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3.1 Introduction 

In about 3500 BC tin has been discovered as a hard alloy with copper. The 

abundance of tin in the Earth's surface is less than that of Zn, Cu, Pb etc. During 

2005-06, the total annual production of refined tin was about 350000 tones globally 

[1]. It is in group 14 element and its principal valence state is Sn(IV), though Sn(II) 

inorganic compounds are common and many stannous organic compounds, in recent 

years. Metallic tin has two allotropes namely white tin or I)-tin and grey tin or a-tin. 

Below 10°C, white tin slowly converts into grey tin, with a 26% increase in volume 

[2]. Both the Sn (II) and Sn(IV) states are stable. The Sn(ll) state uses mainly the 5p 

orbitals for bonding otherwise Sn(IV) state occurs oxidation readily, where the tin is 

sp3 hybridized. in 1849, the first organotin compound, diethyltin dichloride, was 

prepared by Frankland by heating ethyl chloride, with metallic tin. This is taken to 

mark the beginning of organometallic chemistry. In 1943, the first application of 

organotin compounds came for the stabilization of PVC against heat during 

processmg and a vanety of mdustrial and biological app!Jcations were slowlv 

developed. The thio-organotin was introduced in the early l 950s a:, a cons1dcrabk 

Improvement 111 clarity and heat stability Tin mercaptides gained acccptann: fur tlK 

-.;tabilinltion of rigid PVC than qructurally equl\ alent tin carboxylates ·\ pnss1hll' 

explanation !tes m the ability of sulphur to internally -.;atisfy the secondary bondmg 

capabilities of tin to a greater extent than oxygen [3] Thw-l)rganotin compound 

means at least one Sn-S bond is present m complexes. Recently. organotin( IV l 

complexes of sulphur-containing ligands have received considerable attention f(>r 

their antibacterial and antifungal activities to study the1r biolog:1cal :>Jgnificann: [4 __ .; 

.'-;n the current interest in metal-sulfur chrornophores 111 biological molecule:-. require-: 

a detailed study which have not been adequately mvestigated in the past. 

3.2 Literature 

There are many parallels between the chemistry of compounds containing Sn 

S bonds and compounds of structures R;SnSR', R2Sn(SR'h, RSn(SR')l. (R,Sn),S 

and(R2SnS)n can be prepared by substitution of tin by a sulphur nucleophile. The Sn-

0 bonded compounds often self-associate to give oligomers or polymers with fiH' 

coordinate tin, where as the sulphur compounds show less tendency· to associate. For 



example the compounds like (R2SnX)n when X=O are usually cross-linked insoluble 

polymers where as when X=S, there are usually unassociated, soluble compounds. 

The Sn-S bonds are also less easily cleaved in substitution like hydrolysis and 

addition reactions. The Sn-S bond is often formed in an elimination process [6]. 

The tin thiols like R3SnSH are usually unstable But Hanssgen and his co 

workers [7] showed that tri-t-butyltin hydrosulphide which has been prepared by the 

reaction shown in the (Eq.l) 

Bu13SnSH 

~LO t Me3SnCI 

Bu1
3SnSSnMe3 (Bu

1
3Sn)2S ................... ( 1) 

So many organotin-thiolate compounds have found industrial application and 

therefixe. are published in patent work Organotin sulphide compounds are shown 

little tendency towards self-association. Thus (Ph,Sn)7S is a monomer in the crystal, 

with slightly distorted tetrahedral tin and SnSSn 107.4° (8]. Similarly [(PhCrb)3Sn]2S 

is bent fSnSSn 105.52(14)] [9], but (Bu\Sn)2S, for steric reaction is linear [10]. Most 

dialkyltin sulphides are cyclic trimer, with the structure of a twisted boat [ 11. 12]. But 

Puff er a/. [ 13] showed di-t-butyltin sulphide is a dimer with planer ring. The 

compounds (Ph2SnX); when X=S. all have twist boat structure (14]. Another 

compound CIR2SnSSnR2C1 is monomeric in solution. with tetra-coordinated tin. They 

are in equilibrium with (R2SnS)3 and R2SnX2. With Cl ion, they form the penta-

coordinate dinucler complex in (Eq.2) [I 5,16]. 

Me2SnCJ2 + (Me2SnSb __j3I- C!Me2SnSSnMe2CI 

~CI 
Me s~ /Me 
~"' /// / 

CI--"Sn, /Sn--CI / " ~ 
Me ~CI/ ~Me 

.......... (2) 
The tin-sulphur bonds are usually stable towards air and water but react with 

acids like HCI to liberate H 2S and give corresponding tin halides. Bis(trimethyltin) 

sulphide can be reduced with sodium [ 17]. The Sn-S and M-X where M- tin or some 

other metal and X= S or some other electronegative ligand, the exchange readily 

occurs With the Sn-S bond in dialkyltin sulphides and the Sn-X bond in the organotin 



compounds R2 SnX2 (X= halide, SCN, OMe, Carbocylate) exchange also occurs to 

give functionally substituted distannthianes and tristannthianes [ 15]. 

Organotin-sulphides are prepared by the nucleophlic substitution by H2S or 

metal sulphide at tin or by reaction with sulphur-transfer reagent via an addition

elimination or by reaction of an Sn-Sn bonded compound with elementary sulphur. 

The metal sulphide can be prepared in situ by reducing sulphur with LiBEt3H or 

NaBH4 in THF (Eq.3) [17]. 

S + NaBH4 
... " ...... (3) 

Unequivocally, sulphur is one of the most versatile elements in main group 

chemistry Classical inorganic chemistry was originally most concerned with sulphur 

oxides and related anions. Sulphur nitrogen compounds attracted much research 

interest from the 1 950s to the 1980s. In the 1970s, interest in S-N chemistry increased 

f 181 .The number and diversity of nitrogen and sulfur chelating agents used to prepare 

new •:oordination and organometallic compounds has increased rapidly during the 

past few years The dithiocarbazate (NH2NHCS2-) and its substituted derivatives 

have been investigated. These compounds have received much attention and for 

further studies because (i) they provide an interesting series of ligands whose 

properties can be greatly modified by introducing different organic substituents, 

thereby causing a variation in the ultimate donor properties, (ii) the interaction of 

these donors with metal ions gives complexes of different geometries and properties 

and (iii) these complexes arc potentially biOlogically active [ 19]. 

In 1968, Peach [20] reported the new compounds n-Bu3SnSR, n-Bu2Sn(SR)2 

where R = Me, Ph, or C6F5, and Ph3SnSC6F5 were prepared and characterized. The 

fracture of the Sn-S bond with iodine has been examined which resulted affords a 

quantitative method for analysis of compounds containing a Sn-S bond. Bratspies et 

ul. [211 reported a new tin dithiocarbamate containing sulphur bridges, di-~t

sulphidobis[bis(N,N-diethyldithiocarbamato )tin( IV)], isolated from the thermal 

decomposition oftetrakis(N,N-diethyldithiocarbamato)tin(IV). A dimeric structure for 
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the compound is proposed on the basis of results from mass spectrometry, infrared 

spectroscopy, thermal analysis and vapour pressure osmometry. Xanthopoulou et at. 

[22] reported five new organotin (IV) molecules with the heterocyclic thioamides; 2-

mercaptobenzothiazole (Hmbzt), 5-chloro-2-mercaptobenzothiazole (Hcmbzt), 3-

methyl-2-mercaptobenzothiazole (mmbzt) and 2-mercaptonicotinic acid (H2mna) of 

formulae (1), (2), 

l (CH3)zSn(cmbzth]·1.7(H20)} (3), [(n-C4H9)2SnCh(mmbzt)z·(CH2Ch)] (4) and 

r [(C6H-s)3Sn]2(mna)·[(CH,)zCO] j (5) (Fig. 3.1) who synthesized and characterized 

the compounds by elemental analysis, 1H-, uC-NMR, FT-IR and Mossbauer 

spectroscopic techniques. Crystal structures of molecules 1, 3 and 5 have been 

determined by X-ray diffraction at 173K (1 and 5) and 293K (3). 1, 3 and 5 are 

monoclinic. In both molecules 1 and 3, two carbon atoms from aryl groups, two sulfur 

and two nitrogen atoms from thione ligands form a distorted octahedral geometry 

around tin(IV) with trans-C2• cis-N2, cis-S2 configurations. The compound 5 contains 

two triphenyltin moieties lmked by a doubly de-protonated 2,mercaptonicotinic acid 

1 I-bmna) It IS an example of a pentacoordinated Ph3SnXY system with an axial

equatorial anangement of the phenyl groups at Sn( I ). Compounds 1, 3 and 5 were 

tested for in v1tro cytotoxictty against the cancer cell line. 

Fig. 3.1 Structure of the compound (5) { [(C6H5):;Sn]2(mna).[(CH3)2C0]}[22]. 

ln 2007, Rehaman et a!. [23] characterized and reported dimethyl bis( 4-

methylpiperidine dithiocarbamato-S,S')-tin(IV) (Fig. 3.2) by elemental analysis, IR 

and mass spectrometry, multinuclear NMR (1H- and 11C-NMR), and X-ray single 



crystal analysis. IR data showed that the ligand acts as a bidentate in the solid state. 

X-ray data showed the unsymmetrical nature of the ligand towards coordination to tin. 

It crystallized in the monoclinic P2 1/n space group. Its geometry is distorted 

octahedral. Antimicrobial activity data shows that the complex exhibits significantly 

more activity than the free ligand. 

Fig. 3.2 The structure of dimethyl bis( 4-methylpiperidine dithiocarbamato-S,S') 
-tin(fV) [23] 

Lewis ac1d interactiOns of tin are of interest because it is often through 

mtennolecular hypervalent mechanisms that organotin compounds mteract with 

htologica1 materials. resulting in their characteristic biocidal capabilities. They [24] 

mvestigatc the nature of the Sn---S intramolecular interactions in previously known 

and ne\V organotin sulfides that may prove to be useful in modifying biocidal activity 

due to competition with intemmlecular Sn---S biological interactions. G Engel and G. 

