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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 
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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 
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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. 
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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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H::!N O.K ... 
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;r--i \~. 

Ph_,SnCI 
1 + KCI 

L 
•R= H 1. =CH;: .. 1 .. 

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 
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; .. '- -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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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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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. 
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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. 

147 



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, 

ISO 



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. 

lfl6 



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. 
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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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