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0RGANOTIN CARBOXVLA TES A BRIEF REVIEW 

Il.1 In.t..r-oduc t. ion. : 

Organotin carboxylates constitute one of the most 

important classes of compounds in the ever expanding field of 

organotin chemistry. Theoretical and struct,Jral interests in this 

class of compounds continue to grow along with the- tremendous 

j._ growth in their industrial, agricul tura.l and other applications. 
·~ ~ 

These compounds are derivatives of tin( IV l and may be of 

three general types, viz. R SnOCOR', s 
R Sn ( OCOR' ) 

2 2 
and 

RSn(OCOR' l ,where, the groups R and R' may either be the same or 
3 

different. Many discussions on the chemistry of this group of 

organotin compounds with varying degrees of details are 

'1-5 
available and as such only the more impor ta.nt a.spects a.re 

presented here. 

II.2. Prepar-a.t.ion 

Organotin carboxylates are prepa.red through a number 

of routes, of which the most common and convenient one involves 

the reaction between organotin oxides ( or hydroxides) 

6-14 
carboxylic acids or their anhydrides as shown below : 

R SnOSnR + 2R'COOH 
3 9 

--------> 2R SnOCOR' + H 0 ------- (1l a z 

R SnO -t 2R'COOH 
2 

--------> R Sn (QCOR' l + H 0 ------(2] 

R SnOSnR + (R'COJ 0 s s 2 

2 2 2 

------> 2R SnOCOR'------------[3] 
9 

and 

The water produced in these reactions i~ removed, usually by 
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azeotropic distillation using a Dean and Stark separator 

:t!:S 
alternatively by reflu~ing at higher temperature f9r example 

Bu SnOSnBu 
a s 

0 

·L_o_o_-_:U._o_c_, 2 rQ:c OH + H • 0 

COO Sn Bu3 ___ [ 
4 

J 

or 

Triphenyl tin carboxylates, such as, p-ROC F COOSnPh' where, R 
<S 4 - 9, 

= Me, Et ) ' p-<Ph SnOCO> C F .H 0 
.'9 2<S4 2 

and o-(Ph SnOCO> C F .H 0 
9 264 2 

have been prepared by the reaction of Ph SnOH with the appropriate 
3 

polyiluoro carboxyli~ acids in MeOH
16

• 

Organotin carboxylates have also been prepared by the 

reaction of the corresponding organotin hal ides with the alkali 
I. 

metal or silver salts of carboxylic acids either by stirring at 

room temperature or~ by reflwcing the reactants in a suitable 

1 t
:19,17-:19 

so ven • 

R SnX -+ (4-n) MOCO~R'---> R SnCOCOR' > + (4-n> MX ----[5J 
n 4-n n 4-n 

CM = Na, K, Ag or Tl ;, X = halogen) 

Another 'method for the preparation of organotin esters involves 

the cleavage of one or more organic groups of tetraorganotin 

b b 1 
_ . d to, 2:t 

compounds y car oxy 1c ac1 s . 

R Sn -+ n R'COOH 
4 

-i------> R Sn(OCOR') -t rr RH ------[6] 
4-n n 

In this acidolysis reaction, the cleavage of organic groups 

' depends on the acid strength, nature of the groups R and R' and 

also on the 
; Z2-24 

temperature . Vinyl groups are cleaved more 

readily than satura~ed alkyl radicals, but less r~adily than 

phenyl Z!:S groups and successive groups are lost with increasing 
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difficulty. Tetraalkyltin is more reactive than tetravinyltin 2
•. 

A novel ~lectrochemical method of preparation of trialkyltin 

carbo~ylates involving the cleavage of organic groups from R~Sn <R 

= Me, Et, Pr, Bu> by Hg< 1 > carboKylates, has been described by 

Tagliavini et al
26

• Thus, tetramethyttin produces trimethyltin 

acetate when treated with Hg(J) acetate in MeOH at room 

temperature. 

2Me Sn + Hg (OCOMe) 
4 2 2 

----------> 2Me SnOCOMe + 2Hg + C H ------[73 
9 2 d 

Organotin hydrides react _with carboxylic acids t~ form the 

d - t" t 27
'

28 "th 1 t" correspon 1ng organo .xn es ers WI evo u 1on of hydrogen. 

R SnH + R'COOH a 
------------[8) 

R ~ H + ?R'COOH z"" n 2 -
----~-----> R Sn<OCOR•) + 2H ---------(9] z 2 2 

The initially formed dicarboxylate equilibrates with unreacted 

29 
dihydride as follows • 

R
2

Sn{OCOR' J
2 

+ R
2

SnH
2 

With di-n-butyltin dihydride the 

Bu Sn(H)OCOR• 
2 

decomposes 

_ b 1 t Z?,so.s• -dlcar oxy a es . Using 

------------[10) 

intermediate hydride carboxyl"ate 

to give d i s tan nan e 1 , 2-

similar methods the a.ceta.to 

92 
bridged compounds shown below have been prepared . 

+ 2 X CCOOH 
9 

--------> + 3H 
2: 

<X = H, Ct) 

-------[11) 
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Halocarboxylate derivatives of organotin compounds are most 

conveniently synthesised by heating equimolecular mixtures of the 

diorganotin dicarboxylates and the diorganotin dihalides in 

- . 99,94 
1nert solvent • 

Bu SnBr ~ Bu Sn<OAc) z z z z ------> 2Bu Sn<BdOAc ---------[121 z 

an 

These compounds can also be prepared by the reaction of R'COOM 

(M = Na, K) with diorganotin dihalide as shown below9 ~' 96 • 

Bu SnCl ~ KOCOR' z z ------> Bu Sn<Cl )QCOR' + KCl ------------[133 z 

At 100°C trimethyltin chloride reacts with carboxylic acids to 

97 
give dimethylchlorotin carboxylate which may also be prepared by 

the exchange reaction between dimethyltin dichloride and a 

triorganotin carboxylate 99 in CCI or C H at room temperature . as 
4 d d 

shown below. 