Z. Mattern [25] described the crystal structure of bis(trimethyltin)-1 ,3.4-thiadiazole-

2.5-dithiolatcl 1s monoclinic. space group P21/c, a'~ 10.492(5), b ·"' 12.257(6), c :~ 

12.691(6) k ~~ · 95.86( l )' The zigzag chain structure of the coordination polymer 

can be derived by the structure correlation method. The starting point is a 

monomolecular symmetric bis(trimethyltin)-1 ,3,4-thiadiazole-2,5-dithiolate 

(Me3SnS h (C2N2S ): The first of the Me3SnS moieties, bound to the atom C5 of the 

heterocyclus, remains tetrahedral, whereas the other, bound to C2, is transformed 

through the N3 atom of the neighbouring ring to a trigonal bipyramid S···(Me3Sn)"·N. 

In 2003, the new organotin compound, 

[(C7l-hN202S)OEt], has been synthesized by the reaction of diphenyltin dichloride 

with 2-mercapto-6-nitrobenzothiazole. The compound was characterized by 

elemental, JR. l H NMR, and X-ray crystallography analyses. Interestingly. single-
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crystal X-ray diffraction data reveals that the compound has two different molecular 

components and the component Ph2Sn(CI)[S(C7H3N20 2S)] has a pentacoordinate tin 

[26]. 

In 1993, Haiduc et al. [27] are reported that a new inorganic heterocycle is 

obtained by reacting potassium tetraphenyldithioimidodiphosphinate with trimethyltin 

and dimethyltin chlorides, in benzene. X-ray diffraction analysis reveals a spirocyclic 

structure with the dimethyltin moiety as the coordination centre with non-planar six

membered SnS2P2N rings. The coordination at tin is nearly perfectly octahedral, with 

equal Sn---S [273.3(2) and 273.7(2) pm) and P---S bonds [200.9(3) and 20 1.9(3) pm]. 

Cristian Silvestro and his coworkers [28] reported that 

Bis(diethyldithiophosphinato)diorganotin(IV), R2Sn(S2PEt2) 2 (R = Me, n-Bu, Ch2Ph, 

Ph) and dicthyldithiophosphinatotriorganotin( IV), R3SnS2PEt2 (R Me. cyclo-C:6H 1 1, 

C:H2Ph, Ph) were synthesized in nearly quantitative yield by reaction of organotin 

chlorides with sodium diethyldithiophosphinatc. The compounds were characterized 

by infrared and 1 H NMR spectra and. in part, by mass and 119mSn Moss bauer 

spectrosopy. The probable structure of the new compounds was inferred from the 

spectral data. The crystal and molecular structure of Me2Sn(S2PEt2 b has been 

determined by X-ray diffraction. The compound is monoclinic structure and the 

molecule ~:xhibits ~l distorted tetrahedral environment around tin. 1 n 1996 Ramirez ct 

a!. [29] also reported the crystal and molecular structure of cis

dichlorobis(diphenyldithiophosphinato )tin(TV) (Fig. 3.3 ).The compound was isolated 

as C l2Sn(S2PPh2h · 0.5(CH3bCO and its crystal structure was determined by X-ray 

diffractometry The dithiophosphinato groups are isobidentate coordinated through 

both sulfur atom~. The chlorine atoms an: 111 c1s positions in a distorted octahedral tin 

complex. 
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Cia Cl 

Fig. 3.3 Molecular structure of cis-dichlorohis( diphenyldithiophosphinato )tin( IV l f 2lJl 

In 1997. Silvestru er a/. [30] reported the crystal structure of 

( dipheny!monothiophosphinato ltriphenyltin(IV) (Fig. 34) by X-ray diffractometry. 

The diphcnylmonothiophosphmato ligand is bimetallic biconnective leading to a 

polymenc [SnSPO]" chain. The coordination geometry about tin IS trigonal 

bipyramida! with chalcngen atoms in apical positions and carbon atoms of the phenyl 

groups attached to the metal m equatonal positions. The bridging pattern of the 

ambident monothio ligand is discussed in terms ofpartial bond orders. 

Fig. 3.4 The moleculer structure of Ph3SnOSPPh2 [30]. 

hl 



Alkyl- and aryl-tin(IV) diphenyldithioarsinates, R11 Sn[S2As(C6Hsh]4 "' where 

n = 2, R = CH3, C4H9, C6Hs; n = 3, R = CH3, C6H11, (r,H5 were prepared in good 

yields by the reaction of the appropriate organotin halides and the sodium salt of 

diphenyldithioarsinic acid. The IR spectra of the dialkyl- and trialkyl-tin species, are 

consistent with four coordination, while the phenyltin derivatives seem to be six 

coordinate. The molecular structure of (CH3)2Sn[S2As(CH3)2]2 was determined by X

ray diffraction. The dimethyldithioarsinate ligand is monodentate, with single (As---S 

2.171 A) and double (As=S 2.089 A) arsenic-sulphur bonds. ln it the tin atom is four 

coordinate and nearly tetrahedral [31]. 

In 1995, the compound spiro-bis(trithiastannocane ). 

Sn(SCH2CH2SCH2CI-hS)2 (Fig. 3.5 J was prepared from S(CrbCI-I2SNa)2 and SnCL 

as well as the compound was investigated by X-ray difti·action. In the compound 

annular secondary Sn ... S interactions in the eight-membered rings produce a 

d1stort1on of the SnS4 tetrahedron. This consists of an enlargement of S---Sn---S angle 

To 126.1'' with simultaneous decrease of the opposite tetrahedral angle to 93.2° The 

coordmatwn geometry can be described as based upon a bicapped tetrahedron [32]. 

c·~ ~· ~ 
./ ~ .... 

' ' ' 
' 

' ' 

("j.-f6 ..:;Jd~, 

~,:~: S1<: 
1· ·,1 
'\.;...:../ 
S4 

Fig. 3.5 The structure of cyclic tin-sulphur compound, Sn(SCI-hCH2SCH2CH2S)2 [321 

In 2000, P.O. Dunstan [33 reported the compounds [SnCl4(Lh] (where L is 

thiourea (tu), tetramethylthiourea (tmtu) or l-allyl-2-thiourea (atu) which were 

synthesized and characterized by melting points, elemental analysis, thermal studies 

and IR spectroscopy. The enthalpies of dissolution of the adducts, tin(IV) chloride and 

ligands in methanol were measured and by using thermochemical cycles. The mean 

( ') 
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standard enthalpies of the tin-sulphur ( IJ (Sn-S)) bonds have been estimated. He also 

reported the compounds SnBr4·nL (where Lis thiourea (tu), tetramethylthiourea (tmu) 

or 1-allyl-2-thiourea (atu) and n=2, 3 or 4) which were synthesized and characterized 

by melting points, elemental analysis, thermal analysis and IR spectroscopy. He then 

estimated the enthalpies of dissolution and mean standard enthalpies of the tin-sulphur 

( b (Sn-S)) bonds [34]. 

F. E. Smith and K. I. Ee [35] investigated and described the complexes of 

pyridine-2-carbothioamide with diethyltin dichloride, dibenzyltin dichloride and 

phenyltin trichloride. In each case, the chelating agent is bound to the tin(IV) atom by 

the pyridine nitrogen and the carbothioamide sulphur, giving support to proposals that 

certain organotin compounds cause enzyme deactivation via the formation of tin

sulphur bonds. This was first reported by Lozano-Lewis et al. [36] in 2007 that the 

bis(thioether)silanes Me2Si(CH2SR)2 (abbreviated BtsR, where R =Me or Pe), the 

first two members of a new family of bidentate thioether ligands, have been readily 

prepared and fully characterized. The tin(IV) tetrahalide derivatives (BtsR)SnX~ 

(X CL Br). which comprise the first four metal coordination complexes of these new 

,.;ulfur-donor ligands, have also been isolated, and the X-ray structure of the 

tetrabromide derivative (BtsMe)SnBr4 confinns the chelating nature of the dithioether. 

Tcoh t't a/. f37J reported the reaction of triphenyltin(IV) chloride with 

monothiobenzoic acid results in the fonnation of triphenyl (monothiobenzoato) tin 

(IV), C 2 :~H200SSn. which crystallizes in the orthorhombic system. The ligand 

functions as a monodentate anion coordinating to the tin atom through its sulphur 

atom and conferring a tetrahedral geometry about the tin atom. The average bond 

length between tin and sulphur is 2.430(5)A R. Singh and N.K Kaushik [38] in 2006, 

have reported organotinOV) complexes of tribenzyltin(IV) chloride and di(para

chlorobenzyl)tin(IV) dichloride with thiohydrazides. The synthesized ligands were 

bidentate coordinating through sulphur and terminal nitrogen atoms. These form 1: 1 

metal-ligand complexes. The following organotin(IV) complexes have been 

synthesized: (C6HsCH2hSn(L 1)Cl, (p-CIC6H4CH2)2Sn(L1)Ch, (C6H5CH2)3Sn(L 1)Cl, 

(p-CIC6H4CH2hSn([})Ch, (C6H5CH2hSn(L3)CI, (p-ClC6H4CH2hSn(L1)Ch, where 

(L 1 
): 2-phenylethyl N-thiohydrazide, ( L 2 ): N-(2-phenylethyl-N-thio)-1 ,3-propane 

diamine. ( L
1
): N-(2-phenylethyi-N-thio)-1,2-ethane diamine. The complexes were 

synthesized by directly mixing, refluxing and stirring the ligands with organotin(IV) 



chlorides in a suitable solvent and were characterized by elemental analysis, 
1 1' electronic, infrared, H and JC NMR spectroscopy. They also reported [39] 

complexes of 2-phenylethyl dithiocarbamate, thiohydrazides and thiodiamines with 

dibenzyltin(IV) chloride, tribenzyltin(IV) chloride and di(para-chlorobenzyl)tin(IV) 

dichloride have been synthesized in 1 :2 and 1: 1 molar ratio (Fig. 3.6 ). The 

dithiocarbamate ligand act as monoanionic bidentate and thiohydrazide, thiodiamines 

act as neutral bidentate ligand. The synthesized complexes have been characterized by 

elemental analysis and molecular weight determination studies and their bonding 

pattern suggested on the basis of electronic, infrared, 1H and 13C NMR spectroscopy. 

Using thermogravimetric (TG) and differential thermal analysis (DT A) various 

thermodynamic and kinetic parameters have been calculated and correlated with the 

stmctural aspects for solid-state decomposition of complexes. The ligands and their 

tin complexes have also been screened for their fungitoxicity activity against 

Rhizoctonia solanii and Sclerotium rolfsii and their ED50 values calculated. 

