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PREFACE 

The thesis entitled, "synthesis of new organotin (IV) derivatives of thio

semicarbazides and S, N, 0 containing related ligands: characterization and studies on 

the biocidal properties of the new compounds with special reference to the1r 

agricultural applications" has aimed to explore the chemistry of simple organotin(IV) 

thio-semicarbazides and other related compounds. The work has been divided into 

five chapters. 

Chapter 1 

This chapter describes a hrief review on the nature of bonding, other related 

properties including biocidal properties of the organotin compounds. 

Chapter 2 

This chapter describes the synthesis and characterization of Mn(H), Fe (I[), 

Co(H), Cu(II) and Zn(II) complexes 3-5, dinitrobenzoic acid. The complexes were 

characterized by UV-Vis, IR and elemental analysis. Magnetic moments studies and 

difterent1al scanning calorimetric measurements were carried out for these complexes. 

The X-ray crystallography studies were carried for Co(Il) and Cu(Il) complexes. The 

biological activity of some of the compounds against two fungal pathogens namely 

(Lasiodiplodia theobromae and Cruvularia eragrostidis) which were isolated from 

two different crops (a pathogen of mango, Magn[fera indica and a pathogen of tea, 

Camellia sinensis) respectively were undertaken to demonstrate their fungicidal 

activity. The phytotoxic effects of these compnunds vvere also investigated against 

Ory:cae sativa caltivar Khitish. 

Chapter 3 

In this chapter, the synthesis and characterization of tri- and di-organotin(IV) 

complexes of the ligand 2-rnarcapto isothiocyanate are described. All the compounds 

were characterized by IR, ( 1 H and 13C) NMR spectroscopy along with the elemental 

analysis. Further ditTerential scanning calorimetric measurements were also carried 

out. Biological studies for some selected complexes were carried out and summarized 

in chapter'\. 
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Chapter 4 

This chapter describes the synthesis, characterization, tluorescence and 

biological properties of diorgano tin(IV) compound of Schiff bases derived from 

salicylaldehyde/substituted salicylaldehyde and thiosemicarbazide/ substituted 

thiosemicarbazide. The complexes were characterized by UV-Vis, Fluorescence, IR, 

( 
1H, 13C and 119Sn) NMR spectroscopy and elemental analysis. The solid state 

structures of some of these complexes were studied by X-ray crystallography 

Differential scanning calorimetric measurements were carried out for some of these 

complexes. The biological activity of some of the compounds against six fungal 

pathogens namely (Bipolaris sorokiniana, Helminthosporium oryzae, Altreneria 

hrassicae, Alterneria kikuchiana. Stemphvliurn pori and Colletotrichum capsici) 

isolated from six ditferent crops (Triticum aestivum. Oryzae sativa, Brass tea nigra, 

Brassica oleracea. Allium cepa and Capcicum cmnwn)were examined to demonstrate 

their fungicidal actJvity The phytotoxic effects of these compounds were also 

mvestigated against five economically important crops such as (Triticum acsti\'tmz. 

01T:::ac sati1·a. !5rassica nigra, Brassica oll!rucea and Capcicwn annum), 

Chapter 5 

This chapter deals with the biocidal properties of tri- and di-organotion(lV) 

compounds of 2-marcapto isothiocyanate and di-organotion(IV) compounds of Schiff 

bases derived from salicylaldehyde /substituted salicylaldehyde and 

thiosemicarhazide suhstituted thiosemicarbazide_ Also some reported compounds 

were studied tc)t effective control of Bipolaris surokiniana the casual agents of foliar 

blight disease of wheat was reported m the cultivar of Sonalika. Further, the 

mechanism of action of these compounds on host physiology in respect of phenolics 

pathogenesis-related protein, enzyme such as polyphenol oxydase, peroxidase and 

phenyl alanine ammonia lyase and other biochemical parameters commonly 

associated with diseases resistance was registered. Finally the effect of these 

compounds on seedling growth and yield parameters were described. Additionally 

the fungitoxic effects of these compounds were also reported against two important 

fungi of wheat such as Alternaria titricina and Fusarium so/ani. 
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CHAPTER! 
A SHORT REVIEW ON THE ORGANOTIN(IV) 

COMPOUNDS 



1.1 Introduction 

Tin (atomic number, 50; relative atomic mass, 118.69; electronic configuration 

5s2p2
) is an element of group 14 of the periodic table, along with C, Si, Ge, and Pb. 

Tin as a metal, either as such or in the form of alloys and in its chemical compound 

has an astonishing amount of usefulness. Characteristically, for majority of its 

applications, only a small amount of tin are needed to see its effect. Tin exists in three 

allotropic modifications and it can form a variety of inorganic and organometallic 

compounds. This is generally true for organotin chemistry which is a subject of 

interest for years due to not only of its rich structural chemistry but also for its 

versatile applications. The use of organotin(IV) compounds in industry has risen 

rlramatically rluring the last few decades as a result of their wide range of biocidal and 

industrial applications such as stabilizer for polyvinyl chlorides, industrial catalysts, 

wood preservatives and anti-fouling agents that has led to their accumulation in the 

environment and in biological systems [I ,2]. At the present time, the industrial uses of 

non-tox1c organotin compounds ( R 2SnX 2 and RSnX, types ) account for almost two 

third of the total world consumption. although the other maJor uses for these 

denvatives as selective biocides and pesticides (R,SnX type) has increased rapidly in 

recent years. The estimated consumption of tin metal for chemical industry was large, 

the reason i()f th1s growth in tin chemicals are the diversity of tin applications in many 

cases, with their generally low toxicity [3]. The tetra organotins R4Sn have no 

commercial outlets. but are important as intermediates in the manufacture of RnSnX4 n 

compounds from SnC14. So far, monosubstituted organotin compounds (RSnX3) have 

had a very limited application, but they are used as stabilizers in poly (vinyl chloride) 

films. 

Organotin(IV) compounds arc charactenzed by the presence of at least one 

covalent C-Sn bond. The compounds contain tetravalent Sn centres and are classified 

as mono-, di-, tri- and tetraorganotin(IV)s, depending on the number of alkyl (R) or aryl 

( Ar) moieties. The anion is usually chloride, fluoride, oxide, hydroxide, a carboxylate 

or a thiolate [2]. 



1.2 Literature 

The first organotin compound was prepared over 150 years ago. Way back. in 

1849, E. Frankland in his paper described the reaction which occurred when ethyl 

iodide and zinc were heated together in a sealed tube [4]. Frankland described, the 

behaviour of ethyl iodide in contact with metal like tin at elevated temperatures ( 150 -

200 oc ). Later, he showed that the crystalline mass diethyltin diiodide was obtained in 

this reaction (Eq.l)[5-7]. 

2 Etl + Sn . . . . . . . . . . . .. .(I ) 

In an independent work, Lowig established that ethyl iodide when reacted with 

a tin/sodium alloy produced a compound which is now recognized as oligomeric 

diethyltin [8]. As an alternative to this so-called direct method, an indirect route was 

devised by Buckton in 1859, who obtained tetraethyltin by treating tin tetrachloride 

with Frankland's diethylzinc (Eq.2) (91 

2ZnCb .... (2) 

fn ! R86. Letts and Collie were attempting to prepare diethylzinc and instead 

Isolated tctraethyltin which was formed from tin (was present as impurity m the zinc) 

So they established that tetraethyltin could be prepared by heating ethyl iodide with a 

mixture ofZn and Sn powder (Eq.3) [10]. 

Eti + Zn/Sn .................. (3) 

In ( Eq.4 ). Frankland showed that the tin( IV) tetrachlonde (which JS used in 

Eq.2) could be replaced by tin(IJ) dichloride which is much more easier to handle and 

reacts in a more controllable fashion [ 1 1]. 

. .................. (4) 

Up to 1900, some 37 papers were published on organotin compounds. In 1903, 

Pope and Peachey described the preparation of a number of simple as well as mixed 

tetraalkylstannanes and tetraphenyltin. from Grignard reagents and tin tetrachloride or 

alkyltin halides and reactions of this type soon became the standard route to alkyl- and 

aryl-tin compounds r121. In 1937. Krause and von (lrosse had summarized the early 
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work in Organometallische Chemie which is considered to be the first publication 

[13]. 

In 1962, Kuivila showed that the reaction of trialkyltin hydrides with alkyl 

halides (Eq.5) was a radical chain reaction involving short-lived trialkyltin radicals, 

............ (5) 

In 1964, Neumann showed that the reaction with non-polar alkenes and alkynes 

followed a similar mechanism and these reactiOns now provide the basis of a number 

of important organic synthetic methods (Eq.6) [15, 16]. 

( 

R3SnH+ C=C -
\ .(6) 

A major development m recent years has been the mcreasing usc of organotin 

reagents and mtermediates in organic synthesis, exploiting both their homolytic and 

heterolytic reactivity [ 1 7]. 

1n parallel with these developments. organotin compounds have found a 

variety of applications in industry. agriculture and medicine, though in recent years 

these have been ctrcumscnbed by environmental considerations. In industry, they arc 

used for the stabilization of poly vinyl chloride. the catalysis of the formation of the 

polyurethanes and the cold vulcanization of silicone polymers and also as 

transesterification catalysts. Their biological properties are made use of in antifouling 

paints on ships. in wood preservatives, as agncultural fungicides as well as 

msecticides. Interestingly, in medicine, they are showing promise in cancer therapy 

and in the treatment of fungal infections [ 18]. 

In 1937, Krause and von Grosse published the first review of organotin 

chemistry [ 13]. In 1960, the field of organotin chemistry was reviewed by Ingham et 

al. with comprehensive tables of the known compounds [ 19]. In 1961, M. Dub 

compiled from Chemical Abstracts a non-critical compendium listing preparations, 

physical, chemical properties and literature surveyed from 193 7 to 1959 [20]. 

Simultaneously, Weiss compiled an exhaustive list of organotin compounds which 

were reported between 193 7 to 1964 [211. A book namely, "Organotin Compounds: 



New Chemistry and Applications", edited by J. J. Zuckennann (1976) was written 

based on lectures delivered at the centenary meeting of the ACS [22]. It is also 

noteworthy to mention that several famous books were written/edited describing the 

then progress of organotin research [ 1, 23-26]. A volume of Houben-Weyl deals 

particularly with preparative methods of organotin compounds [27]. In 1991, Guo 

Yushen reviewed the preparation, properties and applications of monoalkyltin 

compounds [28]. 

Structural aspects of organotin chemistry have been reviewed [29] and a 

comprehensive bibliography of X-ray diffraction studies is available from the 

International Tin Research Institute [30]. M.l. Bruce [31] who had written a 

comprehensive listing of organotin compounds (ca. 1500 entries) which have had 

their stmcture determined by electron diffraction or X-ray diffraction. The structural 

diversity of organotin compounds has been attracting the attention of a number of 

researchers and as a result a multitude of structural types have bee!C discovered [32]. 

Gielen and Sprecher f33l included a discussion of organotin structure in which the 

coordination number of tin is greater than 4; the same topic was discussed in an article 

written by Okawara and Wada [34] 

H. Ali and .J. E. van Lier, have reviewed organotin compounds that react 

rapidly and chemo-. regio-. and stereo-selectively with a variety of reagents, and this 

have been exploited in the synthesis of pharmaceuticals with a radioactive label, 

particularly when the radioisotope has a short half-lite [351. A second review covering 

similar ground is included in Patai's volume [36]. 

J. J. Eisch and R. B. King have given tested experimental details for the 

synthesis of some 40 organotin compounds [37-39]. Synthesis. reactivity, structural 

aspects and applications of organotin(IV) complexes with phosphorous-based acids 

have been reviewed by V. K. Jain [ 40]. The applications of these complexes as 

catalysts, corrosion inhibitors and biocides were also discussed in this review. P.G. 

Harrison in 1989 has edited a multi-author book which has covered both inorganic 

and organic aspects of organotin chemistry [ 41]. 

S. J. de Mora in 1996 has edited a book in which chapters were written by 

various authors covering the different aspects of the problems associated with the use 

of tributyltin compounds in marine antifouling paints [ 42]. Nath et a!. [ 43] have 

reviewed organotin (IV) complexes of the amino acids and peptides with special 

reference to their methods of -;ynthcsis. structuraL thermal properties as well as their 
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solution studies and biological activity. The structures of these complexes were 

discussed on the basis ofiR, electronic, multinuclear ( 1H-, 13C- and 119Sn-) NMR, X

ray and 119Sn Mossbauer spectral studies. 

A review by Beckmann and Jurkschat [ 44] was given with 140 references on 

the recent progress in the chemistry of cyclo-stannasiloxanes of different ring size and 

their potential in ring-opening polymerization reactions is critically evaluated and 

compared with that of related c:yclo-borasiloxanes, cyclo-germasiloxanes, and cyclo

siloxanes. Pellerito and Nagy [2] in 2002, have written a review which deals with the 

organotin(IV) cations forming complexes with ligands containing (0), (N), (S), or 

{phosphorus(O)} donar atoms with various composition and stability. The emergence 

of new experimental techniques (EXAFS, multinuclear 1H-, 13C-, 119SN-NMR, 119Sn 

Mossbaure, etc., spectroscopic techniques) provided useful information about the 

structure and stabilities of the complexes formed. They also have reviewed the 

literature on these types of complexes taking into account the biological aspects of the 

complexes. Chandrasekhar er a/. I 45] have written this review which deals with the 

recent progress in the area oforganotin assemblies that contain Sn---0 bonds. Various 

kinds of tri-, di- and monoorganotin compounds are described in terms of their 

preparation by methods such as hydrolysis of organotin halides, reactions of suitable 

oragnotin compounds with various kinds of substrates such as carboxylic acids. 

sulfomc acids, ox1de transfer reagents etc. The structural characterization of these 

compounds by the use of 11 l)Sn-NMR, 119Sn Mo""ssbauer and X-ray crystallography 

was presented in considerable detail. The amazing structural diversity present in this 

family of compounds was discussed. Organooxotin compounds can be assembled by 

using various synthetic methodologies. Although m most instances, organotin oxides 

and hydroxides are the preferred starting materials tor preparing organooxotin 

compounds, Sn-C bond cleavage reactions involving organotin compounds also 

offer a rational route. This review deals with the recent progress in this area and 

examines various reactions, where Sn-C cleavage occurs. A wide range of products 

are accessible from this approach and these were presented in this article [ 46]. Roy 

and Roy have reviewed details about making and breaking of Sn-C and In-C Bonds in 

situ; the cases ofAllyltins and Allylindiums [47]. 

In 1985, two independently published reviews have demonstrated the utility of 

organotin(IV) derivatives of poly alcohols in regioselective manipulations involving 



indirect acylation, alkylation and oxidation [ 48,49], while a work by Grindley deals 

with the applications of organotin(IV)-containing intermediates in carbohydrate 

chemistry [50]. Strong sugar-organotin(IV) cation complexation have been discussed 

by Burger and Nagy [51], Gyurcsik and Nagy [52], Verchere et al. [53] while Barbieri 

et al. [54] dealed mainly with the interactions of organotin(IV) cations and complexes 

with DNA and their derivatives. 

The agricultural applications of organotin compounds in 1950's and early in 

1960's were first explored by G. J. M. Vander Kerk and his coworker. They were the 

pioneer in the discovery of the high fungicidal activity of triphenyl- and tributyl- tin 

compounds [55-58]. Crowe [59,60] has reviewed the applications of organotin 

compounds in agriculture upto 1980 and published it in two parts. In part I, he 

discussed about the fungicidal, bactericidal, and herbicidal aspects of those 

compounds and the part II covered acaricidal, antifeedant, chemosterilant and 

insecticidal properties of organotin compounds. In 1989, Molloy surveyed in the wild 

field of hio-organotin(IV) compounds [61]. Detailed discussion of organotin(IV) 

compounds as wood preservatives had been published [ 62,63]. In 2008, Basu Baul 

reported a comprehensive rev1ew on antimicrobial activity of organotin(lVl 

compounds. After the revie\V of Pellento and Nagy it was an off beating review of 

biocidal acttvrty of organotm(IV) compounds [64]. 

rn !971, Atsush1 et ar [65/ reported a very important piece of work, it was the 

high affinity of tin for tumours which was the highest among the group 14 clements 

This finding was further confinned by various workers who prepared tin labeled 

technetium complexes and used them as imaging agents for tumour localization !661 

Subsequently, two Important n:v1ews c'wcring the literaturL· of anti cancer .. tctl\ it\ '>! 

organotin(IV) compounds had been published [67,68]. In 2006. Tahassum and 

Pettinari have published substaintial infom1ation on the mode of action of organotins 

in cancer chemotherapy [69]. Tsangaris and Williams published a paper on tin 

including organotin(IV) compounds in pharmacy and nutrition [70]. 

1.3 Bonding in organotin compounds 

Tin has the electronic configuration 5s2p2 in its valence shell which result the 

occurrence of two oxidation states +2 and +4. Its principal valence state is Sn( fV), 

though Sn(II) inorganic compounds are common. 3P is the ground state \\hich i-; 



derived from s2p2 configuration. In the ground state, there are only two unpaired 

electrons. Therefore, two covalence bond could be expected [71]. The 5S state of the 

tin is the first excited state. The Sn(II) state uses mainly the Sp orbitals for bonding 

otherwise Sn(IV) oxidation state occurs readily, where the tin is sp3 hybridized. 

Tin(II) compounds are mostly bent, pyramidal or distorted due to the presence of an 

electron pair that does not participate in bonding and displays stereochemical activity, 

tin(IV) compounds adopt regular geometries as tetrahedral, bipyramidal and 

octahedral depending upon the coordination number, the electronegativity of tin 

change with its oxidation number. Tin(II) compounds are more ionic compared to 

corresponding tin(IV) derivatives. The marked increase in the stability of R4Sn 

compounds over R2Sn types demonstrates the effect of increased hybridization. So 

most of the organometallic tin compounds are of tin(IV) type [72]. The Sn-C bond 

should be polar since Sn is electropositive with respect to C. But the polarity is so low 

as in the tetraalkyls and aryl derivatives of tin so these are not hydrolysed by water. It 

1s possible that the d orbital of tin are used for ( drc-pn) bonding. 

1.4 Structure of organotin compounds 

The principal valence state Sn(IV), is remarkable capacity to expand 1ts 

coordination number from anywhere between four to seven. Therefore, the structure 

of organotin(IV) compounds are tetrahedral, trigonal bipyramidal and octahedral 

depending upon the coordination number. Tin(ll) compounds are bent, pyramidal or 

distorted in structure [73-75]. 

Simple tetraalkyl- and tetraaryl-tin(IV) compounds exist under all conditions 

as tetrahedral monomers. hut in derivatives RnSnX4 n (n 1 to 3 ), where X is an 

electronegative group (halide, carboxylate etc.), the Lewis acid strength of the tin IS 

increased, and Lewis bases form complexes with a higher coordination number. The 

compounds R3SnX usually give five-coordinate complexes R3SnXL which are 

approximately trigonal bipyramidal, and the compounds R2SnX2 and RSnX3 usually 

form six-coordinate complexes R2SnX2L2 and RSnX3L2 which are approximately 

octahedral. The groups X, however, usually carry unshared electron pairs, and can 

themselves act as Lewis bases, resulting in intermolecular self-association to give 

dimers, oligomers, or polymers. This self-association is governed by the nature of the 

ligands L and also by the stcric demands of R, X, and L, and it is common for the 
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degree of association to increase in the sequence gas < solution < solid. If R or X 

carries a functional substituent Y beyond the "-position, the alternative of 

intramolecular coordination can occur leading to the formation of monomers with 5-. 

6-, 7-, or 8-coordinated tin [11]. The structures of these intramolecularly self

associated monomers, oligomers, and polymers are seldom those of regular 

polyhedra, and the determination of their structures, and the steric and electronic 

factors which govern them, has been an important feature of organotin chemistry 

since the early 1960s [23,24,76]. 

1.5 Reactivity of organotin compounds 

In the periodic table group 14 clements are Si, Ge, Sn, Pb. In Sn-C bond, Sn is 

electropositive with respect to C and it is represented by C6--Sn6
+. There fore. 1t 

should be polar The polatization of Sn-C bond makes tin atom more electrophilic and 

carbon ::ttom which is attached to tin more nucleophilic. So the reactJVity of organotm 

~..~ompounds towards nucleophilic and electrophilic both. But the polarity of tetraalkyl 

and aryl derivatives of tin is low that is why these are not actually hydrolyzed by 

water. In group 14 elements. reactivity ofM-C bond in tetra-alkyl and aryl increases 

progressively from Si tu Ph f77J A bond between M-C, where M is C, there IS 

possibility of fonning double bond (pn-pn). When M substitutes other element of 

group ! 4 of the periodic table. there is enough evidence that the d orbitals of these 

elements are used for bonding (dn-pn). In bonding, the tendency for using d orbital 

decreases from Si to Sn. In (GeH 3 hS and (GeH3) 20, the Ge-S-Ge and Ge-0-Ge 

appears to he highly bent f71q whereas in (SiH~};>O. the Si-0-Si bond angle is around 

!50"' [79]. Bond energy and thermal stability decreases in the same sequence Si to Pb. 

Expanding of the coordination number of the metal, it becomes easier with the 

increasing atomic size [80]. 

The alkyl groups are usually introduced to tin by complete alkylation of tin 

tetrachloride with an organometallic reagent, then the various alkyltin chlorides, 

RnSnC:kn, are prepared. Other functional groups are then introduced by nucleophilic 

substitution of the chloride. Reaction of the alkyltin chlorides with the appropriate 

nucleophiles gives the alkyltin alkoxides, amides, thioalkoxides, carboxylatcs etc. 

The presence of these electronegative groups on the tin renders the metal susceptible 

to coordination by Lewis bases and simple tetrahedral four-coordination is the 



exception rather than the rule. Hydrolysis of the organotin halides gives the organotin 

oxides, and in the case of the dihalides and trihalides, the reaction proceeds through a 

series of well-characterized intermediate hydrolysis products [26, 81]. 

Cleavage of the carbon-tin bond by heterolytic reaction is usually dominated 

by electrophilic attack at carbon, although nucleophilic assistance may be provided at 

the centre and this can sometimes predominate (Eq. 7) [82-84]. 

R'--SnR3 + E-N -----o•~ ER' + NSnR3 ................. (7) 

The most important electrophiles which are involved are protic acids, 

particularly carboxylic acids, metallic halides such as tin chlorides, and the halogens, 

particularly bromide. The cleavage of the alkyl-tin bond by sulphur dioxide is similar. 

Homolytic attack at carbon to break the carbon-tin bond has not yet been identified, 

but attack at hydrogen on the ~-carbon may sometimes result in cleavage of the 

carbon-tin bond through a subsequent fragmentation process [85]. 

1.6 Analytical techniques applied to determination the structure of 

organotin compounds 

The basic studies in the field of organotin compounds have been developed due 

to the success of a large number of modem analytical techniques applied to organotin 

compounds. Investigations can be performed by general techniques such as UV-Vis 

[24]. IR [24. 81], 1H-NMR [86], 11C-NMR [87], mass spectroscopy [881 and also by 

specialized techniques such as 11 cJSn Mossbaure spectroscopy [24,26] and 1 1'lSn-NMR 

spectroscopy [89]. The 119Sn Mi:issbaure and 119Sn-NMR spectroscopy provide 

complementary information on the structure of the organotin molecules in the solid 

state and in solution respectively. 

1. 7 Applications of organotin compounds 

Organotins are currently one of the most studied groups of organometallic 

compounds; their novel and often unique chemical properties have intrigued chemists 

for over 100 years and, today, many of these compounds find extcn-.;ive t1sc 111 
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agriculture and industry [90]. As the world of organotin chemicals is quite extensive 

and diverse which are discussed briefly here. The majority of organotin uses are 

comprised of five major commercial applications: PVC Heat Stabilizers, Biocides, 

Catalysts, Agrochemicals, and Glass Coatings. These applications divided into two 

groups: biological applications and non biological application. 

1. 7.1 Biological applications 

At the Institute for Organic Chemistry TNO, Utrecht, Holand, in early 1950s, 

Vander Kerk and Lujten, systematically discovered the high fungicidal activity of 

tributyl- and triphnyl-tin compounds f55, 56, 57]. It was not until 1925 that the first 

commercial application of an organotin was recorded (as a mothproofing agent). 

Seven years later, tetra-alkyltins found to have an industrial application as hydrogen 

chloride scavengers in chlorinated hydrocarbons used as insulators in heavy-duty 

transformers and capacitors. This was taken to mark the beginning of the more 

generalized biological commercial applications of organotin compounds [90]. The 

first organotin compound to reach commercialization in agriculture in the early 1960s 

were rriphenyltin acetate (Brestan*, Hoechst A.G) and triphenyltin hydroxide (Duter*. 

Ph lips Duphar N. V ), both of which were v.·idely used [91 J to combat a number of 

fungal diseases m various crops, like potato blight, leaf spot on sugar beet and celery, 

rice blast as well as coffee leaf rust. A fmther interesting property of chemosterilant 

[92,93]. A third triphenyltin compound, the chloride (fentin chloride: Brestanol) 

which was also produced by Hoechst is now used although tn a lesser extent [941 '\ 

few years later Dovv mtroduced the tricyclohexvltm hydrox1de lcyhcxatm· Pltctran; 

wh1ch was highly effective m the control of phytophagous mites. Subsequently. two 

further organotin miticides were introduced; bis(trineophyl tin)oxide ( fenbutatin 

oxide: Vendex or Torque) by Shell and tricyclohexyltin- I ,2,4-triazolc (azocyclotin: 

Peropal) by Bayer [91]. Activity of fungi was also influenced by the nature of the 

organic group. The tributyl compounds Bu1SnX, was shown fungicidal activity was 

largely independent of the group X [95]. The fungicidal activity of a group of these 

triphenyltin fungicides was that they were function as antifeedants in which they 

deterred insects trom feeding, and they also acted as insect PhJSnX compounds were 

shown to be highest when X~c NCO or NCS [90]. The trimethyl- and tricthyl-tin 
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derivatives had a high toxicity to insects and mammals, [97,98] the tripropyltins to 

gram-negative bacteria, and the tributyltins to the gram positive bacteria and fungi 

[99]. The tricyclohexyl- and trineophyl- tin compounds are effective acaricides 

[100,101]. The toxic triorgano-tin compounds are able to inhibit mitrocondial 

oxidative phosphorylation and their biological activity pattern is probably due to their 

ability to bind certain proteins. The exact nature of the binding sites on the proteins is 

not known. The biological effect of the tetra organotin compounds ~Sn appear to be 

caused entirely by the R3SnX derivative, which is produce by their fairly rapid 

dealkylation in vivo [102, 103]. The dialkyltin compounds show a toxic behavior 

which is quite different from that of the ~Sn and R3SnX compounds. They combine 

with co-enzymes or enzymes possessing dithiol groups, e.g. reduced lipoic acid and 

thereby inhihit a-kitoacid oxidation. As with trialkyltin compounds, the mammalian 

toxicity of the di-n-alkyltins decreases with increasing length of the alkyl chain 

[ 102,104]. A series of diorganotin complexes were modeled for the anti tumour agent 

like cisplatin showed amtitumour activity. These compounds exert a selective 

cytotoxic action on T- lymphocytes and therefore hold potential as anti-T -cell tumor 

agents [1 05]. Organotin compounds have been used as anthelmintic agents e.g 

dibutyltin dilaurate which is one of the constituents of the commercial product that 

has been used as fommlation for treating poultry in combination with piperazine and 

phenothiazine [ 101 j. Tin( ll) fluorid is used in toothpastes as an anti decaying agent 

and apply to children's teeth [ l 06]. Di-n-butyltin dilaurate and tin(II) acetate have 

been used as catalyst in vulcanizing silicon rubbers used for the protection of the 

dental prosthetic devices.[107]. Trialkyltin compounds are used in a organic solvent

based wood preservative t(xmulations. Tributyltin ox1de at concentration upto 3(% ll1 a 

solvent like kerosene has been used for the pretreatment of the wood to protect it from 

insect attacks [ 1 08]. In the early 1960s, triorganotin compounds were used for 

antifouling paint and regular consumption of these compounds increases with the time 

[109]. 

1.7.2 Non biological Applications 

There is considerable industrial activity in organotin chemistry because of its 

large-scale applications in the fields of polymer stabilization. organic synthesis and 
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catalysis. The PVC is the second most plastic after polyethylene. Certain organotin 

compounds are amongst the most effective stabilizers for plastic. Carboxylates and 

mercaptide tin salts can replace labile chlorine atoms; with more thermally stable C-0 

or C-S bond ligands. Organotin-based stabilizers are the efficient and widely used 

PVC stabilizers [110]. Certain monobutyl- and monooctyl-tin compounds, e.g. 

[BuSn(O)or Na+, are active hydrophobic agents for cellulosic materials, such as 

cotton textiles, paper and wood but have not reached commercialization for this 

application. These have been tested on building materials (limestone) bricks and 

concrete and on cellulosic substrate (cotton, paper and wood) as well [ 111,1 12]. 

Tin(II) chloride, ammonium hydrogen fluoride isopropanol and polishing agents are 

used to protect the sheepskin wool in the spray treatment process. The KzZrF6, tin(II) 

chloride and hydrochloric acid have been used for protection purposes in treatment 

process [113]. The most commonly used compounds in electroplating are tin(IV) 

sulphate, tin(II) chloride, tin(Il) fluoroborates and sodium/potassium stannates [114]. 

Thin coatings of tin(IV) oxide on glass have a number of applications. The precursor 

of these tin(lV) oxide films was originally tin(IV) chloride, which is applied in the 

vapour phase at 500-600°C to hot glass surface where it is pyrolysed to tin(IV) oxide 

1114]. Tin(IY)oxide electrodes are used in the manufacture of lead-containing crystal 

glass by electric melting. The tin(IV) oxtde electrodes are more preferably used as 

compared to the conventional molybdenum or graphite rod, because the electrical 

conductivity of tin(fV) oxide increases with increasing temperature [ 115]. The most 

widely used catalysts are stannous octoate [tin( II)2-ethyl hexoate J and various mono

and diorganotin compounds. These catalysts play an important role in the formation 

of polyurethane foams m the production of polyesters and in the curing of certain 

types of silicone resins. Dibutyltin dilaurate, dibutyltin diacetate arc used as 

homogeneous catalyst in the manufacture of polyfoams and cross linking agents at 

room temperature for olefenic polymerization [ 116]. 
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CHAPTER2 

SYNTHESIS AND CHARECTERIZATION OF 

Mn(II), Fe(II), Co(II), Cu(II), Zn(II) COMPLEXES 

OF 3,5-DI NITRO BENZOIC ACID, CRYSTAL 

STRUCTURES OF Co(II) AND Cu(II) 
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2.1 Introduction 

The Mn, Fe, Co, Cu and Zn all are belonged in 1st transition metal senes 

because the last electron in the atoms of these elements enters in d-sub-shell 

belonging to penultimate shell. Most of the transition metals show more than one 

oxidation states. Because of the presence of 'd' electron these transition metals 

display different oxidation states and sometimes form complexes with the same ligand 

in different oxidation state. This is generally true for the complex compounds of 

transition metal chemistry and is a subject of interest for years due to not only of its 

rich structural chemistry but also for its versatile applications. It is now well 

recognized that in the human body minute amount of many elements can be detected 

and estimated. Some of these elements have been shown to be essential for life. They 

are involved in all major metabolic pathways of life. They serve a variety of functions 

that include catalytic, structural and regulatory activities in which they interact with 

various enzymes and biological membranes ( 1]. Iron functions as a cofactor for 

enzymes mvolved in many metabolic processes, including oxygen transport, DNA 

synthesis, electron transport and are transformed into biologically available fonn in 

the mitochondrion by the iron-sulphur cluster and haeme synthesis pathway [2]. Zinc 

plays an important roles in nucleic acid metabolism, cell replication, tissue repair and 

growth. as well as zinc-containing nucleoproteins are involved in gene expression of 

multiple proteins [3.4]. The Cu is present in the oxygen carrying system m blood of 

many invertebrates and is a major constituent of many enzymes and proteins (5). The 

Mn is an essential element to be found in all tissues. It is needed for metabolism of 

amino acids, lipids, proteins and carbohydrates as well as it takes part in the defense 

of red blood cells in the metabolism of iron [6]. It is well known that Co is an 

essential metal necessary for the formation of vitamin B 12 [7]. The important role of 

Mg in chlorophyll is well established in green plant system. But all the metals are 

essential in small amounts; in large amounts, however, these may endanger the life 

processes. Small amounts of Fe, Cu, Zn etc. arc found as growth and development 

agents of fungi. Whereas, e.g, Cu and Zn when incorporated in some organic ligands 

act as important fungicide. The (more toxic metals) Hg and Pb compounds can also 
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act as fungicides [8]. Further many transition metal complexes are associated with 

biological and commercial applications [9-15]. 

2.2 Literature 

Several cupric carboxylates are dimeric either in the crystalline state, in 

solution or in both [ 16]. Considerable controversy has been caused over the mode of 

bonding in the dimeric Cu(Il) acetate monohydrate [ 17]. The main cause of the 

problem possibly arises from the method of preparation of the complexes. Frequently, 

they are isolated as hydrates or solvates followed by dehydration under vacuum. The 

application of heat to these complexes may cause slight decarboxylation of the 

compounds affording anhydrous materials contaminated with small amounts of 

copper oxide in insufficient quantities to affect the elemental analysis [ 18]. This 

contamination of the complex would significantly affect the magnetic properties. So 

the bonding mode of dim eric Cu(II) acetate is debatable [ 17]. Kumar and Suri [ 19] 

have reported that the adducts of copper (II) aryl carboxylates with morpho line can be 

prepared by interacting the reactants in 1: 1 molar ratio or using a large excess of 

morpholin in acetone medium. Analytical results show that the adducts are either 

mono-rnorpholine or bis-morpholine of l: l or 1 :2 stoichiometry formulated as 

Cu(02CC6lf4Rb(morph)11 where R is H, CH3-o, CH 3-m, Cl-o, Cl-m, Br-o. Ch30-o, 

Ch:;O-m. Ch30-p, NOro. N02-m, NOrp, OH-o, OH-m, and OCOCH,-o; Morph is 

Morpholine and n is l or 2. Conductance measurements show that all these adduct are 

non-ionic. Magnetic and electronic spectral studies suggest that mono-morpholin 

adducts are dinuclear syn-syn carboxylate bridge spec1es whilst bis-morpholin 

adducts are mononuclear distorted octahedral molecules. IR-spectra show that 

morpholin behaves as a N-bonded monodentate ligand [19-20]. J. Bickley and his 

coworkers [21) have described the synthesis and crystal structures of two new copper 

complexes with chelating dicarboxylic acids. Reaction of copper(II) acetate with 

diacid H2L2 (HOzCC(Me)20ArOC(Me)2C02H, Ar=l,3-substituted phenyl) gave a 

bischelate complex (L2)2Cu2 • 2MeOH (Fig. 2.1) with the normal paddlewheel 

structure and tilted, trans-oriented chelate rings with skewed conformations. The 

overall structure was reasonably well reproduced by density functional calculations on 

(L2)2Cu2. Treatment of the product from reaction of Cu2(0Ac)4 and diacid I-bL3 

(AFc l ,3-substituted 2,4-dibromophenyl) with pyridine gave a six-coordinate 
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mononuclear chelate (L3)Py2Cu · H20 (Fig. 2.2) in which one chelate carboxylate ts 

monodentate, the other is unsymmetrically bidentate and the pyridines are cis

coordinated. 

Fig. 2.1 Structure of(L2)2Cu2· 2MeOH [21]. 

0 
Fig. 2.2 Structure of (L3 )Py2Cu· rhO [21]. 

In l99X. the dinucleating ligand N,N'-(2-hydroxy-5-methyl-l J-

xylylene)bis(N-(carboxymethyl)glycine) (Cf·hHXTA) has been used to synthesize the 

dinuclear Cu(II) bis(pyridine) complex Na[Cu2(CH 3HXTA)(Py)2]" 1.5( I ,4-dioxane) 

[Na(l )]: triclinic. The structure shows two distinct distorted square pyramidal Cu(II) 

centers with each Cu(II) ion bound by two carboxylate oxygen atoms, one amine 

nitrogen atom, a phenolate oxygen atom, and one pyridine nitrogen atom. The phenyl 

ring of the CH 3HXTA ligand is twisted relative to the Cul-Ol-Cu2 plane, and the 

resulting dihedral angle is 44.2°. The electronic absorption spectrum of 1 in aqueous 

solution at pH 3 suggests a shitt toward trigonal bipyramidal Cu(Il) coordination in 
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solution. Spectral titration of Na[Cu2(CH3HXTA)(H20h] (Fig. 2.3) with L (where L-=c 

pyridine or sodium cyanide) results in complexes with terminal L groups. These 

exogenous ligands appear to bind in a positive cooperative stepwise fashion. Variable

temperature magnetic susceptibility data for 1 indicate that the Cu(II) ions are 

antiferromagnetically coupled (-2J = 168 cm- 1
). The 1H NMR studies on a methanol 

solution of 1 are consistent with weak spin-coupling in solution [22]. 

Fig. 2.3 Struch1re of[Cu2(CH3HXTA)(PyhT anion [22]. 

Akopova et a!. [23] described the synthesis, structure, and mesomorphism of 

a new series of copper carboxylates la-f (Fig. 2.4 ). Compounds la,b,c,e were obtained 

by fusing copper hydroxide with the corresponding acid, while compounds ld,f were 

obtained by the exchange reaction. The influence of periphery of the chelate node on 

the appearance of discophase was studied. A stacked hexagonal structure of copper 

crucate was proved. The effect of restructuring of the chelate node in this compound 

after its isothennic exposure, causing the loss of mesomorphism was revealed. 

1a-t 
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c : R = -=-( Cl-h):> - COOCwH21 

Fig. 2.4 Structure of copper carboxylate [23]. 

Kozlevcar et a!. [24] during the investigations of fatty acid copper(Il) 

carboxylates with biologically important ligands prepared several compounds of the 

composition [Cu2(02CCnH2n+1Murea)2] (n = 5 to 11) and [Cu2(02CCsH1 J)4(urea)2] . 

The molecular structure of the compound [Cu2(02CC5H 11 )4(urea)2] (Fig. 2.5) was 

determined by X-ray diffraction analysis. The compounds were characterized by 

standard physical and chemicai methods and tested for their fungal mycelial growth 

inhibition activity with mycelia of two wood decay fungi Trametes versicolor and 

Antrodia millantii The results of the characterization are in agreement with the 

values typical for dimeric copper(IT) carboxylates. In the electronic spectra the 

difference between both types of hexanoate compounds was observed, however m 

v1brational spectra also the differences among the compounds where one molecule of 

urea is honded on each dimmer were noticed. Significantly higher growth mhibition 

for the whole series for Antrodia vail!antii was observed. 

Fig. 2.5 Structure of[Cm(02CC5H11 )4(0CN2H4)2) [24]. 

'Jl 
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Waizump et al. [25] have reported the synthesis and crystal structures of 

[Co(nic)2(H20)4] (1). [Co(isoh(H20)4] (2). [Cu(nich(H20)4] (3), and 

[Cu(iso)2(H20)4] (4) (nic =nicotinate; iso ~· isonicotinate) (Fig. 2.6). The crystal of 

complex 1 is monoclinic, space group C2/m and the other crystals 2 3 and 4 are all 

triclinic. The arrangements around the metal ions are trans-octahedra with two pyridyl 

nitrogen and two aqua oxygen in the equatorial positions and two aqua oxygen in the 

axial positions, although the Cu(II) complexes show a larger Jahn-Teller distortion. 

Complex 1 

Complex 2 

Complex 3 

Complex 4 

Fig. 2.6 Crystal structures of[Co(nic)2(H20)4] (1). [Co(isoh(H20)4] (2). 
[Cu(nic)2(lf20)4] (3) and [Cu(iso)2(H20)4] (4) (nic ---nicotinate; iso --- isonicotinate) 
[25]. 
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Very recently, a Chinese group has synthesized a new complex, 

Co(MBTC)2(DMF)2 (MBTC' !6-methoxybenzothiazole-2-carboxylate, DMF::JN,N

dime- thylformamide), in DMF solution and characterized by single crystal X-ray 

diffraction analysis. Using the cobalt complex as catalyst, phenylacetic acid was 

prepared by the carbonylation of benzyl chloride with carbon monoxide (0.1 MPa). 

The effects of solvents, phase transfer catalysts and temperature on the reactions were 

investigated. The yield of phenylacetic acid was higher than 90% in optimized 

conditions [26]. Vuckovic et a!. [27] reported novel binuclear Co(II) complexes with 

N- functi onalized cyclam, N,N',N"',N'' '-tetrakis (2-pyridylmethyl) 

tetraazacyclotetradecane (tpmc) and one of the aromatic mono or dicarboxylato 

ligands (benzoate, phthalate or isophthalate ions). The compounds were analyzed and 

studied by elemental analyses (C, H, N), electrical conductivities, VIS and IR 

spectroscopy and magnetic as well as cyclic voltammetric measurements. In 

[Co2(C6H,C00htpmc](Cl04h·3H20 (Fig. 2.7). the benzoate ligands are most 

probably coordinated as chelates in the trans-position to each Co(ll) and the 

macrocycle adopts a chair conformation. In the complexes 

[Co2(Y)tpmc](Cl04)z·zH20, (Y '= phthalate or i-phthalate dianizon, z 2; 4), it is 

proposed that the isomeric dicarboxylates are bonded combined as bndges and 

chelates. The composition and the assumed geometries of the complexes are 

compared with the, earlier reported. corresponding Cu(Il) complexes. Cyclic 

voltammetry measurements showed that the compounds are electrochemically stable. 

Fig. 2.7 Suggested structure of the [Co2(C<Jl,C00htpmc] 2 
f- from complex (I) in a 

chair conformation [27]. 
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T. A. Zevaco and his coworkers [28] m 1998, have published a paper 

covering the synthesis, spectral characterization and X-ray structure determination of 

the zinc( II) norbomen-2,3 dicarboxylate [Zn(cis-2,3-ndc )-(1-

methylimidazole )2(Hz0)lrc (1) (cis-2,3-ndc = bicyclo[2,2, 1 ]-hept-5-ene-2,3-cis

dicarboxylic acid). It crystallizes in the monoclinic space group P2 1/c. The crystal 

structure of 1 consists of polymeric chains which propagate along the c axis. The 

structure is stabilized by extended hydrogen bonds involving adjacent chains and 

water molecules. The metal centers display a slightly distorted tetrahedral geometry 

The norbomenedicarboxylic acid acts as a syn-bound 0,0'-bridging ligand. In the 

same year they also published another paper which was covering the reaction of an 

aqueous suspension of zinc oxide with 2-quinolinecarboxylic acid afforded, after 

recrystallization from a 1-methylimidazole/ acetonitrile solution, crystals of the 

anhydrous carboxylate LZn(2-quinoiinecarboxylato)z (1-methylimidazo!eh]. 1 

[Zn(C10Hr,N02h (C4H6N 2)2], monoclinic, space group P2tln. The zinc atom Js 

hexacoordinated, located at an inversion center and exhibits a slightly distorted 

ctahedral geometry. The Zn-equatorial ligand distances arc 2.057(2) A for Zn---0 and 

2.244(2) A for Zn---N. The Zn---N distance for the apical imidazole ligands is 

2.144(2) A[29] 

Hamed et a!. f 301 have reported that the compounds having the general 

formula:Kn[M(F0h(H 20h] -xlbO, where (M cc Cu(Il) or Fe(III), n = 2 or I , FO =

folate anion, x = 2 or 3 with respect) (Fig. 2.8), could be prepared and their absorption 

efficiency in rodent's blood was determined. The obtained compounds were 

characterized by elemental analysis. infrared as well as thermogravimetric analysis 

and polarization of light The results suggest that the two folate complexes were 

formed in 1:2 molar ratio (metal:folic acid) which acted as a bidentate ligand through 

both carboxylic groups. Polarization of light proved that the folate complexes have 

symmetric geometry. 
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Y. M. Trukhan and his coworkers [31] have reported that the reaction of the 

new pol ydentate ligand 2,6-bis { 3-[ N,N-di(2-pyridylmethyl)amino ]propoxy} benzoic 

acid (LH) with Fe(Cl04)3 followed by addition of chloroacetic acid leads to the 

formation of the tetranuclear complex [{Fe20L(ClCH2-C02) 2 }2](Cl04) 4 (Fig. 2.9), the 

crystal structure of which reveals that it consists of two Fe11 2()l-O)(JJ.-RCO~h cores 

linked via the two L ligands in a helical structure. with the carboxylate moieties of the 

two ligands formmg a hydrogen-bonded pair at the center of the helix. 

Ghattas et a!. [32] prepared a p-oxo-diiron(III) complex bridged hy two 

molecules of 1-aminocyclopropane- I -carboxylic acid (A CCII) that was prepared with 

the ligand 1 ,4.7 -triazacyclononane (T ACN): [(T ACN)FeAp-O)(p-ACCl-1 )2l(CI04)4 

2H20 ( 1) (Fig. 2.1 0). This complex was characterized, and its crystal structure was 
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solved. The bridging ammo acid moieties were found in their zwitterionic forms 

(noted as ACCH). Reactivity assays were performed in the presence of hydrogen 

peroxide and 1 turned out to be the first example of a well-characterized iron-ACCH 

complex able to produce ethylene from the bound ACCH moiety. 

~t"Dt ;i) -,;~; id'' ''" .,,•t\ ·, NJ,c 
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Fig. 2.10 Stmcture ofthe cation [Fe2(TACNhCu-0)(;t-ACCHh]4
+ [32]. 

C M Grant and his coworker [33] have carried out a reaction between FeCh, 

Na02CPh and L [L "'1,2-bis(2,2'-bipyridyl-6-yl)ethane] in MeCN that gave the 

complex fFe(,()4Cl4(0:CPh)4L2][FeC14b 1 whose cation contains an unusual [Fe6(~t;-

0)4]H>+ core, whereas m MeOH the dinuclear complex [Fe~(OMe)r 

Ch(OcCPh)L ][FeCI4] 2 was obtained; magnetic studies indicate that the cations of 1 

(Fig. 2 1 I) and 2 (Fig. 2.12) both have S = 0 ground states, consistent with the 

expected antiferromagnetic exchange interactions. 

:: 
,·""".~ 
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Fig. 2.11 Structure ofthe cation of 1 [33]. 
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Fig. 2.12 Structure ofthe cation of2 [33]. 

Moon et al. [34] have prepared the dinuclear Mn(Il) complex, 

[Mn2(Hbida)2(H20)2] (Fig. 2.13 ), usmg a tetradentate tripodal ligand, N

(benzimidaznl-2-ylmethyl)iminodiacetic acid (H 3bida) which has two carboxylate and 
i 

one benzimidazole groups. The manganese ions are doubly bridged usmg f.!,ll -

bridging monodentate carboxylate oxygen atoms. The Mn~Mn bond distance of 

1.446 A in this complex. The geometry of the complex is with four carboxylates in 

tw0 ditferent types of binding modes, non-bridging monodentatc and fl·ll 1-type 

bridging monodentate. The magnetic properties of the complex show a coupling 

constant of J-cc ~oA 71 ( l) em 1
, which 1s consistent with weakly coupled 

anti ferromagnetic Mn11 (S = 5/2) centers. 

Fig. 2.13 The graphical structure of[Mn2(Hbidah(Hz0)2] [34]. 
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Maryudi et a!. [35] have reported a method of synthesis of manganese 

carboxylates and their characterization. The ne\V method involves reaction between 

molten carboxylic acid with sodium hydroxide in alcoholic solution to produce 

sodium carboxylates and continued by reacting sodium carboxylate with chloride salt 

of manganese. 1st and 2nd both step of reactions were conducted at 80-85°C and under 

perfect agitation. 2nd step of reaction took place well in the low concentration of 

manganese chloride, about 0.25 M or less. Thennogravimetric Analyzer test have 

been done and the results obtained in this study have exposed the capacity of 

manganese carboxylates stability at processing temperature of polyethylene. 

Reaction of Fe(02CCH3)2 or Mn(02CCH3)2.4H20 with bidentate nitrogen 

donor ligands affords the trinuclear complexes [M3(02CCH3) 6L2] [M=Fe, L=BIPhMe 

(i) (Fig. 2.14); :M= Mn, L=BIPhMe (2) (Fig. 2.15) or 1,10-phenanthroline (3)] in high 

yields. As judged from X-ray diffraction studies, these complexes adopt a novel linear 

structure. with one monodentate and two bidentate bridging carboxylates spanning 

each pair of metal atoms. Within this motif there are two geometric isomers that exist. 

destgnated "'syn'' or '"anti" depending upon the mientation of the bidentatc nitrogen 

donor ligands wtth respect to one another across the plane defined by the three metal 

atoms and the two monodentate bridging oxygen atoms. Stmctural characterization of 

thre~: Isomers of compound 2 revealed a considerable degree of flexibility in the 

tricarboxylate-bridged dimetallic unit, with M-M distances ranging from 3.370 (3) to 

3.715 (2) A [36]. 
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Fig. 2.15 Structure of [Mn3(02CCH3)6(BIPhMe )2]"2CH2Cb, anti-2A [36). 

Thermal decomposition of transition metal malonates, MCH2C204· xHzO and 

transition metal succinates, M(CH2)2C20 4· xH20 (M=Mn, Fe, Co, Ni, Cu & Zn) have 

been studied employing TG, DTG, DTA, XRD, SEM, lR and Mossbauer 

spectroscopic techniques by Randhawa et al. [37). After dehydration, the anhydrous 

metal malonates and succinates decomposed directly to their respective metal oxides 

in the temperature ranges 31 0-400°C and 400-525°C respectively. The oxides 

obtamed have been found to be nanosized. The thermal stability of succinates was 

observed to be higher than that of the respective malonates [3 7]. 

Few complexes of Fe (III), Co (II), Ni (II) and Cu (II) with uracil, 6-amino 

uracil and those with substituted phenyl azo-6-amino uracils containing o-methyl,p

carboxy and o-carboxy subtituents and S.S -diety! barbitunc acid sodium salt have 

been synthesized and characterized by elemental analys1s, magnetic moment and 

spectral measurements(IR, UV-Vis, ESR). The IR spectra showed that uracil existed 

in keto-enol tautomerism but 6-amino uracil possessed the kito amino-imine structure 

with some enol form. The iron complexes were with octahedral geometries. The 

square planar copper complexes existed in ligand bridged structures. The nickel 

complexes were of tetrahedral configuration. In general, the azo group was involved 

in the structural chemistry of the complexes. The coordination bond length was 

calculated. The thcnnal propctties (TG and DT A) of the complexes were measured 

and discussed and thermodynamic parameters were also evaluated [38]. 
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A. Golobic and his coworkers [39] applied different synthetic routes for 

preparation of some copper(II) carboxylates with 3-hydroxypyridine (3-pyOH). The 

monomeric and dimeric complex of copper(II) acetate were isolated, 

[Cu(02CCH3)2(3-pyOH)2], 1, and [Cu2(02CCH3)4(3-pyOHh], 2, respectively. A 

covalently linked 2D Cull compounds of general formula (Cu(02CR)2(3-pyOH)2]n, 

were prepared with benzoate (R=C6H5, 3), hexanoate (R=CH3(CH2)4, 4), and 

heptanoate (R=CH3(CH2) 5, 5) ligands. The crystal structures of all five compounds 

were determined by X-ray structure analysis. The compounds were tested for 

fungicidal activity against two fungal species Trametes versicolor and Antrodia 

vaillantii. Complete growth retardation for Antrodia vaillantii was noticed for 

compounds 3, 4, and 5 at concentrations of 5 ·10-3 mol L- 1
, 1·10·3 mol L-1

, and 5 ·10-4 

mol L- 1
, while in the case of Trametes versicolor complete growth retardation was 

observed for the same three compounds only at the highest tested concentration. 

