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and Water-Cosolvent Media: an Approach to
Understanding the Chemical Degradation of
Organotins in Aquatic Environments

Daniele Marton, Diego Stivanello and Giuseppe Tagliavini*
Dipartimento di Chimica Inorganica , Metallorganica e Analitica, Universita di Padova,

via Marzolo 1, I 35131 Padova, Italy

The behaviour of allylbutyltin dichloride in water,
water—ethanol and water—hexane media, under
either homogeneous or heterogeneous conditions,
has been studied. 1,3-Diallyl-1,3-dibutyl-1,3-
dichlorodistannoxane, butyltin di(hydroxy)chlor-
ide and butyltin trichloride arise from the solvoly-
tic, acid—base and degradation processes. The
degradation process involving the cleavage of the
tin—carbon allyl bond has been interpreted to
occur via an intramolecular reaction at the
expense of the cation
[Bu(CH,=~CHCH,)Sn(OH)(H,0),]*. The mecha-
nistic pathway is ascribable to an internal interac-
tion of the electrophilic cation with a bonded water
molecule. This mechanistic proposal may be of
some help with understanding of the chemical
degradation of diorganotin derivatives in aquatic
environments.
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INTRODUCTION

Organotins have found increasing use as fungi-
cides, bactericides and insecticides, and as wood
preservatives.":? In the 1960s tributyltin com-
pounds were used to kill snails which are interme-
diate  hosts in  the  transmission of
schistosomiasis.>* They were also incorporated
into paints used as antifouling agents on the nets
of salmon-farm pens and on boat hulls, where
they are more effective than the copper com-
pounds which are the alternative active agents in
antifouling paints.’ Tributyltin compounds have
also been used extensively in agriculture because
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of their action against algae, fungi, insects and
mites.® As a consequence, organotin compounds
are present in the environment, especially in
aquatic ecosystems.

Despite the large number of studies that have
been completed, understanding the role of orga-
notins in aquatic systems is complicated by the
fact that they can undergo several chemical pro-
cesses, such as disproportionation, degradation
(e.g. cleavage of Sn-C bonds, e.g.
R;SnX— R,5nX,, RSnX;—SnX,), transmetalla-
tions (e.g. =Sn—R + HgX,—=SnX + RHgX),
etc.” Therefore, on the basis of our experience of
the reactions of organotins in the presence of
water,® we have untertaken studies on processes
involving organotins in aqueous media with the
aid of models which may help in understanding
the mechanistic pathways of the processes them-
selves. Indeed, in our previous paper’ we took
into consideration, as a model, the behaviour of
Bu,(CH;~=CHCH,)SnCl, looking at the dispro-
portionation equilibrium (Eqn [1]) which takes
place in the presence of water under hetero-
geneous conditions.

2Bu,(CH;=~CHCH,)SnCl
2 Bu,Sn(CH/~CHCH,),
+ Bu,SnCl, (1]

In this paper, we wish to report observations on
the behaviour of Bu(CH,~CHCH,)SnC}, (1) in
the same media: water, water—ethanol and
water-hexane. This diorganotin derivative
belongs to the large category of R,SnCl, or
RR'SnCl; derivatives, where R and R’ stand for
alkyl or aryl groups. Generally, these compounds
in the presence of water are solvated to aquo-
cation complexes,'” ! which behave as Brgnsted
acids. Therefore, their solutions are characterized
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by pH values ranging from 1 to 25. These aquo-
cations behave like simple aquo-inorganic ions in
binding ligands. They are unusual in that they
involve covalent metal-carbon bonds together
with the highly polar bonds from tin to other
ligands. The mixed alkyl-halogen ligand com-
pound, Bu(CH,~CHCH,)SnCl,, which has been
chosen as a model bears a tin—carbon allyl bond
which is kinetically more labile than a tin—carbon
alkyl bond." As a consequence, cleavage or redis-
tribution processes at the tin—carbon allyl bond
are expected to occur within a reasonable time.

EXPERIMENTAL

Materials

Triallylbutyltin

This compound was prepared via a Grignard
procedure.”® To a 2-litre three-necked flask
equipped with magnetic stirrer, condenser and
additional funnel, containing 93 g (3.8 mol) of
magnesium turnings and 150ml of anhydrous
ethyl ether, were added over 2h with stirring,
152.6 g (1.26 mol) of allyl bromide dissolved in
200 ml of anhydrous ethyl ether. Then the
Grignard reagent was transferred to another
flask, and 60 g (0.21 mol) of butyltin trichloride
dissolved in 250 ml of anhydrous ethyl ether was
added dropwise over 2h. The mixture was re-
fluxed for 6 h, then hydrolysed with ice, and the
organic layer was separated and dried over
sodium sulphate. After removal of the solvent by
a Rotavapor, the crude liquid product was dis-
tilled under reduced pressure at 95-98°C/
0.05 mmHg, yielding 53.4 g (85%) of triallylbu-
tyltin.

