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Abstract 

In this study, ten new series of triorganotin(IV) derivatives of carboxylates have been 

synthesized in a result of   reaction between tri-organotin(IV) chlorides or tri-organotin(IV) 

hydroxides with carboxylate ligands of highly active and renound medicines of famous family of 

quinolones, flouro quinolones and few other such drugs in dry toluene. The ligands (HL1-HL10) 

used themselves very famous for their activities against most of the bacterial and fungal strains.  

The mode of coordination of these ligands, structural confirmation and geometric 

assignments of all the synthesized complexes (1-60) both in solid and liquid states were checked, 

using various analytical techniques in combination such as FT-IR, multinuclear (1H, 13C and 

119Sn) NMR, CHNS analysis, mass spectrometry, TGA-DSC  and single crystal X-ray analysis. 

On the basis of these results, most of the ligands appeared to coordinate to Sn atom through 

carboxylate moiety except thiobenzoic acid due to the formation of dimer. The trimethyltin (IV) 

and tributyltin(IV) derivatives posses trigonal bipyramidal geometry both in solid and solution 

state while triphenyltin(IV) have shown tetrahedral geometry specially due to bulky nature of 

phenyl groups.  

The binding/interaction of newly synthesized compounds with SS-DNA was checked by 

UV-visible Spectroscopic technique and on the basis of viscosity measurement method in the 

presence and absence of complexes. A hypochromic effect along with obvious bathochromic 

shift (red shift) was seen in UV studies. These are the clear indications of intercalation mode of 

interaction. The complex-DNA adduct was formed with great spontaneity as does indicated by 

the negative values of ∆G for all the evaluated complexes. These results were also well 

supported by complex-DNA intercalation when checked by viscosity measurement method. 

All of the newly synthesized complexes were also checked in terms of their antibacterial 

and antifungal behaviour against several different medically important bacterial and fungal 

strains whose culture were already prepared and was taken from market. All of the new 

triorganotin (IV) derivatives have shown significant antibacterial and antifungal activities, more 

than their respective ligands. Furthermore, most of the newly synthesized compounds were found 

to have fair antimicrobial activities comparable to the reference drugs. These observations gave 
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the idea that most of these compounds may potentially be used as effective antibacterial and 

antifungal agents in the coming future.  

The antitumor and anticancer behaviour of the representative complexes were very 

positive especially when antitumor agent not only could serve for the treatment of tumors but 

also can act as a potential source of chemo protective agent which was the worst challenge for all 

the chemists who are presently working in the field of medicinal synthesis. The leishmaniocidal 

activities of few of the synthesized compounds were also evaluated and it was found that some of 

the compounds have shown strong antileishmanial activities. Therefore, the results demonstrated 

that these synthesized complexes can potentially be used as a new source of novel agents for the 

effective treatment of leishmaniasis. 
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Chapter - 1 

 

                                                                                                                     

INTRODUCTION  

 

1.1      ORGANOTIN COMPOUNDS  
 

It is considered that organotin compounds usually contain at least one direct C-Sn covalent bond. 

They general formula of the organotin compounds is given as RnSnX4-n, where n normally varies 

from 1 to 4 and X represents an ionic species like halide, oxide, hydroxide, carboxylate and R is 

any alkyl or aryl group. In organotin complexes the alkyl groups can be found in four ways as 

mono (RSnX3), di (R2SnX2), tri (R3SnX) and tetra (R4Sn) organotins mainly related to the 

number of attached alkyl groups (R) to the central Sn atom [1]. The first ever organotin 

compound was, diethyltin diiodide (Et2SnI2), was synthesized by Frankland in 1849 as a result of 

reaction between ethyl iodide and Sn metal. [2]  

Although the tin-carbon bond is lot weaker than the carbon-carbon or silicon-carbon 

bond, but still very stable not only when exposed to the open air or moisture but also to the many 

other nucleophile species when approaching to the non-polar behaviour. However, the cleavage 

of tin-carbon bond still can occur in presence of several different agents like metal halides, 

halogens, alkali and mineral acids etc.  

R4Sn + Cl2→ R 3SnCl + RCl     

 

The Cleavage of vinyl, allyl or aryl groups usually occurs more rapidly than the cleavage 

of normal alkyl groups and especially low molecular weight alkyl groups are decomposed very 

readily as compared to the alkyl groups with higher molecular weight. Due to the big size of the 

Sn atom and due to the presence of low-lying empty 5d atomic orbital’s, coordination number of 

greater than four can usually be found in a variety of different organotin complexes. 

 Most common reactions followed for the synthesis of organotin compounds is Grignard 

reagent with tin tetrachloride; the product of this reaction after completion is usually the 
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formation of tetraorganotin compounds. When this is heated further with SnCl4, a rearrangement 

of alkyl and Chloride groups occur which results in the formation of organotin chlorides, 

RnSnCl4-n (n = 1,2 and 3) (Kocheshkov reaction). On the other hand, when a new nucleophilic 

group X (HO–, RCOO –, RO– etc.) replaces the Cl group, then the formation of new derivatives 

RnSnX4–n occurs with immediate effect [3-4]. 

 

1.2   GEOMETRY OF ORGANOTIN COMPOUNDS  

Higher coordination numbers of tin are possible as central metal atom due to the presence of 

empty 5d orbital’s which usually show the divalent hybridization with tetravalent Sn atom. 

Normally the organotin chlorides attached to appropriate nucleophiles as ligand gives the 

reaction product as amides, alkoxides, alkyltin and carboxylates with few others. Due to the 

attachment of these groups which are highly electronegative to the Sn atom give rise to the 

chance of metal susceptibility for proper coordination in the presence of Lewis bases. When the 

organotin halides are treated with water, it gives oxides and for di and tri halides, the result of the 

reaction can be found as a series of clearly characterized hydrolyzed products. Figure 1.1 is 

showing the different types of possible coordination’s (geometries) of tetravalent tin, which it 

gives in its different compounds. [5-7]. 

 

 

Figure 1.1: Possible geometries of Tin (IV) 

1.3   METHODS OF PREPARATION 

The usual way of preparation of organotin carboxylates is by the reaction of triorganotin 

hydroxides / oxides with ligands having carboxylic acid groups or triorganotin halide salts 
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with metals of carboxylic acids or in a result of cleavage of a Sn-C bond with a –COOH 

group. This reaction is renound as esterification in a result of treatment of –COOH of ligand  

with  organotin oxides / hydroxides is resulted by condensation and azeotropic elimination 

of water in dry toluene using Dean and Stark apparatus connected to double neck round 

bottom flask fitted with condenser and bubbler under the controlled air less environment [8-

10]. In aryl tin (IV) complexes molecular sieves are usually used preferably, to avoid the 

bond breaking of  Sn-Ar bonds [11]. 

       

 

 

 

Figure 1.2: Different ways of Synthesis of Organotin Compounds 

1.4    DIFFERENT GEOMETRIES OF ORGANOTIN COMPOUNDS 

1.4.1 Tetrahedral shape 

Organotin(IV) carboxylates have distorted tetrahedral geometry when the central Sn atom is 

surrounded by three bulky R (alkyl or aryl) groups and a carboxylate group in a monodentate 
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manner. Figure 1.1 showing the distorted tetrahedral structure of three different complexes of 

triphenyltin derivatives of which involves different ligands as shown in Figure 1.3 (A), (B) and 

(C), respectively. However, the complex A shows a distorted trigonal bipyramidal shape due to 

metal attached to N and O of the ligand. [11-12]. 

 

Figure 1.3: ORTEP diagram showing the structures of Tin complexes with tetrahedral 

geometry [13]. 

Figure 1.3 is showing a structure of tricyclohexyl tin(IV) complex of a carboxylate ligand which 

bonded in a monomeric form with the Sn atom in a distorted tetrahedral C3OSn shape [14]. 

Similarly another molecular structure is showing that the Sn atom has a distorted tetrahedral 

geometry with one of the carboxylate O atoms and the C atoms from three phenyl groups. The 

second oxygen atom of carboxylate of the benzoate ligand bonded very weakly with the Sn atom, 

which gives the Sn-O distance of 2.790(2) Å, which is the main reason for the presence of 

distortion of tetrahedral molecule [15]. 
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1.4.2 Trigonal bipyramidal shape 

In triorganotin(IV) carboxylates which have the trigonal bipyramidal shape, the central metal 

atom Sn is attached to three alkyl/aryl groups at the axial positions and the donor oxygen atoms 

of the carboxylate ligand are attached at the equatorial positions. The adjacent Sn atoms are 

joined by bridging to coordinate with the two oxygen atoms of each ligand, present in a chain 

structure. Figures 1.4 shows trimethyltin derivatives of 2,5-difluorobenzoic acid [16-17]. The Sn 

atoms posses distorted trigonal bipyramidal shape with the oxygen atom of carboxylate of the 

ligands at axial positions and on the other hand the the three methyl groups are present at 

equatorial positions. 

 

Figure 1.4: ORTEP diagram of the asymmetric unit of trimethyltin (IV) carboxylate 

complex with trigonal bipyramidal shape. [18] 
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1.5    PREDICTION OF STRUCTURES OF ORGANOTIN(IV) COMPLEXES 

The organotin complexes can be identified by several spectroscopic techniques when they are 

used in combination like (IR, Multinuclear NMR (proton, carbon, tin), Mass spectrometry, X-ray 

diffraction and thermal gravimetric analysis and etc.). Tin is abundant than any of the other 

element available in nature due to the fact that it has fair number of stable isotopes than any other 

element as it has 11 isotopes in the periodic table out of which only two isotopes of tin elment 

119Sn & 117Sn have got the spin of (1/2) which gives big help to predict the mass spectra and 

similarly very useful to predict the multinuclear NMR of 1H, 13C & 119Sn spectroscopic 

techniques respectively. In the last several decades a big increase in the use of 1H, 13C & 119Sn 

NMR spectroscopic techniques in combination have been found and especially an increased 

attention for the identification of organotin(IV) complexes is found. The parameters of NMR 

spectroscopy are also very helpful not only for qualitative but also very helpful for quantitative 

analysis for different types of organotin complexes. Although the most accurate and reliable 

technique which gives the important spectral data for the prediction of geometrical structure of 

the newly synthesized crystalline complexes in single crystal x-ray crystallographic technique 

but still the tin NMR of solid state have a great significant in predicting the chemical structures 

of tin complexes in organo metallic chemistry since last thirty years. [19-20] 

 

1.5.1 IR Spectroscopy 

The most important vibrational bands for different organotin compounds have been tabulated. 

The band position is actually affected by the atomic mass of element, nature of ligand whether it 

is polar or non polar, nature of substituting group or any other element involved in the 

coordination geometry of the compound. For instance, the amount of energy needed for this 

Sn−H bands decreases from chloride to iodide in stannic halides (SnH3X) as follows: 

[Cl -1948 cm−1]  >  [Br-1928 cm−1]  > [ I-1905 cm−1] 

FTIR spectra of triorganotin (IV) complexes give very useful values which help to predict the 

structure of the compounds in solid state [21-22]. The IR band values can be used successfully to 

distinguish and identify the organotin complexes by comparing the between the spectral values 

of the synthesized complexes as well as their respective parent ligands. FTIR spectra of these 

complexes does not show any vibration related to the carboxylate band (-COOH) group of 
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carboxylic acid, that can be predicted that the R3Sn or R2Sn groups are attached with the -COOH 

group of the carboxylic acids. [23] 

The geometrical mode of coordination of the carboxylate groups (COO-) can be predicted by 

calculating the difference (∆v) between the vasym(COO) and vsym(COO) vibrations. As given in 

literature [24], the values of Δν more than 200 cm-1 indicates a monodentate geometrical 

behaviour of carboxylate group (COO-) while a value of less than 200 cm-1 indicates the bridging 

structure and a value of less than 150 cm-1 predicts the formation of a chelating structure. Most 

of the organotin carboxylates complexes involve bridging structures in their solid state until a 

bulky alkyl group attached to tin atom present as a branch at the Tin-carbon site. A vibration 

band in the range between 500-600 cm-1 of slightly medium to strong intensity shows the 

presence of Tin–Carbon bond [25], while in the range between 410-490 cm-1 refers to the 

presence of a Tin−Oxygen vibrational band which confirms the coordination of carboxylate 

group to the tin atom [26]. 

 

1.5.2 Various NMR Spectroscopic Techniques 

Multinuclear NMR spectroscopy is very successful and a very reliable technique to predict about 

the structure of newly synthesized complexes by study the changes occur during a chemical 

reaction or to predict the mechanism of a reaction and these techniques also gives the idea of the 

presence of intra- and inter molecular forces etc. 1H, 13C and 119Sn multinuclear NMR 

spectroscopy in combination with other techniques provide very useful data and hence are very 

successfully used for the characterization of the organotin compounds. 

 1H- NMR of 2J(119Sn, 1H) gives a very useful spectral data for the prediction of the 

coordination shape of the tin in organotin(IV) compounds. Generally, the 2J(119Sn, 1H) values, in 

methyltin complexes increase with the coordination number of the tin atom and with an increase 

in the value of the electronegativety of ligands around the tin atom. Lockhart and his coworkers 

have worked and developed a new relationship between the magnitude of 2J(119Sn, 1H) and bond 

angles of Methyl-Sn-Methyl.[27-28] 

A large upfield shift in the value of 119Sn NMR is found indicates an increase in the coordination 

number of tin atom from 4 to 5 and then from 6 to 7 was found respectively [28]. It is usually 
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observed in tin NMR spectra that when the coordination number increases by one, the values of 

the chemical shift vary in the range between 60-200 ppm. Holeček et al., [29] have studied about 

different di-n-butyltin(IV) complexes such as halides, alkoxides, carboxylates, chelates and 

many others. They found that the values of shift of (119Sn) NMR define the regions which are 

associated to different coordination geometries to the tin as central metal atom. Thus, when tin 

has four coordination number the value of chemical shift varies in range of +200 to -60 ppm, for 

five coordinated geometries it varies in range of -90 to -190 ppm and for six coordination 

number its values changes between -210 to -400 ppm. [30-31] 

1.5.3 Mass spectrometry 

 

Mass spectrometry is another very successful analytical technique which can be used both for 

qualitative (structure) as well as for quantitative analysis (for molecular mass) and gives the 

information about the molecules after their break up into ions. The concerned molecules usually 

are first subjected for analysis to the ionisation source of the mass spectrometer, where the 

ionization process starts to give positive and negative charged ions. These ions are then travel all 

along the mass analyser and enter to the different parts of the mass detected in accordance to 

their spectral values of mass to charge (m/e) ratio. After the ions reaches to the concerned part of 

the detector, useful peaks of different intensity in the form of signals are generated and recorded 

by a computer in the form of a mass spectra. The signals are graphically represented on the 

computer as a mass spectrum showing the relative abundance of the peaks in accordance to their 

m/z ratio [32-33]. Mass spectroscopy is best and most widely used technique for the prediction 

of molecular weight, molecular formula and also helps in the prediction of structures of different 

newly synthesized organic, inorganic and organometallic compounds. However, in 

organometallic compounds, the observation of the molecular ion peak is very rare. The organotin 

molecules with larger structures suffer several fragmentations in the mass spectrometer while 

smaller and low molecular weight organotin complexes very often give the molecular ion peak 

[M+1] and also a related characteristic series of respective fragmentation peaks [34]. 

 From the past few years, electrospray ionization mass spectrometry (ESI-MS) has 

cameout as a very successful technique. It gives a sensitive, robust, and handy tool for 

identification; it is very useful technique for very low quantity samples like in amounts as femto-
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mole or in micro-liter sample volumes. Furthermore, it is non-volatile and thermally highly 

reliable technique for bio-molecules that are not characterizeable and not good for analysis by 

the other conventional techniques [35]. 

 

Figure 1.5: Electrospray ionization Methodology 

On the other hand, Matrix-assisted laser desorption/ionization (MALDI) is a  very 

soft  technique for ionization by using  mass spectrometry which also allows the analysis of big 

bio molecules like biopolymers such as the molecules of (DNA, proteins, peptides and sugars) 

and other big structured organic molecules like polymers and other macromolecules, which are 

not that stable and converted to the fragments when initially ionized by normal conventional 

techniques of ionization. It is very similar in method and character to the other mass 

spectrometric technique known as electro spray ionization (ESI) as both of these techniques are 

quite soft for obtaining ions of the molecules with large structures in the gaseous phase. Both 

these techniques are very successfully as being used all over the world. [36-37]  

The methodology of MALDI involves three-step. The first step involves the mixing of 

the sample with a suitable matrix material which is further applied to the metal plate. During the 

second step a pulsed laser beam of high intensity burst on the sample, which results in 

triggering ablation/ desorption of the sample and matrix material at the same time. The third and 

final step involves the analyte molecules to ionize by protonation or deprotonation in the hot 
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https://en.wikipedia.org/wiki/Macromolecules
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https://en.wikipedia.org/wiki/Deprotonation


 

10 

 

burst of carrier gases, and then can be accelerated into any mass spectrometer which is being 

used for analysis. [38-40] 

MALDI (TOF) spectra are often used in combination with other techniques 

and spectroscopic techniques for the disease diagnostic purpose. MALDI/TOF is a very useful 

diagnostic technique having fair amount of capacity because it immediately identifies the 

proteins and changes with immediate effect to proteins without the use of any power, calculation 

or skill which is required to solve a crystal structure in X-ray crystallography for novel 

identification of a newly synthesized compounds. [41] 

 

Figure 1.6: MALDI Methodology 

1.5.4 X-ray crystallographic technique  

 

X-ray crystallography and especially single crystal X-ray diffraction is a unique technique which 

provides a direct way to determine or predicting a new structure having crystalline morphology. 

This technique provides very precise structural information’s, the positions of the atoms, it also 

provides the information about intra or intermolecular interactions between the molecules and 

also the information’s about thermal displacement parameters in a crystal structure. For a 

suitable characterization of a single crystal structure the size of a crystal should be around a 

fraction of millimetre in dimension is required. Initially a suitable single crystal is chosen for 

https://en.wikipedia.org/wiki/Mass_spectrometry
https://en.wikipedia.org/wiki/X-ray_crystallography
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analysis and then placed on the surface of a glass fibre on a goniometer which is a mechanical 

(tool) or device in the instrument used for tilting and rotation of a single crystal in each direction 

with adjustment of 360o rotation for accurate measurement of crystallographic data (angular 

displacements). On the basis of data collected from the instrument, the electron density values 

are taken from various different dimensions (cross-sections) of the crystals are collected and 

recoded. [42-43] 

1.5.5 SEM Studies 

The nanoparticles from the synthesized complexes of organotin can be prepared by several ways 

like direct pyrolysis, by heating in the presence of a caping agent olyl amine or by using 

ultrasonication. In this way, the product of these compounds can be performed in an ultrasonic 

bath at 30 °C for about 1–2 hours. Then they are either directly checked by SEM or they can be 

alalyze after making their thin films. The SEM micrographs of the nanoparticles/nanocomposite 

can give the particle sizes which are found with identical spherical morphologies. It is also a 

notable point that SEM micrographs could be obtained from both dissolved and powdered 

samples. For the dissolved samples, a few drops were placed on a small piece of foil thin film, 

whereas the powdered samples were directly placed on the sample holder of the instrument. 

Here, the complexes were dissolved in methanol, and after the evaporation of the solvent, the 

SEM images were obtained of nanoparticles prepared on aluminum foil. [44-46] 

 

(A) 
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 (B) 

 

 

(C) 

Figure 1.7: (A)(B)(C) SEM Images of Nanoparticles prepared from organotin 

complexes. 
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1.5.6 Thermal studies of organotin compounds 

 

Thermogravimetric (TGA) analysis of triorganotin (IV) derivatives of carboxylates ligands 

reveals that decomposition of the compounds gradually occurs with the rise in temperature at the 

same rate and this decomposition involves several steps. The pattern of decomposition for the 

triorganotin compounds is different from those of the diorganotin compounds and the 

decomposition of trimethyltin, triethyltin and tributyltin occurs in three steps while the 

decomposition of bulky trialkyltin groups (phenyl, cyclohexyl and benzyl) involves two steps 

only. Furthermore, it is also observed that the actual weight losses due to thermal decomposition 

of these derivatives are found very closer to the theoretically calculated values. The marginal 

difference in these values may be due to the error, which is in very much acceptable for the range 

of about ± 3%. During the process of decomposition for these complexes, the decomposition 

during the 1st step involves the elimination of the part of the alkyl groups attached to tin while in 

the 2nd step partial decomposition of attached ligand part bonded to tin is eliminated, while the 

3rd and final step involves the elimination of remaining part of the ligand leaving SnO2 as a end 

product in the residue. The obtained residue of all compounds was characterized by IR 

spectroscopy while the parts detached were proposed by the comparison of calculated weight 

loss  and observed weight loss during each step of decomposition. [47-48] 

 

Figure 1.8: TGA Pattern of Decomposition of Organotin carboxylate 
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 In a recent work, organotin (IV) dilurate was synthesized with a modified procedure with 

a high purity that was also confirmed by chromatographic techniques. This compound added to 

PVC for making new films for the investigation of thermal stability of PVC new samples. Lower 

intensity of carbonyl and polythene peaks of the prepared films compared to non stable films 

after heating was found that the efficiency of this compound was found excellent as thermal 

stabilizer. It was also found that it reduces the PVC degradation during the heating process. 

Decrease in degradation percentage of the stabilized film compared to the unstabilized film 

identified the effectiveness of this compound as a successful thermal stabilizer. [49-50] 

1.6 APPLICATIONS OF ORGANOTIN COMPOUNDS 

 

Organotin(IV) complexes of carboxylate ligands show a wide range of applications . All of these 

applications can be given into two separate groups.   

i. Medicinal Applications  

ii. Non-Medicinal Applications  

 

1.6.1 Biological (Medicinal) applications of organotin(IV) complexes  

 

Organotin(IV) carboxylates can act biologically in following ways: 

 

1. Antineoplastic 

2. Antituberculosis  

3. Anticancer/antitumor activity  

4.  Antimicrobial activities  

5. Antifungal activity 

6. Insecticidal activity  

 

The common description is given as below: 

1.6.1.1   Organotin(IV) complexes behaviour as anticancer/antitumor agents 

 

The effectiveness as effective antitumor agent is considered to be the most vital objective of 

pharmacological research to search out new molecules which can behave as successful drugs. 

[51] This has given a big task to the synthetic chemists of inorganic and organometallic 
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chemistry to seriously work out for some new metal based organic compounds with enriched 

activities, specifically against the tumors which are the main reason for high cancer 

development.  

 A large number of new platinum based antitumor derivatives were developed to 

overcome cancer issues. Nearly 40 complexes of platinum were synthesized and analyzed before 

the recognized and work on the development of carboplatin and oxaliplatin. These compounds 

were considered for clinical trial in 1989 and 2003, respectively [52-53]. 

 Amongst the non-platinum based metal compounds used as antitumor agents, organotin 

complexes were found very noticeable for the scientists. A large number of organotin 

compounds with a big variety can be synthesized by using several different methods and mode of 

actions that may prevent or at least stops or slow down the development of drug resistance [54]. 

Few contradictory results were found from early studies in 1929 on the activities of organolead 

and organotin (IV) compounds in an experiment conducted on cancer developed in mouse [55]. 

However, it was found in 1972 that the considerable activity was shown by triphenyltin acetate, 

but no activity shown by the corresponding chloride in retarding the tumor growth in mice, 

suggested the specific importance of the leaving groups [56]. From that time to now a big variety 

of different organotin complexes have been synthesized and trialled in vitro and in vivo not only  

against two cell lines of murine leukemia like (P388 and L1210) but also against trialled later 

against the different human cell lines [57].  

Organotin(IV) complexes are one of the vastly studied class of metal-based antitumor 

agents due to their severe characterization which has given the direction to the discovery of new 

metal based novel complexes with significant in vitro antitumor activities, but, in contrast to that 

in other cases either they have shown low in vivo potency or high in vivo toxicity [58]. It was 

well presented that the organotin(IV) complexes are extremely important for cancer 

chemotherapy because of their ability to induce apoptotic character [59]. The latest design of 

new improved organotin(IV) antitumor and anticancer agents posses a significant position in 

cancer chemotherapy, as indicated by their improved therapeutic potential revealed in research 

papers published recently [60].  

 These organotin compounds are successfully involved in treatment of cancer treatment by 

using different mechanisms of several types when they are tested at the molecular level. The 

ability of organotin(IV) compounds to bind with DNA purely related to the coordination number 
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of tin and on the nature of the organic groups attached to the central metal atom. The phosphate 

group which is present in DNA usually anchors the site while the nitrogen of DNA also bind in 

an extremely effective way, this often resulted in the stabilization of the central metal atom 

which posses an octahedral geometry. These studies have clearly indicated that slightly less 

doses of organotins can act as a good antitumor agent and can be predicted to be in action mode 

by following the gene-mediated pathway inside the cancer cells, which has given a new research 

direction in the field of organotin complexes.  [61-62]  

 

 

Figure 1.9: DNA binding way of organotin compounds 

 

 

 

 

1.6.1.2  Antimicrobial activities  

 

As a results of recent research it has been observed that triorganotin(IV) complexes of the same 

ligands have shown far greater antibacterial activities than the di- and mono analogues of the 
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same ligand which may be attributed to their greater lipophilicity and permeable character by 

penetrating through the cell membrane of different cells. The proper mechanisms of killing 

microbes is still under trial and not clear as yet, but some possibly available modes of actions 

which may be involved like the theory of chelation, enzyme inhibition parameters and the 

development of cell wall around microorganisms [63]. The polarity of the central tin atom 

decreases with the formation of chelates, mainly due to the sharing of its partial positive charge 

between the donor atom and due to the delocalization of electronic cloud over the whole ring. 

This can resulted in an enhancement of lipophilicity of the central atom which finally supports 

the permeation of these compounds through the lipid structure of the cell membrane. [64-65] 

 

1.6.2 Structure relationship of organotin(IV) compounds  

 

It depends upon two things mainly: 

 

a- The nature of the organic group R (Alkyl) 

b- The nature of carboxylate ligands, L (Bonding Ligand) 

 

1.6.2.1 Nature of organic (alkyl) group  

 

The antibacterial activities of the organotin complexes is mainly increases with the increase in 

the amount and chemical nature of alkyl R groups which are attached to central metal atom. 

Generally, triorganotin(IV) complexes posses or considered as the most efficient antibacterial 

compounds as compared to their di- or monoorganotin(IV) compounds. The biocidal activity is 

also increases with the the increase in the number of hydrocarbon (alkyl) groups attached to tin 

atom. The biological activity related to R4Sn compounds comes from their rapidness towards 

dealkylation to triorganotins while on the other hand the monoorganotin complexes have least 

activity due to less number of alkyl groups attached to tin atom. Tri-n-butyl tin compounds are 

considered to be the most vital biocidal agents in this series. Activity decreases both for lower 

and higher members of alkyl groups while increases in the middle range of alkyl groups like 

butyl or some others when attached to central Sn atom. For example, tri-n-octyl and further 

higher members of triorganotin family are usually biologically inactive may be due to their big 

size which makes difficult for them to attach with DNA. [66-67] 
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1.6.2.2 Nature or effect of carboxylate ligands  

 

The enhanced antimicrobial activities of the complexes of triorganotin(IV) carboxylate 

complexes are also depends upon the nature of carboxylate ligand which increases the solubility 

of the fats and plays a very important role in the transportation of the combined drug to a desired 

active site [56]. Both the un attached (-COOH) carboxylic acid ligands and the unreacted 

triorganotin moieties posses lot lesser antimicrobial activities as compared to the activities shown 

by their combined product as organotin(IV) carboxylate complex. The high activities of 

combined product usually attributed to an additive effect of the organo metal ions and their 

respective carboxylate species. [68] 

1.6.3  Preparation of biodiesel 

The world is looking for new and renewable energy sources amongst which the biofuels have 

arrived as an attractive alternative source that can contribute in a significant way to reduce the 

consumption of the traditional fossil fuels in a very effective way. Bio fuels produces less 

amount of CO2 gas as compared to the fossil fuels and as the CO2 is a main greenhouse gas so in 

this way the bio fuels can contribute to the reduce the emission of harmful environmental gases 

like SO2, SO3, and CO. Among the current bio fuels, biodiesel deserves the best 

acknowledgement because it can be used as it is and also in combination with diesel in blends 

with several different concentrations. [69] Biodiesel, fatty acid methyl ester, is a very good and 

proper substitute to be used as a replacement of the conventional petroleum based diesel. It is 

biodegradable, almost free of sulphur contents and an effective renewable fuel. This new fuel 

consists of methyl or ethyl based esters made as a result of either transesterification of different 

triacylglycerides or as a result of simple esterification of free fatty acids molecules [70]. 

Biodiesel as a fuel has become extremely effective because of it is very environmental friendly 

and also due to the easy raw material sources like plants, vegetable oils and animal fats are 

renewable biomass sources which can be used as starting material for the production of biodiesel 

[71]. Presently, most of the biodiesel products are coming up as a result of transesterification of 

available sources like animal fats, vegetable oils, and even used cooking oils using different 

alkali’s as catalysts. However, due to the high usage of catalysts during their production, the 

formation of soaps, and due to the very low product yields, make the production of biodiesel 

very expensive as compared to the conventional fuels. [72] 
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1.6.4  Crop protection (anti fungicidal activity) 

 

A large number of novel triorganotin complexes have been synthesized in recent years with good 

action as agrochemicals and are successfully under the use for specialized applications in 

protection of crops. As organotin complexes posses a low phyotoxicity, they are very less 

harmful for useful organisms and also easily degradable in the environment to produce less 

harmless tin residues. [72] The organotin compounds were highly tested in the field of 

agriculture, therefore, has been reviewed and implied to this field and the initial compounds to be 

used in this field were triphenyltin acetate and triphenyltin hydroxide. They showed high 

fungistatic activities. [73] 

1.6.5 Antifouling coatings 

Triorganotin complexes have been successfully under the use as antifouling paints or coatings to 

avoid the attachment of water based species like aquatic organisms, different bacteria of saline 

environment, algae and short body marine animals like hydroids, crustanceans, mollucus and 

tunicates to the base surfaces of the marine vehicles. These microorganisms usually increase the 

weight of the drag which finally leads to a big consumption of fuel as compared to normal use 

and can also cause an accident. [74] 

1.6.6 Veterinary applications 

Another important use of organotin compounds is their use as veterinary (as anthelminthic) 

agents in poultry forming and also for animal husbandry and insecticidal agent for cattle and 

sheep. Dibutyltin dilaurate is included as one of the constituent of a product commercially 

developed and successfully used for worm infections in poultry for combating. This compound is 

used in combination with piperazine and phenothiazine for successful commercial use. [75] 

1.6.7 Antiviral agents 

As a result of new research a series of triorganotin complexes, triorganotin chloride complexes 

were synthesized after the cis-platin which is also effective against the tumor cells has showed 

antiviral activities. The activities against the viruses of the triorganotin complexes were checked 

and it was seen that triorganotin complexes posses’ fairly weak in vitro antiviral activities against 

several DNA based viruses. Many other triorganotin complexes have shown some activities 

against some RNA based viruses. However, none of these have any effective as inhibitor of 
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vesicular stomatits or parainfluenza based viruses. Only two of so many compounds as 

(Et2SnBr.phen & Ph2SnBr2.phen) have shown slight inhibition when trialled against the forest 

viruses like (sindbis & semlike). [76-77] 

ii. Non-biological applications (material based applications) 

1.6.8 Polymer stabilizer 

The organotin complexes can be excellent as stabilizers for polyvinylchloride (PVC), neoprene 

and other such polymers against their degradation when exposed to light, oxygen and 

degradation during the process of fabrication. The addition of an amount of 1-1.5% of an 

organotin compound as a stabilizer to the PVC prevents it from getting dehydrochlorination 

during the processing at a temperature of 180-200ᵒC and ultimately avoids any big breakdown on 

exposure to sunlight. Organotin complexes have also got the ability to act as potentially good 

stabilizers when used in following products like (chlorinated polyamides, vinyl copolymers, 

polyethylene’s and silicones. [78] 

1.6.9 Homogeneous catalysis 

Usually a catalyst of a liquid phase can act as good suitable catalyst as it is in the same phase as 

does the reactants of the reaction mixture which is normally a liquid phase. Most famous of the 

tin catalyst which is mostly used are Sn-octeate and similarly many other organotin compounds 

are used as catalysts. These catalysts usually play a significant role during the preparation of 

polyurethane resins (foams), in the synthesis of polyesters and during the process of curing by 

using the silicone resins. Di-n-butyltin dilaurate/diacetate are regularly used as homogeneous 

catalyst during the manufacturing as cross linking agent at 25˚C during the process of  

polymerization of different types. The other processes in which tin complexes have been 

successfully used as homogeneous catalysts involves the process of manufacturing of organic 

silicate binders, Friedel Craft’s alkylation/ acylation and hydrogenation / dehydrogenation in the 

liquid-phase and isomerisation. [79] Similarly, during the prosess of reduction of aldehyde to 

alcohols using 1-butanol is also facilitated by triphenyltin formate to produce high yield. [80] 

1.6.10 Electroplating 

The commonly used organotin salts for the electroplating of tin are tin (sulfate, chloride, 

fluoroborates) and stannates of sodium & potassium. These are very widely used compounds for 
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the alloy electroplating for the deposition of thin layers of tin in combination with the other metal 

as, Sn-Ni, Sn-Zn, Sn-Cu, Sn-Cd and Sn-Co coatings are commonly used. [81] 

1.7 ORGANOTIN COMPOUNDS AS SINGLE SOURCE PRECURSOR FOR SOLAR 

ENERGY  

The complexes of organotin compounds alongside the other compounds can potentially be used 

as a source of solar energy by making thin films of the precursor followed by annealing of these 

thin films at higher and different temperatures to known about their outcome. Different methods 

can be used for making thin films. [82] 

1.7.1 AACVD method 

Aerosol-assisted CVD (AACVD) can be used for precursors which are less volatile but can be 

dissolved in organic solvents, thereby preventing the problem of unfavourable precursor 

sublimation characteristics. In this process, transportation of the precursors to the substrate 

occurs through a liquid/gas aerosol, which is generated electronically [83]. This is a four stage 

process as indicated in figure 1.10.  

 

 

 

Figure 1.10: AACVD Methodology 



 

22 

 

Some of the advantages of AACVD include: (i) Simplification of the vapour precursor 

generation and delivery method when compared with the conventional ones. (ii) Using single 

source precursors thereby providing molecular mixing of chemical precursors to synthesise 

multi-component materials. (iii) The deposited phases are formed rapidly at low temperatures 

due to small diffusion distances. (iv) Since the process can be performed in an open atmosphere, 

it is a relatively low cost process to deposit oxide without any sophisticated reactor. [84-85] 

 

Figure 1.11: AACVD Instrumentation 

 

 

 

1.7.2 Spin coating method 

 

 It is one of the common way used for the preparation of thin films by sol-gel spin coating 

method, the sol-gel method has some advantages, such as the easy to control of chemical 

components in a solution form, and deposition of thin film at a very low cost for investigation of 

structural morphology and optical properties nano materials/composites deposited and annealed 

on the surface of the quartz based thin films. It is an easy and effective way of making thin films. 

[86] 
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Figure 1.12: Spin Coating Apparatus 

 

1.7.3 Doctor blade method 

 

It’s very cheap and rather ordinary way of making thin films and it is usually used for those 

precursors or complexes which are not miscible in any of the solvents. The late drying and high 

boiling point solvents are usually avoided for making thin films. It is used by making slurry of 

the precursor and then used by drawing on the surface of the glass or silica substrate thin film. 

[87] 
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Figure 1.13: Doctor blade apparatus for making thin films 

 

1.7.4 Fuse melting method 

 

It is another and cheap and simple way of making thin films but in this method it’s very hard to 

make the film of uniform thickness. Simply put the complex on the substrate surface in the solid 

form and put it for direct annealing. When it anneals the precursor will fuse, melt and then 

spread on the surface of the thin film. [88]    

 

1.8 ORGANOTIN COMPOUNDS IN ENVIRONMENT  

 

Whereas the metal tin has been utilized since the Bronze Age, the organotin applications came 

into use in the early 19th century. Due to use of tin for hardening effect when it is used in 

combination with copper as an alloy, tin was also used in bronze from early ages as old as 3,500 

BC. However, the use of the pure metal started in about 600 BC. Tin mining is supposed to be 

started in Cornwall and Devon in the southwest of England. The first commercial application of 

organotin compounds was the use as an additive to PVC (polyvinylchloride) in the 1940s [89-

90]. 
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 Many studies have been done on organotin compounds in marine environment. Looking 

at every day application of PVC in our life, a good example would be the study of organotin 

compounds in terrestrial water system. The overview of organotin in environment done by Hoch 

(2001) indicates a concentration of 35 mg (Sn) m-3 in leachate from PVC pipe for the first use, 

and 1 mg (Sn) m-3 as subsequent release. The concentration depends on the pH of the leaching 

conditions, the pipe length and the length of the alkyl chain on organotin. [91]. 

 Figure shows the known transformations of organotin compounds in sediment, water and 

air. Photodecomposition, biotic degradation and chemical decomposition are the principal 

reactions responsible for their transformation. This study focuses on butyltin compounds. The 

degradation products of Bu3SnX are the mono and di-substituted (BuSnX3 and Bu2SnX2), to 

inorganic tin [92]. The process responsible for this degradation. 

 

Figure 1.14: Transfer of organotin compounds in ecosystem 

 

Depending on the stability of a species in each compartment, its concentration will differ. 

Hoch 2001 undertook an overview of organotin compounds in the environment. Figure gives the 
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range of Bu3SnX concentration found in different media. It also shows the possibility of 

bioaccumulation of Bu3SnX in food chain. Seawater and freshwater show lower concentrations 

than the concentration found in algae mussels, fish and mammals. [93] 

 

Figure 1.15: Quantity of Bu3SnX concentration (mg kg-1) in different environmental 

matrix  
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1.9 TOXICITY OF ORGANOTIN COMPOUNDS 

 

Though the toxicity of organotin in aquatic life has been widely studied, little is known about 

human toxicity. The first reported case of organotin toxicity in humans was in 1954. The death of 

100 people and 200 intoxications was reported in France, where a topical skin treatment 

containing Et3SnI was administered orally [94]. 