Me SnCl + R'COOH 
3 

---------> Me Sn<Cl )OCOR' + MeH -----------[143 z 

R SnCl + R• SnOCOR' ----> R Sn<Cl )QCOR' + R• SnCl --------[153 z 2 9 2 9 

A number of dialkylhalotin ac~tates have been synthesised using 

the following reactions
98 

CR SnCl) 0 + 2CH COOH z z 9 
-------> 2R CCI)SnOCOCH + H 0 ------[163 

2 2 

<R SnCI) 0 + <CH CO) 0 
2 z ' 9 z ------> 2R <ClJSnOCOCH ------------(173 z 9 

R SnO + ClCOR' z ------------> R
2

Sn(Cl)OCOR' -------------[183 

Anhydride of an unsaturated a.cid (e. g., maleic anhydride) when 

reacted with hexabutyl 

. 99 
organotin esters . 

dis tannoxa.ne produces disubstituted 

Organotin carboxylates may also be prepared from the esters of 

carboxylic acids by the reactions [203 and [213 40 ' 4 ~, below. 



~­
·-"!' 

0 

II 

He_/ c"---
!l 0 + 

HC"' / 
. c 

II 
0 

<R Snl 0 + R'COOEt 
9 2 

Bu Sn 
S' 

) 0 
2 

> 
HC- COOSnBu 

9 
I! 

HC- COOSnBu 
3 

---~----(19] 

'---------[20) 

R SnOH + R'COOEt 
s 

---'------> R SnOCOR' + EtOH 
9 

------------[21) 

Tricarboxylate deri~ati~es of the type RSn(OCOR' l 
3 

are usua i l y 

~repared from the cottesponding trichlorides by the action of the 

. . . 1. . d 42 silver salts .of the carboxy 1c ac1 s . 

RSnCl + 3R'COOAg 
3 

~-'-----> RSn < COCOR' ) 
9 

+ AgC I ------...;--- ( 22') 

IL3 ?hysical. ?r-opert.ies of Or·e;anoti..-r~ c:m·boxyl.ates 

The Sn- o· bond in organotin c·arboxvlates is essentially 

covalent, but undergoes polar reactions depending on the sol~ents 

and a.ttacking groups. This is why the carboxylates with sma.l1 

organic groups are more soluble in alcohol, ether etc. than in 

water
2

• The solub-ility of triorga.notin carboxyla.tes is low in 

common organic solvents because of their polymeric structur·es. 

Many of the carboxylates have low ~elting points indicating thes~ 

to be covalent compounds. 

The polymeric stannoic acids are colorless and infusible. A 

few of them are soluble in chloroform and carbon tetrachloride and 

are fairly stable tO\ ... ards hydrolysis. The melting/boiling points 

of some common or·ganotin esters are ·listed in 
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tab 1 e- I I • 1. 1 
' 

2
' 

4
' !5' 

4 9 
• 

Table:-11.1. 

Gompound 

Me SnOCOMe 
3 

Ph SnOCOH 
9 

Ph SnOCOPh 
3 

Bu SnOCOH 
9 

Bu SnOCOMe 
3 

Bu SnOCOPh 
9 

(Cy-he:<) SnOGOMe 
3 

Ph SnOCOMe 
3 

Pr SnOCOMe 
3 

Pr SnOCOCF 
3 9 

Et SnOCOMe 
3 

.. 0 
Mp. < c l 

. 0 
Bp. ( clmm Hg} 

196.5-197.5 

202-203 

84-85.5 

120-12510.7 

85 

166-168/1 

62-63 

i21-122 

99-100 

88-90/1 

134-135 

Compound 
0 t1p. ( c} 

Bp. {0 clriun Hgl 

Bu Sri<OCOMe} 144.5-145;5/10 
2 2 

PhSn<OCOt1el 116-117 
2 2 

Bu Sn(OCOGH=GHMel 34 2 . 2 

Bu Sn<OCOC H n 
2 :H. 29 

BuSn(QCOMe} 
9 

EtSn(OCbPhl 
s· 

PhSn(OCOMel 
3 

Et Sn<Cl lOCOMe 
2 

Bu Sn<BriOCOMe 
2 

22-24 

46 

185-188 

76 

94 

67-68.5 

II.4- Cherrd.cal. pr-oper·{ tes of Oi-~Sano t. tn Carboxyl.at.es· 

Most triorganotin carboxylates are hydrolytically stable, 

whereas the diorganotin derivatives undergo ~artial hydrolysis to 

R Sn(OGOR' lOSnR (OCOR• l 
2 2 

and produce the dimeric distannoxanes 

R Sn<OCOR' lOSnR OH
4

'
44

• 
2 2 

tricarboxylates are The monoorganotin 

readily hydrolysed; in ethanol to form the monoorganotin 

oxyca.rboxyla.tes 42 \1/hich exist as polymers or olygomers in the 

solid state with Sn- 0- Sn bridges and chelating carboxyl 
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:L8,45 
groups . R R 

