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Tin(IV) isopropoxide solvate has been modified by treatment
with methacrylic, benzoic and acetic acid. For carboxylate to
tin ratios ranging from 1.4 to 2, a dimer, namely [Sn(µ2-OiPr)-
(OiPr)(O2CR)2]2 [R = (CH3)CCH2, C6H5, CH3], is isolated. Its
structure, as determined by X-ray diffraction on the meth-
acrylate derivative, is based on two seven-coordinate tin
atoms, terminal and bridging isopropoxy ligands, and purely

Introduction

Hybrid organic–inorganic materials are excellent candi-
dates for the design of new functional materials.[1] One ap-
proach to them relies on the chemical modification of metal
alkoxides by suitable organic ligands,[2] which, in addition
to providing a chemical link between the organic and inor-
ganic components, control the reactivity of these precursors
during the sol–gel process. The reaction of metal alkoxides
with carboxylic acids, β-diketones, or related compounds is
also often the first step in the synthesis of metal–oxo clus-
ters of well-defined structure that can be used as versatile
building blocks in the preparation of hybrid organic–inor-
ganic materials.[3] Among the various modifying carboxyl-
ates used in the area of hybrid materials, the most exten-
sively studied are probably methacrylate and acrylate, as
they can be easily polymerized. A large number of modified
transition metal–oxo clusters have been reported with these
ligands[4–6] and polymerized with various co-monomers
(e.g. methacrylic acid, methyl methacrylate) to yield materi-
als with enhanced properties compared to those of the par-
ent polymers.[7]

Methacrylic acid modified tin() alkoxides have already
been used to prepare tin dioxide thin films (with or without
antimony doping).[8] The films were obtained by UV-in-
duced free radical polymerization of the organic modifiers
and the results showed that the direct photo-patterning pro-
cess increases the conductivity of the films. The photo-pat-
terned organo–metal polymer structures could, further-
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chelating carboxylates. These compounds have also been
characterized by 119Sn, 1H, and 13C solution NMR and 119Sn
CP-MAS NMR spectroscopy. The possible use of this dimer
as a precursor for carboxylate-modified tin–oxo clusters has
been tested.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

more, be thermally decomposed into the corresponding me-
tal oxides at elevated temperatures. However, these previous
studies did not give any information about the structure
of the methacrylate-modified tin() alkoxides. Moreover, if
compounds containing C–Sn bonds are excluded, there are
only a few reports of tin()–alkoxo clusters.[9] All this
prompted us to look at the compounds formed by treating
tin() isopropoxide solvate with different carboxylic acids.

The work presented here reports the modification of
tin() isopropoxide solvate by methacrylic, benzoic, and
acetic acids. The compounds [Sn(OiPr)2(O2CR)2]2 [R =
(CH3)CCH2, C6H5, CH3] were characterized by NMR spec-
troscopy (119Sn, 1H, and 13C) and the X-ray structure of
the methacrylate derivative was determined. The possibility
of obtaining defined oxo clusters from this modified alk-
oxide was also tested.

Results and Discussion

Crystals of [Sn(OiPr)2(OMc)2]2 (1) were obtained with
carboxylate to tin ratios ranging from 1.4 to 2 (see Experi-
mental Section). According to previously reported data on
the influence of the solvent in the preparation of mixed me-
tal–oxo clusters,[9c,10] two different solvents, i.e. toluene and
THF, were tested. No influence was found, and the same
compounds were obtained with both solvents.

The structure of this complex was elucidated by single-
crystal X-ray diffraction (Figure 1 and Table 1). The mo-
lecular unit corresponds to a centrosymmetric dimer con-
taining two bridging isopropoxy groups. Each tin atom is
also coordinated by two chelating carboxylate molecules.
The remaining isopropoxy groups are terminal, resulting in
an overall coordination number of seven for tin. The geom-
etry around each tin atom is well described by a pentagonal
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bipyramid, where O5 and O6 occupy the apical positions.
The Sn–O bond lengths of the isopropoxy ligands are sim-
ilar to those found in [Sn(OiPr)4·HOiPr]2,[11a] and [Sn-
(OiPr)3(acac)]2,[11b] and are longer for the bridging groups
[2.0601(5) and 2.0939(12) Å] than for the terminal ones
[1.9549(16) Å]. The bridging isopropoxy ligands are planar,
the sum of the angles about O6 being 360.0°. The angle at
the oxygen atom of the in-plane terminal alkoxy is smaller
in compound 1 [Sn1–O5–C9 = 119.21(12)°] than in [Sn(O-
iPr)4·HOiPr]2 (139° and 160°)[11a] but similar to the ones
observed in [Sn(OiPr)3(acac)]2 (122.0° and 124.4°)[11b] and
[Sn(OtBu)4] (124.1° and 125.0°).[11a] These values of around
120° are expected for alkoxy ligands not involved in π-do-
nation to the metal center. The carboxylate ligands are pu-
rely chelating and fairly symmetrical, with Sn–O bond
lengths ranging from 2.1764(14) to 2.2465(15) Å. The
charge of each carboxylate moiety is equally delocalized
over the two oxygen atoms as the C–O bond lengths are
almost identical [from 1.260(2) to 1.275(3) Å].