Kozlevcar eta/. [40] synthesized and characterized a series of compounds of 

the composition [Cuz(OOCC,H2n. i ) 4(niah] ( nia =nicotinamide; n -~ 6 to 11) and also 

tested for fungicidal activity. Crystal structure determinations revealed dinuclear 

structures of the copper(II) acetate hydrate type for compounds 

fCuc(OOCC6H1-,)4(niah]-A ( lA). (Cu2(00CC6Hu)4(nia)2j-B (lB) and 

!Cu2(00CCxH17Mniah] (3). Other applied characterization methods indicate dirneric 

structures for all synthesized compounds [!-letT (298 K) = 1.43-1.50 BM; characteristic 

band in tJV-Vis spectra in the region ~- = 150-400 nml. The same conclusion may 

also be deduced from theIR (f\. =v3 ,
1111

(COO )-Vsym(COO) = 183-189 em-!) and EPR 

spectra. though some differences were observed for heptanoate modification 1A, 

probably due to a different hydrogen bonding scheme. Screening for fungicidal 

activity against the wood-rotting fungus Trametes versicolor ( L. ex Fr.) Pilat shows 

that the compounds dissolved in DMSO completely stop mycelium growth at a 

concentration of 1.0 x 10 3 molL 1
. Some ofthem (n = 8, 9, 10) show strong activity 

also in more diluted solutions (1.0 x 10-4 mol L- 1
). 

S. Shahzadi and his coworkers [ 41] synthesized transition metal carboxylates, 

t.e., 3-[(2,4,6-trichloroanilino )carbonyl]prop-2-enoicacid and 3-[ ( 4-bromoanilino) 

carbonyl] prop-2-enoic acid. The unimolar and bimolar substituted products have 

been characterized by elemental analysis, IR, UV-Vis spectroscopy, 1H NMR, and 
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atomic absorption. IR data show the bidentate nature of the carboxylate group. The 

transition metal complexes were tested in vitro against a number of microorganisms to 

assess their biocidal properties. 

2.3 Scope and objective 

Carboxylates are ligands which contain 0 atoms as donors. In case of the 

dinitrobenzoic acid the nitro groups may also act as donors through the 0 and N 

atoms. Hence the acid as a ligand might be useful for complex formation. Therefore. 

the ligand was chosen to examine its complex forming ability with transition metals 

as a model and then to examine their fungitoxicity. Many transition metal compounds 

[39-43] are known to be potentia! fungicides. 

2.4 Experimental 

2.4.1 General Comments 

The solvents used in reactions were of AR grade and were obtained from 

commercial sources (Merck, IndiaL The solvents were dried using standard literature 

prLKCdurcs \Vater were distilled with sodium hydroxide and potassium permanganate 

where as methanol was distilled after reacting it with solid iodine and magnesium. 

2.4.2 Materials 

The 3.5-di nitro benzoic acid (s.d.fine-chem limited, India), CuSC}r5H20 

(s.d.fine-chem limited. India). CnC!o-6H 20 (Merck, India). FeS04 ·7H20 (s.d.fine

chem limited, India). ZnS04·7H20 (s.d.tine-chcm limited, India), MnCh-4fh0 

(Merck, India) of AR quality were used as received from commercial sources. 

Methanol (Merck, India) used in the reaction was of AR grade. 

2.4.3 Measurements 

The IR spectra in the range 4000-400 cm· 1 were recorded on FTIR-8300 

Shimadzu spectrophotometer with samples investigated with KBr on Csl window. 

UV/VIS spectra were recorded on JASCO V-530. Microanalyses were performed at 
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the ICAS, Kolkata. India. Magnetic susceptibility was measured at room temperature 

on a PAR 155 sample vibrating magnetometer using Hg[Co(SCN)4] as the calibrate. 

Differential calorimetric analyses were carried out on a Perkin-Elmer Thermal 

analyzer from l 00-230°C at a heating rate of 1 0°C/min. Metals were estimated using 

standard methods in our laboratory. 

2.4.4 Synthetic procedures 

2.4.4.1 Preparation of sodium salt of 3,5-dinitro benzoic acid (LNa) 

To a solution (40 ml) of 3,5-dinitro benzoic acid (4.0g, 18.85 mmol) was 

added drop wise with continuous stirring NaOH (0.75g, 18.85 mmol) solution in 

water (20 ml) in the presence of phenolphthalein as an indicator. The reaction system 

was stirred for half an hour. Solvents removed by evaporation, leaving behind the 

crystallized product of sodium salt of 3,5-dinitro benzoic acid. Then the sodium salt 

was further recrystallized in methanol and dried in vacuo 

LNa: Yield: 3.15 g; 78.75 %; M.P.: >240°C (dec). 

Calcd.: C, 35.91, H. 1.2Y; N. 11.97 ryo. 

Found: C. 35.82; H. 1.20; N, 11.94%. 

IR (em·\ v(OCO)asym· l620(m); v(OCO)syn" 1459 (s); v(N02)as}1ll• I 534(111). 

v(N02)syn" !345(m). 

2.4.4.2 Preparation of Mn(ll) complex of 3,5-dinitro benzoic acid (1) 

Sodium salt of 3,5-dinitro benzoic acid ( l.l8g, 5.05 mmol) was dissolved in 

water ( 4 ml) methanol ( 120 ml) mixture and the solution was taken in 250 ml round 

bottomed flask. The MnCh·4H20 (0.5g, 2.52 mmol) was dissolved in methanol ( l 0 

ml) and added drop wise to the sodium salt of the acid. The mixture was then heated 

under reflux for I Oh. The brown volatiles were removed from reaction mixture and 
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the dry mass washed with hot methanol and the brownish solid of desired product was 

obtained by filtration which was dried in vacuo. 

2.4.4.3 Preparation of Fe(II) complex of 3,5-dinitro benzoic acid (2) 

Sodium salt of 3,5-dinitro benzoic acid (1.68g, 7.19 mmol) was dissolved in 

water (4 ml) methanol (130 ml) mixture and the solution was placed in 250 ml round 

bottomed flask. The FeS04 ·7H20 (l.Og, 3.59 mmol) was dissolved in methanol (15 

ml) and added drop wise to the sodium salt of the acid. The colour of the mixture 

turned to deep chocolate and a precipitate appeared. The mixture was heated under 

reflux for 6h. Desired product as a reddish brown precipitate was obtained by 

filtration_ The product was washed with hot methanol and dried in vacuo. 

2.4.4.4 Preparation of Co(II) complex of 3,5-dinitro benzoic acid (3) 

Sodium salt of 3,5-dinitro benzoic acid (0.98g, 4.20 mmol) was dissolved in 

water (3 ml) methanol ( 140 ml) mixture and the solution was placed in 250 ml round 

bottomed flask. The CoCh·6H20 (0.5g, 2.10 mmol) was dissolved in methanol (15 

ml) and purple solution was added drop wise to the sodium salt of the acid. The 

colour of the mixture turned pink after addition was complete. The solution was then 

heated under reflux for 6h. Pink crystals of the desired product was obtained from the 

filtrate after 25 days on slow evaporation, at room temperature. 

2.4.4.5 Preparation of Cu(Il) complex of 3,5-dinitro benzoic acid (4) 

Sodium salt of 3.5-dinitro benzoic acid (0_94g, 4.00 mmol) was dissolved in 

water (3 ml) methanol ( 130 ml) mixture and the solution was placed in 250 ml round 

bottomed flask. The CuS04·5H 20 (0.5g, 2.00 mmol) was dissolved in methanol (20 

ml) and the blue solution was added drop wise to the sodium salt of the acid. After 

addition the colour of the mixture became intense blue. The solution was then heated 

under reflux for 6 h and then filtered. The filtrate was concentrated to a volume of 40 

ml. Deep blue crystals of the desired product were obtained by slow cooling of the 

solution. 
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2.4.4.6 Preparation of Zn(II) complex of 3,5-dinitro benzoic acid (5) 

Sodium salt of 3,5-dinitro benzoic acid (0.81 g, 3.4 7 mmol) was dissolved in 

water (3 ml) methanol (120 ml) mixture and the solution was placed in a 250 ml 

round bottomed flask. The ZnS04 · 7H20 (0.5g, 1. 73 mmol) dissolved in methanol (15 

ml) was added drop wise to the sodium salt of the acid. Then little amount of white 

precipitate was appeared. The mixture was the heated under reflux for 6h and then 

filtered. The filtrate was concentrated to a volume of 40 mi. White crystals of the 

desired product were obtained by slow cooling of the solution. 

2.4.5 Crystal structure determinations 

The crystals of 3 and 4 suitable for the X-ray diffraction study were prepared 

by slow crystallization of methanol solution of the respective compounds, the 

crystallographic analysis of compounds showed the sample had crystallized as 

methanol solvate. Intensity data were measured for selected crystals of 3 and 4 at 293 

K on a Bruker SMART APEX diffractometer with fine-focus sealed graphite tube 

with MoKet radiation, lc=- 0. 7107 J A so that 8max ~ 27.5° The data set was corrected 

for absorption based on multiple scans [ 44]. Each structure was solved by SHELXS-

97 [45] and refined by a full-matnx least-squares procedure SHELXL-97 [45] on F2 

with primary atom site location: structure- invariant direct methods, with hydrogen 

atoms treated by a mixture of independent and constrained refinement and using a 

weighting scheme of the form w'= ll[a2(F})+ (0.0522P)2 
1- 0.1427 P] where P = (F0

2 

+ 2F})!3. For compound 3 carbon-bound H-atoms were placed in calculated positions 

(C H 0.9.1 to 0.96 A ) and were included in the retincmcnl 111 the nding mode: 

approximation. with Uiso(H) set to 1.2 to I 5 Uequiv((') rhe methanol!! atoms were 

located in a difference Fourier map, and were refined with a distance restramt of 0--l I 

0.85±0.0 I A; their Uiso values were freely refined. The molecular structures showing 

crystallographic numbering schemes were drawn with 501Yt> displacement ellipsoids 

using ORTEP-3 [46] and diagrams were generated with the aid of the DIAMOND 

programmer [ 4 7]. 
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2.4.6 Crystallographic data and refinement details for 3 and 4 

Crystallographic data and refinement details for 3 

f-------------------+----------~-- --j 
Formula weight 609.33 J 

~t--C-ry-s-ta_l_h-ab-i-t,-c-o-lo_u_r_~=--------~~---------~--~===:==P=r-t_·s=m=,=p=in=k====------_-_-_-_-_-_-~~~~--·~ 
j Ctystal system I Triclinic , 
r------ -------~----~-----~~- ~~----t· -~~--~------~ -~~~~-- -~1 
I Space group 1 P I 
~---------------

1 :~~ ------·~······~· ..... -r:~::~:;~ 
~) i 12.1603(16) 

t_~-a_-(_--0_)-~--~=~-~==----~--~----~~---~~=--~---~-~- ~-+~-9-0_.4_1_1 (-2-) ----~:~---_~~~---=--~-~~: 
I P(0

) 1 100.407(2) 
-~---;~-) ---- --~--~------------- ~- ------ --r---- 1 02.214(2) 

-~ t 

! 655.77(14) 
-- +------~--~-~--~---~ 

z ! l 
~~-~-· -+----~-----~ 

j 1.543 
-~--- - ~- -~ . ~ ------- ~ ~--~+-~-------~·--- -~ 

f,(MoKa,A} i 0.71073 
- -~--~~--~~ ~- - ~-~-~--- ~--~ ~~-~-~ ~ ~~+---~- ~~--

F(OOO) ! 313 
:· cr;_,;a·l·~;e (~~)·---------- - ------- I 0.35 X 0.3·(~)-~-0.05 __ _ 

~~ -Ab~~~ti~~~-~~~dfi~i~~;~~~(~m- 1 ) l o.74 -
! e range for data collection (0 ) ---- ---~-------r-2.4-22~8·-- -------
1 - ------.~-~~~- ~----·-- --------~~ ~- . ~ --l- ~-·---·-~·~-

! Reflection collected I 6372 

r·-~;~d~pendent reflection i 2"999 ___ ~ 
--------··-----~- ~ --··--- - ----~- -~ 

0.028 
f--------------------l--------~-------------·------~---

Reflection with I> 2cr(/) 2388 
·---·-

Number of parameters 188 

0.043 
f---------------~-~~~-----~- ----+-------~ 

~ wR(F

2

)_ .-~---- _ . ·. ..... .. . . .... +~~~~,( . _ ~~=: ~---
L 

Largest difference peak and hole (k3
) 0.38 

------ -------~-------··---· -··-· --- - _____ .....t______ -~-· ----
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2.4. 7 Biological studies 

2.4. 7.1 Antifungal activity 

The virulent fungal strains of Lasiodiplodia theobromae and Cruvularia 

eragrostidis were collected from the type culture collection, Dr. A. Saha, Depertment 

of Botany, University of North Bengal. The strains were isolated from L. theobromae 

(a pathogen of mango, Magnifera indica ) and C. eragrostidis (a pathogen of tea, 

Camellia sinensis ). These strains were grown on potato- dextrose agar (PDA 

HiMedia, India) medium at 27°C. The fungicidal activities were determined followmg 

spore germination bioassay as described by Rouxel et a/.[48]. Purified eluants (151-11) 

were placed on two spots 3 ern apart on a clean grooved slide. One drop of spore 

suspension (15,.!1), which was prepared from 15 day old cultures of the fungi, was 

added to the treated spots. The slides were incubated in trays at 27°C for 24h under 

humid conditions. After incubation, one drop of Lactophenol mixture was added to 

each spot to fix the germinated spores. The number of spore gennination events was 

compared with the spore germination of the controL 

2.4. 7.2 Phytototoxic effect 

Seeds of fndian rice (Orvzae sativa), cultivar Khitish were collected from the 

Directorate of Farm, Uttar Banga Krishi Viswavidyalaya, Cooch Behar, West BengaL 

India. Seeds were first surface sterilized with 0.1% mercuric chloride for 3 min, 

washed with distilled water and then the phytotoxic effects of the transition metal 

carboxylates (dissolved in 2 ml methanol then diluted with 10 ml water) were 

determined f 49). Seeds were incubated with different concentration of transition 

metal carboxylates for different time periods. After incubation, the seeds were 

washed with distilled water and incubated in a B.O.D. incubator for 48h at 27"C. The 

percentage of seed germination was calculated and compared with the control. 

2.5 Result and discussion 

2.5.1 Preparation of sodium salt of 3,5-dinitrobenzoic acid 

Sodium salt of the 3,5-dinitrobenzoic acid was prepared by neutralization with 

equimolar aquous solution of sodium hydroxide. The sodium salt of the 3,5-
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dinitrobenzoic acid was obtained in good yield. The product was recrystallized from 

water/ethanol mixture. The ligand was soluble in water, water/ethanol and 

water/methanol mixture. The ligand had a decomposition temperature at> 240°C. The 

synthetic detail and characterization data for LH and LNa are described in section 

2.4.4.1. The formula of the ligand and the abbreviations of the complexes are 

presented in scheme 2.1. 

0 

1. [Mn(L)2 (CH30H)4j; 2. [Fe(Lh (CH30H)4]; 3. [Co(L)l. (CH30H)4]; 

4. [Cu2(L)4 · Cu(Lh · (CH,OH)]; 5. [Zn(Lh (CH;OH)4] 

Scheme 2.1 

2.5.2. Synthesis of transition metal(ll) complexes of 3,5-dinitrobenzoic acid (LH) 

The transition metal carboxylates of \,5-dinitrobcnzuic acid ( M· Mn. Fe. Co. 

Cu and Zn) were obtamed in moderate yields (except for Mn-carboxylate) by the l :2 

reaction of transition metal sulfates/chlorides with the sodium salt of the ligand 111 

water/methanol mixture as solvent for retluxation (Eq. 1 and Eq. 2). The sodium salt 

of the ligand was generated by the addition of aqua's solution of NaOH to the aquous 

solution of 3.5-dimtrobcnzoic acid. The reactions \'-'CIT comrlctcd !11 I Oh time Thl· 

cornplexc-. produced are neutral chelated types. These are <llr stable tor 4gh because 

bonding solvents arc released. The synthetic methodologies arc described in scheme 

2.2. 

LH + NaOH 

LNa + MCb/MS04 ... 

37 



o-

0 + J\.;Cl2 I MS04 

~ ~ 
0 

' C}--l\f--0 

~ 
0 

1. [Mn(Lh (CH,OH)4]; 2. [Fe(Lb (Cth0H)4]; 3. [Co(L)2 (Cl-bOH)4j; 

4. [Cu2(l)4 C:u(Lh · (CH:,OH)J; 5. [Zn(L)2 (CH30H)4] 

Scheme 2.2 

2.5.3 Spectroscopic characterization and X-ray crystal structure determination 

of transition metal carboxylates, M(Lh [ where M= Mn, Fe, Co, Cu and Zn~ 

L=3,5-dinitrobenzoic acid] 

The complexes were characterized by UV, IR and elemental analys1s 

Magnetic moment data further suggested the composition of the complexes a:-, 

proposed The composition nf the complexes. however <trc mainly hascd upt•n til, 

elemental analyses supported by the spectroscop1c and other data where avallahk' ,,, 

far as practicable 111 our laboratory conditions. In general, the X-ray crystallograp11ll 

data of the complexes ( e.g.,3 and 4) supports the observed spectral and magnetic 

moment data. Table 2.1 contains the relevant physical data of the compounds. 



Table 2.1. Physical and analytical data for 1-5. 

Composition Yield(%) Colour 

1. 

Elemental composition found 
(calcd) (%) 

c H N M 

30 
I 

Started Pale- 35.48 3.62 9.22 I 8.99 
[Mn(C7H3N20 6)2 · decomposing [ \ 
(CH30H)4] : at >230°C brown I (35.72) (3.66) (9.26) (9.08) 

-----------+~-- ---~--------- I -+-- I I ~ 
2. i I I 35.75 l 3.58 9.20 I 9.11 I 
[Fe(C7H3N20 6) 2 · I 87 172-174 • Brown I : ' 
(C:IhOH),] I ' I ,, (35.66) I (3.66) (9.24) I (9.21) 1: 

3. 1 I Started I 35.31 I 3.72 I 9.11 I 9. 73 
[Co(C7H3N20 6)2 • 

1
1 85 1 decomposing 1 Pink I i I 

tr'Lr nm' i at 129oc I (35.48) I (3.63) (9.19) 1 (9.67) 1 

I \vU.l~HJ4J -+~- I ---+--+-~-----4---~ 
:

1

. 

4
· •. Started_ 1 Deep l 34.68 ' 1 .49 I 1 l .29 !,. 12.80 i 

[Cuz(C+I3N20 6 )4 • 80 : decomposmg I I , I I 
i t'u(C7H,Nz0r,)c· at 218oC blue ! (34.50); ( 1.38) i ( 11.15) i ( ]2_69) l 
I (CIJ,OH)] I I I ' i 

~--------------- ----~---- - ----~ ! ---r- I l ---r-----~-: -~ 
: • I ; 35.01 3.48 I ).05 : 10.4) I 

I [Zn( C7H 1N 70 6 )7 · 
1 7 S 165-167 White I , i I 

i (Cll)OH)4J I (35.11) . (3.60) i (9.10) i ( 10.62) 
I I I I 

---- ______________ _L ________ L_ ____ ~ _____ .__L_ ___ _l~-----------------l. _____________ ' 

2.5.3.1 IR spectra 

Selected IR spectra and their assignment for the transition metal carboxylates 

have been presented in Table 2.2. A broad band in the 3500-3200cm· 1 region is 

assigned to -OH stretching modes. The carboxylate group displayed two absorbance 

bands one at v(OCO)a,1m 1630-1660 em 1 region and other at v(OCO)sym 1400-1470 

cm- 1 region in the complexes [50]. The nitro group also displayed two absorbance 

bands. The v(N02)asym and v(N02)sym bands appeared at 152 7-1545 em -I and at 1340-

1357 cm- 1 respectively in the transition metal complexes [50]. The broad band at 

3500-3200 cm- 1 due to v(OH) attributable to the coordinated methanol (solvent) 

molecules slowly disappeared as the solvent molecules were lost during standing the 

complexes at room tempareturc on bench for ~ 48h. This indicated that the solvent 

molecules are loosely bound to the central metal atom. The carboxylate stretching 
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frequency indicated it to be a bridging bidentate type rather than a monodentate type. 

The difference between v(OCO)asym and v(OCO)sym (~v= 153-166) is an indication of 

the bridging nature of the ligand [5ll Crystallographic data also confirmed the IR 

spectral interpretation at least for two complexes (3 and 4 ). The IR of the Cu

carboxylate compound ( 4) attracts special interest. The structure has a dimeric Cu2 

unit as well as a monomeric carboxylate molecule in its molecule joined via a 

N02 · .. ·0 (Fig. 2.18). The IR stretching vibrations for the -OCO group, therefore, 

show two types of absorptions both are in the same frequency range but identifiably 

separate. The one binding the single Cu(II) units as a bridging bidentate group, the 

other also as the bridging bidentate group but bridging the Cu atoms in the Cu2 

dimeric moiety. 

The complexation of the carboxylate moiety to the metal atom is indicated in 

the new compounds not only by the x-ray crystal structure detem1inations (for Co2
T 

and Cu2
' ) but also by the shift of vCO of the (free) carboxylic acid group( -COOH) at 

l699cm' to the -1622-1629 cm· 1 v(OCOiasym and -1458-1469cm 1 v(OCO)sym· In 

addition, the v(N02Lsyrn and v(N02)sym of the ligand molecule could be assigned 

unequivocally. 

The shape of the v(N02) band in the spectra merits a point to be mentioned. 

The band is strong and slightly broad which on closer inspection indicates that an 

additional stretching frequency is present almost superimposed on it. This additional 

band is most likely due to the v(N02 ) of the coordinated -N02 group. The -N02 group 

is connected to form the molecule of the complex with a "Cu-carboxylate dimer" and 

a mononuclear species which are not connected via bridging carboxylate ligands but 

via the nitro-0 atoms .. as has been demonstrated by the X-ray crystallography (Fig. 

2.18). In all other compounds of this series -N02 group stretching frequency did not 

show this characteristic indicating its noninvolvement in further coordination. 

2.5.3.2 Magnetic moment 

The magnetic moment data are in table 2.3. The magnetic moment data 

indicate an octahedral geometry for Mn(II), Fe( II) and Co( II) complexes. The 

magnetic moment data correspond satisfactorily to the required values for unpaired 

electrons in the compounds for an octahedral disposition around the central metal ion 
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[52]. The subnormal value of ~Lett for Cu(II) complex indicates that the coordination is 

possibly octahedral around the metal atom and suggesting an antiferromagnetic spin

exchange interaction within each molecule [53]. The magnetic moment data thus 

indicates in the complex a dimeric Cu2 unit is present. The magnetic moment value of 

1.49 B.M. per copper appears to be low for a d9 configuration. This suggests the 

presence of a strong spin-spin interaction through the bridging ligand in the dimeric 

unit [54-58] as also identified by the preliminary X-ray crystallography study. 

Table 2.2 IR spectral data (cm-1) for compounds 1-5 

[ Compound v(OCO)as~Tv(OCO)sym tw = fv(OH)- --~ ~(:t:To;)as;n-1 v(NOz)s~:-~ 

[ _ -+ _ ~~bc~~:J"-L _ I I I 

~: 1 1624(s) !460(s) \164 \3446(v,b) h541(s) 1 1350(0l 

l-2~ -Tt624(m)-----t 1458(s) --- ·i-166- - ·t 342I(m,b)f I54l(s)- -r_-1352(s)--1 
I . I I I I J r 3. t·-i-627(w_) _____ ll462(m) --r165- .... I 3386(~,b)- -l-527(~)-11357(s)---l 
i , I i i ' 1 

f _ +-------:-----L--------+-- --+--~------+ ~---- _ .· ... L------ ··-i 
I 4. 1629(m) / !467(s) 1 162 1 3356(w,b) 1 L<~6(m) 1355(s) 

I I 1 1 I 

I '"1655(s) I al400(s) ! I I bl545(s) 'bl340(s) i 

. ------- ~ - -- _J_ - . L -~-. ------- ··- ~------ -
: l622(m) [I469(m) i 153 1342\(v,b) I 1542(m) 

·- ··-------······· _____ __]_ _______ ·---·· __ _j_ ______________ _j___ ______________ _L_ ____ ... 

5. 

s. strong: m. medium: w, weak; b, broad: v, very 

weak bridging bidentate type v(OCO), b=For uncoordinated free v(N02 ) 

2.5.33 Differential calorimetric analysis 

The Differential calorimetric analysis of 2 exhib1ted a peak at 171 56 'C. It 

shows that the enthalpy at l 71.56°C i:-. \H --14. I 1 J/g. The complexes 3 and 4 on 

heating ti-om 1 00-230°C underwent decomposition. The compound 3 displayed a peak 

at 12)).64°C corresponding to the melting of the compound (L\l-1 --10.38 J/g). 

Compound 3 after melting yielded a compound which underwent further 

decomposition between 130-150°C. Compound 3 decomposes further beyond 150°C 

finally to decompose at 163.93°C (;\,.II 74.12 J/g). The compound 4 also underwent 

decomposition at a temperature between 148.07°(' to 218.56°C. At 21 S.56oC the 

enthalpy of 4 \Vas (.:.\H ~50.31 J/g). But no infom1ation of phase change could be 
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obtained during the cooling of the compounds as because the compounds were 

decomposed by then. It is likely that the compounds decomposed by giving off C02. 

However, investigations on the decomposed products were not carried out in this 

investigation. 

2.5.3.4 Electronic Spectra 

The spectral data for 1-5 are summarized in Table 2.4. Towards the visible 

region, the electronic spectra showed absorptions for 3 and 4 attributable to an n -* 

7r* transition within the nitro group and benzene nng chromophore owing to extensive 

conjugation, which is most likely the reason for the observed spectra in methanol 

solution. 

Table 2.3 Magnetic moment data for compounds 1-4a 

Complex Magnetic No. ofunpaired Hybridization -~ St~~eochemistry 
\ 

-1 i5~t:iliCd~ 
Octahedral 

1. 

spms 

---- ----+-------------
1 Octahedral 

---i------··-
i Octahedral 
l" 

Hgl Co(SCN )4] as standard 

Table 2.4 Electronic absorption spectra of compounds 1-5 recorded m methanol 

I Compounds Amax(nm) 
--·1 

I 
I rt.--------. 234,209 

2. 229,214 

3. 236,222, 515 

-----------~-

4. 

5. 232,213 

----------



2.5.3.5 X-ray Crystal Structure 

This section deals with the X-ray crystallographic studies of transition metal 

carboxylates of 3,5-dinitrobenzoic acid Co(Il) and Cu(II). Compounds 3 and 4 

provided single crystals suitable for the X-ray crystal structure determination. The 

crystal structures ofthese complexes are described below. 

2.5.3.5.1 Crystal Structure of Co(Il) complex of 3,5-dinitrobenzoic acid (3) 

The author was able to successfully isolate suitable single crystal of 3 for X

ray crystallography. The Co11 atom (site symmetry T) in the title complex, 

[Co(C7H3N206)2(CH30H)4], exists within an octahedral 0 6 donor set defined by two 

0-monodentate 3.5-dinitrobenzoate anions and four methanol 0 atoms. An 

intramolecular Om-H- · ·Oc (m -"- methanol and c = carbonyl) hydrogen bond leads to 

the formation of an S(6) ring. In the crystaL centrosymmetrically related molecules 

associate via further Om-H · ·Oc hydrogen bonds. leading to linear supramolecular 

chains propagating along the a-axis direction. The Co(II) atom in (I), (Fig. 2.16), is 

located on a crystallographic centre of inversion and exists within an octahedral 0" 

donor set defined by two carbox ylate-0 1 atoms and four methanoi-0 atoms. The Co-

O 1 bond distance [(\"}-0 l ' 2.0666 (17) A] is comparable to those, i.e. 2.0525 (20) 

and 2.0587 ( 19) k found in the related tetra-aqua-bis(3,5-dinitrobenzoato-

0)cobalt(II) tetrahydrate stn1cture [ 59-61]. A small disparity in the Co--Omethanol bond 

distances in (I) [Co- 07 -~· 2.1094 (16) and Co--08 -' 2.0645 ( 18) A] is noted. The 

methanol-07--H hydrogen forms an intramolecular 0 H- .. 0 hydrogen bond with the 

carbonyl-02 atom to close an almost planar {Co-0-C-O .. ·H-0} S(6) ring, Table 2.5. 

The methanoi-08--H also forms a hydrogen bond to the carbonyl-02 atom on a 

centrosymmetrically related complex, Table 2.5 This results in the formation of 12-

membered { Co--0-H .. ·0-C--0 }2 synthons and linear supramolecular chains along the 

a axis, (Fig. 2.17). It is noted that the packing of molecules brings into close proximity 

two nitro-0 atoms, i.e. 04 .. ·04ii = 2.756 (3) A for 3-x, -y, 2-z. While the nature of this 

interaction is not obvious, there are approximately 50 precedents for such Onitro· .. Onitro 

contacts < 2.70 A in the crystallographic literature [62]. Table 2.6 describes the 

Hydrogen-bond geometry in (A, o ) and Geometric parameters (A, 0
) is presented 

below. 
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Table 2.5 Selected bond lengths (A). 

1 Compound 3 

I ca--_o __ 7-+--2_. 1_09_4_<_1_6 )---i 

I Co---08 2.0666 ( 17) 

~<>--01 12.0666 (17) 

Table 2.6 Hydrogen-bond geometry (A., o ) of compound 3. 

1-D=If:~x- _____ D=H____ fJ::.A ---------~x- -- -~H-··A . 
I 07---H7o···02' 0.85 (3) ____ 1.840 ( 15) ___ 2.645 QL __ :---1s8(3) _____ J 
tQt-H8o .. ·02" 0.85 (3) 1.817 (1 0) 2.662 (2) 179 (3) j 

Symmetry codes: (i)-x+l,-y+l, -z+l; (ii)x-l,y,z. 

c:reometric parameters (A, 0
) of compound 3. 

Co---08 2.0645 (l8) N2 -C6 1 .47o (4) 
C<r--08' 2.0645 (18) Cl---C2 1.511(3) 
Co--Ol 2.0666 ( 17) C2 C7 1380 (3) 
Co-Ol' 2.0666 (16) C2- -C3 1.385 (3) 
Co---07 2.1094 (16) C3--C4 1.373(3) 
Co--07' 2.1094 (16) C3---H3 0.9300 
01--Cl 1.250 (3) C4--C5 1.371 (4) 
02--CI 1.247 (3) C5C6 1.378 (4) 
03--Nl 1.179 (4) CS-115 0.9300 
04---Nl 1.!90 (3) C6 C7 1.379 (4) 
05--N2 1.220(4) C7---H7 0.9300 
06--N2 1.209 (4} C8--H8A 0.9600 
07---C8 1.418(3) C8-H8B 0.9600 
07--H70 0.85 (3) C8-H8C 0.9600 
08--C9 1.408 (3) C9---H9A 0.9600 
08-H80 0.85 (3) C9-H9B 0.9600 
Nl-·-C4 1.482 (3) C9-H9C 0.9600 
08- Co---0 l 91.36 (8) C7--C2-C3 119.3 (2) 
08i- CoOl 88.64 (8) C7- -C2 -CI 120.5 (2) 
08-Co 0 I' 88.64 (8) C3 -C2--Cl 120.2 (2) 
08i--Co---O l' 91.36(8) C4C3--C2 119.1 (2) 
08--Co---07 88.14 (7) C4--C3--H3 120.5 
08i--Co-07 91.86 (7) C2--C3-£I3 120.5 
01-Co-07 89.22 (7} C5-C4-C3 123.3 (2) 
0 1 i---Co--07 90.78 (7) C5-C4-Nl 119.3(2) 
08-Co-07i 91.86 (7) C3-C4--Nl 117.4(2) 
08i-Co-07i 88.14(7) C4--C5-C6 116.3(2) 
Ol--Co--07i 90.78 (7) C4--C5-H5 121.9 
01 i---Co---07i 89.22 (7) C6-C5-H5 121.9 
0 I --Co---0 1 i 180.0 C5-C6-C7 122.6 (2) 
07- Co-07i 180.0 C5---C6-N2 119.1 (3) 
08 Co--08i 180.0 C7 -C6--N2 118.3 (3) 

Cl Ol -Co 130.70 (16) C6-C7-C2 119.4(2) 
CS- -07---Co 128.82 (16) C6---C7--I £7 120.3 
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C8-07--H70 113 (2) C2--C7-H7 120.3 
Co--07--H70 105(2) 07-C8-H8A 109.5 
C9-08-Co 131.57 (18) 07-C8-H8B 109.5 
C9-08-H80 110 (2) H8A-C8-H8B 109.5 
Co--08-H80 118 (2) 07-C8-H8C 109.5 
03-NI-04 122.3 (3) H8A-C8-H8C 109.5 
03-NI-C4 118.6(3) H8B-C8-H8C 109.5 
04-N1-C4 119.1 (3) 08-C9-H9A 109.5 
06--N2-05 123.7 (3) 08-C9-H9B 109.5 
06--N2-C6 118.5 (3) H9A-C9-H9B 109.5 
05-N2-C6 117.8 (3) 08-C9-H9C 109.5 
02-Cl-01 126.1 (2) H9A-C9-H9C 109.5 
02-C1-C2 118.0 (2) H9B-C9-H9C 109.5 
Ol-Cl~-C2 115.9(2) 
08--Co--0 1-C 1 87.5(2) C 1--C2--C3-~C4 179.8 (2) 
08i-Co-01-C1 -92.5 (2) C2-C3-C4-C 50.0(4) 
07-Co-0 1-C1 175.6(2) C2-C3-C4-N 1 179.5 (2) 
07i-Co-01-C1 -4.4 (2) 03-N1-C4-C5 173.0(3) 
08-Co-07-C8 125.9(2) 04-N1-C4-C5 -9.2 (5) 
08i-Co-07-C8 -54.1 (2) 03-N 1-C4-C3 -6.5 (5) 
01-Co-07-C8 34.5 (2) 04-N1-C4-C3 171.2 (3) 
0 I i-Co--07~---C8 -! 45.5 (2) C3-C4-C5--C6 0.2 (4) 
0 1--Co-08--C9 -58.0 (3) N 1--C4-C5-C6 - i 79.3 (3) 
0 1 i--Co-08-~C9 122.0 (3) C4-C5-C6-C7 -0.5 (4) 
07--Co--08--C9 147.1 (3) C4--C5---C6-N2 178.2 (3) 
07i-- Co--08-C9 32.9 (3) 06-N2-C6--C5 177.2 (3) 
Co--01 -CI- 02 6.2(4) 05--N2~-C6-- -C5 3.4(5) 
Co--Ol Cl C2 175.42 (15) 06---N2--C6-~C7 4.0 (5) 
02--Cl - C2 C7 --178.2 (2) 05---N2-C6--~C7 175.4(3) 
01--Cl C2--C7 0.3 (4) C5-C6--C7--C2 0.6 (4) 
02 ('\ C2---C3 1.6(4) N2~~C6-C7~--C2 17R.1 (3) 
0\ Cl C2-- C3 179.9 (2) C3---C2--C7 --C6 -0.3 (4) 
C7 -C2 C3--("4 00(4) Cl--C2--C7-- C6 I 79.~ (2l 

Symmetrycodes:(i) x+-1, v-tl. .:::~1 

Supplementary data and figures for this paper are available from the lUCr electronic 
archives (Reference: HB534 7 ). 
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Fig. 2.16 The molecular structure of (3) extended to show the coordination geometry for 
the Co( II l atPm. -;howing di-.;placement ellipsoids at the 50Cif, probability level. Symmetry 
qperationi: l r. I-\, l-:, 

Fig. 2.17 Linear supramolecular chain along the a axis in (3) mediated by 0-H·"O 
hydrogen bonding. These and the intramolecular 0-H .. ·O hydrogen honds are shown a'> 
hlue dashed line:-.. 
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2.5.3.5.1 Crystal Structure of Cu(II) complex of 3,5-dinitrobenzoic acid ( 4) 

The author was able to successfully isolate suitable single crystals of 4 for X-ray 

crystallography. The preliminary analysis of the X-ray crystallography studies of 4 

reveals that the complex contains the asymmetric unit comprises two Cu centers, three 

carboxylates, a coordinated methanol molecule and half a solvent methanol molecule. 

These connect to form a ""Cu carboxylate dimer" and a mononuclear species which are 

connected via bridging carboxylate ligands but via the nitro-0 atoms (Fig. 2.18 l and 

overall. a 2-D array is formed (Fig. 2.llJJ. The details of the bond angles and bond 

distances are not available at the moment. 

Fig. 2.18 X-ray crystallography structure of the asymmetric unit of cornpounc14. 
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Ftg. 2. '" 19 A 2-D array o f compound 4. 
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Fig. 2.20 Crystal packing structure of compound 4. 
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2.5.4 Biological properties of transition metal carboxylates of 3,5-dinitrobenzoic 
acid. 

2.5.4.1 Anti-fungal activities 

The antifungal properties of the transition metal carboxylates 2-4 are 

summarized in table 2.5. The fungitoxic effect of the transition metal carboxylates 

were screened at three concentrations 25, 50 and 100 ppm, on spore germination of 

two different pathogens of mango (L. theobromae ) and tea (C. eragrostidis ). The 

results showed that 4 was most active followed by 3 against the tested fungal strains. 

Copper fungicides in potentiality are comparable to organtin compounds, such as 

triphenyltin acetate and triphenyltin hydroxide [63]. The compound 4 markedly 

inhibit the spore germination of each of the above fungi at concentrations above 50 

ppm. ;~.t 100 ppm, almost complete inhibition of spore germination ensued, 

irrespective of the pathogen, which indicates high fungitoxicity against different 

groups of pathogen. 

Table 2.5. Spore gennination (r'l'o) of L theohromac and C. l:'ragrostidi.'> tn the 

presence of compounds 2--4. 

Chemicals Spore genmnatwn u1 rl ot Spore germination °i() of 

L. theohromae. C. eragrostidis 

Cone (ppm) Cone (ppm) 

25 50 100 25 

84.0 7R.5 68.3 86.6 79.2 67.1 
i +. ·····--·-- .. ' .. ·- .. -- ... t.. " ---T·-· ----·--- ·---- --· ______ _. __ . __ _ 

81.2 I 49.3 i 2.J.4 79.3 ' 48.3 II 21.4 

r-4-::-.----,----1----1-4._1 -~~I ~t--u--+------12 ___ 2 -t 5.7 _ 2.5 

Control 87 92 

3. 

(water) 
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2.5.4.2 Phytotoxic properties 

The phytotoxic effects of transition metal carboxylates were studied on 

economically important crop Oryzae sativa (Khitish). The phytotoxic effects of 

compounds 2-4 as a function of the concentration are summarized in Table 2.6. The 

results indicate that none of the transition metal carboxylates displays any inhibitory 

effect on seed germination. 

Table 2.6 Phytotoxicity of compounds 2--4, after seed treatment of Indian nee 

( Oryzae sativa), cultivar Khitish. 

~'compound 1 Percentage(%) of 

i seed germination after 

j4h treatment 

f---------------·-------·-----
' Cone. (ppm) 

2. 

3. 

I Percentage (%) of 
I r1 . . ft l seeu germination a ~er 

I 8h treatment 

Cone. (ppm) 

~----

\ Percentage (%) of l 
' I 
f seed germination after 1

1
. 

I ~ I 

1 12h treatment 
1 

I I 
--'-··· "---------------- '"""' J 

I 
! Cone. (ppm) 

J 00 I 25 

The control seeds were incubated in methanol/water (I :5) for the indicated period. 
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CHAPTER3 

SYNTHESES AND CHARACTERIZATION OF 
ORGANOTIN (IV) COMPLEXES OF 

2-MARCAPTO 
ISOTHIOCY AN ATE 



3.1 Introduction 

In about 3500 BC tin has been discovered as a hard alloy with copper. The 

abundance of tin in the Earth's surface is less than that of Zn, Cu, Pb etc. During 

2005-06, the total annual production of refined tin was about 350000 tones globally 

[1]. It is in group 14 element and its principal valence state is Sn(IV), though Sn(II) 

inorganic compounds are common and many stannous organic compounds, in recent 

years. Metallic tin has two allotropes namely white tin or I)-tin and grey tin or a-tin. 

Below 10°C, white tin slowly converts into grey tin, with a 26% increase in volume 

[2]. Both the Sn (II) and Sn(IV) states are stable. The Sn(ll) state uses mainly the 5p 

orbitals for bonding otherwise Sn(IV) state occurs oxidation readily, where the tin is 

sp3 hybridized. in 1849, the first organotin compound, diethyltin dichloride, was 

prepared by Frankland by heating ethyl chloride, with metallic tin. This is taken to 

mark the beginning of organometallic chemistry. In 1943, the first application of 

organotin compounds came for the stabilization of PVC against heat during 

processmg and a vanety of mdustrial and biological app!Jcations were slowlv 

developed. The thio-organotin was introduced in the early l 950s a:, a cons1dcrabk 

Improvement 111 clarity and heat stability Tin mercaptides gained acccptann: fur tlK 

-.;tabilinltion of rigid PVC than qructurally equl\ alent tin carboxylates ·\ pnss1hll' 

explanation !tes m the ability of sulphur to internally -.;atisfy the secondary bondmg 

capabilities of tin to a greater extent than oxygen [3] Thw-l)rganotin compound 

means at least one Sn-S bond is present m complexes. Recently. organotin( IV l 

complexes of sulphur-containing ligands have received considerable attention f(>r 

their antibacterial and antifungal activities to study the1r biolog:1cal :>Jgnificann: [4 __ .; 

.'-;n the current interest in metal-sulfur chrornophores 111 biological molecule:-. require-: 

a detailed study which have not been adequately mvestigated in the past. 

3.2 Literature 

There are many parallels between the chemistry of compounds containing Sn 

S bonds and compounds of structures R;SnSR', R2Sn(SR'h, RSn(SR')l. (R,Sn),S 

and(R2SnS)n can be prepared by substitution of tin by a sulphur nucleophile. The Sn-

0 bonded compounds often self-associate to give oligomers or polymers with fiH' 

coordinate tin, where as the sulphur compounds show less tendency· to associate. For 



example the compounds like (R2SnX)n when X=O are usually cross-linked insoluble 

polymers where as when X=S, there are usually unassociated, soluble compounds. 

The Sn-S bonds are also less easily cleaved in substitution like hydrolysis and 

addition reactions. The Sn-S bond is often formed in an elimination process [6]. 

The tin thiols like R3SnSH are usually unstable But Hanssgen and his co 

workers [7] showed that tri-t-butyltin hydrosulphide which has been prepared by the 

reaction shown in the (Eq.l) 

Bu13SnSH 

~LO t Me3SnCI 

Bu1
3SnSSnMe3 (Bu

1
3Sn)2S ................... ( 1) 

So many organotin-thiolate compounds have found industrial application and 

therefixe. are published in patent work Organotin sulphide compounds are shown 

little tendency towards self-association. Thus (Ph,Sn)7S is a monomer in the crystal, 

with slightly distorted tetrahedral tin and SnSSn 107.4° (8]. Similarly [(PhCrb)3Sn]2S 

is bent fSnSSn 105.52(14)] [9], but (Bu\Sn)2S, for steric reaction is linear [10]. Most 

dialkyltin sulphides are cyclic trimer, with the structure of a twisted boat [ 11. 12]. But 

Puff er a/. [ 13] showed di-t-butyltin sulphide is a dimer with planer ring. The 

compounds (Ph2SnX); when X=S. all have twist boat structure (14]. Another 

compound CIR2SnSSnR2C1 is monomeric in solution. with tetra-coordinated tin. They 

are in equilibrium with (R2SnS)3 and R2SnX2. With Cl ion, they form the penta-

coordinate dinucler complex in (Eq.2) [I 5,16]. 

Me2SnCJ2 + (Me2SnSb __j3I- C!Me2SnSSnMe2CI 

~CI 
Me s~ /Me 
~"' /// / 

CI--"Sn, /Sn--CI / " ~ 
Me ~CI/ ~Me 

.......... (2) 
The tin-sulphur bonds are usually stable towards air and water but react with 

acids like HCI to liberate H 2S and give corresponding tin halides. Bis(trimethyltin) 

sulphide can be reduced with sodium [ 17]. The Sn-S and M-X where M- tin or some 

other metal and X= S or some other electronegative ligand, the exchange readily 

occurs With the Sn-S bond in dialkyltin sulphides and the Sn-X bond in the organotin 



compounds R2 SnX2 (X= halide, SCN, OMe, Carbocylate) exchange also occurs to 

give functionally substituted distannthianes and tristannthianes [ 15]. 

Organotin-sulphides are prepared by the nucleophlic substitution by H2S or 

metal sulphide at tin or by reaction with sulphur-transfer reagent via an addition

elimination or by reaction of an Sn-Sn bonded compound with elementary sulphur. 

The metal sulphide can be prepared in situ by reducing sulphur with LiBEt3H or 

NaBH4 in THF (Eq.3) [17]. 

S + NaBH4 
... " ...... (3) 

Unequivocally, sulphur is one of the most versatile elements in main group 

chemistry Classical inorganic chemistry was originally most concerned with sulphur 

oxides and related anions. Sulphur nitrogen compounds attracted much research 

interest from the 1 950s to the 1980s. In the 1970s, interest in S-N chemistry increased 

f 181 .The number and diversity of nitrogen and sulfur chelating agents used to prepare 

new •:oordination and organometallic compounds has increased rapidly during the 

past few years The dithiocarbazate (NH2NHCS2-) and its substituted derivatives 

have been investigated. These compounds have received much attention and for 

further studies because (i) they provide an interesting series of ligands whose 

properties can be greatly modified by introducing different organic substituents, 

thereby causing a variation in the ultimate donor properties, (ii) the interaction of 

these donors with metal ions gives complexes of different geometries and properties 

and (iii) these complexes arc potentially biOlogically active [ 19]. 

In 1968, Peach [20] reported the new compounds n-Bu3SnSR, n-Bu2Sn(SR)2 

where R = Me, Ph, or C6F5, and Ph3SnSC6F5 were prepared and characterized. The 

fracture of the Sn-S bond with iodine has been examined which resulted affords a 

quantitative method for analysis of compounds containing a Sn-S bond. Bratspies et 

ul. [211 reported a new tin dithiocarbamate containing sulphur bridges, di-~t

sulphidobis[bis(N,N-diethyldithiocarbamato )tin( IV)], isolated from the thermal 

decomposition oftetrakis(N,N-diethyldithiocarbamato)tin(IV). A dimeric structure for 
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the compound is proposed on the basis of results from mass spectrometry, infrared 

spectroscopy, thermal analysis and vapour pressure osmometry. Xanthopoulou et at. 

[22] reported five new organotin (IV) molecules with the heterocyclic thioamides; 2-

mercaptobenzothiazole (Hmbzt), 5-chloro-2-mercaptobenzothiazole (Hcmbzt), 3-

methyl-2-mercaptobenzothiazole (mmbzt) and 2-mercaptonicotinic acid (H2mna) of 

formulae (1), (2), 

l (CH3)zSn(cmbzth]·1.7(H20)} (3), [(n-C4H9)2SnCh(mmbzt)z·(CH2Ch)] (4) and 

r [(C6H-s)3Sn]2(mna)·[(CH,)zCO] j (5) (Fig. 3.1) who synthesized and characterized 

the compounds by elemental analysis, 1H-, uC-NMR, FT-IR and Mossbauer 

spectroscopic techniques. Crystal structures of molecules 1, 3 and 5 have been 

determined by X-ray diffraction at 173K (1 and 5) and 293K (3). 1, 3 and 5 are 

monoclinic. In both molecules 1 and 3, two carbon atoms from aryl groups, two sulfur 

and two nitrogen atoms from thione ligands form a distorted octahedral geometry 

around tin(IV) with trans-C2• cis-N2, cis-S2 configurations. The compound 5 contains 

two triphenyltin moieties lmked by a doubly de-protonated 2,mercaptonicotinic acid 

1 I-bmna) It IS an example of a pentacoordinated Ph3SnXY system with an axial

equatorial anangement of the phenyl groups at Sn( I ). Compounds 1, 3 and 5 were 

tested for in v1tro cytotoxictty against the cancer cell line. 

Fig. 3.1 Structure of the compound (5) { [(C6H5):;Sn]2(mna).[(CH3)2C0]}[22]. 

ln 2007, Rehaman et a!. [23] characterized and reported dimethyl bis( 4-

methylpiperidine dithiocarbamato-S,S')-tin(IV) (Fig. 3.2) by elemental analysis, IR 

and mass spectrometry, multinuclear NMR (1H- and 11C-NMR), and X-ray single 



crystal analysis. IR data showed that the ligand acts as a bidentate in the solid state. 

X-ray data showed the unsymmetrical nature of the ligand towards coordination to tin. 

It crystallized in the monoclinic P2 1/n space group. Its geometry is distorted 

octahedral. Antimicrobial activity data shows that the complex exhibits significantly 

more activity than the free ligand. 

Fig. 3.2 The structure of dimethyl bis( 4-methylpiperidine dithiocarbamato-S,S') 
-tin(fV) [23] 

Lewis ac1d interactiOns of tin are of interest because it is often through 

mtennolecular hypervalent mechanisms that organotin compounds mteract with 

htologica1 materials. resulting in their characteristic biocidal capabilities. They [24] 

mvestigatc the nature of the Sn---S intramolecular interactions in previously known 

and ne\V organotin sulfides that may prove to be useful in modifying biocidal activity 

due to competition with intemmlecular Sn---S biological interactions. G Engel and G. 

Z. Mattern [25] described the crystal structure of bis(trimethyltin)-1 ,3.4-thiadiazole-

2.5-dithiolatcl 1s monoclinic. space group P21/c, a'~ 10.492(5), b ·"' 12.257(6), c :~ 

12.691(6) k ~~ · 95.86( l )' The zigzag chain structure of the coordination polymer 

can be derived by the structure correlation method. The starting point is a 

monomolecular symmetric bis(trimethyltin)-1 ,3,4-thiadiazole-2,5-dithiolate 

(Me3SnS h (C2N2S ): The first of the Me3SnS moieties, bound to the atom C5 of the 

heterocyclus, remains tetrahedral, whereas the other, bound to C2, is transformed 

through the N3 atom of the neighbouring ring to a trigonal bipyramid S···(Me3Sn)"·N. 

In 2003, the new organotin compound, 

[(C7l-hN202S)OEt], has been synthesized by the reaction of diphenyltin dichloride 

with 2-mercapto-6-nitrobenzothiazole. The compound was characterized by 

elemental, JR. l H NMR, and X-ray crystallography analyses. Interestingly. single-
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crystal X-ray diffraction data reveals that the compound has two different molecular 

components and the component Ph2Sn(CI)[S(C7H3N20 2S)] has a pentacoordinate tin 

[26]. 

