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Formation of dimeric l-alkoxy-3-acyloxytetrabutyldistannoxanes 
by reaction of dibutyltin oxide with esters 

I. Characterization in solution by multinuclear NMR spectroscopy 
and application to polymer crosslinking 
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Abstract 

The product of the reaction of both ethylene-vinyl acetate copolymers (EVA) and ethylene-methyl acrylate copolymers (EMA) 
with dibutyltin oxide at 2OOYZ, which leads to the crosslinking of the polymer matrix, is shown to be a dimeric 1-alkoxy-3-acyloxy- 
distannoxane. The reaction mechanism was studied with model esters (n-octyl acetate, n-octadecyl acetate and methyl nonanoate) 
in absence of solvent at 200°C. The formation of the main reaction product, (R-CO-0-(C,H,)zSn-0-(C,H,),Sn-OR’)z, is 
complete after heating for 25 min. This non-crystalline compound with an inorganic skeleton and an organic exterior was 
characterized in solution by ‘H, i3C and ‘*‘Sn NMR spectroscopy. 
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1. Introduction 

Dibutyltin oxide was shown to be an excellent 
crosslinking agent for individual copolymers of vinyl 
acetate or alkyl acrylate (e.g. with vinyl chloride or 
ethylene) and an excellent catalyst for transesterifica- 
tion when mixed with them [1,2]. The crosslinking 
produced at 200°C has been followed by rheological 
measurements [3,4]. 

In order to elucidate the polymer crosslinking mech- 
anism, reactions of model esters with dibutyltin oxide 
were carried under conditions as close as possible to 
those in the molten state of the polymers in the ab- 
sence of solvent at 200°C. 

Since their discovery in 1914 by Pfeiffer and Brach 
El, organotin compounds of stoichiometry R,Sn,X,O 
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and more generally R,Sn,XYO (tetraorganodistanno- 
xanes) have been the subject of much study. Their 
dimeric structure, with two types of non-equivalent 
pentacoordinate tin, was proposed by Okawara and 
Wada [6] on the basis of the X-ray analysis on some 
crystalline compounds. Harrison et al. [71 demonstra- 
ted the two-dimensional centrosymmetric dimeric 
$ructure with an essentially planar (-R,Sn-0-SnR,- 
O-1 central ring and a global “staircase” structure in 
some cases or “ladder-like” (entirely planar) structure 
in others. The four tin atoms are pentacoordinate in 
two different ways (endo or exe in Scheme 1). X-Ray 
techniques discriminate them, whereas Miissbauer 
spectroscopy does not [7]. 

Some pure, crystallizable tetraorganodistannoxanes 
have already been studied by means of ‘r9Sn NMR 
spectroscopy in solution, and their dimeric structures 
have been established both in solution and in the solid 
state [8-111. Since some tetraorganodistannoxanes are 
not crystalline, an X-ray analysis is not always possible. 
Multinuclear NMR techniques in solution are a power- 
ful method for elucidating their structure. 
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Scheme 1. 

Many types of crystallizable dimeric distannoxanes 
have been synthesized [12-141 but no dimeric l-alkoxy- 
3-acyloxydistannoxanes have yet been obtained directly 
from the corresponding ester. A polymeric organotin 
compound having the structure was claimed in a pat- 

OR’ Bu Bu 
I I I 

I---O-C-0-Sn-0-Sn-_), 

R IL L 

ent in 1955 [15] to be the product of the reaction of an 
ester R-CO-OR with dibutyltin oxide. Since then, no 
paper concerning the action of organotin oxides on 
esters has been published. 

This paper provides analytical evidence for the for- 
mation of an asymmetric, dimeric l-alkoxy3-acyloxy- 
tetrabutyldistannoxane by means of ‘H, r3C and r19Sn 
NMR spectroscopy. This non-crystalline product can- 
not be studied by X-ray techniques. The fo~ation of 
this dimeric distanno~ne accounts for the crosslin~ng 
of ethylene-a&y1 acrylate copolymers and ethylene- 
vinyl acetate copolymers in the presence of dibutyltin 
oxide. A reaction mechanism is proposed. 

