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A brief review of organotin Carboxylates 

1.1. Introduc~s 

organotin compounds are defined as those that contain at 

least one sn-c bond, the carbon atom being part of an organic 

-'group. The grourXl state for tin is a 3 p state, derived from · 

2 2 1 
S P ·configuration • In this state, there are only two unpaired· 

electrons and a covalence of two would be expected. But the tetra-

covalent occurs much more frequently than divalent state. The 

four-covalent state is derived from the SP
3 5s state of the atom, 

which is not the ground state but the first excited state. While 

tin(II) compounds are mostly bent, pyramidal or otherwise dis-

torted (due to the presence of an electron pair that does not 

.participate in bonding and displays stereochemical activity), 

tin (IV) compounds adopt regular geometries as tetrahedra, 

bipyrarnides or octahedra, depending on the coordination number. 

The electronegativity of tin change with its oxidation number. 

Tin (II) compounds are more ionic than the corresponding tin 

(IV) derivatives
2

• The marked increase in stability of R
4

Sn 

compounds over R2sn types demonstrates the effect of increased 

hybridisation. Thus, the organic chemistry of tin is essentially 

restricted to the +4 oxidation state3 • 
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The Tin-Carbon bond should be polar since Tin is electro 
s- s, fo 

positive with respect to carbon as·represented by C- Sn. But 

![ the polarity is so low as in the tetra alkyl and aryl derivatives 

of tin that these are not actually hydrolysed by water. A rather 

unusual feature of the organotin compounds is the ionisation.of 

some of tne R3SnX and R2snx
2 

compounds in water4 • 

A bond between M-C, where M is carbon, there is possi-

bility of forming double bond (PTT- P TT). when M substitutes 

other element of Group IVA of the Periodic-Table, such as 

silicon, germanium,. tin or lead, there is enough evidence that 

the d orbitals of these elements are used for bonding (dTT-

p TT ). A simple example illustrates this phenomenon~ With the 

four acids of the type p-R3M. c
6

H4 .cooH, where M represents 

carbon, silicon, germanium or tin, carbon is the most electro-

negative and should enhance the acid strength to the greatest 

extent. Actually the carbon compound shows the lowest acid 

strength, indicating that d TT- p TT bonding is operative in the 

~~,: other three corrpounds 5 ' 6• It seems that the tendency to use d 

·2:: .:;;;...--

orbitals in bonding decreases from Si to Sn, since in 

(GeH3 ) 2s and (GeH3 ) 2o, the Ge-S-Ge and Ge-o-Ge appear to be 

7 
bent whereas in (SiH3 ) 2o the Si-o-si angle is around highly 

8 
150° • However, the :possibility of d TT- pTT bonding in tin 

cannot be completely ignored, at least with elements of higher 

atomic numbers e.g., Cl, Br, I etc. In fact, d17- pTT bonding 
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is partly responsible for higher values of Sn-Cl stretching 