In 1993, Haiduc et al. [27] are reported that a new inorganic heterocycle is 

obtained by reacting potassium tetraphenyldithioimidodiphosphinate with trimethyltin 

and dimethyltin chlorides, in benzene. X-ray diffraction analysis reveals a spirocyclic 

structure with the dimethyltin moiety as the coordination centre with non-planar six

membered SnS2P2N rings. The coordination at tin is nearly perfectly octahedral, with 

equal Sn---S [273.3(2) and 273.7(2) pm) and P---S bonds [200.9(3) and 20 1.9(3) pm]. 

Cristian Silvestro and his coworkers [28] reported that 

Bis(diethyldithiophosphinato)diorganotin(IV), R2Sn(S2PEt2) 2 (R = Me, n-Bu, Ch2Ph, 

Ph) and dicthyldithiophosphinatotriorganotin( IV), R3SnS2PEt2 (R Me. cyclo-C:6H 1 1, 

C:H2Ph, Ph) were synthesized in nearly quantitative yield by reaction of organotin 

chlorides with sodium diethyldithiophosphinatc. The compounds were characterized 

by infrared and 1 H NMR spectra and. in part, by mass and 119mSn Moss bauer 

spectrosopy. The probable structure of the new compounds was inferred from the 

spectral data. The crystal and molecular structure of Me2Sn(S2PEt2 b has been 

determined by X-ray diffraction. The compound is monoclinic structure and the 

molecule ~:xhibits ~l distorted tetrahedral environment around tin. 1 n 1996 Ramirez ct 

a!. [29] also reported the crystal and molecular structure of cis

dichlorobis(diphenyldithiophosphinato )tin(TV) (Fig. 3.3 ).The compound was isolated 

as C l2Sn(S2PPh2h · 0.5(CH3bCO and its crystal structure was determined by X-ray 

diffractometry The dithiophosphinato groups are isobidentate coordinated through 

both sulfur atom~. The chlorine atoms an: 111 c1s positions in a distorted octahedral tin 

complex. 
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Cia Cl 

Fig. 3.3 Molecular structure of cis-dichlorohis( diphenyldithiophosphinato )tin( IV l f 2lJl 

In 1997. Silvestru er a/. [30] reported the crystal structure of 

( dipheny!monothiophosphinato ltriphenyltin(IV) (Fig. 34) by X-ray diffractometry. 

The diphcnylmonothiophosphmato ligand is bimetallic biconnective leading to a 

polymenc [SnSPO]" chain. The coordination geometry about tin IS trigonal 

bipyramida! with chalcngen atoms in apical positions and carbon atoms of the phenyl 

groups attached to the metal m equatonal positions. The bridging pattern of the 

ambident monothio ligand is discussed in terms ofpartial bond orders. 

Fig. 3.4 The moleculer structure of Ph3SnOSPPh2 [30]. 
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Alkyl- and aryl-tin(IV) diphenyldithioarsinates, R11 Sn[S2As(C6Hsh]4 "' where 

n = 2, R = CH3, C4H9, C6Hs; n = 3, R = CH3, C6H11, (r,H5 were prepared in good 

yields by the reaction of the appropriate organotin halides and the sodium salt of 

diphenyldithioarsinic acid. The IR spectra of the dialkyl- and trialkyl-tin species, are 

consistent with four coordination, while the phenyltin derivatives seem to be six 

coordinate. The molecular structure of (CH3)2Sn[S2As(CH3)2]2 was determined by X

ray diffraction. The dimethyldithioarsinate ligand is monodentate, with single (As---S 

2.171 A) and double (As=S 2.089 A) arsenic-sulphur bonds. ln it the tin atom is four 

coordinate and nearly tetrahedral [31]. 

In 1995, the compound spiro-bis(trithiastannocane ). 

Sn(SCH2CH2SCH2CI-hS)2 (Fig. 3.5 J was prepared from S(CrbCI-I2SNa)2 and SnCL 

as well as the compound was investigated by X-ray difti·action. In the compound 

annular secondary Sn ... S interactions in the eight-membered rings produce a 

d1stort1on of the SnS4 tetrahedron. This consists of an enlargement of S---Sn---S angle 

To 126.1'' with simultaneous decrease of the opposite tetrahedral angle to 93.2° The 

coordmatwn geometry can be described as based upon a bicapped tetrahedron [32]. 

c·~ ~· ~ 
./ ~ .... 

' ' ' 
' 

' ' 

("j.-f6 ..:;Jd~, 

~,:~: S1<: 
1· ·,1 
'\.;...:../ 
S4 

Fig. 3.5 The structure of cyclic tin-sulphur compound, Sn(SCI-hCH2SCH2CH2S)2 [321 

In 2000, P.O. Dunstan [33 reported the compounds [SnCl4(Lh] (where L is 

thiourea (tu), tetramethylthiourea (tmtu) or l-allyl-2-thiourea (atu) which were 

synthesized and characterized by melting points, elemental analysis, thermal studies 

and IR spectroscopy. The enthalpies of dissolution of the adducts, tin(IV) chloride and 

ligands in methanol were measured and by using thermochemical cycles. The mean 

( ') 
)~ 



standard enthalpies of the tin-sulphur ( IJ (Sn-S)) bonds have been estimated. He also 

reported the compounds SnBr4·nL (where Lis thiourea (tu), tetramethylthiourea (tmu) 

or 1-allyl-2-thiourea (atu) and n=2, 3 or 4) which were synthesized and characterized 

by melting points, elemental analysis, thermal analysis and IR spectroscopy. He then 

estimated the enthalpies of dissolution and mean standard enthalpies of the tin-sulphur 

( b (Sn-S)) bonds [34]. 

F. E. Smith and K. I. Ee [35] investigated and described the complexes of 

pyridine-2-carbothioamide with diethyltin dichloride, dibenzyltin dichloride and 

phenyltin trichloride. In each case, the chelating agent is bound to the tin(IV) atom by 

the pyridine nitrogen and the carbothioamide sulphur, giving support to proposals that 

certain organotin compounds cause enzyme deactivation via the formation of tin

sulphur bonds. This was first reported by Lozano-Lewis et al. [36] in 2007 that the 

bis(thioether)silanes Me2Si(CH2SR)2 (abbreviated BtsR, where R =Me or Pe), the 

first two members of a new family of bidentate thioether ligands, have been readily 

prepared and fully characterized. The tin(IV) tetrahalide derivatives (BtsR)SnX~ 

(X CL Br). which comprise the first four metal coordination complexes of these new 

,.;ulfur-donor ligands, have also been isolated, and the X-ray structure of the 

tetrabromide derivative (BtsMe)SnBr4 confinns the chelating nature of the dithioether. 

Tcoh t't a/. f37J reported the reaction of triphenyltin(IV) chloride with 

monothiobenzoic acid results in the fonnation of triphenyl (monothiobenzoato) tin 

(IV), C 2 :~H200SSn. which crystallizes in the orthorhombic system. The ligand 

functions as a monodentate anion coordinating to the tin atom through its sulphur 

atom and conferring a tetrahedral geometry about the tin atom. The average bond 

length between tin and sulphur is 2.430(5)A R. Singh and N.K Kaushik [38] in 2006, 

have reported organotinOV) complexes of tribenzyltin(IV) chloride and di(para

chlorobenzyl)tin(IV) dichloride with thiohydrazides. The synthesized ligands were 

bidentate coordinating through sulphur and terminal nitrogen atoms. These form 1: 1 

metal-ligand complexes. The following organotin(IV) complexes have been 

synthesized: (C6HsCH2hSn(L 1)Cl, (p-CIC6H4CH2)2Sn(L1)Ch, (C6H5CH2)3Sn(L 1)Cl, 

(p-CIC6H4CH2hSn([})Ch, (C6H5CH2hSn(L3)CI, (p-ClC6H4CH2hSn(L1)Ch, where 

(L 1 
): 2-phenylethyl N-thiohydrazide, ( L 2 ): N-(2-phenylethyl-N-thio)-1 ,3-propane 

diamine. ( L
1
): N-(2-phenylethyi-N-thio)-1,2-ethane diamine. The complexes were 

synthesized by directly mixing, refluxing and stirring the ligands with organotin(IV) 



chlorides in a suitable solvent and were characterized by elemental analysis, 
1 1' electronic, infrared, H and JC NMR spectroscopy. They also reported [39] 

complexes of 2-phenylethyl dithiocarbamate, thiohydrazides and thiodiamines with 

dibenzyltin(IV) chloride, tribenzyltin(IV) chloride and di(para-chlorobenzyl)tin(IV) 

dichloride have been synthesized in 1 :2 and 1: 1 molar ratio (Fig. 3.6 ). The 

dithiocarbamate ligand act as monoanionic bidentate and thiohydrazide, thiodiamines 

act as neutral bidentate ligand. The synthesized complexes have been characterized by 

elemental analysis and molecular weight determination studies and their bonding 

pattern suggested on the basis of electronic, infrared, 1H and 13C NMR spectroscopy. 

Using thermogravimetric (TG) and differential thermal analysis (DT A) various 

thermodynamic and kinetic parameters have been calculated and correlated with the 

stmctural aspects for solid-state decomposition of complexes. The ligands and their 

tin complexes have also been screened for their fungitoxicity activity against 

Rhizoctonia solanii and Sclerotium rolfsii and their ED50 values calculated. 

Fig. 3.6 Dithiocarbamate complexe [39] 

In 2002, Shing et al. [ 40] investigated a new class of coordination compounds 

of organotin(VI) with a sulpher-containing ligand moiety derived by the condensation 

of 1-acetylferrocene and thiosemicarbazide, R3SnL and R2SnCh.11(L11 ) when R= Me 

and Ph, n-= I or 2, L= anion of 1-acetylferrocenethiosemicarbazonc.Thcn attempts 

have been made to establish a correlation between a variety of biointeraction 
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activities, including 

condensation products. 

antimicrobial activity and antifertility activity of the 

Nath et at. [ 41] reported organotin(IV) triazolates of general formula 

RnSn(L)4-n (where R = Me, n-Bu and Ph for n = 2; R=Me, n-Pr and n-Bu for n ~""' 3 

and HL = 3-amino-5-mercapto-1,2,4-triazole) (Fig. 3.7a and Fig. 3.7b) which were 

synthesized by the reaction of R2SnCh/R3SnCI with NaL in 1 :2/1:1 molar ratio. 

Among these compounds, Oct2SnL2 was synthesized azeotropically by the reaction of 

Oct2SnO and HL in 1:2 molar ratio. Physical measurements, viz. UV/Vis, rR, far-IR 

multinuclear eR 1 3C and 119Sn) NMR and 119Sn Mossbauer spectroscopic studie:-:

were used to accomplish a definitive characterization and determination of their most 

probable structures. In these compounds triazole acts as a monoanionic bidentate 

ligand, coordinating through Sexo and N( 4 ). 

a) 

N 

b) 
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Fig. 3.7 a) Proposed structure for R2SnL2 (where R=Me, n-Bu, Oct and Ph) and 

b) R3SnL (where R= Me. N-Pr and n-Bu) [41]. 

In the same year, they also reported some tri- and diorganotin(IV) compounds 

of the general formula, R11 SnL4 11 (where wc2, R~Mc, n-Bu and Ph; n="3, R•-=Mc, n-Bu, 
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n-Pr and Ph; HL= 5-amino-3H-l ,3,4-thiadiazole-2-thione) (Fig. 3.8) which were 

synthesized by the reaction of RnSnCI4 n (where n = 2 or 3, R= Me, n-Bu, n-Pr and 

Ph) and the sodium salt of the ligand. Oct2SnL2 was obtained by the reaction of 

Oct2SnO with HL in a 1:2 molar ratio under azeotropic removal of water. The 

bonding and coordination behavior in these derivatives are discussed on the basis of 

IR, Far-IR, multinuclear (1H, 13C and 119Sn) NMR and 119Sn Mossbauer spectroscopic 

studies. These investigations suggest that in all the compounds the ligand acts as 

monoanionic hidentate coordinating through ring N(3) and exocyclic S [ 42]. 

Fig. 3.8 Proposed structure ofR2Sn(IV) derivatives of 5-amino-3H-1 ,3,4-
thiadiazole-2-thione, where R=Me and n-Bu [42]. 

!n 200R. Nath et a!. [4J J have also reported that some di- and triorganotin(fV) 

triazolates of general fiJrmula, R14 nlSnL11 (where n=c-2; R=Me, n-Bu and Ph: n--1. 

RcccMe, n-Pr. n-Bu and Ph and Hl>- 4-amino-3-methyl-1 ,2,4-triazole-5-thiol (HL-1 ): 

,md 4-amino ~-ethyl-! .lA-triazole-5-thiol (HL-2)) (Fig. 3.9 and Fig. 3 10) were 

synthesized by the reaction of R14 nlSnCl, with sodium salt of HL-1 and HL-2 The 

bonding and coordination behavior in these derivatives have been discussed on the 

basis of IR and 119Sn Mossbauer spectroscopic studies in the solid state. Their 

coordination behavior in solution is discussed by multinuclear eH, 13C and 119Sn) 

NMR spectral studic-, The IR and 1 14Sn Mossbauer spectroscopic studies mdicatc that 

the ligands. HL-1 and HL-2 act as a monoanionic bidentate ligand, coordinating 

through S cxo and Nring· The distorted skew trapezoidal-bipyramidal and distorted 

trigonal bipyramidal geometries have been proposed for R2SnL2 and R3SnL, 

respectively, in the solid state. They are in vitro antimicrobial screening of some of 

the newly synthesized derivatives. 
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Fig. 3.9 Proposed structure for R2SnL2 [ 43]. 
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Fig. ~.10 Proposed structure for R,SnL (when.:~. R Me. n-Pc n- Bu 
and Ph; R1 "'Me or Et) [43] 

Shahzadi er a/. ! 44] reported the synthesis of ( 4-Mcthylp!peridine-

d!th1ocarbamatu · tnphenyltin( IV) (Fig ~ 1 l \ derivative of 4-methyl-l-pipendine 

carbodithioic acid (4-MePCDTA) and characterized it by elemental, IR, multinuclear 

NMR ( 1 I l and 1 1C) and mass spectrometric studies. The crystal structure of the 

complex has been determined by X-ray single crystal analysis. which shows 

unsynunctrical nature of the ligand towards coordination to tin. It crystallizes in 

monoclinic structure. The tin atom 1s coordinated to the two sulfur atoms of the 

dithiocarbamate ligand and three carbon atoms of the phenyl groups arc in distorted 

trigonal bipyramid geometry. This complex was tested for its antimicrobial activity 

against six different plant and human pathogens. The screening results show that the 

complex exhibit higher antibacterial and antifungal activity than the free ligand. 
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Fig. 3.11 Molecular structure of (4-methylpiperidinedithiocarbamato-S,S') 
tripheny ltin(IV) [ 44]. 

The 1 ,3-dithia-2-stannacyclopentane derivatives with dialkyldithiocarbamates 

of the types SCH2CH2SSn[S2CNR2]Cl (I) and SCH2CH2SSn[S2CNR2h (II) (where R 

" CH3, C2H'i and -CHrCH2-) have been synthesized by the reaction of 2,2-dichloro-

1.3-dithJa-2-stannacyclopentane and sodium/ammonium salts of 

dJalkyldithwcarbamates in I: 1 and I :2 molar ratios. respectively, in anhydrous 

benzene. These newly synthesized derivatives have been characterized by elemental 

analyses (C H. N, S and Sn), thermal [thermogravimetry (TG) and differential 

thermal analyses (DTA)] as well as spectral [UV, IR and multinuclear NMR (1H. uc 
and 1 1

'
1Sn )] studies. The monodentate behavwur of the dialkyldithiocarbamate ligands 

was confirmed by IR and 119Sn NMR spectral data and distorted tetrahedral structures 

have been suggested for both type (I) and (II) compounds. The free ligands and then 

tin complexes have also been screened for their antibacterial and antifungal activities. 

These results made it desirable to delineate a comparison between free ligands and 

their tin complexes. These exhibit h1gher antibacterial effect than some of the 

previously investigated antibiotics [ 45]. 

R. R. Holmes [ 46] has written a review about the cluster chemistry of 

organotin (IV) compounds based on Sn-0-Sn and Sn-S-Sn bonding formed m 

reactions of stannonic acids with carboxylic and phosphorus-based acids as 

participating ligands. Introduction of sulfur in the organotin framework leads to 

additional varieties of cluster molecules. An interesting sulfur-capped cluster, [ { n

BuSn-(S)0P(OH)(O-t-Bu)2 }3S][02P(O-t-Bu)2]· H2S•H 20 (Fig. 3.12). was prepared 

by passing H2S through a benzene solution of the triphosphate n-BuSn[02P(O-t-



Bu)2]3 at room temperature. In the structure, it is clear that the tin atoms are 

pentacoordinate and the ligands are monodentate as well as contain dangling P-0-H 

units. In the oxygen-capped clusters, oxygen atoms other than the capping oxygen are 

present as OH groups, whereas in the sulfur-capped derivative, sulfur atoms occupy 

both types of framework sites. Because the presence of larger sulfur atoms producing 

a greater tin-tin distance that the phosphates need to span to act as bidentate ligands 

and the tin centers should be less acid with framework Sn-S bonding, resulting in 

weaker tin-phosphate coordination [ 4 7 ,48]. 

Fig. 3. t 2 Structure of [{ n-BuSn-(S)OP(OH)(O-t-Buh hSl[02P(O-t
Bu)2].H2S.H20 [47] 

The first heptanuclear tin-sulfur cluster. [: n-BuSnS(02PPh2 ) h0]2Sn (Fig. 

~ !.~ l was obtained by the rct1uxmg Ph1 P(0H). sulphur and n-BuSn(O)OH m tolunc 

X-ray analysis revealed a unique double cube arrangement [4l),50]. The geometry at 

each cube center is depicted on the top and the core structure on the bottom [48,49]. 

6l) 



Fig. 3.13 Structure of[{n-BuSnS(02PPh2)hOhSn [49] 

A trinuclear tin cluster [(n-BuSnL(S)(0)(02CPh)5] (Fig. 3.14 ), with 

carboxylate ligands. containing a Sn-S-Sn bridge which was prepared by passing 

hydrogen sultide through a CC 14 solution of n-butyltin tribenzoate at room 

temperature in the presence of atmosphenc moisture. X-ray analysis showed an 

almost planar Sn;O syst<.:m [47.4R]. 

Fig. 3.14 Structure of [(n-BuSnh(S)(0)(02CPh)5] [47] 

In 2006. Wang eta/. [51] attempted to prepare cubane-like clusters from the 

precursor (Bu4 N)JSnS1(cdt)3] (edt 1 ,2-cthanedithiolate). But two new tctranuclcar 
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tin(IV) oxysulfide clusters, (Bu4Nh [Sn4(~t4-0)S5(edt)2Ch] and (Bu4Nh[Sn4(~tr 

O)Ss(edt)2Br2] were unexpectedly obtained by reaction of (Bu4Nh[Sn3S4(edt)3] with 

SnX2 (X = Cl, Br). X-ray crystal structure analyses show that the two compounds 

possess an isostructural anionic cluster with a highly distorted tetrahedral metal 

skeleton and the two compounds have been characterized spectroscopically. 

3.3 Scope and Objective 

As has been mentioned the organotin sulphur compounds have very important 

industrial applications not only as the PVC stabilisers but also for the inherent activity 

of the ligands used containing sulphur atoms as biomolecules [52, 53].In addition the 

presence of nitrogen atom in the ligand is expected to increase the bioactivity of the 

organotin compounds after the incorporation of such ligand moieties to tin 

atom(s).The scope for the syntheses of these sulphur tin compounds, therefore, is 

unlimited. The ligand bonding to tin atom should result into interesting structural 

(with or without X ray crystal structure data) diversity. Additionally, systematic 

investigation on the activities of these compounds as agricultural biocides could also 

he undertaken to study the biocidal properties .Our interest in the investigations on the 

syntheses, structures and biocidal properties of different types of organotin 

compounds [54.55] led the author to undertake the syntheses, structures and biocidal 

properties of such organotin sulphur compounds as 2-marcapto 1sothiocyanate 

derivatives of organotins. As far as the knowledge of the author is concerned limited 

work is available in the literature [56] on the organotin isotyocyanates. 

Hence the objective of this work is to: 

(a) syntheses of new organotin tsothiocyanates 

(h) characterisation of the new compounds and 

(c) determination of the biocidal activities of these and related compounds. 

3.4 Experimental 

3.4.1 General comments 

The solvents used in reactions were of AR grade and were obtained from 

commercial sources (Merck, India). The solvents were dried using standard literature 

procedures. Ptrolium ether (60-80°C) and benzene were distilled form sodium where 
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as methanol was distilled after reacting it with solid iodine and magnesium. While 

working with benzene as a solvent proper health precaution was undertaken. 

In this chapter the author wishes to describe the result of a crystal structure 

determination of a selected compound of an interesting class of compounds 

containing Sn-S bond for its similarity with the 2-marcapto isothiocyanates of 

organotins (i.e.,having Sn-S bond). 

It was reported that a series of compounds [57] formed by an unusual 

transformation (or rearrangement) that took place during the reaction between the 

triorganotin hydroxides and phenylthiohydantoic acid produce unexpected 

R3SnSCH2CONHPh following the reaction as follows: 

(Ligand A= C6H5-NC (NH2 )-SCIT2COOH, compound 
B = (C6HsCHz)3SnSCH2COPh) and (where R= -C6Hs;Ph, -C6H11;Cy-hex and-
C'H2CJis;Bz) 

The biocidal activities of these tin compounds where R •-- Ph and Cy-hex on 

Bipolaris sorokiniana are detailed in Chapter 5 of this thesis. However, the structure 

of the compound (a compound similar to triphenyl- and tricyclohexyltin derivatives). 

namely, (C6H5CH2 ),SnSCH2COPh not established earlier is now established by X-ray 

crystal structure determmations and is described herein. 

3.4.2 Materials 

2-aminothiophenol (s.d.fine-chem, India), NH40H ( Merck, India), carbon 

disulphide ( s.d. fine-chem, India), ethanol (Bengal Chemical, India), chloroacetic acid 

(BDH Lab Chern Glaxo. India), hydrazine hydrate (s.d.fine-chem, India), n

dibutyltinoxide (Alfa. USA), Me2SnCb (Fluka, Switzerland), Ph2SnC1 2 (Aldrich, 

USA), and n-Bu2SnCb (Merck, Germany), Ph3SnCl (Merck, Germany), Ph3SnOH 

(M&T CHEMICALS INC.. USA) c-Hex3SnCl (Aldrich, USA), n-Bu3SnC1 (Fluck, 

Germany), Bis(tri-n-butyltin) Oxide (HIMEDIA, India), Me3SnC1 (Aldrich, USA), 

were used as received from commercial sources. Bz2SnCb, Bz3SnCl was prepared 

using the method of Sisido et al. [5R]. Me2Sn0, Ph2SnO, Bz2Sn0 and Bz3Sn0H were 

prepared by the alkaline hydrolysis of respective diorganotin dichlorides/ 

triorganotinchloride in water/ether mixtures. 
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3.4.3 Measurements 

The 1H, and 13C NMR spectra were recorded in CDCh solution using TMS as 

an internal standard on a Bruker DPX 300 spectrophotometer. The IR spectra in the 

range 4000-400 em·' were recorded on FTIR-8300 Shimadzu spectrophotometer with 

samples investigated on Csl window. Differential scanning calorimetric analyses were 

recorded on Pyris 6 DSC Perkin Elmer from 1 00-230°C at a heating rate of 5°C/min. 

Microanalyses were performed at Indian Association of Cultivation of Science, 

Kolkata, India. Tin was estimated as Sn02 gravimetrically using standard procedure 

in our laboratory. 

3.4.4 Crystallography 

A crystai of (C6H5CH2 )3SnSCH2COPh of approximate s1zc 0.2x0.2x0.2 mm' 

was mounted on an Mar Research image plate scanner and graphite monochromatized 

MoKa radiation was used to measure 95 2° frames with an exposure time of 120 sec 

per frame The data were corrected using the XDS package to g1vc 4244 umquc 

reflections (R cr 0.045\ 

,)'tructure solution and refinement 

The structure was solved by the direct method SHELX 86 [59] and refined 

using SHELXL (courtesy of Prof G.M. Sheldrick, University of Gottingen), by full-

matrix least squares of 557 variables, to a final R-factor of 0.045 for 4244 reflections 

with [Fo] "'4a(F). All atoms (including hydrogens) were revealed by difference 

Fourier maps Non-hydrogen atoms were refined anisotropically. Hydrogen atoms 

were placed geometrically and refined with a fixed temperature factor of 0.05.The 

tina] difference Fourier map had a largest peak of 1.280 A-\ .The structure of (B) are 

shown in (Fig.3.l5) drawn with ORTEP [60], crystal data, positioonal parameters, 

bond distances and bond angles are summarised in Table 3.1-3.4 for B 

(Crystallographic data have been deposited at the Cabridge Crystallographic Data 

centre as supplementary publication number CCDC 714149). It should be pointed out 

that the ligand (A) has under gone rearrangement to -SCH~CONHC6H5 during the 

reaction which is confirmed by the crystallographic analyses. 
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Ernperical Formula 

Formula weight 

·rcmperatun: 

Wave length 

Crystal system 

Space group 

Unit cell dimension 

Volume 

z 

557.27 

0. 7 l 06LJ A 

Monoclinic 

P 21/c 

a= 14.746A alpha= 90deg 
h=7.827 A heta=92.43deg 
c=22.57?.A gamma= 90deg 

260?..0 A' 



Density (calculated) 1.422 Mg/m3 

Absorption coefficient 1.083 mm· 1 

F(OOO) 1132 

Crystal size 0.2x0.2x0.2mm 

Theta range for data collection 2.23 to 24.72 deg 

Index ranges O<S:h<S:17,0<S:k<S:9,-26<S:l<S:26 

Reflections collected 15717 

Independent reflections 4244 [R(a) = 0.045] 

Refinement method Full-matrix least squares on F2 

Data/restraints/parameters 4244/ 0 / 299 

Goodness -of-tit on F.: 2.598 

Final R mdiccs [I> 2a (I) J R l c 0.0651. wR2 - 0.2693 
R indices (all data) R l 0.0739. wR2 ccc 0.2812 

Fxtinction coefficient 0.010 ( 2 ) 

Largest diff. Peak and hole 

Atoms 

Sn(l)- C(7) 
Sn(l) - C(l7) 
Sn(l)- C(l4) 
Sn(l)- S(l) 
S(l )-C(21) 
N(l)-C(S) 
N(l)-C(lO) 
C(S)-0( 1) 
C(S)-C(21) 
C(7)-C(8) 
C(8)- C(22) 
C(8)-C(28) 
C(IO)-C(15) 

l P~4 and -0.752 e. A ' 

Lengths/angles 

2.136(7) 
2.142(7) 
2.155(9) 
2.430(2) 
1.798(8) 
1.309(10) 
1.41 0(10) 
1.221(9) 
1.506( 1 l) 
1.487(11) 
1.34(2) 
1.385(13) 
1.376(13) 



C(l 0 )-C(25) 
C(l1)-C(16) 
C( 11 )-C(20) 
C(l1 )-C(l4) 
C( 12 )-C(24) 
C(l2)-C(l8) 
C( 12 )-C(17) 
C( 15)-C(27) 
C( 16)-C(3 5) 
C( 18)-C(26) 
C(l9)-C(24) 
C( 19)-C(23) 
C(20)-C(35) 
C(22)-C(36) 
C(23 )-C(26) 
C(25)-C(29) # 1 
C(27)-C(30) 
C(23)-C(33) 
C(29)-C(25) # 1 
C(29)-C(30) # 1 
C(30)-C(29) # 1 
C(31)-C(32) 
C(32)-C(35) 
C(33)-C(34) 
C(34)-C(36) 
C(7)-Sn( 1 )-C( 17) 
C(7)-Sn( 1 )-C( 14) 
C( 1 7)-Sn( 1 )-C( 14) 
C(7)-Sn(l )-S(l) 
C( 1 7)-Sn( 1 )-S( 1) 
C( 14)-Sn( 1 )-S( 1) 
C(2 1 )-S( 1 )-Sn( 1 ) 
C(5)-N( 1 )C(lO) 
0(1 )-C(5)-N(1) 
0( 1 )-C( 5 )-C(21 ) 
N( 1 )-C(5)-C(21) 
C(8)-C(7)-Sn( I) 
C(22)-C(8)-C(28) 
C(22)-C(8)-C(7) 
C(28)-C(8)-C(7) 
C( 15)-C( 1 O)-C(25) 
C( 15)-C(l 0)-N(l) 
C(25)-C(l0)-N(l) 
C( 16)-C( 11 )-C(20) 
C(16)-C(11)-C(14) 
C(20)-C( 11 )-C( 14) 
C(24 )-C( I2 )-C( 18) 
C(24 )-C( I2)-C( 17) 
C( 18)-C( 12)-C( 17) 
C( 1 I )-C( 14 )-Sn( I ) 

1.398(11) 
1.359(13) 
1.359(13) 
1.516(11) 
1.374(11) 
1.401 (11) 
1.497(10) 
1.343(14) 
1.35(2) 
1.332(14) 
1.356(14) 
1.374(14) 
1.39(2) 
1.41(2) 
1.396( 14) 
1.36(2) 
1.38(2) 
1.36(2) 
1.36(2) 
1.38(2) 
1.38(2) 
1.43(2) 
1.36(2) 
1.33(2) 
1.47(2) 
1 11.2(3) 
110.5(3) 
112.7(3) 
113.7(2) 
111.1(2) 
96.9(2) 
101.2(3) 
126.7(6) 
124.5(7) 
121.1(7) 
l 14.4(6) 
111.6(5) 
119.4(9) 
118.6(9) 
122.0(9) 
118.0(8) 
124.5(7) 
117.3(8) 
118.3(8) 
121.2(8) 
120.5(8) 
116.5(8) 
122.8(7) 
120.6(7) 
1 1 4.4(5) 
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C(27)-C( 15)-C(l 0) 
C(31 )-C( 16)-C( 11) 
C(12)-C(l7)-Sn( 1) 
C(26)-C( 18)-C( 12) 
C(24 )-C( 19)-C(23) 
C( 11 )-C(20)-C(35) 
C( 5)-C(21 )-S( 1) 
C(8)-C(22)-C(36) 
C(19)-C(23)-C(26) 
C(19)-C(24)-C(l2) 
C(29) # 1-C(25)-C(10) 
C( 18)-C(26)-C(23) 
C( 15)-C(27)-C(30) 
C(33 )-C(28)-C(8) 
C(25) # 1-C(29)-C(30) # 1 
C(29) # 1-C(30)-C(27) 
C( 16)-C(31 )-C(32) 
C(35)-C(32)-C(31) 
C(34)-C(33 )-C(28) 
C(33)-C(34)-C(36) 
C(32)-C(35 )-C(20) 
C(22)-C(36)-C(34) 

132.0(9) 
122.2(12) 
111.3(5) 
122.2(8) 
120.9(9) 
123.5(12) 
113.6(5) 
120.9(13) 
118.1(8) 
121.9(8) 
120.6(11) 
120.4(8) 
119.2(12) 
122.8(12) 
119.7(9) 
120.4(11) 
118.1(12) 
121.3(10) 
119.6(13) 
120.2(12) 
116.6(12) 
116.7(14) 

Symmetry transformations used to generate equivalent atoms · 
# I -x. -y. -z 

Table 3.3 Atomic coordinates ( x 104 
) and equivalent l'i()tropic displaccmuti 

parameters (A' x !01
) hJr!C 1JI,CtilJ;SnSCJI,CONHC,,H~ U(eq) Js defined "' 

1hml ofthe trace of the orthogonalized Uij tensor. 

X y z U(cql 

Sn( 1) 1997(1) 1498 (l) 1814 (l) 38( l : 
S(l) 1505 (2) 3490 (2) 2561 (l) 49( l) 
N(l) -765 (4) 4703 (7) 1704 (3) 42 ( 1) 
C(5) - 21 (5) 3825 (9) 1813 (3) 39 (2) 
0(1) 79 (4) 2328 (7) 1678 (3) 57 (2) 
C(7) 1334 (6) - 926 (9) 1837(3) 45 (2) 
C(8) 1100 (7) -1573 (9) 1231 (3) 47 (2) 
C(lO) -1581(6) 4098 (11) 1432 (3) 47 (2) 
C(l1) 3817 (5) -444 (I 0) 2032 (3) 44 (2) 
C(12) 2767 (5) 2564 (1 0) 648 (3) 38 (2) 
C(l4) 3386 (6) 1278 ( 11) 2142 (4) 53 (2) 
C( 15) -1850 (6) 2414 (12) 1425 (4) 55 (2) 
C(l6) 3659 (7) -1808 ( 13) 2386(5) 61 (2) 

C( I 7) 1 '8.79 (5) 2604 (!!) 946(3) 45(.2) 



C(18) 2951 (7) 1279 (10) 237 (4) 51 (2) 
C(l9) 4247 (7) 3667 (12) 494 (4) 61 (2) 
C(20) 4386 (7) - 653 (15) 1579 (4) 69 (3) 
C(21) 730 (5) 4812 (9) 2130 (4) 45 (2) 
C(22) 245 (9) - 1402 (14) 1015 (6) 79 (4) 
C(23) 4424 (6) 2379 (13) 102 ( 4) 58 (2) 
C(24) 3439 (6) 3752 (11) 758 (4) 51 (2) 
C(25) -2183 (7) 5312 (14) 1186 (4) 70 (3) 
C(26) 3749 (7) 1157 (12) - 14 (4) 57 (2) 
C(27) -2653 (7) 1915 ( 17) 1181 (5) 76 (3) 
C(28) 1732 (8) -2391 (12) 893 (4) 70 (3) 
C(29) 2989 (8) 5175 (18) - 929 (5) 85 (4) 
C(30) -3231 (9) 3128 (18) 927 (6) 91 (4) 
C(31) 4066 (10) -3330 (14) 2311 (7) 89 (4) 
C(32) 4672 (10) -3498 (16) 1838 (7) 93 (5) 
C(33) 1528 (12) -3012 (15) 341 (6) 85 (4) 
C(34) 699 ( 17) -2797 (i 8) 101 (6} 129 (7) 
rn . .:::\ !IQ"1;1 {0\ .., 17?.. {").:;:\ 1464 (6) 99 (4) '--'\-'-'I lULl \/ J -k.LI\.J \.C...-'} 

C(36) -20(11) -2047 (18) 452 (5) 97 (4) 

Table 3.4 Amsotropic displacement parameters (A 
2 x l 03

) for 
~6HsCH2h~nSCH2CONHC6H5 .The anisotropic displacement factor exponent takes 
the form: -2 rr2 [ h2 a* 2 U 11 + .... + 2 h k a* h* _!:!_!_?__L __________ 

"""'-----···--- ··----••·-- ·--·-----·----•--v•---····-------·-•--·------~··-----·----~-••••• • ------ ~-- --~--------

Ill 1 U22 c:n l!2.< u !.< Ul2 

·-------·---------------------------------------·----------------------------------·- -.--- ··-·~-------·-

Sn(l) 40(1) 30(1) 44( 1) 0( I) 2(1) -I (I) 
S( I) 58( 1) 40(1) 49(1) -9( I) -2(1) 1 ( 1) 
N(l) 50(4) 29(3) 44(3) 4(2) -5(3) 12(3) 
C(5) 42(4) 27(4) 48(4) 1(3) 9(3) 0(3) 
0(1) 50(34) 42(3) 80( 4) -26(3) -5(3) 13(3) 
C(7) 74(5) 23(4) 38(4) -1 (3) 0(3) -8(3) 
C(8) 71(6) 35(5) 33(4) 8(3) 4(4) 16(3) 
C(10) 57(5) 49(5) 35(4) 2(3) I (3) 14(4) 
C( 11) 41 (4) 41(4) 50(4) -4(3) -15(3) 6(3) 
C(l2) 35(3) 40(4) 38(4) 6(3) -1(3) -1(3) 
C(l4) 44(5) 48(5) 66(5) -9(4) -5(4) 10(3) 
C(l5) 56(5) 48(5) 62(5) -4(4) -6(4) 2(4) 
C(l6) 60(6) 53(5) 71(6) 2(4) -6(5) 7(4) 
C(l7) 49(4) 45(5) 42(4) 9(3) 4(3) - 5(3) 
C(l8) 65(6) 41(1) 46(4) -6(3) -8(4) -9(4) 
C(l9) 51(5) 73(7) 58(5) 4(4) 0(4) -I 0(4) 
C(20) 55(5) 83(8) 68(6) 0(5) -2(4) 21 (5) 
C(21) 50(4) 18(3) 66(5) -1 (3) 3(4) 2(3) 
C(22) 74(8) 81 (9) 81 (8) -21(5) -19(6) -18(5) 
C(23) 56(5) 66(6) 53(5) 3(4) 6(4) II (4) 
C(24) 50(5) 39(4) 66(6) -I ( 4) 16(4) 2(3) 
C(25) 67(6) 76(7) 65(6) 3(5) -II (5 l 37(5) 



C(26) 70(6) 53(5) 47(5) 1(4) 9(4) 8(4) 
C(27) 59(6} 90(8) 78(7) -23( 6) 35(5) 9(5) 
C(29) 82(8) 99( 1 0) 71(6) -6(6) -25(6) 51(7) 
C(30) 70(7) 103(10) 96(9) -18(7) -29(6) 14(7) 
C(31) 86(9) 67(8) 110(10) 13(6) -41(8) 9(6) 
C(32) 87(9) 98(11) 90(9) -39(7) -37(7) 47(7) 
C(33) 138(12) 56(6) 64(7) -21(5) 40(7) 18(7) 
C(34) 274(24) 49(8) 65(8) -21(6) 20(12) 38( II) 
C(35) 74(8) 152(13) 69(7) -21 (9) -16(6) 39(9) 
C(36) 137(12) 79(8) 74(7) -10 ( 6) -14(8) 39(8) 

3.4.5 Synthetic Procedure 

The method employed for the preparation of the ligand 2-marcapto 

isothiocyanate is described along with analytical and spectral data m section 3 .4.4.1-

;.4.4.2. The synthesis of organotin complexes of the 2-marcapto isothiocyanate aw 

described in section 3.4.4.2- 3.4.4.11. Their characterization. analytical and 

spectroscopic data are given in section 3.5. 

3.4.5.1 Preparation of 2-marcapto isothiocyanate (LH) 

2-aminothiophenol (100 mmol, 10.68 ml. 12.5g) was dissolved in ammonia solution 

( 20 mi. d (U~8) and CS2 (8 ml) was added to it gradually with stirring and cooling 

below 30'( · Ethanol 25 ml \Vas then added by continued stirring till CS: had 

completely dissolved. The reaction mixture was allowed to stand for 2h and a solution 

of sodium chloroacetate (100 mmol, !1.69g) was added, followed by hydrazine 

hydrate ( 10 ml, 50%). The mixture was then warmed and cooled to room temperature 

and filtered. The filtrate was concentrated to half its volume and left to stand 

overnight The crystals separated were filtered and recrystalizcd from ethanol 

LH: yield: 9.2 g, 73.6<Yo, M.P.: l78°C 

Elemental analysis (Caled. For C7H5NS2) 

Calcd.: C, 50.27; H, 3.01; N, 8.37% 

Found: C, 50.40; H, 2.96; N, 8.35% 

IR (cm- 1
): v(-N=C), 2095(m); v(C-S), 748(m); v(SH), 2680(w); v(C=S), 1246(w); 

NMR 
1
H : o SH: 1.78, H-4=7.46, H-5=7.38, H-6=7.26, H-7= 7.50. 

NMR 13C : C-1-=-190, c-2 ~ 112, c-3' 121, C-4-'-130, c-s C-127, C-6-~ 140, C-7 cc 124. 

Numbering scheme shows at table 3.4. 
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3.4.5.2 Preparation of sodium salt of 2-marcapton isothiocyanate (LNa) 

To a methanolic solution (50 ml) of 2-marcapto isothiocyanate (LH) (5g, 

29.94 mmol) was added drop wise with continuous stirring, 0.5 N methanolic NaOH 

( 1.2g, 60.87 ml, 29.94 mmol) in the presence of phenolphthalein as an indicator. The 

reaction system was stirred for 5h. The solvents removed in vacuum which left behind 

the crude product of sodium salt of 2-marcapto isothiocyanate. The sodium salt thus 

prepared was recrystallized form methanol and then dried in an air oven at l00°C for 

24h. 

LNa: yield: 5.lg, 82.2%. M.P.: 225°C(dec.). 

Elemental analysis (Caled. For C7H4NS 2Na) 

Calcd.: C, 44.43; H, 2.13; N, 7.40% 

Found: C, 44.20; H, 2.10; N, 7.44% 

IR (cm- 1
): v(-N"'cC), 2082(m); v(CS), 725(m); v(C~S), l240(w); 

1H and 13C NMR could not he recorded because of poor solubility reasons. 

3.4.5.3 Synthesis of trimethyltin(IV) 2-marcapto isothiocyanate, Me3Sn L { l) 

To a ~olution of sodium salt of 2-marcapto isothiocyanate (0.95g, 5.02 mmol) 

111 methanol was added to ~~ methanolic solution of Me,SnCI ( 1 g, 5.02 mmol.l. The 

mixture was continued to stir for 3h. The reaction mixture was then heated under 

reflux for 6h under inert conditions. The volatiles were removed and the dry mass 

extracted with hot petroleum ether (60-80°C, 50 ml). Colourless liquid of the desired 

product were obtained hy cooling the solution at room temperature and then removing 

the solvent under vacuum at room temperature. 

3.4.5.4 Synthesis of n-tributyltin(IV) 2-marcapto isothiocyanate, n-Bu3SnL (2) 

(A) A mixture of (n-Bu3Sn)20 ( 1.78g, 1.52 ml, 2.99 mmol) and 2-marcapto 

isothiocyanate (1 g, 5.98 mmol) in dry benzene (150 ml) was heated under reflux in 

inert conditions for 8h, the water produced being removed azeotropically. All 

volatiles were removed from the clear and transparent reaction mixture under vacuum 

and the dry mass extracted with hot petroleum ether (60-80°(', 50 ml). Pale yellow 

liquid of the desired product were obtained by cooling the solution at room 

temperature after the removal of the solvent under vacuum at room temperature. 



(B) To a solution of sodium salt of 2-marcapto isothiocyanate ( 1 g, 5.29 

mmol) in methanol was added to a methanolic solution ofn-Bu3SnCl (l.72g, 1.43 ml, 

5.29 mmol). The mixture was continued to stir for 3h. The reaction mixture was then 

heated under ret1ux for 6h under inert conditions. The volatile were removed and the 

dry mass extracted with hot petroleum ether (60-80°C, 50 ml). Pale yellow liquid of 

the desired product was obtained by cooling the solution at room temperature and 

removing the solvent distilling under vacuum at room temperature. 

3.4.5.5 Synthesis of triphenyltin(IV) 2-marcapto isothiocyanate, Ph3SnL (3) 

(A) A mixture of Ph3SnOH (0.6g, 1.56 mmol) and 2-marcapto isothiocyanatc 

(tl26g, 1.56 mmol) in dry benzene (150 ml) was heated under ret1ux in inert 

conditions for 8h, the water produced being removed azeotropically All \ulatilc': 

were removed from the clear and transparent reaction mixture and the dry mass 

extracted with hot petroleum ether (60-R0°C 50 ml). White crystals of the desired 

product were obtained by cooling the solution at room temperature. 

(B) To a solut1on of sodium salt of 2-marcapto isothiocyanate (0.6g, 3.17 

mmol) in methanol was added to a methanolic solution of Ph3SnCl ( l.22g, 1 17 

mmol). The mixture was continued to stir for 3h. The solution was clear initials but 

after l.30h started to a precipitate white in colour appeared. The reaction nnxture was 

then heated under reflux for 6h under inert conditions. After 2h of refluxation the 

solution was clear. The volatile were removed and the dry mass extracted with hor 

petroleum ether ( 60-80°C 50 ml ). White crystals of the desired product were obtained 

by cooling the solution at room temperature. 

3.4.5.6 Synthesis of tribenzyltin(IV) 2-marcapto isothiocyanate, Bz3SnL (4) 

(A) A mixture of Bz3SnOH (2.45g, 5.99 mmol) and 2-marcapto isothiocyanate 

(lg, 5.99 mmol) in dry benzene (150 ml) was heated under ret1ux at inert conditions 

for 9h, the water thus produced being removed azeotropically. All volatiles were 

removed from the clear and transparent reaction mixture under vacuum and the dry 

mass extracted with hot petroleum ether ( 60-80°C, 50 ml ). White crystals of the 

desired product were obtained by cooling the solution at room temperature. 
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(B) To a solution of sodium salt of 2-marcapto isothiocyanate (lg, 5.29 

mmol) in methanol was added to a methanolic solution of n-Bz3SnCl (2.26g, 5.29 

mmol ). The mixture was continued to stir for 3h. The reaction mixture was then 

heated under reflux for 6h under inert conditions. The volatile were removed under 

vacuum and the dry mass extracted with hot petroleum ether (60-80°C, 50 ml). White 

crystals of the desired product were obtained by cooling the solution at room 

temperature. 

3.4.5. 7 Synthesis of tricyclohexyltin(IV) 2-marcapto isothiocyanate, c-Hex3SnL (5) 

To a solution of sodium salt of 2-marcapto isothiocyanate (0.95g, 5.02 mmol) 

in methanol was added to a methanolic solution of c-Hex3SnCI (2.03g, 5.02 mmol). 

The mixture was continued to stir for 3h. The reaction mixture was then heated under 

reflux for 6h under inert conditions. The volatile were removed under vacuum and the 

dry mass extracted with hot petroleum ether (60-80°C 50 ml). White crystals of the 

desired product were obtained by cooling the solution at room temperature. 

3.4.5.8 Synthesis of dimethyltin(IV) 2-marcapto isothiocyanate, Me2Sn(Lh (6) 

A mixture of Me2Sn0 (0.6g. 3.64 mmol) and 2-marcapto 1sothwcyanate 

( 1.22g, 7.28 mmol) in dry benzene (!50 ml) was heated under reflux and inert 

conditions tor I Oh, the water produced being removed azeotropicall y. All volatiles 

were removed from the clear and transparent reaction mixture by vacuum distillation 

and the dry mass first washed out with hot petroleum ether (60-80°C) and then 

extracted with benzene (50 ml) L1ght yellow crystals of the desired product were 

obtained by cooling the solution at room temperature. 

3.4.5.9 Synthesis of n-dibutyltin(IV) 2-marcapto isothiocyanate, n-Bu2Sn(L)2 (7) 

A mixture of n-Bu2Sn0 (I g, 4.02 mmol) and 2-marcapto isothiocyanate 

(I __ )4g, 8.04 mmol) in dry benzene ( 150 ml) was heated under reflux and inert 

conditions tor I Oh, the water produced being removed azcotropically. All volatiles 

were removed from the clear and transparent reaction mixture under vacuum and the 



dry mass extracted with hot petroleum ether (60-80°C, 50 ml). White crystals of the 

desired product were obtained by cooling the solution at room temperature. 

3.4.5.10 Synthesis of diphenyltin(IV) 2-marcapto isothiocyanate, Ph2Sn(Lh (8) 

A mixture of Ph2Sn0 (lg, 3.46 mmol) and 2-marcapto isothiocyanate (0.58g, 

3.46 mmol) in dry benzene (150 ml) was heated under reflux and inert conditions for 

tOh. the water produced being removed azeotropically. All volatiles were removed 

from the clear and transparent reaction mixture under vacuum and the dry mass 

washed with hot petroleum ether ( 60-80°(, 50 ml) then the mass was extracted with 

dry benzene (50 ml). White crystals of the desired product were obtained by cooling 

the solution at room temperature. 

3.4.5.11 Synthesis of dibenzyltin(JV) 2-marcapto isothiocyanate, Bz2Sn(Lh (9) 

·\ mixture of Bz2Sn0 (lAg, 4.42 mmol) and 2-marcapto tsothiocyanate ( 1.48 

g. ~.x4 mmol) in dry benzene (150 ml) was heated under reflux in inert conditions for 

I Oh, the water produced heing removed azeotropically. All volatiles were removed 

ti·om the clear and transparent reaction mixture under vacuum and the dry mass 

extracted wtth hot petroleum ether ( 60-R0°C', 50 ml). White crystals of the desired 

product were obtained by cooling the solution at room temperature. 

3.5 Result and Discussion 

All the compositions, formulae and the proposed structures of the newly 

synthcsisied compounds are drawn on the basis of the analytical data·· supported well 

by the spectroscopic and other data available in our laboratory conditions. ln some 

cases, data e.g., 119Sn NMR could not be obtained due to lack of facilities. 



3.5.1 Preparation of 2-marcapto isothiocyanate 

The ligand used here was derived from 2-aminothiophenol with carbon 

disulphide and hydrazine hydrate. The 2-marcapto isothiocyanate was obtained in 

good yield. The products were recrystallized from ethanol. Sodium salt of the ligand 

was prepared by neutralization with equimolar methanolic solution of sodium 

hydroxide. The ligand 2-marcapto isothiocyanate was soluble in methanoL ethanol, 

chloroform, benzene but insoluble in petroleum ether (60-80°C) and had a sharp 

melting point. The synthetic detail and characterization data for LH and LNa are 

described in section 3.4.4.1 and 3.4.4.2. The formula of the ligand and the 

abbreviations of the complexes are presented in scheme 3. 1. 

l. Me3SnL: 2. n-Bu3SnL; 3. Ph3SnL; 4. Bz3SnL; 5. c-Hex,SnL 
6. Me2Sn(L)2; 7. n-Bu2Sn(L)2; 8. Ph2Sn(L)2; 9. Bz2Sn(Lh 

Scheme J. J 

J.5.2 Synthesis of tri- and diorganotin(JV) complexes 2-marcapto isothiocyanate 

In this section the synthesis, characterization of tri- and di-organotin 

derivatives of !-marcapto isothiocyanatc are presented. Two different metiH•d-.. ti.n the 

·.;ynthests were adopted f(Jr the tn- and di--organotin complexes pf th(' ' ··narl·,tpt' 

tsothiocyanate reported here. The objective was to compare the yields obtamcd IY\ 

following two different synthetic routes. The procedures have been described in 

details in section 3 .4.4.3-3 .4.4.11. 

3.5.2.1 Synthesis of triorganotin(IV) complexes of 2-marcapto isothiocyanate (LH) 

Method A: 

The triorganotin(JV) derivatives of 2-marcapto isothiocyanate (R~ Me. n-Bu, 

Ph, Bz, c-Hex) were obtained with moderate yields by the equimolar reaction of 

triorganotlll( IV) chlorides with the sodium salt of the ligand in methanol :ts solvent 

X4 



The sodium salt of the ligand was generated by the addition of methanolic solution of 

NaOH to the methanolic solution of 2-marcapto isothiocyanate and stirred for 5h ( Eq 

4 and Eq. 5). 

LH + NaOH LNa + H20 .......... (4) 

• R 3SnL + NaCl. .......... (5) 

The reactions were completed in 6-9h time. The solvents from the reaction 

mixture was distilled off to dryness and then the mass obtained subsequently extracted 

with hot petroleum ether (60-80°C) in quantities of 3-4 ml f(.)r l 0 ttmes. The symhet :, 

methodology is described in scheme 3.2. 