2. Experimental details 

2.1. Reagents 
Dibutyltin oxide, n-octyl acetate, n-octadecyl acetate 

and methyl nonanoate were commercial products (Al- 
drich); ethylene-vinyl acetate (EVA) and ethylene- 
methyl acrylate (EMA) copolymers were kindly sup- 
plied by Atochem. The molar composition of the ac- 
etate and acrylate units are 10.6 and 10.8%, respec- 
tively. 

2.2. Reaction of dibutyltin oxide with model esters (typi- 
cal procedure) 

Equirnolar amounts (0.032 mol> of dibutyltin oxide 
and ester (methyl nonanoate or octyl acetate) were 
mixed in a reactor equipped with a magnetic stirrer 
and a reflux condenser. The mixture was heated at 
200°C. After a few minutes the mixture became clear. 

After cooling, an oily, colourless, translucent liquid 
which is not crystallizable was obtained. 

2.3. Reaction of dibutyltin oxide with molten copolymer 
Molten EVA or EMA was mixed with 5% of 

dibutyltin oxide in a mixer (Haake Rheocord mixer) 
equipped with a cam-type rotor. The mixer chamber 
temperature was set at 200°C and the stirring speed 
was set at 50 r-pm after the ~troduction of the poiymer 
mixture. The stirring of the polymeric medium was 
continued until a steady torque was reached. 

2.4. Preparation of diacetoxytetrabutyldistannoxane 
(model compound) 

Two methods are available [13], reaction of acetic 
acid with dibutyltin oxide and partial hydrolysis of 
dibutyltin diacetate, and the latter was used here. A 
white, crystalline distannoxane was obtained. C2&14z- 
O&r, (599.4) requires C, 40.04; H, 7.01; Sn, 39.60; 
found: C, 40.05; H, 7.09; Sn, 42.40%. 

2.5. NMR spectroscopy 
High-resolution liquid NMR spectroscopy was car- 

ried out with a Bruker AC250 instrument working at 
250 MHz for ‘H and 62.9 MHz for r3C, and with a 
Bruker AC200 instrument working at 74.6 MHz for 
‘19Sn. Tetrachloroethylene (TCE)/deuterated benzene 
(C,D,) mixtures (2: 1 by volume) were used as sol- 
vents. Chemical shifts values (S) are in npm with 
reference to internal tetramethylsilane (TL) for rH 
and r3C, and to external tetramethyltin for ‘19Sn. 

The Bruker COSYX.AU microprogr; m was used 
for the 1’9Sn-“9Sn COSY spectrum; 128 experiments 
were used to create the Fl domain, with 288 scans for 
each; 512 data points were used for acquisition with no 
zero-filling in the Fz dimension. A fixed delay of 3.448 
ms was added to the variable delay between the two 
90’ pulses. A squared sine-bell filter was used in both 
dimensions. 

2.51. ‘19Sn Mlissbauer data 
For the tin compound synthesized from octyl acetate 

the values obtained were S = 1.10 and A = 2.57 
whereas dia~to~etrabu~ldist~ox~e gave values 
of S = 1.30 and A = 3.24 (S = quadrupole splitting; A 
= isomer shift, mm s-l>. In both cases a single 
quadrupole split resonance was observed, However, 
the resonance lines are broad and indicate an envelope 
of overlapping peaks. In the well known diacetoxytetra- 
butyldistannoxane, the non-equivalence of the two tin 
atoms has been shown previously by ‘19Sn NMR spec- 
troscopy, whereas Miissbauer data only indicate a coor- 
dination number greater than four. VaIues of 6 = 1.08 
and A = 2.06 were obtained for dibutyltin oxide. 
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3. Results and discussion 