r 1 

ElOH 
-o-Sn-o -Sn -o-

/ "' I ~ o, ~0 0" -'/0 c c 
n RSniOCOR') + n H 0 

s z· -----> 

j I / R/ R 

+ 2n R'COOH ~---~[231 

The most widely studied reactions of organotin ca~boxy1ates 

are decarboxylation an~ disproportionations; The the I' ma.l 

decarboxylation df triorganotin carboxylat••46 ha~ been used for 

the preparation of trialkyltin • • 4'f' h1drtdes (equation 24), 

trialkyl-alkynyltin~ (equations triorgano 

cyanomethyltins (equa.tion 27)49 and polyfluorophenyl 

t - h It" ( t" 26) 16
• rtp eny xns equa ~on 

R SnOCHO 
3 

0 
100-170 ·.:: ----"----------> R SnH + CO -------------[241 · 

R = Pr ,Bu } 9 2 

0 

R SnOCOC 
9 

= COCOSnR ____ 16_o_c _________ > R SnC 
9 

= CSnR 
9 

Bu SnOCOC =CPh 
9 

R SnOCOCH CN 
3 2 

9 <R = E t, P1•,B•..i. } 

0 
60 c ---------> Bu SnC = CPh + CO 

3 2 

0 
140~:t50 c 

--~--.....,.-------> R S nCH CN + CO 
<R =· B•.t,Ph } 3 2 2 

Boiling Py 

+ 2CO --- [ 25 l . 2 

---------[26] 

------(27] 

Ph SnOCOR > Ph SnR + CO ----[26J 
3 <R = C F C F 0Me-4,C F OEl-4> 9 2 

6 !:5, 6 4 . 

The Ph SnOCOR { R = C F C F 0Me-4,C F OEt-4) 
3 6 !:5, 6 4 6 4 

disproportionation 

Ph Sn
16 

4 
Seyfarth 

reactions 

5() 
et.al. 

also, to form 

have successfully 

compounds undergo 

Ph Sn<OCORl and 
2 2 

used the reaction 

of triorganotin carboxylates of halogen substituted carboxylic 
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acids with cyclooctene as a carbene transfer react ion, although 

the reaction mechanism is not yet established. 

<R =Me, Ph; X= Cl, Br> 

Diels-Alder type reactions have been carried out with 

organotin carboxylates and dienes3 ~' 99 • 

CHC 0 OMt;2 
+ II 

CH COOSLR3 

(R = Bu,Ph l 

---[30) 

With thiols the. following e q u i I i b r i u m i s e s tab l i s he d and the 

reactions can be driven from left to ~ight by removing the organic 

'd t t' - t ~~ ac1 from he reac 1on mlK ures . 

R SnOCOR' + R8 SH 
3 

R SnSR 8 + R'COOH --~------------[31] 
3 

Action of alkoxy derivatives of metals a.nd metalloids on 

organot. in carboxy 1 a tes produce 
~2.~3 

metallostannoxanes as shown 

below : 

Ph SnOAc + Ph SUOEU 
3 2: 2 

--------> Ph Si(OSnPh l - + 2Et0Ac ----(32) 
2 9' 2: 

Bu SnOAc + TilOBul 
9 4 

-------> Bu SnOTi <OBu> + BuOAc ----------[331 
9 9 

Organotin carboxylates readily undergo redistribution with 

other organotin compounds to form mixed organotin carboxylate 

3 
4.~4.~~ 

derivatives (equations 10,12,15, 4) . 
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-------'--> 2R Sn<OCOR' IX ----~-----(341 
z 

In some cases carboxylate groups of the organotin ester may 

be exchanged with that o~ a free acid as 

t AcOBu SnOSnBu OAc + 2Bu COOH 
. z z 

___ .:....__) 

:17,~6 
shO\o~n bel ow 

l. t <Bu COOJBu SnOSnBu <OOCBu I + 2AcOH ---.--[35) 
2 z 

O)igomeric acetate is usually formed when a dialkyltin 

diacetate and a dialkyltin dialkoxid~ are heated at 1B0°C in water 

for 2 hours~ 7 -~ 8 • Ol_igomeric ot-w diacetoxy stannoxanes ·are also 

bt - -l b t- ~ 0 o .a1neu y the reac Ion 

Bu SniOAc) .+ H 0 
CH N 

__ 2_2 __ > 
AcOIBu SnQ) SnBu OAc + Me0Ac----[36J z z 2 2 " 2 

(n = 1,3,7,151 

Some tr i organo t. in 
60,6i 

esters ,most commonly the triorganotin 

acrylates or methacrylates, undergo polymerisation or 

copolymerisation under the influerice of heat or free radical 

initiators. 

n CH ===CR' 
z I 

CO SnR 
2 3 

----> 

<R' = H or Me 

[ -cH2-c~·- . ] 
CO SnR z 9 n 

----[37) 

Generally, the organotin esters are weaker Lewis acids 

organotin halides,. so complex formation by esters is 

than 

less 

extensive than by the halides. This weaker acidity appears to be 

essentially an inducti\•e effect and may be related to the lower 

electr>:Jn withdrawing power of t.he ROCO group compared to the 
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The pra~enaa of alaotron withdrawing groups 

attached to the tin an91or the ROCO • t <SS mo1a y increases the Lewis 

acidi·ty at tin and is expected to favour complex formation by the 

carboxylates. This explains why in the majority Df the adducts of 

the di- and tri-organotin carboxylates with ~. 0 and S containing 

ligands, d f 
9,62, <So&-? 9 

raporte so ar , the organotin carboxylates are 

derivatives of halo carboxylic acids 

II.5. Struc tu:r-e Of OrBa.n.ot in Ca.rboxy"La.tes 

such as Cf COOH 
9 

or 

The commercial viability of organotin carboxylates has 

necessitated unders tand_i ng of the bonding in these compounds to 

establish the relationship between their biocidal as well as 

non-biocidal activity with structure. Consequently, in recent 

years there has been an upsurge in the synthesis and structural 

elucidations of various organotin esters of well known carboxylic 

acids. 