Allylbutyltin dichloride

To 6.56 g (23.6 mmol) of BuSn(CH,CH=CH,),
was slowly added (over 40 min) at 0 °C with stir-
ring 13.32 g (47.2 mmol) of BuSnCl;. The mixture
was set aside for 3h at room temperature. The
pure Bu(CH,CH=CH,)SnCl, (15.0 g, 73% yield)
was obtained by distillation under reduced pres-
sure (b.p. 90°C/0.25 mmHg).

IR (thin film): 3060 [(w, »(=CH,)], 1620 [s,
WC=C)], 990 [(m, Sup (CH=)], 910 [(s, o,
(=CH,)], 350 cm ™' [(s, »(Sn—Cl)].

0("”Sn NMR) of pure liquid referred to TMT:
+80.7 ppm.

6(®*C NMR) of pure liquid referred to TMS.
Butyl moiety: 13.5 (CH;), 26.2 (CH,), 26.5
(CH,—Sn), 26.9 ppm (CH,). Allyl moiety: 31.7
(CH,—Sn), 117.4 (=CH), 130.3 ppm (=CH,).

The organic solvents, which were commercially
available, were used as received. In all cases, pure
water produced by a Millipore Milli-Q system was
used.

Equipment

The 'H, '“Sn and “C NMR spectra (89.55, 33.35
and 22.49 MHz respectively) were recorded with
a JEOL FX 90Q multinuclear spectrometer oper-
ating in Fourier transform mode. The IR spectra
were recorded with a Perkin—Elmer model 599 B
spectrophotometer using CslI optics. The pH
measurements were performed with a Crison
MicropH 2002, using a glass pH electrode with an
AgCl internal reference electrode.

RESULTS

Allylbutyltin dichloride in H,O0—EtOH
medium

Run 1

Butylallyitin dichloride (1) (1.25g, 4.34 mmol)
was dissolved in 20 ml:20 ml H,O/EtOH, and
stirred at 25°C. After 15min the pH of the
solution reached a value in the range of 1-2.
After 24 h the system was still homogeneous, and
5 ml of the solution was taken off. After removal
of the solvent, a crude oil residue, consisting of
the sole unchanged compound 1, was isolated.

Run 2

As in run 1, compound 1 (1.25 g, 4.34 mmol) was
added to a mixture of H,O/EtOH (20 ml:20 ml)
under stirring at 25 °C. After two days formation
of turbidity was noted, then a white precipitate
was formed, increasing over time. After three
days the solid was filtered off, dried and weighed
(0.45). It was insoluble in all common solvents.
From the IR spectrum and elemental analysis it
was identified as BuSn(OH),Cl (2) (m.p. 112-
114 °C; Lit." 107-112 °C).

IR: 3490, 3380 {vs, v(OH)], 550 [m, »(Sn—C)],
240 cm™' [m, v(Sn—Cl)].

Elemental analysis: Caled for SnC,H,,0,Cl, mol.
wt. =245.27: C, 19.58; H, 4.52; Cl, 14.45. Found:
C, 19.80; H, 4.56, Cl, 14.63%.
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From the filtrate, after removal of the solvent,
a heavy oil (0.72 g) was recovered, formed of
unchanged starting material containing a small
amount of BuSnCl; (3) (see below, run 3).

In conclusion, after three days,
Bu(CH,~CHCH,)SnCl, is partially converted to
BuSn(OH),C! (42%) and BuSnCl; (traces).

Run 3

The previous run 2 was repeated and observed for
nine days. After this time, 0.77 g (3.14 mmol) of a
white solid was recovered, showing the same
chemical-physical characteristics as 2 (m.p. 113—
114 °C). From the water—ethanol filtrate, a heavy
liquid oil (0.29 g) was isolated.

The IR spectrum recorded as a liquid film
[»(Sn—Cl) 360 cm™'] was similar to that of a pure
sample of 3. Both '®Sn and “C NMR spectra of
the oil in CDCl,; were in agreement with those
obtained from a 20% solution of pure BuSnCl; in
CDCl;.

6('*Sn NMR) referred to external (TMT) +3.80,
vs +4.72 ppm of the reference solution.

6(®C NMR) referred to internal TMS. Butyl
moiety: 13.3 (CH;); 32.4 (CH,—Sn); 25.6 (CH,);
26.8 ppm (CH,) (see ref. 15).

In this case, 72% of compound 1 was converted
to compound 2, and 24% to compound 3, with a
total recovery of tin of about 96%.