The composition of the ethylene-vinyl acetate 
copolymers (EVA) used in this study is 10 mol% of 
vinyl acetate units. The ester with the closest hydrocar- 
bon chain length per ester group should be octadecyl 
acetate. Nevertheless octyl acetate, CH,-CO-O- 
(CH,),-CH,, ‘and methyl nonanoate, CH,-O-CO- 
(CH&-CH,, were chosen as models for EVA and 
EMA in order to reduce the intense resonance of 
methylene protons in the iH NMR spectra which in- 
creases the detection threshold of the other reso- 
nances. 

3.1. Preliminary observations 
The opacity of the suspension of dibutyltin oxide in 

octyl acetate disappears completely in 10 min at 200°C 
when the initial amount of dibutyltin oxide is less than 
2 mole equivalents of ester. This is a first indication of 
a fast reaction. In fact, it is well known that dibutyltin 
oxide is amorphous, insoluble in most organic solvents 
and that it decomposes above 200°C to SnO, and 
alkenes. Dibutyltin oxide is polymeric [16] with about 
20 tin atoms in a chain. The crosslinking of this 
organometallic polymer is supposed to occur through 
dative bonds between oxygen and tin atoms. Mossbauer 
studies show a pentacoordinate tin in dibutyltin oxide. 
This crosslinked polymeric structure responsible for 
the insolubility is commonly represented as in Scheme 
2. 

The loss of opacity, without being a real proof of 
reaction, at least proves that the crosslinks are dis- 
rupted. All attempts to crystallize the reaction prod- 
ucts failed. 
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Scheme 2. 

Fig. 1. “‘Sn NMR spectra of the reaction products of dibutyltin 
oxide with n-octyl acetate (initial oxide/ester molar ratio R = 2: 1) at 
200°C after (a) 15 and (b) 180 min. 

The ‘19Sn NMR spectra (Fig. l(a)) reveal two major 
tin resonances of equal intensity at 6 = - 182.5 and 
-215 ppm. They are the first evidence of reaction, 
because the single resonance of dibutyltin oxide is at 
6 = - 172.2 ppm (dibutyltin oxide is slightly soluble at 
90°C in the solvents used). 

As shown in Fig. l(b), for an initial ratio R of 
Bu,SnO/ester of 2, some by-products (resonances at 
S = 84.4 and 91.5 ppm) appear when the reaction tem- 
perature is maintained at 200°C for a long time. Figure 
2 shows that an increase in the initial ratio leads to 
new tin compounds with resonances in the same chem- 
ical shift region as those of the main product. A more 
complete analysis of ‘19Sn spectra will be discussed 
below, in the light of the ‘H NMR spectra. 

3.2. ‘H NMR analysis 
The ‘H NMR spectra indicate one acyloxy, one 

alkoxy and four butyl groups attached to tin whatever 
the ester. A series of mixtures with different oxide/es- 
ter ratios and different reaction times at 200°C (0.25- 
6.0 h) were studied. 

Figure 3 shows a typical ‘H NMR spectrum ob- 
tained with an initial molar ratio of 2. The low-field 
region (S;) corresponds to a triplet of the residual 
acetate, whereas S); is a badly resolved multiplet at 
S = 3.525 corresponding to -Sn-0-CH,-. Resonance 
due to free octyl alcohol (expected at S = 3.435) cannot 
be excluded. 

Similarly, in the resonance S, region, the singlet at 
S = 1.850 corresponds to residual acetate whereas that 
at 6 = 1.865 is assigned to the methyl protons of -Sn- 
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Fig. 2. l19Sn NMR spectra of the reaction products of dibutyltin 
oxide with n-octyl acetate at 200°C after 15 min. Initial oxide/ester 
molar ratio R = : (a) 1, (b) 2 and (c) 3. 