Figure 1. DIAMOND drawing of [Sn(µ2-OiPr)(OiPr)(OMc)2]2
showing the atom-labeling scheme. Atomic thermal ellipsoids are
drawn at 50% probability and H atoms have been omitted for clar-
ity.

Table 1. Selected interatomic distances [Å] and angles [°] for com-
pound 1.

Sn1–O1 2.2465(15) Sn1–O5 1.9549(16)
Sn1–O2 2.1764(14) Sn1–O6 2.0601(15)
Sn1–O3 2.2113(15) Sn1–O6[a] 2.0939(12)
Sn1–O4 2.1987(14) Sn1···Sn1[a] 3.3370(3)
O5–Sn1–O6 174.11(5) O5–Sn1–O4 94.89(5)
O1–Sn1–O2 58.87(5) O5–Sn1–O6[a] 101.06(6)
O2–Sn1–O4 79.83(5) O6–Sn1–O1 91.79(5)
O3–Sn1–O4 59.12(5) O6–Sn1–O2 88.25(5)
O3–Sn1–O6[a] 81.21(5) O6–Sn1–O3 88.86(5)
O1–Sn1–O6[a] 82.00(5) O6–Sn1–O4 89.01(5)
O5–Sn1–O1 88.20(6) O6–Sn1–O6[a] 73.11(6)
O5–Sn1–O2 96.78(6) Sn1–O6–Sn1[a] 106.89(6)
O5–Sn1–O3 89.35(6)

[a] Symmetry operation: –x, –y, –z.

To assess the purity of the crystalline precipitate the
119Sn solid-state NMR (CP-MAS) spectrum of compound
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1 was recorded (Figure 2). It displays a single, sharp, iso-
tropic resonance, at δ = –759 ppm, with an anisotropy (ζ)
and asymmetry (η) equal to 325 ppm and 0, respectively.
The observation of a single resonance is in agreement with
the presence of a unique tin environment in the crystal
structure. Moreover, the axial (or nearly axial)[12] character
of the chemical shielding tensor is in line with the pentago-
nal bipyramid coordination polyhedron.

Figure 2. 119Sn CP-MAS NMR spectrum (111.9 MHz, νMAS =
7000 Hz) of [Sn(OiPr)2(OMc)2]2 with its simulation (the arrow
points to the isotropic chemical shift).

To the best of our knowledge there are very few reports
of crystalline compounds in which a tin atom exhibits a
sevenfold coordination based only on oxygen atoms (SnO7

environment),[13] and no 119Sn NMR spectroscopic data
have been reported for these compounds. For comparison,
the 119Sn solid-state NMR (CP-MAS) spectrum of [Sn(O-
iPr)4·HOiPr]2 was also recorded. It exhibits an isotropic
chemical shift of δ = –654 ppm (ζ = 103 ppm and η = 0.65)
for its unique SnO6 environment. The 119Sn NMR isotropic
chemical shift of tin dioxide, in which tin is also six-coordi-
nate, has been reported to be δ = –603 ppm.[14] For SnO8

environments, there is a series of tin tetracarboxylates, the
119Sn NMR chemical shifts of which have been reported to
lie in the range δ = –840 to –860 ppm,[15] and two tet-
rakis(N,N-dialkylcarbamato-O,O�)tin() complexes, with
119Sn NMR chemical shifts of around δ = –925 ppm.[16] In
conclusion, according to the general rules whereby an in-
crease of one oxygen atom at tin causes a low-frequency
shift of about 100 to 150 ppm,[17] the 119Sn NMR isotropic
chemical shift observed for compound 1, i.e. δ = –759 ppm,
indeed falls in the expected range for a seven-coordinate tin
atom surrounded only by oxygen atoms.

