and 

palladium metal atom (Xanthopoulou et al., 2003; Matesanz et al., 2014). In complexes (81-

83), Sn–N vibrations appeared in the range of 430–472 cm-1. Thus, indicate that N–H band 

disappeared and bonding of metal atoms occur via exocyclic sulfur and nitrogen (Chunlin et 

al., 2006). Complex 84, (Pd-N) and (Pd-S) bands appeared at 426 and 319 cm-1 respectively 

(Faraglia et al., 2001; Orysyk et al., 2011). 

At thiolate (-SH) donor site of ligand, ν(Sn-C) stretching frequencies appear in the region of 

523-568 cm-1, however weak absorption band appear at 249-279 cm-1 in triphenyl and 

diphenyltin(IV) complexes. For thiocarbamate (-CSS) donor site of ligand these bands ν(Sn–

C) for tin-alkyl appeared at 518-548 cm-1  and for tin-aryl at 241-272 cm-1  in homobimetallic 

complexes. Sn-S bands at lower frequencies (301-329 cm-1) were assigned to Sn-thiolate 

interactions as compared to the tin-thiocarbamate coordination, where these bands appeared 

at 412-447 cm-1 (Yin et al., 2006).  

In heterobimetallic complexes (69-74, 79-80) bidentate bonding of -CSS2 group exhibited 

due to appearance of ν(C-S) single band at 961-1005 cm-1 as a result Pd show square planner 

geometry (Shaheen et al., 2010). The formation of these complexes is also supported by 

ν(Pd–S) and ν(Pd–Cl) bands at 363-399 cm−1 and at 283-298 cm-1, respectively (Hussain      

et al., 2015a). In chlorodiorganotin derivatives ν(Sn–Cl) stretching vibration appear  in the 

region of 246-283 cm-1  Rufen     et al., 2005; Shaheen et al., 2012. 
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Table 4. 47: Infrared dataa (cm−1) of 1H-1,2,4-triazole-3-thiol (HL8) and its complexes  
Com. 

no. 

ν(S-H) ν(N-H) ν(C-N) ν(C-S) ν(Sn1-C) ν(Sn2-C) ν(Sn1-S) ν(Sn2-S) ν(Sn-Cl) ν(Pd-S) ν(Pd-Cl) 

HL8 2560 3048 - - -  -  - - - 

57 - 3032 - - 554 - 311 - 266 - - 

58 - 3063 - - 510 - 304 - 279 - - 

59 - 3072 - - 276 - 303 - 267 - - 

60 - 3025 - - 524 - 319 - - - - 

61 - 3045 - - 545 - 305 - - - - 

62 - 3043 - - 265 - 309 - - - - 

63 - - 1505 973 563 543 301 421 259 - - 

64 - - 1490 976 539 518 318 447 283 - - 

65 - - 1483 952 273 261 321 439 271 - - 

66 - - 1510 997 535 539 326 412 - - - 

67 - - 1475 972 556 548 309 416 - - - 

68 - - 1456 963 263 241 313 436 - - - 

69 - - 1493 969 549 - 319 - 256 363 288 

70 - - 1473 986 528 - 303 - 263 378 293 

71 - - 1518 1002 263 - 329 - 259 383 283 

72 - - 1473 967 528 - 311 - - 369 298 

73 - - 1458 961 510 - 327 - - 394 277 

74 - - 1463 972 273 - 307 - - 393 288 

a ν(Sn1-C) = Organotin moiety bonded with sulphur; ν(Sn2-C) = Organotin moiety bonded with CS2 
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Table 4.48 Infrared dataa (cm−1) of 2-mercapto-5-methyl benzimidazole (HL9) and its complexes  
Com. 

No. 

ν(S-H) ν(N-H) ν(C-N) ν(C-S) ν(Sn1-C) ν(Sn2-C) ν(Sn1-S) ν(Sn2-S) ν(Sn-Cl) (Pd-S) ν(Pd-Cl) 

HL9 2573 3280 - - -  -  - 

 

- - 

75 - 3260 - - 279 - 315 - 277 

 

- - 

76 - 3245 - - 546 - 321 - - 

 

- - 

77 - - 1514 995 249 272 333 413 259 

 

- - 

78 - - 1473 998 568 532 309 418 - 

 

- - 

79 - - 1495 981 263 - 327 - 262 374 293 

 

80 - - 1461 1005 551 - 313 - - 389 287 

 

a ν(Sn1-C) = Organotin moiety bonded with sulphur; ν(Sn2-C) = Organotin moiety bonded with CS2 

 

Table 4.49 Infrared data (cm−1) of 5-amino-3H-1,3,4-thiadiazole-2-thiol (HL10) and its complexes 

Complex 

no. 

νas(NH2) νs(NH2) νas(N(3)-H νs(N(3)-H ν(C=S) ν(Sn-C) ν(Sn-N) ν(Sn-S) ν(Sn-Cl) ν(Pd-N) ν(Pd-S) ν(Pd-Cl) 

HL10 3338 3250 3128 2923 1058 - - - - - - - 

81 3322 3254 - - 1030 533 430 378 259 - - - 

82 3319 3231 - - 1048 565 436 398 257 - - - 

83 3335 3211 - - 1021 270 472 365 246 - - - 

84 3315 3241 - - 1025 - - - - 426 319 294 
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Figure 4.16 a: IR Spectrum of complex 58 
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4.16 b: Far IR Spectrum of complex 58 
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Figure 4.17 a: IR Spectrum of complex 73 
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Figure 4.17 b: Far- IR Spectrum of complex73 
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4.3.2.2 Electronic spectra 

Newly synthesized heterobimetallic  (Sn, Pd) complexes (69-74, 78-80) and palladium 

complex (84) for UV-Visible absorption spectra were recorded in the solvent DMSO with 

concentrations of 1x 10-4 M. Data obtained from spectra of complexes are given in Table 4.50 

while representative spectra of complexes (78 and 84) are given in Figures 4.18-4.19 

Complexes of palladium(II) in which d8 system is present, exhibited three spins allowed 

singlet-singlet d–d transition occur from the lower level of d-orbital to the higher empty dx2–

y2 orbital (Mishra et al., 2007). However, the presence of the possible bands hindered due to 

charge-transfer strong transitions (Lever et al., 1984). Characteristic color of d8 metal ions 

are produce due to MLCT and d–d transitions (Cotton et al., 1999). Square planar geometry 

of palladium(II) complexes are proved on the basis of  electronic spectra.  

The band appear at 243 nm in complex 84 is produced due to transition of intra-ligand 

(Kalaivani et al., 2013). A combination band which is very intense appeared at 261 nm with 

molar extension coefficient (Ɛ =17290 cm-1) is produce due to d–d transition of palladium 

metal ions and transition from ligand towards metal  i.e. donation of charge  from ( S → Pd), 

and ring nitrogen to palladium [ringN(3)] →Pd (Orysyk et al., 2011; Mukherjee et al., 2013). 

Another strong combination band with Ɛ =23,3100 cm-1 appeared at 316 nm is produce due 

to transition from metal towards ligand and also happened d–d transition (Kovala-Demertzi    

et al., 2008). 

The bands appeared at the region of 206-254 nm due to transition within the ligand and from 

ligand towards metal in the heterobimetallic (Sn, Pd) complexes. While the band which is 

produce due to transition from metal towards ligand appeared at 301-314 nm (Matesanz et 

al., 1999; Alhayaly et al., 2005). Complexes with sulfur donor ligand becomes inactive in the 

visible range as shown in Figures 4.18 and 4.19 while show in UV region a sharp single 

absorption peak. When compared these complexes with complex (84), a simple palladium 

one, a decrease of the absorption occur can be explain due to the transfer of charge transfer 

from the orbitak of ligand orbital towards vacant  metal (Sn) orbitals (Buttrus et al., 2008). 

Complexes (69-74) exhibited their absorptions almost at the same position due to a similar 

kind of sulphur palladium association and identical environment around palladium. This 

clearly indicates that the structural variations in organotin(IV) moieties have almost no effect 

in the absorption of these complexes.  
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Charge transfer transitions at 206–316 nm also support the square planar geometry around Pd 

ions  (Al-Hayaly et al., 2005; Roy et al., 2008; Sharma et al., 2009). 

 

Table 4.50: Electronic spectral data of palladium complexes 

Comp. No. Wavelength (nm) Absorbance ε (mol-1dm3cm-1) 

69 
241 

304 

0.983 

2.266 

9830 

22660 

70 
245 

310 

1.033 

2.399 

10330 

23990 

71 

219 

254 

309 

0.871 

1.125 

1.789 

8710 

11250 

17890 

72 
241 

314 

1.415 

1.845 

14150 

18450 

73 

216 

248 

301 

0.819 

1.517 

1.749 

8190 

15170 

17490 

74 
247 

312 

0.917 

1.351 

9170 

13510 

78 
206 

248 

1.744 

1.651 

17440 

16510 

80 
211 

256 

0.824 

1.652 

8240 

16520 

84 

243 

261 

316 

1.337 

1.729 

2.331 

13370 

17290 

23310 

 l = 1 cm; c = 10−4 M. 
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Figure 4.18: UV-Visible absorption spectra of complex 78 recorded in 1x10-4 M DMSO 

solution at 25 oC. 

 

Figure 4.19: UV-Visible absorption spectra of complex 84 recorded in 1x10-4 M DMSO 

solution at 25 oC. 
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4.3.2.3 1H-NMR  

1H NMR spectra of the ligands and their organotin(IV) complexes are recorded in CDCl3 and 

DMSO solution. The data are presented in Tables 4.51- 4.53 and representative spectra of 

complexes 57, 58, 64 and 82 are given in Figures 4.20−4.23. 1H and 13C NMR spectra,  

interpretation,  numbering of ligands and different R groups bonded with Sn atom are given 

in schemes 4.20 and 4.23. The peak multiplicity pattern, intensity pattern, nJ values and 

satellites due to [119/117Sn, 1H] coupling were used to assign the proton resonance signals 

(Kalinowski et al., 1984)..  

The peak appeared for –SH proton in the spectra of ligands HL8 and HL9 becomes 

disappeared in the complexes (57–80) showed that the coordination of organotin(IV) occur 

through sulfur atom of thiol group (Ma et al., 2008). The presence of chemical shift in 

complexes (57-62, 75-76) due to imino proton (-NH) showed that this group do not involve 

in bonding. However when dithiocarbamate-tin/palladium bonding occurs because of 

insertion of –CSS moiety in the complexes (63-74, 77-80), signal for imino proton (N(1)-H) 

becomes disappeared.  

A peak appeared at 13.15 ppm in the spectra of free ligand (HL10) assigned the proton of  –

N(3)-H. This peak becomes disappeared in the complexes (80-84) spectra, showed that 

bonding occur through this site  (Kovala-Demertzi et al., 2008).  

1H NMR spectra indicate that the thiol proton and (N(1)-H) proton signal disappear in 

complexes (57-80) and some new peaks appear for the alkyl/aryl group bonded with Sn(IV). 

Appearance of new peaks show complexation occur   through both sites. The methyl protons 

resonate as sharp singlet in chloro dimethyltin  complexes (57, 63, 69) at   δ= 1.03-1.04 ppm 

with coupling constant 2J[119/117Sn, 1H] = [57,49.8] Hz and 1.46 ppm with 2J[119/117Sn–1H] 

coupling constant of  [79/76] Hz. Data reflect HL8 and HL9 ligands show four coordinated 

environment along -SH donor site but tin (IV) atom which is bonded with –CSS moiety show 

five coordinated geometry (Sirajuddin et al., 2014; Ali et al., 2015). 

The terminal -CH3 protons of chlorodi-n-butyltin(IV) complexes and tri-n-butyltin(IV) 

complexes  show a signal of triplet in the region of (0.80-0.88 ppm) with value of 3J(1H,1H) 

coupling constant 6.9-9 Hz. The rest of the protons of butyl groups   -CH2, -CH2 and -

CH2 show a complex multiplet pattern in the range 1.12-1.69 ppm. While in trimethyltin 

derivatives  it appears at δ= 0.50 - 0.66  ppm with 2J[119/117Sn-1H] = 56.0-58.0 Hz exhibited 



159 
 

tetrahedral geometry around tin in solution (Ma et al., 2006). A complex multiplet/pattern 

appear in the region of 7.29–8.08 ppm  of  di- and triphenyltin  complexes due to phenyl 

group attached with tin(IV) and hence knowledge about geometry is difficult in these 

complexes. 

4.3.2.4 13C NMR 

Ligand (HL8, HL9, HL10) and their organotin(IV) complexes (57-84) are recorded for 13C 

NMR in CDCl3 and DMSO solution. The chemical shift value of  ligand carbon and also its 

complexes carbon were assigned by comparison with literature values (Ma    et al., 2011; 

(Rauf et al., 2008) by nJ[119Sn,13C] coupling constant (Gielen et al., 1994) and results 

obtained from incremental method (Kalinowski et al., 1988). The data are presented in 

Tables 4.54-4.56 and representative spectra of complexes 83 and and ligand HL8 are given in 

Figures 4.24−4.25.  

The -SH bonded carbon show upfield resonance shift (labeled as C-2 in HL8 and C-8 in HL9) 

from 165.57 and 168.8 ppm in the free ligands of HL8 and HL9,  respectively to 152.11–

159.1 ppm in the complexes clarifies the coordination of the thiol moiety with the 

organotin(IV) centers. The signals appear in the range of 191.3-200.1 ppm in the spectra of 

homo-and heterobimetallic complexes which reflect the coordination of sulfur with tin and 

palladium via –CSS moiety (Anwer et al., 2013; Ali et al., 2014; Hussain et al., 2015). 

Asmall upfield shift occur from 180.23-180.88 ppm in complexes (81-84) as compared to 

HL10  ligand (180.90 ppm), shows bonding takes place through thione form (Tarassoli et al., 

2012). While signal of C(5) becomes down field in these complexes. The knowledge 

obtained from 1H and 13C NMR about coordination behavior of ligand HL10, exhibited that 

palladium(II) and tin(IV) metal atom bonded through  deprotonated N(3) and via C-2 (S exo) 

atom of ligand (Ma et al., 2005a; Mishra et al., 2007). 