The toxic effects of organotin depend on the number and nature of constituent alkyl and 

aryl groups. The trialkyl and triaryl Sn compounds (R3SnX) have been found to be more toxic 

than the di or mono substituted organotin compounds. The nature of X in these tri-substituted 

compounds have been found to have little or no effect on the toxicity, except in cases where X 

itself is a toxic component [95]. 

The prominent toxicological feature of organotin is its immunotoxicity, an effect 

produced by di- and trialkyltins as well as triphenyltins. On contact the organotin may cause eye 

and skin irritation [96-97]. 

Tributyltin as an endocrine disrupter has imposex effect in animals and induces 

masculinization by increasing testosterone levels in different species of female gastropods. In 

some species of mussel (dog whelk), tributyltin causes the females to develop male sexual 

characteristics like penis, this diverse effect can cause them to become infertile or in severe case 

they can even die. In other cases males can develop eggs [98]. 

The highest toxicity of butyltin compounds is shown by trisubstituted species. In vitro 

work showed toxicity in rats [99]. Other investigations on dibutyltin toxicity have shown that it 

is accumulated in bodies and tissues of mammals and fish. Monobutyltin has been demonstrated 

to have an effect on fish immune system [100]. 
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Figure 1.16: Organotin routes to aquatic environment 
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Figure 1.17: Different ways of exposure of organotin compounds to human 
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1.10   MEDICINAL LIGANDS AND THEIR ROLE 

Fluoroquinolones represents a significant class from claiming bacterial chemotherapeutic 

compounds, which show significantly good antibacterial exercises. A standout amongst those 

effective part from claiming this group, ciprofloxacin (Cip¼ C17H18FN3O3, 1-cyclopropyl-6-

fluoro-4-oxo-7-(1-piperazinyl)-1,4- dihydroquinoline-3-carboxylic acid) will be generally 

ulitized to Every day clinical act as an expansive range antimicrobial solution. Quinolones 

comprises of a aggregation from claiming well-known antibacterial operators and the Initially 

part is to clinical act from In final one 40 quite some time. They might go about as antibacterial 

pills that efficientely restrain dna answer and need aid ordinarily Previously, act for the 

medication for A large number bacterial infections. Investigations on the living exercises of 

quinolone-metal complexes as a rule need An concentrate on its those connection with DNA, 

antibacterial action tests around different microorganisms, cytotoxicity What's more possibility 

antitumor action. In this context, it might have been examined the connection about Zn(II) with 

ciprofloxacin, in the vicinity of nitrogen-donor ligands for example, such that 

bpdmed(A1)/mtma(A2)/apq(A3)/ bpeed(A4)/dcnd(A5)/dpeda(A6). Likewise the coordination 

practices of the ligands over move metal salts might have been investigated and the information 

might have been associated for their natural analysis, warm properties, attractive measurements, 

ir Also their dna tying Furthermore cleavage conduct technique were analyzed utilizing 

spectroscopic systems (UV spectroscopy), viscosity estimations What's more gel electrophoresis 

techno babble. The minimum inhibitory concentration (MIC) of the mixes need been screened 

against five distinctive microorganisms. [101-102]. 

The study of interaction between quinolone and metals is an active area of research in 

bioinorganic chemistry. Quinolones are the member of broad spectrum synthetic antibacterial 

agent containing 4-oxo-3-carboxylic-1,4-dihydroquinoline skeleton. Quinolones are structurally 

related to nalidixic acid, a group of synthetic antibacterial agents. A large number of structural 

modifications of nalidixic acid and related quinolones have been done based on structure activity 

relationships (SARS). It was observed that in the presence of fluorine atom at position 6 and a 

piperazine ring at position 7 without the presence of N at position 8 will increase the biological 

activity values. The normal quinolones with the help of such slight modifications are named as 

fluoroquinolones. These are used as a efficient drug in various infectious diseases like urinary 

tract infections, soft tissues infections, respiratory infections, bone joint infections, sexually 
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transmitted disease, community acquire pneumonia, acute bronchitis, and sinusitis. Furthermore, 

Norfloxacin is the first member of the fluoroquinolones.  Normally these quinolones usually act 

as bidented ligand in their metal complexes due to the presence of ring carbonyl group at 

position-4 and one oxygen atom of the carboxylic group at position-3. [103-105] 

There may be a chance for chelation included for a significant number essential bacterial 

procedures the place the coordination usually happen at the central metal ions more an 

assortment about distinctive ligands. Complexes synthesized from intense bioactive ligands 

hosting N,O donor atoms for attachment cites for M(II) ions need aid utilized within biological, 

analytical, agricultural, mechanical and restorative provisions. Metal ions are fundamental 

components to solid existence about people and separate animals, particularly the late principal 

column move metals for example, such that cobalt, nickel, copper and zinc are naturally 

important metals, would joined with different bio molecules identified with essential 

physiological provisions. Copper will be a paramount follow component for a large number 

living works. Cu(II) assumes a significant part for those improvement from claiming connective 

tissue, nerve coverings and bone repairing done people. Copper with its powerful bio action 

Furthermore oxidative nature need pulled in an extensive number of inorganic chemists with 

location Cu(II) complexes for different living exercises including antibacterial, antitumor, 

antifungal, cell reinforcement and mitigating. Cobalt may be another extremely critical follow 

component for creature sustenance and may be utilized within the manifestation from claiming 

vitamin B12, necessary to mankind's wellbeing as it fortifies the preparation of red platelets. 

Cobalt is interfaced with extremely critical manufactured responses throughout the metabolic 

methodology. Nickel may be additionally another altogether important, connected with a few 

proteins and playing a part over physiological techniques as a co-factor in the absorption about 

iron starting with the digestive system. Whatever transform in the state could prompts metabolic 

issue. Then afterward taking a gander at those living fact that copper, cobalt and nickel, it will be 

profoundly paramount to contemplate those unpredictable structures with bioactive ligands to get 

it capacities of recognize something like the complexes and to scan for finding another bioactive 

intensify. Amino acids need aid those starting parts from claiming existing organic entities also 

structure the fabricating pieces of proteins found in distinctive tissues of the human body. Amino 

acids are the essential concoction squares of proteins and necessary to different biochemical 

techniques important will backing those exists of diverse people. They are fine chelating 
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operators Furthermore direction with diverse move metal ions through their amino or carboxylic 

groups. Complexes of metal ions of amino acids were profoundly contemplated. The associations 

between amino acids and metal ions are mostly answerable for enzymatic movement also 

likewise those strength from claiming protein structures. The examination for different 

thermodynamic parameters likewise assistance on recognize regarding the crashing powers 

needed on lead to those shaping from claiming metal-amino corrosive complexes in distinctive 

living frameworks. Also, amino acids also their blended ligand complexes are utilized within 

biology, pharmacy, industry and research centre reagents. Moreover, distinctive ternary 

complexes framed between metal ions and an assortment from bioligands, for example, such as 

heteroaromatic nitrogen bases Also amino acids, a chance to be made similarly as models to 

substrate-metal interactions and different metal particle constructed biochemical attachments. 

[106-110]. 

Ciprofloxacin (CP, 1), an additional regularly utilized broad-spectrum fluoroquinolone 

antibacterial agaent with thick, as low side effects, will be additionally known for their 

antiproliferative and apoptotic activities in a few human growth borealis lines, a few different 

fluoroquinolone subsidiaries including ofloxacin, levofloxacin, and fleroxacin bring additional 

benefits restraint against the growth about transitional cell bladder carcinoma mobile lines. 

Know fluoroquinolones prompted about comparable sort morphologic alterations similar to a 

percentage units got to be rounded, segregated and demonstrated cell layer blebbing; additionally 

known for morphologic change demonstrates the start about apoptotic methods. Incitement about 

apoptosis is additionally initiated toward ciprofloxacin medicine of human transitional phones of 

bladder, colorectal, alternately prostate carcinoma phones lines. Inside a cell nothing system, it 

might have been demonstrated that the inhibitory exercises of a few flouroquinolones against the 

different mammalian dna samples, topoisomerases i and ii also dna polymerase which indicates 

that ciprofloxacin might have been the majority successful flouroquinolone inhibitor from these 

proteins. The primary instrument through which the flouroquinolons push their growth inhibitory 

impact and further prompt cell demise may be not completely comprehended and it may be 

suggested that these formations might be created through inalienable apoptotic pathway or 

through incitement of cell cycle capture by the activity from claiming diverse cell cycle atoms. It 

might have been additionally watched that those subsidiaries of the flouroquinolones class about 

pills typically indicated topoisomerase ii inhibitory action is mostly given a method of reasoning 
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to quinolone-based medication plan in the look to novel anticancer pills. Furthermore, a few later 

written works reports need indicated confirmation to help about expanding the lipophilicity of 

different exacerbates on move forward their antitumor exercises. By expanding lipophilic 

substituents toward position C-7 about camptothecin prompted the finding about gimatecan that 

at present the long run fall in stage ii about clinical trial. Sodium butyrate and the different 

lipophilic valproic acids need aid being trialed over stage i and ii of the clinical trials to the 

restraint about histone deacetylase. A productive relationship between lipophilicity, in vitro 

antitumor activities are shown by drug uptake might have been watched with platinum(II) 

complexes checked against the lung carcinoma and leukemia cell lines. The change in 

antiproliferative movement for bis-quinolinium choline kinase inhibitors against those HT-29 

colon malignancy Mobile offering need also been discovered for a higher lipophilicity about 

these substituents. [111-114]. 

The metal-drug coordination chemistry of different compounds is more popular now than 

it was before in importance especially in the design of more and effective biologically active 

drugs at the present time. Metal ions very famous to affect the action of many drugs. The action 

of the drugs on coordination with a metal was found enhanced in many cases. Metal ions play a 

very important role in a large number of widely differing biological systems which usually 

depends on their concentrations, they may contribute in a positive way to improve the health of 

the organism or they can damage them by causing toxicity. So many metal complexes are known 

to possess antibacterial, antifungicidal, antiviral and anticancer activity and this field is still 

under heavy research and investigation. In several cases, the metal chelates of the ligands have 

shown more antimicrobial activities than the chelating ligands themselves. [115-116] 

            Throughout the last couple of years, the presentation of the antitumor impacts of separate 

inorganic and particularly those metal complexes and their activities to cure cancellous maladies 

needs significant consideration. Starting with the introductory finding of the anticancer exercises 

of the inorganic perplexing cis-diamminedichloroplatinum(II) [cis-PtCl2(NH3)2] called 

CISPLATIN, In this way a significant number new metal complexes were synthesized and 

trialed to anticancer activities particularly platinum(II) compounds, which began another 

headway over cancellous drug look into which may be a limitless field. It need been discovered 

that the exchange about metal particle from the ligands of the infections is as a rule connected 
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with disease may be an instrument for discharging those anticancer medication in the region of 

the tumor. [117-118]. 

Antibiotics are chemical compounds produced by microorganism, which are capable in 

dilute solutions for inhibition the growth of and even destruction of bacteria and other related 

microorganisms. The antibiotics are arranged in different groups with their different family 

names such as penicillins, cephalosporin groups, polypeptides, erythromycins, aminoglycosides, 

quinolones, fluoroquinolones, streptogramins and sulphonamides, with each family consists of 

many different members, classes and generations with further advancement in a result of new 

research in a particular family. [119-120] 

Fluoroquinolones have new derivatives from the quinolone antibiotics synthesized by the 

addition of fluorine group, in a result of modification in the older quinolones due to their 

structure- activity-relationship. An enhancement in activities was found when the newly attached 

fluorine group at position 6 and double nitrogen containing piperazine group at position 7 were 

inserted or added in to the structures of quinolones. Examples of this family are ciprofloxacin, 

norfloxacin, pefloxacin, ofloxacin, enoxacin, moxifloxacin and so on starting from first 

generation to presently fifth generation. [121] 

The in vitro formation of new complexes of levofloxacin were studied in combination with 

different metal ions like magnesium, calcium, chromium, manganese, ferric, ferrous, cobalt, 

nickel, copper, zinc and cadmium for vicinity for engineered gastric juice, recreated intestinal 

juice and the human blood pH because of checked change with blood pH. The exercises of 

levofloxacin were found to make marginally hindered in the vicinity for every last one of metals 

ions concentrated on the harmony secure over moxifloxacin result in the vicinity about 

gadolinium particle might have been quantitatively checked to accept preferred understanding, 

soundness and speciation clinched alongside gadolinium and fluoroquinolone group member, 

moxifloxacin, produced as a result. The metal complexes about fluoroquinolones were 

synthesized and broad activities were checked out to anticipate the structure of the complexes 

under investigations. Contingent upon those medium about preparation about these complexes, 

different numbers from claiming different items might be acquired. Fluoroquinolone antibiotics 

could be utilized to produce new complexes by following the pathway of the complexes made 

previously, using a number of separate approaches. This is because of the way that they have the 
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applicable ionisable utilitarian groups, that is, the 3- carboxyl assembly and the N4 in the 

piperazine substituent. Therefore, they can exist concerning illustration flouroquinolone-H2+, 

concerning illustration a acidic cation; flouroquinolone-H, unbiased nonioniseable specie: 

flouroquinolone-H±, a intermediate zwitter ions also [flouroquinolone]-, a fundamental anion, 

every last bit relying upon their pH. Some metal complexes of ciprofloxacin were synthesized 

either as single ligand or in mixed ligand complexes in combination with other ligands. [122-

123] 

Mixed ligand complexes about some other fluoroquinolones were also prepared. It might 

have been likewise examined those response of ciprofloxacin with iron(III) in the vicinity for 

nitriloacetate(NTA) which brought about confinement from claiming yellow crystals from 

claiming unpredictable [Fe(CIP)(NTA]. 3.5H2O. Those coordination of the Fe (III) attached 

through the ketonic and the carboxylic corrosive oxygen of the Ciprofloxacin ligand shaped a six 

–membered ring with the four oxygen atoms of the NTA. Copper (II) unpredictable for 

ciprofloxacin for 1,10-Phenanthroline and 2,2-bipyridine might have been likewise synthesized. 

In the come about for this analysis, [Cu2(cip)2(bpy)2(pip)]. 6H2O. (bpy=2,2-bipyridyl, 

cip=ciprofloxacin, pip=piperazinyl anion), shown that the Cu(II) particle indicated a five 

coordinated square pyramidal geometry with two nitrogen donars starting with bipy, the 4-keto 

and 3-carboxylate oxygen from ciprofloxacin and the third nitrogen particle of the piperizine 

anion available at the fifth position. [124]. 

The syntheses, physico-chemical properties, and structural properties including 

characterization of several binary and ternary compounds of fluoroquinolone family, together 

with their biological activity were reviewed very briefly. The response of ternary complexes of 

metal ions with two different types of ligands is a main topic of interest due to their presence in 

biological systems. Especially, copper(II) complexes were found to play a significant role either 

in naturally occurring biological systems or in pharmacologically prepared systems. Norfloxacin, 

another quinolone compound is a widely used antibacterial medicine that targets the bacterial 

type II DNA topoisomerase. Treatment with this drug leads to double-stranded DNA breakage 

and cell death. Recently, the ability of Cu(HCp)2(NO3)2 .6H2O to cleave DNA was established. 

These results not only show that the complex has shown a very efficient chemical nuclease with 

ascorbate/hydrogen peroxide activation, but their studies of its mechanism with different 
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inhibiting reagents also cleared that the hydroxyl radicals were also involved in the DNA 

scission process. In a similar way, the activity of DNA solutions with copper phenanthroline has 

been widely discussed. The [Cu(phen)(nal)]+ compound also behaves as a powerful nuclease 

capable of damaging plasmid DNA under reduced environment, with more stronger activity as 

compared to the chemical nuclease copper phenathroline [Cu(phen)2]
2+ activity. [125-130] 

 

1.11        NOVELITY OF THE WORK 

Previous studies showed about the significance of organotin (IV) moieties and in particular 

triorganotin (IV) units which have shown great results as drug of multipurpose. On the other 

hand, the well known medicinal ligands having carboxylate groups were taken which are already 

in use specially the flouroquinolones of first generation to third generation alongside few other 

ligands of great importance. The core idea was to synthesize new drugs which can show more 

effective results as they are the combinations of two running products.  

 Following the idea six triorganotin (IV) moieties (methyl, ethyl, butyl, phenyl, 

cyclohexyl and benzyl) were taken and reacted against ten medicinal ligands (levofloxacin, 

ciprofloxacin, ofloxacin, moxifloxacin, norfloxacin, flumequine, nalidixic acid, oxolinic acid, 

cetirizine and thiobenzoic acid) in presence of dry toluene and powdered products were obtained 

(1-60). 

When the newly prepared products were tested against antimicrobial, antifungal, 

antioxidant, antitumor and other activities, promising results were found with enhanced activities 

as compared to both organotin moieties and the ligands separately which indicates the success of 

the scheme and these products have shown results which can make them of considerable interst 

due to their promising response as multi disease drugs.    

 

 

 

 

 

 

 

 



 

37 

 



 

38 

 

 



 

39 

 

 

 



 

40 

 



 

41 

 

 

 



 

42 

 

 



 

43 

 

 

 



 

44 

 

CHAPTER-2 

       

 

 

               EXPERIMENTAL WORK 

 

2.1 CHEMICALS. 

Trialkyltin(IV)hydroxides (where alkyl R= methyl, ethyl, n-butyl, phenyl, cyclohexyl) and 

tribenzyltin(IV) chloride were used as starting material which were obtained from Sigma 

Aldrich, Italy and of analytical grade. Triethyl amine is also obtained from Sigma Aldrich, Italy. 

These are subjected to the reaction as starting materials. [1] Commercialy accessible medicinal 

Ligands I.V grade (HL1-HL10, levofloxacin, ciprofloxacin, norfloxacin, moxifloxacin, ofloxacin, 

flumequine, nalidixic acid, oxolinic acid, cetirizine and thiobenzoic acid) were purchased from 

Mack and Rains pharmaceuticals in Sundar industrial state, Lahore. All the Laboratory solvents 

(toluene, chloroform, hexane, ethanol, methanol, acetone and so on were bought from Merck, 

Germany. Those solvents were purified and dried in situ utilizing standard procedures. [1]  

2.2 INSTRUMENTATION & CHARACTERIZATION.  

The liquid state and solid state analysis and characterization of the synthesized complexes and 

their ligands was performed using following instruments. Melting point of the complexes was 

checked with electrothermal melting point apparatus, Gallen Kamp, feline no. MPD350, Sanyo, 

UK. Infrared absorption spectra were recorded on KBr pallet in a Perkin Elmer FTIR (400-

4000cm-1) Spectrophotometer, USA. The multinuclear (1H-NMR spectra were recorded by using 

Bruker 400 MHz spectrophotometer and  13C-NMR spectra were recorded using a Bruker 300 

MHz while 119Sn NMR spectra was recorded at 75 MHz spectrophotometer) using deutrated 

DMSO or CDCl3 depending on the solubility of the complexes. The composition of C, H, N and 

S was determined using a CHNS-932 natural analyzer, Leco (USA). The percentage of Cl, F and 

Sn was determined by ICP-OES (Thermo iCap 6300). The thermo gravimetric analysis was 

performed on METTLER TOLEDO micro analysis TGA instrument and the mass spectrometric 
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analysis were performed on Agilent G1974A MALDI mass spectrometer. Single crystal x-ray 

studies were performed with Agilent 35670A diffractometer. [2-3]  

2. 3 MEDECINAL LIGANDS AND ORGANOTIN SALTS 

Organotin salts are: 1- trimethyltin hydroxide, 2- triethyltin hydroxide, 3- tributyltin hydroxide, 

4- triphenyltin hydroxide, 5- tricyclohexyltin hydroxide, 6- tribenzyl tin chloride. Ligands are: 

HL1-levofloxacin, HL2-ciprofloxacin, HL3-norfloxacin, HL4-moxifloxacin, HL5-ofloxacin, HL6-

flumequine, HL7-nalidixic acid, HL8-oxolinic acid, HL9-cetirizine and HL10-thiobenzoic acid.  

Table 2.1: List of triorganotin salts used 

Sr. No. Name of the compound Formula 

1 trimethyltin hydroxide (CH3)3SnOH 

2 triethyltin hydroxide (C2H5)3SnOH 

3 tributyltin hydroxide (C4H9)3SnOH 

4 triphenyltin hydroxide (C6H5)3SnOH 

5 tricyclohexyltin hydroxide (C6H11)3SnOH 

6 tribenzyl tin chloride (C6H5-CH2)3SnCl 

 

Table 2.2: List of ligands used 

Sr. No. 

of 

Ligand 

Chemical Name and Brand 

Name of Ligands 

Structure of the Ligand 

HL1 

Chemical Name: [(-)-(S)-9-

fluoro-2,3-dihydro-3-methyl-10-

(4-methyl-1- piperazinyl)-7-oxo-

7H-pyrido[1,2,3-de]-1,4-

benzoxazine-6-carboxylic acid] 

Common Name: [Levofloxacin]  
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HL2 

Chemical Name: [1-cyclopropyl-

6-fluoro-4-oxo-7-piperazin-1-

ylquinoline-3-carboxylic acid] 

Common Name: 

[Ciprofloxacin] 

 
 

HL3 

Chemical Name: [1-Ethyl-6-

fluoro-1,4-dihydro-4-oxo-7-(1-

piperazinyl)-3-

quinolinecarboxylic acid] 

Common Name: [Norfloxacin] 

 
 

HL4 

Chemical Name: [1-

Cyclopropyl-6-fluoro-7-

((4aS,7aS)-hexahydro-1H-

pyrrolo[3,4-b]pyridin-6(2H)-yl)-

8-methoxy-4-oxo-1,4-

dihydroquinoline-3-carboxylic 

acid] 

Common Name: 

[Moxifloxacin] 

 

 

HL5 

Chemical Name: (±)-9-fluoro-

2,3-dihydro-3-methyl-10-(4-

methyl-1-piperazinyl)-7oxo-7H-

pyrido[1,2,3-de]-1,4-

benzoxazine-6-carboxylic acid 

Common Name: [Ofloxacin] 

 

 

HL6 

Chemical Name: [9-Fluoro-6,7-

dihydro-5-methyl-1-oxo-1H,5H-

benzo[ij]-quinolizine-2-

carboxylic acid] 

Common Name: [Flumequine] 

 
 



 

47 

 

HL7 

Chemical Name: [1-Ethyl-7-

methyl-4-oxo-1,4-dihydro-1,8-

naphthyridine-3-carboxylic acid] 

Common Name: [Nalidixic 

acid] 

 

 

HL8 

Chemical Name: [5-Ethyl-8-oxo-

5,8-dihydro[1,3]dioxolo[4,5-

g]quinoline- 7-carboxylic acid] 

Common Name: [Oxolinic 

acid] 

  

HL9 

Chemical Name: [(+/-)- [2-[4-

[(4-chlorophenyl)phenylmethyl]-

1-piperazinyl]ethoxy] acetic 

acid] Common Name: 

[cetirizine] 

 

 

HL10 

Chemical and Common Name: 

[Thiobenzoic acid] 

 
 

 

2.4  COMPLEXES OF ORGANOTIN (1V) COMPOUNDS. 

 2.4.1 Trialkyltin (IV) derivatives (1-50). 

 Stoichiometric quantities of the well known medicinal ligands (HL1-HL10) and trialkyltin(IV) 

(1-5) hydroxides and (6) chloride in toluene as solvent were taken in two-necked flask fitted with 

dean and stark apparatus, reflux condenser using magnetic stirrer. NaHCO3 was used for the 

deprotonation of ligand proton of carboxylate moity. The corresponding reaction mixture was 
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refluxed for 15-16 hours under oxygen free environment with constant evacuation of obtained 

water azeotropically. The reaction mixture was cooled to room temperature. After that separated 

mixture was dried under low pressure evacuation using rotary evaporator. The thick mixture was 

kept at room temperature for couple of days and then was recrystallized to obtain suitable 

mixture for further analysis. [4] Mixture of solvents Chloroform: methanol (4:1) was used for 

recrystalization which will give the product in much pure form as compared to raw complexes 

(1-50).  

Trimethylstannyl-(2S, 3S)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1- piperazinyl)-7-

oxo-7H-pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylate (1). 

Quantities used were 0.094 g (0.0025mole) of (HL1) and 0.046 g (0.0025mole) of 

trimethyltin(IV) hydroxide in toulene. Yield  =  52% ; mp = 118-120 oC . Anal. Calc.  for 

C22H30FN3O4Sn (MW = 538.21): C,49.15; H,5.65; N,7.84; F, 3.55; Sn, 22.10%. Found: 

C,49.10; H,5.62; N,7.81; F, 3.52; Sn, 22.06 %. IR (KBr disc, cm-1);  νasym (COO)1635, 

νsym (COO)1437 , ∆ν = 198, ν (Sn-C) 531 , ν (Sn-O) 417. 1H-NMR (300 MHz,CDCl3),  
n Ј  

[119Sn-1H] in Hz, ppm) ; 8.69 (s,1H,Ar-N-CH), 7.69(s,1H,H-Ar-F), 3.65(s,1H,Ar-OCH-CH3), 

3.46-3.42(t,4H,-N-CH2-CH2-N-), 3.13(s,1H,-N-CH-CH3), 2.37-2.31(t,4H,-N-CH2-CH2-N-), 

2.21(s,3H,-N-CH2-CH2-N-CH3), 1.37-1.31(d,3H,Ar-OCH-CH3), 1.23-1.17(d,3H,-N-CH-CH3), 

0.67(s,9H,H3C-Sn). 13C-NMR (75.45 MHz, CDCl3),ppm,    
2 Ј  [119Sn-13C] in Hz, ppms);  

176.4(Ar-C=O), 171.5(COO), 158.2(Ar-C-F), 146.9(CH-N), 143.1(Ar-C-O), 132.6(Ar-

C-N,Pip.), 126.0(Ar-C-N-), 123.4(Ar-C-C=O), 109.3(COO-C), 103.8(Ar-C-), 84.3(CH-

O-), 75.0(CH-N-), 59.4,57.2, 46.6(-N-CH2-CH2-N-CH3), 19.8(CH3-CH-N-), 17.5(CH3-CH-

O-), -1.60(CH3-Sn). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -102.6. (m/z) (M+1) peak 

[C22H31FN3O4Sn]+  (539).  

Triethylstannyl-(2S, 3S)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1- piperazinyl)-7-oxo-

7H-pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylate (2).  

Quantities used were 0.094 g (0.0025mole) of (HL1) and 0.056 g (0.0025mole) of 

triethyltin(IV) hydroxide in toulene. Yield =  63% ; mp = 125-128 oC . Anal. Calc.  for 

C25H36FN3O4Sn (MW = 580.29): C,51.77; H,6.28; N,7.25; F, 3.29; Sn, 20.50%. Found: 

C,51.75; H,6.25; N,7.24; F, 3.27; Sn, 20.46 %. IR (KBr disc, cm-1);  νasym (COO)1645, 
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νsym (COO)1453 , ∆ν = 192, ν (Sn-C) 534 , ν (Sn-O) 413. 1H-NMR (300 MHz,CDCl3),  
n Ј  

[119Sn-1H] in Hz, ppm) ; 8.67 (s,1H,Ar-N-CH), 7.69(s,1H,H-Ar-F), 3.66(s,1H,Ar-OCH-CH3), 

3.46-3.40(t,4H,-N-CH2-CH2-N-), 3.13(s,1H,-N-CH-CH3), 2.37-2.31(t,4H,-N-CH2-CH2-N-), 

2.20(s,3H,-N-CH2-CH2-N-CH3), 1.74-1.66(q,6H,H3C-CH2-Sn), 1.38-1.32(d,3H,Ar-OCH-CH3), 

1.24-1.18(d,3H,-N-CH-CH3), 0.93-0.87(t,9H,H3C-CH2-Sn). 13C-NMR (75.45 MHz, 

CDCl3),ppm,    2 Ј  [119Sn-13C] in Hz, ppms);  176.9(Ar-C=O), 169.5(COO), 157.2(Ar-C-

F), 146.5(CH-N), 142.9(Ar-C-O), 132.3(Ar-C-N,Pip.), 126.0(Ar-C-N-), 123.2(Ar-C-

C=O), 109.2(COO-C), 103.4(Ar-C-), 84.3(CH-O-), 75.0(CH-N-), 58.9,57.0, 46.2(-N-

CH2-CH2-N-CH3), 19.3(CH3-CH-N-), 17.4(CH3-CH-O-), 8.50, 7.50(CH3-CH2-Sn). 119Sn 

NMR(129 MHz, DMSO-d6  / ppm): -121.2. (m/z) (M+1) peak [C25H37FN3O4Sn]+  (581).  

Tributylstannyl-(2S,3S)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1- piperazinyl)-7-oxo-

7H-pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylate (3).  

Quantities used were 0.094 g (0.0025mole) of (HL1) and 0.077 g (0.0025mole) of tributyltin(IV) 

hydroxide in toulene. Yield = 61%; mp = 137-140 oC . Anal. Calc.  for C31H48FN3O4Sn (MW = 

664.45): C,56.05; H,7.28; N,6.35; F, 2.89; Sn, 17.89%. Found: C,56.04; H,7.28; N,6.32; F, 2.86; 

Sn, 17.87 %. IR (KBr disc, cm-1);  νasym (COO)1651, νsym (COO)1456 , ∆ν = 195, ν (Sn-C) 530 , 

ν (Sn-O) 419. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 8.69 (s,1H,Ar-N-CH), 

7.68(s,1H,H-Ar-F), 3.66(s,1H,Ar-OCH-CH3), 3.46-3.40(t,4H,-N-CH2-CH2-N-), 3.15(s,1H,-N-

CH-CH3), 2.36-2.32(t,4H,-N-CH2-CH2-N-), 2.20(s,3H,-N-CH2-CH2-N-CH3), 1.65-1.33 

(m,18H,CH2,Bu), 1.36-1.30(d,3H,Ar-OCH-CH3), 1.24-1.18(d,3H,-N-CH-CH3), 0.92-0.88 

(t,9H,H3C,Bu). 13C-NMR (75.45 MHz, CDCl3),ppm,    2
 Ј  [119Sn-13C] in Hz, ppms);  175.9(Ar-

C=O), 169.8(COO), 157.8(Ar-C-F), 146.7(CH-N), 143.4(Ar-C-O), 132.1(Ar-C-N,Pip.), 

126.2(Ar-C-N-), 123.6(Ar-C-C=O), 109.7(COO-C), 103.6(Ar-C-), 84.3(CH-O-), 75.4(CH-N-), 

58.7,57.0,46.5(-N-CH2-CH2-N-CH3), 19.7(CH3-CH-N-), 17.3(CH3-CH-O-), 28.4,26.9,20.5 

(CH2,Bu), 13.83 (H3C,Bu). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -126.7. (m/z) (M+1) peak 

[C31H49FN3O4Sn]+  (665).  

Triphenylstannyl-(2S, 3S)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1- piperazinyl)-7-

oxo-7H-pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylate(4).  
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Quantities used were 0.094 g (0.0025mole) of (HL1) and 0.092 g (0.0025mole) of 

triphenyltin(IV) hydroxide in toulene. Yield= 58%; mp = 178-180 oC . Anal. Calc.  for 

C37H36FN3O4Sn (MW = 724.42): Calculated: C,61.39; H,5.03; N,5.82; F, 2.64; Sn, 16.37%. 

Found: C,61.35; H,5.01; N,5.80; F, 2.62; Sn, 16.39 %. IR (KBr disc, cm-1);  νasym (COO)1654  , 

νsym (COO)1394 , ∆ν = 260, ν (Sn-C)534   , ν (Sn-O)427. 1H-NMR (300 MHz,CDCl3),  
n Ј  

[119Sn-1H] in Hz, ppm) ; 8.65 (s,1H,Ar-N-CH), 7.67(s,1H,H-Ar-F), 7.50-7.31(m,15H, Ar-Sn-), 

3.65(s,1H,Ar-OCH-CH3), 3.48-3.42(t,4H,-N-CH2-CH2-N-), 3.16(s,1H,-N-CH-CH3), 2.36-

2.30(t,4H,-N-CH2-CH2-N-), 2.21(s,3H,-N-CH2-CH2-N-CH3), 1.37-1.31(d,3H,Ar-OCH-CH3), 

1.23-1.17(d,3H,-N-CH-CH3). 
13C-NMR (75.45 MHz, CDCl3),ppm,    

2 Ј  [119Sn-13C] in Hz, 

ppms);  176.2(Ar-C=O), 170.8(COO), 157.1(Ar-C-F), 146.9(CH-N), 143.7(Ar-C-O), 134.4, 

133.7,133.0,132.7,132.5 (C,Ar-Sn-), 131.0(Ar-C-N,Pip.), 126.0(Ar-C-N-), 123.4(Ar-C-C=O), 

109.9(COO-C), 103.7(Ar-C-), 84.5(CH-O-), 75.7(CH-N-), 58.5,57.2,46.7(-N-CH2-CH2-N-

CH3), 19.8(CH3-CH-N-), 17.7(CH3-CH-O-). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -27.3. 

(m/z) (M+1) peak [C37H37FN3O4Sn]+  (725).  

Tricyclohexylstannyl-(2S,3S)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1- piperazinyl)-

7-oxo-7H-pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylate  (5).  

Quantities used were 0.094 g (0.0025mole) of (HL1) and 0.096 g (0.0025mole) of 

tricyclohexyltin(IV) hydroxide in toulene. Yield= 55%; mp = 168-170 oC . Anal. Calc.  for 

C37H54FN3O4Sn (MW = 742.56): Calculated: C,59.88; H,7.35; N,5.68; F, 2.58; Sn, 15.96%. 

Found: C,59.85; H,7.33; N,5.66; F, 2.56; Sn, 15.99%. IR (KBr disc, cm-1);  νasym (COO)1651  , 

νsym (COO)1384 , ∆ν = 267, ν (Sn-C)530  , ν (Sn-O)422. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-

1H] in Hz, ppm) ; 8.67 (s,1H,Ar-N-CH), 7.68(s,1H,H-Ar-F), 3.63(s,1H,Ar-OCH-CH3), 3.49-

3.43(t,4H,-N-CH2-CH2-N-), 3.17(s,1H,-N-CH-CH3), 2.38-2.32(t,4H,-N-CH2-CH2-N-), 

2.23(s,3H,-N-CH2-CH2-N-CH3), 1.70-1.40(m,33H,cyclohexyl-Sn-), 1.36-1.30(d,3H,Ar-OCH-

CH3), 1.22-1.16(d,3H,-N-CH-CH3).
13C-NMR (75.45 MHz, CDCl3),ppm,    2

 Ј  [119Sn-13C] in Hz, 

ppms);  176.4(Ar-C=O), 171.0(COO), 157.3(Ar-C-F), 146.5(CH-N), 143.7(Ar-C-O), 132.0(Ar-

C-N,Pip.), 126.0(Ar-C-N-), 123.4(Ar-C-C=O), 109.9(COO-C), 103.7(Ar-C-), 84.5(CH-O-), 

75.7(CH-N-), 58.5,57.2,46.7(-N-CH2-CH2-N-CH3), 30.0,29.2,25.7(CH2,cyclohexyl-Sn-), 

19.8(CH3-CH-N-), 17.7(CH3-CH-O-), 16.6(CH,cyclohexyl-Sn-). 119Sn NMR(129 MHz, DMSO-

d6  / ppm): -10.7. (m/z) (M+1) peak [C37H55FN3O4Sn]+  (743).   
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Trimethylylstannyl-1-cyclopropyl-6-fluoro-4-oxo-7-piperazin-1-yl-quinoline-3-carboxylate 

(6).  

Quantities used were 0.083 g (0.0025mole) of (HL2) and 0.046 g (0.0025mole) of 

trimethyltin(IV) hydroxide in toulene. Yield  =  54% ; mp = 111-113 oC . Anal. Calc.  for 

C20H26FN3O3Sn (MW = 494.15): C,48.64; H,5.35; N,8.55; F, 3.85; Sn, 24.05%. Found: C,48.61; 

H,5.30; N,8.50; F, 3.84; Sn, 24.02 %. IR (KBr disc, cm-1);  νasym (COO)1645, νsym (COO)1449 , 

∆ν = 196, ν (Sn-C) 533 , ν (Sn-O) 419. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 

8.66 (s,1H,Ar-N-CH), 7.99(s,1H,H-Ar-F), 6.09(s,1H,H-Ar-N-), 4.16-4.12(t,1H,-N-

CH,cyclopropyl), 3.48-3.44(t,4H,-N-CH2-CH2-N-), 2.80-2.74(t,4H,-N-CH2-CH2-N-), 1.32-

1.18(q,4H,CH2,cyclopropyl), 1.08-1.04(m,1H,-N-CH2-CH2-N-H), 0.73(s,9H,H3C-Sn). 13C-NMR 

(75.45 MHz, CDCl3),ppm,    
2 Ј  [119Sn-13C] in Hz, ppms);  175.6(Ar-C=O), 170.9(COO), 

152.5(Ar-C-F), 147.9(-Ar-CH-N), 146.7(CH-N-cyclopropyl), 134.6(Ar-C-N-cyclopropyl), 

117.8,114.7(Ar-CH-C-C=O), 109.1(COO-C), 102.8(Ar-C-), 51.4,45.9(-N-CH2-CH2-N-) 35.6(-

N-CH,cyclopropyl), , 7.8(-N-CH2,cyclopropyl), -1.57(CH3-Sn). 119Sn NMR(129 MHz, DMSO-

d6  / ppm): -141.3. (m/z) (M+1) peak [C20H27FN3O3Sn]+  (495).   

Triethylylstannyl-1-cyclopropyl-6-fluoro-4-oxo-7-piperazin-1-yl-quinoline-3-carboxylate 

(7).  