I. R Me; 2. R n-Bu: 3. R= Ph; 4. R-=Bz; 5. R~ c-Hex 

Schcrnc ~ 2 

3.5.2.2 Synthesis of triorganotin(IV) complexes of 2-marcapto isothiocyanate (LH) 

Method B: 

The triorganotin(IV) complexes of 2-marcapto isothiocyanate were 

synthesized by the reaction of the triorganotin oxides or hydroxides with the ligand in 

l :2 or l: l molar ratio respectively (Eq. 6 and Eq. 7). Benzene was used as the solvent. 

The water produced during the reaction was removed using a Dean-Stark Trap to 

faci litatc taster completion of the reactions. The compounds were obtained in 



moderate to good yields. The solvents after the reaction was over in all cases were 

removed to obtain a dry mass which was then extracted with hot petroleum ether ( 60-

800C). The compounds are relatively stable in air and moisture and were 

recrystallized from suitable organic solvent. All the complexes were soluble m 

chloroform, methanol, benzene and petroleum ether (60-80°C). The synthetic 

methodology is described in scheme 3.3. The physical and analytical data are 

summarized in table 3.5 

~ ------ N== c·===== s 

L:l 
'-sH 

2. R~ n-Bu; 3. R-= Ph; 4. R=Bz 
Scheme 3.3 

... (6) 

.( 7) 

3.5.2.3 Synthesis of diorganotin(IV) complexes of 2-marcapto isothiocyanate (LH) 

The diorganotin( IV) complexes of 2-marcapto Jsothiocyanate were 

synthesized by the reaction of the diorganotin oxides with the ligand in 1:2 molar ratio 

in benzene as a solvent for refluxtion (Eq. 8). The water produced during the reaction 

was removed using a Dean-Stark Trap to facilitate faster completion of the reactions. 

The compounds were obtained in moderate to good yields. The solvents after the 

reaction was over in all cases were removed by distillation to dryness and then 

extracted with hot petroleum ether ( 60-80°C ). The compounds were relatively stable 

in air and moisture and recrystallized from suitable organic solvent. All the complexes 



were found to be soluble in chloroform, methanol, benzene and petroleum ether ( 60-

800C). The synthetic methodology is described in scheme 3.4. The physical and 

analytical data are summarized in Table 3.5 

c~s 

s=~ R II 
II I II 

cx>r<:o 
R 

6. R~ Me: 7. R= n-Bu: 8. R= Ph. 9. R-" Bz 

Scheme 3.4 

.1.5.3 Spectroscopic characterization of tri-and diorganotin(IV) complexes 

The complexes were characterized by IR, NMR ( 1 Hand 13C) and elemental 
analysis. 

3.5.3.1 Differential Scanning Calorimetric analysis 

All the compounds have single sharp peak indicates the compounds are pure 

and this is the corresponding melting point of those compounds. The enthalpy of 

compound 3 was (!\Hmdting =43J)l J/g). The enthalpy of compound 4 was (L'.Hmeiting 

=52.'cl'cl J/g). Like as compound 5 (L\Hmclting ~2.53 J/g), compound 7 (!~Hmclung -"40747 

Jig), compound 9 (\1-Irndting 43.:Li Jig), compound 8 (/\II,nclung -64.14 J;g) were the 

enthalpy of the melting point. 
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3.5.3.2 IR Spectra 

Selected IR band and their assignments for the tri- and di organotin complexes have 

been presented in Table 3.6. The infrared spectral data together with the 

stoichiometric composition of these organotin(IV) complexes suggested that the 2-

marcapto isothiocyanate acts as mononegetive S,N bidentate ligand, with the central 

tin (IV) coordinated to the deprotonated thiol -s- and isothiocyanate N atom. This 

mode of chelation was confirmed by NMR data also. The v(-N=C), v(Sn-C) and v(C

S) bands were identified based on literature value [56,61,62]. The v(-N=C) (of 

N=C=S group) stretching vibrations of the ligands appear in the range 2082-2095 

cm· 1
• These bands did not shift but slightly vary (not significant) upon complex 

formation. But in the new complexes a new band appears in the range between 795 

-! d 875 ··l · -'" · -•· t' F" th' • · ._ '"h L 1 r''' · em an ern Inu!cating coora.Ina~Ion o"'" 1SOLuiocyanale ions LO u e i11eLaJ 1_0 1 J via 

the N atom. Hence it indicates the ligand to be a bidentate ligand through S and N 

coordinations. The v(SH) stretching in free 2-marcapto isothiocyanate occurs around 

2680 em · but after complex formation the band disappears mdicating S atom's 

mvolvement m complex formation and confirms the deprotonation of the thiol group 

[ 63, 64 J. The V( C -S) (of -N=C=S group) vibration in free ligand does not change 

significantly m the complex. ft (v(C--S)) appears around 748 em 1 suggesting no 

coordination via S atom of NcoC S group. The v( Sn C:)asym and v(Sn-C isyrn bands 

have been 1dent1fied tentatively at 540-600 cm 1 and 420-510 cm· 1 respectively. 



Table 3.5 Physical and analytical data for compounds 1-9 

1 Composition Yield M P/8 P(''C) 
Elemental com2osition found (ca c 

I c I __ H ____ l----~- Sn 

~ C1oH 13NS2Sn 
I 36.42 I 3.86 t 4.20 35.80 

75 \69"C 10' Torr (36.39) (3.97) _ __(4.24) (35.9) I 
~.:---- I I 50.32 6.87 1 3.02 25.92 ! 
I 2. ci9H31NS2Sn 68 82"C 1 <r' Torr (50.01) (6.84) (3.07) (26.01) I 

l d) 

3. C2sH19NS2Sn 
58.08 3.76 2.74 22.77 

65 91 
(58.16) (3. 71) (2.71) (22.99) 
60.18 4.31 2.54 21.02 

I 4. CnH2sNS2Sn 60 I 81 (60.23) (4.51) (2.51) (21.26) i 
-~~ 

I ---------r--- -~ t--· ·--- --- r-- : 

I s. 56.42 7.08 2.60 22.05 
! C 2sH37NS2Sn 63 67 I 

Table 3.6 IR spectral data (cm-l) for compounds 1-9 

------------·--·· ----·,------·-·-----------~- -- -:·--------- ---------~···---------- --------

! Compound . v(C=N) i v(C-S) v(Sn·C) 
;-··----~-.----·---t-· 2122(m) --~----- 725(w) ·~ --;---- 536(m), 513(w) __ 
r··---·-- ·-- -~~--------··-- ·--··--· . ··-·------+------· -------·- -~-·- - ·-~-- -- - , 
l __ l_:__ -+------ 2097(s) __ _____t ____ 725(m) -+- ____ 597(m), 505(w) ___ ; 
I 3. I 2067(m) 1• 729(s) ----t: 601(_ w), 447(s) __, 
~------4-. -------r-- 2112(m) . 
f ----------+------- 756(s) --+--_55l(w),447(m) __ 

1 

L
1 5. =--=EI 2082(m) 725(m) ___ _;_ ____ 565(w), 417(w) .. ~ 

. 
--~----~-= 6.---- ----- 2070(s) 752(rn) -+-- _ 560(w), 420(w) 1 

____ _2._________ 2045(m) 752(m) --L 572(w), 420(w) 1 
: 8. 1 2090(m) 747(m). _570(s), 454(m) __ ~ 

9. 
---i- -----· 

J 21 o 5Jm) 756~2 5 5_1Lrn L4:?-!L\VL 

3.5.3.3 NMR Spectra 

The 1H NMR data for the tri- and di-organotin(IV) complexes of 2-marcapto 

isothiocyanates are presented in Table 3.7. The observed resonances were assigned on 

the basis of their integration and multiplicity patterns. The ligand and tin-bound 

organic group protons gave signals in the expected ranges [62, 65]. 
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The spectrum of tribenzyl-, triphenyl-, dibenzyl-, diphenyl- compounds show 

complex patterns for the aromatic protons (both ligand and Sn-Ph appear in the same 

range of the spectra). In compounds 3, 4, 8 and 9 the C-H and aromatic protons 

appear as complex multiplets in the range 7.71 to7.11, 7.68 to 6.86, 7.66 to 7.18, 7.68 

to 6.98 respectively. The Sn-Me protons(!) appear as a sharp singlet at 8 0.65. The 

percentages-character ofthe tin-methyl orbital has been related to the 2JeH-1191117
Sn) 

coupling constants [66]. The value of the coupling constant for 2JeH-1191117Sn) is 

57.69 Hz falls in the range of tetrahedral geometry in solution [67]. The Sn-nBu ,Sn

cyhex and Sn-benzyl protons has been assigned satisfactorily and tabulated in Table 

3.7. 

The 13C NMR data for the tri- and di-organotin(IV) complexes of 2-marcapto 

Isothiocyanates are presented in Table 3.8 and 3.9. The number of 13C signals found 

correspond with the number of magnetically non-equivalent carbon atoms in the 

complexes. The R groups attached to the tin atom have their signals in different 

specific regions in correspondence with the literature [68. 641 The author was 

inclined to propose C-1 signal to be the most deshielded carbon atom followed by the 

t -7 carbon of the phenyl ring of the ligand. As can be seen from Table 3.9 the 

J( !ll!s 1'c··· 1· fr "'276'9'lLL7 . , n- . J coup mg constants range om .) . -.1\l\) 6 H:~ for the alkyl 

compounds. These values are consistent with the values for similar compounds with a 

tetrahedral geometry in solution [70]. Therefore, 1H and 13C NMR spectral data reveal 

that the weak interaction between central tin and N( 4) (as existing in the solid state 

supported by IR ) weakens further in the solution, leading to the distorted tetrahedral 

pseudo-tetrahedral. 

l)() 



Table 3.7 1H NMR chemical shifts and coupling data (ppm and Hz) for compound 
1-93 

4 

fl ,~"'"~:~"t;';I:T;;)l·(,:r~~)+ (;I;},~-~i~I}--H:~ 11-y , _ 

1 

~;, 
1 rs.1t 1 f7.8J' rs. 7J' lr8.1J" . " 1 

I i ~ 6;-i ; 3~ - ~~;-t~;;" f;-7~--t- ; z; + 146 ~~~i 
12. (d, n;.> , (t,IHJ t (t,lHJ I (d,IH) 1 L6? I 1.60 1 t.25 1 (t,YH) 
1 [8.1] [8.4 J_J_~7.8] __ j__~--~-~~~1~6~~J-L-~l,Ofl) : (m,6H) 1 [ 15 _3t I 

7.32 i 7.20 f 7.68 : ', multiplate at centre 7.39 and 
1<1 l H) (t,l H) i (t, l H) I (d,JH) i i 7.04 

t- I~_)}" tJ.?_}I_f __ iS.:.!I __ t _1~:1 t t . _T<~~l,_~2fl_l_ 2.81-

7.68 • 7.40 I 7.27 ! 1.12 7 24- 7.!4- 2.51 
(d,IHJ (t,lll) i {t,JH) I (d,!H) 709 7.02 

6
·
86 

: (s,6H) 
I •m.3f[) 

[8.1}" pur i [81]" i [8.1J" 
1 

im,6IIl , (m,6HJ ' ; [63.6] . 

--·-·- +-- ----+--~---+---_---+- . , ------·-i- l---, t-J~~ZL~ 
. 7.64 : 7 36 1 7."-3 : 7.69 i uO 2 03- r !.75- i !.3_)- i 
I (d, IH) I (t,lH) J (t, lH) j (d, lH) l (m,3fl) 1.47 

1 
!.47 j 1.24 l i 

+-t;-~t-IJ;-;r I [~_-;ft-~·*r-t 0-~5 (111,l_2!l)r__0_1,_12HJ_I (m,6lll_t-- -1 

l (d, 2f~) -~ (d,2H] (d, 2~j>j (d, 2l~) us, 6H) i I : I I 

, -7.65 ·- i 7.40 , 7.28 .--7.69 ·-, f92- I -Ts4.:--+-
1

_
40

--jo.s2·-r-------

3. 

4. 

·- [_8.I] ___ ._ [8.1] [8.1] --[8.1] ___ [70_.8]"_1 - i I I l 
. (d, 2f!) ' (!, 2ll) i (t. 2H) ; (d 21Il ! U<6 : L76 ! ( 4II) I (t. 6H) ! . 

c--- __ --'-l8.lt ; [8.!]" j [8.!]" ! _.@:_lj" i.m.4H ~T1_1c.±Il} __ ~--~~----__j___l_7_:~l J 
- 7.59 T 7.31 I 7.18 7.66 7 72 I ' ' 

8. 

9. 

(d, 2H) ·fl (t, 2H) I (t, 2H) (d, 2H) 
[8.l)e . J8.4]" [8.1]" [8.1]" 

7.65 7 3 7 29 7.68 
(d 2H) . 4 . (d 2H) r8. 1 t 1 (t,2H> (t,2H) [8_1 t 

-
7.35 i 7.44 

1 
I 7.74 I (m,4II) I fm.2I!) I 

! (_!1_1.___41 I J .. i 
-···---.---·-··· --~--- i··-

7.29-
7.0 6.98 

3.34 
7.24 

(m,4H) (m,2H) 
(s,4H) 

(m,41I) [84.6]" 

a Spectra recorded in CDCh downfield to TMS; Multiplicity is given as s, singlet; d, 
doublet; t, triplet; m, multiplet; b 2 J( 1H- 119

1l 17Sn) Hz, c 
2J( 1 H- 1191 ll7Sn) Hz, d 

4J( 1H
It91117Sn) Hz, e 2J('H-1H) Hz. 

l)j 

f 

I 
I 
l 



Table 3.8 13C NMR chemical shifts and coupling data (ppm and Hz) for 
compound 1-93 ligand portion. 

7 1 

O
~N=C=S 

3-s 
4 

~-n_p_ou_nd I C-1 --} C-2 ----+-f-3 +=;c--=4-~_::+c-5 -::=]C-6---~ C-7 ~ 
I 1. 172.66 1131.13 1130 12 I 142.47 l 129.15 I 125.66 1158.37 R=--- 168.10 . 125.59 • 123.64 Tf37-:-7s 4 120.77 -- : 120.52 --t-P3.46 !• --------T-.,..-16-:-::7_.5_0 __ 1 137.07 ___ I 129.8\ 1 138.98 _ j 123.89 i 120.95 i 152.72 ~ 
r--:::---5.-. 168.04 125.84 123.93 I 137.79 I 120.96 I 120.45 I 152.95 ; 

168.19 125.57 123.54 138.09 120.76 1120.43 153.54 I rr
7
6._________ 170.43 127.23 124.71 140.34 121.42 112.95 152.21 _ll 

172.89 126.07 123.85 137.13 121.24 l119.16 151.39 
Hf------~16~8~.2~3--~!~3~8.~1~7--~13~0~.4~8--~1~3~9~.0~1--+1~1~2~0.~95~-~112~0~.2~2--~~15~2~.7~2~1 

__i_ ____ __:_-_·:_j 168.35 t 125.12 _ _j_J1_3.95 -- I 137.13 -- 121.08 I 120.80 _j_J52.~~---~ 

a Spectra recorded in CDCh solution, down field to TMS; 
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Table 3.9. 13C NMR chemical shifts and coupling data (ppm and Hz) for 1-9" 
R3Sn portion [R= -CH3 or -(CH2hCH3, or -CH2C6Hs or -C6Hl2] and R2Sn 

portion [R= -(CH2hCH3, or -C6Hs or -CH2C6Hs]. 

•. ___ l__ L 
i [289.33,2 i 

J1~~1r. 

.. s d d · c··Dcl 1 · d t- Id TMS b 
1J( 119S 11C · H " , pectra recor e m 3 so utwn, own 1e to ; n- · ) m z, 

:J(!llJS _u('). H d 3J(·It9s _u(.). H· ,, 4l(tt9S _t3Cl. H· r 2J(l'9S _t3C). H· , n . m z, n . tn z, . n . m z. n . m z. 

In spite of the best effort the compounds did not yield crystals suitable for X-ray 

crystal stmcture determination. Therefore, in the absence of such data some inference 

on the composition and the probable structures of the synthesized compounds were 

done on the basis of analytical data, IR and 1H and 13C spectra only. The literature 

data is also very limited for this type of complexes. 

The compounds 1-5 are formulated as R 3SnL and 6-9 are the R2Sn(Lh type 

respectively. On the basis of the spectral data the stmcture for R3SnL type a trigonal 

h1pyramidal displaying a pentacoordinate Sn atom may be suggested where a chelated 

bidentate isothiocyanate moiety is indicated (Fig. 3.16). 

9
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Fig. 3.16 a). h). and c) Proposed structure of compounds 1-5 fonnulated as R,SnL 

lur the K:Sn( L )_ rype on the other hand. an octahedral disposition around the 

hexacoordinate Sn atom 1s a likelv proposition. Hence the structures may be drawn as 

follows: (Fig. 3.17) 

Fig. 3.17 Proposed structure of compounds 6-9 formulated as R2Sn(L)2 . 

3.5.3.4 A brief note on Crystal structure of compound B 

Compound (B) is formed by discrete molecule in which the tin atom IS hound 

to the sulphur atom. This together with benzyl (8) groups constitutes a distorted 
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tetrahedron around the metal atom. The maximum acuteness of C-Sn-S bond angles 

are observed to be 96.9(2)0 [C(14)-Sn(l)-S(l) in(B)]. The proximity of the carbonyl 

group(C"'O) to the sulphur atom is most probably responsible for the acuteness of the 

angles. It appears that there is neither Sn( 1) -0( 1) nor Sn(l )-N( 1) intra- or inter 

atomic interactions present in the molecules. The 0(1 )-C( 5) bond length 1.221 (9) A 

and N(l)-C(5)1.309(10) A bond length in B respectively correspond well for 

uncoordinated C=O and C-N [71] confirming further the mono-dentate mode of 

coordination of the ligand. On the other hand, the largest deviations observed for C

Sn-C angles being 112.7(3) 0 (C(l 7)-Sn(l )-Cti4) in B. The Sn( I )-S( 1) bond lengths 

2.430(2)A is only slightly larger than that of the sum of the covalent radii 2A2 A ot 

Sn and S [72]. 
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CHAPTER4 

SYNTHESIS, SPECTROSCOPIC CHARECTERIZATION 
AND X-RAY CRYSTAL STRUCTURES 

OF SOME DIORGANOTIN(IV) COMPLEXES OF 
SALICYLALDEHYDE THIOSEMICARBAZONE 

AND RELATED LIGANDS 



4.1 Introduction 

The organotin complexes have been the subject of interest for years because of 

their versatile bonding modes [ 1, 2] as well as their commercial [3] and agricultural 

applications [4-6]. An important class of organotin(IV) complexes are those derived 

from Schiff bases. Schiff bases continue to occupy an important position as ligands in 

metal coordination chemistry even after almost a century since their discovery [7]. 

Schiff bases with organotin (IV) moieties have received considerable attention with 

respect to their potential applications in antim1crobial activity, medicinal chemistry 

and biotechnology [8-16]. These classes of compounds for their biological activities 

including antitumor activities have been attracting our attention [ 15, 17-21]. Schitf 

base complex exhibits catalytic activity towards electro-reduction of oxygen [22]. 

Some metal complexes of a polymer bound Schiff base show catalytic activity on 

decomposition of hydrogen peroxide and oxidation of ascorbic acid [23]. Schiff base 

m neutral and depwtonated forms react with organotin(IV) moieties and the 

complex.cs that arc formed exhibit variable stoichiometry and ditterent modes of 

coordination [24, 25]. Schiffbases continue to attract attention as they are known to 

be capable of stabilizing uncommon oxidation states, [26-29] to give rise to unusual 

coordination numbers and redox reactions [30-32] in their transition metal complexes. 

Thwsctmcarbazoncs are thiourea denvatives and the studies on their chemical and 

structural properties have received much attention due to the widespread application 

111 different fields. Thiosermcarbazones, with the general formula R 1 R2C=N-NH-~ 

C(S)-NR-'R4
, generally exist in the thione form in the solid state but exist in 

,.-quilibrium m1xture ofthione and thioncol tautomarism forms in solution (A and B, in 

Eq. l I which is essential for their versatile chelating behavior 13-~ l 

A 

,...__ ...... 
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As mentioned earlier the chemistry of thiosemicarbazone complexes has gained 

considerable attention due to their significant biological activities. The biological 

activity of certain thiosemicarbazones is believed to be due to the ability to form 

terdentate chelates with organotin(IV) compounds, bonding through oxygen, nitrogen 

and sulphur atoms. [15] A brief survey on the relevant literatures is presented below. 

4.2 Literature 

Schiff base ligands, which are the condensation products of primary amines 

and aldehydes or ketones (RCH=NR', where R & R' represents alkyl and I or aryl 

substitutents) (Eq. 2) [34], since their synthesis was first reported by Schiff [35]. 

.... (2) 

In 1970, Dayagi and Degani had reviewed the other methods of synthesis of 

the Schiff bases [36]. Organotin(lV) compexes of Schiff base moieties had been 

reported and reviewed [7-8, 37-39]. In 2006, Sen Sharma eta!. [40] have reported 

mononuclear organotin complexes of the Schiff base where the Schiff base acts either 

as a dianiomc tridentate or as a monobasic bidentate moiety and coordinating through 

an alkoxy group. Di-112-methoxo-bis[benzyl { 5-chloro-2-oxido-benzaldehyde 

thiosemicarbazonato }tin(IV)] was obtained from the reaction of Bz2SnCh and the 

sodium salt of 5-chlorosalicylaldehyde thiosemicarbazone where debenzylation had 

taken place because sometimes, solvent may be the strongest nucleophilic agents. In 

presence of polar nucleophilic solvent such as methanol or acetic acid the nucleophilic 

assistance is rendered by coordination of the solvent to the tin atom there by 

increasing the polarity of Sn-C bonds and hence debenzylation occur [ 41]. They have 

also reported another mne compounds of Schiff bases derived from 

salicylaldehyde/substituted salicylaldehyde and thiosemicarbazide. The compounds, 

with general formulae [R2Sn(OArCH=N--N=CSNH2)], where R= Me, n-Bu, Ph and 

Arc= CoH4, -CoH3(-5CI), CoHl(-5Br), were characterized by UV, !Rand NMR ( 111. 

ue, 1 1"'Sn) spectroscopy and elemental analysis. The X-ray crystallographic studies of 

five of these complexes indicate penta-coordination of tin within a distorted C2NOS 
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trigonal bipyramidal geometry in each case. The biological activity of these 

compounds against fungal pathogens, and some bacteria were investigated. Their 

cytotoxicity was also investigated against several human cancer cell lines [15]. 

In 1980, Saxena et al. [42] have synthesized the inorganic tin(IV) derivatives 

of ligands derived from dithiocarbazic acids and to study their stereochemistry along 

with their biological activity. In 1982, tin(IV) complexes of tridentate dithiocarbazate 

Schiff bases have been synthesized by Saxena et a!. [ 43] and characterized by their 

elemental analyses and UV, IR, 1H NMR, and Mossbauer spectroscopies and X-ray 

powder diffraction. Complexes having the general formulae, Sn(OCOCH3)2L, where 

L dianion of S-benzyl-~-N-(2-hydroxyphenyl) methylene and methyl 

dithiocarbazate (Fig. 4.1 ), are five-coordinated in distorted trigonal bip)'Tamidal 

geometry, whereas complexes of the type SnL2 show hexa-coordination around the tin 

atom which is arranged m a distorted octahedral geometry with an orthorhombic 

lattice 

Thiocn 

(X
OH 

5H 
/ 

C=N-N""C 

i ' R SCHzCeH5 

Thiolo 

Fig. 4.1 Thioen and Thiolo tautomarism of ligand L [ 43]. 

In 1984, Saxena and Tendon have synthesized five- and six- coordinated di

and tri-n-butyl tin(IV) semi- and thio-semi carbazates. The characterization of these 

complexes. by TR. NMR ( 1lL 1 '(·. 
1 1'1Sn). 1 1''sn M6sshaucr and mass ~pcltn;-;cnplv·. 

along with X-ray diffraction, reveals that complexes of bionic ligands of the type 

Bu2SnL" [L"= (o-HO)CrJ·l4CHNN=C(SH)NH2J arc five-coordinated having trigonal 

bipyramidal geometry. However, complexes of monoionic ligands of the type 

BuzSnL'2 [L'= CoHsCHNN=C(SH)NH2] are six-coordinated in a distorted cis

octahedralgeometry and Bu3SnL' are five-coordinated with a trigonal bipyramidal 

structure. X-ray structural studies on the compound Bu2Sn(O.C6I-hCH:N.N.CS.NH2). 

show that it crystallizes in a monoclinic lattice [ 44]. 

They also have synthesized five- and six-coordinated di- and tri-n-butyl 

tin(lV) complexes of the type Bu2SnL, Bu2SnL2 and Bu,SnL (where L is the anion of 

a monofunctional bidentate or bifunctional tridentate Schiff base) and d1aractcrizcd 
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them on the basis of microanalyses, molecular weight determinations, IR, NMR (1H, 
13C, 119Sn) and 119Sn Mossbauer spectroscopy. These complexes are highly active 

towards bacteria [7]. 

In 2009, J. Khan and his coworkers [45] have prepared organotin (IV) 

complexes with the general formulae R3SnL (R: Me, Ph and Bz; and L: [2-{2-

oxoindolin-3-ylideneamino} benzoic acid] which is derived from indoline-2,3-dione 

and 2-aminobenzoic acid) (Fig. 4.2) and their antibacterial activity was investigated 

by using the agar well diffusion methods. The synthesized compounds were capable 

of showing biocidal activity against Staphylococcus aureus. The order of increasing 

activities was: ligand <Me3SnL<Bz3SnL<Ph3SnL. On the basis of (1H, uC) NMR, IR 

and elemental analysis the trigonal bipyramidal geometry is proposed for the 

synthesized compounds. 

£
() 

')---.NH 

'~./'/ t..j v l 

1 \ 0 --, , ___ 

I li('N 

R.-Sn 
I ' 

R R 

R= Me, Ph and Bz 

Fig. 4.2 Structure of Schiff base Land its complexes ( 451. 

Carcelli et a! [46] synthesized two organotin compounds i.e [SnPh(dpt)Ch] 

(1) and [SnPh3Cl(OH2)] • Hdpt (2) (Hdpt = di-2-pyridylketone 2-thenoylhydrazone) 

(Fig. 4.3) which were characterized by IR spectroscopy and X-ray diffraction. Hdpt 

behaves differently m the two compounds. it is deprotonated and ONN tridentate in 1 

and uncoordinated in 2, where pairs of hydrogen-bonded [SnPh:~CI(Ol-h)J and Hdpt 

molecules are present. The tin environment is octahedral in 1 and trigonal bipyramidal 

in 2. Compound 2 has shown good antimicrobial activity against gram-positive 

bacteria and moulds in vitro. Neither compound showed genotoxic properties. 
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Structure of Compound 1 [SnPh( dpt)Cl2] 

Molecular association via hydrogen 
bonding in compound 2 

[SnPh3CI(OH2)] • Hdpt 

Fig. 4.3 Structure ofthe compounds 1 and 2 [46]. 

ln 1997, they also reported that the reactivity of the polydentate ligands bis(2-

acetylpyridine) corbanohydrazone ( H2apc) and 2-acetylpyridine semicarbazone 

(Haps) as well as of their sulphur containing analogous bis(2-acetylp:yTidine) 

thwcarbonohydrazone ( H2apt l and 2-acetylpyridine thiosemicarbazone ( Hapts) was 

mvestigated towards organotin compounds. An X-ray crystal structure determination 

carried out on Ph2Sn(Hapt)CHl20 (1) (Fig. 4.4) and (n-BuhSn(apts)(OAc) (5) 

revealed that in both compounds the hydrazonic ligand was terdentate via a sulphur 

atom and two nitrogen atoms. The tin atom was six-coordinated in I and seven

coordinated in 5. The similarities ohserved in the IR and 1 H NMR spectra are 

indicative of a similar behavior of the ligand in the complexes, thus suggesting a six

coordinated tin in the chloro derivatives and a seven-coordinated tin in the acetato-

ones [47]. 
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1''1) 

Fig. 4.4 Structure of Compound 1 Ph2Sn(Hapt)Cl·H20 [47]. 

In 2003, Carcelii et a! r 48] have also S.)'11thesized and spectroscopically 

characterized the new potentially hexadentate ligand (2, 9-diformylphenanthroline) 

his(benzoyl) hydrazone (H2L). It reacted with dibutyltin diacetate giving the 

complexe [(C4H9hSnL1 (Fig. 4.5 ). The X-ray crystal structure of the complex 

belonged to the monoclinic system and the systematic absences identified the correct 

space group as P2 1/c. Its spectroscopic characterization does not show any remarkable 

aspects: it is possible to note that. in solution, the molecule shows C2v symmetry and, 

accordingly, only one set of signals is present in the 1H NMR spectrum. The lR 

spectrum suggests a complete deprotonation of the ligand and the coordination of the 

hydrazonic C=O groups, in fact the v(N--H) and v(C=O) bands disappear. These data 

are confirmed by the 1H NMR spectrum, where the N-H proton signals disappear and 

the aldehyde protons undergo an upfilded shift. The resonances of the alkyl groups 

linked to the tin are present at high fields. 
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Fig. 4.5 Schiffbase ligand (2,9-diformylphenanthroline) bis(benzoyl) hydrazone 
( H2L) and Crystal structure of [(C4H9)2SnL] [ 48]. 

B. Yearwood and his coworkers [ 49] have described the synthesis and 

characterization of five organotin compounds containing Salophen(Bu) 

[Salophen(Bu) N, N'--phen ylene-bis (3 ,5-di-tert -butylsalicylidenci m inc) 1. 

SalomphenCBu l [Salomphen(Bu )= N ,N'-( 4,5-dimethyl )phenylene-bis(3 ,5-di-tert 

butylsalicylideneimine)) and Phensal(Bu) [Phensal(Bu )= 3 ,5-di-tert 

butylsalicylidene( 1-aminophenylene-2-amine )] ligands. These compounds include 

the monomeric complexes LSnC\ 2 (where L= Salophen(Bu) 1, L= Salomphen(Bu) 2) 

(Fig 4 h) U"Bu)SnCI (where 1.= Salophen(t8u) 3. Salomphen(Bu) 4). L(''Bu)SnCl2 

(where L= Phensal(Bu) 5). Compounds l and 2 were prepared by combining SnCI-1 

with LH2 in the presence of triethylamine. Synthesis of compounds 1 and 2, along 

with 3 and 4, can also be achieved by combining CBu)SnCh with LH2 in the presence 

of triethylamine (Scheme 4.1 ). This reaction leads to a mixture of L(Bu)SnCl and 

LSnCb. The formation of LSnCh may be due to a disproportionate reaction (Eq. 3) or 

a redistribution (Eq. 4) occurring in solution. Spectroscopic techniques including 

119Sn NMR ,·1nd X-ray t II h d . th h t . t. f the crys a ograp y were use m e c arac enz:a 10n o 

compounds. 

2L( nBu )SnCl LSnCb . (3) 
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L(Bu)SnCl + (0 Bu)SnCh ---~•._ LSnCh + (0 Bu)zSnCJ ....... (4) 

a) 

( R Ph, 3; R - 4,5-MezPh, 4) 

Scheme 4.1. a) General syntheses ofcompounds 1-4. 
b) General syntheses of compound 5. 
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a) Crystal structure of Complex 1 

b) Crystal structure of Complex 2 

Fig.4.6 a) Crystal Structure ofN,N'-phenylene-bis (3.5-di-tert
butylsalicyl ideneimme )SnCl2 

b) Crystal Structure ofN,N'-(4,5-dimethyl)phenylene-bis(3.5-di-tert 
butylsalicylideneimine )SnCh [ 49]. 

Diorganotin(IV) complexes of the general formula R2SnL (R=Ph, n-Bu and 

Me) have been prepared by Dey et a!. [24] from diorganotin(IV) dichlorides 

(R2SnCh) and tetradentate Schiff bases (H2L) containing N20 2 donor atoms in the 

presence of triethylamine in benzene. The Schiff bases, H2L, were derived from 

salicylaldehyde. 3-methoxysalicylaldehyde (o-vanillin), 1-phenyl-3-methyl-4-

benzoyl-5-pyrazolone and diamines such as o-phenylenediamine and 1 ,3-

propylenediamine. The complexes were characterized by IR, NMR ( 1H, 13C. 1 l'JSn) 

lOS 



and elemental analysis. The structure of the complex, n-Bu2Sn(Vanophen) (Fig. 4.7), 

was determined using single crystal X-ray diffraction. The tin atom has a distorted 

octahedral coordination, with the Vanophen ligand occupying the four equatorial 

positions and the n-butyl groups in the trans axial positions. Six-coordinated distorted 

octahedral structures have been proposed for all diorganotin(IV) complexes studied 

here, as they possess similar spectroscopic data. 

Fig. 4. 7 Srtucture of n-Bu2Sn(Vanophen) [24]. 

de Sousa et at. [50] have reported the multidentate ligand, 2,6-diacetylpyridine bis(~-

hexamethyleneiminylthiosemicarbazone) monohydrate. H22,6Achexim· H20, 

crystallizes with one thiosemicarbazone moiety in an intramolecular hydrogen 

bonded, bifurcated £' fom1. The other thiosemicarbazone moiety is E and is not 

involved in intramolecular hvdrogen bonding. but is involved in hydrogen bonding 

wtth the hydrate water molecule. The molecular structure of H22,6Achexim·H 20 ts 

planar, except for the hexamethyleneimine rings, which are tilted in opposite 

directions from the plane of the molecule and make dihedral angles with the pyridine 

ring. In complex formation (Fig. 4.8) with tin(IV), the dianion (loss of N3a and N3b 

hydrogens) of H22,6Achexim (Fig. 4.8) acts as a pentadentate ligand, 2,6Achexim, in 

a planar conformation to a central tin(IV) ion. The tin(lV) is heptacoordinate in a 

distorted pentagonal dipyramidal configuration, with the five SNNNS donor atoms of 

2,6Achexim in the pentagonal plane and the two n-butyl groups in the axial positions. 

They have also reported the crystal structures of heptacoordinate tin(IV) complexes, 

namely [MeSnCl(H2,6Ac4DH)]Cl·MeOH [51] and [Ph2Sn(H2,6- Ac40H)]CI [52]. 
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where H22,6Ac4DH=2,6-diacetylpyridine bis(thiosemicarbazone). Casas et a!. [53] 

reported on H22,6Ac4DH complexes include the following: a third tin(IV) 

heptacoordinate complex of formule [Ph2Sn(2,6Ac4DH)l 2DMF. Another two cases 

of heptacoordination in organotin(IV) complexes are described by de Sousa et a!. 

[54]. Both possess pentagonal bipyramidal geometry and show the organic groups on 

the axial positions, with the ligands forming five bonds to tin(IV) on the equatorial 

plane. The first complex, [nBu2Sn(H2daptsc)]Ch•MeN02 (1) (Fig 4.9) is entirely new, 

whereas the second, [Me2Sn(H2dapsc)][Me2SnCI4] (2), although previously reported, 

only now had its structure determmed. In both l and 2 the heptacoordinate species arc 

cationic, but whereas in l the counterion is simply CL in 2 it ts a complex anion. 

namely [Me2SnCl4f [n 2001, de Sousa et al. [55] also have done, the reactions of2-

acetylpyridine-N(4) phenylthiosemicarbazone, HAP4P (Fig. 4.1 0), and 2-

hydroxyacetophenone-N(4)-phenylthiosemicarbazone, H2DAP4P (Fig 4.1 0), with R~ 

mSnX111 (m- 2, 3; R ·~· Me, nBu, Ph and X c= Cl, Br) led to the formation of hexa- and 

penta-coordinated organotin(IV) complexes. which were studied by microanalysis, 

!R, · H -NMR and M6ssbauer spectroscopies. The molecular structures of 

tSnMe2(DAP4PJ] and [SnnBu2(DAP4P)j (Fig. 4.10) were determined by single crystal 

X-ray diffraction studies. [n the compounds [SnClMe2( AP4P)] and 

[SnBrMe2(AP4P)j, the deprotonated ligand AP4P- is N,N,S-bonded to the Sn(IV) 

atoms. which exhibit strongly distorted octahedral coordination The structures of 

fSnMe2(DAP4P)] and [SnnBu2(DAP4P)1 revealed that the DAP4P2
- anion acts as a 

O,N,S-tridentate ligand. In these cases, the Sn(IV) atoms adopt a strongly distorted 

trigonal bipyramidal configuration where the azomethine N and the two C atoms are 

on the equatorial plane while the 0 and the S atoms occupy the axial positions . In 

2004, the preparation and characterization of[Sn(C 14HnN4S)(Cl-b)Ch] (Fig. 4.11 ), an 

organotin(IV) complex containing the ligand 2-acetylpyridine(4 )

phenylthiosemicarbazone, HAP4P, was described by Francisco et a!. [56]. The 

molecular structure was studied by single crystal X-ray diffraction and IR and 

Mossbauer spectroscopies. The compound crystallizes in the centric triclinic as 

discrete neutral complexes, with the Sn(IV) ion in a distorted octahedral coordination 

geometry, with the thiosemicarbazone derivative in a meridional configuration and 

the chlorides in trans positions. The complex, [Sn(C 14Ht ,N4S)(CH3)Ch), was 

synthesized to the investigation of the coordination modes of thiosemicarbazones with 

organotin(IV) compounds. The chelating behavior of N,N,S-donor 

l l () 



thiosemicarbazones revealed three coordination modes. They can act as a neutral 

N(azomethine),S-bidentate ligand, [57] as an anionic (-1) ligand bonded through 

N,N,S and as an anionic (--1) ligand bonded through N(azomethine),S. [58,59] 

Structure of H22,6Achexim 

Structure of [Bu2Sn(2,6Achexim)] 

Fig 4.8 The Structure of ligand H~2,6Achexim and its complex 
[Bu 2Sn(2.6Achexim)] [50l 
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Fig 4.9 The Structure ofthe ligand H2daptsc·HCI:X=S and its complex [54]. 
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Structure of (SnnBu(DAP4P)] 

Fig. 4.10 The Structure of ligand 2-acetylpyridine-N(4) phenylthiosemicarbazone, 
HAP4P; The Structure of ligand 2-hydroxyacetophenone-N(4) phenyl 
thiosernicarbazone, H2DAP4P; And the structure of its complex 
[SnnBu2(DAP4P)] [55]. 

Pettinari et a/. [AOl repottcd that the interaction of 2-{ [(2-hydroxyphenyl) 

imino] methyl} phenol ( salopH:>) (Fig. 4. 12) with tin and organotin(IV) acceptors, the 

derivatives [SnR3(salopH)] (R=Me or Bun), [SnR2(salop)] (R=Me, Bun, Bu\ Yin or 

Ph) (Fig. 4.12a), [SnRX(salop) (solvent)] (R=Me, Bun, Ph or X; X=Cl, Br or I; 

solvent=CH30H or H20), [Sn(salop)2], [R2SnCb(salopH2)] (R=Me or Bun) have been 

obtained and characterized. The chelates, containing the Schiff base in mono or 

dianionic form, are generally stable both in the solid state and in solution, whereas the 

[SnR2Ch(salopH2)] adducts slowly decompose in acetone or DMSO yielding 

[SnR2(salop)] and releasing HCL All the [SnR2(salop)] and [SnRX(salop) (solvent)] 

complexes are t1uxional in solution. The 119Sn NMR chemical shift is a function of 

t 12 



the number of R groups. The X-ray single crystal diffraction study of (SnVin2(salop)] 

shows the metal to be five-coordinate in a distorted square pyramidal environment. 

The whole structure consists of molecular units connected by weak intermolecular 

Sn-0 interactions. In the complexes [SnX2(salop)(CH30H)]-CH30H complexes 

(X=Cl or Br) (Fig. 4.12b and Fig 4.13b), the tin atom is found in a strongly distorted 

octahedral environment. The salopH2 is a typical potentially ONO tridentate Schiff 

base ligand forming stable complexes with many transition and post-transition metal 

ions [61-63]. Metal-salopH2 complexes of the Group IV elements is rather sparse [64. 

65], only three tin(IV) complexes structurally characterized being reported, Le 

[SnMe2(Salop)] [66], [SnPh2(salop)] [671 (Fig. 4.13a) and [Sn(salop)h [68]. 

R \k. Bu '. B:1 V· ~·t Pt: 

(a) (b) 

Fig. 4.12 The structure of the Schiff base ligand salopH 2 : Structure proposed for 

(a) the diorganotin(IV) salop derivatives; 

(b) mono- and dihalotin{IV) salop derivatives [60]. 
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(a) (b) 

Fig. 4.13 a) Structure of [SnPh2(salop)][67]. 

b) Structure of[SnCh(salop)(CH30H)] ·CH30H [60]. 

T S Basu Baul and his coworkers [69] described that potassium 2- [ f(2Z)-(3-

hydroxy-l-methyl-2-butenylidene)]amino }-4-methyl-pentanoate (L 1 HK) and 

potassium 2- f [(E )-l-(2-hydroxyphenyl)alkylidene ]amino} -4-methyl-pentanoates 

l [ 
2HK-L;HK i underwent reactions with Ph11 SnCl4 .n (n=2 and 3) to give the amino 

acetate functionalized Schiff base organotin(TV) complexes [Ph,SnLH], (I 3) and 

IPh~SnLI (4), respectively fscheme 4.21 These complexes have been characterized 

by 1 H. 13C 119Sn NMR. IR spectroscopic techniques in combination with elemental 

analyses. The crystal structures of I and 3 were determined. The crystal structures 

reveal that the complexes exist as polymeric chains in which the L-bridged Sn-atoms 

adopt a trans-R ,SnOo tngonal bipyramidal configuration with the Ph groups in the 

equatorial positions and the axial locations occupied by a carboxylate oxygen atom 

from one carboxylate ligand and the alcoholic or phenolic oxygen atom of the next 

carboxylate ligand in the chain. The carboxylate ligands coordinate in the zwitterionic 

form with the alcoholic/phenolic proton moved to the nearby nitrogen atom. The 

solution structures were predicted by 119Sn NMR spectroscopy. These organotin(IV) 

complexes were tested against human tumor cell lines. Interestingly, the most 

cytotoxic triphenyltin(IV) compound was (3) with an average 1050 value of around 35 

ng/ml for all the cell lines. 
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Scheme 4.2 Syntheses of potassium salts (L 1HK-L'HK) and their triphenyltin(IV) 

complexes (1--3 ). The structure of diphenyltin(TV) complex ( 4) is 

mcluded [6Yj. 

Prevwus studies [70] have shown that the metal salicylaldimine complexes 

with X=H are effective ligands for both inorganic and organotin species. Replacement 

of X by a methoxy group, the nature of the metal salicylaldimine complexes as 

ligands ts, not surprisingly, radically altered, transfonning them from bidentate to 

extremely effective tetradentate ligands. Much more surprising, however, is the 

finding that the behaviour of the complexes as ligands is markedly and dramatically 

influenced by the nature of the bridging group B (Fig. 4.14 ). Clarke eta!. [71] studied 

that dinuclear complexes [M(3Me0-sal-m-phen)(H20)]2 [M=Cu, Ni and Zn; JMeO-

H2sal-m-phen=N,N' -his(3-methoxysalicylidene) benzene-! ,3-diamine] (Fig. 4.14b) 

and [M(3Me0-sal-p-phen)(H20)]2 [M=Cu, Ni and Zn; 3Me0--H2sal-p-phen-N.N' 

bis(3-methoxysalicylidene )benzene-) ,4-diamine] which were synthesized and reacted 

with diorganotin(TV) dihalides, dinitrates and dithiocyanates. Only in the case of those 

reactions involving [M(3Me0-sal-m-phen){H20)]2 with M- Ni or Zn were adduch 



obtained as the sole products of reaction; the adducts were all tetranuclear complexes. 

SnMe2(NCS)2 reacts with Ni(3Me0-sall ,2pn)[H23Me0-sall ,2pn=N,N-bis(3-

methoxysalicylidene) propane-1 ,2-diamine] to give a brick red diamagnetic l I 1 

adduct whereas a similar reaction with Ni(3Me0-sall,3pn) [H23Me0-sal1,3pm=N,N'

bis(3-methoxysalicylidene )propane-1 ,3-diamine] results in the fom1ation of a deep 

purple paramagnetic 1/l adduct. Because the number of carbon atoms linking the 

imine nitrogen atoms increases beyond three, the effectiveness of the metal 

salicylaldimines as ligands is greatly reduced. For example, practically no 

organotin(IV) Lewis acids react with the complex Ni(3Me0-sall,5pent) [H 23Me0 

sall,5pent=N,N'-bis(3-methoxysalecylidene)pentane- 1,5 -diamine]. 

X X 

(a) 

(b) (C) 

Fig. 4.14 Structure ofM(sal-m-phen) complexes [70,71]. 

Jamil et al. [72] were screened novel organotin complexes with the general 

formulae R3SnL (R: alkyl and L: Schiff base) (Fig. 4.15) for their in vitro 

antimicrobial properties. These complexes were synthesized hy the reaction of 

organotin (lV) halide with ligand in the presence of a base; their antibacterial activity 
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was investigated by using the agar well diffusion methods while their antifungal 

activity was determined by drop method. The chemical bondings of the complexes 

have been discussed with the help of their IR, 1H-NMR and 13C-NMR spectral 

studies. All the compounds possessed excellent antimicrobial activities. The order of 

increasing activities was ligand <Me3SnL<Bz3SnL<Ph3SnL. The results provided 

evidence that the studied complexes might indeed be potential sources of 

antimicrobial agents and these would further enable us to evaluate their utility in 

biomedical field. 

0 

~NJlN~ 
IL~l.___o o ~ ~ 

; ' 
R--? n 'R R --Sn -R 

R R 
; .. '- -h 1 '~ 2 -h vd r :P; v hen z v l! den c 1u n.• :1 . ,l_: . 

R = -C H 3 ll_l -Ph (1.) -B z \.il' 

Fig. 4.15 General structures of Schiff base and Complexes [72]. 

Previously, Rebolledo et at. [ 73] have prepared tin(IV) complexes of N( 4 )

phenyl-2-benzoylpyridine thiosemicarbazone (H2Bz-4Ph) and studied their antifungal 

properties. They also demonstrated the cytotoxic activity of n-butyltin complexes of 

H2Bz4Ph against three human tumor cell lines. The di-n-butyl compound proved to 

be particularly effective [74]. In 2006, they studied the reaction of 2-benzoylpyridine 

thiosemicarbazone (H2Bz4DH, HLl) and its N(4)-methyl (H2Bz4Me, HL2) and 

N(4)-phenyl (H2Bz4Ph, HLJ) denvatives with SnC14 and diphenyltin dichloride 

(Ph;SnC}z) gave [Sn(LI )Ch] ( 1 ). !Sn(LI )PhCI 2J (2). [Sn(L2)Cl:] (3). [ThL2] 

[PhzSnCI4r2 
(4) [Sn(L3)PhC}z] (5) and [Sn(L3)Ph2Cl] (6) [Scheme 4.3]. Infrared and 

1H, 
13

C and 119Sn NMR spectra of I 3, 5 and 6 arc compatible with the presence of an 

anionic ligand attached to the metal through the Npy-N-S chelating system and 

formation of hexacoordinated tin complexes. The crystal structures of 1-3, 5 and 6 

show that the geometry around the metal is a distorted octahedron formed by the 

thiosemicarbazone and either chlorides ur chlorides and phenyl groups. The crystal 

structure of 4 reveals the presence of [H 2L2] +2 and trans [Ph2SnCl4 ( [75]. The 

formation of the [Ph,SnCLJ]-2dianion as in (4) is not an uncommon process in tin 
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chemistry. In fact, there are a number of papers describing complexes where such ion 

is present [76]. 

00 Ntl' CI,J _..-4ll 
/so 'N 

Cl ~~~-~ 
I 

R 

+ HC! 

R ::.: H. Me, Ph !for (1), (3) ord ref [51 for complex with H28z4Ph) 

~ ,(/~ 

~¥,) 
_..N 

HN~ + 

~)'"·· /'1 s~ 'tl' 

P~SnCI,. 

! 
R 

+ HCl 

R=Ph (6) 

Scheme 4.3 The formation of complexes 1-3, 5 and 6 are summarized [73]. 

Amm et al. [77] have synthesized five new organotin(IV) complexes with 

pyruvic acid isonicotinoyl hydrazone [H4PAI (l )] (Fig. 4.16) of the general formula 

[Me2Sn(H2PAI)] (2), [R2Sn(H2PAI).fhO] [R=n-Bu, {3) or Ph, (4)], 

fRSnCl(H2PAI).f-h0] [R=Me (5) or Ph (6)] in the presence of base in absolute 

methanol in 1:2: l mole ratio (metal:base:ligand). All organotin(IV) complexes are 
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characterized by elemental analyses, molar conductance values, UV-Visible, IR and 
1H NMR spectral studies. The crystal structure of organotin(IV) complex (3) has also 

been determined by X-ray crystallography diffraction analyses. Complex [n

Bu2Sn(H2PAI).H20] (3) is orthorhombic with space group P2(1)/c. The complex [n-

Bu2Sn(H2PAI)_H20] (3) (Fig. 4.16) shows a distorted octahedral geometry with 

coordination for the central tin(IV) atom and exhibits two monomeric structures in 

one unit cell. In the complex (3), the pyruvic acid isonicotinoyl hydrazone ligand is 

coordinated to the tin(IV) as dinegative tridentate chelating agent via the carboxylic-

0, enolic-0 and imine-N atoms. Hydrazone ligand (1) and its organotm(lV i 

complexes have also been screened for their antimicrobial activities and found to be 

relatively active. Previously, several novel molecular structures of organotin(IV) 

complexes with hydrazone ligands have been reported by Affan et al. [78, 79]. In 

2009, they have synthesized another series of six organotin(IV) complexes of pyruvic 

acid thiosemicarbazone ligand [H2P AT, (1 )1 with general formula [RSnCln-1 PAT)] [R 

Me;;, n ~ 1 (2): R - Bu:. n =~ 1 (3): R = Ph2, n = l (4); R =Me, n = 2 (5); R = Bu, n 

2 (6): R c Ph, n ~c 2 C7)] were synthesized by direct reaction of thiosemicarbazone 

ligand (l ). base and organotin(IV) chloride(s) in absolute methanol under N2 

atmosphere These organotin(TV) complexes were characterized by elemental 

analyses. molar conductivity. LJ V -v1sibie. FTIR. 1H and 13C NMR spectral studies. 

Among them. dimethyltin(IV) complex (2) was also characterized by X-ray 

crystallography diffraction analyses. The cytotoxicity of the ligand (1) as well as its 

organotin(IV) complexes (2-7) were determined by Artemia salina, shrimp test 

lethality bioassay [80]. 
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Ligand [H4P AI(l)] 

Molecular strucrure of[n-Bu2Sn(H~PAI).H:::OJ {3) 

Fig. 4.16 Structure of the ligand pyruvic acid isonicotinoyl hydrazone [H4PA! ( l) l 

and its complexe [77]. 