Additional peaks appear due to the carbon atom of butyl, methyl and phenyl groups attached to 

Sn also supported the complexion process (Xiao     et al., 2013). Dimethyltin complexes show 

sharp singlet at 19.5-20.3 ppm with 1J[119/117Sn–13C] 385-387 Hz, while methyl group in  

complexes (63, 81) showed resonance at 10.6 and 10.3 ppm with 1J[570, 545] and [532] Hz, 

respectively. The chlorodibutyl and tributyltin complexes (58, 61, 64, 67, 70, 73, 82) show n-

butyl group signals in the region of 13.4–14.7 ppm (for CH3) and 16.5–29.5 ppm for  -CH2, 

-CH2 and -CH2 carbons. The 1J[119/117Sn–13C] for complexes 61, 64, 67, 73, and 82 are 346, 
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496, 356, 359 and 492 Hz, respectively. Phenyl carbons give multiplet in the range 129.2–

138.1 ppm in triphenyltin complexes with coupling constant 1J[119/117Sn–13C] 640-641 Hz, 

while in diphenyltin complexes show signals in the range of 137.2-125.2 ppm and 143.7- 

128.3 ppm.  

In organotin(IV) complexes for the determination of  geometry and structure, 1J and 2J 

coupling constants are used (Lockhart and Manders, 1986a; Lockhart and Manders, 1986b, 

Holecek et al., 1983; Holeček and Lycka, 1986). The data (Table 4.57) strongly support the 

tetrahedral geometry in trimethyl, tributyl and triphenyltin complexes on both donor sites of 

ligands (HL8 and HL9). The chlorodialkyl/aryl tin(IV) derivatives has tetrahedral geometry 

at –SH donor site, while trigonal bipyramidal geometry around tin at –CSS site in case of   

both ligands. The complexes (81-83) of ligand (HL10), suggest penta  coordinated 

environment around tin(IV) (Efthimiadou et al., 2007). The C–Sn–C bond angle for 

compounds 81 and 82, suggest trigonal bipyramidal geometry around tin(IV). 
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Table 4.51: 1H NMR dataa-d of 1H-1,2,4-triazole-3-thiol (HL8) and its complexes   

Proton no. HL8 (57) (58) (59) (60) (61) (62) (63) (64) (65) 

-CH (1) 8.21, s 8.24, s 8.20, s 8.20, s 8.24, s 8.23, s 8.20, s 8.24, s 8.20, s 8.24, s 

-NH 13.35, s 13.40, s 13.35, s 13.38, s 13.35, s 13.40, s 13.35, s - - - 

-SH 11.48, s - - - - - - - - - 

(S)Sn-R           

 
α  - 1.03, s 

[50, 57] 

- - 0.65, s 

[58,56] 

- - 1.04, s - - 

β  - - 1.568  

M 

7.58–7.88 

m 

 1.46-1.54 

m 

7.72-7.97 

m 

- 1.23-1.32 

m 

7.71–7.95 

m 
γ  - - 1.25-1.32 

m 

7.31–7.49 

m 

 1.39-1.44 

m 

7.36-7.52 

m 

- 1.23-1.32 

m 

7.35–7.50 

m 
δ  - - 0.87, t 

(6.9,7.2) 

7.31–7.49 

m 

 1.13- 

1.27 m 

7.36-7.52 

m 

- 0.87, t   

(9) 

7.35–7.50 

m 

(CSS)Sn-R           

α '  - - -  - - 1.46, s 

[79/76] 
- - 

β'  - - -  - - - 1.23-1.32 

m 

7.71–7.95 

m 
γ'  - - -  - - - 1.23-1.32 

m 

7.35–7.50 

m 
δ'  - - - - - - - 0.87, t (9) 7.35–7.50 

m 
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Table 4.51: 1H NMR dataa-d of 1H-1,2,4-triazole-3-thiol (HL8) and its complexes  

Proton no. HL8 (66) (67) (68) (69) (70) (71) (72) (73) (74) 

-CH (1) 8.21, s 8.24, s 8.23, s 8.20, s 8.24, s 8.24, s 8.20, s 8.24, s 8.23, s 8.20, s 

-NH 13.35, s - - - - - - - - - 

-SH 11.48, s - - - - - - - - - 

(S)Sn-R           

 
α   0.63, s 

[58,56] 

1.48-1.52 

m 

- 1.03, s 1.58-1.65 

m 

- 0.62, s 

[58,56] 

1.46-1.57 

m 

- 

β   - 1.40-1.44 

m 

7.74-7.96 

m 

- 1.39-1.46 

m 

7.55-7.83 

m 

- 1.32-1.40 

m 

7.74-7.96 

m 
γ   - 1.12-1.23 

m 

7.31-7.48 

m 

- 1.24-1.30 

m 

7.29-7.45 

m 

- 1.12-1.26 

m 

7.42-7.49 

m 
δ   - 0.80, t 

(7.0) 

7.31-7.48 

m 

- 0.85, t 

(7.2) 

7.29-7.45 

m 

- 0.80, t 

(7.0) 

7.42-7.49 

m 

(CSS)Sn-R      

 

   -  

α '  0.62, s 

[58,56] 

1.60-1.69 

(m) 

- - - - - - - 

β'  - 1.43-1.47 

(m) 

7.75-7.81 - - - - - - 

γ'  - 1.33-1.37 

(m) 

7.24-7.45 - - - - - - 

δ'  - 0.87, t (8) 7.24-7.45 - - - - - - 

aChemical shifts (δ) in ppm.b 2J [119/117Sn,1H] and 3J (1H,1H) in Hz are listed in square brackets and parenthesis, respectively.                  

c Multiplicity is given as: s= singlet, t= triplet, m= multiplet.  d Numbering in accordance with schemes 4.9 and 4.10.                                             
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Table 4.52 1H NMR dataa-d of 2-mercapto-5-methyl benzimidazole (HL9) and its complexes 

Proton no. HL9 (75) (76) (77) (78) (79) (80) 

-NH 12.68, s 12.66, s 

 

12.68, s - - 
  

-SH 11.09, s 
- - - - - 

- 

 

1 0.93, t (7.6) 0.92, t (7.6) 

 

0.91, t (7.6) 

 

0.93, t (7.6) 0.92, t (7.6) 0.95, t (7.6) 0.94, t (7.6) 

3 6.91, s 6.93, s 

 

6.92, s 6.92, s 6.91, s 6.94, s 6.95, s 

6 6.93, d (7.3) 6.91, d (7.3) 

 

6.93, d (7.3) 6.92, d (7.3) 6.91, d (7.3) 6.95, d (7.3) 6.90, d (7.3) 

7 7.00, d (7.2) 7.02, d (7.2) 

 

7.03, d (7.2) 7.01, d (7.2) 7.01, d (7.2) 7.03, d (7.2) 7.02, d (7.2) 

(S)Sn-R        

 

α   - 0.52, s [58/56] - 0.50, s [58/56] - 0.53, s [58/56] 

 

β   7.63-7.78, m - 7.61- 7.76, m - 7.61-7.80, m - 

γ   7.45-7.52, m - 7.42-7.60, m - 7.39-7.57, m - 

δ   7.45-7.52, m - 7.42-7.60, m - 7.39-7.57, m - 

(CSS)Sn-R    

 

    

α '  - - - 0.66, s [57] - - 

β'  - - 8.05-8.08, m - - - 

γ'  - - 7.35-7.52, m - - - 

δ'  - - 7.35-7.52, m - - - 
aChemical shifts (δ) in ppm.b 2J [119/117Sn,1H] and 3J (1H,1H) in Hz are listed in square brackets and parenthesis, respectively.                 
c Multiplicity is given as: s singlet, d=doublet, t= triplet, m= multiplet.  d Numbering in accordance with schemes 4.9 and 4.10                
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Table 4.53 1H NMR data a-d  of 5-amino-3H-1,3,4-thiadiazole-2-thiol (HL10) and its complexes 

Proton no. HL10 (81) (82) (83) (84) 

-NH (3) 13.15, s - - - - 

-NH2 7.07, s 7.06, s 7.08, s 7.09, s 7.07, s 

α   1.21, s [75] 1.57-1.66, m - - 

β    1.49-1.54, m 7.83, d - 

γ    1.25-1.32, m 7.48-7.40, m - 

δ    0.88, t (7.2) 7.48-7.40, m - 

aChemical shifts (δ) in ppm.b 2J [119/117Sn,1H] and 3J (1H,1H) in Hz are listed in square brackets and parenthesis, respectively.                 
c Multiplicity is given as: s= singlet, d=doublet, t= triplet, m= multiplet.  d Numbering in accordance with schemes 4.9 and 4.10                                             
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Scheme 4.9  Numbering schemes of ligands (HL8, HL9 and HL10) for 1H and 13C NMR 

interpretation 

 

  

 

Scheme 4.10  NMR numbering of organotin moieties linked to sulphur donor site have 

been presented by α, β, ,  while those coordinated to the –CSS moiety have been 

denoted by α, β,  and  

 

 

 

 



166 
 

 

 

Figure 4.20: 1H NMR spectrum of complex 57 
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Figure 4.21: 1H NMR spectrum of complex 58 
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Figure 4.22: 1H NMR spectrum of complex 64 
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Figure 4.23: 1H NMR spectrum of complex 82 
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      Table 4.54 13C NMR dataa-c of 1H-1,2,4-triazole-3-thiol (HL8) and its complexes  

Carbon no. HL8 (57) (58) (59) (60) (61) (62) (63) (64) (65) 

1 
140.44 

140.56 140.77 140.44 140.41 140.47 140.41 140.44 140.65 140.38 

2 
165.57 

153.47 154.47 154.22 153.54 152.49 153.99 153.36 154.16 153.59 

-CSS - 192.21 192.86 193.23 193.11 192.56 193.29 191.36 193.80 192.29 

(S)Sn-R          
 

 

α  

- 
19.51 

[387] 
25.40 

137.0 

 

-0.61 

[382,366] 

17.83 

[346,331] 

138.12        
[640,662] 

20.11 25.01 137.21 

β  
-  

26.72 

[35] 
131.0  29.11 [21] 136.83 [43] - 26.93 132.11 

γ  
-  

26.44 

[98] 
126.12  27.36 [18] 136.50 [70] - 26.34 127.16 

δ  
-  13.66 125.46  13.91 128.32 - 13.41 125.25 

(CSS)Sn-R 
          

α ' 
 - - - - - - 

10.6 [570,545] 

 
26.50 [496] 142.39 

β'  - - - - - - - 29.33 [44] 135.25 

γ'  - - - - - - - 28.38 [112] 128.13 

δ'  - - - - - - - 14.73 129.12 

aChemical shifts (δ) in ppm.b nJ [119/117Sn, 13C] in Hz are listed in square brackets.                                                                                      
cNumbering in accordance with schemes 4.9 and 4.10                                              
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Table 4.54 13C NMR dataa-c of 1H-1,2,4-triazole-3-thiol and its complexes 

Carbon no. HL8 (66) (67) (68) (69) (70) (71) (72) (73) (74) 

1 140.44 140.25 140.32 140.35 140.51 140.47 140.11 140.28 140.48 140.77 

2 165.57 153.41 153.15 152.15 153.6 153.8 152.11 154.3 154.9 153.7 

-CSS - 193.21 194.11 192.66 193.18 193.78 194.56 194.81 192.23 191.56 

(S)Sn-R           

 

α   -2.21 17.11 

 

137.70 

 

20.33 

[385] 

25.40 137.40 -2.31 

[396,378] 

16.63 

[359] 

138.42 

β   - 29.53 136.42 

 

- 29.25 132.29 - 27.98 

[21] 

137.48 

[48] 

γ   - 26.30 129.26 

 

- 27.11 127.84 - 27.01 

[65] 

136.56 

δ   - 13.47 130.19 

 

- 13.56 125.63 - 13.63 130.27 

(CSS)Sn-R           

 

α '  -0.30 

[404,386] 

16.51 

[356,341] 

138.20 

[641] 

- - - - - - 

β'   21.42 136.95 - - - - - - 

γ'   25.37 132.14 - - - - - - 

δ'   13.66 130.53 - - - - - - 

aChemical shifts (δ) in ppm.b nJ [119/117Sn, 13C] in Hz are listed in square brackets.                                                                                      
c Numbering in accordance with schemes 4.9 and 4.10                                              
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Table 4.55 13C NMR dataa-c  of 2-mercapto-5-methyl benzimidazole (HL9) and its complexes  
Carbon no. HL9 (75) (76) (77) (78) (79) (80) 

1 22.31 21.22 22.95 22.32 
21.78 

 
22.81 21.9 

2 122.33 123.26 122.79 122.76 
123.83 

 
122.43 122.6 

3 131.84 131.14 132.17 131.24 
131.48 

 
131.55 132.3 

4 109.56 109.82 109.16 109.48 
109.75 

 
109.57 109.8 

5 110.98 111.30 110.38 110.73 
111.32 

 
111.36 110.8 

6 131.16 132.11 132.27 131.91 
131.54 

 
131.54 131.9 

7 132.30 131.96 132.76 132.78 
132.34 

 
132.10 132.6 

8 168.87 156.37 159.18 155.15 
158.82 

 
154.35 

157.6 

 

-CSS - - - 198.30 196.51 195.19 200.1 

(S)Sn-R        

α  
 

136.81 

 
-2.83 [397] 137.85 -2.73 137.40 -2.31[398,382] 

β  
 

133.22 [47.3] 

 
- 131.81  132.22  

γ  
 128.64 [36] - 126.56  127.87 

 

 

δ  
 125.35 - 125.88  125.63 

 

 

(CSS)Sn-R   
 

 
    

α '  - - 142.11 [637] -0.30 [404,386] - - 

β'  - - 136.54[46.3] - - - 

γ'  - - 135.69 [57] - - - 

δ'  - - 129.18 - - - 
aChemical shifts (δ) in ppm.b nJ [119/117Sn, 13C] in Hz are listed in square brackets.                                                                                      
cNumbering in accordance with schemes 4.9 and 4.10                                              
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Table 4.56 13C NMR dataa-c of 5-amino-3H-1,3,4-thiadiazole-2-thiol (HL10) and its 

complexes  

Carbon no. HL10 (81) (82) (83) (84) 

2 180.90 180.95 180.88 180.99 181.38 

5 161.49 161.42 161.46 161.45 161.41 

α  - 10.3[532] 26.5[492] 143.75 - 

β  -  27.64 135.96 - 

γ  -  25.53 129.01 - 

δ  -  13.73 128.38 - 

aChemical shifts (δ) in ppm.b nJ [119/117Sn, 13C] in Hz are listed in square brackets.                                                                                      
cNumbering in accordance with schemes 4.9 and 4.10                                              
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Table 4.57 (C–Sn–C) angles (°) based on NMR parameters of selected complexes of  

ligands HL8-10  

Comp. 

