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119mSn Miissbauer data for the triorganotin alkanel 
arene sulphonates, RJnOSO,R (where R = Bu; R’ = 
Me, Et, CadMe- and R = Ph; R’ = Et, Ph) are re- 
ported, together with ‘19Sn NMR data for Bu$n- 
OSOzR (where R = Me, Et) and are consistent with 
the neat compounds haying an infinite chain poly- 
meric structure in which the sulphonate groups 
bridge planar R3Sn moieties. In aqueous solution, 
‘19Sn NMR spectroscopy suggests that tributyltin 
methane- and ethane-sulphonate form a common 
hydrated cationic species, {Bu,Sn(H,O),}+. In addi- 
tion, the aqueous solubilities of these two com- 
pounds, as well as Ph,SnOSO,R (where R = Et and 
Ph) are reported. 

Introduction 

Tri-n-butyl- and triphenyl-tin compounds are 
widely used industrially in biocidal applications [l], 
since, in general, they possess excellent biological 
activity against most types of fungi and Gram-positive 
bacteria [l-3]. However, the compounds in indus- 
trial use, so far, have the disadvantage of having a 
very low aqueous solubility [4] {e.g. - 20 p.p.m. 
for bis(tributyltin) oxide at 25 “C}, and this has 
precluded their use for biological applications which 
require an aqueous carrier, where a concentration of 
0.5-1.0% of the triorganotin compound would nor- 
mally be required. 

One way to overcome this problem has been to 
emulsify the tributyltin biocide, such as bis(tributyl- 
tin) oxide, with a suitable quaternary ammonium salt, 
to produce a water-dispersible concentrate [S-7]. 

An alternative approach has been to synthesise a 
discrete, water-soluble, tributyltin biocide [8-131, 
and, to date, those compounds having the highest 
aqueous solubility have been found to be the tributyl- 
tin alkanesulphonates, Bu3SnOS02R (R = Me, Et) 
[12, 131. More recently, these two compounds have 
been shown to possess excellent activity against 
wood destroying fungi when applied to a wood 
substrate in aqueous solution [14, 151. In addition, 
tributyltin methanesulphonate has been bioassayed 
against the adult snail, Biomphalaria glabrata, and 
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was found to be comparable in molluscicidal activity 
to that of bis(tributyltin) oxide [ 161. In view of their 
potential use as water-based biocides, we now report 
“‘?Sn Mossbauer and ‘19Sn NMR spectroscopic 
data for tributyltin methane- and ethane-sulphonate 
and related molecules. 

Experimental 

The tributyl- and triphenyl-tin alkane- and arene- 
sulphonates were prepared according to previously 
published procedures [lo, 131. 

“‘?Sn Mossbauer spectra were obtained using a 
constant acceleration microprocessor spectrometer 
(from Cryophysics Ltd., Oxford) with a 512~channel 
data store. A Ba 119mSn03 source was used at room 
temperature and samples were packed in perspex 
discs and cooled to 80 K using a liquid nitrogen 
cryostat. 

‘19Sn NMR spectra were recorded on either JEOL 
FX90Q or FX60Q instruments under nuclear Over- 
hauser suppressed conditions [ 171, using 10 mm 
tubes. Field frequency lock was to external DZO. 

U.V. Absorption spectra were recorded on a 
Bausch and Lomb Spectronic 505 instrument. 

Aqueous solubilities were determined according to 
a previously published method [ 131. 

Results and Discussion 

The structure of the triorganotin alkane- and 
arene-sulphonates, in the pure compounds, has pre- 
viously been suggested [ 13, 181 to be a self-associated 
polymer (A), with planar R3Sn groups: 

r 

L -I 

(A) 
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The MGssbauer parameters of some tributyl- and 
triphenyl-tin sulphonates are given in Table I, 

TABLE III. Aqueous Solubilities. 

TABLE I. “‘?jn Mijssbauer Data for R$nOS02R’ Com- 

pounds. 

Compound % w/v Solubility of compounds at 25 “C 

After 1 day After 7 days After 28 days 

Compound 6 

(mm s-l) 
AEQ 
(mm s-l) 

Bu$nOS02Me 

Bu$SnOS02Et 

Bu$nOS02C6H4Me‘4 

Ph$nOSOzEt 

Ph,SnOS02Ph 

aError = f 0.02 mm s-l. 

ference 18. 