As early as 1961, Beattie and Gilson74 
suggested the 

structure involving intermolecular bridging through carboxyl 

oxygen atom, as an alternative to the ionic 

postulated by 

physical methods 

7!5 Freeman and 

l i l<e I. R., 

Okawara76
• 

bonding previously 

Since then various 

NMR 

spectroscopy and X-ray diffraction studies have been utilised to 

deduce the structures of this class of compounds. The subject has 

been discussed and rev i awed by seve I' a l 
:1-!5 

authors . The salient 
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features of the structures df the three type of organotin 

carboxylates are discussed below. 

Il.5.A .. Triorganotin carboxyla.tes [ R SnOCOR') 
9 

The triorganotin caboxylates are rich in structural 

possibilities. Generally, their solubilities in organic solvents 

are poor , because of t"h e i r p o 1 y me r i c a :s s o c i ate d .s t r u c t u r a [ I J. I n 

the solid state the structure of trialkyltin carboxylates .are 

polymeric involving bridging carboxylate groups and planner and 

near pla.n~er .R
9

Sn moieties 4
, the geometry a.t the meta.! a.tom being· 

trigonal bipyramidal [I]. 

R' 
·I o R . . c I' 

1 ~"' I ""o-sn~O o-sQ.~o 
j ··.. / -~ 

R ~R R ... R 

I II 

Thus IR spectrum of trimethylstannyl acetate in the solid state 

consist of v lOCO) and v lOCO) stretching frequencies at 
•.:X.S S 

1576 

respectively, indicating the presence of 

symmetrical carboxyl group as in 

single Sn-C stretching band in 

77 NaOCOCH . 
3 

Me SnOCOMe is 
a 

Appearance 

consistent 

planner trimethyltin grou~. The associated polym~ric 

of a 

with 
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structure [ IJ has been demonstrated crystallographicaily for 

Me Sn0C011e, 
3 

CHl OGOCCl 
80 

3 3 

Me SnOCOCF 78 

9 9 

and Me SnOCOC H S 
9 4 9 

Bi 

III 

On dissolving the compounds 

iCH = 
2 

in nonpolar, noncoordina.ting 

so I vents, the carboxylate absorption bands Cv COCO) and v <OGOJl 
•::LS g 

are shifted to around 1650 cm- 1 and 
-i 

1300 em respect.i\•ely, with 

the appearance of both v (Sn-Cl and v (Sn-Cl bands indicating the 
•::LS g 

breakdown of polymeric structure [ IJ into monomers. [l!J with 

essentially tetrahedral tin atoms having. ester-! ike carboxylate 

groups bonded to it. Molecular- \!feights of the carboxylates in 

benzene and CCI
4
also ~upport monomeric structure [!!J i.n solution 

with the exception of trimethyltin formate. The insoluble form of 

the latter, when heated with cyclohexane in a sealed tube at 

0 
90 c, is. converted into a soluble form, which exists as an 

equilibrium of associated and unassociated forms in CCI, but 

monomeric in ethanol 8 ~ 

However, when the group R and/or R' is bulky or when there 

is branching at the carbon atom C( to the tin atom e. g., 

triphenyltin 2-ethyl hexoate the compounds assume monomeric 
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ester-! ike structure [I I] in the so 1 id state, as a result of 

t . h" d 18,63-87 s .er lC 1n ranee . Thus, X-ray study on Cy SnOCOMe 
3 

showed 

the presence of discrete molecules, with the tin atom occupying a 

distorted tetrahedral 
. . 8!5 

geometry , although Majee et.al. have 

doubted such a t
o :t.08 

representa 1on . Crystallographically 

authenticated claim in favour of structure [ll] has also. been made 

for tricyclohexylstannyl 1,3-indolyl acetate by Zuckerman 

68 et. al. . Similar monomeric structures have been. suggested for" 

the sterically hinde~ed trineophyltin ~armata and acetate en the 

b~sis of Mossbauer and I.R. spect~~scopy86 ' 87 . 

In t.he structure of the bis-{trimethyl stannyl )ester" of a 

. 89 
dicarboxylic acid Me SnOCOCH OCOSnMe , each carboxyl g~oup links 

9 z s 

planar Me Sn 
3 

moieties intermolecularly to form a three 

dimensional polymeric network. In the derivatives of 2,6-pyridine 

dicarboxyl ic acids, structures 149 with trigonal bipyramidal tin 

atom environment involving unidentate carboxylate groups linking 

two different tin centres have been established recently. 