Quantities used were 0.083 g (0.0025mole) of (HL2) and 0.054 g (0.0025mole) of triethyltin(IV) 

hydroxide in toulene. Yield  =  59% ; mp = 124-126oC . Anal. Calc.  for C23H32FN3O3Sn (MW = 

536.24): C,51.55; H,6.05; N,7.85; F,3.55; Sn, 22.05%. Found: C,51.52; H,6.02; N,7.84; F,3.54; 

Sn, 22.15 %. IR (KBr disc, cm-1);  νasym (COO)1641, νsym (COO)1452 , ∆ν = 189, ν (Sn-C) 523 , 

ν (Sn-O) 413. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 8.63 (s,1H,Ar-N-CH), 

7.97(s,1H,H-Ar-F), 6.07(s,1H,H-Ar-N-), 4.15-4.11(t,1H,-N-CH,cyclopropyl), 3.47-3.43(t,4H,-

N-CH2-CH2-N-), 2.80-2.74(t,4H,-N-CH2-CH2-N-), 1.73-1.65(q,6H,H3C-CH2-Sn), 1.31-

1.17(q,4H,CH2,cyclopropyl), 1.09-1.05(m,1H,-N-CH2-CH2-N-H), 0.91-0.85(t,9H,H3C-CH2-Sn). 

13C-NMR (75.45 MHz, CDCl3),ppm,    
2 Ј  [119Sn-13C] in Hz, ppms);  175.2(Ar-C=O), 

171.3(COO), 152.7(Ar-C-F), 147.5(-Ar-CH-N), 146.2(CH-N-cyclopropyl), 134.1(Ar-C-N-

cyclopropyl), 117.1,114.0(Ar-CH-C-C=O), 109.5(COO-C), 103.2(Ar-C-), 51.0,46.0(-N-CH2-

CH2-N-) 35.3(-N-CH,cyclopropyl), 8.50 (CH3-CH2-Sn), 7.7(-N-CH2,cyclopropyl), 7.30(CH3-
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CH2-Sn). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -126.7. (m/z) (M+1) peak 

[C23H33FN3O3Sn]+  (537).  

 

Tributylylstannyl-1-cyclopropyl-6-fluoro-4-oxo-7-piperazin-1-yl-quinoline-3-carboxylate 

(8).  

Quantities used were 0.083 g (0.0025mole) of (HL2) and 0.077 g (0.0025mole) of tributyltin(IV) 

hydroxide in toulene. Yield  =  57% ; mp = 132-134oC . Anal. Calc.  for C29H44FN3O3Sn (MW = 

620.40): C,56.19; H,7.17; N,6.75; F,3.05; Sn, 19.17%. Found: C,56.14; H,7.15; N,6.77; F,3.07; 

Sn, 19.13%. IR (KBr disc, cm-1);  νasym (COO)1637, νsym (COO)1456 , ∆ν = 181, ν (Sn-C) 527, ν 

(Sn-O) 403. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 8.61(s,1H,Ar-N-CH), 

7.94(s,1H,H-Ar-F), 6.09(s,1H,H-Ar-N-), 4.17-4.13(t,1H,-N-CH,cyclopropyl), 3.48-3.44(t,4H,-

N-CH2-CH2-N-), 2.81-2.75(t,4H,-N-CH2-CH2-N-), 1.69-1.39 (m,18H,CH2,Bu), 1.33-

1.19(q,4H,CH2,cyclopropyl), 1.08-1.04(m,1H,-N-CH2-CH2-N-H), 0.92-0.88 (t,9H,H3C,Bu). 13C-

NMR (75.45 MHz, CDCl3),ppm,    2
 Ј  [119Sn-13C] in Hz, ppms);  175.0(Ar-C=O), 170.7(COO), 

153.2(Ar-C-F), 147.8(-Ar-CH-N), 146.7(CH-N-cyclopropyl), 134.7(Ar-C-N-cyclopropyl), 

117.7,114.3(Ar-CH-C-C=O), 109.0(COO-C), 103.6(Ar-C-), 51.5,46.2(-N-CH2-CH2-N-) 35.7(-

N-CH,cyclopropyl), 28.1,26.3,20.2 (CH2,Bu), 13.88(H3C,Bu),  7.90(-N-CH2,cyclopropyl). 119Sn 

NMR(129 MHz, DMSO-d6  / ppm): -106.1. (m/z) (M+1) peak [C29H45FN3O3Sn]+  (621).  

Triphenylylstannyl-1-cyclopropyl-6-fluoro-4-oxo-7-piperazin-1-yl-quinoline-3-carboxylate 

(9).  

Quantities used were 0.083 g (0.0025mole) of (HL2) and 0.092 g (0.0025mole) of 

triphenyltin(IV) hydroxide in toulene. Yield  =  54% ; mp = 168-170oC . Anal. Calc.  for 

C35H32FN3O3Sn (MW = 680.37): C,61.75; H,4.79; N,6.15; F,2.75; Sn,17.40%. Found: C,61.79; 

H,4.74; N,6.18; F,2.79; Sn,17.45%. IR (KBr disc, cm-1);  νasym (COO)1647, νsym (COO)1406 , ∆ν 

= 241, ν (Sn-C) 523, ν (Sn-O) 415. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 

8.65(s,1H,Ar-N-CH), 7.97(s,1H,H-Ar-F), 7.52-7.34(m,15H, Ar-Sn-), 6.12(s,1H,H-Ar-N-), 4.19-

4.15(t,1H,-N-CH,cyclopropyl), 3.45-3.41(t,4H,-N-CH2-CH2-N-), 2.82-2.76(t,4H,-N-CH2-CH2-

N-), 1.33-1.19(q,4H,CH2,cyclopropyl), 1.08-1.04(m,1H,-N-CH2-CH2-N-H). 13C-NMR (75.45 

MHz, CDCl3),ppm,    2
 Ј  [119Sn-13C] in Hz, ppms);  175.3(Ar-C=O), 170.9(COO), 153.7(Ar-C-
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F), 147.2(-Ar-CH-N), 146.3(CH-N-cyclopropyl), 137.5(Ar-C-N-cyclopropyl), 134.4, 

133.7,133.0,132.7,132.5(C,Ar-Sn-), 117.3,114.1(Ar-CH-C-C=O), 109.3(COO-C), 103.2(Ar-C-), 

51.3,46.1(-N-CH2-CH2-N-), 35.1(-N-CH,cyclopropyl),  7.90(-N-CH2,cyclopropyl). 119Sn 

NMR(129 MHz, DMSO-d6  / ppm): -46.3. (m/z) (M+1) peak [C35H33FN3O3Sn]+  (681).  

Tricylcohexylstannyl-1-cyclopropyl-6-fluoro-4-oxo-7-piperazin-1-yl-quinoline-3-

carboxylate (10).  

Quantities used were 0.083 g (0.0025mole) of (HL2) and 0.097 g (0.0025mole) of 

tricyclohexyltin(IV) hydroxide in toulene. Yield  =  51% ; mp = 162-164oC . Anal. Calc.  for 

C35H50FN3O3Sn (MW = 698.51): C,60.15; H,7.25; N,6.05; F,2.75; Sn,16.90%. Found: C,60.18; 

H,7.22; N,6.02; F,2.72; Sn,16.99%. IR (KBr disc, cm-1);  νasym (COO)1657, νsym (COO)1403 , ∆ν 

= 254, ν (Sn-C) 531, ν (Sn-O) 419. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 

8.68(s,1H,Ar-N-CH), 8.01(s,1H,H-Ar-F), 6.14(s,1H,H-Ar-N-), 4.21-4.17(t,1H,-N-

CH,cyclopropyl), 3.47-3.43(t,4H,-N-CH2-CH2-N-), 2.82-2.76(t,4H,-N-CH2-CH2-N-), 1.74-

1.44(m,33H,cyclohexyl-Sn-), 1.30-1.16(q,4H,CH2,cyclopropyl), 1.09-1.05(m,1H,-N-CH2-CH2-

N-H). 13C-NMR (75.45 MHz, CDCl3),ppm,    
2 Ј  [119Sn-13C] in Hz, ppms);  176.3(Ar-C=O), 

171.3(COO), 152.8(Ar-C-F), 146.6(-Ar-CH-N), 144.9(CH-N-cyclopropyl), 136.5(Ar-C-N-

cyclopropyl), 117.0,113.3(Ar-CH-C-C=O), 108.7(COO-C), 103.6(Ar-C-), 52.6,46.7(-N-CH2-

CH2-N-), 35.5(-N-CH,cyclopropyl), 30.5,29.7,25.9(CH2,cyclohexyl-Sn-), 16.3(CH,cyclohexyl-

Sn-), 7.85(-N-CH2,cyclopropyl). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -19.6. (m/z) (M+1) 

peak [C35H51FN3O3Sn]+  (699).  

Trimethylstannyl-1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline 

carboxylate (11).  

Quantities used were 0.080 g (0.0025mole) of (HL3) and 0.046 g (0.0025mole) of 

trimethyltin(IV) hydroxide in toluene. Yield = 59%; mp = 116-118oC . Anal. Calc.  for 

C19H26FN3O3Sn (MW = 482.14): C,47.35; H,5.40; N,8.75; F,3.95; Sn,24.69%. Found: C,47.33; 

H,5.44; N,8.72; F,3.94; Sn,24.62%. IR (KBr disc, cm-1); νasym (COO) 1641, νsym (COO)1445 , ∆ν 

= 196, ν (Sn-C) 521, ν (Sn-O) 427. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 

9.05(s,1H,Ar-N-CH), 8.01(s,1H,H-Ar-F), 6.04(s,1H,H-Ar-N,pip), 4.66-4.56(q,2H,Ar-N-CH2-

CH3), 3.48-3.44(t,4H,-N-CH2-CH2-N-), 2.80-2.76(t,4H,-N-CH2-CH2-N-), 1.09-1.05(m,1H,-N-
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CH2-CH2-N-H), 0.71(s,9H,CH3-Sn-). 13C-NMR (75.45 MHz, CDCl3),ppm,    
2 Ј  [119Sn-13C] in 

Hz, ppms);  176.1(Ar-C=O), 171.1(COO), 152.5(Ar-C-F), 149.5(-Ar-CH-N), 146.4(CH-N-CH2-

CH3), 139.1(Ar-C-N-), 120.1,112.2,116.3(Ar-F), 109.3(COO-C-C=O), 53.8(-N-CH2-CH3), 

51.3,45.8(-N-CH2-CH2-N-,pip.), 14.3(-N-CH2-CH3), -1.64(-Sn-CH3). 
119Sn NMR(129 MHz, 

DMSO-d6  / ppm): -171.4. (m/z) (M+1) peak [C19H27FN3O3Sn]+  (483).  

Triethylstannyl-1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline 

carboxylate (12).  

Quantities used were 0.080 g (0.0025mole) of (HL3) and 0.056 g (0.0025mole) of triethyltin(IV) 

hydroxide in toluene. Yield = 56%; mp = 122-124oC . Anal. Calc.  for C22H32FN3O3Sn (MW = 

524.22): C,50.45; H,6.12; N,8.05; F,3.65; Sn,22.60%. Found: C,50.41; H,6.15; N,8.02; F,3.62; 

Sn,22.64%. IR (KBr disc, cm-1); νasym (COO) 1632, νsym (COO) 1453, ∆ν = 179, ν (Sn-C) 528, ν 

(Sn-O) 447. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 9.02(s,1H,Ar-N-CH), 

8.03(s,1H,H-Ar-F), 6.07(s,1H,H-Ar-N,pip), 4.64-4.54(q,2H,Ar-N-CH2-CH3), 3.49-3.45(t,4H,-N-

CH2-CH2-N-), 2.81-2.77(t,4H,-N-CH2-CH2-N-), 1.74-1.66(q,6H,H3C-CH2-Sn), 1.08-

1.02(m,1H,-N-CH2-CH2-N-H), 0.93-0.87(t,9H,H3C-CH2-Sn). 13C-NMR (75.45 MHz, 

CDCl3),ppm,    
2 Ј  [119Sn-13C] in Hz, ppms);  176.4(Ar-C=O), 170.6(COO), 152.9(Ar-C-F), 

149.2(-Ar-CH-N), 146.7(CH-N-CH2-CH3), 139.5(Ar-C-N-), 120.7,116.1,113.3(Ar-F), 

109.7(COO-C-C=O), 53.2(-N-CH2-CH3), 51.1,45.3(-N-CH2-CH2-N-,pip.), 14.2(-N-CH2-CH3), 

8.50 (CH3-CH2-Sn), 7.30(CH3-CH2-Sn). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -152.6. 

(m/z) (M+1) peak [C22H32FN3O3Sn]+  (525). 

Tributylstannyl-1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline 

carboxylate (13).  

Quantities used were 0.080 g (0.0025mole) of (HL3) and 0.077 g (0.0025mole) of tributyltin(IV) 

hydroxide in toluene. Yield = 55%; mp = 142-144oC . Anal. Calc.  for C28H44FN3O3Sn (MW = 

608.39): C,55.25; H,7.22; N,6.95; F,3.15; Sn,19.55%. Found: C,55.28; H,7.29; N,6.91; F,3.12; 

Sn,19.51%. IR (KBr disc, cm-1); νasym (COO) 1630, νsym (COO) 1455, ∆ν = 175, ν (Sn-C) 519, ν 

(Sn-O) 432. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 9.03(s,1H,Ar-N-CH), 

8.00(s,1H,H-Ar-F), 6.05(s,1H,H-Ar-N,pip), 4.65-4.55(q,2H,Ar-N-CH2-CH3), 3.48-3.44(t,4H,-N-

CH2-CH2-N-), 2.83-2.79(t,4H,-N-CH2-CH2-N-), 1.67-1.37 (m,18H,CH2,Bu), 1.09-1.03(m,1H,-
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N-CH2-CH2-N-H), 0.94-0.90 (t,9H,H3C,Bu). 13C-NMR (75.45 MHz, CDCl3),ppm,    2
 Ј  [119Sn-

13C] in Hz, ppms);  175.9(Ar-C=O), 170.3(COO), 152.3(Ar-C-F), 149.5(-Ar-CH-N), 146.3(CH-

N-CH2-CH3), 139.3(Ar-C-N-), 120.5,116.3,113.4(Ar-F), 109.4(COO-C-C=O), 53.4(-N-CH2-

CH3), 51.6,45.9(-N-CH2-CH2-N-,pip.), 28.4,26.6,20.7(CH2,Bu), 14.4(-N-CH2-CH3), 

13.8(H3C,Bu). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -116.3. (m/z) (M+1) peak 

[C28H45FN3O3Sn]+  (609).  

Triphenylstannyl-1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline 

carboxylate (14).  

Quantities used were 0.080 g (0.0025mole) of (HL3) and 0.092 g (0.0025mole) of 

triphenyltin(IV) hydroxide in toluene. Yield = 61%; mp = 159-162oC . Anal. Calc.  for 

C34H32FN3O3Sn (MW = 668.36): C,61.15; H,4.85; N,6.25; F,2.88; Sn,17.70%. Found: C,61.10; 

H,4.83; N,6.25; F,2.84; Sn,17.76%. IR (KBr disc, cm-1); νasym (COO) 1663, νsym (COO) 1385, ∆ν 

= 278, ν (Sn-C) 524, ν (Sn-O) 429. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 

9.00(s,1H,Ar-N-CH), 8.03(s,1H,H-Ar-F), 7.58-7.36(m,15H, Ar-Sn-), 6.08(s,1H,H-Ar-N,pip), 

4.63-4.53(q,2H,Ar-N-CH2-CH3), 3.49-3.45(t,4H,-N-CH2-CH2-N-), 2.82-2.78(t,4H,-N-CH2-CH2-

N-),  1.09-1.03(m,1H,-N-CH2-CH2-N-H). 13C-NMR (75.45 MHz, CDCl3),ppm,    2
 Ј  [119Sn-13C] 

in Hz, ppms);  175.2(Ar-C=O), 171.3(COO), 153.4(Ar-C-F), 149.9(-Ar-CH-N), 146.7(CH-N-

CH2-CH3), 139.6(Ar-C-N-), 135.4, 134.9,133.7,132.1,131.2(C,Ar-Sn-), 120.0,115.8,113.9(Ar-

F), 109.8(COO-C-C=O), 53.8(-N-CH2-CH3), 51.7,45.9(-N-CH2-CH2-N-,pip.), 14.7(-N-CH2-

CH3). 
119Sn NMR(129 MHz, DMSO-d6  / ppm): +55.7. (m/z) (M+1) peak [C34H33FN3O3Sn]+  

(669).  

Tricyclohexylstannyl-1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline 

carboxylate (15).  

Quantities used were 0.080 g (0.0025mole) of (HL3) and 0.097 g (0.0025mole) of 

tricyclohexyltin(IV) hydroxide in toluene. Yield = 62%; mp = 164-166oC . Anal. Calc.  for 

C34H50FN3O3Sn (MW = 686.50): C,59.40; H,7.39; N,6.15; F,2.72; Sn,17.20%. Found: C,59.49; 

H,7.34; N,6.12; F,2.77; Sn,17.29%. IR (KBr disc, cm-1); νasym (COO) 1654, νsym (COO) 1391, ∆ν 

= 263, ν (Sn-C) 533, ν (Sn-O) 442. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 

8.97(s,1H,Ar-N-CH), 7.99(s,1H,H-Ar-F), 6.10(s,1H,H-Ar-N,pip), 4.67-4.57(q,2H,Ar-N-CH2-
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CH3), 3.51-3.47(t,4H,-N-CH2-CH2-N-), 2.85-2.81(t,4H,-N-CH2-CH2-N-), 1.79-1.47 

(m,33H,cyclohexyl-Sn-), 1.11-1.05(m,1H,-N-CH2-CH2-N-H). 13C-NMR (75.45 MHz, 

CDCl3),ppm,    
2 Ј  [119Sn-13C] in Hz, ppms);  175.6(Ar-C=O), 171.8(COO), 153.7(Ar-C-F), 

149.9(-Ar-CH-N), 146.9(CH-N-CH2-CH3), 139.8(Ar-C-N-), 120.6,115.9,114.0(Ar-F), 

109.9(COO-C-C=O), 54.1(-N-CH2-CH3), 51.9,46.2(-N-CH2-CH2-N-,pip.), 

30.8,29.9,26.0(CH2,cyclohexyl-Sn-), 16.5(CH,cyclohexyl-Sn-), 14.9(-N-CH2-CH3). 
119Sn 

NMR(129 MHz, DMSO-d6  / ppm): +91.3. (m/z) (M+1) peak [C34H51FN3O3Sn]+  (687).   

Trimethylstannyl-1-Cyclopropyl-6-fluoro-7-((4aS,7aS)-hexahydro-1H-pyrrolo[3,4-

b]pyridin-6(2H)-yl)-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylate (16).  

Quantities used were 0.101 g (0.0025mole) of (HL4) and 0.046 g (0.0025mole) of 

trimethyltin(IV) hydroxide in toluene. Yield = 59%; mp = 114-116oC . Anal. Calc.  for 

C24H32FN3O4Sn (MW = 564.25): C,51.05; H,5.75; N,7.49; F,3.32; Sn,21.09%. Found: C,51.20; 

H,5.65; N,7.40; F,3.36; Sn,21.27%. IR (KBr disc, cm-1); νasym (COO) 1616, νsym (COO) 1420, ∆ν 

= 196, ν (Sn-C) 518, ν (Sn-O) 425. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 

8.69(s,1H,Ar-N-CH), 7.67(s,1H,H-Ar-F), 4.20-4.06(m,1H,-N-CH,cyclopropyl), 3.83(s,3H,Ar-O-

CH3), 3.33-3.04(m,4H,Ar-N(CH2)2-CH-), 2.79-2.67(q,2H,-NH-CH2-CH2-CH2-), 2.66-

2.58(q,1H,CH2-NH-CH-), 2.04-1.96(q,1H,-CH2-NH-CH-), 1.56-1.41(m,4H,-NH-CH2-CH2-CH2-

), 1.32-1.18(m,1H,-CH-CH2-N-Ar-), 1.10-1.02(q,4H,-N-CH-CH2,cyclopropyl), 0.77(s,9H,CH3-

Sn-). 13C-NMR (75.45 MHz, CDCl3),ppm,    
2 Ј  [119Sn-13C] in Hz, ppms);  176.6(Ar-C=O), 

171.7(COO), 158.6(Ar-C-F), 146.9(COO-C-CH), 144.7(Ar-C-O-CH3), 132.5,125.9,123.8(Ar-

CH-F), 109.3(COO-C-C=O), 104.5(Ar-CH-F), 58.7(CH2-NH-CH-), 56.0[-N(CH2)2], 54.7(Ar-O-

CH3), 46.7(-NH-CH2-), 39.4(-N-CH2-CH-), 36.1(N-CH,cyclopropyl), 26.5,25.2(NH-CH2-CH2-

CH2), 7.7(N-CH-CH2,cyclopropyl), -1.73(CH3-Sn-). 119Sn NMR(129 MHz, DMSO-d6  / ppm): 

-155.9. (m/z) (M+1) peak [C24H33FN3O4Sn]+  (565).   

Triethylstannyl-1-Cyclopropyl-6-fluoro-7-((4aS,7aS)-hexahydro-1H-pyrrolo[3,4-b]pyridin-

6(2H)-yl)-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylate (17).  

Quantities used were 0.101 g (0.0025mole) of (HL4) and 0.056 g (0.0025mole) of triethyltin(IV) 

hydroxide in toluene. Yield = 63%; mp = 120-123oC . Anal. Calc.  for C27H38FN3O4Sn (MW = 

606.33): C,53.40; H,6.39; N,7.05; F,3.30; Sn,19.50%. Found: C,53.49; H,6.32; N,6.93; F,3.13; 

Sn,19.58%. IR (KBr disc, cm-1); νasym (COO) 1629, νsym (COO) 1441, ∆ν = 188, ν (Sn-C) 528, ν 
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(Sn-O) 443. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 8.65(s,1H,Ar-N-CH), 

7.68(s,1H,H-Ar-F), 4.22-4.08(m,1H,-N-CH,cyclopropyl), 3.87(s,3H,Ar-O-CH3), 3.31-

3.03(m,4H,Ar-N(CH2)2-CH-), 2.77-2.65(q,2H,-NH-CH2-CH2-CH2-), 2.66-2.58(q,1H,CH2-NH-

CH-), 2.03-1.95(q,1H,-CH2-NH-CH-), 1.76-1.68(q,6H,H3C-CH2-Sn), 1.55-1.41(m,4H,-NH-

CH2-CH2-CH2-), 1.31-1.17(m,1H,-CH-CH2-N-Ar-), 1.09-1.01(q,4H,-N-CH-CH2,cyclopropyl), 

0.90-0.84(t,9H,H3C-CH2-Sn). 13C-NMR (75.45 MHz, CDCl3),ppm,    
2 Ј  [119Sn-13C] in Hz, 

ppms);  176.3(Ar-C=O), 171.2(COO), 158.0(Ar-C-F), 146.3(COO-C-CH), 144.5(Ar-C-O-CH3), 

132.3,125.6,123.4(Ar-CH-F), 109.1(COO-C-C=O), 104.2(Ar-CH-F), 58.2(CH2-NH-CH-), 

56.0[-N(CH2)2], 54.4(Ar-O-CH3), 46.3(-NH-CH2-), 39.1(-N-CH2-CH-), 36.0(N-

CH,cyclopropyl), 26.3,25.1(NH-CH2-CH2-CH2), 8.50 (CH3-CH2-Sn), 7.6(N-CH-

CH2,cyclopropyl), 7.30(CH3-CH2-Sn). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -137.3. (m/z) 

(M+1) peak [C27H39FN3O4Sn]+  (607).   

Tributylstannyl-1-Cyclopropyl-6-fluoro-7-((4aS,7aS)-hexahydro-1H-pyrrolo[3,4-b]pyridin-

6(2H)-yl)-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylate (18).  

Quantities used were 0.101 g (0.0025mole) of (HL4) and 0.077 g (0.0025mole) of tributyltin(IV) 

hydroxide in toluene. Yield = 60%; mp = 137-139oC . Anal. Calc.  for C33H50FN3O4Sn (MW = 

690.49): C,57.49; H,7.39; N,6.00; F,2.85; Sn,17.33%. Found: C,57.40; H,7.30; N,6.09; F,2.75; 

Sn,17.19%. IR (KBr disc, cm-1); νasym (COO) 1621, νsym (COO) 1444, ∆ν = 177, ν (Sn-C) 514, ν 

(Sn-O) 437. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 8.64(s,1H,Ar-N-CH), 

7.66(s,1H,H-Ar-F), 4.23-4.09(m,1H,-N-CH,cyclopropyl), 3.89(s,3H,Ar-O-CH3), 3.30-

3.02(m,4H,Ar-N(CH2)2-CH-), 2.75-2.63(q,2H,-NH-CH2-CH2-CH2-), 2.67-2.59(q,1H,CH2-NH-

CH-), 2.05-1.97(q,1H,-CH2-NH-CH-), 1.69-1.37 (m,18H,CH2,Bu) and (m,4H,-NH-CH2-CH2-

CH2-), 1.31-1.17(m,1H,-CH-CH2-N-Ar-), 1.11-1.03(q,4H,-N-CH-CH2,cyclopropyl), 0.88-

0.82(t,9H,H3C,Bu). 13C-NMR (75.45 MHz, CDCl3),ppm,    
2 Ј  [119Sn-13C] in Hz, ppms);  

175.8(Ar-C=O), 171.0(COO), 157.7(Ar-C-F), 145.9(COO-C-CH), 144.1(Ar-C-O-CH3), 

132.2,125.4,123.3(Ar-CH-F), 109.3(COO-C-C=O), 104.4(Ar-CH-F), 58.4(CH2-NH-CH-), 

56.1[-N(CH2)2], 54.3(Ar-O-CH3), 46.1(-NH-CH2-), 39.0(-N-CH2-CH-), 35.7(N-

CH,cyclopropyl), 28.4, 26.6,26.2,25.1,20.7(CH2,Bu) and (NH-CH2-CH2-CH2), 13.7(H3C,Bu), 

7.7(N-CH-CH2,cyclopropyl). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -104.9. (m/z) (M+1) 

peak [C33H51FN3O4Sn]+  (691).   
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Triphenylstannyl-1-Cyclopropyl-6-fluoro-7-((4aS,7aS)-hexahydro-1H-pyrrolo[3,4-

b]pyridin-6(2H)-yl)-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylate (19).  

Quantities used were 0.101 g (0.0025mole) of (HL4) and 0.092 g (0.0025mole) of 

triphenyltin(IV) hydroxide in toluene. Yield = 61%; mp = 164-167oC. Anal. Calc.  for 

C39H38FN3O4Sn (MW = 750.46): C,62.55; H,5.18; N,5.66; F,2.59; Sn,15.96%. Found: 62.42; 

H,5.10; N,5.60; F,2.53; Sn,15.82%. IR (KBr disc, cm-1); νasym (COO) 1647, νsym (COO) 1423, ∆ν 

= 224, ν (Sn-C) 523, ν (Sn-O) 431. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 

8.66(s,1H,Ar-N-CH), 7.63(s,1H,H-Ar-F), 7.54-7.34(m,15H,Ar-Sn-), 4.24-4.10(m,1H,-N-

CH,cyclopropyl), 3.85(s,3H,Ar-O-CH3), 3.32-3.04(m,4H,Ar-N(CH2)2-CH-), 2.76-2.64(q,2H,-

NH-CH2-CH2-CH2-), 2.68-2.60(q,1H,CH2-NH-CH-), 2.05-1.97(q,1H,-CH2-NH-CH-), 1.55-

1.41(m,4H,-NH-CH2-CH2-CH2-), 1.31-1.17(m,1H,-CH-CH2-N-Ar-), 1.11-1.03(q,4H,-N-CH-

CH2,cyclopropyl). 13C-NMR (75.45 MHz, CDCl3),ppm,    
2 Ј  [119Sn-13C] in Hz, ppms);  

175.9(Ar-C=O), 171.4(COO), 157.8(Ar-C-F), 146.0(COO-C-CH), 144.3(Ar-C-O-CH3), 

135.4,134.9,133.7,132.1,131.2,130.0,125.3,123.1(C,Ar-Sn-) and (Ar-CH-F), 109.6(COO-C-

C=O), 104.7(Ar-CH-F), 58.3(CH2-NH-CH-), 56.4[-N(CH2)2], 54.2(Ar-O-CH3), 46.5(-NH-CH2-

), 39.3(-N-CH2-CH-), 35.7(N-CH,cyclopropyl), 26.7,25.4(NH-CH2-CH2-CH2), 7.7(N-CH-

CH2,cyclopropyl). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -47.2. (m/z) (M+1) peak 

[C39H39FN3O4Sn]+  (751).   

Tricyclohexylstannyl-1-Cyclopropyl-6-fluoro-7-((4aS,7aS)-hexahydro-1H-pyrrolo[3,4-

b]pyridin-6(2H)-yl)-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylate (20).  

Quantities used were 0.101 g (0.0025mole) of (HL4) and 0.097 g (0.0025mole) of 

tricyclohexyltin(IV) hydroxide in toluene. Yield = 66%; mp = 160-163oC. Anal. Calc.  for 

C39H56FN3O4Sn (MW = 768.60): C,60.82; H,7.45; N,5.58; F,2.56; Sn,15.65%. Found: C,60.95; 

H,7.34; N,5.47; F,2.46; Sn,15.44%. IR (KBr disc, cm-1); νasym (COO) 1659, νsym (COO) 1406, ∆ν 

= 253, ν (Sn-C) 517, ν (Sn-O) 439. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 

8.65(s,1H,Ar-N-CH), 7.66(s,1H,H-Ar-F), 4.24-4.10(m,1H,-N-CH,cyclopropyl), 3.87(s,3H,Ar-O-

CH3), 3.33-3.05(m,4H,Ar-N(CH2)2-CH-), 2.78-2.66(q,2H,-NH-CH2-CH2-CH2-), 2.69-

2.61(q,1H,CH2-NH-CH-), 2.02-1.94(q,1H,-CH2-NH-CH-), 1.85-1.59(m,33H,cyclohexyl-Sn-

),1.51-1.37(m,4H,-NH-CH2-CH2-CH2-), 1.32-1.18(m,1H,-CH-CH2-N-Ar-), 1.12-1.04(q,4H,-N-

CH-CH2,cyclopropyl). 13C-NMR (75.45 MHz, CDCl3),ppm,  
2 Ј  [119Sn-13C] in Hz, ppms);  
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176.0(Ar-C=O), 171.7(COO), 157.9(Ar-C-F), 146.5(COO-C-CH), 144.6(Ar-C-O-CH3), 

132.7,125.9,123.8(Ar-CH-F), 109.8(COO-C-C=O), 104.9(Ar-CH-F), 58.7(CH2-NH-CH-), 

56.5[-N(CH2)2], 54.3(Ar-O-CH3), 46.8(-NH-CH2-), 39.5(-N-CH2-CH-), 35.9(N-

CH,cyclopropyl), 30.8,29.9,28.5(CH2,cyclohexyl-Sn-), 26.9,25.7(NH-CH2-CH2-CH2), 

16.7(CH,cyclohexyl-Sn-), 7.7(N-CH-CH2,cyclopropyl). 119Sn NMR(129 MHz, DMSO-d6  / 

ppm): +73.8. (m/z) (M+1) peak [C39H57FN3O4Sn]+  (770). 

 

Trimethylstannyl-(±)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7oxo-7H-

pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylate (21). 

 Quantities used were 0.91 g (0.0025mole) of (HL5) and 0.046 g (0.0025mole) of trmethyltin(IV) 

hydroxide in toluene. Yield = 71%; mp = 106-108oC. Anal. Calc.  for C21H28FN3O4Sn (MW = 

524.18): C,48.50; H,5.48; N,8.25; F,3.68; Sn,22.95%. Found: C,48.12; H,5.38; N,8.02; F,3.62; 

Sn,22.65%. IR (KBr disc, cm-1); νasym (COO) 1631, νsym (COO) 1443, ∆ν = 188, ν (Sn-C) 509, ν 

(Sn-O) 428. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 8.73(s,1H,Ar-N-CH), 

7.66(s,1H,H-Ar-F), 4.24-4.14(d,1H,Ar-OCH2-CH3), 3.46-3.40(t,4H,-N-CH2-CH2-N-), 3.27-

3.13(m,1H,-N-CH-CH3), 2.39-2.31(t,4H,-N-CH2-CH2-N-), 2.22(s,3H,-N-CH2-CH2-N-CH3), 

1.23-1.15(d,3H,-N-CH-CH3), 0.63(s,9H,H3C-Sn). 13C-NMR (75.45 MHz, CDCl3),ppm,    
2 Ј  

[119Sn-13C] in Hz, ppms);  176.5(Ar-C=O), 171.3(COO), 158.2(Ar-C-F), 146.7(CH-N), 

143.8(Ar-C-O), 133.0(Ar-C-N,Pip.), 126.5(Ar-C-N-), 123.7(Ar-C-C=O), 109.5(COO-

C), 104.1(Ar-C-), 71.1,65.9(O-CH2-CH-), 59.5,57.4,46.8(-N-CH2-CH2-N-CH3), 17.9(CH3-

CH-N-), -1.70(CH3-Sn). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -117.8. (m/z) (M+1) peak 

[C21H29FN3O4Sn]+  (525). 

Triethylstannyl-(±)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7oxo-7H-

pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylate (22).  

Quantities used were 0.91 g (0.0025mole) of (HL5) and 0.056 g (0.0025mole) of triethyltin(IV) 

hydroxide in toluene. Yield = 62%; mp = 115-118oC. Anal. Calc.  for C24H34FN3O4Sn (MW = 

566.26): C,50.99; H,6.25; N,7.25; F,3.48; Sn,21.15%. Found: C,50.91; H,6.05; N,7.42; F,3.36; 

Sn,20.96%. IR (KBr disc, cm-1); νasym (COO) 1622, νsym (COO) 1451, ∆ν = 171, ν (Sn-C) 514, ν 
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(Sn-O) 431. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 8.71(s,1H,Ar-N-CH), 

7.64(s,1H,H-Ar-F), 4.22-4.12(d,1H,Ar-OCH2-CH3), 3.44-3.38(t,4H,-N-CH2-CH2-N-), 3.26-

3.12(m,1H,-N-CH-CH3), 2.37-2.29(t,4H,-N-CH2-CH2-N-), 2.20(s,3H,-N-CH2-CH2-N-CH3), 

1.74-1.66(q,6H,H3C-CH2-Sn), 1.22-1.14(d,3H,-N-CH-CH3), 0.88-0.82(t,9H,H3C-CH2-Sn). 13C-

NMR (75.45 MHz, CDCl3),ppm,    
2 Ј  [119Sn-13C] in Hz, ppms);  176.0(Ar-C=O), 

170.7(COO), 157.6(Ar-C-F), 146.1(CH-N), 143.3(Ar-C-O), 132.5(Ar-C-N,Pip.), 

126.0(Ar-C-N-), 123.2(Ar-C-C=O), 109.3(COO-C), 104.0(Ar-C-), 71.0,65.4(O-CH2-

CH-), 59.1,57.0,46.3(-N-CH2-CH2-N-CH3), 17.6(CH3-CH-N-), 8.50(CH3-CH2-Sn), 7.30(CH3-

CH2-Sn). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -133.2. (m/z) (M+1) peak 

[C24H35FN3O4Sn]+  (567).  

Tributylstannyl-(±)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7oxo-7H-

pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylate (23).  

Quantities used were 0.91 g (0.0025mole) of (HL5) and 0.077 g (0.0025mole) of tributyltin(IV) 

hydroxide in toluene. Yield = 58%; mp = 135-137oC. Anal. Calc.  for C30H46FN3O4Sn (MW = 

650.42): C,55.79; H,7.25; N,6.35; F,3.08; Sn,18.10%. Found: C,55.40; H,7.13; N,6.46; F,2.92; 

Sn,18.25%. IR (KBr disc, cm-1); νasym (COO) 1632, νsym (COO) 1443, ∆ν = 189, ν (Sn-C) 519, ν 

(Sn-O) 423. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 8.73(s,1H,Ar-N-CH), 

7.67(s,1H,H-Ar-F), 4.23-4.13(d,1H,Ar-OCH2-CH3), 3.46-3.40(t,4H,-N-CH2-CH2-N-), 3.28-

3.14(m,1H,-N-CH-CH3), 2.38-2.30(t,4H,-N-CH2-CH2-N-), 2.21(s,3H,-N-CH2-CH2-N-CH3), 

1.65-1.39(m,18H,CH2,Bu), 1.22-1.14(d,3H,-N-CH-CH3), 0.92-0.86(t,9H,H3C,Bu). 13C-NMR 

(75.45 MHz, CDCl3),ppm,    2 Ј  [119Sn-13C] in Hz, ppms);  176.3(Ar-C=O), 171.2(COO), 

157.8(Ar-C-F), 146.4(CH-N), 143.7(Ar-C-O), 132.9(Ar-C-N,Pip.), 126.6(Ar-C-N-), 

123.4(Ar-C-C=O), 109.8(COO-C), 104.4(Ar-C-), 71.5,65.7(O-CH2-CH-), 

59.4,57.6,46.9(-N-CH2-CH2-N-CH3), 28.4,26.6,25.1(CH2,Bu), 17.8(CH3-CH-N-), 

13.7(H3C,Bu). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -147.9. (m/z) (M+1) peak 

[C30H47FN3O4Sn]+  (651).  

Triphenylstannyl-(±)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7oxo-7H-

pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylate (24).  
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Quantities used were 0.91 g (0.0025mole) of (HL5) and 0.092 g (0.0025mole) of triphenyltin(IV) 

hydroxide in toluene. Yield = 61%; mp = 151-153oC. Anal. Calc.  for C36H34FN3O4Sn (MW = 

710.39): C,60.99; H,4.95; N,6.05; F,2.60; Sn,17.10%. Found: C,60.87; H,4.82; N,5.92; F,2.67; 

Sn,16.71%. IR (KBr disc, cm-1); νasym (COO) 1651, νsym (COO) 1439, ∆ν = 212, ν (Sn-C) 517, ν 

(Sn-O) 433. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 8.68(s,1H,Ar-N-CH), 

7.66(s,1H,H-Ar-F), 7.50-7.30(m,15H,Ar-Sn-), 4.25-4.15(d,1H,Ar-OCH2-CH3), 3.44-3.38(t,4H,-

N-CH2-CH2-N-), 3.26-3.12(m,1H,-N-CH-CH3), 2.38-2.30(t,4H,-N-CH2-CH2-N-), 2.23(s,3H,-N-

CH2-CH2-N-CH3), 1.24-1.16(d,3H,-N-CH-CH3). 
13C-NMR (75.45 MHz, CDCl3),ppm,    

2 Ј  

[119Sn-13C] in Hz, ppms);  175.8(Ar-C=O), 171.0(COO), 156.8(Ar-C-F), 146.7(CH-N), 

143.2(Ar-C-O), 137.0(Ar-C-N,Pip.), 135.4,134.9,133.7,132.1,131.2(C,Ar-Sn-), 126.9(Ar-C-N-), 

123.7(Ar-C-C=O), 109.9(COO-C), 104.5(Ar-C-), 71.7,65.9(O-CH2-CH-), 59.6,57.7,47.1(-N-

CH2-CH2-N-CH3), 17.9(CH3-CH-N-). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -19.7. (m/z) 

(M+1) peak [C36H35FN3O4Sn]+  (711). 