Wiecek er a f. [81) were reported that the novel diphenyltin(IV) compound 

[Ph:'(HyFoSc)Sn] (2), where H2HyFoSc (1) (Scheme 4.4) is 3-hydroxy-2-

formylpyridine semicarbazone. was prepared and characterized by vibrational and 

NMR (1H, ;;C) spectroscopy. The structure of fPh2(HyFoSc)Sn] was confirmed by 

single-crystal X-ray crystallography. The doubly deprotonated ligand is coordinated 

to the tin atom through the enolic-oxygen, the azomethine-nitrogen, and phenolic

oxygen, and so acts as an anionic tridentate ligand with the ONO donors. Two carbon 

atoms complete the fivefold coordination at the tin(TV) center. Intermolecular 

hydrogen bonding. C H • ;r. and lf --+ 7r interactions combine to stabilize the crystal 

structure. Compounds 1 and 2 have been evaluated for antiproliferative activity in 

vitro against the cells of three human tumor cell lines and a mouse cancer cell line. 
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Scheme 4.4 For the preparation of J and 2 [8ll 

The ligand behavior of di-2-pyridylketone 2-aminobenzoylhydrazone (Hdpal 

(Ftg 4_ 17), and phenyl(2-pyridyl)ketone 2-aminobenzoylhydrazone (Hdba) (Fig. 4.l7l 

towards organotin derivatives was investigated by Ianelli et a!. [82]. The synthesis 

and the rR and 1 
i 
9Sn NMR spectroscopic characterization of the compounds is 

reported. together \Vith the X-ray crystal structures of Hdpa and Sn(C6H5hCI(Ol-b). 

Hdpa (Fig_ 4.17). which arc discussed and compared. The in vitro evaluation of 

anttmtcrobial properties revealed the strong activity of Sn(CtJI 5 h(Hdpa)Cl2 and 

Sn(Cr,I-I5)3CI(OH 2).Hdpa complexes None of the compounds showed genotoxicity in 

the Bacillus subtilis rec-assay and in the Salmonella-microsome test. Previously they 

have reported the synthesis and structural characterization of two organotin 

compounds of formula Sn(C6H5)( dpa)Ch and Sn(C6H5)2(Hdpa)C 12, derived from the 

interaction of dichlorodiphcnyltin with di-2-pyridylketone 2-aminobenzoylhydrazone 

(Hdpa), a molecule showing an interesting ligand behavior [83l Along these lines and 

in continuation of their investigations on the chemical, structuraL and biological 

properties of organotin-hydrazone compounds, they have further investigated the 

ligand behavior of Hdpa as well as that of Hdba, a new hydrazone obtained from the 

reaction of 2-aminobenzoylhydrazine with phenyl(2-pyridyl)ketone [84, 85]. 
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d-{) 
Fig. 4.17 The structure ofthe ligand phenyl(2-pyridyl)ketone 2-

aminohcnzoylhydrazone (Hdba ); di-2-pyridylketone 2-aminobenzoylhydrazone 

(Hdpa) and its cmplex [82]. 

Bergamaschi eta!. [86] have investigated a series of organotin complexes with 

pyrruk-2-carboxaldebyde 2-hydrnxybenzoylhydrazonc (II; mtps) and pyrrole-2-

b ld I d hd - 'I-I i 119S 1 car oxa ny e 2-picolinoyl razone (lhmfpp ). The IR. , am n nuc ear 

magnetic resonance spectroscopic characterization of all the compounds is reported 

and discussed in connection with the ligand behaviour of the hydrazone and the 

structure of the organotin complex. Complexes exhibit antibacterial properties bigger 

than those of the corresponding ligands but they turn out to be less potent than the 

parent organotin compounds. Sn (H3mfps) (C6I-I 5 )2C:l 2·2I-h0 and Sn(Hmfpp)(n

C4H'>hCI are the most active antibacterial compounds showing MIC values between 

3-6 pg/ml against Bacllus subtilti and Staphylococcus aureus and between 6-25 11g/ ml 

against Escherichia coli the first compound also strongly inhibits the growth of 

Aspergillus niger. All the ligands and complexes are devoid of DNA-damaging 

activity m the Bacillus subtilius rec-assay. H2mfpp and its complexes 

Sn(Hmfpp)(CzHs)2Cl and Sn3(Hmfpp).(mfpp) (C6H5)3Cl6 are shown by the 

Salmonella-microsome assay to be mutagenic substances in the presence of a 
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metabolic activation system. The obtained results arc discussed on the basis of 

structure-activity relationships. 

Several examples are heterocycles prepared from dicarboxylic acids and 

Schiff bases [87 -89]. Obafemi et a!. [9] are reported that some representative six

membered heterocyclic organotin(IV)-nitrogen and -oxygen compounds were 

prepared by the condensation of dialkyltin oxides with hydroxycarboxylic acids, 

substituted aminocarboxylic acids and diols. These compounds were characterized by 

infrared and mass spectra. The compounds were screened against nine species of 

bacteria and five species of fungi. 

Yin and Chen [90] have prepared a series of organotin(IV) complexes with 

Schiff base ligand pyruvic acid 3-hydroxy-2-naphthoyl hydrazone [R2SnL Y]2, Lee 3-

HO-C!OHh-2-CONHN=C(CHJ)COOH, R=n-C4H9, Y=CH30H (1), R = n-C4Hy, Y=N 

(2), R = PhCH2 (3), R =Ph, Y c_ ClhOH (4), R Me, (5) and [R3SnLY], L '-· 3-HO 

ClOI-16-2-CONHNC(Cth)COOH, R •··· n-C4H'). Y "'H20. (6), R "Ph {7),R-"'Me (8). The 

complexes 1-8 (Scheme 4.5) were produced by the reaction of the Schiff base and 

tnalkyltin in l · l stoichiometry. They have used strong base in the reaction of 

complexes 1---5 and mild base in the complexes 6--8, the enolization was observed m 

all the complexes. These complexes have been characterized by elemental analysis. 

lR 'II and 1 1"Sn NMR spectra. The crystal and molecular structure of complexes 1, 2 

and 6 have been determined by X-ray single crystal diffraction. Results show that 

complex 1 has a dimeric structure and the central tin atom is rendered seven

coordinate in a distorted pentagonal-bipyramid configuration. The complex 2 has a 

monoclinic structure and the central tin atom is rendered six-coordinate in 

\)Ctahedrally configuration wtth a planar of Sn03N unit and two apical aryl C atoms. 

And the whole structure consists of molecular units connected by weak intermolecular 

Sn----N and 0--H----N interactions. In the complex 6, the central tin atom is five

coordinate in distorted trigonal-bipyramidal geometry. Several reactions of the Schiff 

base ligand and the alkyltin in different solutions have received different products; 

they have previously reported some di-organotin complexes of pyruvic acid 

isonicotinyl hydrazone and pyruvic acid salicylhydrazone [91-94]. 
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Scheme 4.5 (a) Inolization of ligand (h) synthesis and description of compounds 

1-8 [90]. 

Mendes er ul. [95] were mvestlgated that the reaction of n-butyltin trichloride 

[(n-Bu)SnCJ 3 ] with 2-pyridinefonnamide thiosemicarbazone (H2Am4DH) and its 

N(4)-methyl (H2Am4Me) and N(4)-ethyl (H2Am4Et) derivatives gave [(n

Bu)Sn(2Am4DH)C)z] (1), [(n-Bu)Sn(2Am4Me)C)z] (2), and [(n-Bu)Sn(2Am4Et)C)z] 

(3). Thiosemicarbazones as well as their tin complexes are active as antimicrobials 

against the growth of Candida albicans and Salmonella typhimurium and were highly 

active against malignant glioblastoma. The cytotoxic activity of complexes 1-3 is 

similar. Among the studied compounds [(n-Bu)Sn(2Am4DH)Ch] ( 1) was the most 

active as antiproliferative (cytostatic) agent. Thiosemicarbazones and their tin(IV) 
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complexes proved to be more potent as cytotoxic agents than cisplatin. All the 

compounds were able to induce apoptosis. 

Nath et a!. [96] have synthesized some new triphenyltin(IV) complexes With 

semicarbazones and thiosemicarbazones of the general formula Ph3SnCI.L ( L 

semicarbazone or thiosemicarbazone of salicylaldehyde, o-hydroxynaphthaldehyde, 

2-methoxybenzaldehyde, 4-methoxybenzaldehyde, furfuraldehyde, 0-

hydroxyacetophenone, benzyl methyl ketone and benzil) and characterized on the 

basis of elemental analysis, conductance measurements, IR, 1H NMR and electromc 

spectral studies. An octahedral structure has been proposed for all these complexes. 

Three bidentate Schiff bases having nitrogen and sulphur donor sequence-; 

were prepared by condensing S-benzyldithiocarbazate (NH2NHCS2CH2C6H5) with 

heterocyclic aldehydes. The reaction of diphenyltin dichloride with Schiff bases leads 

to the formation of a new series of organotin(IV) complexes (Fig. 4.18 ). An attempt 

has been made to prove their structures on the basis of elemental analyses. 

conductance measurements. molecular weights determinations, tJV, infrared, and 

multinuclear magnetic resonance ( 1R uC, and 1 19Sn) spectral studies. Organotin(IV) 

complexes were five- and six-coordinate. Schiff bases and their corresponding 

organotin complexes have also been screened for their antibacterial and antifungal 

activities and found to be quite active in this respect [97]. These authors have 

published several works about organotin(IV) complexes of biologically active Schiff 

bases denved from sulpha drugs [98] and coordination compounds of organotin(IV) 

with nitrogen and sulfur donor ligands (99]. This group has also reported some tin(II) 

complexes with semicarbaxones and thiosemicarbazones of heterocyclic ketones 

[l 00]. 

p f{ 

II 

Fig. 4.18 Geometry of the organotin(IV) complexes [97]. 
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W. Rehman and his coworkers [ 10 l] have synthesized five novel 

organotin(IV) derivatives by refluxing trimethyl, triethyl, tributyl, and triphenyl and 

tribenzyltin chloride with Schiff base derived from salicylaldehyde and adenine (Fig. 

4.19). These compounds were characterized by spectroscopic (IR, 1H, nc, 1 19Sn

NMR, 119mSn Mossbauer) techniques and elemental analysis. Based on these results, 

trigonal bipyramidal geometry is suggested. The synthesized compounds were also 

treated with various microorganisms and found to be active. In order to expand the 

scope of investigations on the coordination behavior of various donor ligands toward:-, 

organotins, previously they carried out the investigations on organotin(IV \ 

compounds containing various ligands and established their bioactivities [ 102-1 05]. 

~ i 
''i, 

.-. I: 

Fig. 4.19 Proposed structure oftrialkyltin (IV) complexes of the ligand. [1 0 1]. 

In 2002, Singh et al. [I 06] reported the description of synthetic procedure and 

structural characterization on the basis of analytical and spectroscopic techniques of a 

new class of coordination compounds of organotin(JV) with a sulfur-containmg ligand 

moiety L derived by the condensation of 1-acetyferrocene and thiosemicarbazide (Fig. 

4.20). Finally, attempts have been made to establish a correlation between a variety of 

biointeraction activities, including antimicrobial activity and antifertility activity, on 

male rats and the structures of the resulting products on the basis of different 

constituents and chemical phenomena. Previously, Belwal and Singh [ 1 07] have 

synthesized diorganotin(IV) derivatives ofthe types R 2SnCI(TSCZ) and R2Sn(TSCZ)2 

(where TSCZ is the anion of a thiosemicarbazone ligand, R=Ph or Me). The ligands 

were prepared by the condensation of heterocyclic ketones, i.e. 1,3-dihydro-3-(2-
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phenyl-2-oxoethylidene)-2H-indol-2-one, and 2-phenyl-3-(3-phenyl-3-oxoprop-l

enyl)indole with hydrazine carbothioamide in 1 : l molar ratio in absolute ethanol to 

give L1 and L2 (Fig. 4.21 ). Synthesized diorganotin(IV) derivatives were 

characterized by elemental analyses, molecular weight determinations and 

conductivity measurements. The mode of bonding has been established on the basis of 

IR and 1H, 13C, 29Si and 119Sn NMR spectroscopic studies. Some of the representative 

complexes have also been evaluated for their antimicrobial effects on different species 

of pathogenic fungi and bacteria in vivo as well as in vitro. The results of these 

investigations were reported. 

Fig. 4.20 Preparation of the ligand L [ 1 06]. 

Fig. 4.21 Structure of ligands Lt and L2 [107j. 

Some new organotin(IV) complexes having general formulae R2SnCI[L] and 

R2Sn[L h Singh et a!. [ 1 08] were synthesized by the reactions of Me2SnCl2 with 

Schiff bases, derived from condensation of pyrrol-2-carboxaldehyde with different 

triazoles [ 5-Mercapto-4-( pyrrolcarboxalideneamino )-s-triazole, 5-Mercapto-3-

methyl-4-( 2pyrrolcarboxal ideneam ino )s-triazole, 3-Ethyl-5-mercapto-4-(2-

pyrrolcarboxalideneamino )-s-triazole] in l: 1 and 1:2 molar ratios (Fig. 4.22 ). All of 

the compounds were characterized by elemental analysis, molar conductance, IR, UV. 
!I{ I,,, d II'!S . I 
r , ..._ an n NMR spectral studies. The IR and H NMR spectral data suggest 
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the involvement of azomethine nitrogen in coordination with the central metal atom. 

With the help of the above-mentioned spectral studies, penta- and hexacoordinated 

environments around the central metal atoms in the 1:1 and 1:2 complexes, 

respectively, have been proposed. Finally, the free ligands and their metal complexes 

were tested in vitro against some pathogenic bacteria and tungi to assess their 

antimicrobial properties. 

T. S. Basu Baul and his coworkers [ 1 09] reported the studies on several 

organotin(IV) compounds such as diorganotin(IV) compounds of the types Ph2SnLH 

(monomer), 11Bu2SnLH-OH2 (monomer), [Me2SnLROH2)2 (centrosymmetric dimef). 

[ nBu2SnLHh (cyclic trinuclear), [Ph2SnLH]n (polymer), { [11Bu2Sn(LH)]20 h 
(centrosymmetric tetranuclear), dinuclear di-/tri-mixed organotin(IV) compounds 

Ph2SnLH·Ph3SnCl (monomer) and triorganotin(IV) compounds of the types 

[Bz3SnLHh (centrosymmetric dimer) and [Me3SnLH]n (Polymer) (LH=Schiff base 

-::arhoxy1ate) in the solid state at liquid nitrogen temperature using 119Sn Mossbauer 

spectroscopy The tin coordination geometry of the compounds determined from 

crystallography was correlated with the 119Sn Mossbauer results. 

R = 
___ J[l, 

N 
and R=H 

' H 

(l :2) 

R= JL ~ 
,/ ~N.-

!-1 

Fig. 4.22 Proposed structures ofthe 1:1 and 1:2 complexes [108). 
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A tin complex with coordination number four has been reported by Ng et a! 

[ 11 OJ that of [SnPh3(HMeSTSC)], (Fig. 4.23) which was obtained by slow 

evaporation of a solution of triphenyltin hydroxide and the thiosemicarbazone in 1: l 

mole ratio in ethanol. In this compound the S-coordinated TSC retains the £

configuration it has in the hemihydrate of the free ligand. The thiosemicarbazonato 

fragment is twisted rather than planar. Three C atoms of the phenyl group and the 

TSC S atom defines a distorted tetrahedral coordination polyhedron for the tin atom. 

Ng et a/. [111] have also prepared the dibutyltin salicylaldehyde semicarbazonate 

[SnBu2(SSC)] (Fig.4.24) and the dibutyltin salicylaldehyde thiosemicarbazonate 

[SnBu2(STSC)] (Fig. 2.24) by melting together equimolar amounts of dibutyltin oxide 

and the appropriate ligand. The structure of these two compounds are almost identical 

with an (O,N,O)- or (S,N,O)-tridentate ligand in Z-configuration and cis-trigonal 

bipyramidal coordination polyhedron with the phenolic hydroxyl 0 in one axial 

position and the semicarbazonate 0 or thiosemicarbazonate S in the order. 

I, 

·d 

Fig. 4.23 Structures of [SnPh3(HMeSTSC)l [ 11 0). Fig. 4.24 Structure of 
[SnBu2(SSC:ll and [SnBu2(STSC)] [111]. 

The structures have been reported for [SnMe2(STSC) and [SnPh2(STSC], the 

slight differences in them being due to the different organotin units [ 112]. Both these 

compounds are obtained by azeotropic distillation of SnR2(0) and salicylaldehyde 

thiosemicarbazone m benzene. The ligand pyridine-2-carbaldehyde 

thiosemicarbazone ts only [S,N(3 )]-bidentate m [SnMe2(PyTSC)Cl]-0.5 H20 (Fig. 

4.25) [59]. The authors argue that the coordination of the pyridine N atom is 

prevented by a severe distortion together with steric hindrance by the two methyl 
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groups. The ligand is deprotonated and the tin atom 1s five-coordinated in a severe!; 

distorted trigonal bipyramidal arrangement. 

Fig. 4.25 Structure of [SnMe2(PyTSC)Cl]-0.5 H20. [59]. 

Equimolar reactions of Bu2Sn0 with ion of a new senes of Schiff bases 

derived from amino acids led to the fom1ation of a new series of Bu2Sn(IV)2
+ 

complexes of general formula Bu2SnL (L=dianion of tridentate Schiff bases derived 

from the condensation of 2-hydroxy-1-naphthaldehyde or acetyl acetone with Gly, L

B-Ala. DL-Val, DL-4-aminobutyric acid, L-Met. L-Leu and PhGly). The central tin 

Sn(lV) ions in all these complexes are pentacoordinated with a monodentate 

carboxylic group. The complexes have been tested against vanous bacteria and 

exhibited moderate activity r 1 131 

In [SnCh(PyTSC) (Fig. 4.26) the distorted octahedral coordination polyhedron 

of the tin atom is completed by three Cl atoms. The difference in coordination mode 

with respect to [SnMe2(PyTSC)Cl]-0.5 rhO in which the same ligand, with very 

similar geometry, is attributable to the replacement of two Me groups by Cl atoms on 

the tin atom, which eliminates steric hindrance and increases the acceptor strength of 

the tin atom [58]. 

Fig. 4.26 Structure of [SnC13(PyTSC) [58]. 
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Teoh et al. [114] obtained [SnPh2Ch(HATSC)2] (Fig. 4.27) by reacting a 

solution of SnPh2Ch in ethanol with a solution of thiosemicarbazide in a mixture of 

ethanol and acetone. This compound has interesting biological activity. The ligand is 

monodentate, coordinating to the tin via its S atom. The C-S bond is longer than in 

the free ligand. The coordination polyhedron is a distorted all-trans octahedron. 

:\ 

Fig. 4.27 Structure of [SnPh2Ch(HATSCh] [ 114]. 

Refluxation of a mixture of HPyTSC and SnMe2(0Ac)2 in dry methylene 

r:hlnridc yielded [SnMe2(PyTSC)(0Ac)]-HOAc [1151 (Fig. 4.28). In this compound 

the PyTSC ligand is planer and (N,N,S)-tridentate. Although the acetate anion is 

monodentate . the non-coordinated 0 atom probably plays an important role in 

determining the geometry of the coordination polyhedron around the tin atom, which 

may be described as a distorted pentagonal bipyramid with the methyl group occupy 

ax1al and one of the equatorial positions. 

Fig 4.28 Structure of[SnMe2( PyTSC)(OAc)]· HOAc [ 115]. 
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Tin has attained coordination number seven with the derivatives of 

diacetylpyridine: 2,6-diacetylpyridine bis(semicarbazone) (H2DAPSC) and its thio 

analogue, 2,6- diacetylpyridine bis(thiosemicarbazone) (H2DAPTSC). Two tin 

complexes of H2DAPSC and three tin complexes of H2DAPTSC have been 

characterized. By reacting (CH4N)3[Pt(SnC!y)5] with H2DAPSC, Sommerer and 

Palenik [116] unexpectedly obtained [SnCh(H2DAPSC)]Ch·2H20. In the 

[SnChCH2DAPSC)]2
+ cation, the planar H2DAPSC moiety is (N,N,O,O)-pentadentate, 

defining around the tin in the equatorial plane of a slightly distorted pentagonal 

bipyramid in which the two Cl atoms are axiaL A similar structure is possessed by the 

cation [SnMeCl(H2DAPSC)]2
+, which is found in [SnMeCl(H2DAPSC)]Ch·2H20 

[51]. Replacement of a Cl by a Me group does not significantly change the Sn-N 

bond lengths. By reacting H2DAPTSC with diphcnyltin(IV) oxide in Div1F, Casas et 

a!. [117] obtained [SnPh2(DAPTSC)]-2DMF, in which the bis(thiosemicarbazone) 

ligand is deprotonated and pentadentate. 

4.3 Scope and Objective 

The SchitT bases obtained by the condensation of salicyladehyde and 

substituted salicyladehyde with thiosem1carbazidc and 4-alkyl-thiosemJcarbazide to 

give a class of versatile O,N,S donor ligands. Schiff bases continue to attract 

attention as they arc known to be capable nf stabilizing uncommon oxidation states, 

[26-29] to give rise to unusual coordination numbers and redox reactions in their 

transition metal complexes [30-32. 118-1201- In the context of the present 

investigation, it is the potential biological applications of Schiff base compounds 

which is paramount. Motivated by this imperative, the chemistry of organotin 

compounds with Schiff bases is well established in the literature [ 11, 44, 90, 121]. 

Unusual coordination mode of salicyladehyde thiosemicarbazone was observed in a 

group of [M(PPh3)z(saltsc)2] complexes, where R= Ru, Os and saltsc= anion of 

salicyladehyde thiosemicarbazone [ 122, 123]. This work was also motivated by the 

desire to investigate the ligating behaviour of the versatile thiosemicarbazones 

towards the organotin(IV) moieties. Our particular interest in these compounds relates 

to delineating their biological properties specially act as a fungicide in agriculture. 

132 



4.4 Experimental 

4.4.1 General comments 

The solvents used in reactions were of AR grade and were obtained from 

commercial sources (Merck, India). The solvents were dried using standard literature 

procedures. Petroleum ether (60-80°C) and benzene were distilled form sodium where 

as methanol was distilled after reacting it with solid iodine and magnesium. While 

working with benzene as a solvent. proper health precaution was undertaken. 

4.4.2 Materials 

The 3-Bromo-5-chloro-salicylaldehyde (Aldrich, USA), 3,5-dibromo-

saiicyiaideh yde (Aldrich, T ]<;;: 6. \ 
VU..I '-J' salicylaldehyde (Fluka AG, Switzerland), 

thiosemicarbazide (Loba Chemie, India), tin powder (Merck, India), benzyl chloride ( 

s.d. fine-chem, India), ortho-amino thio phenol (s.d.fine-chem, India), cyclohexyl 

amine (s.d.fine-chem, India). (NH40H ( Merck, India), carbondi sulphide (s.d.fine

chem, India), Ethanol (Bengal Chemical, India), chloro acetic acid(BDH Lab Chern 

Glaxo. India), Hydrazine hydrate (s.d.fine-chem, India), n-dibutyltinoxide (Alfa, 

lJSAL Me2SnCh (fluka, Germany), Ph2SnCh (Aldrich, USA), and n-Bu2SnCb 

(Merck, Germany), were purchased from commercial sources. Sodium chloroacetate 

was prepared by neutralization the solution of chloroacetic acid with NaOH. The 

Bz2SnCl2, was prepared using the method ofSisido et al. [124]. Me2Sn0 and Ph2Sn0 

were prepared by the alkaline hydrolysis of respective di- organotin chlorides in 

water/ether mixtures. 

4.4.3 Measurements 

The 1H, 13C and 119Sn NMR spectra were recorded in CDC}:, solution using 

TMS as an internal standard (for 1 H and 13C) on a Bruker DPX 300 and Bruker 

Avance II 500 (operating at 500.08, 125.76, and 186.46 MHz, respectively) 

spectrometers. The 119Sn spectra were recorded under broadband 1H decoupling 

during acquisition and were referenced to 3 = 3 7.290665 MHz [ 125]. The IR spectra 

m the range 4000-400 cm- 1 were recorded on FTIR-8300 Shimadzu 

spectrophotometer with samples investigated as KBr palate on a Csi window. The 



electronic absorption spectra were recorded on a Shimadzu UV 2450 

spectrophotometer and emission data were recorded on a Spex Fluorolog 2 

spectrophotometer in methanol. Microanalyses were perfom1ed at the lCAS, 

Kolkata, India. Differential calorimetric analyses were carried out on a Perkin-Elmer 

Thermal analyzer from 1 00-230°C at a heating rate of 1 0°C/min. Tin was estimated as 

SnOz gravimetrically using standard procedure in our laboratory. 

4.4.4 Synthetic procedure 

The methods employed for the preparation of Schiff bases of salicyladehyde 

substituted salicyladehyde from thiosemicarbazide/ 4-alkyl-thiosemicarbazide/ 2-

amino thio phenol are described in section 4.4.4.1-4.4.4.5. It may be mentioned here 

that due to poor solubility of the ligands in CDCh or C6D6, the NMR spectra for them 

could not be recorded. However. the x-ray crystal structures of the organotin 

dH11pounds synthesized confirm the Identity of the ligands as well The synthesis of 

organotin(fV) complexes of the thwsem1carbazones are described in 4.4.4.6-4.4.4. 16 

fhe1r charactenzation, analytical and spectroscopic data are given in section 4.5. 

The author gratefully acknowledges the work of Ms. Babita Chowdhury who 

synthcsisicd the compounds l-4 f J 52) mcluded hereunder. The procedure described 

here produced higher product yields utilizing different solvent media and less reaction 

time .. 

4.4.4.1 Preparation of 4-cyclohexyl thiosemicarbazide 

Cyclohexyl amine (I 00 mrnoL 1 L44 ml, 9.92g) was dissolved in ammonia 

solution (20 ml, d 0.88) and CS2 (8 ml) was added to it gradually with stirring and 

cooling below 30°C. Ethanol (25 ml) was then added and the stirring continued till 

CS2 had completely dissolved. The reaction mixture was allowed to stand for 2h and a 

solution of sodium chloroacetate ( 100 mmol, 11.69 g) was added, followed by 

hydrazine hydrate (10 ml, 50%). After warming it was filtered. The filtrate was 

concentrated to half its volume and allowed to stand overnight. The crystals 

separating were filtered and recrystalized from ethanol to give 4-cyclohexyl 

thiosemicarbazide (4-c-hexTSC) [126]. 

4-c-hexTSC: yield: 5.4 g, 54.43%, M.P.: 142°C 
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Elemental analysis (Calcd. For C7H 15N3S) 

Calcd.: C, 48.52; H, 8.73; N, 24.25% 

Found: C, 48.40; H, 8.86; N, 24.28% 

IR (cm- 1
): v(N-H), 3155(w,b); v(NH2)asmy, 3442(w,b); v(NH2)smy, 3350(w); v(C=S), 

752 (s). 

4.4.4.2 Preparation of salicylaldehyde 4-cyclohexyl thiosemicarbazone (L 1H) 

The 4-cyclohexyl thiosemicarbazone (2.5g, 14.42 mmol) was dissolved m 

ethanol (50 ml) and salicylaldehyde (1.76g, 1.04 mL 14.42 mmol) was added to the 

solution. The mixture was heated to reflux for lh and was allowed to stand for over 

night. The pale yellow crystals separated were filtrated and then recrystallized from 

ethanol. The product \Vas dried in vacuo. 

L1H: yield: 3.6g, 84.50%, M.P.: 194-196°C 

Elemental analysts (Calcd. For C14H19N,OS) 

Calcd. C. 60.62: H, 6.90; N, 15.15% 

Found: C. 604:\ H, 6.86; N. 15.10% 

IR (em:): v(N-H). 3150(w,h): v(C=N),l622 (m); v(C=S), 750 (s). 

4.4.4.3 Preparation of salicylaldehyde ortho-amino thio phenol (L 2H) 

Ortho-amino thio phenol (1 g. 0.85 mL 7.99 mmol) was dissolved in ethanol 

( 10 ml) and to it dropwise salicylaldehyde (0.98g, 0.57 ml, 7.99 mmol) was added 

with continuous stirring. The stirring was continued for 1 h at room temperature. Thus 

yielded pale yellow crystals which were collected by filtration. The product was 

recrystallized from ethanol and dried in vacuo. 

L2H: yield: 1. 75g, 88.38%, M.P.: 124°C 

Elemental analysis (Calcd. For C13H 11 NOS) 

Calcd.: C, 68.09; H, 4.84; N, 6.11% 

Found: C, 68.25; H, 4.80; N, 6.10% 

lR (cm- 1 
): v(O-H), 3254 (s); v(C~N), 1653 (w); v(S-H), 2605 (w). 
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4.4.4.4 Preparation of 3-bromo-5-Chloro-salicylaldehydethiosemicarbazonc 

(L3H) 

A hot ethanolic solution (50 ml) of 3-bromo-5-Chloro-salicylaldehyde (4g, 

16.98 mmol) was added to a hot 1:1 ethanol-water (75 ml) of thiosemicarbazide 

( 1.55g, 16.98 mmol) with continuous stirring. The stirring was continued for 2h at hot 

conditions which resulted solid (white crystalline) formation which was then filtrated. 

The product was recrystallized from ethanol and dried in vacuo. 

L3H: yield: 4.60g, 83.63%, M.P.: 265°C 

Elemental analysis (Calcd. For C8H7N 30SC!Br) 

Calcd.: C, 31.14; H, 2.29; N, 13.62% 

Found: C, 31.09; H, 2.40; N, 13.60% 

IR (cm- 1
): v(NH2)asmy. 3448(w,b); v(NH2)smy, 3355(w); v(C=N-N=C). l612(w); 

v(C=S), 728(m). 

4.4.4.5 Preparation of 3,5-dibromo-salicylaldehydethiosemicarbazone (L 4H) 

A hot ethanolic solution (50 ml) of 3,5-dibromo-salicylaldehyde (4g, 14.29 

mmoi) was added to a hot l ! ethanol-water (75 ml) of thiosemicarbazide (!.JOg. 

14.29 mmot I with continuous stirring. The stirring was continued for 2h at hot 

conditions, resulted solid (white crystalline) formation which was then filtrated and 

collected. The product thus obtained was recrystallized from ethanol and dried in 

vacuo. 

I 41 ·£ · ld ~ ~- "'"' 20°' M P J-"loc·· u r· : y1c : ) i )g, 0 1. /o, . .. ~)_, 

Elemental analysis (Calcd. For C8H7N:10SBr2 ) 

Calcd.: C, 27.22; H, 2.00; N, 11.90% 

Found: C, 27.11; H, 2.04; N, 11.86% 

IR (cm- 1
): v(NH2)asmy, 3449(w,b); v(NH2)smy, 3354(w); v(C=N-N=C), l614(w); 

v(C=S),724(m). 



4.4.4.6 Synthesis of dimethyltin(IV) salicylaldehyde 4-cyclohexyl 

thiosemicarbazonate, Me2SnL 1 (1) 

A mixture of Me2Sn0 (lg, 6.07 mmol) and salicylaldehyde 4-cyclohexyl 

thiosemicarbazone ( 1.68g, 6.07mmol) in dry toluene ( 150 ml) was heated under reflux 

in nitrogen atmosphere for 12h; the water thus produced being removed 

azeotropically. The solvent were removed from the yellow reaction mixture and the 

dry mass extracted with hot petroleum ether (60°-80°C, 50 ml). Yellow crystals of the 

desired product were obtained by cooling the solution to 10°C. 

4.4.4.7 Synthesis of n-dibutyltin(IV) salicylaldehyde 4-cyclohexyl 

thiosemicarbazonate, n-Bu2SnL 1 (2) 

A mixture of n-Bu2Sn0 (0.9g, 3.60 mmol) and salicylaldehyde 4-cyclohexyl 

thiosemicarbazone (l.Og, 3.60 mmol) in dry toluene (150 ml) was heated under reflux 

in nitrogen atmosphere for 14h; the water thus produced being azeotropically. The 

solvent were removed from the yellow reaction mixture and the dry mass extracted 

with hot petroleum ether (60°-R0°C. 50 ml). A viscous deep yellow liquid was 

obtained as the product The product was then dried further in vacuo and then distilled 

tor purification and then stored in a dessicator. 

4.4.4.8 Synthesis of diphenyltin(IV) salicylaldehyde 4-cyclohexyl 

thiosemicarbazonate, Ph2SnL 1 (3) 

A mixture of Ph2Sn0 ( 1.05g, 3.60 mmol) and salicylaldehyde 4-cyclohexyl 

thiosemicarbazone (LOg, 3.60 mmol) in dry toluene (150 ml) was heated under reflux 

in nitrogen atmosphere for 12h: the water thus produced being azeotropically 

removed. The solvent were removed from the yellow reaction mixture under vacuurn 

and the dry mass extracted with hot petroleum ether ( 60° -80°C, 50 ml ). Yell ow 

crystals of the desired product were obtained by cooling the solution to 10°C. 

4.4.4.9 Synthesis of n-dibutyltin(IV) salicylaldehyde ortho-amino thio phenol, n

Bu2SnL2 (4) 

A mixture of n-Bu2SnO (1.08g, 4.36 mmol) and salicylaldehyde ortho-amino 

thio phenol ( l.Og, 4.36 mmol) in dry toluene ( 150 ml) was heated under reflux in 

nitrogen atmosphere for 12h; the water thus produced being removed azeotropically. 

The solvent were removed from the yellow reaction mixture under vacuum and the 
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dry mass extracted with hot petroleum ether (60°-80°C, 50 ml). A viscous deep 

yellow colour liquid was obtained as the product. The product was then dried further 

in vacuo at room temperature and then distilled for purification and then stored in a 

dessicator. 

4.4.4.9 Synthesis of dimethyltin(IV) 3-bromo-5chlorosalicylaldehyde 

thiosemicarbazonate, Me2SnL 3 (5) 

A mixture of Me2Sn0 (0.53g, 3.23 mmol) and 3-bromo-5-chloro

salicylaldehyde thiosemicarbazone ( l.OOg, 3.23 mmol) in dry benzene ( 140 ml) was 

heated under reflux in a nitrogen atmosphere for 1 Oh; the water thus produced was 

removed azeotropically. The solvent was removed from the yellow reaction mixture 

under vacuum and the dry mass first washed with hot petroleum ether (60°-80°C) and 

then extracted with benzene (50 ml ). Yell ow crystals of the desired product were 

obtained hy cooling the solution to l ooc. 

4.4.4.1 0 Synthesis of di n-butyltin(IV) 3-bromo- 5-chlorosalicylaldehyde 

thiosemicarbazonate, n-Bu2SnL 3 
( 6) 

A mixture of n-Bu2Sn0 (0.80g. 3 23 mmol) and 3-bromo-5-chloro

"allc:, !aldehyde thiosenticarbazonc (! .OOg. 3.23 mmol) in dry benzene ( 140 ml) was 

heatcd under reflux and mert conditions for l 0 h: the water produced was removed 

azcotropically. All volatiles were removed from the yellow reaction mixture and the 

dry mass extracted with hot petmleum ether (60°-80°(', 50 ml) Yellow crystals of the 

desired product were obtained by cooling the solution to room temperature. 

4.4.4.11 Synthesis of diphenyltin(IV) 3-bromo-5-chloro salicylaldehyde 

thiosemicarbazonate, Ph2SnL 3 
( 7) 

A mixture of Ph2Sn0 (0.94g, 3.23 mmol) and 3-bromo-5-chloro

salicylaldehyde thiosemicarbazone ( l.OOg, 3.23 mmol) in dry benzene ( 140 ml) was 

heated under reflux and inert conditions for l 0 h; the water produced was removed 

azeotropically. The volatiles were removed from the yellow reaction mixture and the 

dry mass washed with hot petroleum ether (60"C-80°C) and then extracted with dry 

benzene (50 ml). Crystals of the product (yellow) were obtained by cooling the 

solution to room temperature. 
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4.4.4.12 Synthesis of dibenzyltin(IV) 3-bromo-5-chloro-salicylaldehyde 

thiosemicarbazonate, Bz2SnL3 (8) 

A O.lOM rnethanolic NaOH (63.48 ml, 0.25g, 6.47 mmol) solution was 

added dropwise to a solution of 3-bromo-5-chloro-salicylaldehyde thiosemicarbazone 

(l.OOg, 3.23 mmol) in methanol, while stirring. The mixture was stirred for another 2 

hand then a methanolic solution of Bz2SnCh (1.20 g, 3.23 rnmol) was added. The 

yellow reaction mixture was subsequently heated under reflux for 8 h under inert 

conditions. The volatiles were removed and the dry mass extracted with several 

aliquots of benzene (50 ml). Slow cooling to room temperature gave rise to a yclluvv 

precipitate of the product. 

4.4.4.13 Synthesis of dimethyltin(lV) 3, 5-dibromo-salicylaldehyde 

thiosemicarbazonate, Me2SnL 4 (9) 

A mixture of Me2Sn0 (0.69g, 4.24 mmol) and 3.5-dibromo-salicylaldehyde 

thioscmicarbazone (1 50g. 4.24 mmon in dty benzene ( 140 ml) was heated under 

retlux under inert conditions for l Oh: the water produced was removed azeotropically. 

The solvent was removed from the yellow reaction mixture by destellingunder low 

pressure and the dry mass thus obtained was washed with hot petroleum ether (60°

xooc) ami extracted with dry benzene (50 ml) Yellow crystals of the desired product 

were obtained by allowing the solution to cool to room temperature. 

4.4.4.14 Synthesis of di-n-butyltin(IV) 3, 5-dibromo-salicylaldehyde 

thiosemicarbazonate, n-Bu2SnL 4 
( 10) 

A mixture of n-Bu2Sn0 ( 0. 70g, 2.83 mmol) and \5-dibromo

sahcylaldehydc thiosemtcarbazone ( 1 .OOg, 2.83 mmol) in dry benzene ( 140 ml) was 

heated under reflux under inert conditions for I 0 h; the water produced was removed 

azeotropically. The volatiles were removed from the yellow reaction mixture and the 

solid mass was extracted with hot petroleum ether (60°-80°C, 50 ml). Yellow crystals 

of the desired product appeared upon cooling of the solution to room temperature. 

4.4.4.15 Synthesis of diphenyltin(IV) 3, 5-dibromo-salicylaldehyde 

thiosemicarbazonate, Ph2SnL 4 (11) 

A mixture ofPh2SnO ( 1.07g, 3.68 mmol) and 3,5-dibromo-salicylaldehyde 

thioscmicarbazone (1.30g, 3.6~ mmol) in dry benzene ( 140 ml) was heated under 



reflux and inert conditions for 1 Oh; the water produced was removed azeotropically 

The volatiles were removed from the yellow reaction mixture, the solid thus obtained 

was washed with hot petroleum ether (60°-80°C), and then extracted with dry benzene 

(50 ml). Yellow crystals of the desired product were obtained by cooling the solution 

to room temperature. 

4.4.4.16 Synthesis of dibenzyltin(IV)3,5-dibromo-salicylaldehyde 

thiosemicarbazonate, Bz2SnL 4 (12) 

A O.lOM methanolic NaOH (50.44 ml, 0.23g, 5.66 mmol) solution wa~ 

added dropwise to a solution of 3,5dibromo-sahcylaldehyde thiosemicarhazone 

(l.OOg, 2.83 mmol) in methanol, while stirring. The mixture was stirred for another 

2h and then a methanolic solution of Bz2SnCh (l.05g, 2.83 mrnol) was added. The 

yellow reaction mixture was subsequently heated under reflux for 8 h under mert 

conditions. The volatiles were removed and the dry mass extracted with several 

aliquots of benzene (50 ml) Slow cooling to room temperature gave rise to a yellow 

precipitate ofthe titled product. 

4.4.5 Crystal structure determination 

The crystals of (5). (6). (7). (9) and (10) suitable for the X-rav diffraction 

study were prepared by slow crystallization of benzene solutions of the respective 

compounds: the crystallographic analysis of (7) showed the sample had crystallised as 

a hemi-benzene solvate. Intensity data were collected at room temperature on <~ 

Bruker SMART APEX CCD fitted with Mo Ka radiation. The data set was corrected 

f()r absorption based on mult1ple scans [ l27J and reduced using standard methods 

[ 128]. The structures were solved by direct-methods with SHELXL-97 [ l29] and 

refined by a full-matrix least-squares procedure on F2 using SHELXL-97 [ 129] with 

anisotropic displacement parameters for non-hydrogen atoms, hydrogen atoms in their 

calculated positions and a weighting scheme of the form w = 11[ cr2(F0
2

) + (aP)2 + bP] 

where P = (Fo2 + 2Fc 2)/3. In the analysis of (7), two positions for each of the tin

bound phenyl rings were resolved. In the refinement, the anisotropic displacement 

parameters for matched pairs of atoms were constrained to be equivalent and to be 

approximately isotropic by utilising the EADP and ISOR commands in SHELXL-97 

[ 129]. Refinement showed that each component of the disorder had a site occupancy 
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factor = 0.5. In the refinements of the di-n-butyl compounds, (6) and ( 10), high 

thermal motion was noted for the n-butyl groups. As multiple positions were not 

resolved, the 1-,2- and l-,3-C-C distances were restrained to 1.54 ±0.0 l A and 

2.51±0.01 A, respectively. Crystal data and refinement details are given in Table 1. 

The molecular structures showing crystallographic numbering schemes were drawn 

with 35% displacement ellipsoids using ORTEP-3 [130] and the remaining figures 

were drawn with DIAMOND [131]. Additional data analysis was accomplished using 

PLATON [ 132]. 
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4.4.6 Crystallographic data and refinement details for 5, 6, 7, 9 and 

10. 

Table 4.1 Crystallographic data and refinement details for [Me2SnL 3] 

Empirical formula CIOH11BrClN30SSn 
., 

I 
I 

Formula weight 455.33 -~ 

Crystal habit, colour cube, yellow I 
Crystal system Monoclinic I 

! I Space Group 
-------· ~--~----- --·----' 

C2/c I 

I A (A) 
--------------- -------------~----- ------ - - -- -----

_____ _. ____________ 

~--) 

I a (o) 
----------- ---~--

1-------------------------------r--- . 
1 Absorption coefficient (mm· ) 

14.7612(9) 
-------- - ------------------ ----------------- -

13.3430(8) 

15.2054(9) 
--------------------------------- --------1 

90 I 
---------------------.------------------------

--~) ·.-----

. ---rm:f5(3)-
__ T8 _____ _ 

~------
i 2.021 

--r-4.686 
-+-------

l 1744 
. -·-------·--··t' ------------ -

0.20 X 0.20 X ().2() 
,___ ________ ·---------- --- ---------· -----· --

i Crystal size (mm) 
I r----------------------------- - ------------ --- --· 

! 8 range for data collection n 
1-------------------------
1 Reflections collected 

I Independent reflections 
~- - -------------------- --

~ Rin: 

r· Reflect-i-;;-~;with I?: -20-(T) 
~N---b-. ------~-

urn er of parameters 
--------- ------- ------

A, b for weighting scheme 

Final R indices [I?: 2cr ( /)] 

R indices [all data] 

l---- -~------ ---------·-"-

1 Largest difference 

i peak and hole (A-3
) 

-~-

I 
- +-----·------ ------
I 2.1-27.5 

14038 

3432 

i 2802 
+-~----

171 
-------~-------- -----

0.022, 5.987 
--

R = 0.025 
---------

wR2 = 0.055 

R = 0.036 

wR2 = 0.060 
_____ , 

0.91' -0.68 

--~--- -- --,----·-------

i-+2 



Table 4.2 Crystallographic data and refinement details for [n-Bu2SnL 3] 

Empirical formula 
--·-· 

Formula weight 
"" 

Crystal habit, colour 

Crystal system 

Space Group 

a (A) 

b (A) 
r-,--·--·---------------------· - ----------

1 c (A) 
I 

! 
y (0) 

["-:-------~-----------------·-···· 

i Volume(A) 
~---··-·· ····---··-····-·-·-·· ··--------- ....... """"" 

!Z 
~--------- ---~ -- ------------------ __________ =l""-:::_._ _________ -

I Dens1ty (calculated, gem· ) 
! 
:---------·-·· ---· :-r:······-·--···" 
• Absorption coefficient (mm ) 

C 16H23BrClN30SSn 

539.48 

block, yellow 

Monoclinic 

P2t!C 

17.2188(12) 

8.7465(6) 

I 14.9051(10) 

90 

108.4257(9) 

--·· 

----

I 
I 

--~-----~---·· --- ---./ 

--··~--- ---- --

--j 
i 

I 
--------1 

I 

---- ---------------· ··--

-+------·----------------· 

--~-~ 90 

12129.7(3) 

:-~=-~-~--
1

. 1.683 

' 3.307 

... ··-···-·· """ ·····-·------------~ 
! 

I 
"" -··-··--- -" ··-··· ----j 

I 

1-----· "" """ 

I ~~1
6

o
4 

X 0.25 x"o35 
+----,..------·-·-····-·· 

1 2.5-27.::> 

112543 --------
I " -+---- .... 
I 4871 

····-·- ·-------·---i 
i Independent reflections r-:------- ---------------···---
, Rmt 
[ _____ --- -·------·----·-·-·-- -··· "" 

etions with /2: 2a (!! ____ ---··· 
_-- _-_ 1 0035 - -_ -~~----~- ----

i 3568 
! 

I 

" "" -+m---------- ···-·· 
I 0.030, 2.458 ------

~~er of parameters 

/ a, h for weighting scheme-
1 

Final R indices [I 2: 2a (/) l 
---~-------···· " 

I R = 0.037 

r'--------··- ... 
wR2 = 0.080 

I 
r-----------·-··---··· ·-··- ·-··-·-· ----··· ·----r--......,--c------------- .... 

R indices [all data] R = 0.062 

Largest difference 

peak and hole (A-3
) 

wR2 = 0.091 

0.76, -0.89 

L_ _______________ . _____ ··-···--·-···--·--------·--------

___________ _J 
! 

--------·-------- ------------------4 
i 
I 
! 

. ····-···-----------J 
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Table 4.3 Crystallographic data and refinement details for [Ph2SnL 3] 

.-------------------- ----------------------------------
Empirical formula C23H 18BrClN30SSn 

Formula weight 618.51 ! 

Crystal habit, colour block, yellow 

Crystal system Triclinic 

Space Group P1 

a (A) 9.1612(7) 
1----,------------------------------------t----------------- -----1 

b (A) 9.8617(8) 

!-----------------
99.1 09(1) 

Volum;W)_________________________ 11204.53(17) 

-------------------- ---------------- ___ :'1: _____ _ 
Density (calculated, g em· ) --=E~---------~~~====~=----

1 1.705 
: ---------- . ---;-:-·:-----------:-r
- Absorpt10n coethctent (mm· l 

-------- ------- -----+-------- --- ------------------ -------------------- -
i 2.937 

! F(OOO) 
+- ------------- -- ---- ----- -----------
: 606 

,. -----------------·--·-- -----·---- ··-··~---------

: Crystal size (mm) f 0.\0 X 0.20 X 0.30 
---+------- ---------- ---------------

' 8 range for data collection('') i 1.5 ---- 27.5 
I·----~------------------------------·.- ----·-··--------··--·- -----·-+-----
! Ret1ections collected ' 1 1506 
·-----"------~------·------- - -------·--····--· 

i independent ret1ections 
~--------------·----------------·----·-----· -· 
i Rint 
i------- -- --- --·--------- --
1 Ret1ections with /_:::: 2cr (/) 

~-::-----
! :-l48R 

--~~- ---------------
1 0.030 

. ! 3860 
I 

I 
--1 

I Number of parameter~----- -
-- -----h-7:;----- -~--- ------------------------- --- ------------- --i 

. 1274 

tR~o~o43 
i - -- ----- -
I wR2 = 0.010 

r~~ h fo~:ei~~~-g-~~h~~~-~ 
! Final R indices f J ?:~ 2cr ( n] 
i 

1 0.()46, 1.141 

!--------------------------------- -------- --- _ _j______ ___________ ------------
R indices [all data] R = 0.071 i 

f------- -- --- - - n 1 wR2 = 0.114 

rp~Le-a:_:_:_:_:~l~:o~~-:-e:_;_:_) _____________ ~ __ -~-.9-0-~-:-:-80-----.---_-__ -__ --_-__ -_-_-_- _------
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Table 4.4 Crystallographic data and refinement details for [Me2SnL 4] 

Empirical formula 

Formula weight 
-----+---------------- -------1 

499.79 

Crystal habit, colour block, yellow 
1------------------------f----------------- -----1 

Crystal system Monoclinic 
! 

~--~-------------+-----------------~ 
Space Group C2/c 

a (A) 14.9682(12) 
~----~---------------------------+--------------------------- -- -----

b (A) 13.4107(10) 
!---;;------------------------------------- -- ------------1-------------------------------------·· ---

c (A) 15.2213(12) 
1------------------------------------------t---------------------------- ----
a~ W 

1--------------------------1-------------------------------

!--------------------------------------- -----------------------------

rn 
I 
~~me -(AT) _________________ _ 

-----·------~----.z 
k-:---------- --------------------T-- -
! Dens1ty (calculated. g em· ) 
i----------------------- -------~-----
! Absorption coefficient (mm· 1

) 

' ~-~-------- -- ------------·-· -·---- ---

: F(OOO) 

l Crystal size (mm) 

e range for data collection (0
) 

Reflections collected 

90 

--I 1oo<--;:;n ___ _ 
1 £...7 /J•-'\.J) 

\8 
- ri.T74 
---+----------

: 7.036 
i t·---
1 1888 
I ---------r----------------------- --
l 0.30 X 0.35 X ().4() 

-----+-----
Independent reflections ! 349! I 

-----+---------------------------- -------------------~ 
i 0.043 ' 

___ ___j___ ______ --- -- --- --- r~~ I -~-~~ ~ ~ ~~-= ~ -----~-J 
I 0 030. I 0.080 

1---------------
Reflections with I 2: 20 (I) 

1-------~---------------------

Number of parameters 
f--------------
1 a, h for weighting scheme 
~----------------·-·-------- ---~-------·--------------
1 Final R indices [I> 20 (!)] ! R c. 0.034 

I r wR2- 0078 
~-R-,i-nd-:--i-:--c-es---,---[ a_ll_d_a_t_a ]--------------- --- ------:_:---;~

2
-_o-~~0-~---8-

0
_

8
-~

8
---_~--- . . .. - - -- . - = ' ----------------~ 

I 
! 