The 119Sn solution NMR spectrum of compound 1
shows a single narrow line at δ = –754.7 ppm, in very good
agreement with the solid-state isotropic chemical shift and
the heptacoordinate nature of tin. Moreover, this line exhib-
its a set of satellites the intensity and magnitude of which
are consistent with a dimer and a two-bond 119Sn-117Sn
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coupling constant. All these features indicate unambigu-
ously that the molecular structure observed for compound
1 in the solid state is maintained in solution.

The 1H and 13C solution NMR spectra of compound 1,
at room temperature, indicate the presence of one type of
methacrylate and two types of isopropoxy groups (2:1:1 ra-
tio), in perfect agreement with the dimeric structure. The
intensities of the 13C-119/117Sn coupling satellites for the me-
thyne carbon of the isopropoxy groups account for about
19 and 35% of the resonances located at δ = 66.8 and
74.1 ppm, respectively. As a bridging alkoxy sees two tin
atoms and a terminal alkoxy only one, the 13C resonance at
δ = 66.8 ppm can be assigned to the terminal isopropoxy
groups while the one at δ = 74.1 ppm is assigned to the
bridging ligands. This result shows that in compound 1, the
magnitudes of the 2J13C-119Sn coupling constants follow the
rule observed for tin() tetraalkoxide, i.e. they are larger
for terminal alkoxides (ca. 40 Hz) than for doubly bridging
alkoxides (ca. 20 Hz).[18] With these first assignments and
with the help of 2D NMR experiments (1H-1H COSY and
1H-13C HMQC), the 1H and 13C resonances of compound 1
have been fully attributed (Table 2). The 3J1H-119Sn coupling
constants of the isopropoxy ligands appear to follow the
same order as 2J13C-119Sn in that they are larger for a terminal
than for a bridging alkoxy. These features likely arise from
the longer Sn–O bond of a bridging alkoxy compared to a
terminal one. The observation of several nJ1H-119Sn and
nJ13C-119Sn scalar couplings, which, moreover, are different
for the terminal and bridging isopropoxy groups, indicates
that the exchange of ligands (isopropoxy or methacrylate)
between different dimers and the exchange of terminal and
bridging isopropoxy groups within the same dimer is either
absent or very slow (slower than 1/J).

Table 2. 1H and 13C NMR spectroscopic data for [Sn(OiPr)2-
(OMc)2]2.[a]

δ(1H)/mult./integr./[nJ1H-119Sn] δ(13C) [nJ13C-119Sn] Assignment

1.35/d/12 H 27.4 [48][b] OCH(CH3)2

1.63/d/12 H 24.2 µ2-OCH(CH3)2

1.92/s/12 H 18.7 O2CC(CH3)=CH2

4.49/sept/2 H/[90][b] 66.8 [52][c] OCH(CH3)2

5.27/sept/2 H/[70][b] 74.1 [16][c] µ2-OCH(CH3)2

5.29[d]/d/4 H and 6.37[e]/d/4 H 128.1 O2CC(CH3)=CH2

– 135.0 [32][b] O2CC(CH3)=CH2

– 179.0 [25][c] O2CC(CH3)=CH2

[a] δ in ppm, J in Hz. [b] n = 3. [c] n = 2. [d] cis-CH3. [e] trans-CH3.

Syntheses were also performed with acetic or benzoic
acid instead of methacrylic acid under the same conditions
as for compound 1 (see Experimental Section). Transparent
crystals were obtained with both acids and characterized by
multinuclear NMR spectroscopy. Solution NMR (119Sn,
1H, and 13C) clearly indicated that the same dimer is formed
[Sn(µ2-OiPr)(OiPr)(O2CR)2]2 (R = CH3 or C6H5). Solid-
state 119Sn NMR (CP-MAS) spectra were also recorded for
the benzoate (compound 2) and acetate (compound 3) de-
rivatives. The spectra exhibit a single, sharp, isotropic reso-
nance (δ = –757.3 and –759.5 ppm for 2 and 3, respectively)
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very similar to the one reported for compound 1 and as-
signed to seven-coordinate tin atoms. Analysis of the spin-
ning side-band manifolds for both compounds yields the
same results, i.e. ζ = 280 ppm and η = 0.0. As for compound
1, the unique tin site of compounds 2 and 3 exhibits an
axial environment. The tin shielding anisotropy is slightly
smaller for compounds 2 and 3 than for 1. This feature
likely indicates that the tin environment in the acetate and
benzoate derivatives is less distorted than in the methacry-
late derivative.