Tricyclohexylstannyl-(±)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7oxo-

7H-pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylate (25).  

Quantities used were 0.91 g (0.0025mole) of (HL5) and 0.097 g (0.0025mole) of 

tricyclohexyltin(IV) hydroxide in toluene. Yield = 60%; mp = 156-158oC. Anal. Calc.  for 

C36H52FN3O4Sn (MW = 728.54): C,59.90; H,7.35; N,6.00; F,2.69; Sn,16.10%. Found: C,59.35; 

H,7.19; N,5.77; F,2.61; Sn,16.29%. IR (KBr disc, cm-1); νasym (COO) 1664, νsym (COO) 1427, ∆ν 

= 237, ν (Sn-C) 511, ν (Sn-O) 441. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 

8.65(s,1H,Ar-N-CH), 7.64(s,1H,H-Ar-F), 4.24-4.14(d,1H,Ar-OCH2-CH3), 3.44-3.38(t,4H,-N-

CH2-CH2-N-), 3.26-3.14(m,1H,-N-CH-CH3), 2.39-2.31(t,4H,-N-CH2-CH2-N-), 2.24(s,3H,-N-

CH2-CH2-N-CH3), 1.81-1.55(m,33H,cyclohexyl-Sn-), 1.26-1.18(d,3H,-N-CH-CH3). 
13C-NMR 

(75.45 MHz, CDCl3),ppm,    
2 Ј  [119Sn-13C] in Hz, ppms);  175.0(Ar-C=O), 170.3(COO), 

156.3(Ar-C-F), 146.4(CH-N), 143.0(Ar-C-O), 136.7(Ar-C-N,Pip.), 126.3(Ar-C-N-), 123.4(Ar-

C-C=O), 109.4(COO-C), 104.1(Ar-C-), 71.3,65.4(O-CH2-CH-), 59.4,57.5,47.0(-N-CH2-CH2-N-

CH3), 30.7,29.6,28.3(CH2,cyclohexyl-Sn-), 17.7(CH3-CH-N-), 16.2(CH,cyclohexyl-Sn-). 119Sn 

NMR(129 MHz, DMSO-d6  / ppm): +64.9. (m/z) (M+1) peak [C36H53FN3O4Sn]+  (729). 

Trimethylstannyl-9-Fluoro-6,7-dihydro-5-methyl-1-oxo-1H,5H-benzo[ij]-quinolizine-2-

carboxylate (26).  
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Quantities used were 0.065 g (0.0025mole) of (HL6) and 0.056 g (0.0025mole) of trimethyl 

tin(IV) hydroxide in toluene. Yield = 72%; mp = 107-110oC. Anal. Calc. for C17H20O3NFSn 

(MW = 424): C, 48.15; H,4.75; N,3.30; Sn, 27.99%; . Found: C,48.20; H,4.79; N,3.31; Sn, 27.90 

%. IR (KBr disc, cm-1); νasym (COO) 1641, νsym (COO) 1464, ∆ν = 177, ν (Sn-C) 523, ν (Sn-O) 

442. 1H-NMR (400 MHz,DMSO-d6  / ppm): 9.02 (s,1H,Ar-N-CH), 7.83-7.78 (d, 1H, HC-CF-

Ar), 7.67 (s,2H , CH-CF-Ar), 4.99-4.91 (m,1H,-CH2-CHN-CH3), 3.14-3.08 (t,2H, ,F-Ar-CH2-

CH2), 2.20-2.14 (t,2H,-CH2-CHN-CH3), 0.96-0.93 (d,3H,-CH2-CHN-CH3), 0.52 (s,9H,  H3C-

Sn). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 178.1 (Ar-C=O), 161.2 (COO), 148.7, 146.0, 

127.6, 127.4, 127.1, 126.9, 126.7(Ar-C), 122.2, 58.5, 26.4, 22.3, 20.7 (CH2-Flumequine), 15.03 

(H3C-Sn). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -142.6. (m/z) (M+1) peak 

[C17H20O3NFSn]+  (425).  

Triethylstannyl-9-Fluoro-6,7-dihydro-5-methyl-1-oxo-1H,5H-benzo[ij]-quinolizine-2-

carboxylate (27).  

Quantities used were 0.065 g (0.0025mole) of (HL6) and 0.057 g (0.0025mole) of triethyltin(IV) 

hydroxide in toluene. Yield = 65%; mp = 116-119oC. Anal. Calc. for C20H26O3NFSn (MW = 

466.14): C, 51.80; H,5.75; F,4.20; N,3.10; Sn, 25.90%; . Found: C, 51.53; H,5.62; F,4.08; 

N,3.00; Sn, 25.47 %. IR (KBr disc, cm-1); νasym (COO) 1647, νsym (COO) 1459, ∆ν = 188 ν (Sn-

C) 528, ν (Sn-O) 439. 1H-NMR (400 MHz,DMSO-d6  / ppm): 9.04 (s,1H,Ar-N-CH), 7.84-7.80 

(d, 1H, HC-CF-Ar), 7.64(s,2H ,CH-CF-Ar), 4.98-4.90 (m,1H,-CH2-CHN-CH3), 3.15-3.09 (t,2H, 

,F-Ar-CH2-CH2), 2.20-2.14 (t,2H,-CH2-CHN-CH3), 1.76-1.68(q,6H,H3C-CH2-Sn), 0.96-0.92 

(d,3H,-CH2-CHN-CH3), 0.84-0.76(t,9H,H3C-CH2-Sn). 13C-NMR (75.45 MHz, DMSO-d6  / 

ppm): 177.2(Ar-C=O), 170.5(COO), 148.2, 146.3, 127.5, 127.2, 126.8, 126.5, 126.2(Ar-C), 

122.0, 58.2, 26.3, 22.1, 20.4 (CH2-Flumequine), 8.60(CH3-CH2-Sn), 7.40(CH3-CH2-Sn). 119Sn 

NMR(129 MHz, DMSO-d6  / ppm): -123.4. (m/z) (M+1) peak [C20H27O3NFSn]+  (467).  

Tributylstannyl-9-Fluoro-6,7-dihydro-5-methyl-1-oxo-1H,5H-benzo[ij]-quinolizine-2-

carboxylate (28).  

Quantities used were 0.065 g (0.0025mole) of (HL6) and 0.056 g (0.0025mole) of tributyl tin(IV) 

hydroxide in toluene. Yield = 66%; mp = 142-145oC. Anal. Calc. for C26H38O3NFSn (MW = 

550): C,56.75; H,6.96; N,2.55; Sn, 21.57%; . Found: C, 56.71; H,6.99; N,2.59; Sn, 21.60 %. IR 
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(KBr disc, cm-1); νasym (COO) 1648, νsym (COO) 1463, ∆ν = 185, ν (Sn-C) 521, ν (Sn-O) 449. 1H-

NMR (400 MHz,DMSO-d6  / ppm): 9.01 (s,1H,Ar-N-CH), 7.77-7.72 (d,1H, HC-CF-Ar), 7.64 

(s,2H , CH-CF-Ar), 4.91-4.87 (m,1H,-CH2-CHN-CH3), 3.10-3.06 (t,2H,F-Ar-CH2-CH2), 2.16-

2.10 (t,2H,-CH2-CHN-CH3), 0.94-0.91 (d,3H,-CH2-CHN-CH3), 1.53-1.27 (m,18H,CH2,Bu), 0.72 

(s,9H,  H3C-Sn). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 176.5 (Ar-C=O), 163.7 (COO), 

148.2, 146.0, 127.3, 127.1, 126.8, 126.5, 126.3 (Ar-C), 122.1, 58.5, 46.4, 26.2, 25.3, 22.1, 20.3 

(CH2-Flumequine and Bu), 16.23 (H3C-Sn). 119Sn NMR (129 MHz, DMSO-d6  / ppm): -119.6. 

(m/z) (M+1) peak [C26H38O3NFSn]+  (551).  

Triphenylstannyl-9-Fluoro-6,7-dihydro-5-methyl-1-oxo-1H,5H-benzo[ij]-quinolizine-2-

carboxylate (29).  

Quantities used were 0.065 g (0.0025mole) of (HL6) and 0.056 g (0.0025mole) of triphenyl 

tin(IV) hydroxide in toluene. Yield = 68%; mp = 161-163oC . Anal. Calc.  for C32H26O3NFSn 

(MW = 611 ): C,62.98; H,4.29; N,2.30%; . Found: C, 62.94; H,4.29; N,2.31 %. IR (KBr disc, 

cm-1):  νasym (COO) 1685, νsym (COO) 1432, ∆ν = 253, ν (Sn-C) 519, ν (Sn-O) 446. 1H-NMR 

(400 MHz,DMSO-d6  / ppm): 8.97 (s,1H,Ar-N-CH), 7.81-7.76 (d, 1H,HC-CF-Ar), 7.64 

(s,2H,CH-CF-Ar), 7.59-7.32 (m,15H,Ph-Sn), 4.95-4.87 (m,1H,-CH2-CHN-CH3), 3.12-3.07 

(t,2H, ,F-Ar-CH2-CH2), 2.14-2.08 (t,2H,-CH2-CHN-CH3), 0.97-0.93 (d,3H,-CH2-CHN-CH3). 

13C-NMR (75.45 MHz, DMSO-d6  / ppm): 171.1 (Ar-C=O), 163.2 (COO), 148.1, 145.7, 131.4, 

133.8, 133.3, 132.9.132.2, 127.6, 127.4, 127.1, 126.9, 126.7 (Ar-C), 122.2, 58.0, 26.4, 22.3, 20.2 

(CH2-Flumequine). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -35.2. (m/z) (M+1) peak 

[C32H26O3NFSn]+  (612). 

Tricyclohexylstannyl-9-Fluoro-6,7-dihydro-5-methyl-1-oxo-1H,5H-benzo[ij]-quinolizine-2-

carboxylate (30).  

Quantities used were 0.065 g (0.0025mole) of (HL6) and 0.097 g (0.0025mole) of 

tricyclohexyltin(IV) hydroxide in toluene. Yield = 61%; mp = 154-157oC. Anal. Calc. for 

C32H44O3NFSn (MW = 628.42): C,61.80; H,7.45; F,3.20; N,2.10; Sn,19.20%; . Found: 61.16; 

H,7.06; F,3.02; N,2.23; Sn,18.89 %. IR (KBr disc, cm-1); νasym (COO) 1663, νsym (COO) 1441, ∆ν 

= 222 ν (Sn-C) 515, ν (Sn-O) 429. 1H-NMR (400 MHz,DMSO-d6  / ppm): 8.99 (s,1H,Ar-N-

CH), 7.80-7.76 (d, 1H, HC-CF-Ar), 7.61(s,2H ,CH-CF-Ar), 4.94-4.86 (m,1H,-CH2-CHN-CH3), 
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3.13-3.07(t,2H,F-Ar-CH2-CH2), 2.18-2.12(t,2H,-CH2-CHN-CH3), 1.77-1.51(m,33H,cyclohexyl-

Sn-), 0.94-0.90(d,3H,-CH2-CHN-CH3). 
13C-NMR (75.45 MHz, DMSO-d6  / ppm): 176.5(Ar-

C=O), 171.2(COO), 148.7, 146.7, 127.9, 127.4, 126.9, 126.5, 126.2(Ar-C), 122.5, 58.5, 

[30.7,29.6,28.3](CH2,cyclohexyl-Sn-), 25.4,22.3,20.7(CH2-Flumequine), 16.2(CH,cyclohexyl-

Sn-). 119Sn NMR(129 MHz, DMSO-d6  / ppm): +51.9. (m/z) (M+1) peak [C32H45O3NFSn]+  

(629).  

Trimethylstannyl-1-Ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate 

 (31).  

Quantities used were 0.058 g (0.0025mole) of (HL7) and 0.046 g (0.0025mole) of 

trimethyltin(IV) hydroxide in toluene. Yield = 66%; mp = 107-109oC. Anal. Calc. for 

C15H20O3N2Sn (MW = 395.05): C,45.90; H,5.05; N,7.19; Sn,30.90%; . Found: C,45.61; H,5.10; 

N,7.09; Sn,30.05%. IR (KBr disc, cm-1); νasym (COO) 1631, νsym (COO) 1439, ∆ν = 192 ν (Sn-C) 

522, ν (Sn-O) 413. 1H-NMR (400 MHz,DMSO-d6  / ppm): 9.23(s,1H,pyridine-N-CH), 

7.82(s,1H, HC-,pyridine), 6.83(s,1H, HC-,pyridine), 4.17-4.09(q,2H,-N-CH2-CH3), 

2.46(s,3H,H3C-pyridine), 0.65(s,9H,H3C-Sn-). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 

177.5(Ar-C=O), 171.7(COO), 168.1(C-pyridine), 149.2(-CH-N-CH2-CH3), 

148.0,135.3,129.9,118.6(C,CH-pyridine), 111.3(COO-C-C=O), 49.4(-N-CH2-CH3), 23.9(H3C-

pyridine), 14.3(-N-CH2-CH3), -1.7(H3C-Sn-). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -163.5. 

(m/z) (M+1) peak [C15H21O3N2Sn]+  (396). 

Triethylstannyl-1-Ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate (32).  

Quantities used were 0.058 g (0.0025mole) of (HL7) and 0.056 g (0.0025mole) of triethyltin(IV) 

hydroxide in toluene. Yield = 62%; mp = 118-120oC. Anal. Calc. for C18H26O3N2Sn (MW = 

437.13): C,49.75; H,6.15; N,6.29; Sn,27.50%; . Found: C,49.46; H,6.00; N,6.41; Sn,27.16%. IR 

(KBr disc, cm-1); νasym (COO) 1623, νsym (COO) 1445, ∆ν = 178 ν (Sn-C) 512, ν (Sn-O) 424. 1H-

NMR (400 MHz,DMSO-d6  / ppm): 9.25(s,1H,pyridine-N-CH), 7.83(s,1H, HC-,pyridine), 

6.85(s,1H,HC-,pyridine), 4.19-4.11(q,2H,-N-CH2-CH3), 2.47(s,3H,H3C-pyridine), 1.78-

1.70(q,6H,H3C-CH2-Sn), 0.86-0.78(t,9H,H3C-CH2-Sn). 13C-NMR (75.45 MHz, DMSO-d6  / 

ppm): 177.2(Ar-C=O), 171.3(COO), 168.0(C-pyridine), 149.1(-CH-N-CH2-CH3), 

147.8,135.1,129.6,118.3(C,CH-pyridine), 111.1(COO-C-C=O), 49.2(-N-CH2-CH3), 23.4(H3C-
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pyridine), 14.4(-N-CH2-CH3), 8.70(CH3-CH2-Sn), 7.50(CH3-CH2-Sn). 119Sn NMR(129 MHz, 

DMSO-d6  / ppm): -113.7. (m/z) (M+1) peak [C18H27O3N2Sn]+  (438).  

Tributylstannyl-1-Ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate (33).  

Quantities used were 0.058 g (0.0025mole) of (HL7) and 0.077 g (0.0025mole) of tributyltin(IV) 

hydroxide in toluene. Yield = 67%; mp = 134-137oC. Anal. Calc. for C24H38O3N2Sn (MW = 

521.29): C,55.50; H,7.20; N,5.29; Sn,22.95%; . Found: C,55.30; H,7.35; N,5.37; Sn,22.77%. IR 

(KBr disc, cm-1); νasym (COO) 1611, νsym (COO) 1457, ∆ν = 154, ν (Sn-C) 524, ν (Sn-O) 434. 1H-

NMR (400 MHz,DMSO-d6  / ppm): 9.21(s,1H,pyridine-N-CH), 7.85(s,1H, HC-,pyridine), 

6.86(s,1H,HC-,pyridine), 4.18-4.10(q,2H,-N-CH2-CH3), 2.49(s,3H,H3C-pyridine), 1.55-

1.29(m,18H,CH2,Bu), 0.75(s,9H, H3C-Sn). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 

176.7(Ar-C=O), 171.6(COO), 167.5(C-pyridine), 149.4(-CH-N-CH2-CH3), 

147.6,135.3,129.4,118.5(C,CH-pyridine), 111.3(COO-C-C=O), 49.5(-N-CH2-CH3), 

28.4,26.6,25.1(CH2,Bu), 23.6(H3C-pyridine), 14.9(-N-CH2-CH3), 13.5(H3C,Bu). 119Sn 

NMR(129 MHz, DMSO-d6  / ppm): -157.5. (m/z) (M+1) peak [C24H39O3N2Sn]+  (522). 

Triphenylstannyl-1-Ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate 

(34).  

Quantities used were 0.058 g (0.0025mole) of (HL7) and 0.092 g (0.0025mole) of 

triphenyltin(IV) hydroxide in toluene. Yield = 59%; mp = 171-174oC. Anal. Calc. for 

C30H26O3N2Sn (MW = 581.26): C,61.70; H,4.40; N,4.69; Sn,20.75%; . Found: C,61.99; H,4.51; 

N,4.82Sn,20.42%. IR (KBr disc, cm-1); νasym (COO) 1651, νsym (COO) 1437, ∆ν = 214, ν (Sn-C) 

512, ν (Sn-O) 417. 1H-NMR (400 MHz,DMSO-d6  / ppm): 9.20(s,1H,pyridine-N-CH), 

7.82(s,1H,HC-,pyridine), 7.53-7.33(m,15H,Ar-Sn-), 6.84(s,1H,HC-,pyridine), 4.19-4.11(q,2H,-

N-CH2-CH3), 2.48(s,3H,H3C-pyridine). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 176.4(Ar-

C=O), 171.2(COO), 167.2(C-pyridine), 149.1(-CH-N-CH2-CH3), 147.5,135.7,135.4, 

134.9,133.7,132.1,131.2,129.5,118.7 (C,Ar-Sn-) and (C,CH-pyridine), 111.5(COO-C-C=O), 

49.3(-N-CH2-CH3), 23.9(H3C-pyridine), 14.7(-N-CH2-CH3). 
119Sn NMR(129 MHz, DMSO-d6  

/ ppm): -29.4. (m/z) (M+1) peak [C30H27O3N2Sn]+  (582). 
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Tricyclohexylstannyl-1-Ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate 

(35).  

Quantities used were 0.058 g (0.0025mole) of (HL7) and 0.097 g (0.0025mole) of 

tricyclohexyltin(IV) hydroxide in toluene. Yield = 63%; mp = 162-165oC. Anal. Calc. for 

C30H44O3N2Sn (MW = 599.40): C,60.70; H,7.50; N,4.60; Sn,20.15%; . Found: C,60.11; H,7.40; 

N,4.67; Sn,19.80%. IR (KBr disc, cm-1); νasym (COO) 1669, νsym (COO) 1421, ∆ν = 248, ν (Sn-C) 

526, ν (Sn-O) 436. 1H-NMR (400 MHz,DMSO-d6  / ppm): 9.24(s,1H,pyridine-N-CH), 

7.84(s,1H,HC-,pyridine), 6.87(s,1H,HC-,pyridine), 4.17-4.09(q,2H,-N-CH2-CH3), 

2.47(s,3H,H3C-pyridine), 1.83-1.57(m,33H,cyclohexyl-Sn-). 13C-NMR (75.45 MHz, DMSO-d6  

/ ppm): 176.5(Ar-C=O), 171.6(COO), 167.5(C-pyridine), 149.4(-CH-N-CH2-CH3), 

147.5,135.7,131.2,129.5,118.7(C,CH-pyridine), 111.7(COO-C-C=O), 49.6(-N-CH2-CH3), 

30.9,29.8,28.6(CH2,cyclohexyl-Sn-), 23.9(H3C-pyridine), 16.5(CH,cyclohexyl-Sn-), 14.8(-N-

CH2-CH3). 
119Sn NMR(129 MHz, DMSO-d6  / ppm): +62.7. (m/z) (M+1) peak 

[C30H45O3N2Sn]+  (600). 

Trimethylstannyl-5-Ethyl-8-oxo-5,8-dihydro[1,3]dioxolo[4,5-g]quinoline- 7-carboxylate 

 (36).  

Quantities used were 0.066 g (0.0025mole) of (HL8) and 0.046 g (0.0025mole) of 

trimethyltin(IV) hydroxide in toluene. Yield = 67%; mp = 97-99oC. Anal. Calc. for 

C16H19O5NSn (MW = 424.04): C,45.90; H,4.40; N,3.38; Sn,28.55%; . Found: C,45.32; H,4.52; 

N,3.30; Sn,28.00%. IR (KBr disc, cm-1); νasym (COO) 1623, νsym (COO) 1445, ∆ν = 178, ν (Sn-C) 

511, ν (Sn-O) 421. 1H-NMR (400 MHz,DMSO-d6  / ppm): 9.05(s,1H,pyridine-N-CH), 

7.25(s,1H,HC-Ar), 6.50(s,1H,HC-Ar), 6.06(s,2H,-O-H2C-O-), 4.66-4.58(q,2H,-N-CH2-CH3), 

1.50-1.42(t,2H,-N-CH2-CH3), 0.71(s,9H,CH3-Sn). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 

176.4(Ar-C=O), 171.5(COO), 153.9(C-Ar), 149.1(-CH-N-CH2-CH3), 147.2,137.2,122.8(C-Ar), 

109.3(COO-C-C=O), 103.6(CH-Ar), 101.2(-O-H2C-O-), 97.0(CH-Ar), 51.8(-N-CH2-CH3), 

14.3(-N-CH2-CH3), -1.70(CH3-Sn). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -150.1. (m/z) 

(M+1) peak [C16H20O5NSn]+  (425). 

Triethylstannyl-5-Ethyl-8-oxo-5,8-dihydro[1,3]dioxolo[4,5-g]quinoline- 7-carboxylate (37).  
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Quantities used were 0.066 g (0.0025mole) of (HL8) and 0.056 g (0.0025mole) of triethyltin(IV) 

hydroxide in toluene. Yield = 64%; mp = 109-111oC. Anal. Calc. for C19H25O5NSn (MW = 

466.12): C,49.95; H,5.30; N,3.05; Sn,25.88%; . Found: C,48.96; H,5.41; N,3.01; Sn,25.47%. IR 

(KBr disc, cm-1); νasym (COO) 1616, νsym (COO) 1461, ∆ν = 155, ν (Sn-C) 519, ν (Sn-O) 432. 1H-

NMR (400 MHz,DMSO-d6  / ppm): 9.03(s,1H,pyridine-N-CH), 7.23(s,1H,HC-Ar), 

6.51(s,1H,HC-Ar), 6.04(s,2H,-O-H2C-O-), 4.64-4.56(q,2H,-N-CH2-CH3), 1.79-1.71(q,6H,H3C-

CH2-Sn), 1.51-1.43(t,2H,-N-CH2-CH3), 0.84-0.76(t,9H,H3C-CH2-Sn). 13C-NMR (75.45 MHz, 

DMSO-d6  / ppm): 176.1(Ar-C=O), 170.7(COO), 153.6(C-Ar), 149.0(-CH-N-CH2-CH3), 

147.0,137.1,122.7(C-Ar), 109.1(COO-C-C=O), 103.2(CH-Ar), 101.1(-O-H2C-O-), 97.2(CH-

Ar), 51.6(-N-CH2-CH3), 14.2(-N-CH2-CH3), 8.60(CH3-CH2-Sn), 7.40(CH3-CH2-Sn). 119Sn 

NMR(129 MHz, DMSO-d6  / ppm): -103.3. (m/z) (M+1) peak [C19H26O5NSn]+  (467). 

Tributylstannyl-5-Ethyl-8-oxo-5,8-dihydro[1,3]dioxolo[4,5-g]quinoline- 7-carboxylate (38).  

Quantities used were 0.066 g (0.0025mole) of (HL8) and 0.077 g (0.0025mole) of tributyltin(IV) 

hydroxide in toluene. Yield = 67%; mp = 121-124oC. Anal. Calc. for C25H37O5NSn (MW = 

550.28): C,54.95; H,6.60; N,2.50; Sn,21.98%; . Found: C,54.57; H,6.78; N,2.55; Sn,21.57%. IR 

(KBr disc, cm-1); νasym (COO) 1622, νsym (COO) 1449, ∆ν = 173, ν (Sn-C) 526, ν (Sn-O) 442. 1H-

NMR (400 MHz,DMSO-d6  / ppm): 9.01(s,1H,pyridine-N-CH), 7.22(s,1H,HC-Ar), 

6.50(s,1H,HC-Ar), 6.02(s,2H,-O-H2C-O-), 4.63-4.55(q,2H,-N-CH2-CH3), 1.59-

1.39(m,18H,CH2,Bu), 1.31-1.25(t,2H,-N-CH2-CH3), 0.77(s,9H, H3C-Sn). 13C-NMR (75.45 

MHz, DMSO-d6  / ppm): 175.7(Ar-C=O), 170.3(COO), 153.2(C-Ar), 149.0(-CH-N-CH2-CH3), 

146.8,137.0,122.5(C-Ar), 109.0(COO-C-C=O), 103.2(CH-Ar), 102.1(-O-H2C-O-), 97.1(CH-

Ar), 51.4(-N-CH2-CH3), 28.3,26.4,25.0(CH2,Bu), 14.2(-N-CH2-CH3), 13.4(H3C,Bu). 119Sn 

NMR(129 MHz, DMSO-d6  / ppm): -124.1. (m/z) (M+1) peak [C25H38O5NSn]+  (551). 

Triphenylstannyl-5-Ethyl-8-oxo-5,8-dihydro[1,3]dioxolo[4,5-g]quinoline- 7-carboxylate 

(39).  

Quantities used were 0.066 g (0.0025mole) of (HL8) and 0.092 g (0.0025mole) of 

triphenyltin(IV) hydroxide in toluene. Yield = 62%; mp = 173-175oC. Anal. Calc. for 

C31H25O5NSn (MW = 610.25): C,61.90; H,4.30; N,2.40; Sn,19.95%; . Found: C,61.01; H,4.13; 

N,2.30; Sn,19.45%. IR (KBr disc, cm-1); νasym (COO) 1659, νsym (COO) 1407, ∆ν = 252, ν (Sn-C) 
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516, ν (Sn-O) 431. 1H-NMR (400 MHz,DMSO-d6  / ppm): 9.03(s,1H,pyridine-N-CH), 7.57-

7.37(m,15H,Ar-Sn-), 7.24(s,1H,HC-Ar), 6.52(s,1H,HC-Ar), 6.05(s,2H,-O-H2C-O-), 4.66-

4.58(q,2H,-N-CH2-CH3), 1.33-1.27(t,2H,-N-CH2-CH3). 
13C-NMR (75.45 MHz, DMSO-d6  / 

ppm): 176.2(Ar-C=O), 171.6(COO), 153.6(C-Ar), 149.4(-CH-N-CH2-CH3), 147.3,137.5, 

135.7,134.9,133.7,132.3,131.3,122.9 (C,Ar-Sn-) and (C-Ar), 109.7(COO-C-C=O), 103.3(CH-

Ar), 102.3(-O-H2C-O-), 97.4(CH-Ar), 51.7(-N-CH2-CH3), 14.2(-N-CH2-CH3). 
119Sn NMR(129 

MHz, DMSO-d6  / ppm): -36.7. (m/z) (M+1) peak [C31H26O5NSn]+  (611). 

Tricyclohexylstannyl-5-Ethyl-8-oxo-5,8-dihydro[1,3]dioxolo[4,5-g]quinoline- 7-carboxylate 

(40).  

Quantities used were 0.066 g (0.0025mole) of (HL8) and 0.097 g (0.0025mole) of 

tricyclohexyltin(IV) hydroxide in toluene. Yield = 69%; mp = 164-166oC. Anal. Calc. for 

C31H43O5NSn (MW = 628.40): C,59.85; H,6.70; N,2.30; Sn,19.55%; . Found: C,59.25; H,6.90; 

N,2.23; Sn,18.89%. IR (KBr disc, cm-1); νasym (COO) 1653, νsym (COO) 1419, ∆ν = 234, ν (Sn-C) 

530, ν (Sn-O) 444. 1H-NMR (400 MHz,DMSO-d6  / ppm): 9.02(s,1H,pyridine-N-CH), 

7.25(s,1H,HC-Ar), 6.54(s,1H,HC-Ar), 6.07(s,2H,-O-H2C-O-), 4.68-4.60(q,2H,-N-CH2-CH3), 

1.85-1.59(m,33H,cyclohexyl-Sn-), 1.35-1.29(t,2H,-N-CH2-CH3). 
13C-NMR (75.45 MHz, 

DMSO-d6  / ppm): 176.3(Ar-C=O), 171.9(COO), 153.8(C-Ar), 149.5(-CH-N-CH2-CH3), 

147.5,137.7,122.9(C-Ar), 109.9(COO-C-C=O), 103.7(CH-Ar), 102.6(-O-H2C-O-), 97.7(CH-

Ar), 51.9(-N-CH2-CH3), 30.9,29.9,28.6(CH2,cyclohexyl-Sn-), 16.7(CH,cyclohexyl-Sn-), 14.4(-

N-CH2-CH3). 
119Sn NMR(129 MHz, DMSO-d6  / ppm): +51.3. (m/z) (M+1) peak 

[C31H44O5NSn]+  (629). 

Trimethylstannyl-2-[2-[4-[(4-chlorophenyl)-phenylmethyl]piperazin-1- yl]ethoxy]acetate 

(41). 

Quantities used were 0.116 g (0.0025mole) of (HL9) and 0.046 g (0.0025mole) of trimethyl tin 

(IV) hydroxide in toluene. Yield = 65%; mp = 150-153oC. Anal. Calc.  for C24H33O3N2ClSn 

(MW = 552): C,52.25; H,6.03; N,5.08; Cl,6.43 Sn, 21.52%; . Found: C,52.30; H,6.05; N,5.10; 

Cl, 6.40; Sn, 21.50 %. IR (KBr disc, cm-1);  νasym (COO) 1642 , νsym (COO) 1466 , ∆ν = 176 , ν 

(Sn-C) 522 , ν (Sn-O) 447.1H-NMR (400 MHz,DMSO-d6  / ppm): 7.60-7.54 (m,4H,Cl-Ar), 

7.48-7.40 (m,5H, Ar), 5.09 (s,1H,Ar(N)CH-CCl-Ar), 4.15 (s,2H,-O-H2C-COO), 3.82-3.76 
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(t,2H,O-CH2-CH2-N), 3.66-3.58 (t,2H,O-CH2-CH2-N), 3.47-3.41 (t,4H,N-CH2CH2-N), 3.37-

3.31 (t,4H,N-CH2CH2-N), 0.52 (s,9H, H3C-Sn). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 

173.8 (COO), 134.9, 133.7, 132.8, 130.5.130.2, 129.9, 129.6, 128.0, 127.8, 127.6, 127.4, 127.2 

(Ar-C), 74.5, 66.7, 63.5, 56.2, 48.4, 48.2, 47.9, 47.7, 13.5 (H3C-Sn). 119Sn NMR DMSO-d6  / 

ppm):  -101.6. (m/z) (M+1) peak [C24H33O3N2ClSn]+ (553), (M+2) peak [C24H33O3N2ClSn]+ 

(554).  

Triethylstannyl-2-[2-[4-[(4-chlorophenyl)-phenylmethyl]piperazin-1- yl]ethoxy]acetate. 

(42). 

Quantities used were 0.116 g (0.0025mole) of (HL9) and 0.057 g (0.0025mole) of triethyl tin 

(IV) hydroxide in toluene. Yield = 67%; mp = 142-144oC. Anal. Calc.  for C27H39O3N2ClSn 

(MW = 593.78): C,54.95; H,6.53; N,4.88; Cl,5.83 ;Sn, 20.22%;. Found: C,54.62; H,6.63; N,4.72; 

Cl,5.97 ;Sn, 19.99%. IR (KBr disc, cm-1);  νasym (COO) 1649 , νsym (COO) 1462 , ∆ν = 187, ν 

(Sn-C) 526, ν(Sn-O) 435.1H-NMR (400 MHz,DMSO-d6  / ppm): 7.61-7.55(m,4H,Cl-Ar), 7.49-

7.41(m,5H,Ar), 5.09(s,1H,Ar(N)CH-CCl-Ar), 4.17(s,2H,-O-H2C-COO), 3.83-3.77(t,2H,O-CH2-

CH2-N), 3.67-3.59(t,2H,O-CH2-CH2-N), 3.49-3.43(t,4H,N-CH2CH2-N), 3.38-3.32(t,4H,N-

CH2CH2-N), 1.79-1.71(q,6H,H3C-CH2-Sn), 0.85-0.77(t,9H,H3C-CH2-Sn). 13C-NMR (75.45 

MHz, DMSO-d6  / ppm): 173.8(COO), 134.9, 133.7, 132.8, 130.5.130.2, 129.9, 129.6, 128.0, 

127.8, 127.6, 127.4, 127.2 (Ar-C), 74.5, 66.7, 63.5, 56.2, 48.4, 48.2, 47.9, 47.7, [8.60(CH3-CH2-

Sn), 7.40(CH3-CH2-Sn)]. 119Sn NMR DMSO-d6  / ppm):  -125.8. (m/z) (M+1) peak 

[C27H40O3N2ClSn]+ (595), (M+2) peak [C24H41O3N2ClSn]+ (596). 

 

Tributylstannyl- 2-[2-[4-[(4-chlorophenyl)-phenylmethyl]piperazin-1-yl]ethoxy]acetate. 

(43). 

Quantities used were 0.116 g (0.0025mole) of (HL9) and 0.077 g (0.0025mole) of tributyl tin 

(IV) Hydroxide in toluene. Yield = 68%; mp = 137-140oC. Anal. Calc. for C33H51O3N2ClSn 

(MW = 678): C,58.45; H,7.60; N,4.15; Cl,5.25 Sn, 17.50%; . Found: C, 58.50; H,7.56; N,4.17; 

Cl, 5.28; Sn, 17.55 %. IR (KBr disc, cm-1); νasym (COO) 1650 , νsym (COO)1457 , ∆ν = 193 , ν 

(Sn-C) 519 , ν (Sn-O) 443. 1H-NMR (400 MHz,DMSO-d6  / ppm): 7.64-7.58 (m,4H,Cl-Ar), 

7.52-7.44 (m,5H, Ar), 5.12 (s,1H,Ar(N)CH-CCl-Ar), 4.19 (s,2H,-O-H2C-COO), 3.86-3.82 
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(t,2H,O-CH2-CH2-N),  3.68-3.60 (t,2H,O-CH2-CH2-N), 3.51-3.45 (t,4H,N-CH2CH2-N), 3.39-

3.32 (t,4H,N-CH2CH2-N), 1.51-1.23 (m,18H,CH2,Bu), 0.81 (s,9H, H3C-Sn). 13C-NMR (75.45 

MHz, DMSO-d6  / ppm): 173.8 (COO), 134.9, 133.7, 132.8, 130.5.130.2, 129.9, 129.6, 128.0, 

127.8, 127.6, 127.4, 127.2 (Ar-C), 74.5, 66.7, 63.5, 56.2, 48.4, 48.2, 47.9, 47.7, 42.23, 26.12, 

21.05 (CH2,Bu), 15.53 (H3C-Sn). 119Sn NMR DMSO-d6  / ppm): -159.7. (m/z) (M+1) peak 

[C33H51O3N2ClSn]+ (679), (M+2) peak [C33H51O3N2ClSn]+ (680). 

Triphenylstannyl- 2-[2-[4-[(4-chlorophenyl)-phenylmethyl]piperazin-1-yl]ethoxy]acetate 

(44). 

Quantities used were 0.116 g (0.0025mole) of (HL9) and 0.092 g (0.0025mole) of triphenyltin 

(IV) Hydroxide in toluene. Yield = 61%; mp = 168-170oC . Anal. Calc.  for C39H39N2O3ClSn 

(MW = 737 ) : C,63.48; H,5.33; N,3.80; Cl, 4.80 Sn, 16.10%; . Found: C, 63.55; H, 5.35; N,3.82; 

Cl, 4.78; Sn, 16.15 %. IR (KBr disc, cm-1); νasym (COO) 1687, νsym (COO) 1436, ∆ν = 251, ν (Sn-

C) 525 , ν (Sn-O) 452. 1H-NMR (400 MHz,DMSO-d6  / ppm): 7.74-7.66 (m,4H,Cl-Ar), 7.59-

7.22 (m,20H,Ph+Ph-Sn), 5.13 (s,1H,Ar(N)CH-CCl-Ar), 4.14 (s,2H,-O-H2C-COO), 3.84-3.78 

(t,2H,O-CH2-CH2-N), 3.72-3.66 (t,2H,O-CH2-CH2-N), 3.44-3.38 (t,4H,N-CH2CH2-N), 3.32-

3.26 (t,4H,N-CH2CH2-N). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 173.8 (COO), 134.9, 

133.7, 132.8, 130.5.130.2, 129.9, 129.6, 128.0, 127.8, 127.6, 127.4, 127.2, 126.9, 126.4, 125.8, 

125.3, 124.9 (Ar-C), 74.5, 66.7, 63.5, 56.2, 48.4, 48.2, 47.9, 47.7. 119Sn NMR DMSO-d6  / 

ppm): -21.8. (m/z) (M+1) peak [C39H39N2O3ClSn]+ ( 738), (M+2) [C39H39N2O3ClSn]+  peak 

(739). 

Tricyclohexylstannyl-2-[2-[4-[(4-chlorophenyl)-phenylmethyl]piperazin-1-yl]ethoxy]acetate 

(45). 