frequency in certain tin compounds
9 

and sn-o frequency in 

10 (Ph3sn) 2o • 

The first chemist to report the existence of uorganic 

bodies of tin11 , as they were then known, seems to have been 

11,12 
E. Frankland • But his work remained unknown to most of 

his contemporaries as well as to later authors. The work of 

13 carl Lowing in 1852 has usually been considered to represent 

the beginning of organotin chemistry. The search to isolate 

a series of dialkyltin (R 2Sn) compounds in the second half of 

the 19th century was destined to be unsuccessful could only be 

established by experiment, and in the course of experimental 

studies of this point, there were a number of erroneous 

re.l,)Orts
14

•
15 

•. The isolation of diethyltin and diphenyltin are 

now knowp to be polymers of tin (IV), that is, (Et2sn)
2 

and 

16 (Ph2sn)2 • 

In 1879, Frankland
17 

studied the reaction between 

~~~ stannous chloride and diethyl zinc, hoping by analogy with 

18 results obtained by Buckton simply to displace the c.hlorides 

with ethyl groups. The product, however was not Et2sn, but 

Et4sn. As a route to Et4sn, this reaction proved superior to 

Buckton's original method18 , which used snc14• This new reaction 

remained the method of choice for preparing tetraalkyltins 

until the early years of the 20th century, when FOpe and 

~- Peachey
19 

first made use of the action of a Grignard reagent 
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on snc1
4

• The early history of organotin chemistry has been 

. 20 
recently·reviewed by N.w. Nicholson • 

The first review of organotin com.POunds was achieved in 

1937 by Krause and van Grosse
21

• Ingham, Rosenberg and Gilman22 

extended the literature upto 1959. Weiss
23 

compiled ah exhaustive 

list of organotin compounds covering the literature from 1937 

to 1964. Afterwords, several monographs by J.J. Zuckerman (Ed)24 , 

by Newmann16 and by Poller25
1 and a multi-author work edited 

26• 
by A. K. Sawyer w.ere __ pub_lished in 1970-197! and Davies and 

Smith in 198027 and 198228 • Structural aspects of this class of 

29 
compounds have been reviewed and a comprehensive bibliography 

of x-ray deffraction studies is available from the International 

Tin Research Institute30 • Properties,preparations and applications 

of the monoalkyltin compounds have been reviewed by Guo, Yushen 

in 1991 30a. 

The basic studies in the field of organotin compounds 

have been developed due to the success of a large number of 

~.: modern techniques applied to the organotin compounds. rnvesti-. 

gations can be performed by the general techniques such as 

25 25 31 1 . 25 32 13 33 34 
UV , IR ' 1 H-NMR 1 

1 C-NMR , Mass Spectroscopy and 

also by ·the specialised techniques of 119msn Mossbauer 

spectroscopy25 • 28 and 119sn NMR28 , 35 spectrometry. Because of 

diverse applications in industry and in basic research, the 

chemistry of organotin compounds has gained considerable impor-

~ tance
28

• 36 • 
........ 
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In the even expanding field of Organotin Chemistry, 

organotin carboxylates comprise one of the most important class 

of compounds. Apart from the theoretical and structural interests, 

organotin carboxylates are finding tremendous importance in 

industry and agriculture. New applications are likely to emerge 

in the near future. 

The compounds containing - OCOR 1 groups bonded to tin 

are defined as organotin- e-ste-r-s -which may be either monomeric 

-,..--;1_ or polymeric and of three general types, viz. R
3

SnOCOR 1
, 

'-'~-' 
R

2
Sn (OCX>R·· ;

2 
and RSn (OCOR • )

3
, where R and R • may be same or 

different groups. Many discussions with varying degrees of 

details are available on these compounds16, 25 , 26 , 37 and as 

such only the more important aspects will be presented here. 

1. 2.1. Pre,earative Methods 1 

Among the preparative methods employed for the synthesis 

of organotin carboxylates, the oldest and the most general 

procedure is the reaction of organotin oxides (or hydroxides) 

and carboxylic acids or their anhydrides 38 , 39, 40. 

• • • (1) 
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• • • (2) 

R
3 
sn-o -snR3 + (R' co ) 2o --~ 2R3 snocoR • • • • (3) 

A Dean-stark apparatus is used to azeotropically distil 

out the water formed d~ing the reactions '<e'quations (1) & (2)). 

Alternatively, the reactants are heated in neat mixture until 

41 
the evolution of water ceased, e.g. • 

2-0-oH-C
6

H4COOSnBu
3 Neat mixture 

• • • • (4) 

Diorganotin (IV) derivatives ·of bis(Carboxirnethyl)am~ne 

and its N-Me derivative may be prepared by the condensation of 

R2Sn0 and R'N(CH2COOH) 2 , where R = Bu, Octyl, C~Ph; R 1 = H, 

42,42a 
Me • 

One of the convenient methods is the reaction between 

metal salts of carboxylic acids and organotin halides43 , 44 , 45 , 

or silver salts of carboxylic acids and organotin sulfides 46• 
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R4 Sn (OCOR1 ) + XMXy -n n 

In a refluxing polar organic solvent R2sns (R = Bu, 

octyl) reacts with cu, Hg or Pb maleate to give the following 

47 
dimer ic compound ' 

The reaction of (Bu2snx)2o (X = Cl, Br) with Li and 

subsequent alkylation with RX' (R = Me, Bu; x• = Br, iodo) 

and Ac
2
o gives RBu2sn OAc, c.>n organotin carboxylate with 

48 different alkyls • 

49 Tagliavini et al have given a novel method of prepara-

tion of trialkyltin carboxylates bY electrochemical method 

using the cleavage of organic groups from R4Sn (R = Me, Et, 

Pr, Bu) and Hg(I) carboxylates. At room temperature tetramethyl-

tin produces trimethyl tin acetate when treated with Hg(I) 

acetate in MeOH. 
2M-'!.

4
$n. -t- Hg 2 (oCOMa.)

2 
~2Mcz. 3$nOC0M.12.. -t- 2 Hg 

Organotin carboxy lates are prepared by the cleavage of 

one or more organic groups of tetraorganotin compounds by 
carboxylic acidsso,sl. 
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The cleavage of organic groups depends on the acid strength, 

52 53 
nature of the groups R and R1 and also on temperature ' • 

Vinyl groups are cleaned more readily than saturated alkyl 

radicals, but less readily than phenyl22 and successive groups 

are lost with increasing difficulty. Tetralkyltin is more 

reactive than tetravinyltin
51

• 

Triorganostannate esters of dicarboxylic acids can be 

prepared by the reaction of triorganotin hydroxide with 

'~ dicyclohexylammonium salt of the dicarboxylic acid54 • Thus ._ .. ~ 
Ph

3
SnOH reacts with dicyclohexyl ammonium oxalate (M+ oxalate) 

to give M+ L(C
6

H
5

)
3
snoc(o)c(o)OJ: 

Organotin halocarboxylate, R2sn(X)OOOR 1
, may conveniently 

be prepared by heating equimolecular mixture of the diorganotin 

dihalide and diorganotin dicarboxylates in an inert solvent55• 

C. Deb and B. Basu have showed that alkyl or aryl 

esters (c-arboxyl group attached to primary or tertiary carbon 

atom) may be transesterified to triorganotin carboxylates56• 
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organotin tricarboxylates, RSn(OOOR 1
) 3 are usually 

prepared from the corresponding organotin trichloride by the 

action of silver salts of carboxylic acids43
• 

RSncl
3 

+ 3R'COOAg -~--+ RSn(OCDR' ) 3 + 3 AgCl. 

Willem ~ a157 have prepared a number of compounds of. 

the type au2sn(o~x-Y-o) by the cyclocondensation of Bu2snO with 

the corresponding dihydroxyl organic compound, e.g., 

(R' 2 = Me, R = Me, H; 

R 1 = H, R
2 = Ph). 

Reaction between R2sno and tri-methyl acetic acid in 

1/1 stoichiometry gives {LR2sn (02CCMe3)J 2 o} 2 (R = Me, Et, 

Pr, Pu), which adopt the dicarboxylatotet·raorganodistahnoxane 

structure58 • 

Holmes et a158a prepared oxocarbxoylate tin lader 

clusters, ~BUSn~)o2cc6H4No 2-2_76 • 3C6H6 an~ ~MeSn(O) 

02CC6H11_72MeSn~2cc6H11 ) 3_72 were prepared from the stannoic 

acid and carboxylic acids. 
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1.2.2. Physical Properties of Organotin Carboxylates& 

Many of the carboxy"lates have low melting points which 

indicates that these are covalent compounds. The carboxylates 

with small organic groups are more soluble in alcohol, ether 

16 
etc than in water because the sn-0 bond is essentially covalent. 

The solubility of triorganotin carboxylates is low in comn:on 