0-CO-CHs. Sometimes a singlet appears at 6 = 1.935, 
due to tributyltin acetate, a by-product, unambiguously 
identified by ‘H, 13C and ‘lgSn NMR spectroscopy. 
The S, region can also be used for quantitative deter- 
mination. 

The S, resonance region corresponds to central 

methylene protons of the alkoyl part of the ester (re- 
sidual and attached to the tin atom) and to alkyl 
groups of all organotin compound(s) soluble in the 
solvent mixture. 

The S, region corresponds to methyl protons of 
alkyl groups, the alkoxy resonances (8 = O&85), and 
two triplets of equal intensity (6 = 0.940 and 0.965) to 
two non-equivalent butyl groups. 

The molar fraction p of reacted ester is easily deter- 
mined from the relative intensities in the S, region: 

p = q/s; + s; 

This assumes that hydrolysis of Sn-O-R to give the 
corresponding alcohol is negligible. The triplet due to 
C7-CH,-OH is in the S, region (6 = 3.345). Both 
alcohol and ester remain in the reaction mixture be- 
cause of their high boiling points. 

The number of pairs of butyl groups on organotin 
compounds soluble in the solvent mixture per mole of 
ester, N, was determined from ‘H NMR as follows. If 
S, is the intensity of the O-methylene resonance of the 
alkyl part of the alkyl acetate, Y, and S, is the corre- 
sponding intensity of the methyl resonances of the acyl 
part, X, then Y = S,/2 and X = S,/3. 

CH,-(CH2),_,-CH,-O-CO -CH, m = 8 or 18 
Y X 

Arithmetic considerations show that S, = 6NY+ 3Y 
and S, = 2(m - 2)Y + 12ZVY Eliminating Y from these 
two expressions using S, = 2Y gives two equations for 
the number of pairs of butyl groups N: 

N = (S,/3S,) - l/2 

N= (S3/6Sr) - (m - 2)/6 

0.970 
0.940 

-o-CO-C& 

1.865 

-c&o- 

3.965 3.525 

I 

Fig. 3. ‘H NMR spectrum of the reaction products of dibutyltin oxide with n-octyl acetate at 200°C after 15 min. (initial oxide/ester molar ratio 
R = 2). 
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TABLE 1. Experimental p and N values (see text) under different 
reaction conditions 

I m t (h) P N 

0.5 18 1 0.32 0.47 
0.5 18 5 0.27 0.44 
1 8 0.25 0.54 1.00 
1.5 8 3 0.70 1.43 
1.5 18 3 0.63 1.54 
2. 8 0.25 0.86 2.00 
2 8 3 0.84 1.89 
3 8 0.25 0.92 1.93 
6 18 3 0.90 1.89 

Average empirical values are given in Table 1. In this 
determination, all soluble organotin compounds are 
assumed to be dibutyltin compounds. However, trib- 
utyltin acetate was also detected, for instance in the 
experiments with an oxide/ester ratio greater than 2. 

The variation of p with this ratio (Fig. 4) and the 
corresponding calculated N values (Table 1) are strong 
arguments for a reaction with a single main product 
with a stoichiometry of one ester to two dibutyltin 
oxides. When R < 2, the experimental values of p are 
almost equal to R/2. Maximum p values are reached 
for R > 2, but complete consumption of the ester never 
occurs. 

The N values show that in an excess of Bu,SnO 
(R > 2) there are nearly 2 mol of soluble dibutyltin 
compound per mole of ester, and with a deficiency of 
dibutyltin oxide the soluble dibutyltin compound corre- 
sponds to nearly all the oxide introduced (N N R). This 
stoichiometry is consistent with previous observations 
Ml. 

3.3. 13C NMR analysis 
Complementary results are obtained by i3C NMR 

analysis. The methylene carbons of the alkoxytin groups 

Q 
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Fig. 4. Molar fraction of reacted ester p uersus the initial oxide/ester 
molar ratio R. 