Fig. 3.6 Dithiocarbamate complexe [39] 

In 2002, Shing et al. [ 40] investigated a new class of coordination compounds 

of organotin(VI) with a sulpher-containing ligand moiety derived by the condensation 

of 1-acetylferrocene and thiosemicarbazide, R3SnL and R2SnCh.11(L11 ) when R= Me 

and Ph, n-= I or 2, L= anion of 1-acetylferrocenethiosemicarbazonc.Thcn attempts 

have been made to establish a correlation between a variety of biointeraction 
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activities, including 

condensation products. 

antimicrobial activity and antifertility activity of the 

Nath et at. [ 41] reported organotin(IV) triazolates of general formula 

RnSn(L)4-n (where R = Me, n-Bu and Ph for n = 2; R=Me, n-Pr and n-Bu for n ~""' 3 

and HL = 3-amino-5-mercapto-1,2,4-triazole) (Fig. 3.7a and Fig. 3.7b) which were 

synthesized by the reaction of R2SnCh/R3SnCI with NaL in 1 :2/1:1 molar ratio. 

Among these compounds, Oct2SnL2 was synthesized azeotropically by the reaction of 

Oct2SnO and HL in 1:2 molar ratio. Physical measurements, viz. UV/Vis, rR, far-IR 

multinuclear eR 1 3C and 119Sn) NMR and 119Sn Mossbauer spectroscopic studie:-:

were used to accomplish a definitive characterization and determination of their most 

probable structures. In these compounds triazole acts as a monoanionic bidentate 

ligand, coordinating through Sexo and N( 4 ). 

a) 

N 

b) 

N 
H 

- -N .. 
,. 
' 

s 

R 
/ 

, ,.N.- -~-. 

I 

,,,\\· ~· • II ,:-,\ 

Sn···· '' .,N 
'· ' I / 

' 
N 

:- H 
R 

R 

l'rnpt)>-td structure fN R,Snl (wbcn:: R ···- '<k. n-Pr and n-Bul 

Fig. 3.7 a) Proposed structure for R2SnL2 (where R=Me, n-Bu, Oct and Ph) and 

b) R3SnL (where R= Me. N-Pr and n-Bu) [41]. 

In the same year, they also reported some tri- and diorganotin(IV) compounds 

of the general formula, R11 SnL4 11 (where wc2, R~Mc, n-Bu and Ph; n="3, R•-=Mc, n-Bu, 
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n-Pr and Ph; HL= 5-amino-3H-l ,3,4-thiadiazole-2-thione) (Fig. 3.8) which were 

synthesized by the reaction of RnSnCI4 n (where n = 2 or 3, R= Me, n-Bu, n-Pr and 

Ph) and the sodium salt of the ligand. Oct2SnL2 was obtained by the reaction of 

Oct2SnO with HL in a 1:2 molar ratio under azeotropic removal of water. The 

bonding and coordination behavior in these derivatives are discussed on the basis of 

IR, Far-IR, multinuclear (1H, 13C and 119Sn) NMR and 119Sn Mossbauer spectroscopic 

studies. These investigations suggest that in all the compounds the ligand acts as 

monoanionic hidentate coordinating through ring N(3) and exocyclic S [ 42]. 

Fig. 3.8 Proposed structure ofR2Sn(IV) derivatives of 5-amino-3H-1 ,3,4-
thiadiazole-2-thione, where R=Me and n-Bu [42]. 

!n 200R. Nath et a!. [4J J have also reported that some di- and triorganotin(fV) 

triazolates of general fiJrmula, R14 nlSnL11 (where n=c-2; R=Me, n-Bu and Ph: n--1. 

RcccMe, n-Pr. n-Bu and Ph and Hl>- 4-amino-3-methyl-1 ,2,4-triazole-5-thiol (HL-1 ): 

,md 4-amino ~-ethyl-! .lA-triazole-5-thiol (HL-2)) (Fig. 3.9 and Fig. 3 10) were 

synthesized by the reaction of R14 nlSnCl, with sodium salt of HL-1 and HL-2 The 

bonding and coordination behavior in these derivatives have been discussed on the 

basis of IR and 119Sn Mossbauer spectroscopic studies in the solid state. Their 

coordination behavior in solution is discussed by multinuclear eH, 13C and 119Sn) 

NMR spectral studic-, The IR and 1 14Sn Mossbauer spectroscopic studies mdicatc that 

the ligands. HL-1 and HL-2 act as a monoanionic bidentate ligand, coordinating 

through S cxo and Nring· The distorted skew trapezoidal-bipyramidal and distorted 

trigonal bipyramidal geometries have been proposed for R2SnL2 and R3SnL, 

respectively, in the solid state. They are in vitro antimicrobial screening of some of 

the newly synthesized derivatives. 
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Fig. 3.9 Proposed structure for R2SnL2 [ 43]. 
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Fig. ~.10 Proposed structure for R,SnL (when.:~. R Me. n-Pc n- Bu 
and Ph; R1 "'Me or Et) [43] 

Shahzadi er a/. ! 44] reported the synthesis of ( 4-Mcthylp!peridine-

d!th1ocarbamatu · tnphenyltin( IV) (Fig ~ 1 l \ derivative of 4-methyl-l-pipendine 

carbodithioic acid (4-MePCDTA) and characterized it by elemental, IR, multinuclear 

NMR ( 1 I l and 1 1C) and mass spectrometric studies. The crystal structure of the 

complex has been determined by X-ray single crystal analysis. which shows 

unsynunctrical nature of the ligand towards coordination to tin. It crystallizes in 

monoclinic structure. The tin atom 1s coordinated to the two sulfur atoms of the 

dithiocarbamate ligand and three carbon atoms of the phenyl groups arc in distorted 

trigonal bipyramid geometry. This complex was tested for its antimicrobial activity 

against six different plant and human pathogens. The screening results show that the 

complex exhibit higher antibacterial and antifungal activity than the free ligand. 
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Fig. 3.11 Molecular structure of (4-methylpiperidinedithiocarbamato-S,S') 
tripheny ltin(IV) [ 44]. 

The 1 ,3-dithia-2-stannacyclopentane derivatives with dialkyldithiocarbamates 

of the types SCH2CH2SSn[S2CNR2]Cl (I) and SCH2CH2SSn[S2CNR2h (II) (where R 

" CH3, C2H'i and -CHrCH2-) have been synthesized by the reaction of 2,2-dichloro-

1.3-dithJa-2-stannacyclopentane and sodium/ammonium salts of 

dJalkyldithwcarbamates in I: 1 and I :2 molar ratios. respectively, in anhydrous 

benzene. These newly synthesized derivatives have been characterized by elemental 

analyses (C H. N, S and Sn), thermal [thermogravimetry (TG) and differential 

thermal analyses (DTA)] as well as spectral [UV, IR and multinuclear NMR (1H. uc 
and 1 1

'
1Sn )] studies. The monodentate behavwur of the dialkyldithiocarbamate ligands 

was confirmed by IR and 119Sn NMR spectral data and distorted tetrahedral structures 

have been suggested for both type (I) and (II) compounds. The free ligands and then 

tin complexes have also been screened for their antibacterial and antifungal activities. 

These results made it desirable to delineate a comparison between free ligands and 

their tin complexes. These exhibit h1gher antibacterial effect than some of the 

previously investigated antibiotics [ 45]. 

R. R. Holmes [ 46] has written a review about the cluster chemistry of 

organotin (IV) compounds based on Sn-0-Sn and Sn-S-Sn bonding formed m 

reactions of stannonic acids with carboxylic and phosphorus-based acids as 

participating ligands. Introduction of sulfur in the organotin framework leads to 

additional varieties of cluster molecules. An interesting sulfur-capped cluster, [ { n

BuSn-(S)0P(OH)(O-t-Bu)2 }3S][02P(O-t-Bu)2]· H2S•H 20 (Fig. 3.12). was prepared 

by passing H2S through a benzene solution of the triphosphate n-BuSn[02P(O-t-



Bu)2]3 at room temperature. In the structure, it is clear that the tin atoms are 

pentacoordinate and the ligands are monodentate as well as contain dangling P-0-H 

units. In the oxygen-capped clusters, oxygen atoms other than the capping oxygen are 

present as OH groups, whereas in the sulfur-capped derivative, sulfur atoms occupy 

both types of framework sites. Because the presence of larger sulfur atoms producing 

a greater tin-tin distance that the phosphates need to span to act as bidentate ligands 

and the tin centers should be less acid with framework Sn-S bonding, resulting in 

weaker tin-phosphate coordination [ 4 7 ,48]. 

Fig. 3. t 2 Structure of [{ n-BuSn-(S)OP(OH)(O-t-Buh hSl[02P(O-t
Bu)2].H2S.H20 [47] 

The first heptanuclear tin-sulfur cluster. [: n-BuSnS(02PPh2 ) h0]2Sn (Fig. 

~ !.~ l was obtained by the rct1uxmg Ph1 P(0H). sulphur and n-BuSn(O)OH m tolunc 

X-ray analysis revealed a unique double cube arrangement [4l),50]. The geometry at 

each cube center is depicted on the top and the core structure on the bottom [48,49]. 
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Fig. 3.13 Structure of[{n-BuSnS(02PPh2)hOhSn [49] 

A trinuclear tin cluster [(n-BuSnL(S)(0)(02CPh)5] (Fig. 3.14 ), with 

carboxylate ligands. containing a Sn-S-Sn bridge which was prepared by passing 

hydrogen sultide through a CC 14 solution of n-butyltin tribenzoate at room 

temperature in the presence of atmosphenc moisture. X-ray analysis showed an 

almost planar Sn;O syst<.:m [47.4R]. 

Fig. 3.14 Structure of [(n-BuSnh(S)(0)(02CPh)5] [47] 

In 2006. Wang eta/. [51] attempted to prepare cubane-like clusters from the 

precursor (Bu4 N)JSnS1(cdt)3] (edt 1 ,2-cthanedithiolate). But two new tctranuclcar 
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tin(IV) oxysulfide clusters, (Bu4Nh [Sn4(~t4-0)S5(edt)2Ch] and (Bu4Nh[Sn4(~tr 

O)Ss(edt)2Br2] were unexpectedly obtained by reaction of (Bu4Nh[Sn3S4(edt)3] with 

SnX2 (X = Cl, Br). X-ray crystal structure analyses show that the two compounds 

possess an isostructural anionic cluster with a highly distorted tetrahedral metal 

skeleton and the two compounds have been characterized spectroscopically. 