Quantities used were 0.116 g (0.0025mole) of (HL9) and 0.097 g (0.0025mole) of tricyclohexyl 

tin(IV) hydroxide in toluene. Yield = 63%; mp = 162-165oC. Anal. Calc.  for C39H57O3N2ClSn 

(MW = 756.06): C,62.45; H,7.33; N,3.88; Cl,4.83 ;Sn,15.95%;. Found: C,61.96; H,7.60; N,3.71; 

Cl,4.69 ;Sn,15.70%. IR (KBr disc, cm-1);  νasym (COO) 1671 , νsym (COO) 1432 , ∆ν = 239, ν (Sn-

C) 521, ν(Sn-O) 439.1H-NMR (400 MHz,DMSO-d6  / ppm): 7.63-7.57(m,4H,Cl-Ar), 7.49-

7.41(m,5H,Ar), 5.10(s,1H,Ar(N)CH-CCl-Ar), 4.19(s,2H,-O-H2C-COO), 3.84-3.76(t,2H,O-CH2-

CH2-N), 3.66-3.58(t,2H,O-CH2-CH2-N), 3.49-3.43(t,4H,N-CH2CH2-N), 3.39-3.33(t,4H,N-

CH2CH2-N), 1.83-1.57(m,33H,cyclohexyl-Sn-). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 



 

71 

 

173.8(COO), 134.9, 133.7, 132.8, 130.5.130.2, 129.9, 129.6, 128.0, 127.8, 127.6, 127.4, 127.2 

(Ar-C), 74.5, 66.7, 63.5, 56.2, 48.4, 48.2, 47.9, 47.7, [30.7,29.6,28.3 (CH2,cyclohexyl-Sn-), 

16.8(CH,cyclohexyl-Sn-)]. 119Sn NMR DMSO-d6  / ppm):  -75.3. (m/z) (M+1) peak 

[C39H58O3N2ClSn]+ (757), (M+2) peak [C39H59O3N2ClSn]+ (758). 

 

Trimethylstannyl- thiobenzoate [Product: Dithiobenzoate] (46). 

Quantities used were 0.035 g (0.0025mole) of (HL10) and 0.046 g (0.0025mole) of trimethyl 

tin(IV) hydroxide in toluene. Yield = 90%; mp = 129-132oC. Anal. Calc.  for C14H10O2S2 (MW = 

274.35): C,61.85; H,3.73; S,23.68%;. Found: C,61.29; H,3.67; S,23.37%. IR (KBr disc, cm-1);  

νasym (COO) - , νsym (COO) - , ∆ν = -, ν (Sn-C) -, ν(Sn-O) -.1H-NMR (400 MHz,DMSO-d6  / 

ppm): 7.94-7.58(m,10H,Ar). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 171.8(C=O), 134.1, 

128.9, 128.4, 128.0 (C-Ar,CH-Ar). 119Sn NMR DMSO-d6  / ppm): Nil. (m/z) (M+1) peak 

[C14H11O2S2]
+ (275). 

Triethylstannyl- thiobenzoate [Product: Dithiobenzoate] (47). 

Quantities used were 0.035 g (0.0025mole) of (HL10) and 0.056 g (0.0025mole) of triethyl 

tin(IV) hydroxide in toluene. Yield = 88%; mp = 129-132oC. Anal. Calc.  for C14H10O2S2 (MW = 

274.35): C,61.85; H,3.73; S,23.68%;. Found: C,61.29; H,3.67; S,23.37%. IR (KBr disc, cm-1);  

νasym (COO) - , νsym (COO) - , ∆ν = -, ν (Sn-C) -, ν(Sn-O) -.1H-NMR (400 MHz,DMSO-d6  / 

ppm): 7.94-7.58(m,10H,Ar). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 171.8(C=O), 134.1, 

128.9, 128.4, 128.0 (C-Ar,CH-Ar). 119Sn NMR DMSO-d6  / ppm): Nil. (m/z) (M+1) peak 

[C14H11O2S2]
+ (275). 

Tributylstannyl- thiobenzoate [Product: Dithiobenzoate] (48). 

Quantities used were 0.035 g (0.0025mole) of (HL10) and 0.077 g (0.0025mole) of tributyl 

tin(IV) hydroxide in toluene. Yield = 85%; mp = 129-132oC. Anal. Calc.  for C14H10O2S2 (MW = 

274.35): C,61.85; H,3.73; S,23.68%;. Found: C,61.29; H,3.67; S,23.37%. IR (KBr disc, cm-1);  

νasym (COO) - , νsym (COO) - , ∆ν = -, ν (Sn-C) -, ν(Sn-O) -.1H-NMR (400 MHz,DMSO-d6  / 

ppm): 7.94-7.58(m,10H,Ar). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 171.8(C=O), 134.1, 
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128.9, 128.4, 128.0 (C-Ar,CH-Ar). 119Sn NMR DMSO-d6  / ppm): Nil. (m/z) (M+1) peak 

[C14H11O2S2]
+ (275).  

Triphenylstannyl- thiobenzoate [Product: Dithiobenzoate] (49). 

Quantities used were 0.035 g (0.0025mole) of (HL10) and 0.092 g (0.0025mole) of triphenyl 

tin(IV) hydroxide in toluene. Yield = 87%; mp = 129-132oC. Anal. Calc.  for C14H10O2S2 (MW = 

274.35): C,61.85; H,3.73; S,23.68%;. Found: C,61.29; H,3.67; S,23.37%. IR (KBr disc, cm-1);  

νasym (COO) - , νsym (COO) - , ∆ν = -, ν (Sn-C) -, ν(Sn-O) -.1H-NMR (400 MHz,DMSO-d6  / 

ppm): 7.94-7.58(m,10H,Ar). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 171.8(C=O), 134.1, 

128.9, 128.4, 128.0 (C-Ar,CH-Ar). 119Sn NMR DMSO-d6  / ppm): Nil. (m/z) (M+1) peak 

[C14H11O2S2]
+ (275).  

Tricyclohexylstannyl- thiobenzoate [Product: Dithiobenzoate] (50). 

Quantities used were 0.035 g (0.0025mole) of (HL10) and 0.097 g (0.0025mole) of tricyclohexyl 

tin(IV) hydroxide in toluene. Yield = 84%; mp = 129-132oC. Anal. Calc.  for C14H10O2S2 (MW = 

274.35): C,61.85; H,3.73; S,23.68%;. Found: C,61.29; H,3.67; S,23.37%. IR (KBr disc, cm-1);  

νasym (COO) - , νsym (COO) - , ∆ν = -, ν (Sn-C) -, ν(Sn-O) -.1H-NMR (400 MHz,DMSO-d6  / 

ppm): 7.94-7.58(m,10H,Ar). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 171.8(C=O), 134.1, 

128.9, 128.4, 128.0 (C-Ar,CH-Ar). 119Sn NMR DMSO-d6  / ppm): Nil. (m/z) (M+1) peak 

[C14H11O2S2]
+ (275).  

2.4.2       Tribenzyltin (IV) Complexes (51-60) 

Stoichiometric quantities of the previously used medicinal ligands (HL1-HL10) and 

tribenzyltin(IV) (6) chloride in toluene as solvent were taken in two-necked flask fitted with dean 

and stark apparatus, reflux condenser using magnetic stirrer and triethylamine was used as 

catalyst to facilitate the reaction. NaHCO3 was used for the deprotonation of ligand proton of 

carboxylate moiety. The corresponding reaction mixture was refluxed for 15-16 hours under 

oxygen free environment and white solid was obtained which was settled down at the bottom of 

the flask and was removed with filter paper. The white solid was added to water and found that it 

was dissolved immediately which confirmed NaCl formation as by-product. The reaction 

mixture was cooled to room temperature. After that separated mixture was dried under low 
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pressure evacuation using rotary evaporator. The thick mixture was kept at room temperature for 

couple of days and then was recrystallized to obtain suitable mixture for further analysis.[4] 

Mixture of solvents Chloroform: methanol (4:1) was used for recrystalization which will give the 

product in much pure form as compared to raw complexes (51-60).  

Tribenzylstannyl-(2S,3S)-9-flouro-10-(4-methylpiperazin-1-yl)-7-oxo-3,7-dihydro-

2H-[1,4]oxazino[2,3,4-ij] quinoline-6-carboxlate. (51)  

Quantities used were 0.094 g (0.0025mole) of (HL1) and 0.107 g (0.0025mole) of 

tribenzyltin(IV) chloride in toluene and triethyl amine. Yield= 53%; mp = 152-155oC. Anal. 

Calc.  for C40H42FN3O4Sn (MW = 766.52): Calculated: C,62.66; H,5.55; N,5.46; F, 2.49; Sn, 

15.45%. Found: C,62.68; H,5.52; N,5.48; F, 2.48; Sn, 15.49%. IR (KBr disc, cm-1);  νasym 

(COO)1655  , νsym (COO)1376 , ∆ν = 279, ν (Sn-C)532  , ν (Sn-O)426. 1H-NMR (300 

MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 8.69 (s,1H,Ar-N-CH), 7.67(s,1H,H-Ar-F), 7.30-

7.12(m,15H,-Sn-CH2-Ar), 3.66(s,1H,Ar-OCH-CH3), 3.47-3.41(t,4H,-N-CH2-CH2-N-), 

3.19(s,1H,-N-CH-CH3), 2.60(s,6H,-Sn-CH2-Ar), 2.37-2.31(t,4H,-N-CH2-CH2-N-), 2.22(s,3H,-

N-CH2-CH2-N-CH3), 1.39-1.33(d,3H,Ar-OCH-CH3), 1.25-1.19(d,3H,-N-CH-CH3). 
13C-NMR 

(75.45 MHz, CDCl3),ppm,    
2 Ј  [119Sn-13C] in Hz, ppms);  176.0(Ar-C=O), 171.2(COO), 

157.1(Ar-C-F), 146.9(CH-N), 143.1(Ar-C-O), 141.8 (Ar-C-CH2-Sn-), 132.3(Ar-C-N,Pip.), 

129.0,128.6,125.7(Ar-CH2-Sn-), 124.4(Ar-C-N-), 123.1(Ar-C-C=O), 109.3(COO-C), 103.4(Ar-

C-), 84.1(CH-O-), 75.3(CH-N-), 58.1,57.0,46.2(-N-CH2-CH2-N-CH3), 20.9(Ar-CH2-Sn-), 

19.3(CH3-CH-N-), 17.5(CH3-CH-O-). 119Sn NMR(129 MHz, DMSO-d6  / ppm): -32.7. (m/z) 

(M+1) peak [C40H43FN3O4Sn]+  (767). 

Tribenzylstannyl-1-cyclopropyl-6-fluoro-4-oxo-7-piperazin-1-ylquinoline-3-carboxylate 

(52). 

Quantities used were 0.083 g (0.0025mole) of (HL2) and 0.107 g (0.0025mole) of 

tribenzyltin(IV) chloride in toluene and triethyl amine. Yield = 58%; mp = 156-158oC. Anal. 

Calc.  for C38H38FN3O3Sn (MW = 722.45): C,63.15; H,5.35; N,5.85; F,2.65; Sn,16.49%. Found: 

C,63.18; H,5.30; N,5.82; F,2.63; Sn,16.43%. IR (KBr disc, cm-1); νasym (COO)1667, νsym 

(COO)1399 , ∆ν = 268, ν (Sn-C) 526, ν (Sn-O) 407. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] 

in Hz, ppm) ; 8.70(s,1H,Ar-N-CH), 8.02(s,1H,H-Ar-F), 7.32-7.14(m,15H,-Sn-CH2-Ar), 

6.11(s,1H,H-Ar-N-), 4.20-4.16(t,1H,-N-CH,cyclopropyl), 3.44-3.40(t,4H,-N-CH2-CH2-N-), 
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2.80-2.74(t,4H,-N-CH2-CH2-N-), 2.64(s,6H,-Sn-CH2-Ar), 1.30-1.16(q,4H,CH2,cyclopropyl), 

1.07-1.03(t,1H,-N-CH2-CH2-N-H). 13C-NMR (75.45 MHz, CDCl3),ppm,    2
 Ј  [119Sn-13C] in Hz, 

ppms);  176.5(Ar-C=O), 171.4(COO), 153.0(Ar-C-F), 146.1(-Ar-CH-N), 144.4(CH-N-

cyclopropyl), 141.1 (Ar-C-CH2-Sn-),  136.1(Ar-C-N-cyclopropyl), 129.7,128.8,125.9(Ar-CH2-

Sn-), 117.4,113.6(Ar-CH-C-C=O), 108.9(COO-C), 103.2(Ar-C-), 52.1,46.3(-N-CH2-CH2-N-), 

35.2(-N-CH,cyclopropyl), 20.7(Ar-CH2-Sn-), 7.80(-N-CH2,cyclopropyl). 119Sn NMR(129 MHz, 

DMSO-d6  / ppm): +37.4. (m/z) (M+1) peak [C38H38FN3O3Sn]+  (723).  

Tribenzylstannyl-1-Ethyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-

quinolinecarboxylate (53). 

Quantities used were 0.080 g (0.0025mole) of (HL3) and 0.107 g (0.0025mole) of 

tribenzyltin(IV) chloride in toluene and triethyl amine. Yield = 52%; mp = 149-152oC . Anal. 

Calc.  for C37H38FN3O3Sn (MW = 710.44): C,62.50; H,5.35; N,5.95; F,2.65; Sn,16.75%. Found: 

C,62.55; H,5.39; N,5.91; F,2.67; Sn,16.71%. IR (KBr disc, cm-1); νasym (COO) 1657, νsym (COO) 

1420, ∆ν = 237, ν (Sn-C) 513, ν (Sn-O) 421. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, 

ppm) ; 8.99(s,1H,Ar-N-CH), 7.97(s,1H,H-Ar-F), 7.35-7.17(m,15H,-Sn-CH2-Ar), 6.10(s,1H,H-

Ar-N,pip), 4.66-4.56(q,2H,Ar-N-CH2-CH3), 3.50-3.46(t,4H,-N-CH2-CH2-N-), 2.82-2.78(t,4H,-

N-CH2-CH2-N-), 2.61(s,6H,-Sn-CH2-Ar), 1.10-1.04(m,1H,-N-CH2-CH2-N-H). 13C-NMR (75.45 

MHz, CDCl3),ppm,    2
 Ј  [119Sn-13C] in Hz, ppms);  175.0(Ar-C=O), 171.1(COO), 153.2(Ar-C-

F), 149.4(-Ar-CH-N), 146.1(CH-N-CH2-CH3), 143.2(Ar-C-CH2-Sn-), 139.3(Ar-C-N-), 

129.9,128.8,126.1(Ar-CH2-Sn-), 120.4,115.5,113.8(Ar-F), 109.6(COO-C-C=O), 54.0(-N-CH2-

CH3), 51.3,46.0(-N-CH2-CH2-N-,pip.), 20.6(Ar-CH2-Sn-), 14.9(-N-CH2-CH3). 
119Sn NMR(129 

MHz, DMSO-d6  / ppm): +120.9. (m/z) (M+1) peak [C37H39FN3O3Sn]+  (711).   

Tribenzylstannyl- 1-Cyclopropyl-6-fluoro-7-((4aS,7aS)-hexahydro-1H-pyrrolo[3,4-

b]pyridin-6(2H)-yl)-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylate (54). 

Quantities used were 0.101 g (0.0025mole) of (HL4) and 0.107 g (0.0025mole) of 

tribenzyltin(IV) chloride in toluene and triethylamine. Yield = 69%; mp = 147-150oC. Anal. 

Calc.  for C42H44FN3O4Sn (MW = 792.54): C,63.90; H,5.68; N,5.38; F,2.55; Sn,15.15%. Found: 

C,63.65; H,5.60; N,5.30; F,2.40; Sn,14.98%. IR (KBr disc, cm-1); νasym (COO) 1657, νsym (COO) 

1410, ∆ν = 247, ν (Sn-C) 526, ν (Sn-O) 420. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, 

ppm); 8.68(s,1H,Ar-N-CH), 7.70(s,1H,H-Ar-F), 7.37-7.19(m,15H,-Sn-CH2-Ar), 4.22-
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4.08(m,1H,-N-CH,cyclopropyl), 3.86(s,3H,Ar-O-CH3), 3.33-3.05(m,4H,Ar-N(CH2)2-CH-), 2.77-

2.65(q,2H,-NH-CH2-CH2-CH2-), 2.67-2.59(q,1H,CH2-NH-CH-), 2.53(s,6H,-Sn-CH2-Ar), 2.05-

1.97(q,1H,-CH2-NH-CH-), 1.53-1.39(m,4H,-NH-CH2-CH2-CH2-), 1.35-1.21(m,1H,-CH-CH2-

N-Ar-), 1.13-1.05(q,4H,-N-CH-CH2,cyclopropyl). 13C-NMR (75.45 MHz, CDCl3),ppm,  
2 Ј  

[119Sn-13C] in Hz, ppms);  174.7(Ar-C=O), 170.3(COO), 156.5(Ar-C-F), 145.3(COO-C-CH), 

143.3(Ar-C-O-CH3), 132.3,129.9,128.8,126.1,125.5,123.2(Ar-CH2-Sn-) and (Ar-CH-F), 

109.1(COO-C-C=O), 104.3(Ar-CH-F), 58.4(CH2-NH-CH-), 56.3[-N(CH2)2], 54.1(Ar-O-CH3), 

46.3(-NH-CH2-), 39.1(-N-CH2-CH-), 35.3(N-CH,cyclopropyl), 26.9,25.7(NH-CH2-CH2-CH2), 

20.6(Ar-CH2-Sn-), 7.7(N-CH-CH2,cyclopropyl). 119Sn NMR(129 MHz, DMSO-d6  / ppm): 

+133.1. (m/z) (M+1) peak [C42H45FN3O4Sn]+  (793). 

Tribenzylstannyl- (±)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7oxo-7H-

pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylate (55). 

Quantities used were 0.91 g (0.0025mole) of (HL5) and 0.107 g (0.0025mole) of tribenzyltin(IV) 

chloride in toluene and trimethylamine. Yield = 67%; mp = 141-143oC. Anal. Calc.  for 

C39H40FN3O4Sn (MW = 752.47): C,62.95; H,5.39; N,5.75; F,2.70; Sn,16.05%. Found: C,62.25; 

H,5.36; N,5.58; F,2.52; Sn,15.78%. IR (KBr disc, cm-1); νasym (COO) 1659, νsym (COO) 1417, ∆ν 

= 242, ν (Sn-C) 535, ν (Sn-O) 447. 1H-NMR (300 MHz,CDCl3),  
n Ј  [119Sn-1H] in Hz, ppm) ; 

8.70(s,1H,Ar-N-CH), 7.67(s,1H,H-Ar-F), 7.34-7.16(m,15H,-Sn-CH2-Ar), 4.27-4.17(d,1H,Ar-

OCH2-CH3), 3.48-3.42(t,4H,-N-CH2-CH2-N-), 3.29-3.17(m,1H,-N-CH-CH3), 2.63(s,6H,-Sn-

CH2-Ar), 2.39-2.31(t,4H,-N-CH2-CH2-N-), 2.25(s,3H,-N-CH2-CH2-N-CH3), 1.27-1.19(d,3H,-N-

CH-CH3). 
13C-NMR (75.45 MHz, CDCl3),ppm,    2

 Ј  [119Sn-13C] in Hz, ppms);  176.1(Ar-C=O), 

171.5(COO), 156.9(Ar-C-F), 146.7(CH-N), 143.4(Ar-C-O), 141.3(Ar-C-CH2-Sn-), 136.8(Ar-C-

N,Pip.), 129.5,128.6,127.8(Ar-CH2-Sn-), 125.3(Ar-C-N-), 123.6(Ar-C-C=O), 109.7(COO-C), 

104.3(Ar-C-), 71.4,65.6(O-CH2-CH-), 59.7,57.7,47.3(-N-CH2-CH2-N-CH3), 20.7(Ar-CH2-Sn-), 

17.7(CH3-CH-N-). 119Sn NMR(129 MHz, DMSO-d6  / ppm): +91.4. (m/z) (M+1) peak 

[C39H41FN3O4Sn]+  (753). 

Tribenzylstannyl-9-Fluoro-6,7-dihydro-5-methyl-1-oxo-1H,5H-benzo[ij]-quinolizine-2-

carboxylate (56). 

Quantities used were 0.065 g (0.0025mole) of (HL6) and 0.107 g (0.0025mole) of 

tribenzyltin(IV) chloride in toluene and triethylamine. Yield = 64%; mp = 147-149oC. Anal. 
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Calc. for C35H32O3NFSn (MW = 652.35): C,64.85; H,4.80; F,2.99; N,2.10; Sn,18.45%; . Found: 

C,64.44; H,4.94; F,2.91; N,2.15; Sn,18.20%. IR (KBr disc, cm-1); νasym (COO) 1656, νsym (COO) 

1433, ∆ν = 223 ν (Sn-C) 519, ν (Sn-O) 427. 1H-NMR (400 MHz,DMSO-d6  / ppm): 8.97 

(s,1H,Ar-N-CH), 7.82-7.78(d, 1H, HC-CF-Ar), 7.63(s,2H ,CH-CF-Ar), 7.32-7.14(m,15H,-Sn-

CH2-Ar), 4.96-4.88 (m,1H,-CH2-CHN-CH3), 3.13-3.07(t,2H,F-Ar-CH2-CH2), 2.61(s,6H,-Sn-

CH2-Ar), 2.19-2.13(t,2H,-CH2-CHN-CH3), 0.95-0.91(d,3H,-CH2-CHN-CH3). 
13C-NMR (75.45 

MHz, DMSO-d6  / ppm): 176.2(Ar-C=O), 171.1(COO), 148.9, 146.7, [141.8 (Ar-C-CH2-Sn-)], 

129.0,128.6,127.8, 127.3, 126.9, 126.4, 126.1,125.7(Ar-CH2-Sn-) and (Ar-C), 122.1, 58.2, 

[25.4,22.3,21.7](CH2-Flumequine), 20.3(Ar-CH2-Sn-). 119Sn NMR(129 MHz, DMSO-d6  / 

ppm): +133.2. (m/z) (M+1) peak [C35H33O3NFSn]+  (653). 

Tribenzylstannyl-1-Ethyl-7-methyl-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylate 

(57). 

Quantities used were 0.058 g (0.0025mole) of (HL7) and 0.107 g (0.0025mole) of 

tribenzyltin(IV) chloride in toluene and triethylamine. Yield = 58%; mp = 152-155oC. Anal. 

Calc. for C33H32O3N2Sn (MW = 623.34): C,63.90; H,5.30; N,4.60; Sn,19.55%; . Found: C,63.59; 

H,5.17; N,4.49; Sn,19.04%. IR (KBr disc, cm-1); νasym (COO) 1662, νsym (COO) 1429, ∆ν = 233, 

ν (Sn-C) 534, ν (Sn-O) 441. 1H-NMR (400 MHz,DMSO-d6  / ppm): 9.19(s,1H,pyridine-N-CH), 

7.81(s,1H,HC-,pyridine), 7.30-7.12(m,15H,-Sn-CH2-Ar), 6.84(s,1H,HC-,pyridine), 4.15-

4.07(q,2H,-N-CH2-CH3), 2.60(s,6H,-Sn-CH2-Ar), 2.44(s,3H,H3C-pyridine). 13C-NMR (75.45 

MHz, DMSO-d6  / ppm): 176.2(Ar-C=O), 171.3(COO), 167.2(C-pyridine), 149.1(-CH-N-CH2-

CH3), 147.3(C,CH-pyridine), [141.8 (Ar-C-CH2-Sn-)], 135.4,131.1,129.3, 127.3,126.9, 126.4, 

126.1,125.7,118.6(Ar-CH2-Sn-) and (C,CH-pyridine), 111.3(COO-C-C=O), 49.1(-N-CH2-CH3), 

23.5(H3C-pyridine), 20.7(Ar-CH2-Sn-), 14.7(-N-CH2-CH3). 
119Sn NMR(129 MHz, DMSO-d6  / 

ppm): +119.6. (m/z) (M+1) peak [C33H33O3N2Sn]+  (624). 

Tribenzylstannyl-5-Ethyl-8-oxo-5,8-dihydro[1,3]dioxolo[4,5-g]quinoline- 7-carboxylate 

(58). 

Quantities used were 0.066 g (0.0025mole) of (HL8) and 0.107 g (0.0025mole) of 

tribenzyltin(IV) chloride in toluene and triethylamine. Yield = 60%; mp = 150-152oC. Anal. 

Calc. for C34H31O5NSn (MW = 652.33): C,62.05; H,4.70; N,2.20; Sn,18.75%; . Found: C,62.60; 

H,4.79; N,2.15; Sn,18.20%. IR (KBr disc, cm-1); νasym (COO) 1657, νsym (COO) 1427, ∆ν = 230, 
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ν (Sn-C) 519, ν (Sn-O) 434. 1H-NMR (400 MHz,DMSO-d6  / ppm): 9.05(s,1H,pyridine-N-CH), 

7.50-7.31(m,15H,-Sn-CH2-Ar), 7.25(s,1H,HC-Ar), 6.55(s,1H,HC-Ar), 6.07(s,2H,-O-H2C-O-), 

4.69-4.61(q,2H,-N-CH2-CH3), 2.63(s,6H,-Sn-CH2-Ar), 1.36-1.30(t,2H,-N-CH2-CH3). 
13C-NMR 

(75.45 MHz, DMSO-d6  / ppm): 176.0(Ar-C=O), 171.3(COO), 153.4(C-Ar), 149.3(-CH-N-

CH2-CH3), 147.3, [141.8 (Ar-C-CH2-Sn-)], 137.5,131.1,129.3,127.3,126.9,126.4,122.7(Ar-CH2-

Sn-) and (C-Ar), 109.8(COO-C-C=O), 103.8(CH-Ar), 102.7(-O-H2C-O-), 97.9(CH-Ar), 51.9(-

N-CH2-CH3), 20.8(Ar-CH2-Sn-), 14.4(-N-CH2-CH3). 
119Sn NMR(129 MHz, DMSO-d6  / ppm): 

+107.8. (m/z) (M+1) peak [C34H32O5NSn]+  (653). 

Tribenzylstannyl-[2-[4-[(4-chlorophenyl)phenylmethyl]-1-piperazinyl]ethoxy] acetate (59) 

Quantities used were 0.116 g (0.0025mole) of (HL9) and 0.107 g (0.0025mole) of tribenzyl 

tin(IV) chloride in toluene and triethylamine. Yield = 60%; mp = 163-165oC. Anal. Calc.  for 

C42H45O3N2ClSn (MW = 779.99): C,64.45; H,5.73; N,3.68; Cl,4.70 ;Sn,15.75%;. Found: 

C,64.68; H,5.82; N,3.59; Cl,4.54 ;Sn,15.22%. IR (KBr disc, cm-1);  νasym (COO) 1677 , νsym 

(COO) 1427 , ∆ν = 250, ν (Sn-C) 525, ν(Sn-O) 444.1H-NMR (400 MHz,DMSO-d6  / ppm): 

7.64-7.58(m,4H,Cl-Ar), 7.60-7.52(m,5H,Ar), 7.46-7.27(m,15H,-Sn-CH2-Ar), 

5.14(s,1H,Ar(N)CH-CCl-Ar), 4.22(s,2H,-O-H2C-COO), 3.86-3.78(t,2H,O-CH2-CH2-N), 3.68-

3.60(t,2H,O-CH2-CH2-N), 3.49-3.43(t,4H,N-CH2CH2-N), 3.37-3.31(t,4H,N-CH2CH2-N), 

2.65(s,6H,-Sn-CH2-Ar). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 174.6(COO), [141.8 (Ar-C-

CH2-Sn-)], 134.7, 133.4, 132.6, 130.3.130.1, 129.9, 129.6, 128.0, 127.8, 127.6, 127.4, 127.2 (Ar-

CH2-Sn-) and (Ar-C), 74.5, 66.7, 63.5, 56.2, 48.4, 48.2, 47.9, 47.7, 20.8(Ar-CH2-Sn-). 119Sn 

NMR DMSO-d6  / ppm):  +91.6. (m/z) (M+1) peak [C42H46O3N2ClSn]+ (781), (M+2) peak 

[C42H47O3N2ClSn]+ (782).  

Tribenzylstannyl- thiobenzoate [Product: Dithiobenzoate] (60). 

Quantities used were 0.035 g (0.0025mole) of (HL10) and 0.107 g (0.0025mole) of tribenzyl 

tin(IV) chloride in toluene and triethylamine. Yield = 91%; mp = 129-132oC. Anal. Calc. for 

C14H10O2S2 (MW = 274.35): C,61.85; H,3.73; S,23.68%;. Found: C,61.29; H,3.67; S,23.37%. IR 

(KBr disc, cm-1);  νasym (COO) - , νsym (COO) - , ∆ν = -, ν (Sn-C) -, ν(Sn-O) -.1H-NMR (400 

MHz,DMSO-d6  / ppm): 7.94-7.58(m,10H,Ar). 13C-NMR (75.45 MHz, DMSO-d6  / ppm): 
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171.8(C=O), 134.1, 128.9, 128.4, 128.0 (C-Ar,CH-Ar). 119Sn NMR DMSO-d6  / ppm): Nil. 

(m/z) (M+1) peak [C14H11O2S2]
+ (275). 

2.5 THERMAL GRAVIMETRIC ANALYSIS 

Thermal analyses were performed utilizing METTLER TOLEDO micro analysis TGA 

instrument S220TG with a rate of 10 °C min-1 under pure oxygen supply. A weighed amount was 

put in the instrument in the thermal heater which was attached to a program which studies the 

decomposition steps and measures the weighed loss quantity and also calculates the percentage 

weight loss during each step during the whole process. TGA/DSC studies tell briefly the 

decomposition process which can be correlated to mass spectrometric studies find out the exact 

weight loss. [5] 

2.6 MATERIAL BASED STUDIES 

2.6.1 Preparation of thin films 

Take 200 mg of the dried complex was taken in 20 ml of toluene in a two-necked 100 ml round-

base flask with a gas nozzle which permit the carrier gas (argon) with a hopper pipe which 

carries vapours of the solution. The cup was connected with the reactor tube. For the deposition, 

the stream rate of the carrier gas was set at 160 or 240 sccm and was controlled by a platon 

stream gage. Seven glass substrates (ca. 1.8 x 1.4 cm) were set inside the reactor tube, which was 

put on a carbolite furnace attached to a previously settled water shower over those piezoelectric 

modulator of a PIFCO ultranationalistic humidifier (Model no. 1077). The created vaporized 

droplets of the complex solution were condensed vapors arrived at the warmed substrate surface 

and deposited. Also, the deposited films were also deposited using other methods like spin 

coating apparatus, Doctor blade instrument and the fuse diffusion method and all were compared 

with SEM images and EDX. [6-8] 

2.6.2 Pyrolysis of thin films 

The pyrolysis of the prepared thin films were subjected to a quartz reactor utilizing a Carbolite 

furnace in a special quartz tube connected to vacuum and pure oxygen supply from the other 

side. The test tube was warmed starting from 100oC to 650 °C under vacuum for 90 minutes by 
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elevating the temperature gradually. Kept them for 1 hour at 650 °C and then close the furnace 

and let the films to cool on room temperature for 1 hour. 200-500 mg of would be enough to 

conduct each analysis. [9-11] 

2.6.3 Scanning electron microscopy with EDX 

Scanning electron microscopy with EDX was performed to check out the morphology of the 

complexes and the nano composites. The EDX was also checked which tells the elements present 

in nano composite and also their quqantity which helps in calculating the empirical formula and 

the product present in the nano composite. SEM was performed utilizing a Philips XL30 FEG 

SEM. EDX analyses were done utilizing DX4 instrument. [12-14] 

2.7 DNA BINDING STUDIES 

2.7.1 DNA interaction study assay by UV-visible spectroscopy  

 

Salmom spurm SS-DNA amounting 50 mg was taken in the distilled water and was stirred 

overnight at the pH of 7 in distilled water and then was allowed to cool down to 4°C and that 

temperature was retained. The buffer solution was also made in distilled water at the 

concentration of 2 mM Tris-HCl buffer at the pH of 7.2. Another buffer solution of SS-DNA 

gave the UV absorbance at 250 and 280 nm in a ratio. This indicates the free nature of DNAfrom 

the protein [15]. The absorption spectroscopy was used to find out the concentration of DNA by 

the help of (MAC) molar absorption coefficient at the concentration of 6,600 M-1 cm-1 and at the 

wavelength value of 260 nm for Salmon Sperm SS-DNA and the value of 1.4 ×10−4 M was 

found. The synthesized complexes were dissolved in 75% ethanol using the concentration of 1 

mM. The absorption titrations using UV spectrophoto meter were performed by gradually 

varying the concentrations of SS-DNA while keeping the concentrations of all the complexes 

solutions fixed. The reference solutions alongside with the equivalent solutions of SS-DNA were 

added to synthesize complexes to avoid the absorbance of DNA solution itself. The DNA 

solutions mixed with complexes were incubated for about 10 mins. at 25°C before the start of  

measurements. The cuvettes of 1 cm path length were used  at the temperature of (25 ± 1°C) for 

recording UV absorption measurements. [16-17] The analysis were conducted for several series 

of the synthesized complexes. 
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2.7.2 DNA binding studies (Viscometric Measurements) 

In comparison to DNA binding studies by UV method DNA binding studies were also carried 

out using viscosity method which was measured with Ubbelohde viscometer at room temperature 

of 25 ± 1ᵒC. The time of flow of prepared solutions of ligands and the synthesized complexes 

were measured with the help of a digital stopwatch. Average flow time was calculated from three 

readings to avoid any error. The viscosity data presented as graph between (η/ηo)
1/3 vs binding 

ratio ([compound]/[DNA]) where η represents the viscosity of DNA in the presence of complex 

and ηo is the viscosity of DNA in the absence of the complex (blank solution). The values of 

viscosities were found out from the difference of flow time of DNA containing solution (to) 

using the following formula, η = t - to. The curves were drawn to compare the binding of each 

ligand against its complexes to check out the response. [18-19] The analysis were performed for 

all the synthesized complexes (1-60). 

2.8 ANTIBACTERIAL STUDIES 

The antibacterial activities of all the organotin (IV) complexes (1-60) were screened during 10 

ppm for DMSO (initial centralization of compounds) against their respective medicinal ligands 

which are standard antibiotics were checked. The antibacterial activities of ligands (HL1 to HL10) 

and their organotin (IV) derivatives (1-60) were trialled against five bacterial strains; 

(Escherichia coli, Bacillus subtilis, Staphylococcus aureus, Pseu-domonas aeruginosa and 

Micrococcus luteus). The agar method (well-diffusion) was utilized to determine the 

bacterialcidal studies. The broth culture (0. 75 mL) which having ca. 106 CFU (colony forming 

units) for each millilitre of the bacterial strains which were added to 75 mL of the given nutrients 

meaning prepared agar mixture (medium) at 45oC, blended thoroughly and then transferred this 

mixture to 14 cm sterile Petri plate. The culture media was left for some time to become 

solidified. Furthermore, the wells of 8 mm diameter were dug with a sterile metallic cork borer. 

At that point a solution of test sample (100 µL) in DMSO of the concentration of 1 mg/ mL was 

slowly added to the concerned wells which were duged earlier. In this way the DMSO solvent 

will serve as negative control while the standard/reference antibacterial medicine cefixime & 

ceftriaxone (1 mg/ mL) will serve as positive control. Three similar plates for each bacterial 

strain were prepared and were further incubated at 37ᵒC for one day aerobically. The 
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activity/action for each well was determined by measuring the diameter of each well which is 

commonly called the zone of inhibition in millimetres. [20-21] 

2.9 ANTIFUNGAL ACTIVITY  

The agar tube dilution method was utilized to testifying the antifungal activities of synthesized 

compounds (1-60). The already prepared assay of different fungal strains was tested against the 

samples, the fungal strains which were used are given as (Trichophyton longiformis, Candida 

albicans, Aspergillus flavis, Aspergillus niger and Aspergillus clavatus). SDA (the agar of 

sabouraud dextrose) was taken to grow these fungal strains at a low temperature of 4ºC. The 

SDA solution was prepared by mixing 6.5 gm of the SDA mixture in 100mL of de-ionized water 

while SDA composition is based on peptone complex (10gm/L), glucose (40gm/L) and agar 

(15gm/L). This SDA solution was prepared by dissolving SDA in distilled water and then 

maintaining the pH of the solution between 5 - 6. The contents of the given material were 

dissolved and dispensed in 4 mL volume inside the screw capped tubes and were futher 

autoclaved at 121ºC for about 21 minutes. The tubes having hardened media and tried 

triorganotin(IV) carboxylates (1-60) were inoculated with 4 mm diameter of inoculums, taken 

starting with seven days old fungus culture. On the other hand media of the standard drug 

supplemented in DMSO (terbinafine & Amphotericin), both the standard drugs (200 mg/ mL) 

were utilized for negative and positive controls respectively. Each experiment was repeatedly 

carried out for three times for the confirmation/verification of the correct results. The prepared 

tubes were placed under incubated environment at 28ºC for seven days. Growth of the media was 

found by determination of the linear growth (mm) by measurement and inhibition percentage % 

in growth was calculated with reference to negative control. [22-23] 

2.10 ANTIOXIDANT STUDIES 

The antioxidant studies of all the ligands (HL1 to HL10) and synthesized compounds (1-60) were 

determined by using free radical scavenging method and taking 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) as action agent. The mixtures of different concentrations (12.5, 25, 50 and 100 µg) and 

standards Gallic acid and vitamin C were taken in separate test tubes and the volume for every 

test tube was adjusted to 100 µL by the addition of refined DMF. In the tubes holding sample 

solutions in DMF, 5 mL methanolic solution of DPPH (0.1 mM) was subjected to these tubes. 
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The tubes were allowed to stay for 30 minutes as it is. The control tests were performed out 

similarly as over without those test samples. The absorbance of the test solutions was measured 

at 517 nm. The reduction in the value of DPPH was calculated with reference to the measured 

absorbance of the control samples (blank). Radical scavenging activity was calculated by the 

formula given as: % scavenging of DPPH = [(Control OD – Sample OD) / control OD] × 100.  