Largest difference peak and hole (k') 0.99, -0.76 j 
------------------------------------~---------------------------------~ 
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Table 4.5 Crystallographic data and refinement details for [n-Bu2SnL 4) 

Empirical formula 
---~------ ~----

Formula weight 

Crystal habit, colour 

Crystal system 

Space Group 

a (A) 
----

b (A) 
I 

I 
----------------------·--------------------

c (A) 
~~------------- --------

) 

) 
---------- -

! 0 I y() 
~-- -.,-------------------
' Volume (A') 
I --------------,z 
~-----------------------------~---·-
' Density (calculated, g em--') 
\------- ___________ -=T _____ --

i Absorption coefficient (mm· ) 

Crystal size ( mm) 
-----

e range for data collection (0
} 

Reflections collected 
f----.--------------------------
1 Independent reflections 
I 
~------------- ----- --- ---------------------

! Rmt 
! 1---------------

F ina! R indices [I?: 2cr (f)] 

--

C 16H23BrzN30SSn 
~---·-----

583.94 
--~-------

block, yellow 

Monoclinic 

P21/c 

17 .2465( 13) 

8.7688(6) 
·---------------------

14.7170(11) 
----- ---··------ ---------

90 
---------------------·---~--

108.893(1) 
-------~-------

90 
I 

12105.8(3) 
------tl-4 -----------------------

-!--------
1 1.842 -+------
1 5.116 

_j__. ___ -------
! ! 136 
I --------
. 0.10x0.15x0.~5 

i wR2 = 0.079 
r-------:-----:-:----,-------------------- -- ---------.--------------

R indices [all data] R = 0.054 

wR2 = 0.089 

Largest difference peak and hole (k') 0.57, -0.62 

-----~ 

---------1 
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4.4. 7 Biological studies 

4.4. 7.1 Antifungal activity 

The virulent fungal strains of Bipolaris sorokiniana, Helminthosporium 

oryzae, Altreneria brassicae, Alterneria kikuchiana, Stemphylium pori, and 

Colletotrichum capsici were collected from the Type culture collection, Department 

of Plant Pathology, Uttar Banga Krishi Viswavidyalaya, Cooch Behar, West Bengal, 

India. The B. sorokiniana was maintained in an oat meal agar medium while the 

remaining fungi were grown on potato-dextrose agar medium at 27°C. The fungicidal 

activities were determined following spore germination bioassay as described by 

Rouxel et al. [133]. Purified eluants (15 Ill) were placed on two spots 3 em apart on a 

clean grooved slide. One drop of spore suspension ( 15 11l), which was prepared from 

15 day old cultures of the fungi, was added to the treated spots. The slides were 

incubated in trays at 27°C for 24h under humid conditions. After incubation, one drop 

of Lactophenol mixture was added to each spot to fix the germinated spores. The 

number of spore germination events was compared with the spore germination of the 

control. 

4.4. 7.2 Phytototoxic effect 

Seeds of Indian wheat (Triticum aestivum L. ) .. cuftivar S'ona!ika were obtained 

from the Directorate of Wheat Research, KamaL Indi<L Seeds of Orvzae sativa. 

Brassica nigra, Capcicum annum, and Brassica oleracea were collected from the 

Directorate of Farm, Uttar Banga Krishi Viswavidyalaya, Cooch Behar, West Bengal, 

India. Seeds were first surface sterilized with 0.1 <yo mercuric chloride for 3 min, 

washed with distilled water and then the phytotoxic effects of the new organotin 

compounds (dissolved in 2 ml methanol then diluted with I 0 ml water) were 

determined [134]. Seeds were incubated with different concentration of organotin 

compounds for different time periods. After incubation, the seeds were washed with 

distilled water and incubated in a B.O.D. incubator for 48h at 27°C. The percentage 

of seed germination was calculated and compared with the control. 
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4.5 Result and discussion 

4.5.1 Syntheses of the Schiff base ligands 

The ligands used here Schiff bases which are derived from salicyladehyde/ 

substituted salicyladehyde (3-bromo-5-chloro-salicylaldehyde, 3,5-dibromo-

salicylaldehyde) with thiosemicarbazide/4-cyclohexyl-thiosemicarbazide/ortho-amino 

thio phenol. These are reacting by equimolar amounts in ethanol or ethanol/water 

mixture. [123] The products were recrystallized from ethanol. The 

thiosemicarbazones and were obtained in good yield. The ligands are high melting 

(>200°C) solids, soluble in hot ethanol and methanol but insoluble in benzene, 

petroleum ether (60-80°C), chloroform and carbon tetrachloride. The formulae of the 

ligands and complexes are described in Scheme 4.6. 

r:"--N j\ 
"'~~ yNH--·--\_; 

() 

s-



X 

L3
: X=Cl, L4

: X=Br 

5. Me2SnL3 9. Me2SnL4 

6. n-Bu2SnL3 10. n-Bu2SnL 4 

7. Ph2SnL 3 11. Ph2SnL 4 

8. Bz2SnL3 12. Bz2SnL 4 

Scheme: 4.6 

4.5.2 Syntheses of the diorganotin(IV) complexes of Schiff base ligands 

Two different methods for the synthesis of the diorganotin(IV) complexes of 

Schiff base ligands were described here. The products were obtained by following 

both of the s;mthetic procedures in good yields: 

Procedure I 

The diorganotin(IV) complexes of SchitT bases were obtained in moderate 

yields by the equimolar reaction of diorganotin(IV) chlorides with the sodium salt of 

the ligand in methanol. The sodium salt of the ligand was prepared by the addition of 

methanolic solution of NaOH to the hot methanolic solution of the ligands and stirred 

for 2h (Eq. 5 and Eq. 6) 

------JI•~ R2Sni} /I} + 2 NaCI. .......... ( 6) 

R= benzyl (Bz), 
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The reactions were completed in 8h. The reaction mixture was evaporated to 

dryness and extracted with several aliquots of benzene. The synthetic procedure was 

described in Scheme 4.7. 

Scheme 4.7 

Procedure II 

In this procedure the dwrganotin(IV) complexes of Schiff bases were 

obtained in moderate yields by the equimolar reaction of diorganotin(IV) oxide with 

the respective ligands in dry benzene/toluene (Eq. 7). Schiff bases (i.e, the ligands 

used) are insoluble in benzene/toluene, the reaction mixture turned to be 

heterogenous. During the reaction the water produced was removed azeotropically by 

Dean-Stark Trap for faster completion of the reactions. The volatiles were removed 

from the yellow reaction mixture, the solid thus obtained was extracted with dry 

benzene/ hot petroleum ether (60-80°C), (50 ml). Interestingly, the compound 7 was 

isolated with hemibenzene (0.5) solvate. The compounds are stable in air and 

recrystallized from suitable solvents. All the compounds are soluble in chloroform, 
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methanol, benzene, n-hexene and petroleum ether (60-80°C). The synthetic rroccdurc 

was described in Scheme 4.8 and 4.9. 

1: R =Me, X=H, Y=H, Z== Cyclohexyl 

2: R'=n-Bu, X=H, Y =R Z ·· Cyclohexyl 

3: R=Ph, X=H. Y.·=H, z~ Cyclohexyl 

Scheme 4.8 

5: R=Me, X=Cl, Y=Br, Z=H 

6: R=n-Bu, X=CLY=Br,Z=H 

7: R=Ph, X=Cl,Y~Br,Z=H 

9: R=Me, X=Br, Y=Br,Z=H 

10: R=n-Bu, X=Br,Y=Br, Z=H 

11: R=Ph, X=Br,Y=Br,Z=H 
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4: R=n-Bu 

Scheme 4.9 
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Table 4.6 Physical and analytical data for compound 1-12 
------------~-------------

Compound number Yield m. pt. Elemental composition found (calcd) (0
/;,) 

i 
Composition (%) (oC) c H N 

-k~ I 
1. C16H23N3SOSn 75 98 45.56 5.43 9.78 '27.67 I 

' 

(45.31) (5.46) (9.90) (27.98) i 

2. CnH37N3SOSn 58 Sticky 51.57 7.25 8.45 23.43 

I 
liquid (51.78) (7.30) (8.23) (23.25) 

~ - ·---- ----1 
I 3. c26H31N,SOSn 60 144 56.68 1 s.75 7.80 21.59 l 

! 

I 4. c2\ H27NSOSn 

I l I (56.45 I I ! . : 
--------- I - ---~LL-66~-~0) .. 1 (21.49_~ __ ; 

----r-53 Sticky 1 54.79 ! 5.98 i 3.24 I 25.86 
I : I I 

liquid (54.81) 1

1 

(5.91) j (3.04) 'i· (25.7~) _ __; 

182 1157 
1

26.30 
1

212 f9.21 25.91 I 
I . I I I 

i I I (26.38) t (2.35) I (9.23) : (26.07) . 

-h. --ts2 -- -rJs~36 1461 n -~75 t1s"- 1 

I l. ------ -I (35.~~!_ -h~~~2 ___ J~~-76)- (21.92l __ -i 
80 I 212 I 44.38 I 2.60 : 7.20 \ 20.38 . 

I I ---------
1 5. CtoHJtN30SC1BrSn 
! 

~---- - ---------
• 6. C 1(,Ho,N ,OSClBrSn ! .... 

: 7. 
! \ i l 1 

1 C.·oHt,N,OSC!BrSn.0.5C6Hn 
1 

; I (44.66t ! (2.93) i (6.79) I (19.19) 
1 

·[r;-3 --+ ,-24()·-··i 4 3.44 -- -ti.l2 ~-r6 80 i 19.4 2 -- -! 
i I I I i ! (43.50) r (3.15) ! (692) I (19.54) 

+ -I -----~--~---h-··-- ----! 8'1 I 156 i 23.91 
1
: 2.25 ! IU9 1 23.59 [ 

, ' I I 

r---·· --------- --------·---------· 
; 8. C22 H i''N;OSClBrSn 

I I i I : . 

r-1-o.-cj(,H',N~OSB;~sn" . -- -t_· --is"" -t "los- II' ~~~~~
3 

)----+~
2

2~~)--h
8

1:l)- I ~\~~~ : 
! - - ! I I I . I : 
I I I I (32.80} ~ ! (717) I (20.26} ! 

~tsN,OSBr2Sn. ------f83----~8---r-~~4i-- 1 ~~4:" -h~65--~~ 
! I I (38.50) i (2.42) ! (6.73) I ( 19.02) I 
c - t- l-- ... . - i - -f t ! 

I 65 200 i 40.40 ! 2.75 I 6.40 l 18.33 

'----------- _j ____ _l_ I (40.53) i (2.94) i (6.44) I ( 18.20) 

4.5.3 Spectral characterization and X-ray structure determination of 

diorganotin(IV) complexes 

The complexes were characterized by Fluoresence, UV, IR, NMR (1H, 13C, 
119Sn) and elemental analysis. X-ray crystal structures were also analyzed for some of 

these compounds. The discussion on the data obtained is presented below in brief. 
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4.5.3.1 IR spectra 

Selected IR bands and their assignments for the diorganotin(IV) complexes are 

presented Table 4. 7 and 4.8. The IR sprectral data of these diorganotin(IV) complexes 

suggested that the ligands act as tridentate S,N,O ligands, central tin atom 

coordinating via the thiolate-S, phenoxide-0 and imino-N atoms. This is confirmed 

by the X-ray crystallographic structures. 

Table 4.7 IR spectral data (cm- 1
) for compounds l-43 

I Compound I v(NH,) I v(C~N-N-q . r -- -;;cc=s) ___ j--Y(s~C) .. 
r-~. 1 3395 rm,b) i 15so (s),l543 (s) i 752 (s) - 549(w),486 rWJ 
[2.- --~~3388 (m,b) ' 1576 (s),1540 (s) 730 (s) 1540(w),475 (w) 1 

i3. , 3384(m,b) 1575(s),l54l(s), 727(s) 535(w),480(w) 

~ 4~ ___ _ -t ___ .. 115~0(s) J 7~5 (s) _C 542(\v),4?~(w)' 
, " s. strong; m, medium; w. weak; h, broad. 

Table 4.8 IR spectral data (em 1
) for compounds 5-12" 

· Compound ! v{:Nl-l;).,vm i v(NH2)sY';·-~--~(c=:N-N-=Cl·T~c..::S)-- ----rv(s-~=c) - ! 

[E --:3438("'.\ ~-~msrw~-= tt60801- n-t734 iSl m -i-s2o, 46.ft"'2 : 
I 6. 3462 (m) -tJ344 (w) 1601 (m) 1750-729 (m) +570, 457 (w) 1 

~78~~.:. ~- 3463 (w) I 3286 ( w) .. - 1627 ( m) I 736 (m) I 570, 462 ( w~ 
~:__ _____ 3452 (b,w)_ 3008 (w)-~ l621 ~------ 728-671 (w) - 528, 460 ~w). I 
! 9. : 3427(b) i 3200(w) 11606(m) 1724(w) , 535.475(w)l 

~--io~ 3431 (b) ·r"3175·(;·)-. t -]627 (m) t-7-22·(-;) -r-5"38:472(;-) I 

~------ 3409 (b) 3135 (w) --tJ626 (t~) --fn4-(;)- --rs-4()~468 (~)--j 

12~-==-=-=-- 3462(1))~- 3356(;)- - -~?o(~ ----±nl(w)- -Jss2:4s8(;)-l 
a s, strong; m, medium; w, weak; b, broad. 

The v(NH2), v(C=N-N=C) and v(Sn-C) bands are assigned on the basis of 

literature data. [ 135, 59] The v(NH2 ) stretching vibrations due to the ligands in 1-4 

appear in the range 3395-3384 cm- 1 as medium broad bands, both V(-C NJ azomethine, 

and other v r"' c J frequencies are present at 1580-1540 cm- 1 as strong sharp bands, 
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Y(c-s) stretching frequencies are present in all the compounds at 752-727 cm- 1 as sharp 

and strong bands, whereas, Y(sn-C) show two frequencies (asym and sym) respectively 

at 549-535 cm- 1 and 486-475 cm- 1 indicating departure from C-Sn-C bond linearity. 

The v(NH2)asym and v(NH2)sym stretching vibrations due to the ligands in 5-12 appear 

in the range 3248 to 3454 em -I. These bands in the free ligands do not shift 

significantly upon coordination indicating that the amino-nitrogen atom is hardly or 

not involved in an interaction with tin. The spectra also show medium to strong 

absorptions in the range of 1600-1627 em 1 due to v(C=N-N=C) [59]. The spectra 

show weak absorptions within the range 721-750 em 1, as expected for v(C-S). The 

v(Sn-C)asym and v(Sn-C)sym bands are tentatively assigned to absorptions in the 

regions 520-570 cm-1 and 430-468 cm-1
, respectively. 

4.5.3.2 NMR spectra 

The I H NMR data for the diorganotm( rv) complexes are presented m Table 

4. 9 and 4.1 0. The observed resonances were asstgned on the basis of their integration 

and multiplicity patterns, as well as for a selected number of compounds. by 20 1H·

. 'C HMQC and HMBC experiments and were compared with literature data [ 15, 112, 

136, U 7]. The itgand and tm-bound orgamc group protons give signals 111 expected 

regwns of the spectra. The azomethine proton resonance (around 8.4 ppm) has been 

identified and is flanked by its 3 J(HC-=N .... 11 9Sn) coupling satellites ranging from 34 

to 41 Hz between 7.88 and 8.39 ppm, whereas the NH2 protons gave signals in the 

range 4. 70 to 5.19 ppm. The presence of the coupling satellites for these azomethine 

proton resonances JS an mdication t(>r the existence m solution of an intramolecular 

coordination between the tm and nitrogen atom [ 138]. For the dimethyltin derivatives, 

the 2
J( 

1 H 119Sn) couplmg satellites are clearly visible, which allowed estimation of 

the C-Sn-C angle from the Lockart equation,(l39] 8 = 0.016j2J(1H-119Sn)J2 
-

1.32j2J(1H-
119

Sn)J + 133.4. For both 5 and 9 a value of 122° was found, comparing 

well with the 128 and 127° angles found, respectively, in the solid state according to 

X-ray crystallography (Table 4.16 and 4.17). The 1'C resonances were well separated 

and readily assigned with the aid of 20 1H- 11C HMQC and HMBC spectra and 

nli( 117/lllJS I'(') I" "fl I t" h I~ 119s ll(-' ,. . n .. coup mg constants. 1e va ues or t e .;( , n · .. ) coup mg 

constants were consistent vvith pcntacoordinatcd tin for which the fifth coordination 
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site originates from the interaction with the imine nitrogen atom of the Schiff base 

[140]. The 1 J( 119Sn~ 13C) coupling constants also allowed estimation of the C-Sn-C 

angle, from a relationship established by Lockart et a/. for dimethyltin compounds. 
1J(119Sn-13C) = 10.7 (±0.5)0 778 (+64),[141-143] and by Holecek et a/.[144-~147] 

for dibutyl and diphenyl derivatives, 1J( 119Sn-13C) = 9.99 (±0.73)0-746 (±100) and 
1J( 119Sn- 13C) = 15.56 (±0.84)0~ 1160 (±1 01 ), respectively. The calculated values 

were 128±12 and 127±12° for, respectively, 5 and 9, 130 ± 20 and 128 ± 20° for, 

respectively, 6 and 10, and 132 +- 14 and 130 + 14'' for, respectively, 7 and 11: all 

compared well with the angles found in the solid state, ranging from t 19 to 128 

(Table 4. I 6-4.20). The intramolecular coordination was turther confirmed by the 

rather high (17-21Hz) nJ( 171119Sn-13C) coupling constant found for carbon 7, which 

\Vithout this interaction would implicate four bonds over a heteroatom for which no 

measurable coupling constant was expected. ln the 2D 1H- 13C HMBC correlation 

experiment, satellites originating from the coupling with the passive 119Sn spin were 

clearly observed f()r correlation peaks associated with proton 7. From the tilt of the 

satellites the relative sign of the 1 H~~ 119Sn and 13C -119Sn coupling constants can be 

obtained [1481. In this respect a positive tilt for carbon l and a negative one for 

carbon 2 were noted. meaning that if the 1 H ~~ 119Sn coupling t()r proton 7 can be 

considered as a 'l coupling pathwav. giving usually negative coupling constants, the 

coupling constant between the tin atom and carbon I is also negative. while the one 

with carbon 2 is positive. This observation is m accord with the fact that 2J( 13C-- 119Sn) 

coupling constants are generally positive, while 1J( 13C~l 1 tJSn) coupling constants are 

usually negative. However, it should be emphasized that, for carbon 1, two coupling 

pathways. both involving three honds. need to be considered. one through the oxygen 

atom and another one through the coordinating nitrogen atom and a double 

bond( 149]. The 119Sn chemical shifts, around -200 ppm for the aliphatic tin 

compounds and around -320 ppm for the diphenyltin compounds, were also in 

agreement with penta-coordination at tin. 
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Table 4.9. 1H NMR chen1ical shifts and coupling data (ppm and Hzffor 1-4. 

Compounds 1-3 

Q
7 8 

~ ~ 14 13 6 ----~ () '--.012 
~/10 11 
::; 

Compound 4 

-r- --T -----c 

1 

1- --l 
H-lJ j H [ H- , H- H n I H J 4 i H-n I H-I\ 

I 10 i i J I 12 ' I i I 
. I I : I I I 1 
j l f ' 1 ! 

L-----+--------l-----+- t--- --k---~-- --
1 6 7R - I 3 90 I c ' c c I b I' k I' 0.85 II I .. I ! 

! lqt.l Hl ! 1 : i I :
1

. (s.6H) I 

J I fl i i i ' ' : l 7] 491' I "- . 'i I i i i i !I' .. I 
-------+---------1-------- -!--3 95 - t~--t--b -t{- -r-~-

::.~:) l'"'''" I I I I I I I 
- --------------~--+---j_ _______ , ___ L_.T, ----+---

6.11\ i I ! \ l)() l i g • g ! h I k - I 7.92 

II 4.'14 ls.IH} ; !t.llli I iyt.IHl 1 ' ! '91! 
' ~ I ~ 

I (d.IH) [43.42]' I ' I ' I ' . ' 
': ; 1 t t : 1 \1 

1 I i I ; ; I L ! 

~ ----'------'--;-~:·~;---'--]' ------------'--~·- -r~- r~- T JJJ1'J·- :::HI 

H-2 H-" I! h II-"~ H-·S 

l 

+--

(dAH• 

2. 5.46 

"spectra recorded in CDC!,. downfield TMS. 

h ~ C-1 J = C-11, k ' C-14 C-1 0, s: singlet, d: doublet, t: triplet, qt: quintet, m: multiplet 

i= 7.46-6.54 (m, 8H). ac '.I(Sn-ll)Hz, b 2.!( 117111
') Sn-Cli,Jil/. c 2.06-!07 (m, IOH). e~ 2.00-0.75 

(m,28H), f= centered at 7 35 (51 1), g= 2.05-1.49 (m.l Of l) 



Table 4.10. 1H NMR chemical shtfts and coupling constants (ppm and Hz) for 5-12'' 

X 

6 

Br 

N-N 1 YNH2 

s-

a 
SnCH3 

a ~ Y o 
SnCHzCHzCH2CH3 

f"C:~mpound l H:l u I H-2 -- - IH-C--
! \ 1--s.-·-·--·is.Ts____ s.39 _____ t7.5s ---

1 I (s, 2H) I (s, nn I (d, !H) 

I H-8 H-a H-[3 I H-y 

- I r---- ----r----i 7.06 0.93 

6H)I 

-

I I 
I [38]b 1 [2.5]" i 

~ 5.05 8.40 ~ I \m, ~H) II l .n l. o!t-.9~~-I-·). i 
I lcs,2H) lcs,JH) lcd.lHJ ICd,lH) jCm,4H> ~ ·-~ . " 

~--· +2~---1 ;';~" -- ~ ~~j'---+1-~-~5-31-c ---+1-n-ot_o._b_s_-1-~-~~-~;_Jb_ ~~;~"-) +-17-.5-0--7.40 

· 
1 
(s. 2H) I (s, ltl) (d, l H) I (d, lH) I 1 (d, 4H) i 7.40 1 (m, 2H) 

I ![41) 1
' 1[2.5f :[2.5]' ; lt82jb l(m,4ll) 

t4.7i" t788 "7 7(J 19 -r~ot ob~ t? 2-6>7isl7.26-
i<s.2ll\ l(s, lHl (d. lfi) (d. llll I l(m.4HJ Jn;s 
I lt36J" ,[2.sr :12.5r! i . 

·tsi4-----ls.39-- ·1770 h2o·-to:93 dl= 1 .. 
!Is 1 H\ Irs !![)(d. II!). :.·(d, lll) ll(s. 0H)_I. 

I .. ~ I I f3.8J to [2.2f I [2.2}'1 I [72Jb ! : I 

1 :,":H)- ! ~[s3:5~]~:) I ;d:,: II) 1_ :d: ~H) 1 ::::, :2 '-::~ :,~4 -r. ,~ -t 9,: II,-
·t------ -~---· I (2.3}" --~~ [I06t (mAr __ o-+----1 
\ 5 I<) i 841 --*7'76___ 7 17 i not obs i 8 02 i 7.50- 7.50-7.40 

i (d, !H) (s, 
I I I 
1 [2.5]" [72]b 

I - -

17.06 1.64-1.52 1.74-1.64 11.44-
. - . A T 

I (41] h ! [2 sr I [2.5]" 
__ I ______ [s2t _______ -h1~~~~-L-----~ ·----~--

I 
---· 

h.t9 12.g 4.63 8.37 17.57 not obs. 7.01-7.61 
1
7.01- 7.01-7.61 1 

i'"'"' I''·'"' :td.lfl) ld.lfll ~\~~r, iJ41l {m.211) 1 

(s, 2H) ( s, l H) 1 ( d, I H) (d, !H) (m, 4H) 7.61 (m, 2H) 

[36]b 1 (2.5]" [2.5]c (m,4H) 

aSpectra recorded in saturated CDCb solution, and data are reported downfield to TMS; 

s: singlet, d: doublet, t: triplet, m: multiplet, 

h 
2

·
3J( 1H- 117n 19Sn) coupling constants between [ ]. 

c 
4 J ( 1 H- 1 H) coupling constants in parentheses 

t Sn-CH7 o l.58(d,4H); g Sn-CH. - o l.54(d,4ll); 
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Table 4.11. 13C NMR chemical shifts and coupling data (ppm and Hz)* for 1-4 and 

Ligand portion. 

Compound 1-3 

( ' ' . I ) c ll h C-!4 

21 11'Js 0 u .. H '= ( n- - C) m z. 

C-10: 

Compound4 

spectra recorded in CDCk downfield TMS 
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Table 4.12. uc NMR chemical shifts and coupling data (ppm and Hz) for 1-4 

R2Sn portion [R= -CH3 or -(CH2)3CH3, or -C6Hs]. 

f Compound f C-a fCT ________ IC-Y_______ [ C-8 

I t I - ' I 

f--------------- ---, --r------------t---- ----------,---------------- --
1. 5.67 [688.41] - - - ' 

2. 25.60 [563.78] 26.67 [30.97] 26.29 [92.22]" 12.65 ! 
I I t I II I I I · I I 

f :C . " 14280 rsn-:43]1136 03 ~-+8.53 ---- ~ 129.80 [17 261§ - ~ 
i i (59.41], 1 [87.37]1 

~-:--- ---t-is.oT [65-6.o4f 126.79 [24.64Tt27.66[77-_-To]-:r:- -+ 

I --~- ____ ll __ ---·- --·-··-·- _r3.68 
. * r J (r\~~msn)H~ - -- -- -

' 
2J('C-' 1l)Sn)Hz 

> = 
31( 13C- 1 19Sn)Hz 

" = 
4
J( 

13C - 119Sn)Hz 
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Table 4.13. 13C NMR chemical shifts coupling constants (ppm and Hz) for the Schiff 

base dianion in 5 - 7 and 9 - 11 a,c 

X 

N-N 

Br o- l--NH2 

s-

fcompound 1 C-1 lcT-TC-3--TC-4 ____ T C-5 I C-6 ! C-7 I C-8 ' r 168.8 158.4 117.7 160.1 116.0 136.3 121.2 131.1 ,

1

, 

I I [20t I [24]b I [32]b [8]b ~ 

,~ i 169.1 I :::1~ I :11:1: I ::~;~ I ;;1: 6 I i 36.3 I 120.8 ' 13 1.1 

r·7.H- -----h-67.2 1158.7 ! 117.8 1160.4 ---tl17:o-\J36.6--il21.6--ll31~4-
l ! [21]b i [22]b I [33]b l [lOt ! i : i 

r9: --------1 168.8--- 1158.4 ! 118.5 1160.5 ---hl7~o-t13-s~sl-1 o7-_-1---rT34~; 
I [21t I [23]b I [3l]b I [8]b ! : , : 

: to:· -----~169.1 1 158.4 t--118.6 116o.o ·tll7.o-t-1"Jsj~-~1i)7.i---t--134.·2- : 
,I ! ! ! \ 1 ! ~ 

f----------- I I [ 17]b . lll9]b I [33]b -b--k I -~----------i 
i 11. i 167.2 i 158.6 · JJ8.0 I 160.8 I 117.3 1 139.0 1 107.9 ~ 134.) ' 

[ ___ -- - ____ j_ ______ L[21] b I [21] b -~~b ____ j~-~J~_j_ _________ L_ ----~-------_j 
aSpectra recorded in saturated CDCh solution. and data are reported downfield to 

TMS; 

cdata was not obtained for 8 and 12 owing to poor solubility in CDCh, c 2J( 11 '~Sn-0-

13C) in Hz 

bunresolved nJ(uC- 117111 '~Sn) and resolved 1J('C- 1171119Sn) are indicated between 

brackets. 
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Table 4.14 13C and 119Sn NMR chemical shifts and coupling constants (ppm and Hz) 

for the diorganotin residues in 5 -7 and 9-11 a.b 

a 
SnCH3 

a f3 Y 8 
SnCH2CH2CHzCH3 

·--·-

9. \93.6 

10. -212.5 

. 

11. 319.9 

I -

27.3 

[531/557]' 

! 'r----
i 13.6 

I 
I 

. t·-··· 
141.4 . 135.9 ! 128.() 1 130.4 

(860/894t i [ 59Jd i [85J" I ( 17 Jt , 
... L -----· ... ..L .............. _____ j__ _____ .. __ ...... ...i_ ...... ____ .....J 

Spectra recorded in saturated CDCh solution, and data are reported downfield to 

TMS; 

b data was not obtained for 8 and 12 owing to poor solubility in CDCh; 
1
.1(

1 'c -1 
''

1Sn) in Hz;<~ ··J( 1 'C ' 19Sn) in Hz:' 'J< 1'C- 11
'
1Sn) in H:t: 14

J( L'c 
119Sn) in Hz 

4.5.3.3 Electronic spectra 

The spectral data for 5-12 are summarized in Table 4.15. Towards the visible 

region, the electronic spectra show multiple absorptions, giving rise to the yellow 

appearance of the compounds and is due likely to a n--+n* transition within the 

thiosemicarbazidc chromophore owing to extensive conjugation, [ 15] which is most 

likely reason for the observed fluorescence in methanol solution Table 4.15. The 
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emissiOn spectral data in solution indicate the t1uorescence property of these 

compounds qualitatively which is not unexpected for the extended conjugation 

present in the structures as mentioned. 

Table 4.15. Electronic absorption spectra of compounds 5-12 recorded in methanol 

solution 

Compound 

1 

Amax (nm) 

l 

Absorption 
! 

! (Amax, nm) 

Emission 

I (Amax, nm) 

i 
--·-·---~- 410 

1 
410, 340, 236 --1495 (Aexc= 400nm) i 

_______ 415 1415,340.238 1495(A,.0 ~415nm) -~ 
7. 1407 : 407, 339, 260 J 490 (Aexc = 410nm) 1 

Is: r95 ---, --·---r- -------{ 
f-.--------- ------- i --+1--- ----ill 
1 9. 1409 • 409. 340,238 , 493 (Aexc =: 410nm) 
~--------··------··--·--· . ------------~--------~ ---- I ~ 

~~~: +:~:- "" <:: ~::: ;:~ -ml ::~ :~: ~;::~ 
i __ -- --~--- ·------ -----------+--~--------------· 
1 12. \ 398 r -

l. ________ .___ _ ___ l_ ----·---- ··-·--.-

4.5.3.4 X-ray Crystal Structures 

---~ 

! 

This section deals with the X-ray crystallographic studies of diorganotin(IV) 
l 4 complexes of the type R2SnL (R=Me, n-Bu and Ph; L= L· and L ) . In the present 

study efforts were undertaken to obtain single crystals for the X-ray analysis of the 

diorganotin(lV) derivatives of the ligands described before. Compounds 5. 6. 7, 9 and 

l 0 provided single crystals suitable for the X-ray crystal structure determination. The 

crystal structures of all theses complexes are described below. 

4.5.3.4.1 Crystal structure of Me2SnL3 (5) and Me2SnL 4 (9) 

The X-ray quality single crystal of 5 and 9 from the benzene solution of the 

compounds were successfully isolated. The molecular structure of 5 and 9 along with 

the crystallographic number arc given in (Fig. 4.29a) and (Fig. 4.29b) respectively. 

The crystal data and refinement parameters are presented in Table 4.1 for 5 and Table 
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par:um:ters are given in Table 4. l {; : ·· • ., il 

for 9. Both the eOillpoc~nli, 5 and 9 crystallizes into a monoclinic i<lltiL·~· \ if! 

space group. The molecular structures reveal a tridentate mode of coordinati,)Jl [(\the 

tin atom through the thiolate-S 1, phenoxide-0 1 and imino-N 1 atoms of the dian ion 

derived from the respective Schiff base, with the penta-coordinate geometry being 

completed by two methyl carbon atoms. The similarity in the structures is emphasized 

by the isomorphous relationship between the two di-methyl compounds, 5 and 9. An 

evaluation key bond distances of 5 with Br/Cl substituents and 9 with Br/Br ones, 

indicates that the substituents do not influence the electronic structure of the ligand as 

the comparable distances are equal within experimental error. The coordination 

geometry about the tin atom in each structure as the coordination geometries vary 

depending on the nature of the tin-bound group. Thus, the di-methyltin compounds 

adopt almost intermediate geometries bet\x;een square pyramidal and trigonal 

bipyramidal. This is quantified by the value of 1:, i.e. 1: = 0.47 for 5 and 0.49 for 9, 

which compares with 1: = 0.00 for an ideal square pyramid and 1: = 1.00 for an ideal 

trigonal bipyramid [ 150]. In the crystal structures of isomorphous 5 and 9. molecules 

are connected into supramolecular chains aligned along [ 1 0 1 ], through a variety of 

hydrogen bonding interactions. The most prominent supramolecular synthon in the 

crystal packing is an eight-membered { ... HNCN }2 motif disposed about a two-fold 

axis: geometric parameters for the mtermolecular interactions are given below. The 

second hydrogen of the amine forms a hydrogen bond to the Br 1 atom with the 

resulting chain stabilised by an internal C-H ... Cl interaction. The supramolecular 

chains thus formed, (Fig. 4.30a), pack into layers with an undulating topology that 

stack along the h axis, (Fig. 4.30c). In the absence of the chloride in 9, a C-H. .. S 

interaction occurs instead, and these prov1de connections between the chams to form 

two-dimensional arrays in the ac plane. (Fig. 4.30b). The layers have an undulating 

topology and stack as illustrated for 5, (Fig. 4.30c). By contrast to the situation in 5 

and 9, simpler supramolecular aggregation patterns are observed in the crystal 

structures of isomorphous 6 and 10, and in 7. This is correlated with the increased 

size of the tin-bound substituents and the participation of only one of the amine-H 

atoms in significant intermolecular interactions. 
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Table 4.1i) "-. _ : c;cometric parameters (A, 0
) for Me~SnL' (5) 

l~~-~1e~cr 
i Sn~Sl 

5 
-------------+------~--- --- ------------

2.5493(1 0) 

Sn~01 2.086(2) 
f----~--~--~~~--------4~---~--~------~------ ________________ j 
Sn~N 1 2.231 (2) 

C1~S1 1.723(3) l 
I Nl-N2 -------------. 1.391(3) ----- --------- ------------ --- --~ 

~~~~m n=-=~~==~==-1 :;:.:::~) =-===-----=~~ 
_c-~~=c !128.25(18) ______________ 1 

Table 4.17 Selected geometric parameters (A, 0 ) for Me2SnL 4 (9) 

i Parameter 
I 

J Sn-Sl 

Sn-Nl 
i - ----------
1 Cl-Sl 

. ·-·~. --····----- -·----- ·--··-

I Nl-N2 

_T_9___ ---

--fT5451(15) 
-------- i -------- --- ---------- --- . 

l 2.085(3) 

t2.2J2(4) 

- -------~------~~-----~-------------
.. 1_1~39~(5~--- ---

1.300( 6) lci=N'2 
/ ci-N 1------------- -- --- --------------

1.290(6) 
f-------------
I S1-Sn--01 
! r··-----------------
; C-Sn-C 
! 
L--~------····-- -------

156.17(11) 

27.0(3) 

----·-- -~ 

i 



51 

5\~9 
iJ---~ 

C/1 

a) b) 

Fig. 4.29 a) Molecular structure and crv-.tallugraphic nurnhering scheme lor 

Mc,SnL' (51 

hl Molecular "tructure and crystallographic numhering scheme tnt 

Me,SnL (9) 

Details of the ~emnetric porwneters describing the wprmno/ecu/ar 

uggregation in the structures ofS und 9. 

(5): N~-Hin .. N2' = 2.37(41 A. N3 .. N2' = 3.176(4) A. angle at Hln = !52(.h 

lor -.,ymrnctn operation 1. I x. \. ! 1 2·/ :'\3-IL?n. Brl'' = 2.;.)4(-~1 /\. '\U. Brl' ·-

~.626(3) A. angle at H2n = 1112(.~1 for symmetry operation 11: 1 z+x. li2y. 12+1 .. CY 

H9c. .. Cil'" = 2.80 A. CY ... C/1 j,, = 3.660(5) A. angle at H9c = 150° for symmetry 

operation iii: Yz-x, 1/z-y, 1-z. 

(9): N3-Hln ... N2i = 2.33(6) A, N3 ... Nt = 3.175(6) A. angle at Hln = 163(6)" 

for symmetry operation i: 1-x. y. Jl!z-z. N3-H2n ... Brlii = 2.RR(6) A. N3 ... Brli' = 

3.679(5) A. angle at H2n = 163(6) for ... yrnmetry operation ii: lf2+x. ~'2-y. 1/z+J:. C9-

H9h ... Sl"' = 2.81 A. C9 ... Sl'i' = .~.710(6) A. angle at H9h = 157 for symmetry 

operation iii: I Y2-x, Y2-y, 1-z. 
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a) 

1()7 



b) 

c) 

Fig. 4.30 Crystal packing in the isomorphous structures of 5 and 9: 
a) view of the suprarnolecular chain in 5 mediated by N-H · · · N and N-H · · 

·Br interactions and sustained by internal C-H· · ·CI contacts. 
b) view of the supramolecular chain in 9 mediated by N-H· ··Nand N-H· · 

·Br interactions for 5. and connected into a two-dimensional array by C--
H · · ·S contacts. 

c) stacking of layer.s in 5 representative of both 5 and 9. 

loX 



4.5.3.4.2 Crystal structure of n-Bu2Snl} (6) and n-Bu2SnL-' (10) 

X-ray quality single crystal of 6 and 10 from the petroleum ether (60-80"Cl 

solution of the compounds were succe~sfully isolated. The molecular structure of 6 

and 10 along with the crystallographic number are given in Fig. 4.J I and Fig. 4 3.2 

respectively. The crystal data and refinement parameters are presented in Table ~.2 

for 6 and Table 4.5 for 10. Selected geometric parameters are given in Table 4.18.for 

6 and Table ~.19 for 10. Both the compounds 6 and 10 crystallizes into a monoclinic 

lattice with P2 11c space group. The molecular structures n:\eal a tridentate nmd<.' ''' 

coordination tu the tin atom through the thiolate-S l. phenoxide-0 l 

N'3r/;i 

'~ r1 '-...1. 

N2 .· 

C/1 

Fig. 4.31 Molecular structure and crystallographic numbering scheme fur 

and imino-N I atoms of the dianion derived from the respective Schitl base, with the 

penta-coordinate geometry being completed by two n-hutyl carbon atoms. The 

similarity in the structures is emphasised by the isomorphous relationship between the 

two di-n-butyl derivatives. 6 and 10. SmaiL hut chemically insignificant. 11511 

differences arc noted between the Sn-S I bond distances in the structure'-> of 6 and 10. 

Within the dianion. the CI~SI and NI-·N2 hond distance:-. are cun-.i:-.tcnt with -.,jn_gk 



bonds, whereas double bond character is evident in each of the C I-N2 and C2-N I 

bonds. Arguably, the most significant differences in the geometric parameters about 

the tin atoms are found in the S 1-Sn-0 1 and C-Sn-C angles. These are pivotal in 

determining the coordination geometry about the tin atom in each structure as the 

coordination geometries vary depending on the nature of the tin-hound group. The 

distortion is even greater for the di-n-butyltin compounds where t = 0.15 and 0.16 for 

6 and 10, respectively. Therefore, there is a correlation between the magnitude of C

Sn-C and the distortion away from an ideal square pyramid. Simple supramolecular 

aggregation patterns are 

Fig. 4.32 Molecular structure and crystallographic numbering scheme for 

n-Bu2SnL+ (10) 

observed in the crystal structures of isomorphous 6 and 10. This i;.; correlated with the 

mcreased size ol the tin-bound substituents and the participation of only one' <•f 1 he' 

amine-If atoms in significant intermolecular interactions. Supramolccul<u ~_ilt~lll~ 

mediated by N-H ... O hydrogen honding, along the c axis are found in each of 6. i h~ 



Ill In 10. the chains arc rein!( t, ;; i ·, so that the 

, ts hi furcated. 

· of tht' gt'onzetric parameters dt'scrihin5:_ 1/i \I. uggregation in the 

srructures of'6 and 10. 

(6): N3-Hln ... Oli = 2.36(5) A, N3 ... 0li = 3.076(5)A. angle at Hln 

symmetry operation i: x, 1 Yz-y, Yz+z. 

145(5)0 for 

(10): N3-Hln ... Oli = 2.36(4) A, N3 ... 0li , 3.055(5) A, angle at Hln "'' 141(4)0 for 

symmetry operation i: x, 1lfz-y, 1/z+z. N3-Htn ... Brl' =' 2.92(5) A, N3 ... Bd = 

3.661(5) A, angle at Hln = 148(4)0
• 



I 
I , 

Fig. 4.33 Crystal packing in the isomorphous structures of 6 and 10: 
view of the supramolecular chain in 6 mediated hy N-H· · ·N hydrogen 

hondi ng, representative of hoth 6 and 10. 



Table 4.18 Selected .f!eomc\ i' l' 

I Parameter 

! Sn-Sl ..•• i l3) 

-.::. J I ~(3) Sn-01 

Sn-Nl 
~-------~---·------'r-:;----~~-----------

1 2.242(3) 

Cl-Sl 1.728(5) l 
~-----------·--·------, 

f--N_I-_N_2_______ -----~- _ __ ____ -I 1.3 85( 4) _ ~ ________ _ __ _____ ___ _ __ ; 

II~~=:~ ------- . --+:~~:~:; --------------~ -~~~::01 ---- -·· ···-- -1=;;;- ------------------··--·-·------l 
_______ ___]_ _________________________ ~.. ... ·-······· ·-···-··-· ... 

Table 4.19 Selected geometric parameters (A, 0
) for n-Bu2SnL4 (J 0) 

1 Parameter 

r-s;=-sl 
L--···--· 
: Sn-01 
l----··-··· 

Sn--Nl 

2.4975(12) 

2.1 04(2) 

2.232(3) 

C 1-S I -r-~7-24_(_4 )-~ . 

I Nl-N2 ·11.376(4) 

r~~~---~ -••· ·~---~~==----~-~~ -~- J: -~::~ :; -=_= -~-~---
,Sl=Sn-01 i 148.70(9) 
i r--·-----·----·-----

I 
-l--·----····· 

1 C-~Sn--C i 118.5(2) 

4.5.3.4.3 Crystal structure of Ph 2SnL 3 (7) 

The X-ray quality single crystal of 7 from the benzene solution of the 

compound was successfully isolated. The molecular structure of 7 along with the 

crystallof:,JTaphic number are given in (Fig. 4.34). The crystal data and refinement 

parameters are presented in Table 4.3. Selected geometric parameters are given in 

Table 4.20. The compound 7 crystallizes into a triclinic lattice with Pl space group 

The molecular structure, reveal a tndentatc mode of coordination to the tin :1tom 

I 7' 
J: /,) 



thl<llltdl tile tlwllalc·S I. pilCtHlXllk·OI c~nd !itll!h' '\I <~tum-. ,J! tlw dianiun 

dcri\t'd trom the Sch1tl h<t:--c. with the penta-courdmate ~Cill11l:tn hl'llll! L',lmpktt'd h~ 

l\\1' phenyl curhun atotll\. I ilL' ny.-..tallographic analy-.~'> '" 7 'li•>\\cd the :--ample had 

., 1 



~l) 

hi 

Fig. 4.35 Crystal packing in the structure uf 7: 
a) dimcric aggregates mediated by N--H· · ·N hydrogen bonds: and 
h) -;tacking of the aggregate-; shown in (a) t() form channeb along the u 
axis in which re-;ide the -.;ol\cnt her11cnc mukcuk-.. highlighted in 
space filling mode 

1'-- \C~ryll1g dcpcmlttl~ tlltlilL· 11aturc ()fthc tin·D\\Ul1d gr(\up hn thL' dt-phenvltin 

1..\HliJh'UillL 7 .~ dt-.l\lrll\lll 11•\\ctltl ... -.quarl· l') t.unid~ll i' ,.\ idl'!ll T = ()]9 Simplt· 

l7S 



. , rcgation patterns are observed 1!1 till: 

ISOI110rpl1< c • L: crystal structure of 7 comprises d10rganm:: :::s and 

benzene 111\lL:.~ulcs 111 the ratio 2:1. The presence of the eight-mcmncrc... i INC 1\\ 

synthon leads tn ccntrosymmetric dimeric aggregates (Fig. 4.35a). Thcs~.: stack along 

the a axis to define channels in which reside the solvent benzene molecules (Fig. 

4.35b). 

Details (~/the geometric parameters describing the supramolecular aggregation in 

the structure of7. 

(7): N3-Hln ... N2i = 2.25(6) A, N3 ... N2i :cc 3.052(6) A. angle at Hln 

symmetry operation i: 2-x, 1-y, 1-z. 

Table 4.20 Selected geometric parameters (A, 0
) for Ph2SnL3 (7). 

--+-~~----~~·-··-·---·--··· ----··· 
I 2.5074(15> 
I ----r------·· 
i 2.082(3) 

t-2.236(3) --
1 ···+!----·. ···---· 
1 1.718(5) 

-:-1.387(5)--
1 

----l 

.j ..... ·-- ·-·--·· 

i 1.300(5) 
f--------···· 
i Cl-N2 

rc2=NT tl.·292(5) ... 
I . ·-·····-··-···---------·--· 
1 Sl-Sn·-01 f

l53.52(ll )- --~-. -

L---~ ···-·--·-··~· ·-···-··---·-···-··----·· 
I C-Sn-C ~~::~~~a . ------I 

I 

"The C~-Sn·C angle tor the second component ~)fthe disordered phenyl groups 

4.5.3.5 Differential Scanning Calorimetric analysis 

All the compounds have single sharp peak indicates the compounds are pure 

and this is the corresponding melting point of those compounds. The enthalpy of 

compound 10 was (L\Hrnelring =57.65 J/g). The enthalpy of compound 9 was (,\Hmoir1ng 

-~35.07 J/g). Like as compound 11 (l'I.Hrm:lting .:69.41 J/g), compound 5 ('\Hmc:ltlllg 

~57.47 J/g), compound 6 (L''I.Hmeiting .c59.45 Jig), compound 7 (L'\,.Hmclnng 65.45 J'g) 

were the enthalpy of the melting point. 

l 76 



i 

4.5.4. Biological properties of diorganotin(l\ ) complexes of o;uhstituted 

salicyldehyde thiosemicarbazone. 

4.5.4.1 Anti-fungal activities 

The anti-fungal properties of the diorganotin compounds 5-7 and 9-11 are 

summarized in Tables 4.21, 4.22 and 4.23. The fungitoxic effect of the organotin 

compounds was screened at three concentrations, 25, 50, and 100 ppm, on spore 

germination of six different pathogens of rice (He!minthosporium oryzae), wheat 

(Bipolaris sorokiniana), mustard (Alternaria brassicae), cabbage (Alternaria 

kikuchiana), chilli (Colletotrichum capsici) and onion (Stemphylium pori). All test 

chemicals markedly inhibit the spore germination of each of the above fungi at 

concentrations above 50 ppm. At l 00 ppm. almost complete inhibition of spore 

germination ensued. irrespective of the pathogen, which indicates high fungitoxicity 

against different groups of pathogen. 

Table 4.2L Spore germination (%) of Bipalaris sorokiniana and Helminthosporiwn 

nrvzac in the presence of compounds 5-7 and 9-11. 

Compound Spore germination % of 

8_ 5.-orokiniana 

Cone (ppm) 

50 100 

Spore germination% of 

H. oryzae 

Cone. (ppm) 

100 

i 5. 3.5 () 
! 

6. 

7. 

9. 

10. 

----~· --------

2.5 

2.0 

5.0 

3.3 
~-----~·-

0 6.7 

0 

1.0 

0 
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I able 4.22 Spore germination (f';o l of -l!r,·ru, 

/,ikuchianain the presence of compounds 5-7 anu 1.) ll 

· ·ussruzc and Altcrneria 

-------- ----~------- ~----------- ------

! Compound Spore germination% of I Spocc germination% of 

I --- -A hrassicae-- ~ ---A h:uchiana I 

L -- ___g;_~~c:~c (ppm), 100 ~h~ -.; (p~~~~_~_o_o_~ ~ 
t ::---- -- ::~ ~; ~ --; ' ~:~ ~ 
I 7. I 9.9 I 4.0 I 1.1 

t~-~-=--~-[:~~F-~ ~----±~ 
I 11. i 4.) i 2. l i 0 
l. ·-- - ~-- . . l 
i Control(water) 1 80.Y 
! ! 

I 9.s I 4.6 
1

1.o I 

1

9.4 _. 14.0 __ I 0 9 -~ 
'4.5 13.3 0 
I ---he--- ---i 
' 4 1 ' 2.9 0 ' 
: i I I - --1----- -~ -_L- - - --- - ___ -.--1...- -- -- - ___ ______. 

1 79.5 · 
-- j_ - - .......... --.L ....... __ .. _________ ..... ._ ___ ,,,._,, ____ _c 

Table 4.23 Spore gennination ( '~<>) of Co!Letutrichum capsici and Stemphyliwn pori in 

the presence of compounds 5--- 7 and 911. 

/ C~p~~nd -----r· Spore germination (Yo of C. 

capsrcz 

!Spore germination % of S pori 
i 

I 
l_ 

+ ---- ~------------- ---------·--i 
Cone (ppm) Conc.(ppml 

~-- --~--- . ---+-- ·- _T ______ --
i 25 I 50 ! 100 25 I 50 ! I 00 
1---~--------------t--- ------------------- ----------c--c--------~---------+-------i 

5. 8.1 4.9 0.8 7.9 5.0 0.9 

6. 7.0 4.2 0.5 6.70 3.7 0 

7. 12.2 5.6 2.1 11.9 6.1 2.2 
----

I 10. 

~ ~~:,,:(water) 

13.7 5.9 

-I~: 
12.3 6.7 2.0 

I 
7.9 4.3 7.3 4.9 0.8 

' -~--- . ... E------ f------- -----

i 6.92 3.9 0 6.1 ! 3.4 0 
-- --------------- --~------- .. L ....... 

78.2 
I 

75.9 

9. 

- _[_ ------. 

1n 



4.5.4.2 Phytotoxic pnm.' 11: 

The phytoto'\IL :ttcch nf compounds 5-7 and 9-11 as a functturi .l\ : i1. 

concentration arc summanzed in Tables 4.24 and 4.25. For this purpose. the -;c~.:d 

germination of tour economically important crops, Oryzae sativa, Brassica nigru. 

Capcicum annum, and Brassica oleracea was evaluated at a concentration of 100 

ppm. The results indicate that none of the organotin compounds displays any 

inhibitory effect on seed germination and some even show stimulated germination. In 

other experiments (Table 4.24) with Triticum aestivum with cultivar Sonalika, it was 

found that concentrations as low as 25 ppm are equally effective. 

It was observed that the general activity of the organotins towards fungi 

decreased when alkyl groups were replaced by aryl groups, irrespectiVe of the fungt 

under study [ 151. By contrast, in the present study fungitoxicity did not toll ow one 

common general trend but rather appeared to be dependent on the individual fungi 

under 1mestigation. l Ience. the order of activity decreased from alkyl to phenyl in one 

case and reversed tor the other. The compounds containing phenyltin groups 11 were 

more fungitoxic than the alkyl-substituted tin compounds 9 and 10. 

Table 4.24. Phy-totoxicity of compounds 5--7 and 9-11, after seed treatment oflndian 

wheat (Triticum aestivum L. ), cultivar Sonalika. 

Compound Percentage (%) of seed I Percentage -- (%f--~~f---

after germination after 4h treatment Jgermination 

treatment 
---- -- - - - ______ , ________ --- -----------·--

Cone. (ppm) 
1 

Cone. (ppm) 

125· - :·so - Too i-25- ··-so -
:: -- - ---~:~--- i-~~ - -: -I:~- -- :! 