No. 

1J [119Sn, 13C] (Hz) 2J (119Sn, 1H) (Hz) Angle (°) 
1J 2J 

57 387  57  110.7 111.0 

60 382 58 110.2 111.4 

61 346 - 111.1 - 

62 640 - 115.9 - 

63 570 79 126.7 124.0 

64 496 - 120.1 - 

66 386 58 110.2 111.4 

67 356 - 112.0 - 

68 641 - 115.9 - 

72 396 58 111.4 111.4 

73 359 - 112.4 - 

76 397 58 110.5 111.4 

77 637 - 119.9 - 

78 404 58 111.6 111.4 

81 532 75 123.4 121.5 

82 492 - 124.3 - 
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Figure 4.24: 13C NMR spectrum of complex HL8 
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Figure 4.25: 13C NMR spectrum of complex 83 
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4.3.2.5 Mass Spectrometry 

Data of mass spectra at 70 eV for the synthesized clorodi-and triorganotin complexes (57-80) 

and ligands (HL8, HL9) were determined by electron impact method and presented in Tables 

4.58-4.59, respectively. In case of  main group organometallics, generally no  molecular ion 

(M+)  peak present, so same situation found in the mass spectra of organotin(IV) conplexes. 

Fragmented ions containing tin were easily identified due to characteristic isotopic pattern for 

‘‘Sn” and ‘‘SnCl” species (Harrison, 1989; Zia-ur-Rehman et al., 2008). Fragmentation 

patterns are proposed for monometallic complexes of R2SnCl and R3SnCl derivatives, where 

R= Me, Bu, Ph, and these patterns are shown in schemes 4.11-4.12, respectively. Mass 

fragments obtained from the ligand and monometallic complexes are according to the 

structure of the complexes and are in good relation with the literature (Zia-ur-Rehman et al., 

2008; Sirajuddin et al., 2014).   

In triorganotin compounds, the primary fragmentation from the molecular ion appears in two 

ways: first one is initiated with the loss of R (R = Bu, Ph, Me), whereas the second 

fragmentation is due to the loss of ligand (L). C2H2N3SSnR2
+ species are obtained from 

complexes of tributyl and triphenyl and then further loss of R group occur. In case of  

chlorodiorganotin compounds a different behavior of mass fragmentation was observed but 

this pathways is also end in the same way as purposed  in triorganotin compounds. In the 

spectra of complexes, methyl [CH3]
+ , butyl [C4H9]

+and phenyl [C6H5]
+ ions are present in 

reasonable intensities. The representative mass spectra of complexes 58, 62, 63 and ligands 

HL8 and HL9 are given in Figures 4.26-4.30. 
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Scheme 4.11 Mass fragementation pattern of chlorodiorganotin(IV) derivatives 
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Scheme 4.11 General mass fragementation pattern of triorganotin(IV) derivatives 
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Table: 4.58 Mass spectral data of organotin(IV) complexes with 1H-1,2,4-triazole-3-thiol 

(HL8) and its complexes  

Comp. No. Mass fragmentation: m/z (%) 

HL8 [C2H3N3S]+ 101 (100), [CH2N2S]+  74 (87.4), [CH2NS]+ 60 (27.4),  

[NHS]+ 47 (10.8), [CH2N2]
+ 42 (70.5) 

57 [(CH3)2Sn(-SN3C2H2)Cl]+ 285 (1.2), [(CH3)Sn(-SN3C2H2)Cl]+ 270 (4.2),  

[Sn(-SN3C2H2)Cl]+ 255 (1.2), [SnCl]+ 155(38.8),  

[(CH3)2Sn(-SN3C2H2)]
+ 250 (3.0), [Sn(-SN3C2H2)]

+ 220 (5.0),  

[(SN3C2H3)]
+ 101 (100), [Sn]+ 120 (8.1), [CH2NS]+ 60 (11.2),  

[(CH3)2SnCl]+ 185(19.2), [(CH3)2Sn]+150(2.2), [CH3-Sn]+ 135 (6.1) 

58 [(Bu)2Sn(-SN3C2H2)Cl]+  369 (11.1), [(Bu)2Sn(-SN3C2H2)]
+  334 (97.6),  

[(Bu)Sn(-SN3C2H2)]
+ 277 (6.7), [Sn(-SN3C2H2)]

+ 220 (68), 

[(SN3C2H3)]
+ 101 (100), [Sn]+ 120 (9.5), [Sn-Bu2Cl]+ 269 (20.9),               

[SnBu-Cl]+ 212 (13), [SnCl]+ 155 (16.2), [Bu]+ 57 (92.5) 

59 [(Ph)2Sn(-SN3C2H2)Cl]+ 409 (2.9), [(Ph)2Sn(-SN3C2H2)]
+ 374 (3.2),      

[Ph-Sn-C6H4]
+ 273(3.5) [(SN3C2H3)]

+ 100 (46.5), [Sn-Ph2-Cl]+ 309 (42.9), 

[Sn-Ph-Cl]+ 232 (38.5), [SnCl]+ 155(15.2), [Ph]+ 77 (20.9), 

[C4H3]
+ 51 (30.9),   [Ph-Ph]+ 154 (100), [Sn]+ 120 (14.4)                      

60 [(CH3)3Sn(-SN3C2H2)]
+  265 (n.o), [(CH3)2Sn(-SN3C2H2)]

+   250 (1.1),  

[(CH3) Sn(-SN3C2H2)]
+   235 (1.1), [Sn(-SN3C2H2)]

+  220 (1.4),   

[(SN3C2H3)]
+ 101 (100), [Sn]+ 120 (1.6), [(CH3)3Sn]+ 165 (2.1),  

[(CH3)2Sn]+ 150 (4.0), [CH3-Sn]+ 135 (3.8) 

61 [(Bu)3Sn(-SN3C2H2)]
+  391 (0.5), [(Bu)2Sn(-SN3C2H2)]

+ 334 (0.6),  

[(Bu)Sn(-SN3C2H2)Cl]+  277 (21), [Sn(-SN3C2H2)]
+  220 (6.8),  

[(SN3C2H3)]
+ 101 (100), [Sn]+ 120 (2.0),  [(Bu)3 Sn]+ 291 (17),      

[(Bu)2 Sn]+ 234 (20.9), [Bu(Sn)]+ 177 (0.6), [Bu]+ 57 (33)  

62 

 

 

 

 

[(Ph)3Sn(-SN3C2H2)]
+ 451 (3.9), [(Ph)2Sn(-SN3C2H2)]

+ 374 (36.8),  

[(C6H4)Sn(-SN3C2H2)]
+ 296 (8.9), [C2H3+N3SSn]+ 220 (4.2),  

[C2H3N3S]+ 101 (100), [(Ph)3Sn]+ 351 (48.3), [(Ph)2Sn]+ 274 (2.6),  

[Ph-Sn]+ 197 (45.6), [Ph]+ 77 (20.9),  [C4H3]
+ 51 (16.3), [Sn]+ 120 (12.7) 



181 
 

Table: 4.58 Mass spectral data of organotin(IV) complexes with 1H-1,2,4-triazole-3-thiol 

(HL8) and its complexes  

Comp. No. Mass fragmentation: m/z  (%) 

 

 

63 

[(CH3)2ClSn(-S-CS)-NC2HN2S(-Sn(CH3)2Cl] 545 (<0.5),           

[(CH3)2ClSn(-NC2HN2S)(-Sn(CH3)2Cl]+ 469 (<0.5),      

[(CH3)2Sn(-SN3C2H2)Cl]+ 285 (4.1), [(CH3)2SnCl]+ 185(6.5), 

[(SN3C2H3)]
+ 101 (100), [S-CS]+ 76 (7.1),[Sn-(S-CS)]+ 196 (2.4),     

[CS2-NC2H2N2S]+ 176 (3.3) 

64 [(Bu)2ClSn(-S-CS)-NC2HN2S(-Sn(Bu)2Cl] 713 (n.o),                    

[(Bu)2ClSn(-NC2HN2S)(-Sn(Bu)2Cl]+ 637 (<0.5),                              

[(Bu)2Sn(-SN3C2H2)Cl]+ 369 (4.6), [(Bu)2SnCl]+ 269 (100),          

[(SN3C2H3)]
+ 101 (100), [S-CS]+ 76 (7.1), [Sn-(S-CS)]+ 196 (6.4)  

65 [(Ph)2ClSn(-S-CS)-NC2HN2S(-Sn(Ph)2Cl] 793 (n.o),                    

[(Ph)2ClSn(-NC2HN2S)(-Sn(Ph)2Cl]+717 (2.5),                              

[(Ph)2Sn(-SN3C2H2)Cl]+ 409 (24.2), [(Ph)2SnCl]+ 309 (100),          

[(SN3C2H3)]
+ 101 (13), [S-CS]+ 76 (7.1), [Sn-(S-CS)]+ 196 (42) 

66 [(Me)3Sn(–S–CS)–NC2HN2S(–Sn(Me)3)]
+ 505 (4.9),  

[(Me)2Sn(-S-CS)-NC2HN2S(-Sn(Me)3)]
+ 490 (1.1) 

[(Me)3Sn–NC2HN2S(–Sn(Me)3)]
+ 429 (2.4), [(Me)3Sn]+, 291 (21),   

[S–CS]+ 76 (32), [(CH3)2Sn]+ 150 (4.0), [CH3-Sn]+ 135 (51),  

 [Sn]+ 120 (19), [(SN3C2H3)]
+ 101 (100) 

67 [(Bu)3Sn(–S–CS)–NC2HN2S(–Sn(Bu)3)]
+ 757 (n.o.),  

[(Bu)3Sn–NC2HN2S(–Sn(Bu)3)]
+ 681 (2.4), [(Bu)3Sn]+, 291 (2.1) 

[Sn–(S–CS)]+, 196 (10.3), [S–CS]+ 76 (16.3), [(SN3C2H3)]
+ 101 (100)  

Sn]+ 120 (2.0), [Bu]+ 57 (3.3) 

68 [(Ph)3Sn(-S-CS)-NC2HN2S(-Sn(Ph)3)]
+  877 (n.o),  

[(Ph)3Sn-NC2HN2S(-Sn(Ph)3)]
+ 801 (<0.5), [Ph2SnC6H4]

+ 350 (4.8),  

[(Ph)Sn(-S-CS)-NC2HN2S(-Sn(Ph)3)]
+ 723 (1.1), [Sn-C6H4]

+ 196 (16.9), [Ph-

Ph]+154 (83.1), [(SN3C2H3)]
+ 101 (100) , [S-CS]+ 76 (12.3), [(Ph)3Sn(-

SN3C2H2)]
+ 451 (1.2) 

   n.o =Not observed 
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Table: 4.59 Mass spectral data of organotin(IV) complexes with 2-mercapto-5-methyl 

benzimidazole (HL9) and its complexes  

Comp. No. Mass fragmentation: m/z (%) 

HL9 [C8H8N2S]+ 164 (100), [C8H7N2S]+ 163 (48), [C8H7N2]
+ 131 (28), 

[C7H8N]+ 106 (19), [C6H5]
+ 77 (10), [CH3CN]+ 41(11) 

75 [(Ph)2Sn(-SN2C8H7)Cl]+ 471 (3.5), [(Ph)2Sn(-SN2C8H7)]
+ 436 (23),      

[(Ph)Sn(-SN3C8H7)]
+ 359 (17), [(SN2C8H7)]

+ 163 (100),  

[Sn-Ph2-Cl]+ 309 (42), [Sn-Ph-Cl]+ 232 (65), [SnCl]+155 (13), 

 [Ph]+77 (26), [Ph-Ph]+154 (88), [Sn]+120 (18), [Ph-Sn]+ 197 (34)                   

76 [(CH3)3Sn(-SN2C8H7)]
+  327 (6.3), [(CH3)2Sn(-SN2C8H7)]

+   312 (56),  

[(CH3) Sn(-SN2C8H7)]
+ 297 (39), [Sn(-SN2C8H7)]

+  282 (9.3),   

[(SN2C8H8)]
+ 164(100), [Sn]+ 120 (23), [(CH3)3Sn]+ 165 (25),  

[(CH3)2Sn]+ 150 (33), [CH3-Sn]+ 135 (13) 

77 [(CH3)3Sn(-S-CS)-NC8H6NS(-Sn(CH3)3)]
+  566 (6),                           

[(CH3)3Sn-NC2HN2S(-Sn(CH3)3)]
+ 490 (11), [(CH3)3Sn]+ 165 (26),  

[(CH3)2Sn(-S-CS)-NC2HN2S(-Sn(CH3)3)]
+ 551 (1.1),  

[Sn-CH3]
+ 135 (16.9), [S-CS]+ 76 (12.3), [(SN2C8H7)]

+ 163 (100) 

[(-S-CS)-NC2HN2S(-Sn(CH3)3)]
+ 401 (1.1), 

78 [(Ph)2ClSn(-S-CS)-NC8H6NS(-Sn(Ph)2Cl)]+ 855 (n.o),                 

[(Ph)2 Cl Sn-NC8H6NS(-Sn(Ph)2 Cl)]+ 779 (1.3),  

[(Ph)ClSn(-S-CS)-NC8H6NS(-Sn(Ph)2Cl)]+ 778 (13),  

[PhSnC6H4]
+ 273 (65), [(Ph)2Sn(-SN2C8H6)Cl]+ 471 (52),    

[(Ph)2SnCl]+ 309 (100), [SnCl]+ 155 (38.8), [Ph-Ph]+154 (31),  

[S-CS]+ 76 (42), [Sn-(S-CS)]+ 196 (6.4), [(SN2C8H7)]
+ 163 (31) 
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Figure 4.26: Mass spectrum of complex 58 
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Figure 4.27: Mass spectrum of complex 62 
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Figure 4.28: Mass spectrum of complex 63 
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Figure 4.29: Mass spectrum of complex HL8 
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Figure 4.30: Mass spectrum of complex HL9 
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4.4 Crystallographic analysis 

4.4.1 Crystal structures of compound R1  

Crystal data and structure refinement of R1 is given in Table 4.60. The compound, 4-

aminophenethyl alcohol (R1), with the space group Cc  monoclinic, as a monomer form 

crystallizes. Bond angles and bond distances are listed in Tables 4.61-4.63. An ORTEP  

diagram (Figure 4.31) of the molecular structure of RI shows that C1 C7 and N1  atoms are in 

the same plane (say for example plane A) and C1 C7 C8 and O1 atoms make another  plane 

(say for example plane B). A packing diagram (Figure 4.32) shows that there  exist O–H…N 

type intermolecular hydrogen bonding interactions [O1–H1, 0.8500 Ǻ; OH1……N1, 2.0300 

Ǻ; O…N1, 2.8703Ǻ; O1–H1…N1, 172.0] and these interactions lead to unidirectional rods, 

it seems that those lines intersects each other in (a, b) plane of unit cell. 