[24]  

2.11 BRINE SHRIMP CYTOTOXCITY ASSAY 
 

The new method of preparing cytotoxcity bioassay was first introduced by Michael and his co-

workers and later was modified by Sleet and his co-workers [25-26]. The efficiency of the assay 

was determined by their ability to kill the laboratory cultured (brine shrimps). Doxorubicin was 

taken as a standard drug to evaluate this assay. 40 mg of selected particular complex was 

dissolved in 1 mL of DMSO to prepare stock solution of each compound keeping the 

concentration at 40,000 µg/mL. Furthermore the dilutions were prepared of the concentrations of 

(1, 10 and 100 µg/mL) for each of the selected complexes by using dilution method. The sea salt 

at the concentration of 34g/L were dissolved in distilled water to prepare artificial sea water in 

laboratory under continuous aeration for 48 h at 25˚C. The brine shrimps (USA made) eggs were 

placed in rectangular dishes (22 × 32 cm) completely filled with artificial seawater were 

separated by plastic of 2 mm by preparing unequal sections in it. The eggs of about 25 mg mass 

were subjected to the bigger section which was covered by aluminium foil while the smaller 

section was left uncovered in the presence of illumination. After the continuous hatching of 24 h, 

the brine shrimp larvae were collected with the help of a pipette from the bright side. From each 

solution of 25 µL (0.1, 1 and 10 µg/mL) of each selected complex was taken in glass vials 

(25mL) with 2 mL addition of sea water. Fifteen shrimps after counting were transferred to each 

vial and volume was raised to 5mL. These vials were exposed to illumination at 25˚C. After the 

incubation of about 24 hours, the shrimps which were still surviving were observed with 3x 

magnifying glass. The results were cross checked by repeating the experiment. Abbott's formula 

[27] was used for the correction of data of control death of shrimps and  LD50 (Lethal Dose that 

killed 50% of shrimps) was determined by Finney software [28]. 
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2.12 ANTITUMOR ACTIVITIES 

The newly synthesized complexes were evaluated in terms of their antitumor activities by using 

potato disc method. A 48h old bacterial strain At-10 (Agrobacterium tumefaciens), a gram 

negative bacteria of the soil were used for this experiment. This assay was trialled against four 

different dilutions of given samples (1, 10, 100 and 1000 ppm), which have in it the bacterial 

culture and about 1.5 mL of autoclaved deionised water. Potatoes with red-skin were sterilized 

from surface in the presence of 0.1% HgCl2 solution which was washed three times with water 

and 9 mm × 6 mm size discs of potatoes were prepared by sterilized cork borer. The prepared 

plain autoclaved agar solution of 1.5% concentration was put in to the petri dishes until it 

evaporates to give solid material. Twelve discs on agar solution surface of each petri dish were 

placed and 50 µL of inoculums were placed on each disc. The petries were covered and made air 

tight using parafilm to avoid any moisture or contamination and were placed in dark at 28°C for 

some time. The experiment was repeated thrice for the confirmation of results. After 21 days of 

storage, discs were stained with Lugol's solution (10% KI and 5% I2) was used to stain and count 

the number of tumor cells developed on the surface of each disc by using microscope 

(dissecting). The inhibition percentage (%) of the tumor cells was calculated by using the 

following formula. [29-30] 

 

 

2.13 ANTILEISHMANIAL ACTIVITY  

 
The antileishmanial activities of the synthesized compounds were performed in vitro against the 

leishmania using a MTT solution using marking of cell viability. An already prepared stock 

solution of MTT (Sigma Aldrich) was prepared by the addition of phosphate-buffered saline 

(PBS) of the concentration of 5 mg/mL which was then stored in the dark environment at 4°C for 

near about 2 weeks prior to use. The promastigotes culture of 100 μL/well having quantity of 

2.5×106 cells/mL was seeded in 96-well plates with flat bottom was prepared for antileishmanial 

activity of the given samples. Then, 10μL/well from each concentration of compounds was 
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added to three wells and plates were stored for 72h at the temperature of 25˚C. The first main 

well of 96 wells was as a blank well which contains of 100 μL. Amphotericin B was taken as a 

standard drug. After finishing the storage, 10 μL of MTT was added to every well and plates 

were again stored for 3 hours at the temperature of 25˚C. After the addition of mixture of 100 μL 

of (50% isopropanol and 10% sodium dodecyl sulphate) the enzyme reaction was stopped. The 

plates were further stored for extra 30 min. in agitation at 25˚C temperature. The value of relative 

optical density (OD) was determined at a wavelength of 570 nm using a 96-well microplate 

reader (Bio-Tek ELX 800TM, Instruments, Inc. USA). The background absorbance was 

determined at the wavelength of 690 nm (in the presence of reference wavelength) and 

subtracting it from 570 nm (test wavelength). [31-32] The reported results are the mean values of 

three repeated experiments and are given in percentage (%) inhibitions calculated by using the 

following formula: 

 

 

 
 

2.14 ANTICANCER ACTIVITIES 
 

To check the performance of the synthesized compounds as anticancer drug their cytotoxicity 

assay with H-157 were tested using previous method with slight modifications. Briefly, the given 

cells were grown in about 96 well plates for 36-48 hours. The complexes with various 

concentrations (100, 50, 10 and 1 µM) were inserted to these test wells while the samples with 

controlled concentrations and blank solutions were also prepared using culture cells and standard 

drug. The plates were left for two days in incubator. After that cells were fixed with the 

concentration of 50 µL of (50% trichloroacetic acid (TCA) ice cold solution) at the temperature 

of 4°C for about 1hour. These plates were washed thoroughly and dried. Fixed cells were again 

tested with 0.4% mass/volume sulforhodamine B dye in 1% acetic acid and left this solution at 

normal temperature for half an hour. Followed by rinsing with 1% acetic acid solution until it 

dried. The plates already dried were treated with (10 mM) of the solution of tris base at the 

normal temperature for few mins. Absorbance was calculated by subtracting (complexes 
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wavelength at 490 nm while background (blank) measurements were made at the wavelength of 

630 nm. [33-34] 
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CHAPTER - 3                              

 

 

                                     

                                      RESULTS & DISCUSSION (CHARACTERIZATION) 

 

3.1 SYNTHESIS OF ORGANOTIN(IV) COMPLEXES 

 
The ligands with –COOH moieties which were used for the synthesis of complexes of different 

triorganotin compounds and carboxylate ligands which were taken from the market. Triorganotin 

complexes were synthesized by refluxing these materials in the presence of NaHCO3 (used for 

deprotonation of proton of –COOH group) for about 12-16 hours in 1:1 molar ratio in dry 

toluene as a solvent in a Dean and Stark apparatus used for synthesis. The water was formed in 

some cases in the result of condensation when triorganotin hydroxides were used for synthesis 

and the water was removed azeotropically while NaCl was formed when triorganotin chlorides 

were used for synthesis and it was removed by filtration. The obtained complexes were in semi-

crystalline powdered form and found stable when exposed to light and air (moisture). A good 

yield was obtained during the synthesis of these complexes in more or less all the complexes. 

The characterization of these complexes was performed by using several different techniques 

like for CHNS elemental analysis was used. Furthermore, FTIR, multinuclear NMR (1H, 13C, 

119Sn), mass spectrometry, TGA/DSC and X-ray single crystal analysis were used for 

identification of the complexes. The characterization data of chemical analysis is given in the 

experimental work (Chapter-2) of this thesis alongside with the data of FTIR, NMR, Mass and 

other such analysis. An agreement was found between the found values and calculated values 

which show the purity of the complexes synthesized. The antimicrobial activities i.e. 

antibacterial, antifungal activities of all the synthesized complexes and their respective ligands 

were conducted and enhanced activities of the complexes was found as compared to ligands. 

DNA binding studies for all the newly synthesized complexes were also carried out using UV-

visible spectroscopic studies and also by viscosity measurement method. The antioxidant 

activities, antitumor and few other activities of the complexes were assessed and promising 

results were found. 
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3.2 SPECTROSCOPIC CHARACTERIZATION.  

3.2.1 FT-IR.  

The FTIR spectra with respect to the -COOH group of the  ligands and their organotin(IV) 

complexes were also carried out using a FTIR model number 1000 of Perkin Elmer 

spectrophotometer was used to record vibrations in the range between 400-4000 cm-1 to 

investigate the IR groups with important bands. The far-infrared spectra of Ph3SnCl groups were 

also recorded in the range between 400-100 cm-1. Normally, Tin-Carbon vibrational groups of 

Phenyl-Tin complexes were located in far-infrared regional area as compared to the Tin-Carbon 

of the novel trialkyltin(IV) carboxylates which was expected due to the group impact of Tin-

Phenyl. FT-IR bands of organotin(IV) moieties gave important majority of the data related to the 

prediction of structures of the novel complexes in the solid state. The peaks of our interest were ν 

OH, ν C = O, ν Tin-Carbon and ν Tin–Oxygen of the ligands and their respective complexes.  

Critical parameters which can be taken from the FT-IR spectral data are ν of coordination 

of the carboxylate (COO) assembly with metal ion; about its geometry whether it is 

monodentate, bidentate or bridging in mode of coordination. In a bidentate geometry the metal 

attaches to two oxygen atoms of the COO group of the ligand in the bidentate manner while one 

oxygen will interact to the metal with monodentate geometry. In the bridging geometry, two 

metal atoms are attached to the two oxygen atoms of the –COO group of the ligand.  

The infrared spectra for all the synthesized complexes were recorded in the standard 

range. The absorption bands were designated after correlation with the prominent reported values 

and the important concerned absorption frequencies, also ν (COO), ν (Sn-O), ν (Sn-C) values 

were given in experimental data. In the spectra, medium to weak peaks in range 403-459 cm-1 

were assigned to Sn-O, while peaks in the region 510–536 cm-1 gave the indication of Sn-C 

bond. Formation of the complexes as a result of deprotonation of –COOH of ligand was 

authenticated by the absence of a ν (OH) broad band around 3434–3424 cm-1 region. The ∆ν 

values (∆ν = ν (COO) asy - ν (COO) sym) demonstrate the mode of coordination of the carboxylate 

ligands to tin moiety. Hence, the values for Δν less than 200 cm−1 indicate the bidentate 

coordination (trigonal bipyramidal geometry) while the values of the Δν greater than 200 cm−1 

indicate monodentate coordination (tetrahedral geometry) for carboxylate ligand. In present 
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study, the complexes of methyl, ethyl and butyl possess bidentate and complexes and the 

complexes of phenyl, cyclohexyl and benzyl possess monodentate mode of coordination in solid 

state as shown by their respected Δν values. This is purely due to the bulky nature of phenyl, 

cyclohexyl and benzyl group that these groups do not allow the space for bidentate geometry 

while other groups allow bidentate geometry due to their less bulky nature. The coordination 

around tin atom may be affected due to the bulky nature of the ligands as well as the size of the 

alkyl/aryl groups attached to the tin atom. [1-4] The Δν values of all the synthesized complexes 

are recorded in table 3.1. 

  

Table 3.1: Δν values of all the synthesized complexes calculated from FT-IR 

Ligand Δν (cm-1)  Compound number Δν (cm-1)  

HL1 306 

1 198 

2 192 

3 195 

4 260 

5 267 

51 279 

HL2 259 

6 196 

7 189 

8 181 

9 241 

10 254 

52 268 

HL3 278 

11 196 

12 179 

13 175 

14 278 

15 263 

53 237 
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HL4 284 

16 196 

17 188 

18 177 

19 224 

20 253 

54 247 

HL5 330 

21 188 

22 171 

23 189 

24 212 

25 237 

55 242 

HL6 278 

26 177 

27 188 

28 185 

29 153 

30 222 

56 223 

HL7 222 

31 192 

32 178 

33 154 

34 214 

35 248 

57 233 

HL8 229 

36 178 

37 155 

38 173 

39 252 

40 234 

58 230 
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HL9 225 

41 176 

42 187 

43 193 

44 251 

45 239 

59 250 

HL10 - 

46 - 

47 - 

48 - 

49 - 

50 - 

60 - 

 

3.2.2  1H NMR Spectroscopic studies.  

The proton NMR spectra of all the synthesized complexes (1-60) were analyzed in deutrated 

DMSO using tetramethylsilane as the internal standard and the whole of the spectral data is 

already provided in the experimental work (Chapter-2). The 1H NMR data give acceptable 

further help for the prediction of these complexes. The most important indication in the range of 

the 12-15 ppm which might will disappear in spectra of the complexes due to the complexation 

caused by deprotonation of -COOH proton of the ligand resulting in bond formation between 

organotin(IV) moieties through oxygen’s of carboxylate groups. There may be a slight change in 

the positions but no critical change occurs in the position about sign of the in the spectra of the 

complexes. 

 The proton of the methyl of trimethyltin(IV) complexes provide that the chemical shift 

values in the range of 2J[119Sn-1H] = 0.6 – 0.90 ppm are usually associated to the 5-coordinated 

trigonal bipyramidal geometry around the tin atoms in liquid state. The protons associated to the 

triethyltin(IV) moieties provides two different peaks: a quartet to Hα and a triplet to Hβ. In the 

complexes for butyl protons two triplets (one for Hα and one to Hδ) and two multiplets (one for 

Hβ and one for Hγ) can be found. The fragment protons of Ph-Sn show similarly as doublet for 

(Hβ) and two triplets (one for Hγ and one for Hδ). The protons of the cyclohexyl moieties 
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(C6H11-Sn) for the most part provide multiplets. A singlet for the methylene protons of the 

benzyl groups (C6H5-CH2-Sn) can be seen in the range between 2.00-2.20 ppm.  

The 1H NMR spectral values of the distinct protons were identified as per their 

intensities; pattern and the number of protons were calculated by integration curves which 

correlated to the expected values. Also the chemical shift values of complexes are shifted down 

field as compared to ligands, which is also a confirmation of bond formation. The multiplets due 

to three phenyl groups attached to the tin atom are found between 7-8 ppm and the protons of the 

phenyl group of the ligands attached were also resolved in range 7-8 ppm but slightly upfield. 

The similar behaviour was found for phenyl groups of tribenzyltin(IV) moieties. [5-8] The 

proton NMR spectra of selected compounds are given in the figures shown later on. 

3.2.3 13C NMR Spectroscopic Studies.  

The 13C NMR spectral values of the ligands and their respective organotin(IV) complexes were 

provided for point of interest. Those C=O resonances values of the complexes were moved to 

downfield as compared to the position in the alone ligand. This downfield shift may be because 

of the diminishing of electron cloud at carbon atoms. This slight shift gives further confirmation 

that the complexation occurred through the oxygen atoms of the carboxylate groups. The spectral 

values of the phenyl carbons of attached ligands experience minor transformation in the up field 

region as compared to the free ligand. The first carbon (Cα) of the phenyl assembly can be 

located around 143-144 ppm that lies in the range famous for five coordinated geometry.  

The 13C NMR studies data of explicitly show that the carbon attached to the tin and the 

other linked carbons showed explicitly which differentiate these organotin derivatives. The 

numbers of signals found were in accordance with the presence of magnetically non-equivalent 

carbon atoms. The shifting in the resonance position of carboxylic carbon attached to OH group 

as compared to previous one suggested the bonding of oxygen to the tin atom. The carbonyl 

carbon peak was found around 160-180 ppm in all the compounds. All the phenyl carbons 

resolved in range 125-145 ppm. The aromatic carbons of triphenyltin showed the signals of 

sufficient interest by which the environmentally different phenyl groups can be identified as 

compared to aryl-Cl signals which are slightly on higher side. The chemical shift of the 

triphenyltin unit in region 125-135 ppm is a characteristic due to tetrahedral geometry of 
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compounds having triphenyl, tricyclohexyl and tribenzyl moieties. Also some new signals were 

found in range 10-55 ppm due to n-butyl, ethyl and methyl carbons respectively. [9-10] 

 

3.2.4 119Sn NMR Spectroscopic Studies.  

119Sn NMR spectroscopy value have significant effect in the predicting the geometry of the 

complexes. This may be because of the extensive variety of tin compound shifts. Every one of 

complexes provides the new sharp singlet in the 119Sn NMR spectra which shows that not only 

the complexation is done but also predicts the geometry of the complexes in the liquid state. The 

chemical shift values δ of tin (119Sn) compounds have shown the coordination number for tin and 

hence gave the majority of the data around the geometry of organotin(IV) complexes. The δ 

(119Sn) values were found will rely upon the nature of the attached ligands.  

 Amongst the synthesized compounds which have attached group methyl, ethyl and butyl 

single sharp resonances were observed for 119Sn NMR spectra in the range of -90 to -190 ppm 

which indicated the five coordinated geometry around tin while compounds, which showed 

peaks in range of +200 to -60 ppm indicating tin as four-coordinated which is well in accordance 

with reported work. The NMR data of these complexes in liquid state as well as FTIR in solid 

state have well supported each other and the respective geometries. [11-12] The NMR data of 

ligands HL5 and HL9 and their respective complexes is given in following tables. The 119Sn NMR 

spectral data of all the complexes is given in table 3.2 and rest of the NMR data of the entire 

complexes is given in experimental portion in previous chapter. The 1H, 13C and 119Sn NMR 

spectras of the selected complexes are given below:  

Table 3.2: Chemical Shift values (ppm) of 119Sn NMR of all the complexes (1-60) 

Compound No. 119Sn NMR   (ppm) 

[(CH3)3SnL1] (1) -102.6 

[(C2H5)3SnL1] (2) -121.2 

[(C4H9)3SnL1] (3) -126.7 

[(C6H5)3SnL1] (4) -27.3 

[(C6H11)3SnL1] (5) -10.7 

[(C6H5-CH2)3SnL1] (51) -32.7 

[(CH3)3SnL2] (6) -141.3 
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[(C2H5)3SnL2] (7) -126.5 

[(C4H9)3SnL2] (8) -106.1 

[(C6H5)3SnL2] (9) -46.3 

[(C6H11)3SnL2] (10) -19.6 

[(C6H5-CH2)3SnL2] (52) 37.4 

[(CH3)3SnL3] (11) -171.4 

[(C2H5)3SnL3] (12) -152.6 

[(C4H9)3SnL3] (13) -116.3 

[(C6H5)3SnL3] (14) 55.7 

[(C6H11)3SnL3] (15) 91.3 

[(C6H5-CH2)3SnL3] (53) 120.9 

[(CH3)3SnL4] (16) -155.9 

[(C2H5)3SnL4] (17) -137.3 

[(C4H9)3SnL4] (18) -104.9 

[(C6H5)3SnL4] (19) -47.2 

[(C6H11)3SnL4] (20) 73.8 

[(C6H5-CH2)3SnL4] (54) 133.1 

[(CH3)3SnL5] (21) -117.8 

[(C2H5)3SnL5] (22) -133.2 

[(C4H9)3SnL5] (23) -147.9 

[(C6H5)3SnL5] (24) -19.7 

[(C6H11)3SnL5] (25) 64.9 

[(C6H5-CH2)3SnL5] (55) 91.4 

[(CH3)3SnL6] (26) -142.6 

[(C2H5)3SnL6] (27) -123.4 

[(C4H9)3SnL6] (28) -119.6 

[(C6H5)3SnL6] (29) -35.2 

[(C6H11)3SnL6] (30) 51.9 

[(C6H5-CH2)3SnL6] (56) 133.2 

[(CH3)3SnL7] (31) -163.5 

[(C2H5)3SnL7] (32) -113.7 

[(C4H9)3SnL7] (33) -157.5 

[(C6H5)3SnL7] (34) -29.4 

[(C6H11)3SnL7] (35) 62.7 
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[(C6H5-CH2)3SnL7] (57) 119.6 

[(CH3)3SnL8] (36) -150.1 

[(C2H5)3SnL8] (37) -103.3 

[(C4H9)3SnL8] (38) -124.1 

[(C6H5)3SnL8] (39) -36.7 

[(C6H11)3SnL8] (40) 51.3 

[(C6H5-CH2)3SnL8] (58) 107.8 

[(CH3)3SnL9] (41) -101.6 

[(C2H5)3SnL9] (42) -125.6 

[(C4H9)3SnL9] (43) -159.7 

[(C6H5)3SnL9] (44) -21.8 

[(C6H11)3SnL9] (45) -75.3 

[(C6H5-CH2)3SnL9] (59) 91.6 

[(CH3)3SnL10] (46) Nil 

[(C2H5)3SnL10] (47) Nil 

[(C4H9)3SnL10] (48) Nil 

[(C6H5)3SnL10] (49) Nil 

[(C6H11)3SnL10] (50) Nil 

[(C6H5-CH2)3SnL10] (60) Nil 
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Figure 3.1: 1H NMR spectrum of complex 1 



 

100 

 

 

Figure 3.2: 119Sn NMR spectra of complex 2 
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Figure 3.3: 1H NMR spectra of complex 3 
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Figure 3.4: 119Sn NMR spectra of complex 12 
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Figure 3.5: 119Sn NMR spectra of complex 15 
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Figure 3.6: 13C NMR spectra of complex 16 
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Figure 3.7: 13C NMR spectra of complex 17 
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Figure 3.8: 119Sn NMR spectra of complex 19 
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Figure 3.9: 1H NMR spectra of complex 21 
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Figure 3.10: 13C NMR spectra of complex 21 
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Figure 3.11: 13C NMR spectra of complex 22 
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Figure 3.12: 119Sn NMR spectra of complex 22 



 

111 

 

 

Figure 3.13: 119Sn NMR spectra of complex 24 
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Figure 3.14: 1H NMR spectra of complex 26 

 



 

113 

 

 

Figure 3.15: 1H NMR spectra of complex 28 
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Figure 3.16: 119Sn NMR spectra of complex 30 
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Figure 3.17: 1H NMR spectra of complex 41 
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Figure 3.18: 13C NMR spectra of complex 41 
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Figure 3.19: 119Sn NMR spectra of complex 41 
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Figure 3.20: 1H NMR spectra of complex 43 
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Figure 3.21: 13C NMR spectra of complex 43 
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Figure 3.22: 1H NMR spectra of complex 44 
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Figure 3.23: 119Sn NMR spectra of complex 44 
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Figure 3.24: 119Sn NMR spectra of complex 53 
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Figure 3.25: 119Sn NMR spectra of complex 59 
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3.2.5 Mass Spectrometry.  

MALDI system was used to investigate the mass spectrometric studies of the ligands and the 

mass chromatograms of the synthesized complexes which proven to be very useful in predicting 

the structures of the complexes alongside with other techniques.  

In mass spectrometric data of the synthesized complexes (1-60), every fragment having 

tin atom in it gives a group of peaks due to the presence of several isotopes of tin. To make it 

simple the mass spectrometric data is usually presented with reference to the principle isotope of 

tin 120Sn and all of the rest isotopes are correlated to this reference isotope. The molecular ion 

peaks of low intensity M+ are observed in the expected regions for all the synthesized 

complexes. Moreover, [MNa]+ fragment is also observed in most of the spectra indicating the 

complex formation. The m/z values of different fragments of triorganotin moieties and the ligand 

parts are found very much in agreement with the expected structures of the complexes and 

correlated to each other and also they are found in agreement to the reported values in the 

literature. [13]  

Three different sort of primary fragmentation patterns are proposed on the basis of the 

m/z values of the synthesized complexes. Elimination of organotin moiety from the ligand 

moiety and then the further degradation to finally Sn+ peak can be found. There are several ways 

of breakage of the triorganotin(IV) complexes. But in each case it finished at Sn+. 

The M+1 peak of different complexes in their mass chromatograms was found in groups 

and found very near to the expected values of M+1 peaks. In the complexes from (41-45 & 59) 

M+2 peak can also be located due to the presence of chlorine (Cl-35 and Cl-37) isotopes. In the 

complexes (46-50 & 60) the product is same as the ligand produce dimer and does,nt attach to 

the organotin moieties. The mass chromatograms of the selected complexes are given bellow 

alongside the break up pattern of these compounds. [13-14] 
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Figure 3.26. Usual pattern of fragmentation for triorganotin(IV) complexes in mass 

spectrometry. 
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Figure 3.27. Mass Spectrum of Complex 8 (a) 
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Figure 3.28 Mass Spectrum of Complex 8 (b) 
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Figure 3.29. Mass Spectrum of Complex 16 (a) 
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Figure 3.30. Mass Spectrum of Complex 16 (b) 
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Figure 3.31 Mass Spectrum of Complex 16 (c) 
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Figure 3.32 Mass Spectrum of Complex 18 (a) 
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Figure 3.33. Mass Spectrum of Complex 18 (b) 
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Figure 3.34. Mass Spectrum of Complex 24 (a) 
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Figure 3.35. Mass Spectrum of Complex 24 (b) 
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Figure 3.36. Mass Spectrum of Complex 24 (c) 
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 Figure 3.37. Mass Spectrum of Complex 34 (a) 
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 Figure 3.38. Mass Spectrum of Complex 34 (b) 
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Figure 3.39. Mass Spectrum of Complex 53 (a) 
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Figure 3.40. Mass Spectrum of Complex 53 (b) 
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Figure 3.41. Mass Spectrum of Complex 56 (a) 
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Figure 3.42. Mass Spectrum of Complex 56 (b) 
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Figure 3.43. Mass Spectrum of Complex 58 (a) 
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Figure 3.44. Mass Spectrum of Complex 58 (b) 
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Figure 3.45. Mass Spectrum of Complex 58 (c) 

 

3.3 THERMAL STUDIES 

Thermal studies have been carried out for all the synthesized complexes (1-60). The thermo-

gravimetric analysis (TGA) reveals that complexes having trimethyltin(IV), triethyltin(IV) and 

tributyltin(IV) moieties undergo decomposition in three steps while complexes having 

triphenyltin(IV), tricyclohexyltin(IV) and tribenzyltin(IV) undergo decomposition in two steps. 

In the complexes having trimethyltin(IV), triethyltin(IV) and tributyltin(IV) moieties the first 

step involves the loss of two methyl groups for trimethyltin(IV) complexes, loss of all ethyl and 
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butyl groups for triethyltin(IV) and tributyltin(IV) complexes respectively. In  the complexes 

having triphenyltin(IV), tricyclohexyltin(IV) and tribenzyltin(IV) units involves the loss of three 

phenyl groups for triphenyltin(IV) complexes, loss of three cyclohexyl groups for 

tricyclohexyltin(IV) and loss of three benzyl groups for tribenzyltin(IV) complexes respectively. 

The second step involves the loss of third methyl group and halogen atom for complexes with 

trimethyltin(IV) moieties and loss of halogen atoms for triethyltin(IV) and tributyltin(IV) 

complexes respectively. The step two is the SnO2 formation step for complexes having 

triphenyltin(IV), tricyclohexyltin(IV) and tribenzyltin(IV) moieties. The third and final step 

involves the formation of SnO2 for complexes with trimethyltin(IV), triethyltin(IV) and 

tributyltin(IV) complexes respectively. The mass loss data is given in Table 2(A)-2(J). The TGA 

curves reveal that all the decomposition steps, except the step corresponding to the formation of 

SnO2, are exothermic in nature. The last step corresponding to the formation of SnO2 is 

endothermic in nature. [15-16] 
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Table 3.3(A): Data of TGA/DSC of the complexes of (HL1)   

Compounds Step 

No. 

TG Step 

temperature range 

(K) 

Mass loss % Type of loss 

Observed Calculated 

(CH3)3Sn(HL1)  (1) I 

II 

III 

335-501 

504-592 

595-923 

5.70 

11.90 

71.70 

5.58 

11.83 

71.93 

Loss of 2 Me groups 

Loss of Me and F atom 

Formation of SnO2 

(C2H5)3Sn(HL1)  (2) I 

II 

 

III 

321-501 

504-592 

 

595-933 

10.10 

18.20 

 

73.50 

10.00 

18.26 

 

73.97 

Loss of 2 Ethyl groups 

Loss of Ethyl and F 

atom 

Formation of SnO2 

(C4H9)3Sn(HL1) (3) I 

II 

III 

330-540 

543-610 

613-973 

25.70 

28.50 

77.90 

25.74 

28.60 

77.21 

Loss of 3 Bu groups 

Loss of F atom 

Formation of SnO2 

(C6H5)3Sn(HL1) (4) I 

 

II 

483-673 

 

763-973 

31.70 

 

79.60 

31.89 

 

79.15 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H11)3Sn(HL1) (5) I 

 

II 

468-673 

 

763-963 

33.10 

 

79.30 

33.53 

 

79.59 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H5-CH2)3Sn(HL1) 

(51) 

I 

 

II 

443-673 

 

763-973 

35.95 

 

80.85 

35.62 

 

80.23 

Loss of three phenyl 

groups 

Formation of SnO2 
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Figure 3.46. TGA/DSC of Complex 2 
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Table 3.3(B): Data of TGA/DSC of the complexes of (HL2)   

Compounds Step 

No. 

TG Step 

temperature range 

(K) 

Mass loss % Type of loss 

Observed Calculated 

(CH3)3Sn(HL2)  (6) I 

II 

III 

323-511 

512-594 

595-933 

6.20 

12.80 

69.90 

6.07 

12.95 

69.41 

Loss of 2 Me groups 

Loss of Me and F atom 

Formation of SnO2 

(C2H5)3Sn(HL2)  (7) I 

II 

 

III 

333-521 

521-594 

 

595-923 

10.50 

19.65 

 

71.25 

10.82 

19.77 

 

71.80 

Loss of 2 Ethyl groups 

Loss of Ethyl and F 

atom 

Formation of SnO2 

(C4H9)3Sn(HL2) (8) I 

II 

III 

340-540 

541-610 

613-943 

27.70 

30.50 

75.95 

27.56 

30.63 

75.60 

Loss of 3 Bu groups 

Loss of F atom 

Formation of SnO2 

(C6H5)3Sn(HL2) (9) I 

 

II 

473-673 

 

674-973 

33.70 

 

77.40 

33.95 

 

77.75 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H11)3Sn(HL2) (10) I 

 

II 

468-683 

 

684-963 

35.05 

 

78.95 

33.65 

 

78.30 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H5-CH2)3Sn(HL2) 

(52) 

I 

 

II 

458-673 

 

674-973 

37.35 

 

79.45 

37.79 

 

79.04 

Loss of three phenyl 

groups 

Formation of SnO2 

 

 

Table 3.3(C): Data of TGA/DSC of the complexes of (HL3)   

Compounds Step 

No. 

TG Step 

temperature range 

(K) 

Mass loss % Type of loss 

Observed Calculated 

(CH3)3Sn(HL3)  (11) I 

II 

III 

328-521 

522-594 

595-933 

6.30 

13.40 

68.80 

6.22 

13.27 

68.65 

Loss of 2 Me groups 

Loss of Me and F atom 

Formation of SnO2 

(C2H5)3Sn(HL3)  (12) I 340-529 10.90 11.06 Loss of 2 Ethyl groups 
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II 

 

III 

530-598 

 

599-933 

19.95 

 

70.50 

20.22 

 

71.15 

Loss of Ethyl and F 

atom 

Formation of SnO2 

(C4H9)3Sn(HL3) (13) I 

II 

III 

355-540 

541-619 

620-928 

27.80 

31.05 

75.65 

28.11 

31.23 

75.12 

Loss of 3 Bu groups 

Loss of F atom 

Formation of SnO2 

(C6H5)3Sn(HL3) (14) I 

 

II 

460-683 

 

684-963 

33.90 

 

77.05 

34.56 

 

77.35 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H11)3Sn(HL3) (15) I 

 

II 

448-688 

 

689-963 

35.95 

 

77.25 

36.27 

 

77.93 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H5-CH2)3Sn(HL3) 

(53) 

I 

 

II 

433-673 

 

674-973 

38.10 

 

78.25 

38.43 

 

78.68 

Loss of three phenyl 

groups 

Formation of SnO2 

 

Table 3.3(D): Data of TGA/DSC of the complexes of (HL4)   

Compounds Step 

No. 

TG Step 

temperature range 

(K) 

Mass loss % Type of loss 

Observed Calculated 

(CH3)3Sn(HL4)  (16) I 

II 

III 

338-531 

532-594 

595-923 

5.35 

11.50 

73.80 

5.32 

11.34 

73.19 

Loss of 2 Me groups 

Loss of Me and F atom 

Formation of SnO2 

(C2H5)3Sn(HL4)  (17) I 

II 

 

III 

350-529 

530-598 

 

599-933 

9.25 

17.95 

 

75.50 

9.57 

17.48 

 

75.04 

Loss of 2 Ethyl groups 

Loss of Ethyl and F 

atom 

Formation of SnO2 

(C4H9)3Sn(HL4) (18) I 

II 

III 

365-550 

551-619 

620-938 

24.90 

27.90 

78.65 

24.77 

27.52 

78.06 

Loss of 3 Bu groups 

Loss of F atom 

Formation of SnO2 

(C6H5)3Sn(HL4) (19) I 

 

II 

470-683 

 

684-973 

30.30 

 

79.15 

30.78 

 

79.82 

Loss of three phenyl 

groups 

Formation of SnO2 
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(C6H11)3Sn(HL4) (20) I 

 

II 

458-688 

 

689-963 

32.85 

 

80.75 

32.40 

 

80.28 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H5-CH2)3Sn(HL4) 

(54) 

I 

 

II 

448-683 

 

684-973 

34.80 

 

81.20 

34.45 

 

80.88 

Loss of three phenyl 

groups 

Formation of SnO2 

 

Table 3.3(E): Data of TGA/DSC of the complexes of (HL5)   

Compounds Step 

No. 

TG Step 

temperature range 

(K) 

Mass loss % Type of loss 

Observed Calculated 

(CH3)3Sn(HL5)  (21) I 

II 

III 

338-531 

532-594 

595-923 

5.55 

12.01 

71.80 

5.72 

12.21 

71.16 

Loss of 2 Me groups 

Loss of Me and F atom 

Formation of SnO2 

(C2H5)3Sn(HL5)  (22) I 

II 

 

III 

350-529 

530-598 

 

599-933 

10.55 

18.95 

 

73.90 

10.24 

18.72 

 

73.29 

Loss of 2 Ethyl groups 

Loss of Ethyl and F 

atom 

Formation of SnO2 

(C4H9)3Sn(HL5) (23) I 

II 

III 

365-550 

551-619 

620-938 

26.85 

29.65 

76.95 

26.29 

29.21 

76.72 

Loss of 3 Bu groups 

Loss of F atom 

Formation of SnO2 

(C6H5)3Sn(HL5) (24) I 

 

II 

470-683 

 

684-973 

32.75 

 

78.95 

32.52 

 

78.69 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H11)3Sn(HL5) (25) I 

 

II 

458-688 

 

689-963 

34.70 

 

79.85 

34.18 

 

79.20 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H5-CH2)3Sn(HL5) 

(55) 

I 

 

II 

448-683 

 

684-973 

36.80 

 

80.30 

36.28 

 

79.87 

Loss of three phenyl 

groups 

Formation of SnO2 
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Figure 3.47. TGA/DSC of Complex 24 
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Table 3.3(F): Data of TGA/DSC of the complexes of (HL6)   

Compounds Step 

No. 

TG Step 

temperature range 

(K) 

Mass loss % Type of loss 

Observed Calculated 

(CH3)3Sn(HL6)  (26) I 

II 

III 

335-501 

504-592 

595-923 

5.70 

11.90 

71.70 

5.58 

11.83 

71.93 

Loss of 2 Me groups 

Loss of Me and F atom 

Formation of SnO2 

(C2H5)3Sn(HL6)  (27) I 

II 

 

III 

321-501 

504-592 

 

595-933 

10.10 

18.20 

 

73.50 

10.00 

18.26 

 

73.97 

Loss of 2 Ethyl groups 

Loss of Ethyl and F 

atom 

Formation of SnO2 

(C4H9)3Sn(HL6) (28) I 

II 

III 

330-540 

543-610 

613-973 

25.70 

28.50 

77.90 

25.74 

28.60 

77.21 

Loss of 3 Bu groups 

Loss of F atom 

Formation of SnO2 

(C6H5)3Sn(HL6) (29) I 

 

II 

483-673 

 

763-973 

31.70 

 

79.60 

31.89 

 

79.15 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H11)3Sn(HL6) (30) I 

 

II 

468-673 

 

763-963 

33.10 

 

79.30 

33.53 

 

79.59 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H5-CH2)3Sn(HL6) 

(56) 

I 

 

II 

443-673 

 

763-973 

35.95 

 

80.85 

35.62 

 

80.23 

Loss of three phenyl 

groups 

Formation of SnO2 
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Figure 3.48. TGA/DSC of Complex 26 
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Table 3.3(G): Data of TGA/DSC of the complexes of (HL7)    

Compounds Step 

No. 

TG Step 

temperature range 

(K) 

Mass loss % Type of loss 

Observed Calculated 

(CH3)3Sn(HL7)  (31) I 

II 

III 

323-511 

512-594 

595-933 

6.20 

12.80 

69.90 

6.07 

12.95 

69.41 

Loss of 2 Me groups 

Loss of Me  

Formation of SnO2 

(C2H5)3Sn(HL7)  (32) I 

II 

III 

333-521 

521-594 

595-923 

10.50 

19.65 

71.25 

10.82 

19.77 

71.80 

Loss of 2 Ethyl groups 

Loss of Ethyl 

Formation of SnO2 

(C4H9)3Sn(HL7) (33) I 

II 

340-540 

613-943 

27.70 

75.95 

27.56 

75.60 

Loss of 3 Bu groups 

Formation of SnO2 

(C6H5)3Sn(HL7) (34) I 

 

II 

473-673 

 

674-973 

33.70 

 

77.40 

33.95 

 

77.75 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H11)3Sn(HL7) (35) I 

 

II 

468-683 

 

684-963 

35.05 

 

78.95 

33.65 

 

78.30 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H5-CH2)3Sn(HL7) 

(57) 

I 

 

II 

458-673 

 

674-973 

37.35 

 

79.45 

37.79 

 

79.04 

Loss of three phenyl 

groups 

Formation of SnO2 
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Figure 3.49. TGA/DSC of Complex 46 
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Table 3.3(H): Data of TGA/DSC of the complexes of (HL8)   

Compounds Step 

No. 