Run 4

Allylbutyltin dichloride (2.75g, 9.6 mmol) was
dissolved at 25°C in a mixture of H,O/EtOH
(50 m1:25 ml). Then 10.6 ml of 12.1 M HCl was
added in order to achieve 1.5M HCI solution.
The system was stirred for 30 h. During this time,
a white solid precipitated. It was filtered off, dried
and weighed (0.5 g). It melted at 47-48°C and
was soluble in most organic solvents.

IR: 3060 [m, v(=CH)], 1618 [s, W(C=C)], 892
[vs, 6(C=CH,)], 580, 530 [vs, »(Sn—O—Sn)],
390 [w, v(Sn—C allyl)], 280 cm™' [s, »(Sn—Cl)].
6(*Sn NMR) of a 10% solution in CDCl,
referred to externai TMT: —129.7 and
—177.8 ppm. Both values are in agreement with a
distannoxane structure. The 'Sn NMR chemical
shifts for tetrabutyl-1,3-dichlorodistannoxane are
—94 and —145ppm in CCl, solution,' the
A-value being 51ppm in comparison with the
found A-value of 49 ppm.

O6(*H NMR) of a 10% solution in CDCl; referred

to internal tetramethylsilane (TMS): 0.6-1.1
(t,3H), 1.1-1.6 (m,2H), 2.4-2.6 (m, 2H), 4.5~
5.5 ppm (m, 2H), 5.7-6.5 (m, 1H).

Therefore, this product was identified as a new
compound: 1,3-diallyl-1,3-dibutyl-1,3-dichloro-
distannoxane (4). Elemental analysis: Calcd. for
SH2C14H280C12 , mol. wt 520.66: C, 32.29: H, 5.42,
Cl, 13.63. Found: C, 32.26; H, 5.54; Cl, 13.54%.
Upon exposure to moist air, compound 4 decom-
poses to compound 2.

Allylbutyltin dichloride in a water—
hexane medium

Run 5

To a solution of 1 (1.25 g, 4.34 mmol) in 10 ml of
n-hexane, 20 ml of water was added under mag-
netic stirring, at 25°C. The pH value of the
aqueous phase was in the range 1-2. Both phases
remained clear for up to seven days, then a
precipitate was formed, increasing over time.
After 14 days, the precipitate (0.2 g) was separ-
ated and identified as compound 2. From the
filtrate, after removal of both solvents, a heavy
liquid oil (0.81 g) was recovered.

IR and '”Sn NMR analyses revealed that the
oil was the starting organotin dichloride contain-
ing traces of BuSnCl;. Therefore, in this case,
only compound 2 (0.81 mmol, 18.6% yield) was
isolated.

Allylbutyltin dichloride in water

Run 6

Allylbutyltin dichloride (1.25 g, 4.34 mmol) was
added to 20 ml of water at 25°C with stirring.
Under such conditions, the organotin compound
was present as a solid phase, initially in equilib-
rium with its saturated aqueous solution. After
27 h, the system still remained heterogeneous,
but with a visible change of the morphology of the
solid phase. The white solid was filtered off and
dried up to reach a constant weight of 0.74 g. The
product was a mixture of compound 4 (0.67 g)
together with compound 2 (0.07 g). From the
filtrate Bu(CH,—CHCH,)SnCl, (0.28¢g) and
BuSnCl; (0.13 g) were identified.

The final balance of this system was as follows:
unchanged 1, 0.28 g (22.8%); 2, 0.07 g (6.6%); 3,
0.13 g (10.6%); and 4, 0.67 g (59.3%); the total
recovery of tin was about 99%.

Run 7
Allylbutyltin dichloride (0.5 g, 1.7 mmol) was dis-
solved in 20 ml of water at 40 °C under stirring.



620

D. MARTON, D. STIVANELLO AND G. TAGLIAVINI

After about 20 min, a white solid was formed,
increasing over time. After 7h, the precipitate
was filtered off. The recovered solid (0.25g,
0.48 mmol, m.p. 47-48 °C) was identified as com-
pound 4 (56.5% yield).

Run 8

A quasi-saturated solution of 1 (0.619g,
2.15mmol) in 50 ml of water was stirred for 14
days at  20°C  (the  solubility  of
Bu(CH,~CHCH,)SnCl, at 18 °C is 13 172 ppm).
During this time, the solution maintained its
homogeneity. From an initial value of 1.27, the
pH decreased to 1.17. The volume of the solution
was reduced to about 5 ml, then extraction of the
organotin species was performed with three por-
tions (each of 30 ml) of a mixture of diethyl
ether—pentane (1:2, v/v). Then, after drying with
magnesium sulphate (MgSO,), the solvents were
removed, and a crude pale yellow liquid residue
(0.542 g) was recovered. It was a mixture of
unchanged organotin dichloride 1 together with
compound 4. The '”Sn NMR spectrum showed
three well-defined signals, one at +77.7 ppm
(compound 1), the other two at —129.6 and
—177.9 ppm (compound 4). The molar ratio 1:4
was 85:15. In conclusion, the isolated crude
liquid was a mixture of 0.408 g (1.42 mmol) of
compound 1 and 0.134g (0.26 mmol) of com-
pound 4. The total recovery of tin was 90%.