1.51a 4.14a 

1 .4ga 4.2@ 

1.56b 4.46b 

1.36b 3.98b 

1.38’ 3.9oc 

bError = kO.05 mm s-l. CRe- 

Bu$nOSO2Me 2.8 

Bu$nOSOzEt 2.4 

Ph$nOSOzEt 0.1 

Ph$nOS02Ph 0.1 

3.1 3.2 

2.9 3.1 
a a 

a a 

aNot measured. 

and are fully consistent with this structure. The large 
quadrupole splittings, AEQ = 3.90-4.46 mm s-l, 
are indicative [l] of an infinite chain polymeric 
structure in the solid, in which the sulphonate groups 
bridge planar R3Sn moieties. ‘19Sn NMR chemical 
shifts, 6(l19Sn), are indicative of coordination num- 
ber [19], in the liquid state, four coordinate orga- 
notin compounds {e.g. (Bu3Sn)*O; 6(‘19Sn) = 82.8 
p.p.m. [20]} having chemical shifts to low field of 
five coordinate species (e.g. Bu3Sn(8-hydroxyquino- 
linate); 6(‘19Sn) = 29 p.p.m. [19]). Therefore, the 
6(l19Sn) values of 48.6 and 46.2 p.p.m. (Table II) 
recorded for Bu,SnOSOzMe and Bu,SnOSO,Et 
respectively are consistent with the five coordinate 
tin atom geometry present in (A). 

‘19Sn NMR spectra were recorded for aqueous 
solutions of Bu$nOS02Me and Bu3SnOS02Et, and, 
additionally, for Me3SnC1 in water (Table II). It can 
be seen that the chemical shift values of the two 
tributyltin alkanesulphonates are approximately 20 
p.p.m. to high field of that of Me,SnCl in water. 
A shift of 20-30 p.p.m. to high field is often found 
to occur upon substitution of the methyl groups in 
a trimethyltin species by n-butyl radicals (F(‘19Sn) 
values of Me2BuSnCl le3BuSnCl and Bu,SnCl are 
included m Table II for comparison). Therefore, 
since it is known [21,22] that Me3SnCl, in water, 
forms a hydrated trimethyltin cation, {Me3Sn(H2- 

0)2 1’9 it is proposed that the organotin species 
present in aqueous solutions of tributyltin alkane- 
sulphonates is the hydrated tributyltin cation {BUM- 
Sn(H20)2}+, and this has recently been demonstrated 
[23] crystallographically, in the salt of {Bu3Sn(H,- 
0)2)+{C,(C02Me),}-. to have structure (B; R = Bu). 

+ 
TABLE II. l19Sn NMR Chemical Shifts. 

Compound Solvent Concentration 6(1*9Sn)a 

(p.p.m.) 

Bu$nOSOzMe Neat - 
Bu3SnOSOzMe Hz0 1% w/v 

Bu$nOSOzEt Neat - 
Bu$nOS02Et Hz0 1% w/v 

MeaSnCl *20 1% w/v 
MeaSnCl cc14 5M 
MqBuSnCl Neat 

Bu$nCl cc14 d 

48.6b 

21.8b 

46.2b 

21.5b 

40.lb 

164c 

157.1c 

141c 

H H 

‘0’ 

I?. 
. . . 

I 

Sn - R 

RY 

T 

H/O\li 

(8) 

aRelative to MeaSn. bError = to.5 p.p.m. ‘Reference 
19. dNot reported. 

The U.V. absorption spectrum of an aqueous solution 
of Bu,SnOSO,Et (X,,,= 210 nm) was similar to 
that of MeJSnCl in water (h,,, = 208 nm), providing 
further evidence for the existence of the hydrated 
tributyltin cationic species (B; R = Bu). 

The aqueous solubilities, at 25 ‘C, of Bu3SnOS02- 
R (R = Me and Et) have been reported [13] to be 
in the range l-2% w/v. However, present evaluations 
of the solubility of these compounds, together with 
data for the triphenyltin derivatives, Ph3SnOS02 R 
(R = Et and Ph), are given in Table III. 

The biological activities of tributyltin methane- 
and ethane-sulphonate, when impregnated in aqueous 
solution into Scats pine sapwood, towards two 
wood destroying fungi. Coniophora puteana and 
Coriolus versicolor, have been shown to be similar 
[lS]. This indicates that the anionic sulphonate 
moiety has little effect on their fungitoxicity, and 
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this may now be rationalised 
common cationic species in 

(H,% )‘. 
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