TG Step 

temperature range 

(K) 

Mass loss % Type of loss 

Observed Calculated 

(CH3)3Sn(HL8)  (36) I 

II 

III 

328-521 

522-594 

595-933 

6.30 

13.40 

68.80 

6.22 

13.27 

68.65 

Loss of 2 Me groups 

Loss of Me  

Formation of SnO2 

(C2H5)3Sn(HL8)  (37) I 

II 

III 

340-529 

530-598 

599-933 

10.90 

19.95 

70.50 

11.06 

20.22 

71.15 

Loss of 2 Ethyl groups 

Loss of Ethyl 

Formation of SnO2 

(C4H9)3Sn(HL8) (38) I 

II 

355-540 

620-928 

27.80 

75.65 

28.11 

75.12 

Loss of 3 Bu groups 

Formation of SnO2 

(C6H5)3Sn(HL8) (39) I 

 

II 

460-683 

 

684-963 

33.90 

 

77.05 

34.56 

 

77.35 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H11)3Sn(HL8) (40) I 

 

II 

448-688 

 

689-963 

35.95 

 

77.25 

36.27 

 

77.93 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H5-CH2)3Sn(HL8) 

(58) 

I 

 

II 

433-673 

 

674-973 

38.10 

 

78.25 

38.43 

 

78.68 

Loss of three phenyl 

groups 

Formation of SnO2 

 

 

Table 3.3(I): Data of TGA/DSC of the complexes of (HL9) 

Compounds Step 

No. 

TG Step 

temperature range 

(K) 

Mass loss % Type of loss 

Observed Calculated 

(CH3)3Sn(HL9)  (41) I 

II 

 

III 

338-531 

532-594 

 

595-923 

5.35 

11.50 

 

73.80 

5.32 

11.34 

 

73.19 

Loss of 2 Me groups 

Loss of Me and Cl 

atom 

Formation of SnO2 

(C2H5)3Sn(HL9)  (42) I 

II 

350-529 

530-598 

9.25 

17.95 

9.57 

17.48 

Loss of 2 Ethyl groups 

Loss of Ethyl and Cl 
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III 

 

599-933 

 

75.50 

 

75.04 

atom 

Formation of SnO2 

(C4H9)3Sn(HL9) (43) I 

II 

III 

365-550 

551-619 

620-938 

24.90 

27.90 

78.65 

24.77 

27.52 

78.06 

Loss of 3 Bu groups 

Loss of Cl atom 

Formation of SnO2 

(C6H5)3Sn(HL9) (44) I 

 

II 

470-683 

 

684-973 

30.30 

 

79.15 

30.78 

 

79.82 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H11)3Sn(HL9) (45) I 

 

II 

458-688 

 

689-963 

32.85 

 

80.75 

32.40 

 

80.28 

Loss of three phenyl 

groups 

Formation of SnO2 

(C6H5-CH2)3Sn(HL9) 

(59) 

I 

 

II 

448-683 

 

684-973 

34.80 

 

81.20 

34.45 

 

80.88 

Loss of three phenyl 

groups 

Formation of SnO2 

 

Table 3.3(J): Data of TGA/DSC of the complexes of (HL10) 

Compounds Step 

No. 

TG Step 

temperature 

range (K) 

Mass loss % Type of loss 

Observed Calculated 

(CH3)3Sn(HL10)  (46) I 

 

402-673 

 

99 

 

100 

 

Complete loss 

(C2H5)3Sn(HL10)  (47) I 

 

402-673 

 

99 

 

100 

 

Complete loss 

(C4H9)3Sn(HL10) (48) I 

 

402-673 

 

99 

 

100 

 

Complete loss 

(C6H5)3Sn(HL10) (49) I 

 

402-673 

 

99 

 

100 

 

Complete loss 

(C6H11)3Sn(HL10) (50) I 

 

402-673 

 

99 

 

100 

 

Complete loss 

(C6H5-CH2)3Sn(HL10) 

(60) 

I 

 

402-673 

 

99 

 

100 

 

Complete loss 
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Figure 3.50. TGA/DSC of Complex 57 
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3.4 SCANNING ELECTRON MICROSCOPY AND EDX 

SEM was used to study the surface morphological pattern of the SnO2 thin films. Thin films 

pyrrolized at 0-650°C for SEM and EDX analysis. These films were first made by AACVD at 

400°C-550°C which exhibit a surface structure seems good for particles. This resulted in a 

formation of very fine thin films as shown in the fig. These images indicates the formation of 

nano composite with few particles are of good round shapes and other have adopted the sheets 

like structures which have size bigger than the nano and they might fall in micro category. This 

SEM was connected to EDX which gives the composition of the elements present in this nano 

composite and it crearly indicated the formation of SnO2 after the decomposition which is also an 

indicator of Sn-O bond formation. [17] 

 

 

Figure 3.51. Prepared thin films of SnO2 



 

160 

 

 

(a) 

 

(b) 
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(c) 

 

 

(d) 

Figure 3.52. (a),(b),(c) and (d): SEM images of SnO2 Thin films of Complexes 18 and 29. 



 

162 

 

3.5        X-RAY CRYSTALLOGRAPHY 

A single crystal was found when a crystal of complex 46 was analyzed whose crystallographic 

structure is given in figure 3.53. For all the other complexes the obtained product was in powder 

form and no clear crystals were found for analysis. When compound 46 was analyzed, it was 

found that it is a new compound but not a complex. It leads to the formation of a diamer of HL10. 

 

  
Figure 3.53: Single crystal structure of Complex 46. 
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Table 3.4.  Crystallographic data with structural refinements for Compound 46. 

Identification code  s4406na 

Empirical formula  C14 H10 O2 S2 

Formula weight  274.34 

Temperature  100(2) K 

Wavelength  1.54178 Å 

Crystal system  Monoclinic 

Space group  P21/c 

Unit cell dimensions a = 12.2181(5) Å = 90°. 

 b = 11.9770(5) Å = 107.493(3)°. 

 c = 8.9362(3) Å  = 90°. 

Volume 1247.21(9) Å3 

Z 4 

Density (calculated) 1.461 Mg/m3 

Absorption coefficient 3.789 mm-1 

F(000) 568 

Crystal size 0.210 x 0.090 x 0.020 mm3 

Theta range for data collection 3.793 to 72.125°. 

Index ranges -14<=h<=14, -14<=k<=14, -11<=l<=10 

Reflections collected 6493 

Independent reflections 2423 [R(int) = 0.0504] 

Completeness to theta = 67.679° 99.4 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.928 and 0.765575 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 2423 / 0 / 163 

Goodness-of-fit on F2 1.026 

Final R indices [I>2sigma(I)] R1 = 0.0351, wR2 = 0.0824 

R indices (all data) R1 = 0.0483, wR2 = 0.0869 

Extinction coefficient n/a 

Largest diff. peak and hole 0.328 and -0.237 e.Å-3 
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 Table 3.5:  Atomic coordinates  ( x 104) with equivalent  isotropic displacement parameters (Å2x 103) 

for complex 46. 

  

 x y z U(eq) 

________________________________________________________________________________   

C(1) 9012(2) -496(2) 1584(2) 15(1) 

C(2) 8711(2) -907(2) 61(2) 17(1) 

C(3) 9423(2) -1663(2) -373(2) 20(1) 

C(4) 10441(2) -1997(2) 708(2) 19(1) 

C(5) 10754(2) -1571(2) 2231(2) 20(1) 

C(6) 10044(2) -824(2) 2672(2) 19(1) 

C(7) 8268(2) 276(2) 2142(2) 16(1) 

C(8) 5365(2) 570(2) 2099(2) 15(1) 

C(9) 4472(2) 890(2) 2832(2) 14(1) 

C(10) 4177(2) 1997(2) 2999(2) 18(1) 

C(11) 3355(2) 2240(2) 3741(2) 22(1) 

C(12) 2834(2) 1389(2) 4322(2) 22(1) 

C(13) 3120(2) 282(2) 4154(2) 20(1) 

C(14) 3936(2) 30(2) 3411(2) 17(1) 

O(1) 8358(1) 446(1) 3503(2) 21(1) 

O(2) 5558(1) -368(1) 1778(2) 19(1) 

S(1) 7166(1) 955(1) 573(1) 17(1) 

S(2) 6240(1) 1739(1) 1798(1) 18(1) 

________________________________________________________________________________ 
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 Table 3.6: Measured bond lengths [Å] with measured bond angles [°] for complex 46. 

_____________________________________________________  

C(1)-C(2)  1.389(3) 

C(1)-C(6)  1.397(3) 

C(1)-C(7)  1.484(3) 

C(2)-C(3)  1.389(3) 

C(2)-H(2)  0.9500 

C(3)-C(4)  1.385(3) 

C(3)-H(3)  0.9500 

C(4)-C(5)  1.395(3) 

C(4)-H(4)  0.9500 

C(5)-C(6)  1.382(3) 

C(5)-H(5)  0.9500 

C(6)-H(6)  0.9500 

C(7)-O(1)  1.205(2) 

C(7)-S(1)  1.819(2) 

C(8)-O(2)  1.200(2) 

C(8)-C(9)  1.482(3) 

C(8)-S(2)  1.829(2) 

C(9)-C(10)  1.395(3) 

C(9)-C(14)  1.400(3) 

C(10)-C(11)  1.391(3) 

C(10)-H(10)  0.9500 

C(11)-C(12)  1.382(3) 

C(11)-H(11)  0.9500 

C(12)-C(13)  1.391(3) 

C(12)-H(12)  0.9500 

C(13)-C(14)  1.387(3) 

C(13)-H(13)  0.9500 

C(14)-H(14)  0.9500 

S(1)-S(2)  2.0258(7) 

C(2)-C(1)-C(6) 119.95(19) 

C(2)-C(1)-C(7) 122.79(19) 

C(6)-C(1)-C(7) 117.25(18) 

C(3)-C(2)-C(1) 120.08(19) 

C(3)-C(2)-H(2) 120.0 
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C(1)-C(2)-H(2) 120.0 

C(4)-C(3)-C(2) 120.00(19) 

C(4)-C(3)-H(3) 120.0 

C(2)-C(3)-H(3) 120.0 

C(3)-C(4)-C(5) 120.0(2) 

C(3)-C(4)-H(4) 120.0 

C(5)-C(4)-H(4) 120.0 

C(6)-C(5)-C(4) 120.3(2) 

C(6)-C(5)-H(5) 119.9 

C(4)-C(5)-H(5) 119.9 

C(5)-C(6)-C(1) 119.73(18) 

C(5)-C(6)-H(6) 120.1 

C(1)-C(6)-H(6) 120.1 

O(1)-C(7)-C(1) 124.43(19) 

O(1)-C(7)-S(1) 121.61(16) 

C(1)-C(7)-S(1) 113.96(14) 

O(2)-C(8)-C(9) 124.78(19) 

O(2)-C(8)-S(2) 121.05(16) 

C(9)-C(8)-S(2) 114.09(14) 

C(10)-C(9)-C(14) 119.64(19) 

C(10)-C(9)-C(8) 122.77(18) 

C(14)-C(9)-C(8) 117.57(18) 

C(11)-C(10)-C(9) 119.8(2) 

C(11)-C(10)-H(10) 120.1 

C(9)-C(10)-H(10) 120.1 

C(12)-C(11)-C(10) 120.3(2) 

C(12)-C(11)-H(11) 119.9 

C(10)-C(11)-H(11) 119.9 

C(11)-C(12)-C(13) 120.3(2) 

C(11)-C(12)-H(12) 119.9 

C(13)-C(12)-H(12) 119.9 

C(14)-C(13)-C(12) 119.9(2) 

C(14)-C(13)-H(13) 120.1 

C(12)-C(13)-H(13) 120.1 

C(13)-C(14)-C(9) 120.1(2) 

C(13)-C(14)-H(14) 119.9 
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C(9)-C(14)-H(14) 119.9 

C(7)-S(1)-S(2) 101.25(7) 

C(8)-S(2)-S(1) 99.83(7) 

_____________________________________________________________  
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 Table 3.7:   Anisotropic parameters of displacement (Å2x 103) for compound-46.   

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

C(1) 14(1)  12(1) 19(1)  2(1) 7(1)  -2(1) 

C(2) 15(1)  18(1) 18(1)  2(1) 5(1)  0(1) 

C(3) 20(1)  21(1) 21(1)  -3(1) 9(1)  -1(1) 

C(4) 19(1)  15(1) 27(1)  3(1) 12(1)  1(1) 

C(5) 17(1)  19(1) 23(1)  7(1) 6(1)  4(1) 

C(6) 21(1)  19(1) 17(1)  1(1) 5(1)  -2(1) 

C(7) 14(1)  13(1) 21(1)  1(1) 6(1)  -2(1) 

C(8) 15(1)  13(1) 16(1)  2(1) 3(1)  1(1) 

C(9) 14(1)  13(1) 14(1)  -1(1) 2(1)  -1(1) 

C(10) 17(1)  14(1) 23(1)  0(1) 7(1)  -1(1) 

C(11) 21(1)  18(1) 27(1)  -3(1) 8(1)  4(1) 

C(12) 17(1)  31(1) 21(1)  -4(1) 9(1)  -1(1) 

C(13) 19(1)  23(1) 17(1)  0(1) 4(1)  -7(1) 

C(14) 18(1)  15(1) 17(1)  -1(1) 3(1)  -1(1) 

O(1) 20(1)  26(1) 17(1)  -3(1) 7(1)  2(1) 

O(2) 23(1)  11(1) 25(1)  0(1) 10(1)  2(1) 

S(1) 16(1)  18(1) 19(1)  1(1) 7(1)  3(1) 

S(2) 18(1)  12(1) 28(1)  -2(1) 11(1)  0(1) 

______________________________________________________________________________ 
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 Table 3.8:   Measured coordinates for hydrogen ( x 104) alongside with isotropic  

parameters of displacement (Å2x 10 3) for complex 46. 

________________________________________________________________________________  

 x  y  z  U(eq) 

________________________________________________________________________________  

  

H(2) 8018 -671 -685 20 

H(3) 9211 -1951 -1411 24 

H(4) 10927 -2516 413 23 

H(5) 11456 -1794 2967 24 

H(6) 10258 -535 3709 23 

H(10) 4537 2584 2607 21 

H(11) 3150 2995 3849 26 

H(12) 2280 1562 4838 27 

H(13) 2756 -302 4548 24 

H(14) 4131 -725 3295 21 

________________________________________________________________________________ 
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 Table 3.9:  Measured torsion angles [°] for complex 46. 

________________________________________________________________  

C(6)-C(1)-C(2)-C(3) 1.5(3) 

C(7)-C(1)-C(2)-C(3) -177.33(18) 

C(1)-C(2)-C(3)-C(4) -0.8(3) 

C(2)-C(3)-C(4)-C(5) -0.2(3) 

C(3)-C(4)-C(5)-C(6) 0.7(3) 

C(4)-C(5)-C(6)-C(1) -0.1(3) 

C(2)-C(1)-C(6)-C(5) -1.0(3) 

C(7)-C(1)-C(6)-C(5) 177.84(18) 

C(2)-C(1)-C(7)-O(1) 162.1(2) 

C(6)-C(1)-C(7)-O(1) -16.7(3) 

C(2)-C(1)-C(7)-S(1) -17.3(2) 

C(6)-C(1)-C(7)-S(1) 163.87(15) 

O(2)-C(8)-C(9)-C(10) -171.46(19) 

S(2)-C(8)-C(9)-C(10) 11.7(2) 

O(2)-C(8)-C(9)-C(14) 10.4(3) 

S(2)-C(8)-C(9)-C(14) -166.48(14) 

C(14)-C(9)-C(10)-C(11) 0.1(3) 

C(8)-C(9)-C(10)-C(11) -178.05(18) 

C(9)-C(10)-C(11)-C(12) 0.4(3) 

C(10)-C(11)-C(12)-C(13) -0.7(3) 

C(11)-C(12)-C(13)-C(14) 0.5(3) 

C(12)-C(13)-C(14)-C(9) 0.0(3) 

C(10)-C(9)-C(14)-C(13) -0.3(3) 

C(8)-C(9)-C(14)-C(13) 177.92(17) 

O(1)-C(7)-S(1)-S(2) -6.67(18) 

C(1)-C(7)-S(1)-S(2) 172.75(13) 

O(2)-C(8)-S(2)-S(1) 9.50(17) 

C(9)-C(8)-S(2)-S(1) -173.52(13) 

________________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  
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 Table 3.10:  Measured hydrogen bonds for complex 46. 

____________________________________________________________________________  

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

____________________________________________________________________________  

Nil 
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3.6    DIFFERENT GEOMETIRES OF THE SYNTHESIZED COMPLEXES (1-60) 

 

 

 

 

Figure 3.54: Different geometries of the synthesized complexes 
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Chapter - 4 

 

                               BIOLOGICAL ACTIVITIES & OTHER APPLICATIONS 

 

4.1 DNA BINDING STUDIES 

4.1.1 DNA Binding Studies by UV-visible spectroscopy  

Electronic absorption spectra were used to analyze the drug-DNA interaction between the 

synthesized complexes and SS-DNA as shown in Figures 4.1-4.15. These figures indicate the 

UV-visible spectra for percentage absorption of the compound's interaction for different 

concentrations of DNA and Gibb's free energy values are in agreement which showed in the 

table. It was watched that the sloutions of HL1, HL2 and HL6 are in arrangement. The absorption 

in the range of about 248-252 nm (for HL1, HL2) and 276.80-288.60 nm (for HL6), similarly the 

individuals for HL4, HL6 and HL9 provide for peak 392-445 nm (for HL4), 256.20-261.20 nm for 

(HL6) and 352-355 nm for (HL9), individually which may be because of the π-π* movement of 

electrons. Following interaction with increasing concentrations of DNA, every one of peaks 

diminished bit by bit and the wavelengths have minor change of about 1-5 nm as compared to 

the complexes. In some case a second peak can be seen alongside the different mixtures which 

might be due to the n-π*. If the tying includes an ordinary intercalative mode, a hypo chromic 

shift and coupling indicates the self-evident bathochromism for the specified peaks of the atoms 

of the chromophore and the base pairs of SS-DNA. Thus, the interaction between the complexes 

and Salmon Sperm DNA is an example of no covalent intercalative interaction. [1-3] 

The letter k is associated with binding constant, Ao and A indicates the absorbencies of 

the ligands and their respective complexes with DNA, furthermore the absorption coefficients of 

the ligands and the complex-DNA mixtures, individually. The binding values of DNA with 

complex are calculated from the slope values (intercepts) of the plots between Ao/(A-Ao) vs. 

1/[DNA].  

ΔG = -RT lnK. The value of R gas constant is (8. 314 JK-1. Mol-1) and T will be the temperature 

(298 K).  



 

176 

 

DNA and proteins indicates about vast majority focus on bioreceptors for little atoms same as 

different forms for example, such that gene expression, gene transcription, mutagenesis, 

carcinogenesis. A large portion of anticancer medicines interact to DNA and proteins possibly 

clinched alongside a reversible alternately irreversible way suggesting an immediate association 

of the middle of their interactions with macromolecules. From the interaction with SS-DNA it it 

can be predicted that the complexes under examination can be used for anticancer medication. 

[4-5] The interaction graphs are shown in following figures. 

 

Figure 4.1. Absorption spectrum of HL1 and DNA* 
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Figure 4.2. Absorption spectrum of complex 1 and DNA* 
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Figure 4.3. Absorption spectrum of complex 3 and DNA* 
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Figure 4.4. Absorption spectrum of HL2 and DNA* 
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Figure 4.5. Absorption spectrum of complex 7 and DNA* 
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Figure 4.6. Absorption spectrum of complex 9 and DNA* 
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Figure 4.7. Absorption spectrum of HL4 and DNA* 
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Figure 4.8. Absorption spectrum of complex 18 and DNA* 
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Figure 4.9. Absorption spectrum of complex 19 and DNA* 
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Figure 4.10. Absorption spectrum of HL6 and DNA* 
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Figure 4.11: Absorption spectrum of complex 26 and DNA* 
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Figure 4.12. Absorption spectrum of complex 29 and DNA* 
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Figure 4.13. Absorption spectrum of HL9 and DNA* 
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Figure 4.14: Absorption spectrum of complex 43 and DNA* 
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Figure 4.15. Absorption spectrum of complex 45 and DNA* 

*(1 mM) absorption spectrum of ligands and the complexes in absence (a) of the compounds as 

blank and in the presence of different concentrations of DNA in μM (b) 9, (c)18, (d) 27, (e)36, 

(f) 45, (g) 54, (h) 63 and (i) 72. The graph between Ao/A-Ao vs. 1/[DNA] in (μM)-1 for the 

determination of binding constant (K) and (ΔG) is given as Gibb’s free energy. 

 

 

 

 



 

191 

 

Table 4.1: Data of binding constant (K) and Gibbs free energy. 

Compound No. Binding Constant (K), M-1 Gibbs free energy (ΔG),    

kJ mole-1 

HL1 8.12x 103 -21.74 

1 9.7 x 103 -21.97 

2 1.17x 104 -22.85 

HL2 3.41x 103 -20.05 

7 4.33x 103 -20.63 

9 5.20x 103 -21.15 

HL4 9.1x 103 and 7.2x103 -22.65 and -21.80 

18 1.48x 104 and 8.1x 103 -23.80 and -22.90 

19 1.55x 104 and 1.20x 104 -23.90 and -23.40 

HL6 5.8x 103 -21.5 

26 9.2x 103 -22.5 

29 7.7x 103 -22.4 

HL9 1.3x 103 -17.5 

43 4.6x 103 -21.1 

45 7.6x 103 -21.9 
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4.1.2 DNA binding studies by viscosity measurement method  

SS-DNA was used in this method as in previous method to check the extent of drug-DNA 

binding. Viscometric measurement method is still a useful and authentic technique to detect the 

drug-DNA interaction. It clearly described the type of interaction between the molecule and the 

DNA either through intercalation or electrostatic mode of interaction and extent of change in the 

viscosities of the solution prior and post intercalation. During intercalation the viscosity of DNA 

solution increases as the DNA helix lengthens by removal of base pairs so that it accommodates 

the binding of incoming molecules of different types. In another case the viscosity of DNA 

solution decreased with increase in concentration of binding molecule and this is due to 

electrostatic interaction (out-binding mode) of the incoming molecule which affected the process 

of intercalation in a negative way. When the relative specific viscosities (η/η0) were plotted 

against concentrations (molecule/SS-DNA), it was noticed that there was positive change in 

(η/η0) with increase in concentration of synthesized compounds (1-60) except the compounds 

(46-50,60) which shown negative results as shown in Figures.  The gradual increase in the 

viscosity of the solution indicates the intercalative mode of interaction between synthesized 

compounds and the salmon-sperm DNA. These results clearly showed that these complexes can 

be used to cure several diseases including cancer to a fair extent. This is also well supported by 

the results found from the other method uv-visible spectroscopy to check the drug-DNA binding. 

[6-7] 
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Table 4.2(A): Data of DNA binding studies by viscosity method. 

Binding Ratio 

[Compound]/[SS-

DNA] 

  (η/ηo)1/3 

(HL1) (1) (2) (3)  (4)  (5)  (51) 

0.0 1.025 1.025 1.025 1.025 1.025 1.025 1.025 

0.25 1.026 1.035 1.035 1.036 1.038 1.039 1.040 

0.55 1.03 1.043 1.044 1.045 1.046 1.048 1.050 

0.80 1.05 1.052 1.058 1.064 1.067 1.069 1.071 

1.15 1.06 1.072 1.072 1.073 1.074 1.077 1.080 

1.40 1.075 1.095 1.095 1.095 1.095 1.095 1.095 

 

 

Figure 4.16. Viscosity measurements graph of Ligand HL1 and its complexes.* 
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Table 4.2(B): Data of DNA binding studies by viscosity method. 

Binding Ratio 

[Compound]/[SS-

DNA] 

  (η/ηo)1/3 

(HL2) (6) (7) (8)  (9)  (10)  (52) 

0.0 1.03 1.03 1.03 1.03 1.03 1.03 1.03 

0.25 1.03 1.038 1.038 1.038 1.038 1.038 1.038 

0.55 1.033 1.046 1.046 1.046 1.046 1.046 1.046 

0.80 1.055 1.055 1.061 1.067 1.072 1.075 1.079 

1.15 1.065 1.085 1.085 1.085 1.085 1.085 1.085 

1.40 1.076 1.10 1.10 1.10 1.10 1.10 1.10 

 

Figure 4.17. Viscosity measurements graph of Ligand HL2 and its complexes.* 
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Table 4.2(C): Data of DNA binding studies by viscosity method. 

Binding Ratio 

[Compound]/[SS-

DNA] 

  (η/ηo)1/3 

(HL3) (11) (12) (13)  (14)  (15)  (53) 

0.0 1.035 1.035 1.035 1.035 1.035 1.035 1.035 

0.25 1.042 1.046 1.046 1.046 1.046 1.046 1.046 

0.55 1.049 1.051 1.054 1.056 1.059 1.062 1.065 

0.80 1.059 1.069 1.072 1.074 1.077 1.079 1.081 

1.15 1.072 1.095 1.095 1.095 1.095 1.095 1.095 

1.40 1.080 1.15 1.15 1.15 1.15 1.15 1.15 

 

 

Figure 4.18. Viscosity measurements graph of Ligand HL3 and its complexes.* 
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Table 4.2(D): Data of DNA binding studies by viscosity method. 

Binding Ratio 

[Compound]/[SS-

DNA] 

  (η/ηo)1/3 

(HL4) (16) (17) (18)  (19)  (20)  (54) 

0.0 1.040 1.040 1.040 1.040 1.040 1.040 1.040 

0.25 1.044 1.049 1.049 1.049 1.049 1.049 1.049 

0.55 1.053 1.055 1.058 1.061 1.063 1.065 1.068 

0.80 1.062 1.073 1.076 1.079 1.083 1.088 1.093 

1.15 1.075 1.105 1.105 1.105 1.105 1.105 1.105 

1.40 1.085 1.20 1.20 1.20 1.20 1.20 1.20 

 

Figure 4.19. Viscosity measurements graph of Ligand HL4 and its complexes.* 
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Table 4.2(E): Data of DNA binding studies by viscosity method. 

Binding Ratio 

[Compound]/[SS-

DNA] 

  (η/ηo)1/3 

(HL5) (21) (22) (23)  (24)  (25)  (55) 

0.0 1.032 1.032 1.032 1.032 1.032 1.032 1.032 

0.25 1.035 1.039 1.039 1.039 1.039 1.039 1.039 

0.55 1.037 1.046 1.048 1.048 1.049 1.050 1.051 

0.80 1.055 1.064 1.067 1.072 1.075 1.079 1.082 

1.15 1.065 1.088 1.088 1.088 1.088 1.088 1.088 

1.40 1.080 1.10 1.10 1.10 1.10 1.10 1.10 

 

Figure 4.20. Viscosity measurements graph of Ligand HL5 and its complexes.* 
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Table 4.2(F): Data of DNA binding studies by viscosity method. 

Binding Ratio 

[Compound]/[SS-

DNA] 

  (η/ηo)1/3 

(HL6) (26) (27) (28)  (29)  (30)  (56) 

0.0 1.026 1.026 1.026 1.026 1.026 1.026 1.026 

0.25 1.029 1.032 1.032 1.032 1.032 1.032 1.032 

0.55 1.035 1.040 1.042 1.042 1.044 1.045 1.045 

0.80 1.045 1.050 1.053 1.057 1.059 1.062 1.066 

1.15 1.055 1.075 1.075 1.075 1.075 1.075 1.075 

1.40 1.070 1.095 1.095 1.095 1.095 1.095 1.095 

 

Figure 4.21. Viscosity measurements graph of Ligand HL6 and its complexes.* 
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Table 4.2(G): Data of DNA binding studies by viscosity method. 

Binding Ratio 

[Compound]/[SS-

DNA] 

  (η/ηo)1/3 

(HL7) (31) (32) (33)  (34)  (35)  (57) 

0.0 1.022 1.022 1.022 1.022 1.022 1.022 1.022 

0.25 1.025 1.030 1.030 1.030 1.030 1.030 1.030 

0.55 1.033 1.035 1.037 1.038 1.040 1.042 1.043 

0.80 1.044 1.047 1.050 1.053 1.056 1.059 1.062 

1.15 1.055 1.075 1.075 1.075 1.075 1.075 1.075 

1.40 1.065 1.090 1.090 1.090 1.090 1.090 1.090 

 

Figure 4.22. Viscosity measurements graph of Ligand HL7 and its complexes.* 
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Table 4.2(H): Data of DNA binding studies by viscosity method. 

Binding Ratio 

[Compound]/[SS-

DNA] 

  (η/ηo)1/3 

(HL8) (36) (37) (38)  (39)  (40)  (58) 

0.0 1.033 1.033 1.033 1.033 1.033 1.033 1.033 

0.25 1.038 1.038 1.038 1.038 1.038 1.038 1.038 

0.55 1.044 1.045 1.047 1.048 1.050 1.052 1.053 

0.80 1.054 1.056 1.059 1.062 1.065 1.069 1.073 

1.15 1.065 1.085 1.085 1.085 1.085 1.085 1.085 

1.40 1.078 1.098 1.098 1.098 1.098 1.098 1.098 

 

Figure 4.23. Viscosity measurements graph of Ligand HL8 and its complexes.* 
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Table 4.2(I): Data of DNA binding studies by viscosity method. 

Binding Ratio 

[Compound]/[SS-

DNA] 

  (η/ηo)1/3 

(HL9) (41) (42) (43)  (44)  (45)  (59) 

0.0 1.037 1.037 1.037 1.037 1.037 1.037 1.037 

0.25 1.042 1.044 1.044 1.044 1.044 1.044 1.044 

0.55 1.047 1.048 1.050 1.051 1.053 1.055 1.058 

0.80 1.054 1.060 1.061 1.063 1.065 1.068 1.073 

1.15 1.066 1.088 1.088 1.088 1.088 1.088 1.088 

1.40 1.080 1.108 1.108 1.108 1.108 1.108 1.108 

 

Figure 4.24. Viscosity measurements graph of Ligand HL9 and its complexes.* 
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Table 4.2(J): Data of DNA binding studies by viscosity method. 

Binding Ratio 

[Compound]/[SS-

DNA] 

  (η/ηo)1/3 

(HL10) (46) (47) (48)  (49)  (50)  (60) 

0.0 0.050 0.030 0.030 0.030 0.030 0.030 0.030 

0.25 0.055 0.030 0.030 0.030 0.030 0.030 0.030 
 

0.55 0.060 0.030 0.035 0.037 0.038 0.039 0.039 
 

0.80 0.066 0.032 0.032 0.033 0.035 0.037 0.039 
 

1.15 0.073 0.030 0.030 0.030 0.030 0.030 0.030 
 

1.40 0.080 0.030 0.030 0.030 0.030 0.030 0.030 

 

 

Figure 4.25: Viscosity measurements graph of Ligand HL10 and its complexes.* 

*Effects of increasing concentration of Ligands & complexes on relative viscosity of SS-

DNA at 25ᵒC. [SS-DNA] = 1.60 x 10-4 M. 
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4.2 ANTIBACTERIAL ACTIVITIES 

The synthesized complexes (1-60) were checked against five bacterial strains Escherichia coli, 

Bacillus subtilis, Staphylococcus aureus, Pseu-domonas aeruginosa and Micrococcus luteus. 

This data showed a moderate activity both, against different bacterial strains and the fungal 

strains as shown in figures. The ligands have shown less activity as compared to the standard 

drugs. The bioassay results demonstrated that the metal complexes shown a considerable 

increase in activity against all the bacterial strains in all the complexes as compared to ligands, 

which is in accordance to Tweedy chelation theory. The data suggest that the activity spectrum 

for tribenzyltin(IV), tricyclohexyltin(IV) and triphenyltin(IV) derivatives have shown most 

enhanced activities than rest of the compounds which contains trimethyltin(IV), triethyltin(IV) 

and tributyltin(IV) which may be attributed to their electron donor ability. The increasing order 

of activities was triphenyltin ≈ tribenzyltin ≈ tricyclohexyltin > tributyltin > triethyltin > 

trimethyltin. 

The complexes having moieties with phenyl groups have shown greatest antibacterial 

activities against most of the bacterial strains and their activities are found very near to the 

standard drugs. The antibacterial action in inhibition zone around the trialed complexes was 

found good. Analyzing the active action of the ligand, organotin(IV) complexes and standard 

drugs, it was watched that by and large the triorganotin(IV) deriavties have a comparative action 

nearly equal to the standard drugs in some cases against contemplated micro organisms. The 

inhibitory activity was recorded following 24-48h by measuring the diameter of the zone of 

inhibition in millimeter (mm). The data is recorded in tables and was illustrated graphically to 

give good comparative understanding. As compared to rest of the complexes (46-50,60) were 

found least active as the ligand does’nt attached to organotin moiety due to which it has the 

lowest activity. [8-9] 
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Table 4.3(A): Antibacterial Activities of HL1 & its Complexes. 

Compounds Zone of Inhibition (mm) 

Escherichia 

coli 

Bacillus 

subtilis 

Staphylococcus 

aureus 

Pseu-

domonas 

aeruginosa 

Micrococcus 

luteus 

Ligand (HL1) 10 08 09 10 11 

(CH3)3Sn(HL1)  (1) 13 11 14 15 14 

(C2H5)3Sn(HL1)  (2) 14 12 14 15 14 

(C4H9)3Sn(HL1) (3) 14 12 14 13 15 

(C6H5)3Sn(HL1) (4) 15 16 15 15 15 

(C6H11)3Sn(HL1) (5) 16 16 15 16 15 

(C6H5-CH2)3Sn(HL1) (51) 16 17 16 17 16 

Ceftriaxone 22 22 22 21 23 

Cefixime 22 21 21 22 23 

* 

 

Figure 4.26. Antibacterial activities of HL1, its complexes and standards 
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Table 4.3(B): Antibacterial Activities of HL2 & its Complexes. 

Compounds Zone of Inhibition (mm) 

Escherichia 

coli 

Bacillus 

subtilis 

Staphylococcus 

aureus 

Pseu-

domonas 

aeruginosa 

Micrococcus 

luteus 

Ligand (HL2) 10 09 11 10 11 

(CH3)3Sn(HL2)  (6) 14 12 14 15 14 

(C2H5)3Sn(HL2)  (7) 15 13 14 15 14 

(C4H9)3Sn(HL2) (8) 15 13 14 14 15 

(C6H5)3Sn(HL2) (9) 16 17 15 16 15 

(C6H11)3Sn(HL2) (10) 16 17 15 16 16 

(C6H5-CH2)3Sn(HL2) (52) 17 17 16 17 18 

Ceftriaxone 22 22 22 21 23 

Cefixime 22 21 21 22 23 

* 

 

Figure 4.27. Antibacterial activities of HL2, its complexes and standards 
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Table 4.3(C): Antibacterial Activities of HL3 & its Complexes. 

Compounds Zone of Inhibition (mm) 

Escherichia 

coli 

Bacillus 

subtilis 

Staphylococcus 

aureus 

Pseu-

domonas 

aeruginosa 

Micrococcus 

luteus 

Ligand (HL3) 09 09 10 10 11 

(CH3)3Sn(HL3)  (11) 13 13 14 13 14 

(C2H5)3Sn(HL3)  (12) 14 13 14 15 13 

(C4H9)3Sn(HL3) (13) 14 14 15 14 15 

(C6H5)3Sn(HL3) (14) 15 16 15 15 14 

(C6H11)3Sn(HL3) (15) 16 17 15 15 14 

(C6H5-CH2)3Sn(HL3) (53) 17 16 16 17 17 

Ceftriaxone 22 22 22 21 23 

Cefixime 22 21 21 22 23 

* 

 

Figure 4.28. Antibacterial activities of HL3, its complexes and standards 
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Table 4.3(D): Antibacterial Activities of HL4 & its Complexes. 

Compounds Zone of Inhibition (mm) 

Escherichia 

coli 

Bacillus 

subtilis 

Staphylococcus 

aureus 

Pseu-

domonas 

aeruginosa 

Micrococcus 

luteus 

Ligand (HL4) 12 11 12 12 12 

(CH3)3Sn(HL4)  (16) 14 15 15 14 15 

(C2H5)3Sn(HL4)  (17) 15 14 15 16 15 

(C4H9)3Sn(HL4) (18) 16 15 16 15 16 

(C6H5)3Sn(HL4) (19) 17 16 17 16 17 

(C6H11)3Sn(HL4) (20) 18 17 16 17 16 

(C6H5-CH2)3Sn(HL4) (54) 19 18 17 18 18 

Ceftriaxone 22 22 22 21 23 

Cefixime 22 21 21 22 23 

* 

 

Figure 4.29. Antibacterial activities of HL4, its complexes and standards 
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Table 4.3(E): Antibacterial Activities of HL5 & its Complexes. 

Compounds Zone of Inhibition (mm) 

Escherichia 

coli 

Bacillus 

subtilis 

Staphylococcus 

aureus 

Pseu-

domonas 

aeruginosa 

Micrococcus 

luteus 

Ligand (HL5) 11 10 12 10 11 

(CH3)3Sn(HL5)  (21) 14 12 14 15 14 

(C2H5)3Sn(HL5)  (22) 14 13 14 15 14 

(C4H9)3Sn(HL5) (23) 15 14 15 14 15 

(C6H5)3Sn(HL5) (24) 16 16 15 16 15 

(C6H11)3Sn(HL5) (25) 16 17 16 17 16 

(C6H5-CH2)3Sn(HL5) (55) 18 17 16 17 18 

Ceftriaxone 22 22 22 21 23 

Cefixime 22 21 21 22 23 

* 

 

Figure 4.30. Antibacterial activities of HL5, its complexes and standards 
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Table 4.3(F): Antibacterial Activities of HL6 & its Complexes. 

Compounds Zone of Inhibition (mm) 

Escherichia 

coli 

Bacillus 

subtilis 

Staphylococcus 

aureus 

Pseu-

domonas 

aeruginosa 

Micrococcus 

luteus 

Ligand (HL6) 08 07 08 07 09 

(CH3)3Sn(HL6)  (26) 10 09 10 09 08 

(C2H5)3Sn(HL6)  (27) 10 10 11 10 09 

(C4H9)3Sn(HL6) (28) 11 10 11 10 10 

(C6H5)3Sn(HL6) (29) 12 12 12 11 11 

(C6H11)3Sn(HL6) (30) 13 12 13 13 12 

(C6H5-CH2)3Sn(HL6) (56) 14 13 13 14 13 

Ceftriaxone 22 22 22 21 23 

Cefixime 22 21 21 22 23 

* 

 

Figure 4.31. Antibacterial activities of HL6, its complexes and standards 
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Table 4.3(G): Antibacterial Activities of HL7 & its Complexes. 