Sn-OR’ (Y or p to the oxygen atom resonate at differ- 
ent frequencies to those of the corresponding carbons 
in R-CO-OR. Methyl carbons from an acyloxy organ- 
otin compound (Sn-0-CO-CH,) and unreacted ester 
(R’O-CO-CH,) can also be differentiated. Two non- 
equivalent butyl groups are detectable. The methylene 
carbons of butyl groups (Y to tin (C4> have typical 

lJSIl-C coupling constants and chemical shifts. The 
spectra obtained are confused by the presence of some 
residual ester, but all resonances can be assigned. In 
order to assign the carbon resonances (Cl to C4) of the 
butyl groups, a model compound was investigated first; 
the well known and easily crystallizable [13] 1,3-di- 
acetoxytetrabutyldistannoxane is dimeric in solution 
(l19Sn NMR spectroscopy) and in the solid state (X-ray 
techniques). 

3.3.1. Carbons of alkoxy and acyloxy groups 
Figure 5 shows a typical 13C NMR spectrum ob- 

tained after reaction of octyl acetate with dibutyltin 
oxide. The resonance at 6 = 176 ppm is assigned to the 
carbonyl attached to the tin atom (Sn-0-CO-CH,), 
whereas the carbonyl of octyl acetate is at 6 = 169.30 
(AS = 6.70). The methyl carbon resonance of the tin 
acetate is at 6 = 23.30 compared with 6 = 20.55 for the 
corresponding carbon in octyl acetate (AS = 2.75). The 
resonances of methylenes (Y to oxygen of the alkoxy 
group are not well separated (6 = 64.25 and 64.151, 
whereas the methylene in the /? position is much more 
deshielded in the product -Sn-0-CH,-CH,- (6 = 
35.15 and 29.10, AS = 6.05) than in the ester. 

Figure 6 shows a typical spectrum of the reaction 
mixture obtained with the methyl nonanoate. Chemical 
shift differences between a given carbon in the tin 
product and in the initial corresponding ester are nearly 
the same for the carbonyl groups (AS = 6.15) com- 
pared with 6.70 for octyl acetate. This is also true of 
the carbons LY to oxygen of alkoxy groups (AS = 0.10 
for both). For the carbons (Y to the carbonyl, chemical 
shift differences are nearly the same (AS = 2.20 and 
2.75, respectively). The resonance of the methylene p 
to the carbonyl, 6 = 26.40 in the case of the organotin 
compound, is slightly more deshielded than in the ester 
(6 = 25.25, AS = 1.15). 

3.3.2. Resonance assignments of carbons of the butyl 
groups 

The model compound 1,3-diacetoxytetrabutyldistan- 
noxane (S) has a simple 13C NMR spectrum (Fig. 7). 
Whereas only one resonance is observed at 6 = 13.85 
for methyl carbons (Cl) of the butyl groups, six peaks 
are observed for the three methylene carbons C2, C3 
and C4, in y, p and LY position to the tin atom. This 
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also applies to the organotin compounds obtained from 
octyl acetate (B) and methyl nonanoate (D) (circled 
resonances in Figs. 5 and 6). Table 2 summarizes the 
13C NMR data obtained for S, B and D. 

The C4 chemical shifts are typical of dibutyltin 
compounds. The assignments for resonances of the C3 
and C2 carbons were made considering the coupling 
constants, ‘Js,,_c_c for C3 and 3Jsn_c_c_c for C2, 
where available. The chemical shifts of C3 and C2 
(four resonances) in the organotin compounds from 
those of octyl acetate and methyl nonanoate are close. 
Nevertheless, differences are observed (for one C2 and 
C3) from diacetoxydistannoxane, and therefore tenta- 
tively assigned to a butyl group associated with an 
alkoxytin group. 