100 

95 

92 

7. 95 99 99 94 97 95 

9. 98 95 92 96 91 94 

----t9J 94 
. - -~~-----.l - --

I 92 I 99 94 92 97 
__ __L____ L.. --------· _L 

10. 93 

92 

Control '' i 95 94 
l ______ . --- I - ·- - - -~-·----~------ ------

a The control st:eds were incuhatcd in methanol/water ( 1:5) for the indicated period. 
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Table 4.2:' 1" :,l, l''-l'-' effect compounds 5-7 and 9--1 L dttcl· :-;cell ·~c~r:tlcJH ,)fricc 

(On :::ue sarnw. mustard (Brussica nigra), chilli (Capcicum unnwn )_ cll1d cabbage 

(Brussicu olerucea) at 100 ppm concentration. 
1C--;mpo~~d-fPercent~ge (%) of seed germination after 12ht~eat~~nt - ~---:-1 

I Rice Mustard Chilli Cabbage ,-: 

! (Oryzae I (Brassica (Capcicum I (Brussicaoleracea) ! 

c-- I sativa) I nigra) annum~--~ ____ u _; 

lL ~1~ -I:: -_ -·- :~ ----- 9

9

8

4

: ____ -__ 1 

~ == =-I ~~-· I :; --- I :~ =-=t=l_: --- --j 
: 10. 81 I 85 182 I 
r1i ----+ 85------- 184 -------- 1 84 --------------------~ 

i i - ' -- ----+---- tc: . 
ic:~~tr~la -8~'--~-~~~~-r~-~- _ J-~-~-- -----~-~~~~----

'The control ~eeds were incubated in methanol/water ( 1 :5) for the indicated period. 
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CHAPTERS 
BIOCIDAL ACTIVITY OF ORGANOTIN(IV) 

COMPLEXES ON FOLIAR BLIGHT DISEASES OF 
WHEAT (Triticum aestivum L.) 



5.1 Introduction 

India is one of the main wheat producing and consummg countries of the 

world. After the advent of Green Revolution, the production of wheat has shown a 

gigantic increase from 10.4 to 80.58 million tones during 2008-09 ll]. The crop 1s 

known to suffer from a large number (at least 50 fungal, 7 bacterial and 36 viral) of 

diseases [2] which may reduces the yield up to 24.3%. Among the different 

pathogens, foliar blights have been recognized as one of the major production 

constraint of worldwide wheat cultivation, particularly in warmer growing areas of 

eastern plains of South Asia including India characterized by an average temperature 

in the coolest month above 17°C [3-9]. 

There are numerous foliar blights either of seed borne and/or soil borne 

diseases reported on wheat [10, 11]. The three blight diseases (spot blotch, tan spot 

and Alternaria blight) have been recorded in most of the wheat growing areas of India 

[ 12-141, Bangladesh [ 15], Nepal [ 16] and Pakistan [ 17]. In Eastern India, the leaf 

blight diseases represent a complex and are collectively referred to as 

Helminthosporium Leaf Blight (HLB). Two of the most common diseases, spot blotch 

and tan spot. are caused by the fungi B. sorokiniana (Sacc. in Sorok.) Shoem (Fig. 

5. 1 a); and Pyrenophora tritici-repentis (Died) Drechs, respectively. Another leaf 

blight fungus is Alternaria triticina (Fig. 5.1b) reported by Prasad and Prabhu [18].ln 

the conducive weather conditions i.e. continuous rain for 5-6 day followed by warmer 

temperatures (day average of 20-30°C), spot blotch epidemic can develop very 

rapidly [ 19]. In recent surveys, the relative frequency of A. triticina seems to be 

declining, possibly due to availability of more resistant varieties of wheat [20). 

Besides, another leaf spot disease, zonate eye-spot (Drechs/era gigantea) has also 

been reported by Chowdhury et ai. [2 1] from terai zone of West Bengal. Symptoms 

of these three leaf blights are difficult to distinguish in the field, even microscopic 

observation does not clearly resolves the problem of correct diagnosis. However, the 

spot blotch pathogen, B. sorokiniana is the major one and responsible for yield loss in 

northern districts of West Bengal [22]. Though organotin has been widely used as 

fungicide [23-25], however, till today no attempts have been made to evaluate the 

oragnotin or its derivatives as fungicide against wheat foliar diseases caused by B. 

sorokiniana, the role of which are elaborated below. 
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a 

Fig. 5.1 a) Spore of the fungi B. sorokiniana and; b) Spore of the fungi A. triticina. 

5.2 Literature 

5.2.1 Use of organotin as biocide 

Investigation of fungicidal and bacteriocidal properties of organotin compound 

and its derivates was carried out by many scientists world over. Among them a few 

are cited below. In case of the agricultural applications since the present investigation 

is carried out in Indian soil, similar important works are referred below preferentially. 

Fentin acetate was found to be effective against many diseases such as leaf spot 

diseases of bitter gourd [26], leaf spot and fruit rot diseases of brinjal [27], 

Phytophthora diseases of cacao [28], gray blight diseases of coconut [29], sugar cane 

downy mildew diseases of maize [30], Alternaria disease of sesame [31], kernel bunt 

[32] and spot blotch diseases of wheat [33]. Similarly, fentin hydroxide was also 

found to be effective against some diseases of cereal [34-36]. Several other 

compounds such as fentin chloride [37], non-commercialized triphenyl tin derivatives 

[38, 39] and some anionic complexes [40] were found to be effective as fungicide or 

as bactericide. Kamruddin et al. [41] have reported that among the three 

R3Sn02(02CCH2N(H)C(O)NH2) [R=Ph,C-Hex(Cyclohexyl) or n-Bu], n-Bu was more 

toxic against the fungi A. alternate, H. sativum, H. maydis and P. oryzae. Chakraborty 

eta/. [42] have reported the synthesis and biocidal activity of [R3Sn(02CCH2SC5H4N-

4] where R=Ph, benzyl(Bz), Cyclohexyl(C-hex), n-Bu and [R3Sn { 0 2CCH2SC4H3N2-

2,6] where R=Me, Ph and n-Bu against the fungi H. maydis (ITCC 2675) and H. 
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oryzae (ITCC 2537) both of which damage the crops such as maize and rice. Also 

they have observed that these compounds show no adverse phytotoxicity up to the 

concentration 10-3 M. Sen Sarma et al. [43] have described the biological activity of 

these compounds, with general formulae [R2Sn(OArCH=N-N=CSNH2)], where 

R=Me, n-Bu, Ph and Ar= -C6H4, -C6H3(5-Cl), -C6H3(5-Br), against four fungal 

pathogens ( Curvularia eragrostidi, Alterneria porri, Dreschlerea oryzae and 

Macrophomina phaseolina) of four different crops (Camellia sinensis, Guizotia 

abyssinica, Oryzae sativa and Solanum melongena ). 

A wide range of organotin substitute show biocidal activity such as organotin 

compound with oxygen and nitrogen donor legends [ 44-4 7]. Even, the organotin 

complexes of sulphur containing legands have been found biological applications [ 48-

49]. Rehman et al. [50] presented the synthesis and in vitro antifungal activity of 

some Schiff bases and their organotin(N) complexes against plant pathogenic fungi 

and it was found that they pose excellent fungicidal activity. The application of multi 

criteria decision-making methods to the results of in vitro antifungal properties of 

oraganotin compounds of the type PhxSnXz (x=2 or 3; X=02CC~OH, 

02CC6~0COCH3 , Cl or 0 2CCH3; z=l or 2) and of free 2 hydroxybenzoic and 2-

acetoxybenzoic acids against many fungi such as Aspergillus niger and Aspergillus 

flavus etc. was described by Gorwin et al. [51]. The [nBu3Sn(N-phthaloylglycinnate) 

OH2] and 3 other triorganotion derivatives of N-phthaloyl-protected amino acids 

were tested by Ng et al. [52] and the complexes were having a varying degree of 

inhibitory effect against several economically important plant pathogenic fungi like 

Alternaria padwickii, Batryodiploddia theobromae, Colletotricum musae, 

Pestalodiopsis guepin and Phytophthora palmivora. Triorganotin(N) compounds 

appear to inhibit the mitochondrial function in Dutch elm diseases of American elm 

tree [53,54]. Eng et al. [55] observed that complexes of several Ph3Sn(IVt 

carboxylates and of some 1:1 addition compounds of Ph3SnCl and 2,3-disubstituted 

thiazoliun 4-ones were effective against Ceratocystis ulni, a pathogen of Dutch elm 

diseases. 

Additionally, Ph3Sn(Nt compounds of p-ethoxybenzoic acid and acetyl salicylic 

acid contain molecular units with distorted tetrahedral Sn center. These complexes 

have significant inhibitory activity against a range of fungi [56]. Kalsoom et al. [57] 

reported that a series of di- and tri-organotin complexes of 2-thionapthene had 
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moderate biological activities against vanous bacteria and fungi. The fungicidal 

activities of ArSn(IV) compound (p-Z C6H4)3SnX where X= -oAC group, -oH or \12 

0, Z=F, Cl, CH3, CH30, CzH5 or [(Cl-bhC] was reported by Whaef eta!. [58]. They 

found that p-substitution reduces biocidal activity but p-CH30 was completely 

ineffective. Based on these experiments, they proposed a model for the fungicidal 

action[ 58]. In view of the promising results, some organotin(IV) dithiocarbamates of 

the formula RnSn(SCSNR 1R2) 4-n (R = Ph or Bz; R 1 = R2 = alkyl or aryl; n = 1 or 2) 

were synthesized as well and evaluated in vitro against five fungi [59]. 

Triphenyltin(IV) phenylthiocarbamate had the best overall antimicrobial activity. A 

series of organotin(IV) complexes of pipyridyl dithiocarbamates of the types R2SnL2, 

R3SnL [60] and R2SnLCl [61,62] also exhibited high activity compared to free ligand 

against bacteria and fungi. A large number of organotin(IV) complexes of 

compositions Ph3SnL•bipy and Me2SnLCl•bipy (L = anion of amino acid, e.g. 

tyrosine or phenylalanine) have been screened against a number of fungi and bacteria 

to assess their growth inhibition potential [63]. The organotin(IV) derivatives of the 

amino acids have been of interest as possible biocides [64-66]. Tricyclohexyltin(IV) 

alaninate has been found to be active as a fungicide and bactericide for seeds and 

plants [67]. Organotin(IV) complexes of amino acids [68-70] of the type R3SnL and 

R2SnL2 (R = Me, Ph or n-Bu, L = anion of various amino acids) were found to be 

active against a wide spectrum of bacteria and fungi. Organotin(IV) complexes of 

extended systems derived from the condensation of 2-arnino-5-( o-anisyl)-1 ,3,4-

thiadiazole with salicylaldehyde, 2-hydroxynaphthaldehyde and 2-

hydroxyacetophenone, were also screened in vitro against the same panel of bacteria 

and fungi [71,72]. The effect of fentin acetate against various fungi and bacteria was 

investigated. They are Phytopthora palmivora of black pepper [73] , Pyrenopezziza 

brassicae of brassicas [74], Perenorporm destructor of onion [75], basal stem rot 

diseases of cowpea [76]. The fentin hydroxide was also effective against various fungi 

e.g Cercospora beticola of sugerbeet [77] and Stemphylium so/ani of wheat [78] etc. 

5.2.2 Economic importance of B. sorokiniana 

The theoretical aspects including methodology of yield losses in general crops 

as well as for economically important commercially cultivated crops have been 
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reviewed [79-84]. The importance of yield losses in relation to host age is the 

most important pruticularly in designing strategy of management and decision 

making. In a conservative estimation, it has been reported that the yield losses due to 

foliar blights in wheat ranges from 20 to 100% [4-5] depending on genotypes and 

environmental factors (Fig. 5.2). 

Fig. 5.2 Foliar blight diseases appeared in wheat plant on the field trial condition. 

(Inset: a close up view in the top right corner) 

At Poza Rica, in Mexico which is the hot spot for screening the resistance to 

spot blotch diseases, 49-90% yield losses have been recorded by Duveiller et al. [85] . 

In the Mixteca region of Mexico, on-farm trials under severe natural infection by tan 

spot diseases indicated plots under zero tillage suffer loss in yield around 37% even 

with one spray of propiconazole [86]. In Argentina, tan spot is recognized as major 

leaf blight in wheat and severity level beyond 50% is a common feature with potential 

yield losses up to 20% [87]. In Paraguay, during 1972, losses due to the disease 

complex in the wet year reached as high as 70% [88,89]. In Pakistan, previously the 

spot blotch was considered to be of the minor importance [90]. However in 2000 

during a survey of wheat fields in various districts of Punjab, foliar spots were 

observed in different frequencies [91]. Later B. sorokiniana was found the 
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pn.·d, · itho~cn of foliar spot in all wheat growing arcao 1 I··' 1 Du·· .:< •• LU 1 ·•~ • C 

to till· 1\C pathogen, the yield loss was estimated at l x-~~· li< india l20) and 

2::\.X"o 11 \_'p:il [9::\]. 

ln bnners· fields of Bangladesh, the average yield losses due to foliar blights 

were estimated to be 15% [94] whereas yield losses due to spot blotch were about 

20% in Sonalika cultivar, whereas 14 and 8% losses have been reported in Akbar and 

Kanchan cultivar respectively [95]. Sowing time also dramatically increases yield 

loss. For an example. in Bangladesh, the late sowing of the two leaf rust susceptible 

cultivars Sonalika and Kanchan resulted in a yield loss of 71% and 41 (10, respectively 

[96]. A study conducted at Bangladesh into the effect of B. sorokiniana on wheat 

production revealed that upon the artificial inoculation of plants at the flag leaf stage 

reduced the number of grains per year head and 1 000-grain weight by 7-100 % and 

12-100 %, respectively compared with the control [97]. In Nepal, the yield losses 

have been registered around 27 % [98]. 

fhe losses caused by A. triticina and Helminthosporium spp. have been 

estimated separately in lndia. Flag leaf in almost all cereals has major impact on yield 

potential of the concerned crop. Chenulu and Singh r99] estimated losses due to A. 

rriticinu to the extent of 99% in a highly susceptible variety, Sonalika under artificial 

condttions of inoculations at the boot stage in pot experiment Nema and Joshi [ 1 00] 

correlated reduction in grain weight to the number of lesions mcited by 

Helminthosporium sativum and disease intensity per unit area of flag leaf in pot 

experiments. Prabhu and Singh [ 101] estimated the relative effects of A. triticina and 

Flelminthospurium sativum. independently and in combination on yield and 

magmtude of losse:-: They observed that losses increased at the rates of 0. 92, 0. 52 and 

0.36 per unit increase of the disease incited by Helminthosporium sativam. A. triticino 

and combined infection of both the pathogens respectively. Studies conducted at 

Rajendra Agricultural University, Pusa, India revealed that 20-25% loss in grain yield 

is inflicted due to blights in different wheat cultivars under normal years, which may 

be more in epiphytotic years [ 1 02). 

The yield losses due to foliar blight at Faizabad, lndia during 1994-95 crop 

season, was estimated to be 20 and 22% in the wheat varieties UP 262 and HD \633. 

respectively [ 103] Yield loss assessment conducted at Cooch Behar, West Bengal 
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rarm studies up to 21% [104]. 

5.2.3 Symptoms of B. sorokiniana infection 

~\.pcrimental plots and on 

The B. sorokiniana is an aggressive pathogen that causes spot blotch, root and 

crown rots, node cankers, ear head and seedling blight in wheat [ 1 05]. Lesions in 

leaves are small, chlorotic and oval shaped with dark centers. Lesions have reddish 

brown centers with yellow margins and tapered ends. They may reach several 

centimeters before coalescing and inducing the death of the leaf If spikelets are 

affected, it can result in shriveled grain and black point, a dark staining of the embryo 

at the end of the seed [ 1 06]. 

5.2.4 Management of foliar blight 

The management of foliar blight by different pathogens was the centre of 

mterest for controlling the severity of the diseases. lt becomes critical particularly 

under favourable environmental regime for fungal pathogens. as they are highly 

sporulating with shorter life cycle as well as easy dissemination. Generally 

multipronged strategy becomes essential and application of a smgle tactics results in 

obvious failure. Conventionally foliar spray has been a first choice to researchers, 

extension officers and to a practicing farmer. Integrated pest management (IPM) with 

various stages of development in different countries has been attempted, however, not 

yet accepted in larger scale among the growers' community. Researches relevant to 

foliar blight management can be considered and categorized as component f()r 

developing TPM. 

5.2.4.1 Seed treatment 

Seed treatment with different fungicide and various other substances including 

non-conventional chemical may provide variable protection against foliar blight 

incidence of wheat. Hait and Sinha, [ 1 07] reported that phytoalexin inducers like 

cupric chloride. ferric chloride at 1 (r3 M protected the wheat seedlings from foliar 
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blight infection. The other cfkctivc fungic1d'-·' JJil:lude captaf, mancozeb, thiram , 

pentachloronitrobenzene, praline and triademefnn [ i ()K, 109 J. The foliar pathogen can 

be controlled with seed treating fungicides like guazatine and guazatine along with 

imazalil [ 11 0]. Pavlova et a/. [ l l I] indicated that seed treatment with some dual 

fungicides combination such as flutriafol and thiabendazole carboxin and thiram, 

difenoconazole and cyproconazole, tebuconazole and diniconazole provided 

protection against root rot caused by Fusarium, Helmintho.sporium, Bipolaris and 

Rhizoctonia spp. In 2002, Domanov [ 112] conducted field trials to test carbendazim 

along with carboxin which gave good control of root rots and increased yield of 

wheat. The efficacy of Raxil (tebuconazole) was studied on spring wheat cultivar as 

seed treatment with tebuconazole and found to control root rots caused by B. 

sorokiniana (Cochliobolus sativus) and Alternaria spp. [113]. Seed treatment with 

Vitavax 200 B and Bavistin increased seed germination by 43% and reduced seedling 

infection by B. sorokiniana in Nepal [114]. Seed and soil borne inoculum are the 

most important sources in the establishment of spot blotch on wheat. Seed treatment 

with Vitavax-200T!\1 was consistent in a 10% yield increase or higher, across 

Bangladesh [ 115]. In 2009, Malaker and Mian [ 116] reported the efficacy of seed 

treatment and foliar spray with tLmgicides in controlling black point caused mainly by 

B sorokiniana and A a!ternata incidence of wheat seeds was evaluated in the field. Two 

seed treatmg fungicides. namely Vitavax-200 and Homai-80WP were used @ 0.2SC~;) 

of dry seed weight and foliar spray with Tilt-250EC (0.05%) was applied in six 

different schedules. 

The seed treatment of a newly developed fungicidal formulation. Vitavax 200 

W~ (carboxm ,_ thiram in a ration of 1.1) (CL; 2.0, 2.5 and 3.0 g/kg gave good results m 

reducmg seedling mortality, mcidence of foliar diseases at multilocations of India 

mcluding Uttar Banga Krishi Viswavidyalaya, West Bengal [ 117 J. 

5.2.4.2 Chemical management 

The use of fungicides for the control of foliar blight has been attempted in 

many countries including India with mixed success despite the harmful effect of 

fungicides; it had proved useful and economical in the control of tan spot and spot 

blotch [ l 18]. 
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In Brazil, Mehta [ 19] obscn ~-, that foliar fungicides are an effective Ill 

controlling spot blotch. Non systemic dilli systemic foliar fungicides belonging to the 

dithiocarbamates (namely, mancozch) and triazoles (namely, propiconazole. 

tebuconazole, flutriazol, procloraz, and triadimenol) and dicarboxymides (namely. 

iprodione) are known to be effective. The first spray should be applied soon after the 

onset of disease symptoms appear. In a non-endemic zone generally spraying may be 

done 45-55 day after sowing for the spring wheat cultivars [119]. Foliar applications 

especially with systemic fungicides such as tebuconazole, epoxiconazole, flutriafol, 

cyproconazole, flusilazole, epoxiconazole, and metaconazole, applied between 

heading and grain filing stages, have been proved to be cost effective. Under severe 

disease infestation, a second spray can result in a grain yield increase by 38-61% 

[ 120]. 

The fungicide, manzate reduced disease severity by 25%. There were no 

significant differences between two treatments reduced the average disease severity 

on both flag leaf (F) and (F-l) leaves by more than 75%. Only two sprays of 

tebuconazole ( Folicur) caused a significantly larger reduction in disease severity 

(86(%) [86]. 

ln Argentma, Annone [ 12 l] observed positive response with foliar fungicides 

for rcducmg disease development under conditions of moderate to low inoculum 

pressure, but inconsistent results under high inoculum pressure. Among fungicides 

tested under field conditions. tebuconazole and propiconazole achieved the highest 

level of control, though results varied widely (30-80% ). 

Tn 2003. Tewari and Wako f 1221 reported that the mixture of tebuconazole 

and metacid applied as foliar spray at the boot stage of wheat crop effectively 

suppressed all the foliar diseases (brown and yellow rusts. powdery mildew and leaf 

blight) showing curative property with no phytotoxic effect on the plant. They also 

observed that Sencor and Propiconazole (Tilt) was incompatible and highly 

phytotoxic. They further noticed that the mixture of zinc sulphate and urea completely 

inhibited mycelial growth of B. sorokiniana and also inhibit 78% growth of A. 

triticina. Rashid et a f. [ 123] reported propiconazole to be very effective against foliar 

blight of wheat (B. sorokiniana). The different fungicides like flusilazole. prochloraz, 

propiconazole and tebuconazolc were effective against tan spot disease of wheat 

[124 ]. In 2001-;, Singh d a/. ll25 J observed that the foliar sprays of Propicomt'!ok (i1 
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0.1 °'o beginning from the appearance of the disease and later ~n l ·. <Llv-; intervals 

thrice reduced the leafblight incidence and increased grain yield at Kamal, Pantnagar, 

Faizabad, Dharwad and Cooch Behar in India. At Uttar Banga Krishi Viswavidyalya, 

the management of foliar blight has been attempted in an integrated approach and it 

was observed that seed treatment with carboxin and single spray with propiconazole 

(Tilt) at panicle initiation stage was effective in reducing the disease symptoms [22]. 

An experiment was undertaken to find out an effective integrated approach m 

controlling Bipolaris Leaf Blight (BpLB) as well as foot and root rot diseases of 

wheat under field condition. Sixteen treatments consisting of chemical fertilizer alone 

in combination with soil treatment (poultry refuse) and fungicide (Tilt 250EC) were 

considered for the management of Bipolaris leaf blight as well as foot and root rot 

diseases of wheat caused by B. sorokiniana and Sclerotium rolfsii or Rhizoctonia 

so/ani respectively. Considerable differences were observed among the treatments 

regarding the disease severity, incidence, disease control and grain yield. Disease 

severity increased both at lower and higher doses of N that is at '0' and '150' kg N/ha, 

respectively. Disease severity was reduced significantly through the use of 

recommended chemical fertilizers (N 100 P26 K50 S20 8 1). Addition of poultry refuse 

( 1.5 tons/ha) and Tilt 250EC (0.5 mi/L) with chemical fertilizers further reduced 

disease severity resulting the highest grain yield (4956 kg/ha). This yield was higher 

over the farmers practice, N 100 P26 K~o S20 +poultry refuse+ Tilt 250EC and N5o P 1 , 

K25 S10 8 1 +poultry refuse+ Tilt 250EC, by 20%, 17%} and 15% respectively [126]. 

The best chemical way to protect yield Joss from spot blotch is to foliar spray a 

fungicide combined with seed treatment. From a number of years of experiments the 

average yield loss due to spot blotch was estimated at 15%. After conducting a series 

of expenments with varying rates of fungicides and from an economic and 

environmental viewpoint, a single spray of fungicide Tilt 250EC (125 a. i ./ha 

)combined with seed treatment (Vitavax-200TM @ 3g/kg of seed) at the dose ml/L of 

water/20m2
, at 35-50 day after sowing (booting to heading) was found profitable for 

successful wheat production (Banu et al. Personal communication) 

5.2.4.3 Induced resistance 

Yield losses in wheat and barley leaf blight (B. sorokiniana) indicate the need 

to search for alternative strategies of disease control. Cilohally, one of the emerging 



strategies 1s induced resistance. In the broadest sense. induced resistance means the 

control of causal agents by a prior activation of the plants own defense system. 

Defense was activated by necrotizing pathogen as well as by chemicals mimicking 

factors of the natural defense systems, such as salicylic acid [ 127, 128]. Chemical 

induction of resistance to B. sorokiniana in barley by pre-treatment with inducers 

2,6-dichloroisonicotinic acid (DCINA), benzo (1 ,2,3) thiadiazole-7-carbothioic acid

s-methylester (BTH) or jasmonates leads to reduction of the diseases in the range of 

10-20% (Kumar and lbeagha, personal communication). In 1986, Hait and Sinha 

[ 1 07] reported that seed treatment with heavy metal ions provides the protection to the 

wheat seedlings from Helminthosporium infection. 

The biocontrol efficiency of Epicoccum purpurascens, Gliocladium roseum, 

three strains of Bacillus subtilis, and Pseudomonas Jluorescens, isolated from the 

rhizosphere of wheat plants, was assessed in relation to seedling blight caused by B. 

sorokiniana. An in vitro study of the potential antagonist was performed using the 

dual culture technique and by 'sowmg' wheat seeds pelleted with the saprophytes in 

plates with water agar along with the pathogen. In vivo assays were carried out in the 

greenhouse and in the field with pelleted seeds sown in artificially infested soil. Both 

the number of llving plants and the number of plants with necrosis on the leaves and 

the base of the stems and roots were assessed 15 days after sowing. Under greenhouse 

conditions, B. subtilzs and G. roseum reduced the level of infection of Buck Pucar 

and Trigomax I 00 cultivars, respectively. In the field, biocontrol of the disease was 

not achieved [ 129]. 

5.2.5 Biochemical changes due to infection 

The morphological, physiological and biochemical characterizations of B 

sorokiniana have been the major aim of many studies [130-!34]. However. 

knowledge about the genetic structure of this fungus is less available [ 135-137]. In 

general, plants respond in two different ways to pathogens. There is either no obvious 

interaction, or an interaction occurs and is, in the extreme cases, either incompatible 

(where the plant is resistant) or compatible (where the plant is susceptible). The 

biochemical events occurring in interactions between host or non-host plants with 

potential pathogens arc basically similar hut their timing of appearance and both the 
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intensities and patterns depend on the1r genomic as \\ c:l• .i:-- environmental conditions 

[! 38]. It has been established that different plant spcctcs. even varieties within a 

species may have fine differences in their biochemical make-up particularly in respect 

of phenolics, proteins and various other primary and secondary metabolites variation 

in respect of constitutive components as also in their enzyme components. They also 

differ in their responses to infection in most of these respects. Such biochemical 

differences in the host responses to inoculation with their potential pathogens have 

been studied for many host-pathogen combinations and the sum of all available data 

suggest that most, or all of them, are part of a typical res1stant response of plants, one 

often determining over the others as the maJor defense mechanisms. Variations may 

occur more at the level of timing of induction, location and relative amounts, than m 

terms of all-or-none response. 

Sixty-seven isolates of B. sorokiniana of barley. belonging to three groups 

(black, white and mixed) were studied to find an association of melanin with the spore 

production of the fungus. Conidiogenesis in black. white and mixed subpopulation of 

B. sorokiniana was positively correlated with melanin content/g of mycelium. 

Primary hyphae of black and mixed subpopulation differentiated into secondary 

hypha! structures which subsequently produced conidiophores and conidia. Primary 

hyphae could not differentiate into secondary hyphae and subsequently conidiophores 

and conidia in white subpopulation. A melanin containing mutant developed from 

white subpopulation regained its ability to differentiate into secondary hyphae, 

conidiophores and conidia. Results showed that melanization of mycelia B. 

sorokinia na mycelia is an important factor for conidia production [ 139]. 

5.2.5.1 Phenol 

Since Newton and Anderson [140] suggested in their 'Phenol hypothesis' that 

resistance of wheat to rust fungus was due to the accumulation of phenol caused by 

the fungal entry and its subsequent inhibition of the parasite, there by imparting a 

large amount of infom1ation accumulated on the possible role of phenol in disease 

resistance. Later several reports suggested that rapid synthesis of phenolics following 

infection to he an important first line defense in plants [ 141 J. 



The interaction of plants with the pathogens for post-infectional increase 111 

phenol level has also been reported [141- 143]. Reddy et al. (144] reported post

infectional increase in phenol level in !:,>Toundnut plants when infected with 

Rhizoctonia solani. The resistant groundnut varieties contain more phenols than 

susceptible ones and also responded to infection with Cercospvra sp. with greater 

increase in phenol [145]. 

5.2.5.2 Ortho-dihydroxyphenoJ 

Ortho-dihydroxyphenols like chlorogenic acid have often been implicated in disease 

resistance reactions. They are easily oxidized by polyphenoloxidases and the resulting 

quinones are highly reactive and toxic to pathogens by inhibitory to their enzymes, 

particularly chain splitting pectic enzymes f i 46]. 

5.2.5.3 Protein 

Plants are known to undergo both quantitative and qualitative changes m their 

protein content up to infection. The synthesis of 'pathogenesis- related protein' (PR 

protein) is mduced not only by infection with pathogens or treatment with pathogen 

derived ehcitors but also by exposure of plant tissues or cultured plant cells to various 

morganic or organic chemicals [ 14 7] 

Synthesis of new proteins in res1stant host varieties following infection with 

the pathogen has been reported for several plant species such as cucumber

( u!IC:'totrinnn lagenarium r 1481. tobacco- Thielaviopsis basi cola [ 1 49] interactions. 

In tomato plants, resistant to Cladosporium fulvum some novel proteins appear soon 

after infection [150]. Working with brown spot ofrice, Bait and Sinha [143] observed 

that the disappearance from the susceptible rice plants protected from H . oryzae by 

seed treatment with cysteine and sodium selenite, of three common proteins that they 

share with the pathogen and also the appearance at the same time of two new proteins 

in them having similar Rfvalues as two proteins present in resistant plants. 
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5.2.5.4 Polyphenoloxidase 

Changes in host physiolugy following infection or induced resistance is often 

associated with an activation ol u'1dasc activity and post-m!Cctional rise in the level 

of such enzyme is a common phenomenon in diseased tissue, more so 111 an 

incompatible interaction. The actl\ity of polyphenoloxidase would seem to be 

important as it can oxidize phcnullcs to quinones which may be more fungitoxic. The 

tnfccted resistant tissue shuws 1n many cases a higher oxidase activity than the 

mfccted susceptible tissue a, ctbu 111 healthy one. Such observatiuns have led to the 

speculation that stimulated polvphenoloxidase activtty possibly contributes to the 

resistance of plants against the pathogen. an Idea though not fully ctecepted Variolh 

observations on the role of polyphL'twloxidase in host resistance arc \veil documented 

in literature l 151-153 j. 

5.1.5.5 Peroxidase 

Increased peroxtdasc dlll\ ll\ 111 rcspunsc to 1!1fcct1on 1" a common 

phenomenon m ditTercnl hostp:1Ll'-lll' 1ntnadions and the greater activity is generally 

lmkcd wnh mcompatihk than \\ilh ,.(Hnpatiblc interaction. i.e lmkcd with disease 

rL'Ststancc tn the host though ... uJJtrctr\ ·-.:\ tdcncc is also availahlc. Importance of 

peroxidase Ill phenylpropat101d nicLihiiltsm a~ the tem1inal en/:/me in lignm 

hiosvnthests '" important f()r conLtlntng the spread of the pathogen 111 host defense 

The rok of peroxidase in plant dcfcnsL' has been attributed to tts abtltty to catalysc 

various types of oxidative reaction-., Important in metabolism of the pathogen or ofthe 

host plant SUl h clS phenol icc. IO\ 111.-,. hnrmot1l'S. etc [\.:;I. 1 " 1 I llcltcfuss ('/ a! r I 541 

ohsLTvcd that peroxidase actt\ ttv dtflcrcd m r-cs1stant and :>usccptthlc cabbagL' 

\arietics to F oxvsporum f "P , r'n,,;lutinans and resistant plants showed greater 

activity following infection. (!realer post-infcctional increases in peroxidase activity 

in the resistant variety has been reported in groundnut- Puccini a uruchidi.'>' [ 155 J, 

groundnut-Cercosporidium pcnunuf/1111 ! 145], rice-Helminrhosporium orvzae [ 143], 

ricc-f>n'iculuris mTzac [ ISh. I"' jand whcat-Frvsiphe grami/11.\ I i .:;1-\ !Interactions. 
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5.2.5.6 Phenylalanine ammonia-!~ a ... e 

Phenylalanine ammonia-lya:-;c (PAL) activity was strongly reduced in barley 

and wheat leaves after inoculation '' 1th highly or vveakly aggressin; isolates of R. 

sorokinimw. Aggressive isolates. hovvc\ cr. generated much stronger early induction 

of PAL than less aggressive isolates. Prior inoculation of barley leaves with non

pathogenic strain provided partial protectiOn against a subsequent challenge with B. 

sorokiniana after seven days. Induced plants showed unchanged PAL activity levels 

compared to those of non-induced rlants after challenge inoculation. The results 

suggest that PAL plays a role 111 the act1 Vl~ defenses of barley and wheat in response to 

pathogen attack. but apparently not 111 n·sponse to non-pathogens. wounding. or in 

plants expressing induced resistance [ l 59J. Kervin en et a!. [ 160] used gene-specific 

probes to assess the expression patterns of four different phenylaianinc ammonia

lyase (PAL) genes in infected or elicitor treated leaves and suspcnston cultured ceiis 

ofbarlcv (icncs corresponding tn hflnl ?. h{luL~. hpa14 and hpo16 were all induced 

hv mercuric chlondc and fungal infc·c·tll\11 hv H wrokiniana in barley leaves. but with 

considerable vanat10n m their cxpr<..·-;-;Jull lc' L'l and t1ming. Mycelial preparation of B. 

wrokinianu causes delayed induction of rhcnvlalanine ammonia-lyase activity as 

compared tn crude <..~X tract and puri il<..·d L>lucan I i (1 11. Paltonen and Karjalaincn [ 162] 

~uggestcd that -..:,;,one! phase of Pi\ I 111dtJL"1i(lf1 1n wheat and barkv 1s linked with 

resistance to B. 1omkmiana infectiOn 

5.2.5.7 Pathogenesis related (PR) proteins 

'\ ttempts have also been ma<k t1; undcr-;tand the molecular mechanism of this 

patho[!_<:n lllkction Cross specie> ll\hrtdJ;atton was made liSlll_L' harlc\ eDNA as 

probe a.L'ainst some rice transcnpt lhL· transcripts for the pathogenesis related 

proteins such as PR-1, PR-2, PR-3, PR.-4. PR-5 and peroxidase were found to be up

regu Ia ted in response to B. som/, iniunu 1 n nee [ 163]. PR -protein transcripts 

accumulation was seen 12h after intCction with B. sorokiniww as well as after 

l'XPOSLIIl' \\ ith l rv light. These tran~LTipts reached to maximum ~\CCL111llllation levels at 

24 h :111d ,til declined thcrcatter wtlh !IlL" <..'"\Ception of the PR-4 tr~llhL:npt 111 response 

to 8 \(){1)/lfi//(1//U. Maximum acCUilllli:tiJ()Il ol"thc rerox.idase tranc.lllpi \lCl"Lirred at 12 

h 111 rl''-il' lJbl' tu 8 'orokiniww and \ \ l1::ht 
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5.3 Scope and objective 

Organotin chemistry is a subject of interest for years due to not only of its nch 

structural chemistry but also for its versatile applications. Author is inter...:sted tu 

explore the biocidal activity. specially related to plant pathogenic organisms ofile\\ l) 

synthesized as well as previously synthesized compounds in this lahoratorv. 

Diorganotin complexes of salicylaldehyde thiosemicarbazone or di- and triorganotin 

complexes of 2-marcapto isothiocyanate have nll1tained 0. N. S and N. S atom as 

donor Organotin compounds of 0, N. S donor ltgamb arc well known t"nr tth:ir 

biological activity [4J-50]. Crops arc vulncrahk: tu the attack of various fungi and 

bactcna apart from msccts and pests resultmg 111 to the mass dcstmction of 

considerable amount of important crops annually. Therefore, it is needless to say that 

we need biologically active molecule to protect our crops. The synthesized 

L·ompounds achieve effective control of toliar blight disease of wheat, which ts the 

illlportant limiting iactor uf wheat cultivation m \lorth l.ast Indian plane ?one. TIK 

'ncchantsm of action or thiS l'llmpounds on host phvslllil•~y 111 respect pf phenolic-., 

;nthogcncsts--rclated protl:in L'l17Yrnc .;;uch as JWivpill'nol nxydase. peroxidase and 

phenyl alanme ammoma lyase and nther btochcmtcal parameter~ commonlv 

.t-;-.,octated with cltscasc:-, rcst~tancc is invc~ttgatcd \1 • the newly wnthesl/cd 

<lll1[1<Hmds may serve as alternative agrochcrmcab 

5.4 Materials and methods 

:".4.1 General comments 

rl1e solvents used 111 btuchcmical rc:tclltl!h 11 ,·r·,· nl '\R. grack and 1-V\.Tv 

()htained from commercial sources (Merck. India) Tlw "olvcnts were dried ustng 

standard literature procedures. Double distilled water wa-., used. Used reagents were 

received from commercial sources (HiMedia, Indta). 

:'A.2 Measurements 

The PAL L'Il/V!llC acti\ tty was a:-,s~l\cd h\ Parkin Umcr l \-\ 1" 

"PL'ctmphotomcter 111 thL· opttcal density at :2<>fl 11111 TilL· cthsorbance ot till' tut:tl 

J)hL·nnl. ortho-dthydru\\pltl·IHd. prokttt. PL"I\<\Id:t·< ,Ill!\ tl\. puhphenoiP\td:t,,· 
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activttv was measured by 722 Vis spectrophotometer, JinglHte~ IIJstntmcnb. Spore 

gcrminat10n was counted hy Licea light microscope. 

5.4.3 Synthesis and characterization of di and triorganotin(IV) complexes of 

Schiff bases 

The synthesis and characterization of di and triorganotin( IV l of Schiff bases 

cumpk,cs (Set[) arc described in Chapter 4 and m Sarkar cr ul [J(l..f] In chapter 4. 

compound 8 is described as compound 4 The fonnulac of the ligands and 

abbrc\ tation of the complexes used for the present study arc presented in Scheme 5. l. 
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f ' 
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Scheme 5 I . 
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5.4.3 Synthesis and charactc.-ization of di and triorganotin(IV) complexes of 1 

marcapto isothiocyanate 

The synthesis and charactcri/ation of di and triorganotin( IV) of :2-tnarL·.tpt, · 

isothiocyanate complexes (Set II) arc described in Chapter 3. The formulae ut lhL 

ligands and abbreviation of the complexes used for the present study are presented 111 

Scheme 5.2. 

"~ ~ ~--N==c· s 

~I,"' 
s-

Me,SnL: 2. n-Bu,SnL 3. Ph,SnL; 4. Bz,SnL: 5. c-Hcx,SnL 
6. Me::Sn(L):< 7. n-BuoSn(L).< 8. Ph2Sn(L)2; 9. Bz2Sn(L)2 

5.4.4 Location 

ThL· .. ·xp~.:rimcnt' \\<TV ,·arri~.·d ont <tl Research Fam1. Uttar Banga Kr!c;hl 

\'1-::wa\ 1dyalay<L Pund1ban ( ·oodl Behar West BengaL s1tuatcd hct\vccn 25 c57 N and 

1 7''N latitude and ~8°2" F long1tudc The laboratory experiments were conducted at 

Department of Plant Pathology. Faculty ol Agriculture. l ittar Banga Krhht 

Viswavidyalaya, Cooch Behar. West BengaL 

5.4.5 Weather 

The experimt:ntal domain comes under tcrai agroclimatic zone of v., L'St 

BengaL It is the northern aspect of West Bengal and 1s spread along the Bhutan I !ill:--. 

of Kalimpong and Karscong in northern side, Assam on its eastern border and Bihar 

on the west This suhtroptcal zone has a humid climate endowed with long rainy 

season starting from I ' 1 \veek of May. continuing up to the end of September ha\ ing 

low to heavy ratnl[lil. r:lll~L''- between :2100-.BOO mm per year. ,\round;..;()"., raltli.tll 

comes ti·om the south\\L·-;t lllonsoon Juring June-September when tempcraturL' \ ~lrJL·-.. 

lh.:l'vh'L'Il .2-l ;_; .2 ( ,JI ilk :n:l\tllllltll :md 1<1 7_:-\ (·;It Jllll111lllllll \\ tth relatJ\e hutntdtl\ 



the winter sets in, this area as a \\lwk remains warm and humid. This diverse climatic 

condition renders complicity to the agro ecological condition subjecting the region 

more prone to multiplication of pathogenic organisms. 

5.4.6 Soil Characteristics 

Soil of this zone is generally sandy loam to loam in texture, acidic in reaction, 

high in raw humus content low in vvatcr retention capac1ty, low to medium in total 

nitrogen content with a lo\\ rate of n1trogen mineralization, low to medium in 

phosphorous status with h1gh phosphorous fixation, low to medium in potash content 

and low in calcium and magnesium status. Micronutrients which arc deficient in this 

zone are boron, molybdenum and zinc 

5.4.7 Media 

111 :ll' ,lllt<".:Lt' at i .02 kg prcssun:.'·crn~ for i 5 111111. 

f"hc tollowmg rncdium wa" used l(l! 1solattorL mamtenancc. sporulation 

charactLT!Lclllon ,md nwss rnulnpi!Ldlloli ,>! ll1L tungt. 

Wheat Dextrose Agar 

Wheat leaves IOOg 

Dextrose lOg 

Agar 

Distilled water 500 ml 

Wheat leaves of 30--35 day old were first cut into pieces (2-3 em) and boiled in 

500ml of water till the colour of water becomes green and leaves become soften. Then 

it was filtered through cheesecloth. Required volume of water was added. Agar was 

dissolved in \\ater to the required \olunll' in warrn condition and autocla\ed at 1) lb 

prcssurL· 1\n I~ 111in. 



Potato Dextrose Agar 

Peeled Potato 

Glucose 

Agar 

Water 

pH 

250g 

20g 

l5g 

lOOOml 

6.0-6.5 

Peeled potato was made mt<l th111 Lhlps. boded in 500 ml ol dt:o,tilkd \Vater tJI1 

they were soft enough and extracted l111._· ,:xu·act vvas tittered through cheese cloth. T, · 

the extract the weighed quantity of dextrose was added. Agar was melted in the other 

half of water and mixed in potato de'\IHlSL' solution and the volume was made up to a 

litre. Finally it was autoclaved at 15 lh rres::>urc for 15 min. 

Oat Meal Agar 

Oat Meal 

Agar 

Watc1 

15g 

15g 

'iOO ml 

0Rt meal puwdcr 15g was ad<kd 111 'iOO rnl of water It was boiled for 15 min_ 

volume was made uptu 500 llll '' tlh \\atcr :tgain Finally the total solutwn was 

autoclaved at I Sib pressure f(.)f 15 mtn. 

5.4.8 Planting material 

Seeds of wheat were cui kctcd li·om Directorate of Wheat Research. !CAR 

Karnal. India and CYMMT (South Asia office, Kathmandu, Nepal)_ Seeds were air 

dried and stored in drier at 37°C \\'heat seeds were sown in sandy loam (field soil 

mixed with farmyard manure tn 1 I proportion) contained in pots ( 12-1 'i plant/ 25cm 

Jwntl'lcr put). Prim ol' sO\ving. ''--~·d, \\ ~·rc treated with 0. l 0 o llg( I 1\ )r one min. to 

t-cnw\c superficial contaminanh. l\lll,"''-'d hy several washing" 1\h -.,tcrilc distilled 

'' ;tk'l Dunng the summer sc~bu11 ( \pril-.lunc) and rainy SL~ason ( .luh -.;~..,ptcmbcr) the 

i'• ·! •.'\!VTIJIIL'Ill'- '''-TL' carriL'd ()l\1 111 ihc· l'l1\ 1ronmcnt controlled p,d,lhlli'-C 



5.4.9 Isolation of pathogens 

Large number of blight infected wheat leaf sample were collected ti·om 

different farm trials of Uttar Banga Krishi Viswavidyalaya Research fam1. The 

infected leaf samples were washed with mercuric chloride (0.1 %) solution and again 

rewashed with sterile distilled water. The leaf samples having typical blight symptoms 

were cut into small pieces (4 mrn·\ The lear h!ls \\ere placed in slant containing 

wheat bran extract dextrose medium and rncubatcd al 22°C for 7 days. After 7 days 

these isolates were transferred m diffcrem mediUm to observe their spomlation. 

5.4.10 Fungal culture 

5.4.10.1 Source 

The B snrok iniuno were isola ted l'rorll Rl-,<--·arc h Farm. Uttar Banga K.n sh 1 

Vrswav1dyalaya. Pund1han. Couch Behar \ ttlturl''- were first grown 111 \\heat 

dextrose agar mcclium Then the cultures werl' sporulall'd 1n Oat Meal Agar mediUm 

and then transferred to lhL' f\1tatn Dextrose :\gar medaun 

'\A.I0.2 Completion of Koch's postulate 

Whca1 scl·ds \\crl: ~urface stcrilucd \VIth () I",, flg('J, solution f(lr ·ilk IJ!11< 

'-'vashcd With stl:nk distilled water and sown Ill earthenware pots containing -~ti!(h 

loam soil. Seedlings ( .21 days old) werL' inocu!atL·d with H sorokiniuno lnl;., ll' 

leaves were collected. \\:!shed. '-'tlt 1111P '<llictll p!L'cL'· tn:atcd \\ith llgCI- (() i" ,, 

one min . rl·wasllcd \Vilh stenk distilled \\illl'l and transterred to OMA IOat \k:1: 

Agar) slants. After I 0 days. the isolated organism \\ erl' examined, compared with the 

original stock culture of R ,-orokiniana and its identity was confim1cd. 

5.4.1 0.3 Maintenanct of stock 

The fungi were grown on OM/\ slants and -;to1nl under ditlcrL·nt \'l•ndll!"li 

("i'( and 20"(') :\part lrom weekly tran~ti.:r f(lr L'\perimental work at c1 ll'gtilill 

interval culture ol 8 \lil'li!\II!Wilo was L'XanllllL'd 111 order to test its pathogcnlclt} 

'(I 



5.4.11 Definition of field experiments paramdns 

Following unit were used for field experiment 

Days to Heading (DH): An entry was considered to have headed when 50% of the 

shoots have the entire spike out of the flag leaf. Days to heading was calculated from 

the day of planting. 

Days to Maturity (DM): When at least 50",. ,d rhc peduncles arc physJOlogically 

mature. 

Plant Height (PHT): Distance in centimeter from sud level to the tips of the spikes 

c.J(ciuding the awns of randomly selected plants. 

1000-grain weight: One thousand kerncb tak.cn r~ll!dornlv lrorn harvested rn each 

plot were weighted to ohtain-grain weight. 

Gr·ain yield· In grams per piPL adjusted to l ~" ,, rlh>J'>lll!<_ lc\ c!. 

SA.l2 Disease Assessment 

The disease was vrsually scored usmg tilL· duublc d rgi t scale (00-9G) clcvclopcd 

ct~ a rnodillcatron of Saari ;md Prescott's sc\L'rJI\ ··:(·:tk· tP a"SL'Ss wheat folrar Jrscasc 

/l (,5,1 ()6 J caused by B. sorokiniona was rccorckd 111 tlw whole plot. [Double digit 

(DD) system: For example. rfthe reading wa" q~ 

•.l!! whrch diseasL' v.a~; dc\,·loped and.\ n.:pr~·"''fll !!lli.Ttcd h\ tiH: drs,:;J:,, ... , \11''. 

necrotic or chlorotic lcs1on:-. appeared on th,· k<lh''-'1 r·hc A liD PC ( ;\r\_:a I ndcr 

Disease Progress Curve) was calculated usmg the t()llowrng fornuda given by [)as l'f 

a/. [ 1671. 

AUDPC 

n-1 

~ [(x, +x,)/21 (t;, ,-t,) 

r- I 

Where. x, 1s the l()lrar hlight se\cnty on 1th d<~IL'. the t, 1s the ith day and 11 " lhL' 

number ol sconng date~. The AUDPC mei!'>lllc'' :he· ~rmount of disease 'h \\L'ii ·'"the 

rate of progress_ <111d h:t-> no unih. 



5.4. 13 Parameters of laboratory experiment 

5.4. J 3. J Detached leaf assay 

Pads of absorbent cotton wool soaked with respective chemicals were laid 

inside 20 em x 30 em rectangular trays. Five excised pieces of leaves were parallely 

placed in each of the trays and cut ends were covered with soaked cotton pads in the 

form of wicks. 10 ml of B. sorokinianu spore suspensiOn ( I 0
6 

spores : ml) was 

tnoculatcd in each tray. 

Under field conditwns. the respective chcmrcab \hTC sprayed thrice at l 0 

days lntervals starting from 45 days after sowmg. 

5.4.13.2 Phenol 

E\ troction 

Frc-.;h healthy leave., from plants wen: colkcll'd, ~\ashcd '' nh drstdled water 

and u·,L'd to ex tract phenoL 1\round 2g uf fresh trssuc \Vas crushed 111 a mortar \Vith a 

pest k 111 .:; ml of Roo,;, ethanol The homogenate was ccntn lugcd at I 0,000 rpm for 20 

nw1. Thl· ·>upcrnatant was -;avcd The rcs1duc was rc-~_·xtracted \\ llh another .:; ml ol 

:-\0°,, c·1lianc>l centrifuged for 10 mrn ~lnd the supcmatants \\ l'tl' pookd Th·.· :·1!un .. 

lre~drPn \las then evaporated to drvncss rn vacuum at .:w '( rlw residue \Vas then 

d1.-;soh c:d 111 2 ml of distilled water 

f:\ri111u!io11 

The total phenol content was estimated usin_~! Folin-C ,,),·altl'a'' tL'a~cnt i (,~: 

\r()Ufld () I m! ur l:Xtract wa .... plpdled Into a graduated ll'\l liih•· .llld till· \Ulurnc \\:t.~ 

lll<tk1ng up lo .\ ml with tl!stilled wate1 To L:ach tc.-.;1 tuhe () 5 ml pf' Folin-( ·,ucalteau 

ReagL'Ilt (IN) was added. Alter 3 min. 2 ml of20°!r, Na 2CO; solution vvas pipettcd mto 

each tube. The tubes were shaken well and heated un a boiling water bath for 1 min 

and then cooled under running tap water. The absorbance of the resulting blue 

solution was measured at 650nm 111 ~pectrophotomcter For companson a reagent 

blank was run without any phenol extract wa..; added in 1t Total phenol wa~ 

d~..·tclllllllL'd in catechol equl\alcnt ctl'tcr companng \\ilh the standard cunl' prcpe~rcd 

liolll 1111rc' catechol. Total ph~..·nol \Lh c\prcsscd as mg g t'resh \\ t nt tissue 



5.4.13.3 Ortho dihydroxy phenol (OD Phenol) 

Extrac!ion 

Fresh healthy leaves from plants were collected, washed with distilled \Vater 

and used to extract OD phenol. 2g of fresh tissue was crushed in a mortar with a 

pestle in 5 ml of 80% ethanol water mixture. The homogenate was centrifuged at 

l 0,000 rpm for 20 min. The supernatant was saved. The residue was re-extracted with 

another 5 ml of ~O<'i<> ethanoL centrifuged for I 0 min. and the supernatants were 

pooled. The ethanol rracti0!1 was then C\ apuratcd lo dryness in VUC/111/11 at ~ooc Tlll 

residue was then dissolved 111 2 ml of distilled water 

Estimation 

The OD phenol content was estimated f\)lluwing the methods of 1v1ahadcvan 

and Sridhar [ 168]. About I ml of extract was p1pctted out mto a graduated tt.:st tube 

and the volume was made up to l ml !l 'i(N) IICL I ml of Arnow's reagent 

: '-.ial\.02 ! Og. NalMo04 og. distilled wak1 ! ()0 ml) ~ ml of l N NaOH were added 

.llld mtxed thoroughly 111 room lempcratur,· t(Jih•wlll~' which the total volume of rhc 

;c~tctHm mixture was made up[() 10 ml hy adding water Optical density was recorded 

1n a Spectrophotometer at -~ i" nm \ blank \\as prepared for comparisnn hv adding I 

11d c>l alcohol tibtead <,ll t1.ssuc t..~xtract vvtt!I all ,1thcr reagents Standard curve was 

prepared with different ,_onccntrations ,1t ,:akchui l~l·sults \vcrc cxpn.:s-.cd as lllf! g 

rrcsh wt of tissue. 