3.3 Scope and Objective 

As has been mentioned the organotin sulphur compounds have very important 

industrial applications not only as the PVC stabilisers but also for the inherent activity 

of the ligands used containing sulphur atoms as biomolecules [52, 53].In addition the 

presence of nitrogen atom in the ligand is expected to increase the bioactivity of the 

organotin compounds after the incorporation of such ligand moieties to tin 

atom(s).The scope for the syntheses of these sulphur tin compounds, therefore, is 

unlimited. The ligand bonding to tin atom should result into interesting structural 

(with or without X ray crystal structure data) diversity. Additionally, systematic 

investigation on the activities of these compounds as agricultural biocides could also 

he undertaken to study the biocidal properties .Our interest in the investigations on the 

syntheses, structures and biocidal properties of different types of organotin 

compounds [54.55] led the author to undertake the syntheses, structures and biocidal 

properties of such organotin sulphur compounds as 2-marcapto 1sothiocyanate 

derivatives of organotins. As far as the knowledge of the author is concerned limited 

work is available in the literature [56] on the organotin isotyocyanates. 

Hence the objective of this work is to: 

(a) syntheses of new organotin tsothiocyanates 

(h) characterisation of the new compounds and 

(c) determination of the biocidal activities of these and related compounds. 

3.4 Experimental 

3.4.1 General comments 

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

commercial sources (Merck, India). The solvents were dried using standard literature 

procedures. Ptrolium ether (60-80°C) and benzene were distilled form sodium where 
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as methanol was distilled after reacting it with solid iodine and magnesium. While 

working with benzene as a solvent proper health precaution was undertaken. 

In this chapter the author wishes to describe the result of a crystal structure 

determination of a selected compound of an interesting class of compounds 

containing Sn-S bond for its similarity with the 2-marcapto isothiocyanates of 

organotins (i.e.,having Sn-S bond). 

It was reported that a series of compounds [57] formed by an unusual 

transformation (or rearrangement) that took place during the reaction between the 

triorganotin hydroxides and phenylthiohydantoic acid produce unexpected 

R3SnSCH2CONHPh following the reaction as follows: 

(Ligand A= C6H5-NC (NH2 )-SCIT2COOH, compound 
B = (C6HsCHz)3SnSCH2COPh) and (where R= -C6Hs;Ph, -C6H11;Cy-hex and-
C'H2CJis;Bz) 

The biocidal activities of these tin compounds where R •-- Ph and Cy-hex on 

Bipolaris sorokiniana are detailed in Chapter 5 of this thesis. However, the structure 

of the compound (a compound similar to triphenyl- and tricyclohexyltin derivatives). 

namely, (C6H5CH2 ),SnSCH2COPh not established earlier is now established by X-ray 

crystal structure determmations and is described herein. 

3.4.2 Materials 

2-aminothiophenol (s.d.fine-chem, India), NH40H ( Merck, India), carbon 

disulphide ( s.d. fine-chem, India), ethanol (Bengal Chemical, India), chloroacetic acid 

(BDH Lab Chern Glaxo. India), hydrazine hydrate (s.d.fine-chem, India), n

dibutyltinoxide (Alfa. USA), Me2SnCb (Fluka, Switzerland), Ph2SnC1 2 (Aldrich, 

USA), and n-Bu2SnCb (Merck, Germany), Ph3SnCl (Merck, Germany), Ph3SnOH 

(M&T CHEMICALS INC.. USA) c-Hex3SnCl (Aldrich, USA), n-Bu3SnC1 (Fluck, 

Germany), Bis(tri-n-butyltin) Oxide (HIMEDIA, India), Me3SnC1 (Aldrich, USA), 

were used as received from commercial sources. Bz2SnCb, Bz3SnCl was prepared 

using the method of Sisido et al. [5R]. Me2Sn0, Ph2SnO, Bz2Sn0 and Bz3Sn0H were 

prepared by the alkaline hydrolysis of respective diorganotin dichlorides/ 

triorganotinchloride in water/ether mixtures. 
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3.4.3 Measurements 

The 1H, and 13C NMR spectra were recorded in CDCh solution using TMS as 

an internal standard on a Bruker DPX 300 spectrophotometer. The IR spectra in the 

range 4000-400 em·' were recorded on FTIR-8300 Shimadzu spectrophotometer with 

samples investigated on Csl window. Differential scanning calorimetric analyses were 

recorded on Pyris 6 DSC Perkin Elmer from 1 00-230°C at a heating rate of 5°C/min. 

Microanalyses were performed at Indian Association of Cultivation of Science, 

Kolkata, India. Tin was estimated as Sn02 gravimetrically using standard procedure 

in our laboratory. 

3.4.4 Crystallography 

A crystai of (C6H5CH2 )3SnSCH2COPh of approximate s1zc 0.2x0.2x0.2 mm' 

was mounted on an Mar Research image plate scanner and graphite monochromatized 

MoKa radiation was used to measure 95 2° frames with an exposure time of 120 sec 

per frame The data were corrected using the XDS package to g1vc 4244 umquc 

reflections (R cr 0.045\ 

,)'tructure solution and refinement 

The structure was solved by the direct method SHELX 86 [59] and refined 

using SHELXL (courtesy of Prof G.M. Sheldrick, University of Gottingen), by full-

matrix least squares of 557 variables, to a final R-factor of 0.045 for 4244 reflections 

with [Fo] "'4a(F). All atoms (including hydrogens) were revealed by difference 

Fourier maps Non-hydrogen atoms were refined anisotropically. Hydrogen atoms 

were placed geometrically and refined with a fixed temperature factor of 0.05.The 

tina] difference Fourier map had a largest peak of 1.280 A-\ .The structure of (B) are 

shown in (Fig.3.l5) drawn with ORTEP [60], crystal data, positioonal parameters, 

bond distances and bond angles are summarised in Table 3.1-3.4 for B 

(Crystallographic data have been deposited at the Cabridge Crystallographic Data 

centre as supplementary publication number CCDC 714149). It should be pointed out 

that the ligand (A) has under gone rearrangement to -SCH~CONHC6H5 during the 

reaction which is confirmed by the crystallographic analyses. 
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trihen;yltm (N·phcnylamido methyl mercaptide 

Ernperical Formula 

Formula weight 

·rcmperatun: 

Wave length 

Crystal system 

Space group 

Unit cell dimension 

Volume 

z 

557.27 

0. 7 l 06LJ A 

Monoclinic 

P 21/c 

a= 14.746A alpha= 90deg 
h=7.827 A heta=92.43deg 
c=22.57?.A gamma= 90deg 

260?..0 A' 



Density (calculated) 1.422 Mg/m3 

Absorption coefficient 1.083 mm· 1 

F(OOO) 1132 

Crystal size 0.2x0.2x0.2mm 

Theta range for data collection 2.23 to 24.72 deg 

Index ranges O<S:h<S:17,0<S:k<S:9,-26<S:l<S:26 

Reflections collected 15717 

Independent reflections 4244 [R(a) = 0.045] 

Refinement method Full-matrix least squares on F2 

Data/restraints/parameters 4244/ 0 / 299 

Goodness -of-tit on F.: 2.598 

Final R mdiccs [I> 2a (I) J R l c 0.0651. wR2 - 0.2693 
R indices (all data) R l 0.0739. wR2 ccc 0.2812 

Fxtinction coefficient 0.010 ( 2 ) 

Largest diff. Peak and hole 

Atoms 

Sn(l)- C(7) 
Sn(l) - C(l7) 
Sn(l)- C(l4) 
Sn(l)- S(l) 
S(l )-C(21) 
N(l)-C(S) 
N(l)-C(lO) 
C(S)-0( 1) 
C(S)-C(21) 
C(7)-C(8) 
C(8)- C(22) 
C(8)-C(28) 
C(IO)-C(15) 

l P~4 and -0.752 e. A ' 

Lengths/angles 

2.136(7) 
2.142(7) 
2.155(9) 
2.430(2) 
1.798(8) 
1.309(10) 
1.41 0(10) 
1.221(9) 
1.506( 1 l) 
1.487(11) 
1.34(2) 
1.385(13) 
1.376(13) 



C(l 0 )-C(25) 
C(l1)-C(16) 
C( 11 )-C(20) 
C(l1 )-C(l4) 
C( 12 )-C(24) 
C(l2)-C(l8) 
C( 12 )-C(17) 
C( 15)-C(27) 
C( 16)-C(3 5) 
C( 18)-C(26) 
C(l9)-C(24) 
C( 19)-C(23) 
C(20)-C(35) 
C(22)-C(36) 
C(23 )-C(26) 
C(25)-C(29) # 1 
C(27)-C(30) 
C(23)-C(33) 
C(29)-C(25) # 1 
C(29)-C(30) # 1 
C(30)-C(29) # 1 
C(31)-C(32) 
C(32)-C(35) 
C(33)-C(34) 
C(34)-C(36) 
C(7)-Sn( 1 )-C( 17) 
C(7)-Sn( 1 )-C( 14) 
C( 1 7)-Sn( 1 )-C( 14) 
C(7)-Sn(l )-S(l) 
C( 1 7)-Sn( 1 )-S( 1) 
C( 14)-Sn( 1 )-S( 1) 
C(2 1 )-S( 1 )-Sn( 1 ) 
C(5)-N( 1 )C(lO) 
0(1 )-C(5)-N(1) 
0( 1 )-C( 5 )-C(21 ) 
N( 1 )-C(5)-C(21) 
C(8)-C(7)-Sn( I) 
C(22)-C(8)-C(28) 
C(22)-C(8)-C(7) 
C(28)-C(8)-C(7) 
C( 15)-C( 1 O)-C(25) 
C( 15)-C(l 0)-N(l) 
C(25)-C(l0)-N(l) 
C( 16)-C( 11 )-C(20) 
C(16)-C(11)-C(14) 
C(20)-C( 11 )-C( 14) 
C(24 )-C( I2 )-C( 18) 
C(24 )-C( I2)-C( 17) 
C( 18)-C( 12)-C( 17) 
C( 1 I )-C( 14 )-Sn( I ) 