Mitchell [17] and Holecek [18] observed that the 
values of ‘Jsn_c and 3Jsn_c in the dibutyltin com- 
pounds are related to the coordination number of the 
tin atom. In this work all ‘J values correspond to 
limiting values for five coordination. 

‘(10) 

c 

1 (S)‘(8) ‘(7) ‘(6) ‘(51 ‘(4 ‘(3 ‘I I ‘IfI 

9 

I 
-o-co- I 

“I-Ji ~1 
*9 

1. I. I, I. I. I. , 

171 I7b I72 II@ 1.1 
PPII 

C2+C3 

The ‘H and i3C NMR analyses are consistent in the 
following points: the main product of the reaction has 
a stoichiometry of one ester for two dibutyltin oxide 
with only one type of G-OR and Sn-O-CO-R. It is a 
pentacoordinate tin compound with two non-equiv- 
alent butyl groups. A dimeric distannoxane structure is 
therefore highly probable. 

3.4. “‘Sn NMR analysis 
As observed in previous r19Sn NMR studies of other 

distannoxanes in solution [8,9,18], the resonances of 
distannoxane compounds are most shielded in the pen- 
tacoordinate dibutyltin family. 

All the ‘19Sn spectra obtained from reaction prod- 
ucts of dibutyltin oxide with alkyl acetates, whatever 
the alkyl chain length, show the same chemical shift for 
the main tin resonances, except for small differences 
observed in the case of methyl nonanoate. Table 3 
summarizes chemical shifts and coupling constants. A 
typical ‘19Sn NMR spectrum is shown in Fig. 8(a). The 

1 2 

a-0 

Cl 
13.90 

Fig. 5. 13C NMR spectrum of the reaction products of dibutyltin oxide with n-octyl acetate at 200°C after 15 min (initial oxide/ester molar ratio 
R = 1). 
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Fig. 6. t3C NMR spectrum of the reaction products of dibutyltin oxide with methyl nonanoate at 200°C after 15 min (initial oxide/ester molar 
ratio R = 1). (a) Cabonyl, methoxy and other carbon resonances, (b) enlargement of 27-22 ppm region: C4 resonances of butyl groups. 

main resonances always consist of two groups of peaks 
corresponding to equal populations. A homonuclear 
COSY Sn-Sn correlation spectrum (Fig. 9) shows that 
the tin atoms are coupled to each other. Each tin 

resonance (Fig. 8(b)) has two doublet satellite peaks 
(l-51, (2-41, (6-10) and (7-9) with different coupling 
constants. Each tin atom is coupled through oxygen to 
two other tin atoms. This is in complete agreement 

TABLE 2. 13C chemical shifts (6 in ppm) of methylene carbons C2, C3 and C4 and 1JSn_C4 (Hz) values for the two distinct butyl groups in 
dibutyltin compounds obtained by reaction of dibutyltin oxide with esters: comparison with a distannoxane model compound 

Sample a 

S 

c3 C2 c3 C2 C4 (?lsn_c) c 

27.90 27.25 27.60 27.10 29.40 (770-732) 27.55 (726-692) 
B 27.90 27.65 b 27.75 b 27.45 24.95 (688-657) 22.35 (520-488) 
D 28.00 27.75 b 27.80 b 27.50 24.45 (693-662) 22.55 (736-608) 

a S = 1,3-diacetoxytetrabutyldistannoxane; B = tin compound of reaction of dibutyltin oxide with n-octyl acetate; D = tin compound of reaction 
of dibutyltin oxide with methyl nonanoate. 
p p inversion of assignments between C2 and C3 is possible. 

Jl19s”_c - %7&c; values in parentheses. 
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with a dimeric distannoxane structure (Scheme 1) with 
an exocyclic Sn(l> coupled (i) to an endocyclic Sn(2) 
through a covalent link and (ii) to the endocyclic Sn(2’) 
through a coordinate bond [7,8]. 