 
 

Figure 4.31: R1 molecule showing the crystallographic numbering scheme.  

 

 

Figure 4.32: R1 molecule in packing diagram. Intermolecular  H-bonding shown by  

  Dotted lines.  
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Table 4.60: Crystal data and structure refinement parameters for R1 

Empirical formula C8H11NO 

Formula weight 137.18 

Temperature/K 296 K 

Crystal system Monoclinic 

Crystal Habit Brown needle 

Space group Cc 

a/Å 17.791(2) 

b/Å 5.1701(8) 

c/Å 8.4367(13) 

α/° 90 

β/° 97.819(9) 

γ/° 90 

Volume/Å3 768.79(19) 

Z 4 

D  [g cm-3] 1.185 

mu/mm-1 0.079 

F(000) 296 

Crystal size/mm3 0.380x0.220x0.200 

θ range for data collection 2.3- 28.2 

Index ranges -6 ≤ h ≤ 6, -11 ≤ k ≤ 11, -23 ≤ l ≤ 23 

Reflections collected 3181 

Independent reflections 1622 

Reflection number gt 1171 

Goodness-of-fit on F2 1.037 

Final R indexes 

[I>=2σ  (I)] 

R1 = 0.0435, 

wR2 = 0.0944 

Final R indexes [all data] 
R1 = 0.0643, 

wR2 = 0.1044 

λ (Ǻ ) 0.71073 

Tmin, Tmax 0.979, 0.984 
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Table  4.61 Bond distances (Å) for ligand R1 

Atom Atom Length/Å Atom Atom Length/Å 

O1 -C8 1.4192 C5 -C6 1.3838 

O1 -H1 0.8500 C7 -C8 1.4953 

N1 -C4 1.4194 C2 -H2 0.9300 

N1 -H1B 0.9500 C3 -H3 0.9300 

N1 -H1A 0.8000 C5 -H5 0.9300 

C1 -C2 1.3767 C6 -H6 0.9300 

C1 -C6 1.3848 C7 -H7A 0.9700 

C1 -C7 1.5037 C7 -H7B 0.9700 

C2 -C3 1.3760 C8 -H8A 0.9700 

C3 -C4 1.3804 C8 -H8B 0.9700 

C4 -C5 1.3868    

 

 

Table 4.62  Bond angles (Degrees) for ligand R1 

Atom Atom Atom Angle/˚ Atom Atom Atom Angle/˚ 

C8 -O1 -H1 107.00 C3 -C2 -H2 119.00 

H1A -N1 -H1B 119.00 C2 -C3 -H3 120.00 

C4 -N1 -H1B 112.00 C4 -C3 -H3 120.00 

C4 -N1 -H1A 114.00 C4 -C5 -H5 120.00 

C2 -C1 -C7 121.34 C6 -C5 -H5 120.00 

C6 -C1 -C7 121.36 C1 -C6 -H6 119.00 

C2 -C1 -C6 117.26 C5 -C6 -H6 119.00 

C1 -C2 -C3 122.14 C1 -C7 -H7A 109.00 

C2 -C3 -C4 120.30 C1 -C7 -H7B 109.00 

N1 -C4 -C3 120.93 C8 -C7 -H7A 109.00 

N1 -C4 -C5 120.38 C8 -C7 -H7B 109.00 

C3 -C4 -C5 118.59 H7A -C7 -H7B 108.00 

C4 -C5 -C6 120.21 O1 -C8 -H8A 109.00 

C1 -C6 -C5 121.49 O1 -C8 -H8B 109.00 

C1 -C7 -C8 111.91 C7 -C8 -H8B 109.00 

O1 -C8 -C7 111.14 C7 -C8 -H8B 109.00 

C1 -C2 -H2 119.00 H8A -C8 -H8B 109.00 

  

 

Table 4.63 Hydrogen-bond geometry (Å) for ligand R1 

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 

O1 ¬H1 …N11 0.8500 2.0300 2.8703 172.00 

N1 ¬H1A …O12 0.8000 2.3400 3.1389 176.00 

N1 ¬H1B …O13 0.9500 2. 3200 3.2746 175.00 
1-1/2+x,-1/2+y,z  2  1/2+x,1/2-y,1/2+z   3 1/2+x,-1/2+y,z 
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4.4.2 Crystal structures of synthesized ligand acids (HL1, HL4, HL5) 

4.4.2.1 HL1 

Crystallographic data for HL1 is shown in Table 4.64, while the values of angles and lengths 

of bonds are given in Tables 4.65 and 4.66. The title compound, 3-[4-(2-

hydroxyethyl)phenylamido]propenoic acid (HL1) in monoclinic  form with space group        

P21/n crystallize.  

Hydrogen atoms of (–CH=CH–) moiety in HL1 are in cis position to each other. The 

molecular structure (Figure 4.33) reveals that the hydrogen and carbonyl group of carboxyl 

group (-COOH) adopt antiperiplannar conformation with respect to each other in such a way 

that the intramolecular hydrogen bonding between H4 and O2 becomes possible. In the side 

chain, the O2 atom is anti to H10 while O3 is syn to H11 due to intramolecular H-bonding 

between O2 and O4. The amide  portion of the ligand show anti arrangement  of N-H and the 

C=O group (Sirajuddin et al., 2015). Ligand packing structure stabilizes due to presence of 

interactions both inter (N-H---O) and intramolecular (O−H···O) as shown in Figure 4.34. H-

bonds which are present in the ligand are presented in Table 4.67. 

 

 

 

Figure 4.33: HL1 molecule showing the crystallographic numbering scheme.  
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Figure 4.34: HL1 in packing diagram. Intermolecular H-bonding shown by dotted lines.  

 

4.4.2.2 HL4 and HL5 

Crystallographic data for HL4 and HL5 ligands are shown in Table 4.64, while the values of 

angles and lengths of bonds are given in Tables 4.68-4.73. The title compound, 3-[4-(2-

hydroxyethyl)phenylamido]propenoic acid (HL4) in monoclinic  form with space group        

P21/c crystallizes while HL5  3-[5-methyl-1H-pyrazol-3-amido]propanoic acid in 

orthorhombic form with space group P 21 21 21 crystallizes.  

The molecular diagram of HL4 shows that the carbonyl O1 and O3 oxygen atoms are in trans 

position with respect to the C1–C4 butyl group (Figure 4.35). The C5-C10 and N1 are in the 

same plane (say for example plane A) and succinic acid unit (C1-C4) makes another plane 

(Say for example plane B). The dihedral angle between the plane A and B is 10.64(4)o which 

shows that central phenyl ring is almost planar with attached succinic acid unit as shown by 

dihedral angle 10.64(4)o which is formed between two plane say plane A and B. The torsion 

angle C4 N1 C5 C10 is 43.45(4)°.  The amide  portion of the ligand show anti arrangement  
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of N-H and the C=O group (Gowda et al., 2009; 2009a; 2010).  Chains of molecules in HL4 

are connected with each other due to N1–H1…O3 type hydrogen bonding, [N1–H1, 0.8600 

Å ; H1…O32, 2.1000 Ǻ ; N1…O32, 2.9596 Å; N1–H1…O32, 176.0; symmetry code: (2) 

1+x,y,z] extending along the crystallographic a axis. Packing diagram (Figure 4.36) also 

shows that intermoleculars  O–H…O hydrogen bonding O4H4----O2; [O4–H4, 0.8200 Å ; 

H4…O23, 1.9700 Å ; O4…O23, 2.7824 Å ; O4–H4O4…O23, 172.00; symmetry code: (3) 

x,1/2-y,-1/2+z] and O1HI-------O4 [O1----H1,0.8200 ; H1-----O41, 1.8100;  O1----O41 , 

2.6213; O1H1----O41, 158.00, symmetry code: (3) 1-x, ½+y,3/2-z. /2-y,-1/2+z extending 

along the crystallographic b axis. These intermolecular O4H4----O2 (172.00°) and O1HI-----

O4(158.00°) interactions connects the molecules to form twelve member ring motifs of the 

type R2 
2(12).  

The amide  portion of the ligand HL5 show anti arrangement of the N-H and the C=O group 

(Figure 4.37). The C2 C3 C4 O3 are in the same plane (say for example A ) and C5, C6, C7 

C8 N1 N2 N3 makes another plane (say for example B). The torsion angle in C2 C3 C4 O3 is 

-50.4(5). Packing diagram of unit cell (Figure 4.38) shows that intermolecular H-bonding of 

the type    N1-H1…O2 and O1-H1…N2 connects the molecules to form eight member ring 

motifs. 

Chains of ligands connect with one another by intermolecular interactions and develop three 

dimensional net work through C-H---π interactions.  Intermolecular interactions in HL4 and 

HL5 links the chains with each other. H-bonds which are present in the ligand are presented 

in Table 4.70 and 4.73. As shown in  Figures 4.36 and 4.38  packing structures of HL4 and 

HL5 make dendrimers like structures.  

 

 

Figure 4.35:  HL4  structure showing the crystallographic numbering scheme. 
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Figure 4.36: HL4 in packing diagram. Intermolecular H-bonding shown by dotted lines 
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Figure 4.37: HL5 structure showing the crystallographic numbering scheme. 

 

 

 

Figure 4.38: HL5 in packing diagram. Intermolecular H-bonding shown by dotted lines 
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Table 4.64: Crystal data and structure refinement parameters HL1, HL4 and HL5 

 HL1 HL4 HL5 

Empirical formula C12 H13 N O4 C12 H15 N O4 C8 H11 N3 O3 

Formula weight 235.23 237.25 197.20 

Temperature/K 296 K 296 K 296 K 

Crystal system Monoclinic Monoclinic Orthorhombic 

Crystal Habit Needle Plate Rod 

Space group P 21/n P 21/c P 21 21 21 

a/Å 4.7110(5) 4.9250(7) 4.9259(8) 

b/Å 12.4470 (13) 29.365(5) 13.472(3) 

c/Å 19.280(2) 8.1404(13) 14.361(3) 

α/° 90 90 90 

β/° 94.751(5) 103.544(5) 90 

γ/° 90 90 90 

Volume/Å3 1126.7(2) 1144.6(3) 953.0(3) 

Z 4 4 4 

D  [g cm-3] 1.387 1.377 1.374 

mu/mm-1 0.105 0.104 0.107 

F(000) 496 504 416 

Crystal size/mm3 0.38x0.180x0.160 0.34x0.240x0.160 0.380x0.200x0.160 

2θ range for data 

collection 
1.94 - 27.28 2.66-25.9 2.837-25.990 

Index ranges 
-6 ≤ h ≤ 6, -16 ≤ k ≤ 

16, -24 ≤ l ≤ 24 

-6 ≤ h ≤ 5, -31 ≤ k ≤ 

36, -10 ≤ l ≤ 10 

-6 ≤ h ≤ 6, -16 ≤ k ≤ 

16, -17 ≤ l ≤ 17 

Reflections 

collected 

9392 8911 4455 

Independent 

reflections 

2495 2237 1834 

Reflection number 

gt [I>2 σ(I)] 

1575 1510 1118 

Goodness-of-fit 

on F2 

1.016 1.043 0.999 

Final R indexes 

[I>2σ  (I)] 

R1 = 0.0480, 

wR2 = 0.1096 

R1 = 0.0425, 

wR2 = 0.0944 

R1 = 0.0458, 

wR2 = 0.0860 

Final R indexes 

[all data] 

R1 = 0.0899, 

wR2 = 0.1295 

R1 = 0.0743, 

wR2 =0.1079 

R1 = 0.0929, 

wR2 = 0.1007 

λ (A° ) 0.71073 0.71073 0.71073 

Tmin,Tmax 0.978,0.983 0.966,0.984 0.975,0.983 
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Table 4.65 Bond distances (Å) for ligand HL1 

Atom Atom Length/Å Atom Atom Length/Å 

O1  -C1 1.4128 C6 -C7 1.3854 

O2 -C9 1.2414 C7 -C8 1.3706 

O3 -C12 1.2091 C9 -C10 1.4782 

O4 -C12 1.3018 C10 -C11 1.3247 

O1 -H1 0.8200 C11 -C12 1.4793 

O4 -H4A 1.0000 C1 -HIB 0.9700 

N1 -C9 1.3335 C1 -H1C 0.9700 

N1 -C6 1.4134 C2 -H2A 0.9700 

N1 -H1D 0.8600 C2 -H2B 0.9700 

C1 -C2 1.4974 C4 -H4 0.9300 

C2 -C3 1.5028 C5 -H5 0.9300 

C3 -C8 1.3831 C8 -H8 0.9300 

C3 -C8 1.3831 C8 -H8 0.9300 

C4 -C5 1.3813 C10 -H10 0.9300 

C5 -C6 1.3776 C11 -H11 0.9300 

 