Compounds Zone of Inhibition (mm) 

Escherichia 

coli 

Bacillus 

subtilis 

Staphylococcus 

aureus 

Pseu-

domonas 

aeruginosa 

Micrococcus 

luteus 

Ligand (HL7) 07 06 08 07 08 

(CH3)3Sn(HL7)  (31) 09 08 10 09 09 

(C2H5)3Sn(HL7)  (32) 10 09 11 10 10 

(C4H9)3Sn(HL7) (33) 11 10 11 12 11 

(C6H5)3Sn(HL7) (34) 12 11 12 13 12 

(C6H11)3Sn(HL7) (35) 13 12 13 13 12 

(C6H5-CH2)3Sn(HL7) (57) 14 13 14 14 13 

Ceftriaxone 22 22 22 21 23 

Cefixime 22 21 21 22 23 

* 

 

Figure 4.32. Antibacterial activities of HL7, its complexes and standards 
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Table 4.3(H): Antibacterial Activities of HL8 & its Complexes. 

Compounds Zone of Inhibition (mm) 

Escherichia 

coli 

Bacillus 

subtilis 

Staphylococcus 

aureus 

Pseu-

domonas 

aeruginosa 

Micrococcus 

luteus 

Ligand (HL8) 09 08 08 09 08 

(CH3)3Sn(HL8)  (36) 10 09 09 10 09 

(C2H5)3Sn(HL8)  (37) 11 10 11 11 10 

(C4H9)3Sn(HL8) (38) 12 11 12 13 12 

(C6H5)3Sn(HL8) (39) 13 12 13 13 12 

(C6H11)3Sn(HL8) (40) 14 13 14 14 13 

(C6H5-CH2)3Sn(HL8) (58) 15 14 14 14 14 

Ceftriaxone 22 22 22 21 23 

Cefixime 22 21 21 22 23 

* 

 

Figure 4.33. Antibacterial activities of HL8, its complexes and standards 
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Table 4.3(I): Antibacterial Activities of HL9 & its Complexes. 

Compounds Zone of Inhibition (mm) 

Escherichia 

coli 

Bacillus 

subtilis 

Staphylococcus 

aureus 

Pseu-

domonas 

aeruginosa 

Micrococcus 

luteus 

Ligand (HL9) 11 10 11 11 11 

(CH3)3Sn(HL9)  (41) 13 12 12 13 13 

(C2H5)3Sn(HL9)  (42) 13 13 13 14 13 

(C4H9)3Sn(HL9) (43) 14 13 14 14 14 

(C6H5)3Sn(HL9) (44) 15 14 16 15 15 

(C6H11)3Sn(HL9) (45) 16 15 17 15 16 

(C6H5-CH2)3Sn(HL9) (59) 17 16 17 16 16 

Ceftriaxone 22 22 22 21 23 

Cefixime 22 21 21 22 23 

* 

 

Figure 4.34. Antibacterial activities of HL9, its complexes and standards 
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Table 4.3(J): Antibacterial Activities of HL10 & its Complexes. 

Compounds Zone of Inhibition (mm) 

Escherichia 

coli 

Bacillus 

subtilis 

Staphylococcus 

aureus 

Pseu-

domonas 

aeruginosa 

Micrococcus 

luteus 

Ligand (HL10) 05 06 05 07 06 

(CH3)3Sn(HL10)  (46) 04 04 03 04 04 

(C2H5)3Sn(HL10)  (47) 04 04 03 04 04 

(C4H9)3Sn(HL10) (48) 04 05 04 05 06 

(C6H5)3Sn(HL10) (49) 04 04 03 04 04 

(C6H11)3Sn(HL10) (50) 05 04 04 04 05 

(C6H5-CH2)3Sn(HL10) 

(60) 

04 05 04 05 04 

Ceftriaxone 22 22 22 21 23 

Cefixime 22 21 21 22 23 

*Concentration: 1 mg/mL of DMSO. Reference drugs, Ceftriaxone and Cefixime 1 mg/mL. 

 

Figure 4.35. Antibacterial activities of HL10, its complexes and standards 
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4.3 ANTIFUNGAL ACTIVITIES 

When the antifungal activities of all the synthesized complexes were checked against five 

different fungal strains trichophyton longiformis, candida albicans, aspergillus flavis, Aspergillus 

niger and Aspergillus clavatus using the agar well diffusion method for HL1-HL10 series, 

promising results were found. The results are shown in Tables 4.4(a) – 4.4(j). Turbinafine and 

Amphotericin were used as a reference or standard drugs. The complexes (16-20,54) of the 

moxifloxacin series have shown the maximum antifungal activities against most of the strains. 

Some of the tested complexes have shown considerable activity as compared to the standard 

(reference) drugs. A graphical representation of the antifungal activities of all the synthesized 

complexes is shown in Figures 4.36 – 4.45. Percentage (%) inhibitions of all the synthesized 

complexes are determined by the formula given in experimental section. The results of the 

antifungal activities revealed that most of the synthesized complexes have shown the significant 

activities as compared to standard drugs and their respective ligands and the complexes of HL4 in 

particular have shown the best activities may be due to the presence of polar nitro group which 

gives enhanced solubility. So, these complexes can potentially be used as potent fungicide drugs 

against the different fungal strains.   Similarly, the complexes from (46-50,60) shown very less 

activity due to the absence of alkyl tin. The antifungal activities are recorded in tables 4.4 (A) – 

4.4 (J) and discuss comparatively. [10-11] 
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Table 4.4(A): Antifungal activity data. 

Compounds  Growth Inhibition (%)   

trichophyton 

longiformis 

candida 

albicans 

aspergillus 

flavis 

Aspergillus 

niger 

Aspergillus 

clavatus 

Ligand (HL1) 09 10 13 12 13 

(CH3)3Sn(HL1)  (1) 12 12 14 13 15 

(C2H5)3Sn(HL1) (2) 13 12 15 14 15 

(C4H9)3Sn(HL1) (3) 13 13 16 15 16 

(C6H5)3Sn(HL1)  (4) 15 14 16 15 17 

(C6H11)3Sn(HL1) (5) 16 15 17 16 18 

(C6H5-CH2)3Sn(HL1) (51) 18 17 19 18 19 

Terbinafine 23 24 28 24 28 

Amphotericin 25 26 28 26 29 

* 

 

Figure 4.36. Antifungal activities of HL1, its complexes and standards 
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Table 4.4(B): Antifungal activity data. 

Compounds  Growth Inhibition (%)   

trichophyton 

longiformis 

candida 

albicans 

aspergillus 

flavis 

Aspergillus 

niger 

Aspergillus 

clavatus 

Ligand (HL2) 11 12 13 12 13 

(CH3)3Sn(HL2)  (6) 12 13 14 13 15 

(C2H5)3Sn(HL2) (7) 13 13 15 14 16 

(C4H9)3Sn(HL2) (8) 14 14 16 15 16 

(C6H5)3Sn(HL2)  (9) 15 15 17 16 17 

(C6H11)3Sn(HL2) (10) 16 16 17 17 18 

(C6H5-CH2)3Sn(HL2) (52) 18 17 18 18 19 

Terbinafine 23 24 28 24 28 

Amphotericin 25 26 28 26 29 

* 

 

Figure 4.37. Antifungal activities of HL2, its complexes and standards 
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Table 4.4(C): Antifungal activity data. 

Compounds  Growth Inhibition (%)   

trichophyton 

longiformis 

candida 

albicans 

aspergillus 

flavis 

Aspergillus 

niger 

Aspergillus 

clavatus 

Ligand (HL3) 12 12 13 12 13 

(CH3)3Sn(HL3)  (11) 13 13 14 13 15 

(C2H5)3Sn(HL3) (12) 14 14 15 14 16 

(C4H9)3Sn(HL3) (13) 15 15 16 15 16 

(C6H5)3Sn(HL3)  (14) 16 15 17 16 17 

(C6H11)3Sn(HL3) (15) 17 17 18 17 18 

(C6H5-CH2)3Sn(HL3) (53) 18 18 19 18 19 

Terbinafine 23 24 28 24 28 

Amphotericin 25 26 28 26 29 

* 

 

Figure 4.38. Antifungal activities of HL3, its complexes and standards 
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Table 4.4(D): Antifungal activity data. 

Compounds  Growth Inhibition (%)   

trichophyton 

longiformis 

candida 

albicans 

aspergillus 

flavis 

Aspergillus 

niger 

Aspergillus 

clavatus 

Ligand (HL4) 12 11 12 12 13 

(CH3)3Sn(HL4)  (16) 13 13 14 14 15 

(C2H5)3Sn(HL4) (17) 14 14 15 15 16 

(C4H9)3Sn(HL4) (18) 16 15 16 16 17 

(C6H5)3Sn(HL4)  (19) 17 16 17 16 18 

(C6H11)3Sn(HL4) (20) 19 18 19 18 19 

(C6H5-CH2)3Sn(HL4) (54) 21 19 20 21 22 

Terbinafine 23 24 28 24 28 

Amphotericin 25 26 28 26 29 

* 

 

Figure 4.39. Antifungal activities of HL4, its complexes and standards 
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Table 4.4(E) : Antifungal activity data. 

Compounds  Growth Inhibition (%)   

trichophyton 

longiformis 

candida 

albicans 

aspergillus 

flavis 

Aspergillus 

niger 

Aspergillus 

clavatus 

Ligand (HL5) 12 12 13 12 13 

(CH3)3Sn(HL5)  (21) 13 13 14 13 15 

(C2H5)3Sn(HL5) (22) 14 13 15 14 16 

(C4H9)3Sn(HL5) (23) 15 14 16 15 17 

(C6H5)3Sn(HL5)  (24) 16 15 17 16 17 

(C6H11)3Sn(HL5) (25) 17 16 18 17 18 

(C6H5-CH2)3Sn(HL5) (55) 18 17 19 18 19 

Terbinafine 23 24 28 24 28 

Amphotericin 25 26 28 26 29 

* 

 

Figure 4.40. Antifungal activities of HL5, its complexes and standards 
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Table 4.4(F): Antifungal activity data. 

Compounds  Growth Inhibition (%)   

trichophyton 

longiformis 

candida 

albicans 

aspergillus 

flavis 

Aspergillus 

niger 

Aspergillus 

clavatus 

Ligand (HL6) 10 11 12 11 12 

(CH3)3Sn(HL6)  (26) 11 13 13 12 13 

(C2H5)3Sn(HL6) (27) 13 14 14 13 14 

(C4H9)3Sn(HL6) (28) 14 14 15 14 15 

(C6H5)3Sn(HL6)  (29) 15 15 16 15 16 

(C6H11)3Sn(HL6) (30) 16 16 17 16 17 

(C6H5-CH2)3Sn(HL6) (56) 17 17 18 17 18 

Terbinafine 23 24 28 24 28 

Amphotericin 25 26 28 26 29 

* 

 

Figure 4.41. Antifungal activities of HL6, its complexes and standards 
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Table 4.4(G): Antifungal activity data. 

Compounds  Growth Inhibition (%)   

trichophyton 

longiformis 

candida 

albicans 

aspergillus 

flavis 

Aspergillus 

niger 

Aspergillus 

clavatus 

Ligand (HL7) 10 12 11 10 12 

(CH3)3Sn(HL7)  (31) 11 13 12 11 13 

(C2H5)3Sn(HL7) (32) 12 14 13 13 14 

(C4H9)3Sn(HL7) (33) 13 14 14 14 15 

(C6H5)3Sn(HL7)  (34) 14 15 15 14 16 

(C6H11)3Sn(HL7) (35) 15 16 16 15 17 

(C6H5-CH2)3Sn(HL7) (57) 16 17 17 16 18 

Terbinafine 23 24 28 24 28 

Amphotericin 25 26 28 26 29 

* 

 

Figure 4.42. Antifungal activities of HL7, its complexes and standards 
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Table 4.4(H): Antifungal activity data. 

Compounds  Growth Inhibition (%)   

trichophyton 

longiformis 

candida 

albicans 

aspergillus 

flavis 

Aspergillus 

niger 

Aspergillus 

clavatus 

Ligand (HL8) 11 12 11 12 12 

(CH3)3Sn(HL8)  (36) 12 13 12 13 13 

(C2H5)3Sn(HL8) (37) 13 14 13 13 14 

(C4H9)3Sn(HL8) (38) 14 15 14 14 15 

(C6H5)3Sn(HL8)  (39) 15 16 15 15 16 

(C6H11)3Sn(HL8) (40) 16 17 16 16 17 

(C6H5-CH2)3Sn(HL8) (58) 18 19 17 18 19 

Terbinafine 23 24 28 24 28 

Amphotericin 25 26 28 26 29 

* 

 

Figure 4.43. Antifungal activities of HL8, its complexes and standards 
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Table 4.4(I): Antifungal activity data. 

Compounds  Growth Inhibition (%)   

trichophyton 

longiformis 

candida 

albicans 

aspergillus 

flavis 

Aspergillus 

niger 

Aspergillus 

clavatus 

Ligand (HL9) 13 12 13 12 13 

(CH3)3Sn(HL9)  (41) 14 13 14 13 14 

(C2H5)3Sn(HL9) (42) 15 14 15 14 15 

(C4H9)3Sn(HL9) (43) 16 15 15 15 16 

(C6H5)3Sn(HL9)  (44) 17 16 16 16 17 

(C6H11)3Sn(HL9) (45) 18 17 17 17 18 

(C6H5-CH2)3Sn(HL9) (59) 20 19 19 18 19 

Terbinafine 23 24 28 24 28 

Amphotericin 25 26 28 26 29 

* 

 

Figure 4.44. Antifungal activities of HL9, its complexes and standards 
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Table 4.4(J): Antifungal activity data. 

Compounds  Growth Inhibition (%)   

trichophyton 

longiformis 

candida 

albicans 

aspergillus 

flavis 

Aspergillus 

niger 

Aspergillus 

clavatus 

Ligand (HL10) 07 08 07 06 08 

(CH3)3Sn(HL10)  (46) 08 09 08 08 09 

(C2H5)3Sn(HL10) (47) 09 09 09 08 09 

(C4H9)3Sn(HL10) (48) 08 09 08 08 09 

(C6H5)3Sn(HL10)  (49) 08 10 09 09 10 

(C6H11)3Sn(HL10) (50) 08 09 08 08 09 

(C6H5-CH2)3Sn(HL10) 

(60) 

09 09 09 08 10 

Terbinafine 23 24 28 24 28 

Amphotericin 25 26 28 26 29 

*Agar tube dilution method, concentration: 200 mg/mL of DMSO 

 

Figure 4.45. Antifungal activities of HL10, its complexes and standards 
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4.4 ANTIOXIDANT STUDIES 

DPPH method is used to evaluate the antioxidant behaviour of the synthesized complexes (1-60) 

on the basis of their radical scavenging ability. The data reveal that some of the synthesized 

complexes are fairly active and the others are moderately active as shown in figures. Vitamin C 

and Gallic acid were used as standards. DPPH is a stable free radical which accepts a proton or 

an electron to become stable. DPPH contains an odd electron and used for scavenging activity 

both for ligands and complexes, respectively. Decrease in absorbance of the solutions occur at 

517 nm caused by the antioxidant behaviour which helps to find the reduction capability. The 

complexes of the bulky groups like triphenyltin(IV), tricyclohexyltin(IV) and tribenznyltin(IV) 

have shown lot better activities as compared to all the other complexes and neutral ligands. So, 

the data suggests that most of these compounds can be used as effective antioxidant agents to a 

very good effect. The data is recorded in following tables and graphical representation can be 

helpful to analyze the comparative response of both ligands and complexes. [12-13] 

 

Table 4.5(A) : Antioxidant Activity Data 

Compounds Inhibition (%)*  IC50(μM) 

(CH3)3Sn(HL1)  (1) 76.29 ± 2.0 19 ± 1 

(C2H5)3Sn(HL1) (2) 60.30 ± 1.5 53 ± 2 

(C4H9)3Sn(HL1) (3) 52.30 ± 1.0 55 ± 3 

(C6H5)3Sn(HL1)  (4) 91.35 ± 2.1 20 ± 1 

(C6H11)3Sn(HL1) (5) 89.35 ± 1.3 26 ± 3 

(C6H5-CH2)3Sn(HL1) (51) 81.90 ± 1.0 29 ± 3 

Ligand (HL1)      58.50 ± 1.0 43 ± 1 

Vitamin C 93.40 ± 1.2 18 ± 2 

Gallic acid          92.90 ± 1.0 14 ± 1 

* 100 μL samples (5 mg/mL in DMSO)  
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(A)  Inhibition (%) 

 

(B) IC50 (µM) 

Figure 4.46. Antioxidant activities of HL1, Complexes and standards 
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Table 4.5(B): Antioxidant Activity Data 

Compounds Inhibition (%)*  IC50(μM) 

(CH3)3Sn(HL2)  (6) 66.29 ± 2.0 23 ± 1 

(C2H5)3Sn(HL2) (7) 62.30 ± 1.5 51 ± 2 

(C4H9)3Sn(HL2) (8) 55.30 ± 1.0 59 ± 3 

(C6H5)3Sn(HL2)  (9) 87.35 ± 2.1 25 ± 1 

(C6H11)3Sn(HL2) (10) 83.35 ± 1.3 28 ± 3 

(C6H5-CH2)3Sn(HL2) (52) 82.90 ± 1.0 29 ± 3 

Ligand (HL2)      61.50 ± 1.0 40 ± 1 

Vitamin C 93.40 ± 1.2 18 ± 2 

Gallic acid          92.90 ± 1.0 14 ± 1 

* 100 μL samples (5 mg/mL in DMSO)  
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(B) IC50 (µM) 

Figure 4.47. Antioxidant activities of HL2, Complexes and standards 

 

Table 4.5(C): Antioxidant Activity Data 

Compounds Inhibition (%)*  IC50(μM) 

(CH3)3Sn(HL3)  (11) 74.30 ± 1.0 21 ± 1 

(C2H5)3Sn(HL3) (12) 69.30 ± 1.0 50 ± 2 

(C4H9)3Sn(HL3) (13) 59.50 ± 1.0 54 ± 2 

(C6H5)3Sn(HL3)  (14) 90.60 ± 2.0 19 ± 1 

(C6H11)3Sn(HL3) (15) 88.50 ± 1.5 21 ± 1 

(C6H5-CH2)3Sn(HL3) (53) 86.70 ± 1.5 24 ± 2 

Ligand (HL3)      63.40 ± 1.0 44 ± 2 

Vitamin C 93.40 ± 1.2 18 ± 2 

Gallic acid          92.90 ± 1.0 14 ± 1 

* 100 μL samples (5 mg/mL in DMSO)  
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(A) Inhibition (%) 

 

 

(B) IC50 (µM) 

Figure 4.48. Antioxidant activities of HL3, Complexes and standards 

 

 

 

 

 

 

0
20
40
60
80

100
In

h
ib

it
io

n
 (

%
)*

Compounds

Antioxidant activities graph-3(A)

Inhibition (%)*

0
10
20
30
40
50
60

IC
50

(μ
M

)

Compounds

Antioxidant activities graph-3(B)

IC50(μM)



 

230 

 

Table 4.5(D): Antioxidant Activity Data 

Compounds Inhibition (%)*  IC50(μM) 

(CH3)3Sn(HL4)  (16) 84.20 ± 2.0 19 ± 1 

(C2H5)3Sn(HL4) (17) 79.30 ± 1.0 37 ± 2 

(C4H9)3Sn(HL4) (18) 71.60 ± 1.0 24 ± 2 

(C6H5)3Sn(HL4)  (19) 91.40 ± 2.0 16 ± 1 

(C6H11)3Sn(HL4) (20) 90.50 ± 1.5 17 ± 1 

(C6H5-CH2)3Sn(HL4) (54) 89.70 ± 1.5 21 ± 1 

Ligand (HL4)      73.40 ± 1.0 35 ± 1 

Vitamin C 93.40 ± 1.2 18 ± 2 

Gallic acid          92.90 ± 1.0 14 ± 1 

* 100 μL samples (5 mg/mL in DMSO)  
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(B) IC50 (µM) 

Figure 4.49. Antioxidant activities of HL4, Complexes and standards 

 

Table 4.5(E): Antioxidant Activity Data 

Compounds Inhibition (%)*  IC50(μM) 

(CH3)3Sn(HL5)  (21) 64.20 ± 1.5 29 ± 1 

(C2H5)3Sn(HL5) (22) 60.30 ± 1.5 55 ± 2 

(C4H9)3Sn(HL5) (23) 51.60 ± 1.0 61 ± 3 

(C6H5)3Sn(HL5)  (24) 85.45 ± 2.0 31 ± 1 

(C6H11)3Sn(HL5) (25) 81.90 ± 1.5 29 ± 3 

(C6H5-CH2)3Sn(HL5) (55) 79.10 ± 1.5 30 ± 3 

Ligand (HL5)      57.50 ± 1.0 47 ± 1 

Vitamin C 93.40 ± 1.2 18 ± 2 

Gallic acid          92.90 ± 1.0 14 ± 1 

* 100 μL samples (5 mg/mL in DMSO)  
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(A) Inhibition (%) 

 

 

(B) IC50 (µM) 

Figure 4.50. Antioxidant activities of HL5, Complexes and standards 
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Table 4.5(F): Antioxidant Activity Data 

Compounds Inhibition (%)*  IC50(μM) 

(CH3)3Sn(HL6)  (26) 51.20 ± 1.0 49 ± 1 

(C2H5)3Sn(HL6) (27) 46.35 ± 1.0 57 ± 2 

(C4H9)3Sn(HL6) (28) 44.60 ± 1.0 63 ± 3 

(C6H5)3Sn(HL6)  (29) 75.25 ± 2.0 39 ± 1 

(C6H11)3Sn(HL6) (30) 69.70 ± 1.5 40 ± 3 

(C6H5-CH2)3Sn(HL6) (56) 63.10 ± 1.5 44 ± 3 

Ligand (HL6)      43.50 ± 1.0 51 ± 1 

Vitamin C 93.40 ± 1.2 18 ± 2 

Gallic acid          92.90 ± 1.0 14 ± 1 

* 100 μL samples (5 mg/mL in DMSO)  
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(B) IC50 (µM) 

Figure 4.51. Antioxidant activities of HL6, Complexes and standards 

 

 

Table 4.5(G): Antioxidant Activity Data 

Compounds Inhibition (%)*  IC50(μM) 

(CH3)3Sn(HL7)  (31) 50.20 ± 1.0 53 ± 1 

(C2H5)3Sn(HL7) (32) 44.45 ± 1.0 59 ± 2 

(C4H9)3Sn(HL7) (33) 42.60 ± 1.0 65 ± 3 

(C6H5)3Sn(HL7)  (34) 73.65 ± 2.0 41 ± 1 

(C6H11)3Sn(HL7) (35) 66.90 ± 1.5 42 ± 3 

(C6H5-CH2)3Sn(HL7) (57) 61.10 ± 1.5 45 ± 3 

Ligand (HL7)      41.50 ± 1.0 54 ± 1 

Vitamin C 93.40 ± 1.2 18 ± 2 

Gallic acid          92.90 ± 1.0 14 ± 1 

* 100 μL samples (5 mg/mL in DMSO)  
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(A) Inhibition (%) 

 

(B) IC50 (µM) 

Figure 4.52. Antioxidant activities of HL7, Complexes and standards 
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Table 4.5(H): Antioxidant Activity Data 

Compounds Inhibition (%)*  IC50(μM) 

(CH3)3Sn(HL8)  (36) 53.70 ± 1.0 50 ± 1 

(C2H5)3Sn(HL8) (37) 48.35 ± 1.0 52 ± 2 

(C4H9)3Sn(HL8) (38) 45.80 ± 1.0 61 ± 2 

(C6H5)3Sn(HL8)  (39) 77.60 ± 2.0 37 ± 1 

(C6H11)3Sn(HL8) (40) 72.20 ± 1.5 39 ± 2 

(C6H5-CH2)3Sn(HL8) (58) 69.10 ± 1.5 41 ± 1 

Ligand (HL8)      46.50 ± 1.0 51 ± 1 

Vitamin C 93.40 ± 1.2 18 ± 2 

Gallic acid          92.90 ± 1.0 14 ± 1 

* 100 μL samples (5 mg/mL in DMSO)  
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(B) IC50 (µM) 

Figure 4.53. Antioxidant activities of HL8, Complexes and standards 

 

Table 4.5(I): Antioxidant Activity Data 

Compounds Inhibition (%)*  IC50(μM) 

(CH3)3Sn(HL9)  (41) 81.20 ± 2.0 21 ± 1 

(C2H5)3Sn(HL9) (42) 73.30 ± 1.0 39 ± 2 

(C4H9)3Sn(HL9) (43) 66.60 ± 1.0 28 ± 2 

(C6H5)3Sn(HL9)  (44) 88.40 ± 2.0 18 ± 1 

(C6H11)3Sn(HL9) (45) 85.50 ± 1.5 20 ± 1 

(C6H5-CH2)3Sn(HL9) (59) 81.70 ± 1.5 23 ± 1 

Ligand (HL9)      70.40 ± 1.0 33 ± 1 

Vitamin C 93.40 ± 1.2 18 ± 2 

Gallic acid          92.90 ± 1.0 14 ± 1 

* 100 μL samples (5 mg/mL in DMSO)  
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(A) Inhibition (%) 

 

 

(B) IC50 (µM) 

Figure 4.54. Antioxidant activities of HL9, Complexes and standards 
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Table 4.5(J) : Antioxidant Activity Data 

Compounds Inhibition (%)*  IC50(μM) 

(CH3)3Sn(HL10)  (46) 21.20 ± 1.0 41 ± 1 

(C2H5)3Sn(HL10) (47) 22.20 ± 1.0 40 ± 1 

(C4H9)3Sn(HL10) (48) 21.20 ± 1.0 41 ± 1 

(C6H5)3Sn(HL10)  (49) 20.40 ± 1.0 43 ± 1 

(C6H11)3Sn(HL10) (50) 21.20 ± 1.0 41 ± 1 

(C6H5-CH2)3Sn(HL10) (60) 23.50 ± 1.0 38 ± 1 

Ligand (HL10)      30.40 ± 1.0 53 ± 1 

Vitamin C 93.40 ± 1.2 18 ± 2 

Gallic acid          92.90 ± 1.0 14 ± 1 

* 100 μL samples (5 mg/mL in DMSO)  
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Figure 4.55. Antioxidant activities of HL10, Complexes and standards 

 

4.5 CYTOTOXIC ACTIVITIES 

The pharmacological activities were conducted for initial screening of cytotoxic effects in a 

broad spectrum using this assay, i.e., anticancer, antibiological and antifungal activities. The 

cytotoxic activity was conducted for two ligands (HL1 and HL4) and their respective complexes 

against the shrimps using doxorubicin as a standard drug and the obtained results are recorded in 

tables 4.6 and 4.7 to check their comparative behaviour after repeating the tests for three times. It 

is assumed that the organotin complexes are capable of interacting with cell membranes until 

they decay, fasten the ion exchange processes. Generally, amongst the organotin compounds, the 

most toxic are the R3SnX. The high and fast lipid solubility of organotins makes sure that the cell 

penetration and attachment with internal parts of the cell and the components of the cell wall 

play keen role. This cytotoxicity assay is recognized as a significant tool for initial assessment of 

cytotoxicity. In case of the values of LD50 found less than 20-30 μg/mL indicates the significant 

performance of these newly synthesized organotin carboxylates. The drugs with good 

cytotoxicity values also work well against the cancer cells against the rapid cell division and 

multiplication. In this study the LD50 values for the synthesized compounds were found less than 
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the prescribed range so they can be considering as cytotoxic. [14-15] 

 

Table 4.6: Cytotoxic data of HL1 and its complexes 

Compound 

No. 

Shrimps killed/30/dilution (ppm) LD50 

(µg/mL) 200  66  22  7  2  

HL1 27 24 22 19 15 1.18 

1 29 29 26 24 20 1.10 

2 29 29 27 27 24 0.884 

3 29 29 29 27 23 0.643 

4 29 29 29 29 24 0.419 

5 29 29 29 29 27 0.795 

51 29 29 29 29 28 1.85 

Doxorubicin 30 30 29 26 23 0.445 

 

Table 4.7: Cytotoxic data of HL4 and its complexes 

Compound 

No. 

Shrimps killed/30/dilution (ppm) LD50 

(µg/mL) 200  66  22  7  2  

HL4 28 26 27 21 18 1.24 

1 29 28 28 23 21 0.615 

2 29 29 29 24 22 1.15 

3 29 29 29 25 22 0.917 

4 29 29 29 27 24 1.107 

5 29 29 29 28 25 3.120 

51 29 29 29 29 27 1.120 

Doxorubicin 30 30 28 26 23 0.445 

 

4.6 ANTITUMOR ACTIVITIES 

The antitumor activities of HL4 and its respective complexes were conducted using the potato 

disc bioassay method. Minimum inhibitory concentrations (MIC) of the complexes are recorded 

in table 4.8. The (Agrobacterium tumefaciens) is a created assay (potato disc) for tumor cells 
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gives a clear indication of antitumor activities with no clear idea of the mechanism of the drug 

action. Thus, the assay is accepted as a basic test for the evaluation of antitumor activities for all 

the synthesized complexes, regardless of the mechanism followed for inhibition. The complexes 

of HL4 series have shown considerable activities. It can be revealed on the basis of all these 

results (DNA interactions, cytotoxicity, antitumor and anticancer activities) that these 

carboxylate complexes might be used as effective antitumor and anticancer drugs for the coming 

future. [16-17] 

Table 4.8: Antitumor data of HL4 and its complexes 

Compounds 

No. 

Concentration (µM) IC50 (µg/mL) 

500  100  20  

HL4 50.24 ± 0.25 32.26 ± 0.41 11.27 ± 0.15 350.59 

16 70.56 ± 0.20 55.22 ± 0.30 15.24 ± 0.20 72.17 

17 77.97 ± 0.31 60.65 ± 0.25 30.57 ± 0.25 44.56 

18 83.56 ± 0.23 71.15 ± 0.23 36.59 ± 0.22 20.25 

19 85.14 ± 0.29 72.29 ± 0.27 43.21 ± 0.32 40.66 

20 88.15 ± 0.27 62.42 ± 0.21 47.17 ± 0.23 21.90 

54 89.25 ± 0.32 65.55 ± 0.32 50.15 ± 0.35 60.39 

Vincristine 100 100 100 - 

 

4.7 ANTILEISHMANIAL ACTIVITIES 

The antiprotozoal behaviour of the HL1 and its respective organotin(IV) complexes against the 

Leishmanial strains like (kwh 23) was checked and data is recorded in Table 4.9. The 

synthesized complexes of HL1 series (1-5 and 51) have shown a significant reduction in the 

amount of viable Leishmanies. The minimum concentration of protozoa IC50 of promastogotes, 

means concentration which can create about 50% reduction after killing the parasites in a result 

of storing for three days under incubation. Some of these compounds exhibit good 

antileishmanial activity when compared against the standard drug. Their antileishmanial 

activities were found due to the interaction with the parasite mitochondria. This is clear indicator 

of the fact that these drugs can potentially be used for the treatment of leishmaniasis. [18-19] 



 

243 

 

Table 4.9: Antileishmanial activity data of HL1 and its complexes 

Compound No. Concentration (µM) IC50 

(µg/mL) 100 50 10 1 

HL1 68.9 ± 2.5 65.6 ± 2.2 63.2 ± 2.2 59.5 ± 1.7 3.50 x 10-3 

1 72.7 ± 1.5 69.4 ± 1.2 67.1 ± 1.7 62.1 ± 1.4 6.92 x 10-5 

2 65.3 ± 1.2 62.1 ± 1.4 59.5 ± 1.3 53.2 ± 1.3 9.59 x 10 -5 

3 69.7 ± 1.3 66.5 ± 1.5 64.2 ± 1.5 58.5 ± 1.9 6.78 x 10-5 

4 66.5 ± 1.5 63.2 ± 1.3 61.7 ± 1.5 60.3 ± 1.9 5.81 x 10-3 

5 64.6 ± 1.2 61.4 ± 1.2 58.6 ± 1.7 57.2 ± 1.3 1.45 x 10-3 

6 71.7 ± 1.3 67.7 ± 1.0 64.5 ± 1.9 66.90 ± 1.4 1.55 x 10-2 

Amphotericin B 79.9 ± 1.9 78.2 ± 1.4 75.7 ± 2.1 69.5 ± 1.6 0.56 

 

4.8 ANTICANCER ACTIVITIES 

To invent a novel anticancer drugs is a very hot issue regarding the criticality of the disease. The 

drugs which act positively against the cancer cells but have no affect on the normal cells as they 

do have therapeutic advantage to eliminate the cancer cells. The synthesized complexes are well 

renowned in terms of their biological significance due to their anticancer activities. The 

significant performance of these complexes as cytotoxicity agents revealed that these complexes 

are strong anticancer agents. We checked the effectiveness of these compounds against the 

growth and also their antiproliferative activities are checked on cancer effected Lung carcinoma 

cell line H-157 and also against the normal cell line (HCEC) for HL2 and HL4 and their 

respective complexes. The highest antiproliferative activity was exhibited by HL4 series and its 

respective complexes against H-157 cell line which shows about 49-70% cytotoxicity even at a 

lowest concentration of 2 µg/mL. On the other hand, HL2 series and its complexes have also 

shown considerable cytotoxicity values at several different concentrations ranging in between 

(0.4-2.0 µg/mL). The tested complexes were found inactive against human corneal epithelial 

cells (HCEC). By lowering the concentration of the complexes an effect has been found in terms 

of their antiproliferative activities and all other compounds have maintained their activities. 

Anticancer activity of these compounds was very promising. These results suggest that these 
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compounds can be used for cancer treatment after other clinical studies. [20-21] The results of 

these activities are given in tables 4.10 and 4.11. 

Table 4.10: Anticancer activities of HL2 and its complexes 

Compound 

No. 

Cytotoxicity % [Concentration (µg/mL)] 

0.4 0.8 1.2 1.6 2.0 

HL2 20.42 28.29 33.43 38.19 49.20 

6 9.85 13.23 15.86 18.15 21.87 

7 15.25 20.12 22.47 24.67 29.53 

8 19.60 23.83 24.29 26.68 30.95 

9 20.85 32.16 38.92 51.24 67.69 

10 18.02 20.29 24.28 26.55 36.81 

52 13.92 18.31 20.42 24.88 29.05 

Methotrexate 12.31 18.05 20.67 25.94 34.82 

  

Table 4.11: Anticancer activities of HL4 and its complexes 

Compound 

No. 

Cytotoxicity % [Concentration (µg/mL)] 

0.4 0.8 1.2 1.6 2.0 

HL4 21.24 29.56 34.22 39.68 45.69 

16 9.89 13.62 16.79 18.33 22.20 

17 11.29 16.67 19.15 21.22 25.75 

18 13.09 15.15 18.29 22.31 25.17 

19 22.26 29.15 36.73 49.81 62.95 

20 18.10 21.24 24.41 28.92 36.28 

54 16.73 20.17 22.19 25.62 32.47 

Methotrexate 12.31 18.05 20.67 25.94 34.82 
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CONCLUSIONS: 

 Novel complexes have been synthesized by the reaction of various potentially active medicinal 

ligands with triorganotin chlorides/hydroxides at room temperature. 

1. The carboxylate ligands were converted into sodium salt (NaL) by reacting with sodium 

hydrogen carbonate (NaHCO3) in water at room temperature. 

2. Novel triorganotin(IV) complexes have been synthesized with good quantitative yield in 

a result of refluxing of ligand and respective organotin(IV) chloride/organotin(IV) oxide 

in the presence of dry toluene for 12-16h. 

3.  The appearance of new spectral vibrations due to tin-oxygen and tin-carbon bonds in the 

FTIR spectra of the synthesized complexes confirmed the formation of new complexes. 

In complexes the value of (∆ν = ν (COO) asy - ν (COO) sym) less than 250 indicates the 

bridging nature of ligand in the solid state and less than 200 indicates the tetrahedral 

geometry of the few complexes. 

4. Multinuclear NMR (1H, 13C and 119Sn) data revealed that in solution the trimethyltin(IV) 

and tributyltin(IV) derivatives posses 5-coordinated trigonal bipyramidal geometry while 

triphenyltin(IV) derivatives have 4-coordinated tetrahedral geometry. 

5.  Mass spectral data also supported the observations obtained from other spectroscopic 

techniques.  

6. All the synthesized complexes were screened in terms of their antibacterial and antifungal 

activities against the several different strains. The results reflected that all the synthesized 

complexes posses far better potential against different strains of bacteria and fungi as 

compared to the corresponding their alone ligands them selves. Most of the compounds 

were found more active than their corresponding ligands. In general, the triphenyltin(IV) 

complexes have shown far better antibacterial and antifungal activities than 

trimethyltin(IV) and  tributyltin(IV) complexes. 

7. The intercalative mode of interaction has shown by all the synthesized complexes (except 

46-50 and 60) with SS-DNA on the basis of UV- visible and viscosity measurement 

studies. The spontaneous formation of the adduct between the complex and DNA is 

indicated by the negative values of the ΔG which was also well supported by the results 

obtained from the viscosity measurement method. 



 

249 

 

8. On the basis of the results of antitumor, anticancer and DNA interaction studies it can be 

concluded that the synthesized complexes of the particular series represent a new studies 

of antitumor agents which can serve effectively for the treatment of cancer as a good 

potential source of chemoprotective agent which is still by far a big challenge for the 

currently working synthetic chemists.  

9. The results of antileishmanial studies revealed that these compounds (1-5 and 51) can 

successfully be used as protective agents for the treatment of leishmaniasis. 

10. Promising in vitro antimicrobial and anticancer activities of these compounds indicate 

their use as an in vivo study in the future. 

 

 