organic solvents because of their polymeric associated structure. 

The melting (or boiling) points of some common organotin 

carboxylates are listed in Table- 116, 25 • 26,43,59,60. 

Table - 1 

-----------------
Compound M.P. , (OC) 

-----------------------------------------------------------------

Ph3SnOCOPh 

Ph3SnOCOH 

Cy3SnOCOMe 

Bu3SnOC01'1e 

Bu3SnOCOPh 

Me3 snOCOMe 

Pr3 snOCOCF3 

84-85.5 

202-203 

62-63 

85 

196.5-197.5 

166-168/1 

88-90/1 

Contd •• 



11 

Table- 1 (contd •• ) 

----------------------------------·------..... -------·------------------------
Compound M.P. (OC) 

-------------------------------------
2. R

2
Sn (OCOR' )

2 

Ph2Sn (OCOMe) 2 

Bu2sn(OCOCH = CHMe)2 

Bu2sn (OCOMe) 2 

3. R Sn (OCOR') 3 

BuSn (OCOCH
3 

)
3 

EtSn (OCOPh) 3 

4. R2snx (ocoR') 

Et2sncl (OCOMe) 

Bu2SnBr (OCOMe) 

116-117 

34 

94 

67-68.5 

144~5-145.5/10 

117-119/1 

171-173/1 

1.~.3. Chemical Properties of Organotin Carboxylatesa 

The Sn-C bond is covalent in nature due to small 

electromegativity difference between Sn and c. However, sn-C 

bond can readily participate in ionic reactions through polari-

sation, where the carbon atom acts as a nucleophile and the 

tin atom as an electrophilic centre. On the other hand, the 

bonds between tin and heteroatoms (sn-x, where x = o, N, halogen, 

etc.) are thermodynamically stable but are chemically highly 
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labile and readily participate in substitution reactions. The 

large size of the tin atom (covalent radius 1.4A
0
), the greater 

?f:' polarisability of the sn-x bond relative to that of e-x bond 

. . _/ 

and the possible participation of the tin 3d orbitals spear to 

be the major factors responsible for the greater ease of substi-. 

tution reaction at tin than at carbon61 • 

Thermal decarboxylation of triorganotin esters
31 

may be . 

utilised in the preparation of unsymmetrical tetraorganotin 

compounds of the type R 1 SnR3 , where the R-Sn bond formation 

takes place. However, trialkyltin formate leads to the formation 

of trialkYl tin hydride
62 

• 

100-17o0 c 

(R=Bu, Pr) 

Trialkyltin carboxylates of unsaturated acids give trialkyl-

alkynyltins on decarboxylation 

Bu
3

S.a::>COC ;: CPh 
62 

Bu
3
snc - CPh + ao

2 

(R=Bu,Pr, 

Et) 
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64 Deacon and Farquharson , in 1977.prepared several 

polyfluoro phenyl stanna~s utilising this thermal decarboxylation 

·y in boiling pyridine. 
--.... 

P'ytidine 

(boiling) 

They also reported that thermal decomposition of bis(tri

phenyltin) tetrafluorophthalate gave a high melting solid, 

ph3snF, identified by IR spectroscopy65 • A possible mechanism 

66 comprising hemidecarboxylation followed by elimination of the 

fluorine ortho to the bulky triphenyltin substituent67 , was 

proposed. 

F F F 

F ~coos,Ph3---4 F~C005nP~ Fn'\: COOSY1Ph3 
C02 -t- c Q SnPh3 -~F , 

F coos Yl P£..3 I ...-~ 

F F 

(X) 

Howeve-r the aryne- (X) w-as no.t. isolated or characterised. 

Unsaturated organotin carboxylate also undergoes Diels

Alder type reactions with dienes68-,·69 • 
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II 
CHCOOSnR3 

14 

rr1:YCOOMe 

~COOSnR3 

(R = Ph, B·u) 

Mixed organotin carboxylates can be formed by redistri-
26, 70,71 

bution of organotin carboxylates with other organotin coml:xnmds 

MeOH 

(R = Ph, Bu) 

(X= hal., OR, H, etc.) 

72 Van der Kerk and Luijten prepared triphenyl cyanomethyltin by 

heating triphenyltin cyanoacetate under vacuum. 

The decarboxylation can be catalysed by Pd. (II) complex 

and then better yields are obtained73 , e.g. thermal decarboxyla-

tion of the 2-methyltio derivatives in refluxing anisole gave 

the 4-stannylated products in only 30-40% yield whereas use of 

bis(acetonitrile) and bis{triphenyl phosphine) palladium(II) 
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dichloride increased the yield of 4-stannylated product upto 

70% after refluxing in anisole. 

(X= Cl, Br) 

seyferth and his associates74 found that by heating, 

0 rganotin esters of trichloro acetic acid were able to transfer 

dichlOro carbene which reacted with unsaturated substrates 

(R = Me, Ph) 

A ·state of equilibrium is established with thiols and 

the reaction can be carried out in forward direction by removing 

the organic acid from the mixture75 • 

~SnSR2 + R 1 COOH 

oe -iodo triorganotin carboxylates .react with electron-

rich alkenes in the presence of radical initiator to produce 

i-lactone.AIBN was found to be more effective and convenient 

than any other initiation procedure76• 

119335 

- il NGV 1997 
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I I 
COOSnBu

3 

R~ 
I 

16 

R11 CH = C~/AIBN 

0 
II 

--~Ck3 'o 
,/=\ "'--o + CH3 - CHI - COOSnB~ '--O 

The authors proposed the generation of a radical which 

then added to the alken before cyclisation, with simultaneous 

elimination of the tributyl-stannyl radical. This reaction 

proved to be of high synthetic value. 

Recently, the copolymer is.ation of functional and alkyl 

methacrylates with tributyl tin methacrylates have been described 

by Babu ~ a177• They showed that the presence of functional 

units in the copolymers can be utilised to selectively cross-

link the polymers so that the rate of release of tin moiety can 

be controlled which is believed to have played a role in biocidal 

properties. 

Complex formation by esters is less extensive than by 

organotin halides due to weaker acidity of organotin esters 

which may be related to the lower electron-withdrawing power of 

. 78 
OCOR group compared to Cl atom • The presence of electron-

withdrawing groups attached to the tin and/or carboxylate moiety 

will favour CollJPlex formation, e.g. Ph3SnOOOCC1
3

.MeOH79,7 9a, 
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(CH2 = CH2 )2sn~OOCF3 )2 • bipy
80

, Me3SnOOOC5H4N-2.H2o 81 and 

sn4Fh8 (o 2cccl3 J 6 ~H)~9a which is a novel linear chain connected 

by hydroxy and acetate bridges. 

Et2sn(OAc)Cl reacts with RC: CH to give RC = CSnEt
2

oAc 

) 84a 
in 53 to 84% yields (R = Ph, Bu, Me3si 

.PhC - CH + Et2sn (OAc)Cl-----)o PhC - CSnEt20Ac • 

1.2.4. Structure of Organotin Carboxylates: 

The structure of organotin esters are studied by IR, 

NMR and Mossbauer spectroscopy and by x-ray crystallography. 

Tin possesses, two spin of one half isotopes, 117sn and 119sn 
.. 

which become important in NMR studies. Tin has stable isotopes, 

which allo1tr the easy identification of the tin-bearing fragments 

in the mass spectrometer. Mossbauer resonance from the +19sn 

nucleide can be easily recorded. Further tin-carbon stretching 

frequencies in the IR and Raman spectra can be assigned in most 

cases. 

A vast literature on the structure of organotin carboxylates 

were covered in the review written by Davies et a128 and on --
119sn-NHR spectroscopy by P. J.Smith and A.P. Tupcianskas3Sa 

and by B. wrackrneyer35b. The subj_ect has also been discussed 

and reviewed by R.C. Poller25 , R. Okawara and M. wada26, 37. 

In the absence of hindered groups, organotin carboxylates 
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exist in polymeric associated form in the solid phase. 

R 

' I 0-Sn+---
/ ,,, 

R <7 ~,,,...R 

This chain polymer, involving bridging carboxylate groups and 

planar or near planar R3sn moieties, has been 

82 _crystallographically, e.g., for Me3SnOOOMe , 

(CH
2 

= CH)
3

SnO<XJCH
3 

83 and Bz
3

SnOOOMe84• 

demonstrated 

82 
MeSnOOOCF3 

85 
V.G. Kumar Das and his coworkers analysed x-ray data 

for a number of polymeric triorganotin carboxylates which gave 

a repeat distance of 5.19 ! 0.21 A0 for the carboxylate-bridged 

R
3

sno
2

CR' unit that defines the crystal lattice. The repeat 

distance is sensitive to the organic substituents on either the 

tin or carboxylate group. 

sterically hindered groups, prevent the association. 

cy
3

snOCOMe is present as monomer with the Sn, atom occupying a 

86 distorted tetrahedral geometry • 

87 1 
Q. Xie and J. Zheng in 1991 showed by IR, H-NMR 

and 
13

c-NMR studies that compounds of the type: 
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(R = Ph, substituted Ph) 

adopt a distorted tetrahedron containing four coordinated Sn 

atom. 

The .structural aspects of triorganotin carboxylates in 