Experiments with a carboxylate to tin ratio of 1 were also
performed with acetic and benzoic acid. Clear solutions
were obtained in toluene or THF and characterized by
119Sn NMR spectroscopy (Figure 3). For benzoic acid (in
THF), the 119Sn NMR spectrum shows two main reso-
nances of equal intensity (46% for each) at δ = –662.7 and
–683.4 ppm, both with coupling satellites, the magnitude
(180 Hz) and the intensity (17%)[19] of which are consistent
with two nonequivalent tin atoms bridged by two alkoxy
groups. The spectrum also shows minor resonances between
δ = –632 and –654 ppm (8% for all). For acetic acid (in
toluene), there are also two main resonances of equal inten-
sity (δ = –664.9 and –687.5 ppm, 48% each), but their width
prevented us from measuring the tin–tin scalar coupling
which, however, could exist. The remaining 4% of tin atoms
are located in a single minor resonance at δ = –645.3 ppm
that could be assigned to tin isopropoxide solvate.[18] Bear-
ing in mind that the tin starting material and the compound
formed with two carboxylates per tin atoms are both di-
mers, it is reasonable to hypothesize that the major species
formed with only one carboxylate per tin is also a dimer.
Such a dimer has to be made of two nonequivalent six-
coordinate tin atoms. Such a feature could arise from a mol-
ecular structure based on two edge-sharing octahedra {as
in [Sn(OiPr)·HOiPr]2}[11a] with a chelating carboxylate on
each tin (carboxylate/Sn = 1) but without any symmetry
operation between the two carboxylates. Another possibil-
ity would be a dimer built by chelation, through two bridg-
ing isopropoxy ligands, of [Sn(OiPr)4] by [Sn(OiPr)2-
(O2CR)2]. One tin atom would be coordinated by four ter-
minal and two bridging isopropoxy groups, while the other
would be coordinated by two chelating carboxylates and
two bridging isopropoxy ligands. At this stage, there is no
reason to prefer one possibility over the other.

Attempts were made to isolate the major compound by
crystallization at low temperature or solvent evaporation
and recrystallization. None of them were successful, but the
119Sn NMR spectrum (CDCl3) of the dried benzoate sam-
ple indicates a modification of the tin speciation. The peaks
at δ = –662.8 and –683.2 ppm, assigned to a dimer, now
account for only around 36% each, while two of the minor
peaks, located at δ = –643.9 and –655.1 ppm increase to
about 22 and 6%, respectively. The 1H and 13C spectra of
the same sample reveal complex patterns made up of many
different benzoates (at least six from the 13C carbonyl sig-
nals at around δ = 172 ppm) and isopropoxy groups (at
least ten from the 13C methyne signals between δ = 77 and
65 ppm).
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Figure 3. 119Sn NMR spectra (111.9 MHz) of [Sn(OiPr)4·HOiPr]2
with 2 equiv. of benzoic acid in THF (top) and 2 equiv. of acetic
acid in toluene (bottom).

Crystals of compounds 1, 2, and 3, which exhibit a car-
boxylate to tin ratio of 2, can be precipitated for initial ra-
tios smaller than 2. Therefore, some tin-containing species
must remain in solution. Their nature was studied in the
case of the benzoate derivative only. Compound 2 was pre-
pared, in toluene, with a benzoic acid to tin ratio of 1.5 and
the 119Sn NMR spectrum was recorded for the solution
once the crystals of 2 had been removed. The spectrum ex-
hibits the same resonances as those described for an experi-
ment with a benzoic acid to tin ratio of 1.0. It also shows
a small peak at around δ = –751 ppm that can be assigned
to compound 2. In conclusion, the tin-containing species
that remain in solution correspond mainly to the dimer
made of two nonequivalent tin atoms and discussed above.