Four dimeric distannoxane structures P, Pl, P2 and 
P3 (Scheme 3) can describe the organotin species hav- 
ing the required overall stoichiometry. Only the P 
structure is considered, because it is the only structure 
which allows the two coordinations of the exocyclic tins 
with the carbonyl oxygen, which is the strongest donor. 
It is the only structure fully consistent with all the 
NMR observations. We infer a dimeric distannoxane, 
ef, a siyg$e monomeric species of stoichiometry R’O- 

Sn-0-Sn-O-CO-R. Assignment of exocyclic and en- 
docyclic tin resonances is reported in Table 3. 

In the 1,3-diacetoxydistannoxane (S) the donor group 
is the oxygen of the carbonyl of 0-CO-CH,. We 

assign 8Sn(endoj and 6Sn(exoj for this compound because 
the tin chemical shift of pure dibutyltin oxide (slightly 
soluble at 80°C in the same solvent, 6 = - 172.2) is 
more deshielded than both tin chemical shifts of (S) 
(Table 3). The substitution of oxygen by 0-CO-CH, 
induces a high field shift. The following orders would 
be expected: GBu,SnO, > SBu,SnO,(O-CO-CH,) > 
GBu,SnO(O-CO-CH,),. The endocyclic tin atom will 
be more deshielded than the exocyclic atom, consistent 
with SSn(1) = -229.8 and SSn(2) = -219.4. These ar- 
guments support the tentative assignment proposed by 
Otera et al. [9]. 

In alkoxyacyloxydistannoxane the donor group is 
also 0-CO-CH,, owing to the higher donor power of 
the carbonyl oxygen compared with the alkoxy oxygen. 
Consequently, the exocyclic tins (1 and 1’) bear an 
alkoxy group in the distannoxane from octyl acetate 

Cl 

13.85 

b) 
1.. I ” ” r ” 1 

*..a Yi. 11.0 

Fig. 7. 13C NMR spectrum of 1,3-diacetoxytetrabutyldistannoxane: (a) methyl and methylene carbon resonances and carbonyl resonance region; 
(b) enlargement of C2, C3 and C4 resonances of butyl tin groups. 
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TABLE 3. Tin chemical shifts and coupling constant for compounds 
S, B, C and D 

Distannoxane compounds a 6 (porn) b,c ‘Js,-s, 2Js,-w 
0-W d (Hz) d 

S 0-CO-CH, 0-CO-CH, - 219.4(2) 90 
122 

-229.8(l) 
X Y 

B 0-CO-CH, o-c, -182.5(l) 70 
72;205 

- 214.5(2) 
c o-co-CH, O-C,, -182 (1) 

70;204 
- 214.5(2) 

D O-CO-C, 0-CH, -181.4(l) 
72.5;217 (208) e 

- 218.2(2) 

a X:0-CO-R part of the ester (donor group in the distannoxane 
structure). Y: OR part of the ester (free group in the distannoxane 
structure). 
b Tin sites (I) and (2) are exocyclic and endocyclic tin sites of the 
dimeric distannoxane structure, respectively. 
’ *O.l ppm. 
d *3Hx. 
= 2JSn_mSn ( 2J,~~Sn_mSn in parentheses). 

(B), the distannoxane from octadecyl acetate (C) and 
the distannoxane from methyl nonanoate (D), but not 
in (S): 

6Sn(l)(S) = -229.8 # GSn(l)(B) = sSn(l)(C) 

= sSn(l)(D) 

a) 
1. &_J_ 

a 

24 79 

d4u_ 
6 10 

Fig. 8. “‘Sn NMR spectrum of the reaction products of Bu,SnO 
with n-octyl acetate at 200°C after 15 min. 

0 

D 

PPM 

Fig. 9. Contour plot of the 2D Sn-Sn COSY spectrum of the 
reaction products of Bu2Sn0 with methyl nonanoate at 200°C after 
15 min. Homonuclear chemical shift correlation. 