the solid state and in solution phase have been investigated by 

88a 88b 88c 
s~veral workers ' ' by IR and fai-IR spectroscopy. 

Conclusion was that upon dilution of the assoc~ated triorganotin· 

esters in organic solvents usually produces oligomeric and finally 

monomeric species containing tetrahedral tin atom and free ester 

carbonyl functionality8 Sa,SBb,BBc,B9 • 

Dialkyltin dicarboxylates were suggested to be monomeric 

with hexa c-oo·rd·±nat·e· t-in90 • 

R 

~o":Jl/o""-. 
R-C SYI c-R 

"0/ l ""0~ 
R 

N.W. Alcock and S.M. Roe79a-established the structure 

of some phenyltin trichloroacetate complexes by x-ray 

crystallography. The complex SnP~(o 2cccl3 )(MeDH) is a five-
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coordinate monomer. Two isomers of {~snP~2 <o 2cccl3 )_72o} 2 . 

are centrosymmetric dimers with all their carboxylate groups 

Y bridging and with half of them unidentate respectively. The 

complex sn6Ph6 {o 2cccl3 ; 10o 4• 2C6H6 is a linear hexatin compound 

containing three (Sn-o) 2 stannoxane rings. The hexatin compound 

~SnPhro 2cccl3 )3_76 • 3C6H6 has a drUm structure. The complex 

sn4Ph8 ro 2cccl
3

) 6 (0H) 2 is a linear chain connected by hydroxy 

and acetate bridges. 

E.~T. Tiekink and his coworkers58 established by x-ray 

crystallography,that the compounds, {~R2snro2cCMe3 )_72o} 2 
(R = Me, Et1 Pr, Bu), adopt the dicarbxoylate tetraorganodistanno·-

xane structure. 

AttemP.ts have been made to correlate tin-proton coupling 

constants with the structures of organotin esters and it is 

now generally accepted th.at the values of J c119sn-C-H) increase 

with increasing percent s-character of the sn-c bond. 

13 1 C-NMR spectroscopy has certain advantages over H-NMR 
. 92 

in the elucidation of structure of organotin carboxylates • 

For example (i) the differences in the coupling constant 

1J(C-Sn) are much greater than those in 2J(H-Sn); (ii) since 

the carbon of the alkyl or aryl group is directly bonded to Sn, 

the variations in 
1

J(C-Sn) more accurately reflect rehybridi

sation at the tin atom than do those in 2J(H-Sn); (iii) for 

alkyl groups like propyl, butyl etc., it is possible to measure 
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1 2 
J(C-Sn) accurately w~ere J(H-Sn) can not be measured upder 

normal conditions; (iv) for such long-chain alkyl groups the 

identity of the compound and within limits, its p . .rity can be 

established undoubtedly. 

K.c. Molloy93 in his study of solid state 119sn-NMR of 

organotin carboxylates found that compounds which undergo auto-

association in the solid to yield coordination polymers should 

be identified by an upfield chemical shift in the solid and a 

lower field shift in solution. Both .Ph3sne
2

CMe and Ph
3
sno

2
c

c6H4N2-2 meet these structural criteria. 

The IR spectra of a number of monoorganotin tricarboxylates 

in cc14 show coordinated carbonyl stretching band, and addi

tionally, BUSn(OOCMe) 3 and BUSn(OOCEt)3 were found to be mono

meric in camphor solution
43

• This is indicative of a 7-coordinated 

tin atom geometry for these compounds • 
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1 The H-NMR spectra in the pyridine proton region of 

2,6-pyridine dicarboxylato(phenyl)(organo)tin compounds of the 

~ type: 

0 
__)-o, ,,Ph 

/o" " ,' '\. <: ~"' (DMS0) 2 

~~-o ~R 
0 

in DMSO-d
6 

solutions exhibit a pattern that, together with 
13c 

coupling data and 119sn chemical shifts, can be interpreted by 

a hepta coordinated pentagonal bipyramidal structure in which 

the sn atom likely to be surrounded by two DMSO ligands in 

equatorial positions94 • 

95 
Handlir ~ ~ investigated the structure of the compounds 

Bu2sn~ro 2c) 2x_7 ~x = (CH2 )
0 

(n = o-8), cis- and trans- CH aCH; 

o-, p-C6H4_7 by IR and 
13c-, 17o-& 119

sn-NMR spectroscopy and 

c~up to the conclusion that the crystalline compounds are 

formed as linear or cyclic oligomers composed of the central 

tin atom substituted by two Bu groups and coordinated with both 

oxygen atoms of two amiso bidentate carbOxylic groups derived 

from different molecules of a dicarboxylic acid. 

------
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Holmes et alsea reported a new structural class of --
organotin compounds, the oxo carboxylate tin ladder clusters,. e. cj. 

~- (IJ Csusn (O )0 2cc6H4N02-2J 6• 3C6H6 , (II) LMeSn (O )o2cc6~1J 2 

MeSn(o2cc6~ 1 ;3J2 and {III) Causn(o)o2caJ2ausn(o.2ca)3J 
(R ::: .Ph, ~e). x-ray analysis showed that II and I·II have unfolded 

drum or ladder structure and that I has a drum strQcture. 

119sn-NMR data showed that the drum and ladder structure 

interconvert reversibly. 

In 1990, J. L1 and coworkers96 studied the 1~c- and 
119sn-NMR spectra of some tricyclohexyl tin (IV) carboxylates 

and showed that the chemical shifts ( b 119sn) and the coupling 

constants 1
J {13c, 119sn) depend markedly on the coordination 

number of the Sn atom. 'l'he chemical shifts and coupling cons

tants 1J (13c, 119sn) for aliphatic tricyclohexyltin (IV) 

carboxylates are in the range 6-11 pPm and 341-345 HZ, and for 

aromatic tricyclohexyltin (IV) carboxylate, the range is 10 to 

40 ppn and 310-340 HZ, which provide evidence that the compounds 

are monomeric species in· solution irrespective of their struc-

ture in the solid state. 

Recently 'l'hoinas c.w. Mak and his coworkers121 obtained 

,u-oxalato his (tricyclohexyltin), j-f- (O*coo 2JCcc6~ 1 J3snJ2_ 
in the attempt to prepare ~{CH3 )4N_7 ~(C6H11 J3sno2coo2_7 
by the reaction of ~(CHJ)4N~Cl, (C6Hi1 ) 3sncl and A9292coo2 in 

methanol. 'l'he x-ray diffraction study of the compound revealed 

the presence of two symmetry-independent molecules, each of which 

contains a pair of tin atoms in an isomeric cis-, trans- c
3
sne2 
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trigonal bipyrarnidal configuration arising from the quad~i

dentate (chelating and bridging) behavior of the oxalate ligand. 

1.2.5. B-iological propert-ies of organo-tin __ c_arboxylatesa 

with the possible exception of organomercurials, organotin 

compounds have received more attention for their biological 

effects than prganic compounds of any other metal. The inorganic 

tin compounds hardly have any biological activity whereas 

organotin compounds exhibit high biocidal activity, probably due 

to their lipid solubility, which facilitates better transport to 

the reaction sites than the corresponding inorganic tin compounds. 

Due to their high mammalian and phytotoxicities, a number 

of present applications of organomercurials may be partly taken 

over by highly effective but relatively non· toxic organotin 

preparations in near future97• 

The systematic studies of biological activities of 

organotins were initiated in 1950 by the pioneering work of 

the T NO gro up98 • 
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Van der Kerk and Luijten
99 

in 1954 published that many 

organotin derivatives having the general formula of R3snx are 

powerful fungicides. Within any R
3

SnX series, the activity .is, 

markedly dependent upon the nature of the organic group (R) but 

relatively independent of the anionic rad.ial ~OO. For a high 

anti fungal activity the total number of carbon atoms in the 

alkYl groups of a trialkyltin compound should be about 9-12100a. 

The toxicity of tin compounds were reviewed in 1959
101 

and 

1964102 • 

The following table119 will show a considerable influence 

of the length of the alkyl groups. 

Anti fungal Activity of some Triorganotin Acetates: 

------------------------·-----------------------------------------------
Compounds 

R
3

SnOCOCH
3 

R = 

CH3 

C2HS 

n-c3H7 

n-C 4H9 

Minimal concentration in mg/1 causing 
complete inhibition of growth of the fungi 

Botrytis Penicillium Aspergillus 
allii italic urn niger 

---
200 500 200 

1 10 2 

o.s o.s o.s 
o.s o.s 1 
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109 
K.C. Molloy and his coworkers proposed that in prder 

to obtain possible synergistic activity between an organotin 

and a ligand of complementary activity, the ligand should be 

c-bonded to tin, rather than through readily hydrolysable 

sn-o, sn-s or sn-N (etc) bonds and reported ,the pesticidal, 

bactericidal and fungicidal activity of 