 

Table 4.66  Bond angles (degrees) for ligand HL1 

Atom Atom Atom Angle/˚ Atom Atom Atom Angle/˚ 

C1 -O1 -H1 109.00 O3 -C12 -O4 120.54 

C12 -O4 -H4A 112.00 O1 -C1 -H1B 109.00 

C6 -N1 -C9 129.66 O1 -C1 -H1C 109.00 

C9 -N1 -H1D 115.00 C2 -C1 -H1B 109.00 

C6 -N1 -H1D 115.00 C2 -C1 -H1C 109.00 

O1 -C1 -C2 112.12 H1B -C1 -H1C 108.00 

C1 -C2 -C3 112.43 C1 -C2 -H2A 109.00 

C2 -C3 -C8 122.03 C2 -C2 -H2B 109.00 

C4 -C3 -C8 117.41 C3 -C2 -H2A 109.00 

C2 -C3 -C4 120.54 C3 -C2 -H2B 109.00 

C3 -C4 -C5 122.18 H2A -C2 -H2B 108.00 

C4 -C5 -C6 119.48 C3 -C4 -H4 119.00 

C5 -C6 -C7 119.05 C5 -C4 -H4 119.00 

N1 -C6 -C5 124.41 C4 -C5 -H5 120.00 

N1 -C6 -C7 116.54 C6 -C5 -H5 120.00 

C6 -C7 -C8 120.58 C6 -C7 -H7 120.00 

C3 -C8 -C7 121.28 C8 -C7 -H7 120.00 

O2 -C9 -N1 123.03 C3 -C8 -H8 119.00 

O2 -C9 -C10 123.24 C7 -C8 -H8 119.00 

N1 -C9 -C10 113.73 C9 -C10 -H10 115.00 

C9 -C10 -C11 129.13 C11 -C10 -H10 115.00 

C10 -C11 -C12 132.16 C10 -C11 -H11 114.00 

O3 -C12 -C11 119.63 C12 -C11 -H11 114.00 

O4 -C12 -C11 119.83     
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Table 4.67 Hydrogen-bond geometry (Å) for ligand HL1 

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 

O1 ¬ H1 …O41 0.8200 2.2800 3.0567  158.00 

N1 ¬ H1D …O32 0.8600 2.0100 2.8714 177.00 

O4 ¬ H4A …O2 1.0000 1.4800 2.4764 173.00 

C5 ¬ H5 …O2 0.9300 2.2900 2.8822 121.00 

C10 ¬ H10 …O32 0.9300 2.5100 3.3082 144.00 

C11 ¬ H11 …O13 0.9300 2.4000 3.2194 147.00 
1 1-x,-y,-z 2 -1/2-x,1/2+y,1/2-z  3 -3/2+x,1/2-y,1/2+z 

 

Table  4.68 Bond distances (Å) for ligand HL4 

Atom Atom Length/Å Atom Atom Length/Å 

O1 -C1 1.3171 C8 -C9 1.3838 

O2 -C1 1.2070 C8 -C11 1.5097 

O3 -C4 1.2213 C9 -C10 1.3774 

O4 -C12 1.4331 C11 -C12 1.5056 

O1 -H1 0.8200 C2 -H2A 0.9700 

O4 -H4 0.8200 C2 -H2B 0.9700 

N1 -C5 1.4178 C3 -H3A 0.9700 

N1 -C4 1.3419 C3 -H3B 0.9700 

N1 -H1A 0.8600 C6 -H6 0.9300 

C1 -C2 1.4861 C7 -H7 0.9300 

C2 -C3 1.5103 C9 -H9 0.9300 

C3 -C4 1.5040 C10 -H10 0.9700 

C5 -C6 1.3764 C11 -H11A 0.9700 

C5 -C10 1.3799 C11 -H11B 0.9700 

C5 -C7 1.3808 C12 -H12A 0.9700 

C7 -C8 1.3779 C12 -H12B 0.9700 
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Table 4.69  Bond angles (degrees) for ligand HL4 

Atom Atom Atom Angle/˚ Atom Atom Atom Angle/˚ 

C1 -O1 -H1 109.00 C3 -C2 -H2A 109.00 

C12 -O4 -H4 109.00 C3 -C2 -H2B 109.00 

C4 -N1 -C5 126.13 H2A -C2 -H2B 108.00 

C5 -N1 -H1A 117.00 C2 -C3 -H3A 109.00 

C4 -N1 -H1A 117.00 C2 -C3 -H3B 109.00 

O1 -C1 -O2 123.12 C4 -C3 -H3A 109.00 

O2 -C1 -C2 124.32 C4 -C3 -H2B 109.00 

O1 -C1 -C2 112.55 H3A -C3 -H3B 108.00 

C1 -C2 -C3 113.92 C5 -C6 -H6 120.00 

C2 -C3 -C4 112.96 C7 -C6 -H6 120.00 

N1 -C4 -C3 114.50 C6 -C7 -H7 119.00 

O3 -C4 -N1 123.49 C8 -C7 -H7 119.00 

O3 -C4 -C3 121.98 C8 -C9 -H9 119.00 

N1 -C5 -C10 122.61 C10 -C9 -H9 119.00 

C6 -C5 -C10 118.90 C5 -C10 -H10 120.00 

N1 -C5 -C6 118.47 C9 -C10 -H10 120.00 

C5 -C6 -C7 120.48 C8 -C11 -H11A 109.00 

C6 -C7 -C8 121.47 C8 -C11 -H11B 109.00 

C7 -C8 -C9 117.26 C12 -C11 -H11A 109.00 

C7 -C8 -C11 121.63 C12 -C11 -H11B 109.00 

C9 -C8 -C11 121.10 H11A -C11 -H11B 108.00 

C8 -C9 -C10 121.94 O4 -C12 -H12A 109.00 

C8 -C9 -C10 121.94 O4 -C12 -H12A 109.00 

C5 -C10 -C9 119.93 O4 -C12 -H12B 109.00 

 

 

Table 4.70 Hydrogen-bond geometry (Å) for ligand HL4  

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 

O1 ¬H1 ..O41 0.8200 1.8100 2.6213 172.00 

N1 ¬H1A ..O32 0.8600 2.1000 2.9596 176.00 

O4 ¬H4 ..O23 0.8200 1.9700 2.7824 172.00 

C10 ¬H10 ..O3 0.9300 2.5600 2.9648 106.00 
11-x,1/2+y,3/2-z 2 1+x,y,z 3 x,1/2-y,-1/2+z 
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Table  4.71 Bond distances (Å) for ligand HL5 

Atom Atom Length/Å Atom Atom Length/Å 

O1 C1 1.3914(4) C2 C3 1.512 

O1 H1 0.8200 C2 H2A 0.9700 

O2 C1 1.1974(4) C2 H2B 0.9700 

O3 C4 1.229(4) C3 C4 1.498(5) 

N1 C4 1.348(4) C3 H3A 0.9700 

N1 C5 1.388(4) C3 H3B 0.9700 

N1 H1A 0.8600 C5 C6 1.404(5) 

N2 C5 1.332(4) C6 C7 1.377(5) 

N2 N3 1.361(4) C6 H6 0.933 

N3 C7 1.339(4) C7 C8 1.492(5) 

N3 H3C 0.8600 C8 H8A 0.9600 

C1 C2 1.496 (5) C8 H8B 0.9600 

C2 C3 1.512(5) C8 H8C 0.9600 

 

Table 4.72  Bond angles (degrees) for ligand HL5 

Atom Atom Atom Angle/˚ Atom Atom Atom Angle/˚ 

C1 O1 H1 109.5 C4 C3 H3B 109.4 

C4 N1 C5 127.1(3) C2 C3 H3B 109.4 

C4 N1 H1A 116.4 O3 C4 N1 121.9(4) 

C5 N1 H1A 116.4 O3 C4 C3 121.9(3) 

C5 N2 N3 103.4(3) N1 C4 C3 116.2(3) 

C7 N3 N2 113.0(3) N2 C5 N1 116.8(3) 

C7 N3 H3C 123.5 N2 C5 C6 112.4(4) 

N2 N3 H3C 123.5 N1 C5 C6 130.8(3) 

O2 C1 O1 123.2(4) C7 C6 C5 104.1(3) 

O2 C1 C2 122.9(4) C7 C6 H6 127.9 

O1 C1 C2 113.9(3) C5 C6 H6 127.9 

C1 C2 C3 111.9(3) N3 C7 C6 107.1(3) 

C1 C2 H2A 109.2 N3 C7 C8 122.3(4) 

C3 C2 H2A 109.2 C6 C7 C8 130.6(4) 

C1 C2 H2B 109.2 C7 C8 H8A 109.5 

C3 C2 H2B 109.2 C7 C8 H8B 109.5 

H2A C2 H2B 107.9 H8A C8 H8B 109.5 

C4 C3 C2 11.4(3) C7 C8 H8C 109.5 

C4 C3 H3A 109.4 H8A C8 H8C 109.5 

C2 C3 H3A 109.4 H8B C8 H8C 109.5 
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Table 4.73 Hydrogen-bond geometry (Å) for ligand HL5 

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 

O1 ¬H1 ….N21 0.82 1.89 2.699(4) 170.8 

N1 ¬H1A …O22 0.86 1.98 2.825(4) 167.8 

N3 ¬H3C …O33 0.86 1.92 2.758(4) 165.6 
1 x-1/2, -y+1/2,-z+1   2 x+1/2, -y+1/2,z+1   3 -x, y+1/2,-z+1/2 

 

4.4.3 Crystal structures of ligand (HL10) 

Crystal data and structure refinement of HL10 is given in Table 4.60. In the unit cell (triclinic) 

of ligand, present two independent molecule. In the unit cell of ligand present two molecules  

with the space group Cc  monoclinic. Bond angles and bond distances are listed in Tables 

4.74-4.77. Figure 4.39 shows that in the ligand both molecule present in thione tautomeric 

form not in thiol form in the crystal structure. Eight membered ring structure is formed due to 

interactions like N-H…S and N-H…N, that types of interactions and hydrogen bonding unite  

these molecules.  
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Figure 4.39. HL10  structure showing the crystallographic numbering scheme. 

 

 

Figure 4.40  HL10 molecules in packing diagram. Intermolecular  H-bonding shown by  

  Dotted lines.  
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Table 4.74: Crystal data and structure refinement parameters for ligands (HL10) 

Empirical formula C2H3N3S2 

Formula weight 133.20 (one molecule) 

Temperature/K 296.15 

Crystal system Triclinic 

Crystal Habit Colorless prism 

Space group P-1 

a/Å 5.5020(5) 

b/Å 9.4711(9) 

c/Å 10.6003(10) 

α/° 66.160(3) 

β/° 80.822(3) 

γ/° 85.441(3) 

Volume/Å3 498.71(8) 

Z 4 

D  [g cm-3] 1.774 

mu/mm-1 0.921 

F(000) 272.0 

Crystal size/mm3 0.38 × 0.28 × 0.25 

2θ range for data collection 4.24 to 56.66° 

Index ranges -7 ≤ h ≤ 7, -12 ≤ k ≤ 12, -14 ≤ l ≤ 14 

Reflections collected 8380 

Independent reflections 2475 

Reflection number gt 2214 

Goodness-of-fit on F2 1.035 

Final R indexes 

[I>=2σ  (I)] 

R1 = 0.0232, 

wR2 = 0.0635 

Final R indexes [all data] 
R1 = 0.0262, 

wR2 = 0.0658 

λ (A° ) 0.71073 

Tmin, Tmax 0.721,0.803 
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Table 4.75 Bond distances (Å) for ligand HL10 

Atom Atom Length/Å Atom Atom Length/Å 

S1 C1 1.6797(12) N1 C1 1.3254(15) 

S2 C1 1.7374(12) N2 C2 1.3061(16) 

S2 C2 1.7490(12) N3 C2 1.3445(17) 

S3 C3 1.6761(12) N4 N5 1.3801(14) 

S4 C3 1.7421(12) N4 C3 1.3243(15) 

S4 C4 1.7535(12) N5 C4 1.2985(16) 

N1 N2 1.3816(14) N6 C4 1.3424(16) 

 

Table 4.76 Bond angles (degrees) for ligand HL10 

Atom Atom Atom Angle/˚ Atom Atom Atom Angle/˚ 

C1 S2 C2 89.23(6) N2 C2 S2 114.77(9) 

C3 S4 C4 89.31(6) N2 C2 N3 124.14(12) 

C1 N1 N2 119.52(10) N3 C2 S2 121.06(10) 

C2 N2 N1 108.41(10) S3 C3 S4 124.39(7) 

C3 N4 N5 119.77(10) N4 C3 S3 127.97(9) 

C4 N5 N4 108.77(10) N4 C3 S4 107.63(9) 

S1 C1 S2 123.85(7) N5 C4 S4 114.52(9) 

N1 C1 S1 128.06(9) N5 C4 N6 124.19(11) 

N1 C1 S2 108.07(9) N6 C4 S4 121.28(10) 

 

Table 4.77 Hydrogen-bond geometry (Å) for ligand HL10 

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 

N1 ¬H1 ….S11 0.855(14) 2.495(15) 3.3377(11) 168.6(12) 

N3 ¬H3A ….N22 0.805(15) 2.288(16) 3.0936(16) 178.7(14) 

N3 ¬H3B ….S33 0.834(15) 2.668(15) 3.4358(14) 153.8(14) 

N4 ¬H4 …..S34 0.813(14) 2.630(15) 3.4281(11) 167.2(13) 

N6 ¬H6A …N55 0.800(15) 2.284(15) 3.0809(16) 173.8(14) 

N6 ¬H6B ….S16 0.821(16) 2.651(15) 3.4144(14) 155.3(14) 

12-X,-Y,-Z; 21-X,1-Y,-Z; 3-1+X,+Y,+Z; 41-X,-Y,1-Z; 5-X,1-Y,1-Z; 6+X,1+Y,+Z 
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4.4.4  X-ray crystal structural analysis of organotin(IV) complexes 

4.4.4.1  Crystal structure of complex 10 

The molecular and polymeric structure of trimethyltin(IV) complex of 3-[4-(2-

hydroxyethyl)phenyl amido]propanoic acid is shown in Figures 4.41–4.44. Crystallographic 

data for complex 10 is shown in Table 4.78, while the values of angles and lengths of bonds 

are given in Tables 4.79 and 4.81. 