Among the triphenyltin derivatives, Ph SnOCOCHMe 
s z 

and 

Ph SnOCOCH=CH are s z penta-coordinate one dimensional polymers 

possessing structure [ I J in the solid state, whereas, 

Ph SnOCOCMe , .·Ph SnOCOCCMel=CH , 
9 s s z 

Ph SnOCOCCl 66
'
69

'
73 and 

9 9 

. 90 
{p-tolyl) SnOCOCCl are said to 

~ s 
be tetra-coor"dinate monomers 

{structure [11]) in the solid s.tate as well as in solution. The 

v <OCOi band in the I.R. spectra of all these latter compounds 
a. a 

appear above 1600 - ·1. em both in the solid and solution state. Whi.le 

·I 
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trans-C SnO 
3 z chain structure of 

triphenyltin carboxylates have been adequetly supported by K- ray 

. 9L-9!5 ana.ly:<;u.; • the tetrahedra. I monomeric strY.lcture has been 

auth~nticat~d crystallograpMically only fOr a few compounds, such 

as the triphenyltin esters of anthranilic and salicylic acids
96

'
97 

and the triphenyltin derivative of thiophene 2-carboxylic acid 

98 
(Ph SnOCOC H S) . However, triphenyltin acetate, on ~ar~ful X-ray 

9 4 9 

analysis appears to have a 'dis tor ted six coordinate mer- Ph SnO 
9 3 

geometry at tin as shown below
99

. 

IV 

The intra molecularly chelated structure [llll involving 

bidentate carboxylic group has been assigned to some triorganotin 

esters of carboxylic acids,- especially Ph So-derivatives 9 . of 

substituted benzoic acids, on the basis of l.R.,. NMR and Mossbauer 

The v { oco) 
a a 

triphenyltin benzoate is found at 1620 

mode 

-'1 
em 

in 

i04 

solid 

and in 
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tri-n-propyl and tx·i-n-butyl tin benzoates, which are liquids, at 

1565 em -i. and 1640 
-i_ i.05,i.06 

em respectively. Since the t> ( oco) 
.:t.a 

mode is not shifted towards higher frequencies in solution, it is 

likely that, structures· adopted in both states 'contain chelated 

benzoate 

trialkyl 

38 
groups However, 

t . t iOO,iOi tn as .ers · are 

exa.mp l es 

extremely 

of this geometry among 

rare, due probably, to 

the lower electronegativity of the alkyl than the phenyl group, 

which disfavours. axial occupancy of· the alkyl group in the 

~ trigonal bipyramidal structure. 

Data for Ph SnOCOC H X ( where X = 2-NH 4-NH 2-NMe 
3 6 4 2, 2, 2, 

2-0H, 4-SMe 3 have all bean interpreted in terms of 5 c~ordinated 

t t [ I I I ] 1 th h th . h b t. di.O? F :U.~S s rue ura , a oug 1s as ean quas tone . rom n 

NMR and Mossbauer studies of Ph SnOCOC H X [ . where K = H, 2-Me, 
9 6 4 

2-NH 2-NMe· 2-C 1, 3-C 1, 4-C l, 2-0H, 4-0H, 4-SMe, 2- OMe l in 
2, 2, 

solution and in solid phases, Mo~loy et.al. have assigned a 

coordination number of four at tin in alI the compounds in 

~1( solution as wall as in solid state with the exception of 2-Cl and 

? OH d 
.. t. t07 

~- er1va 1ves . The 2-Cl and 2-0H derivatives are said to 

exhibit carboxylate/hydroxyl bridged polymeric structure. 

On the basis of crystallographic data Holmes et.al assigned 

the intramolecularly five coordinate structure [I·IIJ to the 

4-chloro- d~rivative~, but Molloy et.al continues to prefer the 

tetrahedra 1 monomeric structure
69

• The tetrahedral arrangement 

around tin in these compounds is supported by the X-ray 

diffraction studies on t.riphenyl tin esters of anti1rani 1 ic and 
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salicylic . d 90,9? ac 1 s , in which the carbonyl oxygen is only 

hydrogen bonded'with th~ su~sti.tuent at the ortho position of the 

benzene ring as shown below : 

v 

However,· in the triphenyltin anthranilate and salicylate the 

geometry is distorted towards trigonal bipyramidal, because of 

the approach of oxygen of the RCOO moiety at a tetrahedral face 

opposite one of the tin-phenyl groups and the Sn---0 (carbonyl) 

distances (. 2.823 A
0 

in the anthranilate and 3.071 A
0 in the 

I . I t ' . d . t . f k . t t . 9<S,V7 sa 1cy a .e1 are In xca 1ve o wea In erac 1ons . 

The only yet undisputed struc·ture of type [Ill) has been 

demonstrated crystallographically for 

o-(2-hydroxy-5-methyl phenyl 108 
azo ) benzoate . 

It should be noted here that among 

triphenyl tin 

the R SnOCOC H X 
9 d 4 

compounds {where K is a donor group), there is no convincing 

evidence in favour of the involvement of the substituent X on the 

benzene ring in intramolecular coordination leading to chelate 

rings. On the other hand, there is evidence that the X group may 

be linked to a tin centre which is not at all carboxylated. Such 
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examples are provided by triorganotin derivatives of mercapto 

carboxylic • :14!:5 a.c 1ds • How a v e r , examples of monomeric carboxylates 

in which the carboxylate group is part of a chelated ring formed 

by intramolecular coordination of N->Sn have been provided by·, 

Ma.je~ et. al 10s:o-tu., for tri- a.nd di-organotin derivatives of 

arylazo benzoic acids and arylazo phenoxy acetic acids. 

Unlike the triorganotin carboxylates cited so far, the 

structure of trimethyl tin glycinate is unique in having lone pair 

donation through nitrogen giving a one dimensional amino bridged 

polymer and trigonal bipyramidal geometry at tin. 

hydrogen bonding between carbonyl oxygen and ami no 

. • :U.2 
between ~he cha1ns . 