The endocyclic tin atoms, Sn(2), bear an OCOCH, 
group, as in 1,3-diacetoxydistannoxane: 

6Sn(2)(B) = 6Sn(2)(C) = 6Sn(2)(D) = 6Sn(2)(S) 

= -219.4 

The fact that the reaction of an ester R-CO-OR 
with dibutyltin oxide leads to a single asymmetric 
monomeric entity 

\/ \/ 
R-CO-0-Sn-0-Sn-OR’ 

suggests a mechanism (Scheme 4) in which the attack 
of the ester is at the central (R&r-0-R,Sn-6) square 
part of the two-dimensional centrosymmetric structure 
of polystannoxane chain of dibutyltin oxide. The first 
reaction step would consist of a nucleophilic attack of 
the carbonyl group on the endocyclic tin atom while 
the both exocyclic oxygen and tin atoms of the same 
polystannoxane chain would attack the ester group at 
the carbon of the carbonyl and the oxygen of the 
alkoxy group. This first step would lead to a six, six- 
membered double ring. Alkoxy ester cleavage and two 
Sn-0 cleavages in the polystannoxane chain would 

occur with the formation of R-CO-0-Sn-O-S;- 
OR’. 

The proposed six, six-membered double ring (boat 
and chair) accounts for the exclusive formation of 
distannoxanes, excluding polystannoxanes. No tristan- 
noxanes were detected. These should result from a 
highly and regularly crosslinked polystannoxane poly- 
mer containing octahedral rings, through the same 
mechanism. This suggests that such a regular diorgan- 
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Scheme 3. 

otin oxide structure proposed by Omae [16] is ex- 
cluded. Dibutyltin oxide may the result from the irreg- 
ular condensation of dimeric distannoxane entities 
which were previously present during the hydrolysis (a 
pentacoordinate tin structure) rather than from a highly 
regularly crosslinked polystannoxane polymer. More- 
over, monomeric distannoxane entities were never ob- 
served by NMR spectroscopy. Either dimerization oc- 
curs immediately and stabilizes the species or the coor- 
dinate bonds of the central square part (crosslink knot) 
are maintained during the attack. It armears that the 
central square part (R,Sn-0-SnR,-6:) is the skele- 

RIO-( R2Sn ) -0- ( R2Sn )-0-COR 

Scheme 4. 

ton of both oxide and dimeric alkoxyacyloxydistannox- 
ane. Solubilization should result from the breaking up 
of this distannoxane structure and return to the initial 
“monomeric” structure (distarmoxane structure) with- 
out change of the central crosslinked part of the initial 
insoluble dibutyltin oxide structure. 

As for the experimental observation that there is 
one single dimeric form, it is probably related to well 
known fact that the acyl group has a much higher 
donor ability than an alkoxy group. 

4. Conclusion 

The crosslinking of both EVA (ethylene-vinyl ac- 
etate copolymer) and EMA (ethylene-methylacrylate 
copolymer) by dibutyltin oxide at 200°C is explained by 
the formation of intermolecular dimeric species. They 
result from the reaction of two pendant ester groups of 
EVA (or EMA) with pre-existing -R,Sn-O-SnR,-G- 
distannoxane structures of the dibutyltin oxide struc- 
ture. Although indirect preparation of (methoxy) 
(acetoxyjdistannoxane has already be mentioned [ 1 l] 
and in spite of the fact that mild conditions have to be 
tested in order to minimize the side-reactions, this is 
the first direct production of alkoylacyldistannoxanes 
from the corresponding ester. 

Moreover, as both dibutyltin oxide and distannox- 
anes compounds are catalysts in many reactions, some 
of them including esters [l-3,11,12,16,19-21], this di- 
rect reaction leads us to re-examine the exact nature of 
the catalytic entities in the reactions of polymers con- 
taining esters in presence of dibutyltin oxide. Work in 
this area is in progress [22,23]. 
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