~~~ro- sl'l c13 
~N) Q_ 

H 

Four coordinate tin monomers or five-coordinate tin 

polymers are eften more active than chelated five coordinate 

tin species116• 

The principal advantages of the organotin agro chemicals 

(which mainly possess prophylactic action) are their relatively 

low phytotoxicity, their ·generally low toxicity103 , 104 to non-

target organism and the lack of resistance by crop pests to 

these chemicals. Furthermore, triorganotin compounds undergo 

degradation in the environment, eventually, to form harmless 

inorganic tin residues105• 

Inorganic tin compounds have no anti tumour activity 

although a number of organotin compounds -with antitumour activity 

kn 
106,107 

are own • A possible mechanism suggested recently for 
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the antitumour activity of the tin compounds is that the tin, 

whatever its form, is biochemically converted to the anticarci-

nogenic entities in the thymus and thus distributed around the 

body as anticarcinogen through lymph fluids106• The possihility 

of generation of some active free radicals causing interaction 

with DNA can not be ruled out. 

In general organotin carboxylates show biocidal activity11 7. 

The toxicological and biological properties as manifested 

in the organotin carboxylates are summarised in Table-2100 , 108 • 

Property 

1. Fungicidal 

a) Agricultural 

b) Horticultural 

2 • Phytotoxicity 

3. Bacteriostatic 

4. Insecticidal 

s. Mammalian toxicity 

Table - 2 

Compounds 

Ph3snooc. cH3 , Busn (ooc. cH
3 

)
3 

B~SnOCO {Naphth) 

Ph3SnO~CH3 , Ph
3

Sa)OC.C
6

H
5 

Bu
3

snOCOCH
3

, Ph
3

SnOCOCH
3 

Bu
3

snOCOC
6

H
5 

R3 Sn0COCH
3 

(R = Me, Et, Bu, Ph) 

Me
3

snOOO. CH
2

Cl 

Et3 snOOC.C(Me) = CH2 

Pr3SnOOC.C(Me) = CH
2 

R3SnOOC.CH3 (R=Me,Et,Pr, Bu, Ph) 
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The first commercial products were introduced during the 

early 1960's ~ triphenyltin acetate (fent»tacetate : Brestan) 

--~ by Hoechst and triphenyltin hydroxide (fentin hydroxide z Duter) 

. 1...
'·~ 

by Philips Duphar. Both compounds are effective against almost 

the same range of fungi as the copper fungicides, but about 

114 
one-tenth the dosage • A promising anti spider compound, 

<fH3 
trisneophyltin acetate, { (§)-T -CH

2 
)
3

snOAc, is marketed by 

Shell118 • CH3 

109 
Recently, Molloy ~ ~ showed that triorganotin 

indolylacetates of the type: 

(R ::: Me, H, Cy) 

possess fungicidal, bactericidal and insecticidal activity. 