DISCUSSION

Water or water—ethanol solutions of allylbutyltin
dichloride show a pH value in the range 1-2. This
is due to solvolytic and acid—base equilibria,
which takes place in such a media similarly to
those of the parent compounds R,SnCl, and
RR’SnCl, described by Tobias." "' The equilibria
may be written as shown in Eqns [2] and [3]. Both
are relevant to explain the pH values encoun-
tered. Indeed, these compounds behave as mono-
basic acids, since the release of a second proton is
negligible.

Bu(CH,~CHCH,)SnCl, + nH,0O
= Bu(CH,~CHCH, )SnCI(H,0);
+Ci- [2}
Bu(CH,~CHCH,)SnCI(H,0); + H,0
2 Bu(CH,~CHCH, )SnCI(OH)(H,0),_,
+H,0" (3]

In our case, the species
Bu(CH~CHCH,)Sn(OH)CI (see Eqn [3]) is
responsible for the formation of 1,3-diallyl-1,3-
dibutyl-1,3-dichlorodistannoxane (4) (see Runs 4
and 6-8), according to Eqn [4].

2 Bu(CH,~CHCH, )Sn(OH)Cl

CH2=CH———ICH2 CH,—CH=CH,
2 Bu—S'n—O—Sn—Bu I +H,0 [4]
|
Cl Cl
4

The new compound 4, either in solution or in the
solid state, degrades to BuSn(OH),Cl (2) (see
Run 4). Compound 2 is very insoluble in water
and in all common organic solvents, and dissolves
in HCl solution to give BuSnCl, (see Runs 3 and
6). The recovered BuSnCl, comes from the disso-
lution of compound 2, according to Eqn [5}:

BuSn(OH),Cl | +2H,0" +2C1"
2
2 BuSnCl, + 4H,0 [5]
3

The acidity required to promote this reaction
(Eqgn [5]) results from Eqns [3] and [4]: one can
see that one equivalent of acidity is released in
solution per equivalent of precipitated compound

In conclusion, distannoxane 4 is formed
through solvolytic and acid—base equilibria pro-
moted by compound 1, in either homogeneous or
heterogeneous systems. Distannoxane 4 is slightly
soluble in H,O-EtOH medium, but less soluble
in water. However, it degrades to compound 2
either in solution or in the solid matrix via hydro-
lytic cleavage of the tin—carbon allyl bond. The
free acidity remaining in solution favours the
dissolution of compound 2 to form BuSnCl,.
Clearly, allylbutyltin dichloride is subject to a
degradation process leading to monobutyltin spe-
cies, i.e. BuSn(OH),Cl and BuSnCl,. The degra-
dation process occurs owing to the cleavage of the
tin—carbon allyl bond. The cleavage of this bond
is interesting, since it is not due to solvated
protonic species. Indeed, in the presence of free
acidity (see Run 4) only distannoxane 4 is reco-
vered, without any cleavage of this bond.
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Bu(CH,=CHCH,)Sn(OHXOHy),

| H H .
BuSn(OH)»(OHy)n.;” + CH=CHCH; ==
Scheme 1
We believe that a water molecule is able to REFERENCES

promote this cleavage at the expense of an ionic
electrophilic species. On the basis of proposed
mechanistic pathways involving allylstannations
of carbonyl compounds in the presence of
water,'”'® and the interactions between an
electrophilic ion and a molecular species,"*
the aquo-cation [Bu(CH;=CHCH,)Sn(OH)
(H,0), ]*—which arises from the solvolysis of the
species [Bu(CH, =CHCH;)SnCI(OH)(H,0),_, ]
— may evolve through an intramolecular reaction
as shown in Scheme 1. The aquo-cation
[BuSn(OH),(H,0),.,]" is responsible for the for-
mation of the insoluble BuSn(OH),Cl, which can
be partially recovered as BuSnCl; depending
upon the free acidity released in solution.

It is noteworthy that many studies have been
carried out on the equilibria of organotin cations
in aqueous solutions,'™" but no work has been
done on mechanisms dealing with the Sn—C
bond breaking in such cations. The mechanistic
pathways generally accepted by workers in the
environmental field are those based on the wide
range of chemical reactions involving Sn—C bond
cleavage in non-aqueous media.”"* In our opi-
nion, the chemical degradation of these cations
deserves much more attention.

The present mechanism proposed for the clea-
vage of the tin—carbon allyl bond may be con-
sidered of some help for the understanding of the
chemical degradation of compounds of the type
R,SnX, (R = alkyl or aryl group), which, as is well
known, are present in the aquatic environment.
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