1.398(11) 
1.359(13) 
1.359(13) 
1.516(11) 
1.374(11) 
1.401 (11) 
1.497(10) 
1.343(14) 
1.35(2) 
1.332(14) 
1.356(14) 
1.374(14) 
1.39(2) 
1.41(2) 
1.396( 14) 
1.36(2) 
1.38(2) 
1.36(2) 
1.36(2) 
1.38(2) 
1.38(2) 
1.43(2) 
1.36(2) 
1.33(2) 
1.47(2) 
1 11.2(3) 
110.5(3) 
112.7(3) 
113.7(2) 
111.1(2) 
96.9(2) 
101.2(3) 
126.7(6) 
124.5(7) 
121.1(7) 
l 14.4(6) 
111.6(5) 
119.4(9) 
118.6(9) 
122.0(9) 
118.0(8) 
124.5(7) 
117.3(8) 
118.3(8) 
121.2(8) 
120.5(8) 
116.5(8) 
122.8(7) 
120.6(7) 
1 1 4.4(5) 
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C(27)-C( 15)-C(l 0) 
C(31 )-C( 16)-C( 11) 
C(12)-C(l7)-Sn( 1) 
C(26)-C( 18)-C( 12) 
C(24 )-C( 19)-C(23) 
C( 11 )-C(20)-C(35) 
C( 5)-C(21 )-S( 1) 
C(8)-C(22)-C(36) 
C(19)-C(23)-C(26) 
C(19)-C(24)-C(l2) 
C(29) # 1-C(25)-C(10) 
C( 18)-C(26)-C(23) 
C( 15)-C(27)-C(30) 
C(33 )-C(28)-C(8) 
C(25) # 1-C(29)-C(30) # 1 
C(29) # 1-C(30)-C(27) 
C( 16)-C(31 )-C(32) 
C(35)-C(32)-C(31) 
C(34)-C(33 )-C(28) 
C(33)-C(34)-C(36) 
C(32)-C(35 )-C(20) 
C(22)-C(36)-C(34) 

132.0(9) 
122.2(12) 
111.3(5) 
122.2(8) 
120.9(9) 
123.5(12) 
113.6(5) 
120.9(13) 
118.1(8) 
121.9(8) 
120.6(11) 
120.4(8) 
119.2(12) 
122.8(12) 
119.7(9) 
120.4(11) 
118.1(12) 
121.3(10) 
119.6(13) 
120.2(12) 
116.6(12) 
116.7(14) 

Symmetry transformations used to generate equivalent atoms · 
# I -x. -y. -z 

Table 3.3 Atomic coordinates ( x 104 
) and equivalent l'i()tropic displaccmuti 

parameters (A' x !01
) hJr!C 1JI,CtilJ;SnSCJI,CONHC,,H~ U(eq) Js defined "' 

1hml ofthe trace of the orthogonalized Uij tensor. 

X y z U(cql 

Sn( 1) 1997(1) 1498 (l) 1814 (l) 38( l : 
S(l) 1505 (2) 3490 (2) 2561 (l) 49( l) 
N(l) -765 (4) 4703 (7) 1704 (3) 42 ( 1) 
C(5) - 21 (5) 3825 (9) 1813 (3) 39 (2) 
0(1) 79 (4) 2328 (7) 1678 (3) 57 (2) 
C(7) 1334 (6) - 926 (9) 1837(3) 45 (2) 
C(8) 1100 (7) -1573 (9) 1231 (3) 47 (2) 
C(lO) -1581(6) 4098 (11) 1432 (3) 47 (2) 
C(l1) 3817 (5) -444 (I 0) 2032 (3) 44 (2) 
C(12) 2767 (5) 2564 (1 0) 648 (3) 38 (2) 
C(l4) 3386 (6) 1278 ( 11) 2142 (4) 53 (2) 
C( 15) -1850 (6) 2414 (12) 1425 (4) 55 (2) 
C(l6) 3659 (7) -1808 ( 13) 2386(5) 61 (2) 

C( I 7) 1 '8.79 (5) 2604 (!!) 946(3) 45(.2) 



C(18) 2951 (7) 1279 (10) 237 (4) 51 (2) 
C(l9) 4247 (7) 3667 (12) 494 (4) 61 (2) 
C(20) 4386 (7) - 653 (15) 1579 (4) 69 (3) 
C(21) 730 (5) 4812 (9) 2130 (4) 45 (2) 
C(22) 245 (9) - 1402 (14) 1015 (6) 79 (4) 
C(23) 4424 (6) 2379 (13) 102 ( 4) 58 (2) 
C(24) 3439 (6) 3752 (11) 758 (4) 51 (2) 
C(25) -2183 (7) 5312 (14) 1186 (4) 70 (3) 
C(26) 3749 (7) 1157 (12) - 14 (4) 57 (2) 
C(27) -2653 (7) 1915 ( 17) 1181 (5) 76 (3) 
C(28) 1732 (8) -2391 (12) 893 (4) 70 (3) 
C(29) 2989 (8) 5175 (18) - 929 (5) 85 (4) 
C(30) -3231 (9) 3128 (18) 927 (6) 91 (4) 
C(31) 4066 (10) -3330 (14) 2311 (7) 89 (4) 
C(32) 4672 (10) -3498 (16) 1838 (7) 93 (5) 
C(33) 1528 (12) -3012 (15) 341 (6) 85 (4) 
C(34) 699 ( 17) -2797 (i 8) 101 (6} 129 (7) 
rn . .:::\ !IQ"1;1 {0\ .., 17?.. {").:;:\ 1464 (6) 99 (4) '--'\-'-'I lULl \/ J -k.LI\.J \.C...-'} 

C(36) -20(11) -2047 (18) 452 (5) 97 (4) 

Table 3.4 Amsotropic displacement parameters (A 
2 x l 03

) for 
~6HsCH2h~nSCH2CONHC6H5 .The anisotropic displacement factor exponent takes 
the form: -2 rr2 [ h2 a* 2 U 11 + .... + 2 h k a* h* _!:!_!_?__L __________ 

"""'-----···--- ··----••·-- ·--·-----·----•--v•---····-------·-•--·------~··-----·----~-••••• • ------ ~-- --~--------

Ill 1 U22 c:n l!2.< u !.< Ul2 

·-------·---------------------------------------·----------------------------------·- -.--- ··-·~-------·-

Sn(l) 40(1) 30(1) 44( 1) 0( I) 2(1) -I (I) 
S( I) 58( 1) 40(1) 49(1) -9( I) -2(1) 1 ( 1) 
N(l) 50(4) 29(3) 44(3) 4(2) -5(3) 12(3) 
C(5) 42(4) 27(4) 48(4) 1(3) 9(3) 0(3) 
0(1) 50(34) 42(3) 80( 4) -26(3) -5(3) 13(3) 
C(7) 74(5) 23(4) 38(4) -1 (3) 0(3) -8(3) 
C(8) 71(6) 35(5) 33(4) 8(3) 4(4) 16(3) 
C(10) 57(5) 49(5) 35(4) 2(3) I (3) 14(4) 
C( 11) 41 (4) 41(4) 50(4) -4(3) -15(3) 6(3) 
C(l2) 35(3) 40(4) 38(4) 6(3) -1(3) -1(3) 
C(l4) 44(5) 48(5) 66(5) -9(4) -5(4) 10(3) 
C(l5) 56(5) 48(5) 62(5) -4(4) -6(4) 2(4) 
C(l6) 60(6) 53(5) 71(6) 2(4) -6(5) 7(4) 
C(l7) 49(4) 45(5) 42(4) 9(3) 4(3) - 5(3) 
C(l8) 65(6) 41(1) 46(4) -6(3) -8(4) -9(4) 
C(l9) 51(5) 73(7) 58(5) 4(4) 0(4) -I 0(4) 
C(20) 55(5) 83(8) 68(6) 0(5) -2(4) 21 (5) 
C(21) 50(4) 18(3) 66(5) -1 (3) 3(4) 2(3) 
C(22) 74(8) 81 (9) 81 (8) -21(5) -19(6) -18(5) 
C(23) 56(5) 66(6) 53(5) 3(4) 6(4) II (4) 
C(24) 50(5) 39(4) 66(6) -I ( 4) 16(4) 2(3) 
C(25) 67(6) 76(7) 65(6) 3(5) -II (5 l 37(5) 



C(26) 70(6) 53(5) 47(5) 1(4) 9(4) 8(4) 
C(27) 59(6} 90(8) 78(7) -23( 6) 35(5) 9(5) 
C(29) 82(8) 99( 1 0) 71(6) -6(6) -25(6) 51(7) 
C(30) 70(7) 103(10) 96(9) -18(7) -29(6) 14(7) 
C(31) 86(9) 67(8) 110(10) 13(6) -41(8) 9(6) 
C(32) 87(9) 98(11) 90(9) -39(7) -37(7) 47(7) 
C(33) 138(12) 56(6) 64(7) -21(5) 40(7) 18(7) 
C(34) 274(24) 49(8) 65(8) -21(6) 20(12) 38( II) 
C(35) 74(8) 152(13) 69(7) -21 (9) -16(6) 39(9) 
C(36) 137(12) 79(8) 74(7) -10 ( 6) -14(8) 39(8) 

3.4.5 Synthetic Procedure 

The method employed for the preparation of the ligand 2-marcapto 

isothiocyanate is described along with analytical and spectral data m section 3 .4.4.1-

;.4.4.2. The synthesis of organotin complexes of the 2-marcapto isothiocyanate aw 

described in section 3.4.4.2- 3.4.4.11. Their characterization. analytical and 

spectroscopic data are given in section 3.5. 

3.4.5.1 Preparation of 2-marcapto isothiocyanate (LH) 

2-aminothiophenol (100 mmol, 10.68 ml. 12.5g) was dissolved in ammonia solution 

( 20 mi. d (U~8) and CS2 (8 ml) was added to it gradually with stirring and cooling 

below 30'( · Ethanol 25 ml \Vas then added by continued stirring till CS: had 

completely dissolved. The reaction mixture was allowed to stand for 2h and a solution 

of sodium chloroacetate (100 mmol, !1.69g) was added, followed by hydrazine 

hydrate ( 10 ml, 50%). The mixture was then warmed and cooled to room temperature 

and filtered. The filtrate was concentrated to half its volume and left to stand 

overnight The crystals separated were filtered and recrystalizcd from ethanol 

LH: yield: 9.2 g, 73.6<Yo, M.P.: l78°C 

Elemental analysis (Caled. For C7H5NS2) 

Calcd.: C, 50.27; H, 3.01; N, 8.37% 

Found: C, 50.40; H, 2.96; N, 8.35% 

IR (cm- 1
): v(-N=C), 2095(m); v(C-S), 748(m); v(SH), 2680(w); v(C=S), 1246(w); 

NMR 
1
H : o SH: 1.78, H-4=7.46, H-5=7.38, H-6=7.26, H-7= 7.50. 