The com,POunds a 

(where R ::: Bu, Ph, Cl) which contain sn-o bond and a nitrogen 

atom in the molecule show an antibacterial activity comparable 

to or higher than that of streptomycin sulfates110 • 
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As many as thirty butyltin carboxyiates were shown 

that they may be used as fungicides for fruit by Hu et a1111 • --
Organotin carboxylates having biological activity are 

being reported continuously
112

' 113 • use of organotin compounds 

as fungicides have been comprehensively reviewed by Bock115 • 

120 In a recent study, Poller ~ ~ reported that direct 

phthalation and succinylation of sugars gave mono esters which 

were converted to stannyl sugar esters having enhanced biocidal 

properties~ 

0 
II 

X/".o .+ s_u9a.rQH ~ 
~/ 

11 

0 

COOH 
/ 

CH
l 2 

CH 2-
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The organotin compounds show a unique combination of 

chemical, physical and biological properties, and our under-

:>.{ standing of their fundamental chemistry is now well advanced. 

The applications of these compounds, however, have still been 

relatively little explored and even less exploited. This is a 

field which would repay further study, and novel applications 

can confidently be expected. 

.. 



.Y ·~:.-

2. 

g E F E R E N C ! S 

C.E. Moore, Atomic Energy Levels, Circular 467 of the 

National Bureau of Standards, Vol. 1# Government Printing 

Office, washington, D.C. (1949). 

Topic~_in Current Chemistry, 104, Organotin Compound, 

Springer-Verlag Berlin Heidelberg, New York, 1982, 

M. Veith, o. Recktenwald, M. Gielen, Z.M.O. Rzaev. 

3. M.J.S._Gynane, M.F. Lappert, S.J. Miles, P.P. POwer, 

J. Chern •. soc.-, -Chern. Commun.,. 256 (1976). 

4. _F. A. Cotton and G. Wilkinson, Advan~d Inorganic Chemist~l:• 

2nd Edition, (1961) 1 - Jllter Science Publishers, New York. 

5. J. Chatt and A.A. Williams, J. Chern. soc., 4403 (1954). 

6. F.G.A. Stone and D. Seyferth, Inorg. and Nuclear Ch~., 

!_, 112 (1955). 

7. T.D. Goldfrab and s. Sujishi, J. Am. Chern. Soc., 

86, 1679 (1964). 

8. R. Verma, A.G. Mac Diarmid and J.G. Miller, ln2££· ~., 
3, 1754 (1964). 

9. W.H. Nelson·and D.F. Martin, J. Ino£9• Nucl. Chern., 
27, 89 (1965). 

10. R.C. Peller, J. Ino~~Nucl. Chern., 24, 593(1962). 

11. E. Frankland, Liebigs Ann. Chern., 171; esp. 71, 
212 (1849). 

12. E. Frankland, J. Chern. soc., 2, 267 (1850). 

13. c. Lowing, Lieb~~~Chem., 84, 30~(1852). 

14. (a) M. Hiortdahl, Compt. re!!2•, ~, 5840 (1879) 

(b) ..!9!:!!!·, J. Chern. Soc. (A), 518 (1879) 



~--

32 

15. (a) B •. Aronheirn, Annalen. !.2,1, 145 (1879) 

(b) ~·, J. Chern. soc. (A), 249 {1879) 

16. w.P. Neumann, The Organic Chemistr~ of Tin, J. Willey, 

London (1970). 

17. E. Frankland, and a. Lawrance, Trans. ~· 22.£•, 
130 (1879). 

18. G.B. Buckton, ~!l· Trans., 426(1859) 

19. W.J. Pope, S.J. Peachey, ~· ~~ ~., 290(1903) 

20. J. w. Nicholson, :l.• ~· ~· §_2, 621 (1989). 

21. E. Krause and v. Grosse, Die Chemicals dermetallo

gaischen verbindurgen Berutraeger, Berlin, 311 (1937). 

22 .. R.K. Ingham, S.D. Rosenberg and H. Gilman, ~· ~· 

§_Q, 459 (1960). 

23. R. w. weiss (Ed) I 110rgano~tallic Compound 11 Vol. II, 

second Ed, Springer Verlag, New York, 1967, pp. 158-

518. 

24. J.J. Zuckerman (ed.), Org~in Comrounds :New Chemistry 

and Applications, ACS, washington, D.C. (1976). 

25. R.C. Poller, ~~~£L_of Organotin Compounds, 

Logos Press, London {1970). 

26. A.K. sawyer {ed.), Q£9_anoti!!._COm,PO~' Marcel Dekker 

me., New York, Vols 1, 2(1971); Vol. 3(1972). 

27. A.G. Davies and P.J. Smith, Adv. Inorga ~· ~4.2. 

Chern., 23, 1 (1980) - .._ .. 

28. A. G. Davies and P. J. Smith 11 T in11 in Comp_rehensive 

Organometallic Chemistry, G. Wilkinson (ed.), Pergarron 

Press, Vol. ~~ p. 519(1982) ~I.T.R.r., Publication 

618J. 



33 

29. J.A. Zubieta and· J.J. Zuckerman, Prog. rno~. fh2m•• 
~~ 251 (1978). 

30. P. A. Cusack, P. J. Smith, J.D. Donaldson and s. M. Grimes, 
11 A Bibliography of x-ray Crystal structures of Tin 

Compounds 11 , :rpternational Tin He ~ear~h J;nstitute, · 

London, 1981 .(Publication 588). 

3 o. (a) Guo, Yushen, ~ue Shij i, 1991, 13 (1), 43-6 (Ch) 

31. T. Tanaka, Grganomet • ..£!!em. Rev (A), 5, 1 (1970). 

32. M. L. Maddox, s. L. stafford and H.D. Koesz, 11 Applications 

of Nuclear Magnetic Resonance to the study of organo

metallic compounds", in Advances in Organometallic 

£hemistry, F.G.A. Stone and R. west (ed.), Academic 

Press, London and New York, 3, 1{1965) • 

33. . o.A. Gansow and w.D. Vernon in Topics in Carbon-13 

~&pectroscopx, G.C. Levy (ed.), Vol. l 1 p. 270 (1972). 

34. Y. Limouzin and J.-c. Ma±re, Adv-. Chern. ser. I s7 I 

227, (1976). 