The molecular structure of the complex 10 (Fig. 4.41) is composed of two halves wherein 

each Sn atom is coordinated by a ligand in a monodentate fashion and three methyl C atoms; 

the two halves are linked via a water molecule which is coordinated to both Sn atoms.  

The geometry of the complex is trigonal bipyramidal with polymeric bridging behavior 

(Figure 4.43). In the  geometry of the complex, the trigonal plane contains three carbon atom 

of the methyl group present in the equatorial site with [Sn-C = 2.11-2.12 Å]  bond distances. 

The Sn atom is bonded with two oxygen atom, one from carboxyl group and other oxygen 

from water molecule. The bond distance of carboxyl oxygen with tin atom (Sn–O) is shorter, 

which comparable with covalent bond length (2.13 Å) thus shows covalent bond character. 

The Sn–O bond which is formed from water molecule is longer, the bond distance of this 

bond is less then the sum of the van der Waals radii (3.68 Å) of bonded atoms, thus this 

oxygen atom shows coordinate covalent bond (Ma et al., 2005). The two oxygen atoms 

which are present at the axial positions makes bond angle O–Sn–O 172.19º while three 

carbon atom of the methyl group makes bond angle C–Sn–C 114.7–120.4º. Thus geometry 

around tin atom is distorted trigonal bipyramidal (Shi et al., 2012; Sirajuddin et al., 2014) .  

The τ = (β-α)/60 value is also used to determine the  geometry of the complex  around Sn 

atom. The β  is largest basal angle which is  173 while α is the second largest angle (Addison 

et al., 1984). If the angle values of α = β = 180o  that shows the geometry is square-pyramidal 

while the angle value of α =120o and β = 180o that shows geometry is perfectly trigonal-

bipyramidal around tin atom. The τ value is zero for square-pyramidal and one for trigonal 

bipyramidal geometry. In this complex the τ value is 0.87 that shows trigonal bipyramidal 

geometry is distorted in shape (Muhammad et al., 2014). (Tariq et al., 2013).  

The 30 membered  ring in one-dimensional network is formed by intermolecular O–H…..O 

interactions in the plane (Figure 4.42). The structure is expanded 2D layer when these rings 

interconnect with each other by intermolecular hydrogen bonding. (Figure 4.44). 
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Table 4.78: Crystal data and structure refinement parameters for 10,11,12  

Empirical formula 2(C15H23NO4Sn) H2O C24H41NO4Sn C30 H27 N O4 Sn 

Formula weight 818.12 526 584.24 

Temperature/ 296 296 K 296(2) 

Crystal system Triclinic Triclinic Monoclinic 

Crystal Habit White Rod White Prism Light brown needle 

Space group P -1 P -1 P 21/c 

a/Å 8.6014(5) 8.8466(5) 13.861(2) 

b/Å 12.3418(7) 12.4508(8) 12.4253(18) 

c/Å 17.2767(9) 13.2826(8) 16.267(3) 

α/° 89.881(2) 73.707(2) 90 

β/° 82.113(3) 80.446(3) 109.028(6) 

γ/° 84.209(2) 75.688(2) 90 

Volume/Å3 1807.29(17) 1353.34(14) 2648.5(7) 

Z 2 2 4 

D  [g cm-3] 1.503 1.274 1.525 

mu/mm-1 1.431 0.96 1.010 

F(000) 828 534 1236 

Crystal size/mm3 0.38x0.26x0.24 0.4x0.3x0.27 0.35x0.18x0.16 

2θ range for data 

collection 
2.403-25.993 2.053-26.00 2.107-25.242 

Index ranges 
-10 ≤ h ≤ 10, -15 ≤ k ≤ 

15, -21 ≤ l ≤21 

-10 ≤ h ≤ 10, -15 ≤ 

k ≤ 15, -16 ≤ l ≤16 

-16 ≤ h ≤ 16, -14 ≤ k 

≤ 14, -19 ≤ l ≤19 

Reflections collected 24919 21266 23641 

Independent 

reflections 
7039 5207 4649 

Reflection number gt 5906 4581 3586 

Goodness-of-fit on F2 1.034 1.074 1.057 

Final R indexes 

[I>=2σ  (I)] 

R1 = 0.0283 

wR2 = 0.0631 

R1 = 0.0356 

wR2 = 0.0974 

R1 = 0.0776 

wR2 = 0.2472 

Final R indexes [all 

data] 

R1 = 0.0369, 

wR2 = 0.0688 

R1 = 0.0430, 

wR2 = 0.1079 

R1 = 0.0964 

wR2 =0.2690 

λ (A° ) 0.71073 0.71073 0.71073 

Tmin,Tmax 0.612,0.725 0.713,0.770 0.804,0.851 

Data completeness 0.982 0.982 0.996 



207 
 

 
 

 

 

Figure 4.41 Molecular  structure of complex 10  

 

 

 
 

 

Figure 4.42 1D infinite chain of macrocyclic structure of complex 10, propagation via 

O→Sn coordination. 
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Figure 4.43 Part of the polymeric chain of complex 10 showing the trigonal bipyramidal 

geometry. 

 

 
 

Figure 4.44 Packing diagram with unit cell of complex 10 viewed along b-axis. 
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Table 4.79: Selected Bond Lengths (Å) for complex 10 

Atom Atom Length/ Å Atom Atom Length/ Å 

Sn2 C16 2.1161 O1 C4 1.302 

Sn2 C17 2.1241 O2 C4 1.217 

Sn2 C18 2.1183 Sn1 O1 2.1110 

Sn2 O5 2.1098 Sn1 C1 2.1164 

O6 C19 1.2186 Sn1 C2 2.1246 

O5 C19 1.2953 Sn1 C3 2.1161 

Sn1 O9 2.758    

 

 

 

Table 4.80: Bond angles (Degrees) for complex 10 

Atom Atom Atom Angle/˚ Atom Atom Atom Angle/˚ 

O1 Sn1 C1 97.92 O5 Sn2 C17 93.22 

O1 Sn1 C2 92.56 O5 Sn2 C18 97.57 

O1 Sn1 C3 102.79 C16 Sn2 C17 115.20 

C1 Sn1 C2 119.41 C16 Sn2 C18 120.45 

C1 Sn1 C3 120.41 C17 Sn2 C18 118.61 

2C Sn1 C3 114.74 O5 Sn2 C16 103.11 

O1 Sn1 C4 115.02 O5 Sn2 C19 115.04 

O1 Sn1 O9 172.19     

 

 

 

Table 4.81: Hydrogen-bond geometry (Å) for complex 10 

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 

N1 H1 O6 0.8600 2.0700 2.9023 164.00 

N2 H2 O2 0.8600 2.0600 2.9007 165.00 

O4 H4 O71 0.8200 1.8700 2.6710 166.00 

O8 H8 O32 0.8200 1.8600 2.6670 168.00 

O9 H9C O81 0.7600 2.0000 2.7494 173.00 

O9 H9D O43 0.8300 1.9200 2.7484 175.00 

C13A H13A O3 0.9300 2.5400 3.0521 115.00 

C28A H28A O7 0.9300 2.5400 3.0513 115.00 
1= 1-x,1-y,-z                          2 =1-x,2-y,-z                             3  = 1-x,2-y,-z   
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4.4.4.2 Crystal structure of complex 11 

The molecular structure of tributyltin(IV) complex of 3-[4-(2-hydroxyethyl)phenyl 

amido]propanoic acid is shown in Figures 4.45. Crystallographic data for complex 11 is 

shown in Table 4.78, while the values of angles and lengths of bonds are given in Tables 4.82 

and 4.84. ORTEP diagrams for tributyltin(IV) complex show tetrahedral geometry. In the 

structure three butyl groups present around the tin atom and one oxygen atom (O1) of 

carboxyl group while the second oxygen (O2) atom of  carboxylate group remains 

uncoordinated. The O1–Sn1–C17 bond angle is 91.82⁰(13) which shows distortion from 

ideal tetrahedral geometry and also deviation from normal geometry is observed due to bond 

angle of C21–Sn1–C13 which is  123.86°(18) (Chandrasekhar et al., 2002; Sadiq-ur-Rehman 

et al., 2005).  

The intermolecular H-bonding, connect the chains into sheets, O4–H4…O3 [O4–H4, 0.8200 

Å; H4…O3, 1.9600Å; O4…O3, 2.697 Å; O4–H4…O3, 149.12] and N1HI……O2 

[N1….H1,0.8600 ; H1……O2, 2.07;  N1…..O2 , 2.925; N1H1…..O2, 170.8]. These sheets 

via C-H---π interactions makes three-dimensional network as shown in Figure 4.46.  

 

 
Figure 4.45: A perspective view of the complex 11 showing the crystallographic numbering scheme.  
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Figure 4.46: Packing digram with unit cell of complex 11 viewed along b-axis. Dotted lines   

showing the intermolecular  interactions. 

 

Table 4.82 Selected bond lengths (Å) for complex 11 

Atom Atom Length/ Atom Atom Length/ 

Sn1 C21 2.116(4) O2 C1 1.230(4) 

Sn1 C17 2.130(4) O3 C4 1.229(4) 

Sn1 C13 2.133(4) O4 C12 1.422(4) 

Sn1 O1 2.150(2) N1 C4 1.326(4) 

O1 C1 1.280(4) N1 C5 1.425(4) 

 

 

 

Table 4.83  Bond angles (degrees) for complex 11 

Atom Atom Atom Angle/˚ Atom Atom Atom Angle/˚ 

C21 Sn1 C17 117.5(2) C17 Sn1 O1 91.82(13) 

C21 Sn1 C13 123.86(18) C13 Sn1 O1 98.09(13) 

C17 Sn1 C13 114.88(18) C1 O1 Sn1 116.1(2) 

C21 Sn1 O1 98.99(14) C18 C17 Sn1 112.9(3) 
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Table 4.84 Hydrogen-bond geometry (Å) for complex 11 

D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 

O4 H4 O3 0.82 1.96 2.697(4) 149.12 

N1 H1 O2 0.86 2.07 2.925(4) 170.82 

C10 H10 O3 0.93 2.25 2.827(5) 119.3 

 

 

4.4.4.3 Crystal structure of complex 12 

The molecular structure of triphenyltin(IV) complex of 3-[4-(2-hydroxyethyl)phenyl 

amido]propanoic acid is shown in Figures 4.47-4.48. Crystallographic data for complex 12 is 

shown in Table 4.78, while the values of angles and lengths of bonds are given in Tables 4.85 

and 4.86. 

Molecular structure (Figure 4.85) shows that the tin metal coordinated with the three phenyl 

groups and two oxygen atom, One oxygen atom comes from the carboxyl group of ligand 

and other oxygen atom from ethanol unit (CH2-CH2-OH) of second molecule of ligand.  

The three phenyl groups occupy the equatorial positions while the two oxygen atom with 

bond distance  occupy the axial position, hence they made trigonal bipyramidal geometry 

around tin atom. The bond length of oxygen atom of carboxyl moiety bonded with tin shows  

that bond is covalent in nature while tin bonded with oxygen atom of ethanol moiety shows 

that bond distance is less then sum of the van der Waals radii of bonded atoms, thus bond is 

coordinate covalent (Shah et al., 2013). Thus Sn1-O1 bond is covalent while Sn1–O4 bond is 

coordinate covalent in nature in triphenyltin complex.  

The τ = (β-α)/60 value which is equal to 0.84, β=  [O1-Sn-O4; 173.9°], the largest basal angle 

and  value of basal angles which is second largest bonded with tin metal atom  is α= [C12-

O4-Sn1; 129.2o] that show distorted trigonal bipyramidal geometry (Zhang et al., 2011; 

Sakho et al., 2012). 

The packing diagram show that the repeating units (monomers) are linked by O→Sn bonds, 

comprising the tin metal atom, carboxyl and hydroxyl  moiety, resulting in the formation of 

polymeric structure.  
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Figure 4.47: A perspective view of the complex 12 showing the crystallographic numbering 

scheme. One of the phenyl rings is disordered over two sites. 
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Figure 4.48: Packing diagram with unit cell of complex 12 viewed along b-axis. Dotted lines  

 show the intermolecular interactions. 
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Table 4.85 Selected bond lengths (Å) for complex 12 

Atom Atom Length/ Atom Atom Length/ 

Sn1 O1 2.087(7) O1 C1 1.306(13) 

Sn1 C13 2.113(10) O2 C1 1.226(13) 

Sn1 C19 2.123(10) O3 C4 1.228(12) 

Sn1 C25 2.158(12) O4 C12 1.428713) 

Sn1 O4 2.517(7)    

 

Table 4.86 Selected bond lengths (Å) for complex 12 

Atom Atom Atom Angle/˚ Atom Atom Atom Angle/˚ 

O1 Sn1 C13 101.4(4) C13 Sn1 O4 82.0(3) 

O1 Sn1 C19 97.6(4) C19 Sn1 O4 84.8(3) 

C13 Sn1 C19 121.4(4) C25 Sn1 O4 83.0(6) 

O1 Sn1 C25 90.9(6) C1 O1 Sn1 115.4(6) 

C13 Sn1 C25 115.8(7) C12 O4 Sn1 129.2(7) 

C19 Sn1 C25 118.8(6) O2 C1 O1 120.6(9) 

O1 Sn1 O4 173.9(2)     
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4.5 Biological Activity 

4.5.1Antibacterial activity 

Bacterial strains (Staphylococcus aureus and Bacillus subtilis Escherichia coli and 

Pasturella multocida) were tested against synthesized complexes and ligands used in the 

synthesis. Rifampicin was used as positive control and negative control was DMSO in the 

experimental work. For determination of activity, zone of inhibition was measured. 