NMR 13C : C-1-=-190, c-2 ~ 112, c-3' 121, C-4-'-130, c-s C-127, C-6-~ 140, C-7 cc 124. 

Numbering scheme shows at table 3.4. 
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3.4.5.2 Preparation of sodium salt of 2-marcapton isothiocyanate (LNa) 

To a methanolic solution (50 ml) of 2-marcapto isothiocyanate (LH) (5g, 

29.94 mmol) was added drop wise with continuous stirring, 0.5 N methanolic NaOH 

( 1.2g, 60.87 ml, 29.94 mmol) in the presence of phenolphthalein as an indicator. The 

reaction system was stirred for 5h. The solvents removed in vacuum which left behind 

the crude product of sodium salt of 2-marcapto isothiocyanate. The sodium salt thus 

prepared was recrystallized form methanol and then dried in an air oven at l00°C for 

24h. 

LNa: yield: 5.lg, 82.2%. M.P.: 225°C(dec.). 

Elemental analysis (Caled. For C7H4NS 2Na) 

Calcd.: C, 44.43; H, 2.13; N, 7.40% 

Found: C, 44.20; H, 2.10; N, 7.44% 

IR (cm- 1
): v(-N"'cC), 2082(m); v(CS), 725(m); v(C~S), l240(w); 

1H and 13C NMR could not he recorded because of poor solubility reasons. 

3.4.5.3 Synthesis of trimethyltin(IV) 2-marcapto isothiocyanate, Me3Sn L { l) 

To a ~olution of sodium salt of 2-marcapto isothiocyanate (0.95g, 5.02 mmol) 

111 methanol was added to ~~ methanolic solution of Me,SnCI ( 1 g, 5.02 mmol.l. The 

mixture was continued to stir for 3h. The reaction mixture was then heated under 

reflux for 6h under inert conditions. The volatiles were removed and the dry mass 

extracted with hot petroleum ether (60-80°C, 50 ml). Colourless liquid of the desired 

product were obtained hy cooling the solution at room temperature and then removing 

the solvent under vacuum at room temperature. 

3.4.5.4 Synthesis of n-tributyltin(IV) 2-marcapto isothiocyanate, n-Bu3SnL (2) 

(A) A mixture of (n-Bu3Sn)20 ( 1.78g, 1.52 ml, 2.99 mmol) and 2-marcapto 

isothiocyanate (1 g, 5.98 mmol) in dry benzene (150 ml) was heated under reflux in 

inert conditions for 8h, the water produced being removed azeotropically. All 

volatiles were removed from the clear and transparent reaction mixture under vacuum 

and the dry mass extracted with hot petroleum ether (60-80°(', 50 ml). Pale yellow 

liquid of the desired product were obtained by cooling the solution at room 

temperature after the removal of the solvent under vacuum at room temperature. 



(B) To a solution of sodium salt of 2-marcapto isothiocyanate ( 1 g, 5.29 

mmol) in methanol was added to a methanolic solution ofn-Bu3SnCl (l.72g, 1.43 ml, 

5.29 mmol). The mixture was continued to stir for 3h. The reaction mixture was then 

heated under ret1ux for 6h under inert conditions. The volatile were removed and the 

dry mass extracted with hot petroleum ether (60-80°C, 50 ml). Pale yellow liquid of 

the desired product was obtained by cooling the solution at room temperature and 

removing the solvent distilling under vacuum at room temperature. 

3.4.5.5 Synthesis of triphenyltin(IV) 2-marcapto isothiocyanate, Ph3SnL (3) 

(A) A mixture of Ph3SnOH (0.6g, 1.56 mmol) and 2-marcapto isothiocyanatc 

(tl26g, 1.56 mmol) in dry benzene (150 ml) was heated under ret1ux in inert 

conditions for 8h, the water produced being removed azeotropically All \ulatilc': 

were removed from the clear and transparent reaction mixture and the dry mass 

extracted with hot petroleum ether (60-R0°C 50 ml). White crystals of the desired 

product were obtained by cooling the solution at room temperature. 

(B) To a solut1on of sodium salt of 2-marcapto isothiocyanate (0.6g, 3.17 

mmol) in methanol was added to a methanolic solution of Ph3SnCl ( l.22g, 1 17 

mmol). The mixture was continued to stir for 3h. The solution was clear initials but 

after l.30h started to a precipitate white in colour appeared. The reaction nnxture was 

then heated under reflux for 6h under inert conditions. After 2h of refluxation the 

solution was clear. The volatile were removed and the dry mass extracted with hor 

petroleum ether ( 60-80°C 50 ml ). White crystals of the desired product were obtained 

by cooling the solution at room temperature. 

3.4.5.6 Synthesis of tribenzyltin(IV) 2-marcapto isothiocyanate, Bz3SnL (4) 

(A) A mixture of Bz3SnOH (2.45g, 5.99 mmol) and 2-marcapto isothiocyanate 

(lg, 5.99 mmol) in dry benzene (150 ml) was heated under ret1ux at inert conditions 

for 9h, the water thus produced being removed azeotropically. All volatiles were 

removed from the clear and transparent reaction mixture under vacuum and the dry 

mass extracted with hot petroleum ether ( 60-80°C, 50 ml ). White crystals of the 

desired product were obtained by cooling the solution at room temperature. 
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(B) To a solution of sodium salt of 2-marcapto isothiocyanate (lg, 5.29 

mmol) in methanol was added to a methanolic solution of n-Bz3SnCl (2.26g, 5.29 

mmol ). The mixture was continued to stir for 3h. The reaction mixture was then 

heated under reflux for 6h under inert conditions. The volatile were removed under 

vacuum and the dry mass extracted with hot petroleum ether (60-80°C, 50 ml). White 

crystals of the desired product were obtained by cooling the solution at room 

temperature. 

3.4.5. 7 Synthesis of tricyclohexyltin(IV) 2-marcapto isothiocyanate, c-Hex3SnL (5) 

To a solution of sodium salt of 2-marcapto isothiocyanate (0.95g, 5.02 mmol) 

in methanol was added to a methanolic solution of c-Hex3SnCI (2.03g, 5.02 mmol). 

The mixture was continued to stir for 3h. The reaction mixture was then heated under 

reflux for 6h under inert conditions. The volatile were removed under vacuum and the 

dry mass extracted with hot petroleum ether (60-80°C 50 ml). White crystals of the 

desired product were obtained by cooling the solution at room temperature. 

3.4.5.8 Synthesis of dimethyltin(IV) 2-marcapto isothiocyanate, Me2Sn(Lh (6) 

A mixture of Me2Sn0 (0.6g. 3.64 mmol) and 2-marcapto 1sothwcyanate 

( 1.22g, 7.28 mmol) in dry benzene (!50 ml) was heated under reflux and inert 

conditions tor I Oh, the water produced being removed azeotropicall y. All volatiles 

were removed from the clear and transparent reaction mixture by vacuum distillation 

and the dry mass first washed out with hot petroleum ether (60-80°C) and then 

extracted with benzene (50 ml) L1ght yellow crystals of the desired product were 

obtained by cooling the solution at room temperature. 

3.4.5.9 Synthesis of n-dibutyltin(IV) 2-marcapto isothiocyanate, n-Bu2Sn(L)2 (7) 

A mixture of n-Bu2Sn0 (I g, 4.02 mmol) and 2-marcapto isothiocyanate 

(I __ )4g, 8.04 mmol) in dry benzene ( 150 ml) was heated under reflux and inert 

conditions tor I Oh, the water produced being removed azcotropically. All volatiles 

were removed from the clear and transparent reaction mixture under vacuum and the 



dry mass extracted with hot petroleum ether (60-80°C, 50 ml). White crystals of the 

desired product were obtained by cooling the solution at room temperature. 

3.4.5.10 Synthesis of diphenyltin(IV) 2-marcapto isothiocyanate, Ph2Sn(Lh (8) 

A mixture of Ph2Sn0 (lg, 3.46 mmol) and 2-marcapto isothiocyanate (0.58g, 

3.46 mmol) in dry benzene (150 ml) was heated under reflux and inert conditions for 

tOh. the water produced being removed azeotropically. All volatiles were removed 

from the clear and transparent reaction mixture under vacuum and the dry mass 

washed with hot petroleum ether ( 60-80°(, 50 ml) then the mass was extracted with 

dry benzene (50 ml). White crystals of the desired product were obtained by cooling 

the solution at room temperature. 

3.4.5.11 Synthesis of dibenzyltin(JV) 2-marcapto isothiocyanate, Bz2Sn(Lh (9) 

·\ mixture of Bz2Sn0 (lAg, 4.42 mmol) and 2-marcapto tsothiocyanate ( 1.48 

g. ~.x4 mmol) in dry benzene (150 ml) was heated under reflux in inert conditions for 

I Oh, the water produced heing removed azeotropically. All volatiles were removed 

ti·om the clear and transparent reaction mixture under vacuum and the dry mass 

extracted wtth hot petroleum ether ( 60-R0°C', 50 ml). White crystals of the desired 

product were obtained by cooling the solution at room temperature. 

3.5 Result and Discussion 

All the compositions, formulae and the proposed structures of the newly 

synthcsisied compounds are drawn on the basis of the analytical data·· supported well 

by the spectroscopic and other data available in our laboratory conditions. ln some 

cases, data e.g., 119Sn NMR could not be obtained due to lack of facilities. 