35. (a) P. J. Smith and A. P. Tupciauskas, "Chemical Shifts of 

(b) 

119 1 . . Sn nuc e~ ~n 

~ Spectrosc., 

. London, Vol. !! 1 

Organotin Compounds••, in Annu. Rep. 

G.A. Webb (ed.),· Academic Press, 

p. 292 (1978) • 

119 
B. wrackmeyer, 11 Sn N.rvlR parameters 11 , in Annu. Rep. 

NMR Spectrosc., G. A. Webb (ed. ), Academic Press, London, 

Vol. !_2, p. 73 (1985). 

3 6. s. J. Blunden, P.A •. Cusack, R. Hill, The In~rial Uses 

of Tin Chemicals, Royal Society of Chemistry, London 

(1985). 

37. R. okawera and M. wada, Adv. Organometal. Ch~. 5, (1967 ), 

137. 



34 

38. See reference No. 22, pp. 494-498.· 

39. F.B.E. Ford and J.R. Sams, J. Organornetal. Chern. 

31 {1971)47. 

40. M.G. Muralidhara and v. Chandrasekhar, Indian J. of Chern., 

Vol. 30A, 1991, pp. 487-492. 

41. Chern. Abs., 62, 16296a (1965). 

42. Meriem, Abdel Kader; Gielen, Marcel; Willem Rudolph, 

Chern. Abs. ~' 21070u(1990) 

42. (a) G.K. Sandhu, Neelam Sharma, E.R.T. Tiekink, J. Organornet. 

~·, 1991, 403 (1-2), 119-31 (Eng). 

43. H.H. Anderson, I!22rg. Chern., 3, 912 {1964). 

44. Chern. Abs. ill' 280158a {1991 ). 

45. Rattay, Vladimir, Kudela, Stefan; Silies, Bohumil and 

others. Chern. Abs. ~' 229155z (1991). 

46. H.H. Anderson and J.A. Vasta, J. Org. Chern., 1.,2, 
1300 (1954). 

47. Juraj, Kizlink; Vladimir, Rattay; Eduard, Jakubcek, 

Chern. Abs. lOS, 94685a (1988). 

48. 

49. 

Juraj. Kizlink; Vladimir Rattay, P. Wilhelm Neumann, 

Chern. Abs. 114, 62228m (1991). 

G. Plazzogna, v., Peruzzo and G. Tagliavin4, ~· 

Org~~al. Chern., ~' 500 (1969). 

50. H. C. Clark, R. J.O. Brien and A. L. Pickard, J. Organornet. 

~- !, 43 (1965). 

51. v • .Peruzzo, G. Plazzogna and G. Tagliavini, J. 0r9..._anornet. 

~- !Q_, 121 (1972). 

52. H.H. Anderson, rnor<J.. Chern., !_, 647 (1962). 

.· 



35 

53. A. Henderson and A.K. Holliday, !l• organomet. Chern., 

_1, 377 (1965). 

54. seik ii'Jeng Ng, V.G. Kumar Das, M.B. Hossain, F. Goerlitz, 

Dick Vander Helm, J. Organomet. Chern., 390 (1), 

19-28, 1990. 

55. E. L. Muettertin and C.M. 'dright, J. Am. Chern. Soc., 

~, 5132 (1964); ~~ 4706 (1965). 

56. c. Deb and B. Basu, Ind. J. Chern., 31(B), 131(1992). 

57. 

58. 

M. Gielen, c. Vanbellinghen, J. Gelan and R. Willern, 

Chern. Abs., ~' 233024m (1989) 

c. vatsa, v.K. Jain, T. Kesavadas and ~.R.T. Tiekink, 

J. Organomet. Chern., 408(2), 157-66 (1991). 

58. (a) R.R. Holmes, C.G. Schmid, V. Chandr~sekhar, R.O. Day 

and J.M. Holmes, J. Am. Chern. soc., 109{5), 1408-14 

(1987). 

59. See reference No. 22, page 490 and references therein. 

60. J. G. A. Luijten and G. J. M. Van der Kerk, 11 Investigations 

in the Field of O£S!anotin Chemist~", Int. Tin Res. Inst. 

Publication No. 252, 1955. 

61. E. I. Negishi, 110rganometallics in Organic S:L;nthesis11 , 

J. wiley, New York, Vol. ~, p. ·394 (1980). 

62. M. Ohara and R. Ckawara, J. Organomet. Chern, 1, 
484 (1965). 

63. J.G.A. Luijten and G.J.M. Vender Kerk, Reel. Trac. Chim. 

Pays-Bas,~~ 295(1964). 

64. G. B. l.Jeacon and G. J. Farquharson, ,J. Crganomet. Chern., 

135, 73(1977). 



36 

65. R.C. Peller, Spectrochirn. Acta., ll' 935 (1966). 

66. P.G. cookson, G.B. Deacon, P.w. Felder and G.J. 

Farquharson, Aust. J. Chern.,?:]_, 1895 (1974). 

67. R.A. Cummins, P. Dunn and D. cldfielc, Aust. J. Chern., 

24, 2257 (1971). 

68. A. s. Mufti and R. c. Poller, J. Chern. Soc. (C), 13 62, 

1767 (1967). 

69. Z.M. Rzaev and D.A. Kochkin, £2kl. Akad -~uk (English 

translation). Consultants Bureau, vo. 172, No. 103, 

(1967). 

70. A .... r. Crowe-, R. Hill, R •.. J._ Smith, ,.J. s. Brooks and R. 

Formstone, ~· Organomet. ~· 204, 47(1981). 

71. A. L. Cohen and C.-R. Dillar_d, J. Organornet. ~· 

25, 4 21 (1970). 

72. G.J.M. ven der Kerk and J.G.A. Luijten, J. ~· ~· 

6, 93 (1956). 

73. A.J. Majeed, o. Antonsen, T. Benneche·and K. Undheim, 

Tetrahedron, !2, 993 (1989). 

74. D. Seyferth, F.K. -Armbrecht Jr., B. Prokai and R.J. 

Cross, J. Crganornet. Chern., _§, 573 (1966) 

75. H.H. Anderson, J. Grg. Chern., ~' 869 (1956). 

76. G.A. Kraus ana K. Landgrebe, Tetra~dron Leeters, 25 

3939(1984). 

77. J.R. Dharia, C.P. ~athak, G.N. Babu and S.K. Gupta, 

~· Polymer Science : Part A : Polymer Chemistry, 26, 

595 (1988). 

78. D.P. Graddon ana B.A. Rana, J. Grganornet. Chern., 

!1..§, 19 (1977). 