-~­
~ . . 
• 

VI 

There is 

N- H 
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This structure seems unusu~l since the affinity of tin for oxygen 

is greater, but the structure has been demonstrated 

. 1..12: 
crystallographically • Similar has a! so been 

demonstrated for di-t-butyl tin glycylglycinate 14<S r:;J•:Jnohydrate , 

with the exception that, the equatorial plane is composed of two 

Bu groups and one N · atom of the tridentate ligand. The water 

molecule present contributes to the H-bonding net work. 

From the above observations it is apparent that in spite of 

accumulation of large amount of structural information on 

triorganotin carboxylates it is still not clear what properties of 

the R and R' groups determine which of the structures I, I I, I I I is 

adopted in the solid state. 

ll.5.B. Diorganotin Dicarboxylates CR Sn(OCOR') J 
2 2 

The structure of dialkyltin dicanboxylates was first 

suggested for dimethyltin diformate by Okawara76 as consisting of 

a linear Me Sn cation and formate anion. 
2; 

M b 
:U.9,U.4 oss auer and 

I.R.
4

,:t:t!li stud1"e-= on a number f d" lk lt· d" b l t t - o 1a. y 1n 1car oxy a es sugges, 

that in the neat I iquid or solid states, these adopt a polymeric 

structure [VIIJ with intermolecularly bridging carboxylate groups 

and an octahedral trans-R SnK 
2 4 

tin 

crystallographic evidences in favour of 

atom geometry. X-ray 

this structure are, 

however, lacking. In solution, these compounds are monomeric and 

probably possess an octahedral intramolecularly chelated structure 

[ V I I I J 4 ,t:t!S • 



-~ 
! / 

·-~ 
---=r 

-79-

VII VIII 

Recently, some dialkyltin dicarboxylates ha\•e been shown 

from crystal~ographic studies, to have monomeric structure in the 

solid stateH<:S-Hs:>_ Thus from ){-ray studies the mono nuclear 

Me SnCOCOC H -p-NH ) 
2 <S 4 2 2 

has been assigned a distorted octahedral 

cis-R SnX ~eometry 
:U.<S . 

around·tin as shown in structure I X. The 
2 4 

structures of 
n ~~? 

Bu Sn(OCOCH SC
6

H l 
2 2 !5 2 

Et Sn { OCOC H S) 
147 

and 
148 

Pr Sn<OCOCH SPhl 
2 4 9 2 2 2 2 

nBu Sn<OCOC H -p-Br) 
118 

2 <S 4 2 

have been described 

as having a skew trapezoidal bipyramidal geometry at tin, also 

in figure with a cis-R SnX disposition as 
2 4. 

shown [X]. The 

nBu Sn(OCOC H -o-Br I has, hm11ever, been shown
120 

to have, in the 
2 6 4 2 

solid state, a distorted pentagonal bipyramidal geometry with 

trans Bu groups, due to dimerisation through weak interaction 

between a tin a tom and a carboxy 1 a te-O a tom linked to the other 

tin atom [){I). In solution the dimer dissociates. 

I n polymeric dimethyl tin dipicol inate, where both 

carboxylate groups bridge successive atoms, tin is formally seven 
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-~ IX 

o-c 
: \ 

Bu~ ':/0 
Sn 

fQSBr 

Bu/ i ~0 
: I o __ c, 

0 
Br 

X 

coordinate due to the formation of intramolecular tin-nitrogen 

bond 142
. Sandhu et.aL also have suggested the involvement of the 

N atom in intramolecular coordination in derivatives of picolinic 

acid [ R Sn(pic> z 2 
where, R = Me, n-Bu, n-Oct and Bz. J on the 

basis of Mossbauer studies
149

• A distorted trans octahedral 

structure involving unidentate carboxylate groups has been 

suggested for these compounds. However, a weak C=O----Sn bridging 

interaction has not been ruled out in some compounds. 

On the basis of I R, NMR, and 

intramolecularly chelated octahedral 

119 . 
Sn Mossbauer studies, the 

trans-R SnX geometry around 
2 4 
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tin [IJIIIJ has been suggested for the diorganotin derivatives 

. "d$)9 of 3-Benzoyl propiontc a.ct , 2-Benzoyl benz a i c ac i ./ 2
:1 and some 

. d :122-:124 
N-substituted amino ac1 s . 

XI 
The amino;'icid derivatives dimerise due to H-bonding through the 

functional substituents on the amino N atom as shown below 

However, from X-ray studies, Sandhu et.al. have shown that 

-~ £Bu
2
Sn(A) 3 ( where, HA = monochloro acetyi-L-phenyl alanine ) has 

a monomeric .structure with skew trapezoidal planar geometry around 

t . ·1!50 
, 1 n , instead. of the octahedral geometry shown above [X IIJ. 

.In addition to the 1:2 complexes shown above the aminoacids 

form similarly hydrogen bonded carboKy diorgano stannoxanes of the 

type R tL}Sn-0-SniL>R 
2 2, 

where, the geometry around tin atom is 

trigonal bipyramidal trans-R SnX 
2 3, 

involving chelating carboxylate 

:122-:124 ':1!50 
groups . 

In the diorganotin derivatives of mercapto carboxylic acids 
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XII 

also, 
t~t 1~2 

f1ossba.uer and X-ray data. indicate that the tin atom 

geometry is trigonal bipyramidal, nonlinear polymeric compounds 

being formed through the in-.•ol\•ement of the S atom and bridging 

bidentate carboxylate groups. 

The reaction between diorganotin oxides and carboxylic acids 

of ten I eads to the format ion of carboxy d i organa s tannoxanes, 

which are hydrolysed "derivatives of the diorganotin carboxylates. 