3.5.1 Preparation of 2-marcapto isothiocyanate 

The ligand used here was derived from 2-aminothiophenol with carbon 

disulphide and hydrazine hydrate. The 2-marcapto isothiocyanate was obtained in 

good yield. The products were recrystallized from ethanol. Sodium salt of the ligand 

was prepared by neutralization with equimolar methanolic solution of sodium 

hydroxide. The ligand 2-marcapto isothiocyanate was soluble in methanoL ethanol, 

chloroform, benzene but insoluble in petroleum ether (60-80°C) and had a sharp 

melting point. The synthetic detail and characterization data for LH and LNa are 

described in section 3.4.4.1 and 3.4.4.2. The formula of the ligand and the 

abbreviations of the complexes are presented in scheme 3. 1. 

l. Me3SnL: 2. n-Bu3SnL; 3. Ph3SnL; 4. Bz3SnL; 5. c-Hex,SnL 
6. Me2Sn(L)2; 7. n-Bu2Sn(L)2; 8. Ph2Sn(L)2; 9. Bz2Sn(Lh 

Scheme J. J 

J.5.2 Synthesis of tri- and diorganotin(JV) complexes 2-marcapto isothiocyanate 

In this section the synthesis, characterization of tri- and di-organotin 

derivatives of !-marcapto isothiocyanatc are presented. Two different metiH•d-.. ti.n the 

·.;ynthests were adopted f(Jr the tn- and di--organotin complexes pf th(' ' ··narl·,tpt' 

tsothiocyanate reported here. The objective was to compare the yields obtamcd IY\ 

following two different synthetic routes. The procedures have been described in 

details in section 3 .4.4.3-3 .4.4.11. 

3.5.2.1 Synthesis of triorganotin(IV) complexes of 2-marcapto isothiocyanate (LH) 

Method A: 

The triorganotin(JV) derivatives of 2-marcapto isothiocyanate (R~ Me. n-Bu, 

Ph, Bz, c-Hex) were obtained with moderate yields by the equimolar reaction of 

triorganotlll( IV) chlorides with the sodium salt of the ligand in methanol :ts solvent 

X4 



The sodium salt of the ligand was generated by the addition of methanolic solution of 

NaOH to the methanolic solution of 2-marcapto isothiocyanate and stirred for 5h ( Eq 

4 and Eq. 5). 

LH + NaOH LNa + H20 .......... (4) 

• R 3SnL + NaCl. .......... (5) 

The reactions were completed in 6-9h time. The solvents from the reaction 

mixture was distilled off to dryness and then the mass obtained subsequently extracted 

with hot petroleum ether (60-80°C) in quantities of 3-4 ml f(.)r l 0 ttmes. The symhet :, 

methodology is described in scheme 3.2. 

I. R Me; 2. R n-Bu: 3. R= Ph; 4. R-=Bz; 5. R~ c-Hex 

Schcrnc ~ 2 

3.5.2.2 Synthesis of triorganotin(IV) complexes of 2-marcapto isothiocyanate (LH) 

Method B: 

The triorganotin(IV) complexes of 2-marcapto isothiocyanate were 

synthesized by the reaction of the triorganotin oxides or hydroxides with the ligand in 

l :2 or l: l molar ratio respectively (Eq. 6 and Eq. 7). Benzene was used as the solvent. 

The water produced during the reaction was removed using a Dean-Stark Trap to 

faci litatc taster completion of the reactions. The compounds were obtained in 



moderate to good yields. The solvents after the reaction was over in all cases were 

removed to obtain a dry mass which was then extracted with hot petroleum ether ( 60-

800C). The compounds are relatively stable in air and moisture and were 

recrystallized from suitable organic solvent. All the complexes were soluble m 

chloroform, methanol, benzene and petroleum ether (60-80°C). The synthetic 

methodology is described in scheme 3.3. The physical and analytical data are 

summarized in table 3.5 

~ ------ N== c·===== s 

L:l 
'-sH 

2. R~ n-Bu; 3. R-= Ph; 4. R=Bz 
Scheme 3.3 

... (6) 

.( 7) 

3.5.2.3 Synthesis of diorganotin(IV) complexes of 2-marcapto isothiocyanate (LH) 

The diorganotin( IV) complexes of 2-marcapto Jsothiocyanate were 

synthesized by the reaction of the diorganotin oxides with the ligand in 1:2 molar ratio 

in benzene as a solvent for refluxtion (Eq. 8). The water produced during the reaction 

was removed using a Dean-Stark Trap to facilitate faster completion of the reactions. 

The compounds were obtained in moderate to good yields. The solvents after the 

reaction was over in all cases were removed by distillation to dryness and then 

extracted with hot petroleum ether ( 60-80°C ). The compounds were relatively stable 

in air and moisture and recrystallized from suitable organic solvent. All the complexes 



were found to be soluble in chloroform, methanol, benzene and petroleum ether ( 60-

800C). The synthetic methodology is described in scheme 3.4. The physical and 

analytical data are summarized in Table 3.5 

c~s 

s=~ R II 
II I II 

cx>r<:o 
R 

6. R~ Me: 7. R= n-Bu: 8. R= Ph. 9. R-" Bz 

Scheme 3.4 

.1.5.3 Spectroscopic characterization of tri-and diorganotin(IV) complexes 

The complexes were characterized by IR, NMR ( 1 Hand 13C) and elemental 
analysis. 

3.5.3.1 Differential Scanning Calorimetric analysis 

All the compounds have single sharp peak indicates the compounds are pure 

and this is the corresponding melting point of those compounds. The enthalpy of 

compound 3 was (!\Hmdting =43J)l J/g). The enthalpy of compound 4 was (L'.Hmeiting 

=52.'cl'cl J/g). Like as compound 5 (L\Hmclting ~2.53 J/g), compound 7 (!~Hmclung -"40747 

Jig), compound 9 (\1-Irndting 43.:Li Jig), compound 8 (/\II,nclung -64.14 J;g) were the 

enthalpy of the melting point. 
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3.5.3.2 IR Spectra 

Selected IR band and their assignments for the tri- and di organotin complexes have 

been presented in Table 3.6. The infrared spectral data together with the 

stoichiometric composition of these organotin(IV) complexes suggested that the 2-

marcapto isothiocyanate acts as mononegetive S,N bidentate ligand, with the central 

tin (IV) coordinated to the deprotonated thiol -s- and isothiocyanate N atom. This 

mode of chelation was confirmed by NMR data also. The v(-N=C), v(Sn-C) and v(C

S) bands were identified based on literature value [56,61,62]. The v(-N=C) (of 

N=C=S group) stretching vibrations of the ligands appear in the range 2082-2095 

cm· 1
• These bands did not shift but slightly vary (not significant) upon complex 

formation. But in the new complexes a new band appears in the range between 795 

-! d 875 ··l · -'" · -•· t' F" th' • · ._ '"h L 1 r''' · em an ern Inu!cating coora.Ina~Ion o"'" 1SOLuiocyanale ions LO u e i11eLaJ 1_0 1 J via 

the N atom. Hence it indicates the ligand to be a bidentate ligand through S and N 

coordinations. The v(SH) stretching in free 2-marcapto isothiocyanate occurs around 

2680 em · but after complex formation the band disappears mdicating S atom's 

mvolvement m complex formation and confirms the deprotonation of the thiol group 

[ 63, 64 J. The V( C -S) (of -N=C=S group) vibration in free ligand does not change 

significantly m the complex. ft (v(C--S)) appears around 748 em 1 suggesting no 

coordination via S atom of NcoC S group. The v( Sn C:)asym and v(Sn-C isyrn bands 

have been 1dent1fied tentatively at 540-600 cm 1 and 420-510 cm· 1 respectively. 



Table 3.5 Physical and analytical data for compounds 1-9 

1 Composition Yield M P/8 P(''C) 
Elemental com2osition found (ca c 

I c I __ H ____ l----~- Sn 

~ C1oH 13NS2Sn 
I 36.42 I 3.86 t 4.20 35.80 

75 \69"C 10' Torr (36.39) (3.97) _ __(4.24) (35.9) I 
~.:---- I I 50.32 6.87 1 3.02 25.92 ! 
I 2. ci9H31NS2Sn 68 82"C 1 <r' Torr (50.01) (6.84) (3.07) (26.01) I 

l d) 

3. C2sH19NS2Sn 
58.08 3.76 2.74 22.77 

65 91 
(58.16) (3. 71) (2.71) (22.99) 
60.18 4.31 2.54 21.02 

I 4. CnH2sNS2Sn 60 I 81 (60.23) (4.51) (2.51) (21.26) i 
-~~ 

I ---------r--- -~ t--· ·--- --- r-- : 

I s. 56.42 7.08 2.60 22.05 
! C 2sH37NS2Sn 63 67 I 

Table 3.6 IR spectral data (cm-l) for compounds 1-9 

------------·--·· ----·,------·-·-----------~- -- -:·--------- ---------~···---------- --------

! Compound . v(C=N) i v(C-S) v(Sn·C) 
;-··----~-.----·---t-· 2122(m) --~----- 725(w) ·~ --;---- 536(m), 513(w) __ 
r··---·-- ·-- -~~--------··-- ·--··--· . ··-·------+------· -------·- -~-·- - ·-~-- -- - , 
l __ l_:__ -+------ 2097(s) __ _____t ____ 725(m) -+- ____ 597(m), 505(w) ___ ; 
I 3. I 2067(m) 1• 729(s) ----t: 601(_ w), 447(s) __, 
~------4-. -------r-- 2112(m) . 
f ----------+------- 756(s) --+--_55l(w),447(m) __ 

1 

L
1 5. =--=EI 2082(m) 725(m) ___ _;_ ____ 565(w), 417(w) .. ~ 

. 
--~----~-= 6.---- ----- 2070(s) 752(rn) -+-- _ 560(w), 420(w) 1 

____ _2._________ 2045(m) 752(m) --L 572(w), 420(w) 1 
: 8. 1 2090(m) 747(m). _570(s), 454(m) __ ~ 

9. 
---i- -----· 

J 21 o 5Jm) 756~2 5 5_1Lrn L4:?-!L\VL 

3.5.3.3 NMR Spectra 

The 1H NMR data for the tri- and di-organotin(IV) complexes of 2-marcapto 

isothiocyanates are presented in Table 3.7. The observed resonances were assigned on 

the basis of their integration and multiplicity patterns. The ligand and tin-bound 

organic group protons gave signals in the expected ranges [62, 65]. 
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The spectrum of tribenzyl-, triphenyl-, dibenzyl-, diphenyl- compounds show 

complex patterns for the aromatic protons (both ligand and Sn-Ph appear in the same 

range of the spectra). In compounds 3, 4, 8 and 9 the C-H and aromatic protons 

appear as complex multiplets in the range 7.71 to7.11, 7.68 to 6.86, 7.66 to 7.18, 7.68 

to 6.98 respectively. The Sn-Me protons(!) appear as a sharp singlet at 8 0.65. The 

percentages-character ofthe tin-methyl orbital has been related to the 2JeH-1191117
Sn) 

coupling constants [66]. The value of the coupling constant for 2JeH-1191117Sn) is 

57.69 Hz falls in the range of tetrahedral geometry in solution [67]. The Sn-nBu ,Sn

cyhex and Sn-benzyl protons has been assigned satisfactorily and tabulated in Table 

3.7. 