::...,/ ... r 

~
'· ,-J 

,'\~ 
;---"' 

37 

79. B.F.E. Ford and J.R. sarns, Inors. ~· ~~ ~~ 

Ll73 (1978). 

79. (a) N. ~·1. Alcock, S.JI-1. Roe, J. Chern. Soc, Dalton Trans. 

(8), 1589-98 (1989). 

80. C.D. Garner, B. Hughes and T.J. King., J. Chern. ~ 

Dalton Trans. 562(1975). 

81. P.G. Harrison ana R.C. Phillips, J. Organornet. Chern., 

~, 37 (1979). 

82. H. Chin and B.R. Penfold, ~rys. Mol. Struct., ~' 

285 (1973). 

83. s. Calogero, B.A. Clemente, v. Peru~zo and G. 

Tagliavini, ~Chern. Soc., Dalton Trans., 1172(1979). 

84. N. ~J. Alcock and R. E. T irnrns, J. Chern. Soc., (A), 

1873 (1968). 

84. (a) A.A. Andreev, N.V. Komarov and v.s. Senichev, Chern. Abs, 

176539d (1987). 

85. Seik weng Ng, c. wei ano V.G. Ku@ar Das, J. organornet. 

86. 

87. 

Che~., 345(1-2), 59-64 (1988). 

N.~'l. Alcock and R.-E. Timms·, !l:.._Chem. Soc. (A-), 

1876 {1968). 

~· ~· 114, 2-0-7387z (1991). 

88. (a) R. Okawara and M. Ohara, Bull. Chern. Soc.-, Japan, 

2_2, 624 (1963). 

(b)~. 1 J. Organornet. Chern., ~' 3 60 (1964). 

(c) see reference No. 26, Vol. ~, pp. 253-268 and references 

cited therein. 

.· 



_;;J.._. . __ -s;.,_ 

38 

89. w. McFarlane and R.J. Wood, J. Organomet. Chern., 

40, C17 (1972). 

90. Y. Maeda and R. Okawara, ~Q.Eganomet. Ch~., !.£, 
247 (1967)'. 

91. (a) P. B. Simons and w. A. G. Graham, J. Organomet. Chern. 1 !t, 
479(1967). 

(b) E.V. van den Berghe and G.P. van der Kelen, !l• 
Organomet. ~~~ ~~ 479{1968). 

(c) J .. R. Holmes and H.D. Kaesz 1 J. Am. Chern. SO£., 

§1, 3903(1961). 

92. T.N. Mitchell, ~rganomet. Ch~., ~~ 189{1973). 

93. K.C. Molloy, rnorg. Chim. Acta., 141{2), 151-2 (1988). 

94. M. Gielen, M· Acheddad, M. Boualam, M. Biesemans 

and R. Willem, Chern. Abs., ~' 41608m (1992). 

95. J. Ho-lecek, A •. L~cka, M •. Nadvornik, and K. Handlir, 

Chern. Abs., ill, 41602e (1992). 

96. D. Zhang, c. Xie, J. Zhen and J. Li, Chern. Abs., 

172227x (1990). 

97. G.J.M. van der Kerk, Organotin Compounds : New Chemistry 

and applicati£E~, American Chemical society, washington, 

7(1976) • 

98. J.G.A. Luijten Applications and Biological effects of 

organotin Compounds in'organotin Compounds~ ed., 

A.K. sawyer, Vol. 3, Marcel Dekker, Inc. New York, 

940 (1972 ). 

99. G.J.M. van der Kerk and J.G.A. Luijten, J. Appl. Chern., 

4, 314 -(1954). 



39 

100. P.J. smith, Toxicological Data on organotin Compounds, 

I.T.R.I., London, (1978) (ITRI Pubn. 538). 

100(a) G. J.M. van der Kerk and J.G.A. Luijten, J. Appl. Chern., 

6, 56{1956). -

102. 

J. M. Barnes and H. B. Stoner, Pharmacol. Rev., 

11, 211, (1959). 

KR.s. Ascher and s. Nissim, world Rev. Pest. Control., 

3 , 18 8 ( 19 64) • 

103. J. Fraselle, Rev. Agr. (Brussels), 20, (1967). 

104. D. Picco, M. NotiZ, Al Piante, 3, 72/73 (1965) 

Cchem. ~.bs., 65, 7929e, (1966)J 

lOS. A.K. Sijpesteijn, Meded, Landb Hoogesch, Gent., 

24, 850 (1959). 

106. s. J. Bluden, P.A. Cusack and R. Hill, The Industrial 

uses of tin Chemicals, Royal Society of Chemistry, 

London, 210 (1985). 

107. S.K. Chowdhuri, S. Das Datta, R. Chatterjee, 

J. Roy Choudhuri, Chemotherapy, 37, 122 (1991). 

108. see reference No. 25, Chapter 14. 

109. 

110. 

111. 

K.C. Molloy, T.G. ~cell, M.F. Mahon and E. Minshall, 

Appl• Organomet. Chern., 1{6), 507-19 (1987). 

s. Ali, M. Mazhar, A. Kalsoom and A. Qadeer, Chern. 
Abs., 116, -- 6669K, (1992). 

o. Xie, s. Li, D. Zhang, z. Zhang and J. Hu, 

Chern. .Abs., 115, 208118v (1991). 

.· 



x 
?;...· 

40 

112. Q. Xie and J. Zheng, Chern. Ab~., !!!' 207387z (1991). 

113. v. Rattay, s. Kudela, B. Silies, J. Prof. Garaj, 

w. Vo llek and r. Janigova, Chern. Abs., ill• 
229155z, {1991). 

114. B. sugavanam, Tin and its us~ ill• 4, (198'?)• 

115. R. Bock, Residue Reviews (ed. F.A. Funther) Springer 

Verlag, New York, 12 (1981). 

116. s.-J. Bluden, E._J. __ smith and B. sugavanarn, Pestic. sci., 

15, 253, (1984). 

117. K.C. Molloy, K. Quill and r.vJ. Nowell, J. Chern. Soc. 

Dalton Trans., 101, (1987). 

118. G.J.M.. van der Kerk, Cherntech, 359, (1978) .. 

119. See reference 98, Page 941. 

120. P • .P. L. Jacques and R. c. Po ller, .!l• Organome.J::..:_ Chern., 

ill· 4 7 ( 1 98 9). 

121. S.vl. Ng, V.G.K. Das, L. Li and T.C.vJ. Mak, 

J. Organornet. Chern., !22• 47-49, (1994). 