Complexes shows strong activity if  inhibition zone (mm) 26-40 mm; moderate activity 11-

25 mm; 5–10mm exhibited activity found in the studied complexes  (Arafat et al., 2013). 

Results of antibacterial activity are given in Table 4.87. 

Results shows that complexes show higher activity as compared to ligand against all bacteria 

used in this study and data shows that some of the complexes have activity as compared to 

reference drug. These  results shows that complexes formation (metallation) increased the 

activity. Those complexes do not show activity against one bacteria strain, show activity 

against other bacterial strains. Results exhibited that synthesized triorganotin(IV) complexes 

show higher activity then diorganotin complexes. These results explain on the basis of  

permeability and lipophilicity which is greater in triorganotin complexes. Due to this reason   

complexes passes through the membrane of cell easily then diorganotinmay  (Ahmed et al., 

2006; Shahzadi et al., 2008). Results exhibited heterobimetallic complexes has higher 

activity then only tin metal complexes. This trend may be because of  presence of both  Pd 

and Sn metals (Konstantinovic et al., 2008; Rafiq et al., 2014). 

 Destruction in the formation of cell wall and inhibition of enzymes of the microorganism by 

the complexes are possible reasons of activity of complexes however exact mechanism of 

killing of microbes is not known. Tweedy’s chelation theory is also used to explain the 

activity, when chelation occur then polarity of tin metal atom reduces as compared to ligand. 

this may due to delocalization of pi electron over the whole ring and partial sharing of 

positive charge with donor moiety  (Tweedy, 1964). Lipophilicity of tin metal atom increase 

due to this phenomenon and complexes pass easily within the cells through the lipid layer of 

the cell membrane. Diffusion of synthesized complexes within the cell wall of microbes 

affected by alkyl/aryl groups bonded with tin metal  atom (Muhammad et al., 2012). 

Enzymes of metabolic cycles also deactivated by the use of these microbes   (John et al., 
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2004).  Intercalative and electrostatic interaction of  DNA of the microorganism with the 

complexes may also causes inhibition of bacterial growth (Zia-ur-Rehman et al., 2011). 

 

 

 

 

Table 4.87: Antibacterial activity dataa-d of complexes (1-84)  

Complex No. Bacterial inhibition Zone (mm) 

 S. aureus 

(mean ± SD) 

B. subtilis 

(mean ± SD) 

E. coli 

(mean ± SD) 

P. multocida 

(mean ± SD) 

HL1 8±1.3 7±1.5 9.0±0.6 
6.5±1.2 

 

1 - - 12±1.2 18±0.6 

2 17±0.3 - 14±0.8 - 

3 11±0.9 9±1.2 21±1.3 11±1.2 

4 20±0.8 10±1.2 24±0.3 - 

5 24±1.3 22±0.5 - 14±1.2 

6 25±1.2 20±0.9 26±1.1 18±1.3 

HL4 10±0.3 12±1.5 8.0±0.6 
9.5±1.2 

 

7 17±1.1 17±1.2 20±0.5 19±1.6 

8 17±1.5 - 20±0.8 26±1.3 

9 21±0.9 18±1.3 23±1.4 14±1.5 

10 27±1.3 28±1.1 24±1.3 - 

11 26±0.8 32±1.4 29±1.2 21±1.2 

12 36±1.2 37±1.2 36±1.1 39±1.5 

HL7 9±0.5 11±1.2 15±1.5 
8±1.1 

 

13 18±1.2 - 21±0.2 12±0.6 

14 23±0.8 19±0.6 25±1.5 21±1.3 

15 12±1.9 21±1.2 17±1.4 26±0.6 

16 23±1.3 12±0.5 22±0.5 22±1.1 

17 34±0.2 26±0.8 34±0.9 35±0.6 

18 36±1.6 33±1.3 38±1.3 31±1.9 

HL2 11±1.1 9±0.9 6.0±1.0 
- 

 

19 16±1.25 21±1.45 17±1.55 14±1.11 

20 17±2.0 - 13±2.0 - 

21 19±0.5 23±0.3 19±1.2 16±1.1 

22 22±0.6 - 21±0.8 - 

23 18±1.2 22±1.5 20±1.4 19±0.9 

24 20±1.1 - 16±1.5 - 

25 23±0.9 26±0.4 25±0.8 17±1.5 
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Complex No. Bacterial inhibition Zone (mm) 

 S. aureus 

(mean ± SD) 

B. subtilis 

(mean ± SD) 

E. coli 

(mean ± SD) 

P. multocida 

(mean ± SD) 

26 25±1.3 - 24±0.5 - 

27 21±1.1 25±1.6 23±1.4 19±1.8 

28 23±0.5 - 17±0.3 - 

29 26±0.6 29±0.5 28±1.2 22±1.4 

18/30 28±0.5 - 29±0.4 - 

HL3 8±0.9 11±0.5 6±0.4 
14±0.1 

 

31 11±1.1 15±1.5 - 18±1.2 

32 14±1.5 - 24±1.8 12±0.5 

33 15±0.8 18±0.7 11±0.4 17±1.6 

34 20±1.9 - 27±0.9 24±1.2 

35 15±1.2 17±1.7 - 21±1.4 

36 15±1.3 - 26±1.1 15±0.2 

37 19±0.2 22±0.8 15±0.5 21±1.6 

38 23±1.2 - 27±1.6 29±0.4 

HL5 11±1.2 7±0.8 15±1.2 
5.3±1.1 

 

39 14±1.8 10±1.1 21±0.5 9±1.5 

40 17±1.1 11±1.9 16±1.8 6±0.5 

41 14±1.5 21±0.9 26±0.2 6±0.2 

42 20±1.1 19±1.2 23±0.2 12±1.8 

43 17±0.2 13±1.9 24±0.9 11±1.1 

44 21±0.3 15±1.1 25±1.1 10±1.2 

45 20±0.2 16±0.4 28±1.1 13±0.9 

46 25±0.4 24±1.2 30±1.5 15±1.7 

47 20±1.3 15±0.2 28±0.8 14±1.4 

48 23±1.4 20±0.5 27±1.3 13±1.8 

49 22±0.3 19±1.3 32±1.1 13±0.5 

50 27±0.6 29±0.7 35±1.4 17±0.1 

HL6 9±1.3 12±0.9 15.0c±1.5 
10±0.3 

 

51 15±0.5 20±0.4 23±1.3 30±1.5 

52 25±0.1 29±0.8 32 ±0.6 34±1.6 

53 23±0.8 25±1.1 29±1.5 31±1.2 

54 18±1.2 24±1.6 26±0.5 32±0.2 

55 27±1.1 34±1.8 35±0.4 39±0.9 

56 26±0.4 29±0.7 32±1.6 33±1.7 

HL8 11.2±0.7 16.1±0.1 12.2±0.7 
13.2±0.7 

 

57 17±0.5 24.5±0.5 19.5±0.1 22.5±1.0 

58 14.5±0.7 19±0.5 14±0.2 15.1±0.1 

59 14.3±0.5 19.5±0.1 18.5±0.7 16.5±0.5 
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Complex No. Bacterial inhibition Zone (mm) 

 S. aureus 

(mean ± SD) 

B. subtilis 

(mean ± SD) 

E. coli 

(mean ± SD) 

P. multocida 

(mean ± SD) 

60 16±0.1 22±0.5 19.1±0.1 15.9±0.5 

61 16±0.5 25.2±0.7 15.5±0.1 14.5±0.1 

62 19.5±0.1 27.8±0.7 21±0.1 20.2±0.5 

63 16±0.5 26.5±0.5 21.5±0.5 23.8±0.1 

64 17±0.5 21.8±0.1 15.5±0.5 16.3±0.5 

65 14.5±1.0 19.1±0.1 19.2±0.5 18.8±0.6 

66 16.9±0.1 24.5±0.5 20.5±0.1 18.1±0.7 

67 17.5±0.1 26±0.5 17±0.5 19±0.5 

68 22±0.5 28.3±0.1 22.3±0.7 15.5 ±0.1 

69 21±0.3 30±0.5 23±0.4 27±0.4 

70 22±1.2 26±0.2 24±0.9 23±0.2 

71 19±1.0 23±0.1 21±1.2 25±0.7 

hgghhu72 21±0.5 27±1.5 23±1.8 21±1.6 

73 23±0.9 26±1.1 19±0.6 24±1.5 

74 25±1.3 31±1.4 25±0.8 19±0.1 

HL9 13±0.5 9±0.7 11±0.9 
6±1.4 

 

75 17±0.9 10±0.5 19±1.2 22±1.1 

76 20±1.1 14±1.5 27±1.6 14±0.9 

77 21±1.8 15±1.8 21±1.1 26±0.4 

78 23±0.5 21±1.2 30±0.6 19±1.2 

79 25±0.3 19±0.5 26±0.4 30±1.1 

80 26±1.1 20±1.6 34±1.2 19±0.3 

HL10 10.2±0.3 6.7±0.1 9.3±0.7 
5.0±0.8 

 

81 36.3±1.0 22.8±0.5 32.5±0.1 20.6±0.5 

82 26.5±0.7 20.1±1.3 14.5±0.2 16.1±1.5 

83 28.7±0.6 17.8±1.0 22.5±1.0 18.9±0.6 

84 11.5±0.5 10.9±0.8 7.05±1.0 10.3±0.3 

Standard 32±0.5 30±0.5 38±0.7 37±0.5 

aConcentration = 10 mg/mL in DMSO. bStandard = Rifampicin. c0 = No activity, 5–10 = 

Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. dAntibacterial values 

are mean ± SD of three samples.  
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4.5.2 Antifungal activity 

Aspergillus flavus, Aspergillus niger, Aspergillus alternate and Rizoctonia solani strains 

were used to determine the antifungal activity of synthesized complexes and ligand. Data are 

given in table 4.88. For activity zone of inhibition of fungal strains were determined while as 

a standard drug Fluconazole was used. Complexes shows strong activity if  inhibition zone 

(mm) 26-40 mm; moderate activity 11-25 mm; 5–10mm exhibited activity and 0 mm means 

no activity of the studied complexes (Arafat et al., 2013).  

Results shows that complexes show higher activity as compared to ligand against all fungal 

used in this study and data shows that some of the complexes have activity as compared to 

reference drug. These  results shows that complexes formation (metallation) increased the 

activity. The complexes 5, 6, 11, 17, 29, 30, 42, 46, 49, 50, 54, 56, , 61, 62, 66-68, 72, 74, 78 

and 80  against Aspergillus niger; complexes 6, 11, 12, 18, 29, 45, 61, 62, 66, 67, 72, 74, 79 

and 80 against Aspergillus flavus; complexes 4, 6, 9, 12,  17, 18, 27, 28, 30, 41, 45, 47, 49, 

50, 60-62, 67, 68 and 73 against Rizoctonia solani, complexes  4, 5, 9, 10, 12, 46, 50, 55, 61, 

62, 67, 68, 71-74 against Alternaria alternata species showed significant/strong activity 

antifungal activity with inhibition zone in the range of 26-40 mm.   

Those complexes do not show activity against one fungal strain, show activity against other 

strains. The complexes 14, 32, 36, and 75 against Aspergillus niger, complexes 8, 13, 32, 36, 

51, and  54 against Aspergillus flavus, complexes 7, 10, 32 and 51 against R. solani, 

complexes 14, 18, 21, 25, 31, and 76 against Fusarium solani do not show antifungal 

activity.  

Results exhibited that synthesized triorganotin(IV) complexes show higher activity then 

diorganotin complexes.  

The antifungal activity may be due to the development of some intermolecular interactions of 

metal complexes with the bioreceptors of microorganisms, which affect the synthesis of 

protein and consequently in the cell nucleus  DNA is blocked (Ayoko et al., 2013; 

Chaudhary et al., 2009; Shujah et al., 2014). 
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Table 4.88: Antifungal activity data of complexes (1-84) 

Complex No. Fungal inhibition Zone (mm) 

 A.niger 

(Mean±SD) 

A. flavus 

(Mean±SD) 

R. solani 

(Mean±SD) 

A. alternate 

(Mean±SD) 

HL1 12±0.9 15±1.5 13±0.2 
10±0.1 

 

1 18±0.2 19±0.6 16±0.9 15±1.3 

2 21±1.1 17±1.3 21±1.1 25±1.5 

3 23±1.5 24±0.4 24±1.2 13±1.1 

4 25±1.4 21±0.1 27±1.7 29±1.4 

5 27±1.6 25±1.7 23±0.6 32±1.9 

6 35±0.5 28±1.8 37±1.4 19±1.5 

HL4 10±1.1 9±0.3 12±0.9 
8±0.4 

 

7 15±1.3 16±1.2 0±0 14±0.5 

8 22±0.7 0±0 23±0.3 21±1.2 

9 21±1.3 23±1.4 27±0.5 30±1.4 

10 23±1.1 25±0.6 0±0 29±1.0 

11 27±0.5 29±1.1 25±0.6 23±1.3 

12 25±0.2 26±0.5 31±1.4 34±0.6 

HL7 10±0.1 12±1.1 9±1.0 
0±0 

 

13 16±1.1 0±0 13±0.4 9±0.5 

14 0±0 14±1.4 17±0.8 12±1.5 

15 19±0.9 12±1.8 20±0.1 0±1.3 

16 21±1.2 19±1.5 19±0.6 13±0.5 

17 29±1.5 21±1.7 27±1.5 17±0.9 

18 24±0.6 26±0.7 32±1.7 0±0 

HL2 7±0.3 9±0.5 5±1.1 
4±0.8 

 

19 11±0.5 13±0.8 10±1.6 8±1.1 

20 15±0.4 17±1.1 13±0.2 10±1.9 

21 17±1.0 19±1.3 15±0.8 0±0 

22 18±1.1 21±1.5 17±0.1 11±1.5 

23 13±1.4 16±1.1 14±1.5 13±1.0 

24 19±1.6 21±1.8 19±1.3 15±0.4 

25 21±0.5 23±1.6 22±0.6 0±0 

26 23±0.4 22±1.2 24±0.4 17±0.1 

27 25±1.4 23±1.9 27±0.1 14±0.6 

28 26±1.7 25±1.4 29±1.3 18±0.7 

29 28±1.6 27±1.1 25±1.6 10±1.4 

30 27±1.8 24±1.7 35±1.8 19±1.7 

HL3 5±0.1 4±1.1 9±1.0 
6±0.5 

 