5.4. I 3.4 Protein 

1- \'lroe!iun 

Fresh healthy lcan;s fi-om plants \\ ~..·r~..· colkckd. washed w1th dtstdlcd vvatcr 

and used to extract protein. Leaf tissue 0.5g was mixed with 0.05 M Sodium 

Phosphate buffer (pH 7.2) in mortar with pc:-.tlc at 4"( with sea sand. The mixture vvas 

centrifuged at 4°C for I 0 min at 15,000 rpm and the supernatant was used as crude 

protein and immediately stored at 20"C t<.1r further USl' 

r.,ri111ution 

Solubk protem \\ ~h c:Sllll1ated 1\.lllm\ lllg the mctiHld or [ uwry l'l ul. ll (JlJ !. 

\;,>lilld 
1

:" ul ot prllktn <till!)"-' \\,IS ptpett~..-d nut and 1\ldd,.- up thl· \Oiume '' ith \valet 



tu 1.0 ml in the test tube. To the sample, 5.0 ml ~tiLtlmc reagent (0.5 ml of I" o luS< l-' 

and 0.5 ml of 2°/rl sodium potassium tartarate dissolve in 50 ml of 2% Na2CO; in 0.1 

N NaOH ) was added. This was incubated for I" Jlllll. at room temperature and then 

0.5 ml of Folin-Ciocalteau reagent (diluted I: I \.Vith distilled water) was added and 

again incubated for 15 min for colour development t'ollowing which optical dcns1ty 

(0.0) was measured at 660 nm. Quality of protein was estimated from the standard 

curve made using bovine serum albumin (BSA l as standard. 

5.4.13.5 Polyphenol oxidase ( PPO ) 

L-.:traction 

Fresh healthy leaves from plants were collcctecL washed with distilled water 

and used lu extract PPO Leaf tissue were cut into r1eees of l-2 em and crushed in icc 

with 5 ml of pre-chilled phosphate buffer (pl1 (l 6) per g of tissue. The crushed 

matcnal was centrifuged at 2.000 rpm ot 4"( 1\H \(l 111111 The supernatant was 

d<c-c<mted and stored at 4"C 

l:sflflluflon 

hn ctvymL .• ·stiil\Jtion ~1round l 0 ml P!. \.'11/\ nh· ;_~xtraet. 1.5 ml of phosphate 

hutli._·, (pH 6.0 ) and 0" ml. ol substrate pyrog.allul -.,olutt~Hl vvcre mixed thur,.)ughl) 

h\ repeated inverting the cuvette and immediatclv the initial reading was taken at 495 

nm. Further readings were taken in every 5 m1n tllkT\ c~l ThL· blank reading wa~ taken 

with .3 ml of phosphate buffer [ 16X]. 

5.4. t 3.6 Peroxidase (PO) 

Extraction 

Fresh healthy leaves trom plants were collected. washed with distilled water 

and used to extract peroxidase. Leaftissue were cut 1nto pieces of 1-2 em and 0.2g 

taken in a pre-eookd mortar with phosphate bulfcr uf pfl 6 (5 rnllg leaf tissue), a 

pinch ol' neutral sand which was ground with IK·-;tk at 4"C The homogcnall' was 

then centri fugcd at I '\ ,( )()() rpm ten I 5 min at -+ ''( ;111d 1 he supernatant \Vas us;_·d , 1-. t hL' 

source of enzyme. 
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Fsrimation 

Fur measuring the activity, 3.0 ml of 0.05 M pyrogalloL 0.05 ml or enzyme extract 

vvas taken and mixed thoroughly. The tube was then 111scrted into colorimeter at 420 

nm. After the colorimeter had been adjusted to shov.. ·o· opt1cal density, 0.5 ml ol' 3°o 

H2Ch was quickly added to the tube which was then im erted unce immediately 

reinserted into the colorimeter. The change in optical dens1ty (0.0) between 30 and 

150 sec at 420 nm was used to plot peroxidase activity I !70]. A change in the 

,1b.sorpt1on by 0.0 I per min was accepted as a unit or dell\ tty. Results vvcrc exprcs~~.?J 

;IS unit of activity I g fresh tissue. min. 

5.4.13. 7 Phenylalanine ammonia-lyase (PAL) 

lv prepare the enzyme extract ahout 5 g of tis-..uc ( kaveo. i vvclc honhJgcm 

i!\ i itt! i ·I () 05 M Tris-HC! butTer \pH X.)) eontallllllg I -+ •110.1 ~ ,,~c.·r,:aptodhannl 

(iOO~tll rl!l resulting slurrv wa:-. lllterl'd through (\\\1 ia\L'I'. eli ~_·hL'L'C,l' c.luth Tl~<. 

filtrate \\ C~·, centrifuged at 15000 rpm tor !5 mm at 4 ( The resulting supernatant 

used :1" , ruck enzyme extract 

! \{J!I!il{/111/ 

!'he reaction mixture l~ontalnL·d the !'ollowmg chcm1cab 

")() mM Tris-HCL (pH R Rl 

.20 mM !-phenyl alanine 

Lnxvme extract 

II,() 

Total 

I ml 

0.5 ml 

01 ml 

0.4 ml 

2 ml 

The above mentioned reaction mixture was mcuhatcd ror 60 min at :woe. The 

reaction vvas stopped hy the addition ot· 0.25 ml 2N I ICL The cinnamic acid formed 

hy vigorous shaking was extracted in 2 ml toluene (This was done by vigorous 

... haklllg olthe reaction mixture and toluene) !'he toluelll' layer \\as separated. One ml 

(d the .;cparall'd toluL~nc layer was dned with a pmch ol anhydruus sodnml -..ulphatc 

.t11d t;d,,:n 111 I ml cuvette Tlw ->fWLJI!~. ctcll\ It\ \lf the c1vynH: \\a-.. cxpr~_·c.-;cd <~S p 

llluk~ •. d cillll:l!llll ac1d pr()duc·cd min 111g ol prulclll. I he: P\I ,:11/\lll\.' :tell\ 11Y was 
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<h'>aved by measuring the appearance of trans-cinnamic aud 111 the optical density at 

290 nm [ 171]. Standard curve was prepared with different ((lilCL'ntrations of cinnamic 

ac1d l(H comparison. 

5.4.13 .8 SDS-polyacrylamyde gel electrophoresis of total soluble protein 

Preparation of slab gel 

Stock solutions 

hn the preparation of gel. the followmg stock solution..; \\LT,. Jilitially prepared as 

Jc-.,cnbcd by Laemmli l172]. 

( ;\) Acrylamidc and N, N'- methylenebisacryiamide 

Acrylamidc 29 ~ 

~. N ·- methylene bisacrylamide 1 () 
tc 

Distilled water I 00 ml 

"olutH\11 \Vas filtered and pi! adjusted to: 

( H 1 ':lodtum dodccyl sulphate 

10 g 

Distilled water I 00 ml 

(Stored at room temperature ) 

i ( ) I ower gel buffer ( 1 5 .~1 Tns) 

Tns I ~.I x g 

Distilled water I 00 ml 

pH was adjusted to 8.8 

(D) llpper gel buffer (0.5 M Tris ) 

Tris 

Distilled water I 00 r111 

p 1 I \vas adj u:--. tcd (, :\ 
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(F) .\1nnwn1um per sulphate ( APS ) 

Ammonium per sulphatl' 0.1 g 

D1stillcd water l.O ml 
(freshly prepared each time ) 

(F) Tris-glycine electrophoresis butTer 

(2:'\ mM Tris Base: 250 mM glycine) 

For :" X Stock 

Tris Base 15. l g 

Glycine 94 g 

ln 9()() m! utdist!llcd water, pH was adjusted to R.3 Then SO tnl of l0°o SDS was 

added and volume made upto 1000 ml. 

((I) For I X SDS gel loading buffer. 

-;(I mM Tns t 'I (pH 6.8) 

l () mM 1-1-Vlcrcaptoethanol 

0. l '\, bromoplKnoi blue 

l 0% glyccrul. 

Slab gel preparation 

lor -;lah _l!l'l preparation. 1\\o glass platec; ( 17 X 19cm) wcrL' vvashcd with 

dchvdralcd dlcohul aiid clnL~d Then I mm thick spacers were· placc:d hctwccn the glass 

plates and the two edges along with two sides ol' glass plates WLTL' scaled w1th grease 

and gel scaling tape which were then kept in the gel casting un1t Resolving gel 

solution was prepared as follows:-

11.9 ml 

100 ml 

1 :" \1 Tr1.-., (pll-X X) 7 "'ml 

() ' ml 
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0.3 ml 

TEMED 0.01.2 ml 

The gel solution was cast very slowly and carefully up to a height of 12 em by 

a synnge. The gel was over layered with water and kept for 2-3 h for polymerization. 

Then stacking gel solution was prepared as follows: 

6.8 

30% Acrylamide mix 1.7 ml 

I M Tris (pH-6.8) 1.25 

10% SDS 0.1 ml 

10% APS 0.1 ml 

TEMED 0.01 ml 

\llL'l polvmeri;:ation of rcsolvmg gel, overlay wa:-- LkLantcd ot"t <ll1d a 13 wall I 

:lllll tl11l.·k co!1lh vvas placecl Staekmg gel solution was puun.:d carctully up to a height 

l'l 4 lTn ')\ cr the resolving gel and OVL:rlayed \VIth water hnally thL· 1:'-el was kept f01 

<n nun 1\n p(llyrm~rization. 

Sample preparation 

Sample was prepared by mixing the sample protein \Vith I \ SDS gel loadmg 

hutkr (final volume 80~tl). All the samples were floated 1n hoil111;: water bath for ~. 

''''" tile bottom of the wclb With a mrcro liter synngc Along wrth the sample:--. 

prutctn markers consisting of a mixture of six proteins rangtng 111 molecular weight 

from 30 to 200 KD (Carbonic anhydrase 29,000 . Alhumin (egg) - 45,000 . 

Alhumin (bovine)- 66,000, Phosphorylase h- 97,400. () -galactosidase 166.000 

.and Myosin 205,000 .1 was treated as the other samples and lo:!dcd in a separate 

well. 

Uedrophorcsis 

I kLtrophorcsis was pcrt(mnL·d at 2.::; rnA for a period \'t ~ h tlllttlilll' chL' fronl 

',, 1' kd the botturn of the gel. 



Fixing and Staining 

For fixing the fixer solution was prepared as follows: 
Glacial Acetic Acid I 0 ml 

Methanol 20 ml 

Distilled water 70 ml 

The cnttre gel was removed from the glass plates and then the stacking portion was 
cut utl from the resolving gel. After that gel was soaked f()r ~ h 111 the fixer f(Jr fixing 

The staining solution was prepared as follows: 

Coomassie Brilhant Blue R250 () ~5 g 

Methanol 45 ml 

Distilled water 45 ml 

Acetic Acid 101111 

'\t first g(:l were stained hv staming: solution f(H 2-i h and !'inallv soaked Vilth 

destmn111g solution (Methanol:Distilled water Acetic acid 

background become clear 

S5 Result and Discussion 

-+c.; -+" i} until the 

lo evaluate the efficacy of different organotin compounds ll) be tested against 

foliar blight disease ofwhcat were initially screened at a range' of three concentrations 

(:25 .:;o and 100 ppm) each for their possible fungitoxic cffCct on the spore 

i!Cnntnatiun and radial growth or 8 \llrokinimw. The comp(lUlHI" were categorized as 

"let l l'Olllprising or eight chelll!C<.ds and Set II compnsmg pf lllllC chc'lll!Cals. The 

fungtcide Propiconazolc (Tilt) was kept as standard/check. 



5.5.1 Set I 

Table 5.1 Effcct,l!'ditTerent organotin compounds on spore germination ~tnd c!nl\\lh 
of B. sorokiniuuu 

Compound 
S po rc Germination ° :, l Radia I Growl~ c~ ~- '•" n k i" i """-,!. 

Con. (ppm) ' Con. (ppm) 

I 2'\ T' - 50 - r -liiOm -!-· 25 _1 ___ 50 I()() --I 

r--·--T~····· , 9.62 ·--~-- 2.38 ·-Tl-·--t 1.5 Nil Nil .l 
f=--~~-~--~- ;: r-~:~--r ~- -~ --: -:---- NIT- I 

L 1 t- I -_'ltl j 
~~~-·~- ~~--~--_-__ I 0.71 3.55 t I. I 7 L2 , Nil 'iiI j 

i :: : ~: l ~~:-r ~J~~: ~~~~~_t_~----~~:-:_·-- Nil J 
'\II 

L .. 

7. XAI 4.55 I ~03 1.! I Nil 

8. 

'\tl 

'\ i l 
j 
' 4. ~~- -~~r~~-~- (i. j_ __ -~_ii ~~---N 1--~ _ _ " 

I ' - I 1.6 
-1 

(0.15%) 

Control 
(Water) 

l --t-
1 7.5 

+ . . +-----.-----+------ ......... . 
('[) ( pc.()_()5) 0 21) • () \?\2 I () ]()2 

--+--··-- -·+-

I 
....... -.. _L _____ ,_ .. _ .... 

S.5.1.1 Effect of organotin compounds on spore germination and growth 

It appear" lro111 Tank '\ l that all the compounds significantly Jl11nhtl~.:d tlh: 

spore germination even at 25 ppm and the mhthttion was more pronmmc~.:d \\ tth the 

increase in concentration (Fig. 5.3 and Fig. 5.4). At 25 ppm compounds 2. J. 5 and 8 

exhibited spore germination in the range 3-5°,o whereas 85 rx) was recorded Ill case ol' 

water control. These compounds were more effective than propiconazolc at the 

recommended du"e of 0.15 r~o. The radtal growth of B.sorokiniww \\ <h almost 

complctelv 1nhd>1kd 111 all the compounds tested JJldicating that the newh ,\ Jllllc"'/cd 

urganolill C0111pPliJ\lJ-; ell\ .. ' highly effcctiVL' ag<tllht /J WmkilliOIIO. 
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.. 

Fig. 5.3 Effects of test chemicals at 25 ppm on spore germination and growth 
of B. sorokiniana (control and treated). 

Fig. 5.4 Effects of test chemicals at 50 ppm on spore germination and growth 
of B. sorokiniana (control and treated) . 

218 



5.5.1.2 Effect of organotin compounds on symptom expression and yield 
attributes in wheat plants 

Eight organotin compounds have shown promise in the inhibition of spore 

germination of B. sorokiniana were further tested in field trials as well as detached 

wheat leaves by the methods described earlier for their effect on symptom expression 

and yield of wheat. The result is summarized in Table 5.2. 

It appeared that susceptible plants in all the treatments showed very significant 

(P=0.05) differences in symptoms with the untreated plants both with excised wheat 

leaves and natural conditions as reflected by the reduced lesion area and AUDPC. As 

early as 72 h of inoculation, the lesion were fairly well developed in the untreated 

plants, those in different treatments showed only mild symptoms. Subsequently, 

symptom developments were distinctly higher in control, but in the treated plants 

71% to 8 l% less symptoms than in the untreated plants were recorded. Among the 

different organotin compounds, 2, 3, 5 and 8 (Fig. 5.5) were more effective in 

reducing the disease symptoms. As recorded the average kernel weight (AKW), most 

of the treatments had little or no effect. The yield was also higher in the treated plants 

than in the untreated plants. The compounds, the most effective in reducing the 

disease symptom, also stimulated maximum yield of 46.7 Q/ha as that of the control 

which recorded 35.1 Q/ha (Fig. 5.6). 

5 
3 8 f unflul 

Fig. 5.5 A view of reduced disease symptoms compared to the control 
on excised wheat leaves by application of compounds 2,3,5 and 8. 
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Healthy plants Diseased plants 

Fig. 5.6 A view of field trial for organotin treated healthy and control (untreated) 
diseased plant. 

Table 5.2: Efficacy of different organotin compounds on excised wheat leaves (cv. 
Sonalika) as well as leaves under field condition challenged with against B. 
sorokiniana. 

Compound Con. Average lesion area Area 1000 Projected 
in(cm) under kernel yield 

(ppm) diseases wt. (g) Q/ha 
After 72 h After 96 h progress 

of of curve 
inoculation inoculation 

1. 50 0.80 0.92 191.35 37.9 37.407 

2. 50 0.82 0.90 188.85 37.8 44.458 

3. 50 0.70 0.75 145.54 38.5 46.777 

4. 50 0.85 1.25 188.85 37.8 40.747 

5 50 0.82 0.84 160.53 38.4 44.444 

6 50 0.84 1.12 302.46 37.2 36.155 

7. 50 0.85 1.21 332.71 37.4 37.252 

8. 50 0.84 0.95 203.70 37.5 43.505 

Propiconazole 0.15% 1.70 1.92 256.09 37.3 36.574 

Control - 3.3 4.25 622.20 37.2 35.111 
(water) 

C.D.(P=0.05) - 0.197 0.131 - - -
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5.5.1.3 Studies on the biochemical changes associated with resistance in whl·at 
plants 

It has been ,)bserved that different organotin compounds caus'-· ,ub,tantJal 

protection against B. surnkiniana infection that continued to active uver :1 period 

Such effect is presumed to be mediated through some sort of conditioning of host 

tissue leading to activated dynamic defense and this may be associated with 

significant alteration:; in host metabolism in response to treatment as well as to 

mfcction. Th~:-, p(hSlhlllt] \\as mvcstigated in a scncs ofbiochemical studi-:" a1nll.:d dt 

detcm1ining t\1<.: naturL· nt changes that occurred in susceptible wheal pLmts n 

Sonalika. The drca" <ll lllvest1gations include piH:nollcs. protcms. polyphvn<1l '.lXld~h~. 

activity (PPO). PL'roxiclase activity (PO). phenylalanine ammonia lyase activ1ty 

(PAL). in healthy and 111t\:cted tissues of cultivar Sonalika as influenced by urganotin 

compounds. 

Table 5.3: EttCcl . '' '•rgctnotlll L·ompounds on phenol and OD-phcnol L'<mknh 1n 

healthy and B. \i!} n/,Ji!!Uili/ !tlkcted wheat leaves 
---------~·-,------ --·~----------

1111l:11;1' 'l)l\1,_'!\t \ 1:\~ ~fresh tissue) ! OD-plwnui ,·omen! (mg/g lie,h ti:.;.;u,·l 

. 1),, \ 

il 

Water 

(Ct>ntrol) 

2. 

J. 

H- Healthy, 

'- ,_, _____ , -- -- ----··--··~ 
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5.5.1.3.1 Total phenols 

Table 5.3 show:; that inoculation resulted in a mild increase (5%) in f1h,·twl 

level in untreated leaves at 24h of inoculation but this effect rapidly du.:rea"L·d :illd 

infection resulted in small to perceptible fall ( 12-31 0,~~) in phenol level during th ... : next 

7 days. On the other hand, wheat leaves in different treatment recorded considerable 

increases in phenol level f()llowing inoculation at all three stages, 3-29% after 24 h. 

II-52(Vo after 72 hand 4-27r~o after 7 days. The final post-infection level of phcnul tn 

treated leaves was fll(lsth -.;ignJficantly higher than that in the untreated planh The 

wheat plants treated wtth propiconazole (Tilt) had moderate increases in phenol level 

at all stages of sampling hut still fell slightly short of the levels in comparable 

organotin treated leaves 

5.5.5.3.2 Ortho-dih~'drox_v phenols 

Treatment vvith •lrg:uH>trn ,_ompounds either had no effect on thl ,,r·tlH• 

dihvdroxyphcnol k\L'I ,1r caused ,,nJy marginal to small mcrcases 111 :;u:-.n:plthk 

leaves (Table " 3) In '.mtreall'd susceptible leaves moculation with B. soroldllli/IJU 

resulted 111 a small rncrl·a-.;r: (2(\,) m CH)-phcnol content when sampled after-~ I lr hut 

at the later stages. hct ween ) ··· 7 day a Her llloculatton, 111kctcd planb : ~Lurdcd 

nwdcratc dccrcaSl'" i' 19"o\, th .... · decline mcreasing with timL'. In diftcrcnt (ltgatlu1tn 

compounds treatmenh. mfcctlon resulted 111 4% to 7"A> men.:ascs 111 00-phcnul lc\ el 

w1thm 24 h but the response gradually weakened with time. At all stages ot sampltng 

their post-infection levels w<:re significantly higher than that in untreated planh. 

Among the dilleren! trl·atmenh the Llltfcrcnt OD-phcnol c\lntcnt ts not -.;ta11'-llc·alh 

stgmtlcant. 



Table 5.4: Protein content\ 111 ''heat leave infected by B. sorokiniano 

Compound ···--~---·-···· -·-[·. Protein Content (mg/g fresh tissue) 
__ " ____ -------,---· 
I' Day 

H 

9< ··I 19

1

65 
65 . 25.90 

I 

Water (control) 21 

Propiconazole - , 2 I. 

3ro Day 

H I 

22.40 15.85 

21.95 21.15 

7m Da y 
---

H 

21.35-

23.60 

t---
12.45 

i 
17.90···--i 

I I ~-+-~-
:'5 I 2.".4'i 24.25 22.40 .:.__ .60 ' 

----------------1--

~ ~: J ~: (>5 c 252~ t 23:451 23 351 i395J u: ~;:i; 
~---------8-. ---i ~-)~-~~--124.40 i 23.10 21.00 : 23.20 ! 1895 1' 

2205! 24.60 1 23.90 21.75 22.60 19.75 
. [ _____ _____L I 

[ ~-~--(P~=O.OS) -.-~I )_251 L -------~~~= 2.675 
----·-----·--------------·· 

i H-- Healthy, I~ Inoculated 
l ____ -·------- -······ 

5.5.1.3.3 Total protein 

Results in Table 'i + sho'' that susceptible untreated plants responded tu 

llloculatwn mttially with a tmld dccrTcl"c (II%) in protein content but at the later 

_..;!ages th1' dlcct further de,·!mcd and rL-corded 24% lower after 3 day and 41°/cJ lower 

than the normal level atiLT da" •ll 1!1oeulation. Susceptible plants in different 

organotin compounds imtiallv respond to inoculation with a very mild increase ( 4-

12"lo) ll1 protein content, hut the :-;tJnmL\lury effect also weakened in them with time 

and practically disappeared within ~ dav of inoculation and after 7 day. the protein 

content w~1" reduced to l ~-20° 1\ lm\c:r than the normal level. The treated plants always 

had higher post-infectiOn k\ l'i'- 11i J()tal protem as compared ttl the cornparahk 

untreated plants. the quantum ot di flc'n~lll'l'S varying between 24 °"o and 3 I <~J after :24 

h as well as 32% and 4 P~·o after -~ day and at the later stage of infection the 

differences hecame more pronounced recording 49-58°/cJ higher than untreated plants. 

The plants treated with propiconazolc had similar protein content with organotin 

treated plants at all stages or sampling. 

PrL-illllinary :-;tud1es ''11 thl· ntr~Jctiun of protein through gl·l electrophorl''-''" 

shm\ tlh.' appearance or ~lll addilJonal hand indicating the l'onnation of IO\\L'I 

mokc·ui:Jr \\L'ight pathugL'Il rL·!~ttL·d proll'lli 



Table 5.5: Activity of pcrox1d~hL' and polyphcnoloxidasc enzymes on wheat k"' '--'" 
infected by B. s·orokiniana 

I" Day I'' Day .\"
1 Day 

H I H II H II H 

0.060 O.OXO 0 ll.:\(1 
1 

-~ o ~~' i ooxo 0.100 om:'> 

-1..----- I - +--t----+---______,r----t---t--· 
1 ··11·;~() i 001-:5 OliO. OO'J'> OX.'Il 

I I 

·1 !) r ~~, (l ~-(I oxo 0.1211 l\.09(1 

! ! 
-t -·------ -+----~--

') l.ll o.uxs 

'-n~ o.oxn 

I I 0.11' l 
-+- ---~---~ 

: ().()29~ I 

O.DXO 0_0)')5 I 0 ! ! :" 

_.-..-.J.__-t---·-1 --
() 02l)q 0.024.1 

l ___________ .. ___ L ' _J_ ------ ----------··· ·--

II - lkalth' - inoL ulatcd 

5.5.13.4 Peroxidase activity 

II wd! be seen from Tahk ..::, :' that the untreated susceptible plants responded 

lu moculatton wah coibldcrahk lllll< .. :asc:--: m i.26-2)-i 01.1) enzvme actiVIty between l and 

~ days after inoculation. but durmg the next 4 days, the stmwlatcd activtty strongly 

dcclmed to almost normal 1'!1,· treated plants. responded to mocuiation with 

pronounced increases, 3(YX) to 33"" after 24h and 43% to 4 7r~~~~ after 3 days. Though 

th 1 s treatment induced c ftect d<..Y l1n~·d with time. still after 7 days i .c. at the late stage 

ol lnfcctloll, 2'JP,,, t<1 ~ !";, h1glk·r ), .. :1:-, could be noticed. All the treatments recorded 

sigmficantly higher post-infcctl\>11 levels nf peroxidase activity Though maxnnum 

effect of treatments mostly occurred within 3 days of inoculation. generally the peak 

period for pathogenic activity still significant effects persisted even at the late stage of 

infection. 

5.5.1.3.5 Polyphenoloxidase attivity 

freatcd susceptible phn1, recorded very mild llll'lc~ts .. :s lt1 the k\cl tlt 

jl<llvph ... ·nuluxtdase acti\11\ th~lll til<.' untreated plants at dllkr<..'lll stages or sampling 

I! thk " "J Following lt\uculatt,lli pPivphcnolo.\.lda:-,c aclJ\ tl\ ,q1prcciably (h~ :')"" J 



• 

increased in untreated susceptible leaves after 24h, however, this effect sharply 

declined during the 7 days, to much lower values than normal level. At every stage of 

sampling, susceptible plants in different treatments responded to inoculation with 

greater increases in enzyme activity, as much as 22% to 50% after 24h, 29% to 41% 

after 3 days and 10% to 35% after 7 days. Their post-infection levels were also much 

higher than in the untreated plants. 

5.5.2 Set II 

The rune organotin chemicals (1-9), screened for their possible effect in 

controlling foliar blight disease in wheat, were also tested for their effect in vitro on 

spore germination and radial growth of the pathogen, B. sorokiniana. Three 

concentration of each chemicals were tested for such assay in germination of spore 

kept in grove slide. 

It appears that all nine chemicals were highly toxic to the pathogen at all three 

concentrations tested i.e. 25, 50 and 100 ppm (Table 5.1 ). Among the nine chemicals, 

compound 2 and 3 significantly inhibited the spore germination and radial growth of 

B. sorokiniana at 50 ppm (Fig. 5.7). 

Fig. 5. 7 Effects of test chemicals at 50 ppm on spore germination and 
growth of B. sorokiniana (control and treated) . 
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5.5.2.1 Effect of chemicals on B. sorokiniana in wheat 

As a follow up of the results just descried in Table 5.6, all the nine chemicals 

having significant inhibitory effects on spore gcrminatwn and its growth were furthcr 

tested tor their possible effect on disease symptom inhibition on excised wheat leaves 

Here only 50 ppm concentration of each chemical was selected. The results arc shown 

in Table 5.7. 

Susceptible plants in all the treatments sho\\cd very significant difference in 

symptoms with untreated plants as carlv cb 72 h of inoculation (Tahk "·=' 1 

Subsequently, symptom development wa::-. d~;;tmctly slower tn the treated plants. SP 

that after 96 h of inoculation these had very large ditTercncc m symptoms vvith wntrol 

plants. Different treatments reduced disease symptoms by 54%) to ~J<Yt). Best results 

were achieved wtth compounds 2 and 3. even much better their standard fungicide. 

rropiconazolc 

Table 5.6: Effect ul tlw test chemicals u11 -,p1m.: 12-cnnination and gwwth ,)r f? 
'urnk in ian a 

('ompound Spore 
gcrrnination( 0

';, 1 

Con. (ppm) 

2'~.i :m· 1oo 

·---~.---------- · --+--444~ ' 3 ~ct o 
--··· L------1-~~--J ----
2. i 3. 7X I I .49 () 

-- ------3.------- -t-3.21 1-1:'21-t (l-

- "--,--- -· -~----~-· 

Radial growth of B. sorokiniuno 
(ern) 

100 

- -------· -- ---- ----1----------r-------+-------
4. 1 4.~ I 2 91 () l)6 

' ' 

··+-·· ----~--+-····--· ~ ' ~ 56 : 2.45 ' 5. () 
i 
I Nil 

\ ' ' I ' 

' ------6.-·· ----9-.6-i+-4-.4-4-+ (l 91 1 " -t- Nc.g1Tgi5Tc ·t-NIT-1 
:1 i 
t· 'r\jlf"1 Nil 7. 

Nil Nil 8. 

9. 8.14 5.32 --~-2() _ --~~:~~:-' -+--N_e_g __ It_·g._ib_l_e __ t--N-il--1 

I 
Propiconazolc 12.06 

1 

1.6 
(0.15°1.,) 

i --------·---·---· t . 
[ ( 'ontrol (Water) g7 X I 
i ~--~·-----·-· 

C. D.( P· 0.05 ) -1 
! 0.2X5 I 0 364 

.l 

7 -
I ~ 

...... + . . 

. ·t ....... . 
.L .. 



Table 5.7 Efficacy of organotin compounds on L'\ciscd \vhcat leaves (cv Sonalika) 
infected by B. sorokiniano. 

Compound 

1 

2. 

3. 

4. 

l 5. 
L----------------
1 6. 
;--· 

7. 

Control (Water) 

' c; T5 rr~~o.o5 f--

Con. (ppm) 

50 

50 

---~ 

I 
Av. lesion area (em) 

r-- After 72 h of After 96 h of 
inoculation 

- -+ 
i 

inoculation 

0.74 

(). 71 

() 6 7 

() 79 

0.90 

0.75 

0.79 

0.75 

0.70 

--·---+---~-~---()~90 ___ •• _ 

I 

0.82 

--+-· ----;:-1--;:.3,-:-5--j 
I o.s1 

1 ___ J 
·c)~f---- r--6:93- I 

- - ~ 0-~~------- : 1.21 

. j-77)------+-- I . 92 --

r' ------. -----
4.25 

, ---·- o.osn 
i 

- -~---__1_____ __________ _ 

5.5.2.2 Biochemical changes associated with resi-.tarH'e in the wheat plant (n 

Sonalika) after infection 

Results ot in Hlru and in vivo expenment un thl· ..:!Teet of organotin chernicctls 

on foliar blight infection of wheat plants appeared to he promising. So it became nt 

some interest lo mvcst1gatc 1f there is anv c()rrelation between post-infection 

biochemical changl~S 111 the treated plants and 1!1<.' ,,_·s1stance mduced m them It ''as 

decided in this connection to investigate host responses in respect of total phenol 

ortho-dihydroxyphenol and protein content and polyphcnoloxodase and peroxidase 

activities, parameters that have often been found tu be associated with expression or 
disease resistance in plants. For these purposl· leaf materials were collected from 

diseased plants in the control plants and those\\ 1th q compounds with standard check. 

propiconazolc alter 2-+h. 72h and 7 days or lllOClild!IU11. Results were dcscnhcd 111 

below 



Table 5.8 Etfcct of test organotin compounds on ph~·r1ul ~tml OD-phenol contents 111 

wheat leaves (cv. Sonalika) infected by B. sorokiniunu 

- -- ------- -T ----

Phenol content (mg/ g fresh 
- -------------------~----

l Cum pound OD-phenol contcnt(mg/g fresh 
tissue) tissue) 

Is' Day 3rc Day 7!11 Day I s Day 3rc Day 7m Day 

1. 5.98 6.12 5.04 0.210 0.221 0.167 
-~- -- ----~----- ---- ---- f-- --

I 
I 

2. I 5.25 5.70 4.79 I () 2.)9 0.246 0.155 
I 

--------- ·---~-----..... -+-----( ----r---~-- +---~--- t-- .. - -l-- ,_ -,-,I 
I I 3. I 6.0:,1 I 6.~~ I . .41 I ()_;~ (L~9 0.187 I 

4. ----+ 5.09 hs4 --t- 1.67 ! o 232 -t o.243 -T o.t42 I 

5. -- ---~1 _____ 
4

5 .. 

9

72

7 1 

5.XO ---t. 4.25 

1

_-0 222-_ Tt-- 0.~28 ~ 1_1-a I 78 

6. 4.29 -t 3.39 0.192 0.198 I 0.111 

7 -----+ 4 ~Q I s.cJ2 +--~+~n~n-- i- o"l~- -L- n 177 ~ 
8. -----+ ~:~~ I 4.89 I ~:;~ I ;;:;~; t (;_; ;; i ~: ~4; I 
9. 4.87~--r-- -if.99 ___ l_ Tn---1 -il.T9~ r ()~2o--r -l'fiTT - --1 

- . --- ... ;- -~~---t----------- -- ---~-----+~ ------------·---
Proprcona/ok ' 4.42 i -+52 _\ 34 

1

i 0 181 
I 

0.196 

C~mtn1l --r-··4.:13--t-:+.02 + -2~7~ --+-----(YI co17 

( \\.: alL' n 
0 I 71 

() ()()9 

--- ___ l_ ____ -- - - -------- . __ I 

5.5.2.2.1 Total phenol 

lt seen in Table 5.8 that infected susceptible wheat planh rn all the treatments 

r~·cmLkd hrgher (5(/o to 40%) total phenol levels as compared to the untreated plants 

alter 24 hr. of moculation. Aller ; days ol moculation, the phenol level further 

Increased 111 the treated plants but at the later stage of in!Cction, this effect somewhat 

declrncd The tina! post-infection levels in different treatments were 6°;;> to 59°1<> 

higher after_\ days and 32% to 44% higher after 7 days of inoculation as compared to 

the control plants. Plants treated with compound 3 that provided maximum protection 

also recorded maximum increase in the phenol level followed closely hy compound I 

and 2. 



5.5. 2.2.2 Ortho-dihydroxyphenol 

rhc trend for Ortho-dihydroxyphcnol was ncar!\ ~Jnlilar to that for total 

phenol"\11 the treatments lead to appreciable increase. S0 o to :'7"o after 24 h, 14°;;> to 

67°o atier 3 days and 177% to 367% after 7 days of inoculation. The correlation 

bet\veen the increase in OD phenol content and resistance was good but no absolute. 

Table 5.9 Effect of different organotin compounds on pewx1clase and polyphenol 
(\X.idasc: activity in B sorokimano infected wheat leaves (c\ \unalika) 

( ·ompound 

I 

I I. I 

2. 

-'· 
-t. 

5. 

6. 

7. 

8. 

251 I I X9 
L 

5.5.2.2.3 Peroxidase activity 

(unit ol actJ\ 1ty'g ti·csh tissue /min) 

I . 0 l 

O.XS 

+ 
1.03 

0.95 

() .94 

() 70 

0 l I 'I () I ;x 

f 

·l 
I t--

0.82 

0.55 

Table 5.9 indicates that plants in all the treatments recorded moderately higher 

peroxidase than untreated plants alter 24 h and after 3 and 7 days were quite high 

alter ) and 7 clays of inoculation Though all the treatmenh recorded significantly 

higiJn post infection level of pcru'\Jdasc activity. the 11101\.' '-·t kc..:II\ c compounds like 

2. 3 ;Jml 5 recorded higher lc\el of civymc activity than k"' c I kctivc compounds. 

Jfl,,ll_c.:l tlh.: diffcrc'lll'L' arL' not :1h\:J\'- ~Ignilicant (P ()_():") 



5.5.2.2.-i Pol~phenoloxidase activity 

l·ollmvtng infection, the polyphenoloxidasc activity was sharply declined with 

age in the untreated plants whereas the plants in all the treatments respond to 

inoculation with greater increase in enzyme activity. The final post-infection level 

varying between 21Yo to 15% after 24 h 25% to 57% after 3 days and 491Yo to 74% after 

7 days. The maximum increase in the enzyme activity in all respect were recorded 

with the compound 3. the most effective compound. Plants treated wtth propiconazolc 

had intcnncciiatc dfcct in enzyme activity. 

Table 5.10 Ltlect of organotin compounds on protein contents 111 /J. 'orokiniana 
infected wheat leaves cv. Sonalika. 

I. 

I Protein content (mg/ g fresli-tl:~~-l.lcf ____ _ 

~------,,1 Day l'd Day ~--- -rym--Dai-

-+- 17.96 +--- --!T0 

( 'umpound 

' I --t- -1 n "~ -----t--
i 4,..\}.6._, ! 25.37 13 4R 2. 

- - -+---- ·--=-::::--=--;-- ------+---~~, -~---+-- ---------. 
25.54 1 -'-0.66 ' 13.57 3. 

4. 

S. 

6. 
I 

~~ . -----+-- ····- -- _ __j_ __ 
2349 , 20.21 I 

- -----+--- ---- ------l---
:?.1.3! IR 71 I 

-, + 18.63 1 ) __ 4 1 

7. +---- 20.66 1 7.95 I 
--~----·---- T 20.32 24.71 

12.92 

12 91 

I I 14 
·----------~---" 

1 2.04 

13.57 8. 

9. 

i 

+-------=-=~---+-
1 22.01 
j_ 

20. !7 

18.63 
--~---

17. 12 
t- -------~ 

I 2.7'> 
··-- '------

I I 87 

( 'ontrof (\Vakr) 16.94 ---+- ···-~--- -·-t· 
i 12.57 '>.39 
I 

j ·t 0. 124 0. 146 
_ _l -- ---------~------. 

CD. (P-0.05 J 0.148 

5.5.2.2.5 Total protein 

All ntne treatments recorded higher post-mfcction protc111 level than the 

untreated plants (Lthlc '\.1 0) .·\II the mitial stages of inoculation the protein content 

\\'ere higher 111 the treated plants hut with the llll1L' the k'\el gradually decreased 111 

the-.;L' plant-; I he tina! post-111tlcctional lc\cls \\'lTL' apprLTiahh h1ghLT than that ol 

: )() 



untreated planh and with time this difference became more pronounced <dki 7 day-, 

of inoculation 

5.5.3 Phenylalanine ammonia lyase activity 

It has been clearly established that in the early experiments the degree of 

resistance was correlated with an increased biosynthesis of phenolics and stimulated 

oxidase acti\ 1tv at and around the site of host-pathogen interaction. It is well known 

that phenyl alanilll' :1mmoma lyase (PALl activity is the first enzyme ut thL· phenyl 

propanoid pathv\ ay and considered as the key enzyme in the regulation ')t thL· tlux of 

the phenylpropanoid compounds such as lignin and their derivatives [ l '~ j and also 

appeared to bL· :tssociated with hypersensitive reaction [174]. The PAL acti\ ity was 

measured in k'n L\llnpounds that provided strong resistance against foliar hiight 

pathogen cxcludill>' rrnpicon;uolc after inoculation with B.snrokiniana and the results 

arc presented 1n i clhk 'i 1 l 

The PAl dell'v II\ 111 the organotin compounds treated plants "'-'~' alwctys 

higher than untJ<:ated plant:; A strong correlation were observed betwcL·n r,;~Jstancc 

mduccd by till·, urnpuunds and PAL activity mild variation. 

Tabk 5.1 I Ffk,l ,ll d1ffcrcnt organotin compounds on phenylalanmc anltnOI\l:t lva:-;c 
activity m H \(}if)ktlltWici mfected wheat leaves (c\ Sonalika) 

I~ --~-----

k~~ 
I 

f---

---------+ 
Set II: ' 

('om pound 

2. 
J. 
5. 
S. 370.1 
t. 353.0 

2. 365.8 --~---~-+---------
3. 346.0 

3291 
-· -~-~----- ---------

347_1 

334.3 
340.1 

338.4 
-------+--------------------+-------

5. 357.1 34()_() 
---- ------ -~~~-----+-------

7. 354.9 
-- -- ---------+---
9. 

t------___j_-~ -
t--------P_r_o__,_pi co 11 a/u lc_ 
l__ __ W_atcr ( ( '•ntwl) 

-+--~--- 349_~=- -
~ +----- --_}~9 C) ------

1 ) l'i.' 
_L___ --~~--~---

333) 

3517 
315 . .2 

i 

---------~ 



5.5.4 Effect of organotin compounds on seedling growth of wheat 

The newly synthesized organotin compounds were further tested for their 

phytotoxic effect if any, on seed and its growth. For this purpose wheat seeds of 

Sonalika cultivar were tested with organotin compounds in set I and set II at 50 ppm 

concentration for 6 h and placed in the petridishes covered with moist blotter 

separately. The seed germination percentage was recovered after 72 h of treatments 

and root as well as shoot length were recorded after 7 days of treatment (Fig. 5.8). 

The results were presented in the Table 5.11 

Fig. 5.8 Effect of organotin compounds on seedling growth. 
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Table 5.11: Effect of seed tr~..·atment with organotin compounds on seedling vigor u t 
wheat (cv. Sonalika) 

I 
-~ ----~--~--~--~--------~···- -~~--~--~ 

Compound No Seed Root length Shoot length 
germination (ern) (em) 
~ (%)1 

Set 

l. 95.7 3.10 4.30 r---
2. -----r-- 95.4 3.27 5.09 

: 

I 
I 

3. 
i r--·- .... 
' 4. 

t=-_5 
~----- :·. 
I , . 
r···· 8. 

~-- -----·· -+--· 1. 

Control 
(Water) 

\c~..·lf germll1atJon pcr1:un:t ,_ 
recorded attcr 7 days 

94.5 

93.2 

X9. 5 

. +
_J 

I 
... -t-... 

I 

+ 
.. -f--··· 

I 

J.23 5.2! 

3.02 

2.94 

I 74 .... 4.62·-

···f 
2.X5 4. 75 

x9 s ----r · -3.--o ~----·- ···t------4--. 99--_ -· ·· · i 

:; :- . + . ~-:~ ··l-~ ~~ : 
:~, l•~umkd atlcr 7

1
2 h. l<,Hll and s~(;odc~ngth \Vl'I<.' 

It appears that the cPnlpounds shown etTcctivc agamst B. sorokiniana were 

also fungitoxic to Alterllimu li!ricinu and Fusarium soluni. Among chemicals 2, 3, 5 

and 8 in set I and 3, 4, 5 in -.;et II almost completely inhibited spore germination ot 

.·1/ternaria tirricina than '.Jther chemicals. These cher111cals also inhibited sporL· 

gennination of Fu.mri11111 \nl<~lli Though the extent ot' inhrhition is slightly less, Frorn 

l!Jl.· aOOVC result_ I( Jlla\ hl.· LOilCIUdCd that the lll'Wiy synthesized organoltll 

1:\lmpuunds have pronll"l' I<•: Ilk l'Ontrol ol /1/tcrnariu !lfri,-/na and Fusarium so/(/11! 



It will be seen from the Lthk -;_! l that most of the compound either had no 

adverse or little effect on seed ~ermination and its subsequent growth. Compounds 

like 4, 5, 6 and 7 in set I and .t. 5. 6. 7, 8 and 9 in set II caused mild inhibition ol 

germination, recording 81-l-\9°1<, as compared to untreated check, recording 9Y~';, seed 

germination. Regarding root and shoot length, the result showed the same trend. No 

inhibition of seed germination was recorded with other chemicals like 1, 2, 3, 8 in set 

I and L 2, 3 in set II even some chemical stimulated seed gem1ination and its growth. 

5.5.5 Effect of organotin compounds on 'Uternaria titricina and Fusarium so/ani 

The compounds were further tested lor their for the1r fungic1dal effect u11 

spore germination of Alternariu ritricinu and Fusarium so/ani, the two major 

pathogen of wheat in this agroclimatic region For this purpose. seventeen chemicals 

found eftcctivc agamst B. sorokinionu were tested at 50 ppm concentration for then 

effect m vitro on spore genmnatlun tc:-.h and results were shown in Table 5 12 



Table 5.12 Effect of organotin compound-, on ~pore gennination of .'1/tc:munu 
titricina and Fusarium so/ani 

Set 

II 

Compound 
(50ppm) 

1. 

2. 
f----·------:::------~ 

3. 
r- --~-~4:-- ~- ~~ 

~-----------s:--

1
~---~ - ----6~~ ~ 

7. 
f--~----=-----~ 
I 8. --+-----~ ----~-
1 1. 
r·· 

3. 

4. 

5. 

6. 

7. 
L. .. ·-----~--~---

i ' 8. 
l_ .. 

I 
9. 

~~- -r~ ~ ~---~--~~----~~--~ ~ 

~---

Control (Water) 
~-~~ __ _j_____ ---- ~ 

('[) (Pc 0.05) 

] Spore germination(%) 
I 

~~-~7/erncl~i·ia titricina Fusarium so/ani 

4.2 2.8 
~ ~--

0 1.7 
1-----~ 

0 3.1 

-~:2·~-~~~=~~+---~-- ~-~4~-~ 
1.6 + 1.3 

~ ~-~().}~----~----·t=--- I I .T 

7.5 - 9.2 

I .2 I 8 
~~-----~~-- ~ ~--+-- - ~ . 

-~-~--~ - ~ ~--- . -: 
~0 ---l 6.2 

I .2 -----+ . 1\.5 

() -~---~-~-~~- ·-- I __ ~ ~ - ~--
l 7.5 

--~--~---~--+---- ------~-~-~-2 l 1 4.6 
~ -~--~---- -~----+-~~--~~-~-~~ ~~~--~-~-~-~ -~--~ 
7 s ! ~ 9 

:;_ lm ~:: 
X5.2 J R9.6 

~ ~- -~~~~~~~~=- ~--=-~~= 2. 98-

t-

Rc-;ulh from vanous studiL~s tnvolvtn~ wheat-B. soroktlli£1170 comhtnatton. 

clearly estahhshed the fact that newlv synthe~ized organotin compounds have the 

potential for mducing significant level of resistance in wheat plants against foliar 

blight pathogen. The results of in 1·itru fungitoxicity assay make it clear that the 

compounds directly suppressed the pathogen. These compounds acted through host 

mediated t\~·sponse Supports for this \ i~·\, came from the studies in the biochemical 

changes 1!1 the· host following trcatmetll \\ ith the compounds A:-. .t result of the 

treatrnc'nt md ttccd change in the host lll~'ldhol itcs involving signi llcan1 c:hange 111 the 

phcnult'·"- pn>lclih and sub~tantwillH't,· 1,., 111 th~.· PO and PPO actt\ tlt~·~ 



The biochemical basis of resistance uf plants to fungal pathogen have been 

associated with intcction induced antitmcrohial compounds [ 175]. At present a large 

amount of infonnation has accumulated on the possible role of phenolics in disease 

resistance. Matern and Kneusel [ 141] propuscd rapid synthesis of phenolics following 

infection to be an important first line defense in the plants. The present investigation 

showed that organotin compounds enhance the hiosynthesis ofphenolics. 

Changes in the host physiologv \'(ll]m,ing infection is often associated with an 

activation or oxtdasc activity and a pu-.Hn !Cctional 111crease in the level of such 

enzyme ts a common phenomena m the dtscascd tJSsue more so is an incompatible 

interaction. Activation of polyphenol oxidase activity would seem to be more 

important as it can oxidize phenolics to quinines which may be more fungitoxic [ 176]. 

In the present investigation increased polyphcnol oxidase activity was associated with 

the resistance mduccd by the test chemical-. Present reports agree with the earlier 

reports on the ass,lclatton ot stimulated PP( l actt\ tty against B. sorokiniana f2:2] 

Response of both untreated and 'armusly treated plants in respect of PO 

activity followed almost the same trend a~ reported f"pr PPO. Increased PO acttvtty in 

response to mfectton 1s d common phcnutnL'na 111 many host parasitic interactions and 

the greater acttvih 1s generally lmkcd vv1tlt rc-.~-.ta11cc response. The role of PO plant 

defense has been attributed to its PO acttv tl:J to catalysc various types ot oxtdatl\C 

reactions important in metabolism of pathogens or of the host plant such as phenolics, 

toxins, hormones de [1771. Increase acti\ltv tlf PPO, the terminal enzyme in phenyle 

propanoid pathway. appears to be assoc1atcd with an increased synthesis and 

depositiOn of lign111 at the sttc of m!Cctwn [I 71\ I 

In the present investigation, it has hccn clearly established that resistant plants 

have less disease against Bipolaris \oro/,iniunu intcction as such resistance arc 

mostly correlated with an increased biosynthesis of phenolics and stimulated oxydase 

activity at and around the site of host-pathogen interaction. It is well known that 

phenylalanine ammonia lyase is the first enzyme of the phenyl propanoid pathway 

and considered as the key enzyme 111 thL' regulation of the t1ux of the phenyl 

propanoid compounds such as lignin cllld thc1r dcnvativcs and also appeared to he 

associated \\ ith hypersensitive reaction ln the present study, the resistant plants 

always had ~~ lw!hc1 I'Al ,md pcnL\Id:~->c· ,llll\ ttiL'" in ,:nmparison to '.uscq1tihlc 



genotypes. The increased peroxidasL' actt\ 1!\ ~" presumed to he associated with 

enhanced lignifications and also for production of phytoalexins. 

Plants are known to respond to infection -vvith both quantitative and qualitative 

changes in their protein content. In the present mvestigation, it was noticed that 

protein content increased initially in the infected tissue in treated and untreated plants 

due to infection by B. sorokiniana, though in case of treated plants it is more than that 

of untreated Sonalika cultivar. Synthesis of nc\\ pr1Jtein in resistant cultivar following 

fungal mfcction has been reported m nee. \Yileat, tobacco and some other plants 

[1-17.1791. 

In summing up, the series of observation on foliar blight of wheat, it may be 

concluded that the newly synthesized organotin compounds act both directly and 

lttdm.:etly by conditioning the susceptibic plant towards induced resistance through 

series of changes in the host metabolism bringing about activation and strengthening 

1ll rhc host innate defense potential so that the pathogen or its pathogenic activity or 

huth arc suppressed. lmtial studtes also mdtcate that these chemicals arc fungitoxic to 

ntill~r pathogens iike .ll!t:'nwnu tirncitw mctcknt of <lll hornL' leaf blight disease and 

f-u'>Of"illflt solam mctdcnt il1 -;od borne font rol dhca:-;l' HI wheal. vvluch ;•, \ L'l"\ 

:>I gill ftcant 
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Corngendum 

L 1n chapter 3. page 55 and subsequent pages 
met·capw. 

l. Throughout the pages z be read wnh £i ·~pa~Ce between tbe -f)gur~ :and l}t 

a-; 31 °C hm a::. 31 t~{~ and tbi~ should appl)· also r:o other ~.:mit~ 7'\lber€ unH:;;. wr:;rrr 

~'}· Hn0tU a §pace utiw~u. H11t' .:tig-un:~ li'fiicl du: uD.n~ . 

flagt:': o,.,~JrlTi'L· · 't:-~ .:._·::.g._ _t} 

solution fi:1r ~ mtn as were the tlther experirnenta: :;.eeds. 

.," /( lll 

CRY~T . STRt ul1l COMPI.EX.E:S 

-1" 

x r page :>{ ,,~1 

mercaptophenyHsocyanatt: 

q in page should read as 
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