A survey of the l i tara ture reveals that, d i organot in esters in 

genera I, and carboxy d i or gano s tannoxanes carrying l i gands with 

functional substituents in particular, have not received attention 

commensurate with their struct.ural _ b . l . t . H<S,t2~--t28 
pOSSl 1 1 1es . As 

~-
far back as in 1977, Tagliavini et.al. suggested the following 

dimeric str1.1cture (){I I IJ involving both monodentate and bidentate 
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carboxylate groups for tetrabutyl-1,3-trichloroacetoxy 

distannoxane [(nBu SnOCOCCl ) 03 and similar z 9 2 2 

the solid state, as well as in CCI solution, ... 

i2!S,i29 
compounds 

on the basis of 

in 

IR 

spectra and X-ray studies. In more polar solvents 1 ike CHC I the 
9 

weak Sn----0 bonds shown in structure XIII are broken and partial 

depo1ymerisation occurs and structure XIV and XV ar~ supposed to 

i.Z!S 
be present 

R' 
I R _,..R' 

'lc ·R I o,.......c 
0 \ ' / \ . o ......... Sn o 

R "-.. 1 / " J /R Sn -o o-sn 
R~( "./ t"R 

o sn .......... o o 
"c ..-o/ I 'R ' '/ 
I R C 

R, I 
R" 

XIII 

The distinctive features of these structures are the presence, in 

each, of two different tin atom geometries and twci types of unique 

carboxy 1 ate groups, one of which bridges two tin cent res, though 

weakly, \' ia one oxygen a tom only, the carbonyl oxygen remaining 

free. Further experimental support for the above structure. X l l I 

wit.h a planar four membered Sn 0 
2 2 

ring, of te.traa 1 k.Y I dicarboxy 

• 
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XV 

distannoxane has only recently been provided from crystallographic 

studies of 
•' 1:16 

[ C Me SnOCOC H -o-NH ) 0) , 
2 6 4 2 2 2 

C ( n8\.l
2

SnOGOCcsH
4 
-o~OMe )

2
0 J

2
-u.9 

:t.48 compounds • 

However, the structure assigned to these compounds CXVIl differs 

slightly from structure XI II due to the involvement of the 

carbonyl oxygen' in weak Sn----0 interaction, thus rendering both 

the endocyclic and exocyclic tin atoms six-coordinate
116

• 

The tetraorgano stannoxane structure suggested for 

(Me SnOCOC H -p-NH ) OJ u.6 

2 6 4 2 2 2 
differs considerably from both 

structures XIII and XVI in having two different tin atom 

geometries, but only one type of essentially monodentate 

carboxylate group, one oxygen atom of which bridges two tin 

centres through weak Sn----0 interaction CXVIIl The other oxygen 
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atom is also involved in weak Sn----0 interaction. 

XVI 

CI""ysta t st.I""ucture determination of [ Bu SnOCOC H N > 0 J 
130 

reveals 
2 5 "' 2 2 

that the 2-pyridine carboxylate ligand introduces a major change 

in the dicarboxylato tetraorgano stannoxane structure as a result 

of the forrna.t ion of Sn--N bond [XV I I I J. The centrosymrnetr ic 

dimer features two unique carboxylate groups, one of which bridges 

two tin centres via one oxygen atom (the pendant oxygen atom is 

not ~oordinated but the N atom is weakly associated to tin ). 

The other carboxylate functions essentially in the monodentate 

mode (the carboxylate oxygen atom is involved in weak br-idging 

interaction) and a chelate ring is formed through the formation 

of Sn--N bond. One tin atom is six coordinate and the other is 

seven cool'"dinate by virtue of weak but significant intramolecular 
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interactions. 

HzN . ..ONH2 

·Q Me 
0
..-c 

-~ MQ I .· I c-........ , ...- o I 0 ......... ··Sn~ ' u 
0 r \ rr~e 
•,,, / · \ . \ / Ma 

Mcz--Sn-o o s' / 
I ' n . ' \1 ,., 

M \ 'o 
Q 'o __ sn ... I 

~ ... 0 
I ..... J"Mcz ... 'C 

JO}c-o· Me b 
H2N ~NH2 

XVII 

The dial kyl halotin carboxylates R Sn(OCOCR' )){ are believed 
2: 

XVII! 
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to possess intermolecularly bridging and intramolecularly chelated 

st.ructul·es XIX and XX, in solid state and soltttion respectively, 

with the tin atoms occupying a trigonal bipyramidal cis-R SnX 
2 s 

sa geometry . These structures are quite similar to the structures I 

and III of the triorganotin carboxylates, the halogen atom of the 

former occupying the position of a R group of the latter. 

~ 

R R R 
I t · I 

-s~~o~ "'o-sn..of-o~ 
/ c.~ j "'%. <I ~ ;:;: 

R CL R C! 
XIX 

XX 

X-ray studies of polymeric dimethyl chlorotin acetate~~. however, 

reveals that the tin atom is in a distorted trigonal bipyramidal 

environment, the distortion being attributed to a weak but 

X XI 
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significant carbonyl 0---Sn interaction resulting in the tin atom 

becoming six coordinate CKKlJ, 

triphenyltin acetate [ IVJ. 

ll.5.C. Monoorganotin Tricarbox:ylates 

resembling the structu~e of 

[RSn{OCOR') ] 
9 

The structure of this type of organotin carboxylates have 

not been adequately elucidated. No X-ray studies are yet available 

on any monoorganotin tricarboxylatB. The IR spectra ~f a number of 

monoorganotin esters in CCl solution show coordinated carbonyl 
4 

stretching bands, and additionally, BuSniOCOMel and BuSn<OCOEtJ 
' g g 

. were found to be monomeric in camphor soiution
42 

• This is 

indicative of seven coordinated tin atom geometry for these 

compounds in solution £XXIIJ. 