31 10±1.8 7±1.5 11±0.2 0±0 
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Complex No. Fungal inhibition Zone (mm) 

 A.niger 

(Mean±SD) 

A. flavus 

(Mean±SD) 

R. solani 

(Mean±SD) 

A. alternate 

(Mean±SD) 

32 0±0 0±1.4 0±0 12±0.2 

33 13±0.2 11±1.0 15±0.4 14±1.6 

34 16±0.5 15±0.9 19±0.7 17±1.2 

35 13±1.1 11±1.2 16±0.3 13±1.0 

36 0±0 0±1.7 17±1.1 19±0.4 

37 18±0.6 15±0.8 19±1.6 17±0.7 

38 21±0.8 19±0.2 25±1.8 23±0.4 

HL5 7±1.1 5±0.6 8±1.5 
10±1.3 

 

39 16±0.3 14±1.1 21±1.2 20±0.5 

40 15±0.5 21±0.9 17±0.3 19±1.1 

41 21±1.3 24±0.5 26±0.7 23±0.2 

42 26±1.8 22±1.3 24±1.9 23±0.6 

43 19±0.1 15±0.1 21±0.1 23±1.3 

44 20±0.7 21±1.2 19±1.4 22±1.8 

45 22±1.5 26±1.6 27±0.2 25±0.5 

46 29±1.9 24±0.4 25±0.5 26±1.0 

47 23±1.0 19±0.3 26±1.3 25±0.9 

48 22±0.2 25±0.1 21±1.1 24±0.4 

49 27±0.4 21±1.5 29±0.4 25±1.5 

50 31±0.5 24±1.6 27±0.2 31±1.8 

HL6 9±0.5 6±1.0 10±1.2 
7±1.0 

 

51 15±0.3 0±1.3 0±0 12±1.2 

52 17±1.1 19±0.8 21±0.4 0 

53 21±1.5 23±0.6 25±0.7 22±0.4 

54 26±0.6 0±1.2 17±0.3 15±0.1 

55 25±0.8 20±0.3 23±0.1 26±0.5 

56 29±0.5 25±0.1 25±0.8 24±1.4 

HL8 10.2±0.5 13.2±0.8 8.0±1.0 
10.0±0.5 

 

57 11.2±0.3 13.9±0.5 10.2±0.1 19.2±1.0 

58 21.6±0.7 10.1±0.4 9.0±0.2 23.2±0.1 

59 13.1±0.5 15.3±0.7 8.2±0.7 22.3±0.5 

60 25.1±0.5 23.2±0.5 19.8±0.1 25.2±0.3 

61 44±0.5 46.4±0.2 36±0.5 36.0±0.5 

62 36±1.2 32.3±0.2 31.2±0.3 35.2±1.0 

63 11.5±0.3 13.5±0.5 10.1±0.5 22.3±0.1 

64 21.5±0.7 10.5±0.7 8.6±0.5 21.3±0.5 

65 15±0.5 22±0.7 8.5±0.2 22.2±0.7 

66 27±0.5 26±0.5 23±1.1 25±0.7 

67 49.2±0.5 48.2±0.1 54±0.7 42.8 ±0.1 
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Complex No. Fungal inhibition Zone (mm) 

 A.niger 

(Mean±SD) 

A. flavus 

(Mean±SD) 

R. solani 

(Mean±SD) 

A. alternate 

(Mean±SD) 

68 39±0.5 41.5±0.5 34.3±0.1 38.8±0.5 

69 15±0.2 14±0.5 13±0.8 27±0.8 

70 23±1.0 13±0.1 11±0.4 24±0.3 

71 17±.1.3 26±1.0 10±1.2 26±0.1 

72 30±0.8 29±1.1 25±1.7 29±1.1 

73 52±1.1 50±1.6 55±0.9 46±1.9 

74 41±1.0 41±1.3 36±0.4 40±1.7 

HL9 11±0.2 13±0.5 9±0.3 
7±0.2 

 

75 0±0 17±1.2 12±0.8 11±0.7 

76 21±1.0 19±0.4 15±0.9 0±0 

77 18±1.5 23±0.3 18±1.0 14±0.6 

78 26±0.8 25±1.1 21±1.5 19±1.0 

79 22±0.7 27±1.8 23±0.4 14±1.8 

80 30±1.5 29±1.0 25±0.3 21±1.3 

HL10 4.4±1.1 9.6±0.5 7.1±0.6 
7.5±0.5 

 

81 17.2±0.6 13.9±0.5 11.2±0.1 19.2±1.0 

82 16.5±0.8 14.6±0.4 13.0±0.2 14.2±0.6 

83 19.1±0.5 21.3±1.2 15.5±0.9 24.3±0.5 

84 9.5±0.3 7.5±1.1 12.3±1.2 6.5±1.1 

Standard 32.2±1.0 34.5±0.9 35.3±0.8 33.2±0.8 

aConcentration = 10 mg/mL in DMSO. bStandard = Fluconazole. c0 = No activity, 5–10 = 

Activity present, 11-25 = Moderate activity, 26-40 = Strong activity. dAntibacterial values 

are mean ± SD of three samples. 
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4.6 Cytotoxicity study 

4.6.1 Hemolytic activity 

The hemolytic activity (or cytotoxicity assay) in vitro by using human red blood cells (RBC) 

were determined for synthesized complexes and ligand. Data of % hemolysis were compared 

with Triton X-100 (98.69%) as a positive control while PBS (Phosphate buffer saline) were 

used as egative control, PBS (0%). The results are summarized in Table 4.89. 

Results show that most of the synthesized complexes has % hemolysis in the range of 

(1.73±0.4 - 10.31±1.5) as compared to standard drug, TX-100 but higher than PBS.  Hence 

the toxicity of these complexes was very low to human blood. However the complexes 5, 10, 

11, 18, 27, 29, 32, 43, 45, 55, 61, 66, 67, 72, 73, 78, 80 and 84 shows % haemolysis 15.61 ± 

0.7, 40.48±1.8, 24.25±1.4, 36.12±1.2, 17.68±0.6, 15.23±0.45, 19.14±1.1, 19.32±0.9, 

26.14±1.4, 25.29±0.4, 19.21±1.4, 19.26±0.7, 26.15±1.4, 23.15±0.7, 34.22±1.1, 54.39±0.6, 

60.01±1.5 and 70.11±0.7, respectively. Steric factor, organic group bonded with tin, 

diffusion of complex and  lipophilic character responsible for this activity (Nath et al., 2008). 
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Table 4.89 Cytotoxicity data of complexes (1-84) 

Complex No. 

 

% Hemolysis 

Mean±SD (%) 

Complex No. 

 

% Hemolysis 

Mean±SD (%) 

Complex No. 

 

% Hemolysis 

Mean±SD (%) 

HL1 2.45±0.2 16 8.10±1.4 32 19.14±1.1 

1 2.60±0.5 17 7.45±0.6 33 9.15±0.6 

2 3.45±1.1 18 36.12±1.2 34 7.18±0.5 

3 2.73±1.3 HL2 1.73±0.4 35 9.01±1.2 

4 8.61±0.8 19 6.81±0.8 36 7.34±1.8 

5 15.61±0.7 20 3.69±1.1 37 19.76±1.6 

6 7.18±1.5 21 5.31±1.5 38 9.55±1.4 

HL4 6.81±1.0 22 9.69±0.5 HL5 2.11±0.2 

7 8.15±0.6 23 8.21±1.4 39 9.34±0.5 

8 7.45±0.6 24 7.45±0.9 40 8.69±1.1 

9 9.12±1.3 25 6.58±0.7 41 7.81±1.6 

10 40.48±1.8 26 6.89±0.2 42 9.10±0.8 

11 24.25±1.4 27 17.68±0.6 43 19.32±0.9 

12 8.64±1.1 28 8.54±1.2 44 8.69±1.5 

HL7 7.34±0.3 29 15.23±0.4 45 26.14±1.4 

13 9.55±0.5 30 9.12±1.3 46 8.49±1.6 

14 5.62±1.1 HL3 5.12±0.5 47 9.16±1.7 

15 8.64±1.5 31 8.36±0.2 48 7.34±0.5 
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Complex No. 

 

% Hemolysis 

Mean±SD (%) 

Complex No. 

 

% Hemolysis 

Mean±SD (%) 

Complex No. 

 

% Hemolysis 

Mean±SD (%) 

49 8.40±1.8 61 19.21±1.4 HL9 2.17±1.2 

50 6.89±0.2 62 9.12±0.6 75 8.79±0.6 

HL6 5.32±0.6 63 8.29±0.2 76 6.59±1.5 

51 8.96±0.1 64 8.41±1.3 77 7.18±1.8 

52 4.63±1.1 65 9.15±1.9 78 54.39±0.6 

53 7.84±1.6 66 19.26±0.7 79 7.62±1.1 

54 9.26±0.8 67 26.15±1.4 80 60.01±1.5 

55 25.29±0.4 68 9.15±0.3 HL10 4.69±0.6 

56 36.12±1.2 69 10.25±1.3 81 8.64±1.0 

HL8 6.12±1.6 70 7.84±0.5 82 6.81±0.9 

57 15.39±1.7 71 6.15±0.9 83 9.55±1.3 

58 7.41±0.6 72 23.15±0.7 84 70.11±0.7 

59 6.89±0.8 73 34.22±1.1 PBS 0.01±0.0 

60 12.45±1.5 74 10.31±1.5 Triton X-100 98.69±0.3 

PBS=Negative control standard drug. Triton X-100=positive control standard. 
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4.7 Biofilm Inhibition Studies 

Polysaccharide matrix contain communities of microorganisms in the form of Bacterial 

biofilms. Slimy coating in tanks, dental plaque, and algal mats on bodies of water are few 

examples of biofilms (Sutherland, 2005). Antibiotic resistance and  bacterial persistence in 

chronic infections, biofilms play an important (Maria et al., 2014). 99% of all bacteria exist 

in the form of biofilm while in the planktonic state only 1% present (Santo et al., 2015).  

The results of antibiofilm activity of the ligands (HL2, HL4 and HL8) and complexes are 

shown in Figure 4.49-4.51. The biofilm formed of Staphylococcus aureus after 24h 

incubation was inhibited 3 to 44% at the concentration of 10mg/mL of ligands and 

complexes. Data showed that complexes 8 (30%) and 10 (44%) of ligand HL4 inhibit the 

considerable bacterial growth as compared to the positive control; Rifampicin was used as 

positive control while negative control contain nutrient broth and bacteria only (Figure 4.52-

4.54)  

The antibiofilm activity of the complexes may be due to the destruction of different 

metabolic processes which are necessary for the formation of important microbial 

components. These components are responsible for the formation of biofilms. Synthesis of 

glycocalyx, polysaccharidic substance interfere with the tested complexes. Because this 

substance form a capsule (organized structure) or an amorphous layer which produce 

biofilms  on inert surfaces (Reiss et al., 2014).  

Results indicate that dibutyl and trimethyltin(IV) complexes of 3-[phenethylalcohol-4-

amido]propanoic acid are a good candidate for the development of new antibiofilm agent. 
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Figure 4.49  Biofilm inhibition data of ligand HL4 and complexes (7-12) 

 

 

 

 

Figure 4.50: Biofilm inhibition data of ligand HL2 and complexes (19-24). 
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Figure 4.51 Biofilm inhibition data of ligand HL8 and complexes (57-62). 
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Figure 4.52 Image for antibiofilm activity of complex 11 against Staphylococcus aureus. 
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Figure 4.53 Image for negative control contains nutrient broth and bacteria only. Biofilm 

Inhibition against Staphylococcus aureus. 
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Figure 4.54 Rifampicin was used as positive control: Biofilm Inhibition against 

 Staphylococcus aureus. 
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CONCLUSION 

• Reactions of organotin(IV) chlorides with the free ligands (HL8-HL10) or their 

sodium salts of free carboxylic acid precursors (HL1-HL7) produced organotin(IV) 

complexes.  

• The ligands having simultaneously oxygen (COO-) and sulfur donor sites CSS-) were 

prepared in situ at room temperature by the reaction of sodium salt of ligand acids 

(HL2, HL3, HL5, HL6) with CS2. Then treated with organotin(IV) chlorides to 

synthesize  homobimetallic complexes with Sn←O and Sn←S coordinations.  

• The ligands (HL8 and HL9) having sulfur donor sites (-SH,-CSS) reacted with 

organotin chloride at room temperature in the first step. Homobimetallic complexes, 

were synthesized in quantitative yields by the reaction of complexes formed in step 

one with CS2 followed by the reaction with organotin chloride. All these reactions 

were conducted in methanol. 

• Heterobimetallic (Sn, Pd) complexes were obtained at room temperature by the 

reaction of complexes of ligands HL2, HL5, HL8, HL9 with CS2, then with PdCl2 

solution.  

• It was obvious from the UV-visible spectra of the investigated palladium complexes 

that square planar arrangement of the ligand donor sites around the palladium center. 

• The ∆ and C-S values obtained from IR spectra indicated bidentate bonding modes 

of the carboxylate and dithiocarbamate groups  

• Spectra of 1H and 13C NMR shows that in the solution state tetrahedral geometry 

observed for  triorganotin(IV) complexes while chlorodiorganotin(IV)  shows trigonal 

bipyramidal geometry.  

• The mass spectral  data agreed with the structures of the synthesized complexes. 

However, molecular ion (M+) peaks were observed only in few cases. 

• Single crystal X-ray analyses have verified penta and tetra coordinated geometries 

around tin(IV) in triorganotin(IV) complexes in solid state. 

• The antibacterial and antifungal activities were found higher for organotin(IV) 

complexes as compared to their respective palladated derivatives and their ligand 

precursors. 
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