The 13C NMR data for the tri- and di-organotin(IV) complexes of 2-marcapto 

Isothiocyanates are presented in Table 3.8 and 3.9. The number of 13C signals found 

correspond with the number of magnetically non-equivalent carbon atoms in the 

complexes. The R groups attached to the tin atom have their signals in different 

specific regions in correspondence with the literature [68. 641 The author was 

inclined to propose C-1 signal to be the most deshielded carbon atom followed by the 

t -7 carbon of the phenyl ring of the ligand. As can be seen from Table 3.9 the 

J( !ll!s 1'c··· 1· fr "'276'9'lLL7 . , n- . J coup mg constants range om .) . -.1\l\) 6 H:~ for the alkyl 

compounds. These values are consistent with the values for similar compounds with a 

tetrahedral geometry in solution [70]. Therefore, 1H and 13C NMR spectral data reveal 

that the weak interaction between central tin and N( 4) (as existing in the solid state 

supported by IR ) weakens further in the solution, leading to the distorted tetrahedral 

pseudo-tetrahedral. 

l)() 



Table 3.7 1H NMR chemical shifts and coupling data (ppm and Hz) for compound 
1-93 

4 

fl ,~"'"~:~"t;';I:T;;)l·(,:r~~)+ (;I;},~-~i~I}--H:~ 11-y , _ 

1 

~;, 
1 rs.1t 1 f7.8J' rs. 7J' lr8.1J" . " 1 

I i ~ 6;-i ; 3~ - ~~;-t~;;" f;-7~--t- ; z; + 146 ~~~i 
12. (d, n;.> , (t,IHJ t (t,lHJ I (d,IH) 1 L6? I 1.60 1 t.25 1 (t,YH) 
1 [8.1] [8.4 J_J_~7.8] __ j__~--~-~~~1~6~~J-L-~l,Ofl) : (m,6H) 1 [ 15 _3t I 

7.32 i 7.20 f 7.68 : ', multiplate at centre 7.39 and 
1<1 l H) (t,l H) i (t, l H) I (d,JH) i i 7.04 

t- I~_)}" tJ.?_}I_f __ iS.:.!I __ t _1~:1 t t . _T<~~l,_~2fl_l_ 2.81-

7.68 • 7.40 I 7.27 ! 1.12 7 24- 7.!4- 2.51 
(d,IHJ (t,lll) i {t,JH) I (d,!H) 709 7.02 

6
·
86 

: (s,6H) 
I •m.3f[) 

[8.1}" pur i [81]" i [8.1J" 
1 

im,6IIl , (m,6HJ ' ; [63.6] . 

--·-·- +-- ----+--~---+---_---+- . , ------·-i- l---, t-J~~ZL~ 
. 7.64 : 7 36 1 7."-3 : 7.69 i uO 2 03- r !.75- i !.3_)- i 
I (d, IH) I (t,lH) J (t, lH) j (d, lH) l (m,3fl) 1.47 

1 
!.47 j 1.24 l i 

+-t;-~t-IJ;-;r I [~_-;ft-~·*r-t 0-~5 (111,l_2!l)r__0_1,_12HJ_I (m,6lll_t-- -1 

l (d, 2f~) -~ (d,2H] (d, 2~j>j (d, 2l~) us, 6H) i I : I I 

, -7.65 ·- i 7.40 , 7.28 .--7.69 ·-, f92- I -Ts4.:--+-
1

_
40

--jo.s2·-r-------

3. 

4. 

·- [_8.I] ___ ._ [8.1] [8.1] --[8.1] ___ [70_.8]"_1 - i I I l 
. (d, 2f!) ' (!, 2ll) i (t. 2H) ; (d 21Il ! U<6 : L76 ! ( 4II) I (t. 6H) ! . 

c--- __ --'-l8.lt ; [8.!]" j [8.!]" ! _.@:_lj" i.m.4H ~T1_1c.±Il} __ ~--~~----__j___l_7_:~l J 
- 7.59 T 7.31 I 7.18 7.66 7 72 I ' ' 

8. 

9. 

(d, 2H) ·fl (t, 2H) I (t, 2H) (d, 2H) 
[8.l)e . J8.4]" [8.1]" [8.1]" 

7.65 7 3 7 29 7.68 
(d 2H) . 4 . (d 2H) r8. 1 t 1 (t,2H> (t,2H) [8_1 t 

-
7.35 i 7.44 

1 
I 7.74 I (m,4II) I fm.2I!) I 

! (_!1_1.___41 I J .. i 
-···---.---·-··· --~--- i··-

7.29-
7.0 6.98 

3.34 
7.24 

(m,4H) (m,2H) 
(s,4H) 

(m,41I) [84.6]" 

a Spectra recorded in CDCh downfield to TMS; Multiplicity is given as s, singlet; d, 
doublet; t, triplet; m, multiplet; b 2 J( 1H- 119

1l 17Sn) Hz, c 
2J( 1 H- 1191 ll7Sn) Hz, d 

4J( 1H
It91117Sn) Hz, e 2J('H-1H) Hz. 

l)j 

f 

I 
I 
l 



Table 3.8 13C NMR chemical shifts and coupling data (ppm and Hz) for 
compound 1-93 ligand portion. 

7 1 

O
~N=C=S 

3-s 
4 

~-n_p_ou_nd I C-1 --} C-2 ----+-f-3 +=;c--=4-~_::+c-5 -::=]C-6---~ C-7 ~ 
I 1. 172.66 1131.13 1130 12 I 142.47 l 129.15 I 125.66 1158.37 R=--- 168.10 . 125.59 • 123.64 Tf37-:-7s 4 120.77 -- : 120.52 --t-P3.46 !• --------T-.,..-16-:-::7_.5_0 __ 1 137.07 ___ I 129.8\ 1 138.98 _ j 123.89 i 120.95 i 152.72 ~ 
r--:::---5.-. 168.04 125.84 123.93 I 137.79 I 120.96 I 120.45 I 152.95 ; 

168.19 125.57 123.54 138.09 120.76 1120.43 153.54 I rr
7
6._________ 170.43 127.23 124.71 140.34 121.42 112.95 152.21 _ll 

172.89 126.07 123.85 137.13 121.24 l119.16 151.39 
Hf------~16~8~.2~3--~!~3~8.~1~7--~13~0~.4~8--~1~3~9~.0~1--+1~1~2~0.~95~-~112~0~.2~2--~~15~2~.7~2~1 

__i_ ____ __:_-_·:_j 168.35 t 125.12 _ _j_J1_3.95 -- I 137.13 -- 121.08 I 120.80 _j_J52.~~---~ 

a Spectra recorded in CDCh solution, down field to TMS; 
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Table 3.9. 13C NMR chemical shifts and coupling data (ppm and Hz) for 1-9" 
R3Sn portion [R= -CH3 or -(CH2hCH3, or -CH2C6Hs or -C6Hl2] and R2Sn 

portion [R= -(CH2hCH3, or -C6Hs or -CH2C6Hs]. 

•. ___ l__ L 
i [289.33,2 i 

J1~~1r. 

.. s d d · c··Dcl 1 · d t- Id TMS b 
1J( 119S 11C · H " , pectra recor e m 3 so utwn, own 1e to ; n- · ) m z, 

:J(!llJS _u('). H d 3J(·It9s _u(.). H· ,, 4l(tt9S _t3Cl. H· r 2J(l'9S _t3C). H· , n . m z, n . tn z, . n . m z. n . m z. 

In spite of the best effort the compounds did not yield crystals suitable for X-ray 

crystal stmcture determination. Therefore, in the absence of such data some inference 

on the composition and the probable structures of the synthesized compounds were 

done on the basis of analytical data, IR and 1H and 13C spectra only. The literature 

data is also very limited for this type of complexes. 

The compounds 1-5 are formulated as R 3SnL and 6-9 are the R2Sn(Lh type 

respectively. On the basis of the spectral data the stmcture for R3SnL type a trigonal 

h1pyramidal displaying a pentacoordinate Sn atom may be suggested where a chelated 

bidentate isothiocyanate moiety is indicated (Fig. 3.16). 

9
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Fig. 3.16 a). h). and c) Proposed structure of compounds 1-5 fonnulated as R,SnL 

lur the K:Sn( L )_ rype on the other hand. an octahedral disposition around the 

hexacoordinate Sn atom 1s a likelv proposition. Hence the structures may be drawn as 

follows: (Fig. 3.17) 

Fig. 3.17 Proposed structure of compounds 6-9 formulated as R2Sn(L)2 . 

3.5.3.4 A brief note on Crystal structure of compound B 

Compound (B) is formed by discrete molecule in which the tin atom IS hound 

to the sulphur atom. This together with benzyl (8) groups constitutes a distorted 
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tetrahedron around the metal atom. The maximum acuteness of C-Sn-S bond angles 

are observed to be 96.9(2)0 [C(14)-Sn(l)-S(l) in(B)]. The proximity of the carbonyl 

group(C"'O) to the sulphur atom is most probably responsible for the acuteness of the 

angles. It appears that there is neither Sn( 1) -0( 1) nor Sn(l )-N( 1) intra- or inter 

atomic interactions present in the molecules. The 0(1 )-C( 5) bond length 1.221 (9) A 

and N(l)-C(5)1.309(10) A bond length in B respectively correspond well for 

uncoordinated C=O and C-N [71] confirming further the mono-dentate mode of 

coordination of the ligand. On the other hand, the largest deviations observed for C

Sn-C angles being 112.7(3) 0 (C(l 7)-Sn(l )-Cti4) in B. The Sn( I )-S( 1) bond lengths 

2.430(2)A is only slightly larger than that of the sum of the covalent radii 2A2 A ot 

Sn and S [72]. 
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