X XIl 

II.6. 

Although triorganotin{ IV) carboxylates are mostly five 

coordinate carboxylate-bridged polymers whose repeat units are 
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propa.gated in zig-zag or he! ical ma.nne r in the crysta.l 

I i: i: 
. !92: 

a .. lee , a. bonding mode altet'na.tive to cai"boxyl b r i d g i n g ma.y 

become possible if the carboxylate group contains a substituent 

carrying a donor atom. The involvement of the additional donoi' 

atom in bonding may result in either a intramolecularly chelated 

ring structure or intermolecularly bridging polymeric 

structure. This latter 6ption is adopted in trimethyltin glycinate 

[ V I ) , w he r e b I' i d g i n g occur s a·x i a 1 l y at t i n a l on g the c h a i n t h rough 

. . i: i: :U.2 the am1no n1.rogen a.om . This seems unusual, since the affinity 

of tin for oxygen coordination is believ~d to be greater, and has 

generated tremendous interest in the solid state structure of 

organotin carboxylates containing an additional potential donor 

atom in the carboxylate moiety. Among many such compounds 

organotin esters of su.bst.i tuted benzoic acids and some amino acid 

derivatives have rece.ived much attention in recent years. 

Keto carboxylic acids, though potentially polydentate, and 

apparently capable of forming a chelate ring, have not received 

adequate attention. KumarDas et.al. have investigated the tri-

and diorganotin esters of some y-keto carbokylic acids, viz, 

hipp1..1ric acid, succinanil ic acid,\ le·vu.l inic acid:199 and 3-benzoyl 

. . "d99 prop1 on 1 c. ac-1 . Qn the basis of IR and 
:U.9 

Sn Mossbauer spectra. 

the diorganotin compounds have been shown to adopt iri the solid 

state, trans-R SnX octahedral geometries and the triorganotin 
2 4 

compounds, trans-R SnX trigonal bipyramidal geometries, 
3 2 . in which 

the carboxyl oxygen, rather than the ketonic oxygen, participates 
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in intermolecular coordination .to tin. X-ray studies on the 

t~iphenyltin ester of 3-benzoyl "d93 propionic ac1 h;-.; ·- (.~on firmed a. 

carbo~ylate bridged rigid polymeric structure. The ketonic oxygen 

is not involved in coordination. The tri- and diorganotin esters 

of 2-benzoyl benzoic acid, which also has two carbon atoms 

separating the carboxyl and ketonic carbons, are also reported to 

have identical carboxylate bridged trans-R SnX and six coordinate 
3 z 

trans-R SnX z 4 
s truct.ur·es t . l 1Z:1 respec 1ve y . The triorganotin 

acetylacetates (~-keto carboxylates) m~ght be expected to be more 

rigid than the le\•ul inates but their ·reported IR 
·!34 

spectra are 

rather similar to tho.se of the levulinates. However, the organotin 

de r i v a t i v e s of ~- k e t o car boxy l i c a c i d s a r e y e t to be i n v e s t i gated 

thoroughly. 

AI though metal complexes, especially mixed ligand complexes 

of pyruvic ·acid, the first member of the c.~t-J.:eto carboxylic acid 

series a.re well k 
:tS!S-140 

nown , reports on the i:JI' ga.not in esters of 

a-keto acids are scanty. Only sketchy reports on the preparation
6 

a.nd lR 
:106 

spectra of Bu So-derivatives 
9 

and !'loss bauer spectra of 

Ph Sn-derivative
14

:t of pyruvic a.cid have a.ppea.red so ·far. The ea.se 
s 

with which the c.~t- and (3'-keto carboxylic ac'ids, as well as their 

metal derivatives undergo polymerisation .. decarboxylation and 

decarbony I at ion may be one of the main reasons for the apparent 

lack of interest in organotin derivatives of keto carboxylic 

acids. 

In comparison to the r-keto acids studied so f 
99,193 

ar the 
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keto group in the a-keto acids is more suitably placed for being 

involved in a chelate ring in their organotin d~rivatives as shown 

below: 

I -----o--c =o 
-Sn I 
· I ~ o:::::::==:-c--R' 

However, formation of such a chelate ring does not, in any 

way, preclude polymerisation, as the carboxyl C=O may be involved 

in bridging. interaction as shown below 

The high electronegativity of the R'COGOO moiety is likely to 

increase the Lewis acidity of the tin a tom, thereby helping the 

nucleophilic attack on it by the carboxyl C=O of another 

ring, leading to polymeric structure. 

Besides, irrespective of the role of the keto group, 

polymerisation is likely to proceed through the involvement of 

carboxyl group in intermolecular bridging mode,·which is a general 

feature of all compounds incorporating strongly electronegative 

. d l. d 63 
.3.cl 1g<:~.n s , resu·l ting into one dimension&.! rigid polymeric 

structures, such as, 
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R' 0 
---c-;::::::::-

1' 
R R 

I I 
~Sn---0~ .#0-->Sn-
/"- c~ /\ . I 

c 
0~ ""R' 

R C R 
"--.1 o~ -...._o I 
Sn~ ----snY 

? I ----....o .o~ I " 
R ----C~ R 

I 
~c ·o ~ ----_R' 

etc. 

The ultimate demonstration of whether or not a ketonic group 

in the organotin esters of keto carboxylic a.cids is involved in 

coordination must await further investigation. 
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