The formation of carboxylate-modified metal–oxo clus-
ters upon treatment of metal alkoxides with carboxylic ac-
ids generally results from esterification reactions[20,21] that
can take place between free acid and released alcohol mole-
cules, which results in the slow generation of water in situ
for the controlled hydrolysis and condensation of the re-
maining alkoxy groups, or between a bonded carboxylate
and a bonded alkoxy group, which yields an M–O–M link
and an ester directly. Studies performed on titanium oxo-
acetate clusters have demonstrated that a very small in-
crease of the AcOH/Ti ratio favors the formation of more
condensed species. However, extreme conditions (e.g. solvo-
thermal synthesis) might be needed in order to force the
esterification process.[22] For instance, [SnO(OtBu)(OAc)]6,
a tin() carboxylate oxo cluster, can only be obtained by
refluxing [Sn(OtBu)4] and [Sn(OAc)4] in toluene, a nonco-
ordinating solvent.[9c] We tried several approaches to the
possible formation of well-defined methacrylate-modified
tin–oxo clusters with compound 1 as precursor. Solvother-
mal treatment or refluxing compound 1 in different solvents
(THF, DMF, toluene) gave gels or clear solutions. The 119Sn
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NMR spectra of the latter did not indicate any new reso-
nance that could be associated with the formation of new,
well-defined molecular species. Direct addition of various
amounts of water to compound 1 always yielded trans-
parent gels that are insoluble in organic solvents or turbid
solutions that did not show any significant signals in the
solution NMR spectra that could be linked back to a well-
defined methacrylate-modified tin–oxo clusters.

In an alternative approach to prepare well-defined, meth-
acrylate-modified tin–oxo clusters, syntheses were per-
formed with higher McOH/Sn molar ratios, i.e. 5 and 10.
In both cases a white precipitate was obtained. These pre-
cipitates are soluble in CDCl3 but their 119Sn NMR spectra
are silent and their 1H NMR spectra show only the pres-
ence of methacrylate ligands. The absence of any well-de-
fined 119Sn NMR resonance might be attributed to the for-
mation of ill-defined oxo polymers,[23] either by esterifica-
tion or parasitic hydrolysis, but in any case indicates clearly
that this alternative approach is not more successful for pre-
paring well-defined, methacrylate-modified tin–oxo clus-
ters.

Conclusions

The behavior of tin() isopropoxide towards the ad-
dition of different carboxylic acids (methacrylic, benzoic,
and acetic) has been studied. The nature of the carboxylic
acid does not affect the final result. Moreover, the solvent
(i.e. toluene or tetrahydrofuran) does not seem to play any
major role either. Thus, the main parameter is the carboxyl-
ate to metal molar ratio. For a ratio of 1, a dimer based
on hexacoordinate tin atoms is likely formed but its exact
structure remain unknown. For ratios between 1.4 and 2 the
compound [Sn(µ2-OiPr)(OiPr)(O2CR)2]2 [R = (CH3)CCH2,
C6H5, and CH3], based on heptacoordinate tin atoms, is
isolated. Ratios higher than 2 do not seem to yield well-
defined oxo species, as for titanium or zirconium,[21] but
probably result in the formation of ill-defined polymeric
species.

Studies with other tin() alkoxides are in progress to
check the influence of the nature of the alkoxide ligand on
the carboxylate substitution reactions.

Experimental Section
Synthesis: All the reactions were carried under inert atmosphere
using Schlenk tubes and vacuum-line techniques. The compound
[Sn(OiPr)4·HOiPr]2 was prepared by isopropanolysis of [Sn(OtBu)4],
which was obtained according to literature methods and purified
by vacuum distillation.[24] The reactions between tin() isopropox-
ide solvate and carboxylic acids were performed in toluene or tetra-
hydrofuran (THF) as tin() isopropoxide solvate shows little solu-
bility in its parent alcohol (2-propanol).

[Sn(OiPr)2(OMc)2]2 (OMc = methacrylate) (1): A solution of meth-
acrylic acid (1.22 g, 14.2 mmol) in THF (4.6 mL) was added to
[Sn(OiPr)4·HOiPr]2 (3.03 g, 3.7 mmol, McOH/Sn = 1.94). The re-
sulting clear solution was kept at –18 °C after stirring. Crystals of
1 were obtained after one week. For 1H and 13C NMR (C6D6,
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25 °C) data see Table 2. 119Sn NMR (C6D6, 25 °C): δ = –754.7 ppm
(2J119Sn,117Sn = 190 Hz, with satellites corresponding to 7.3% of the
total intensity). Yield: 76.7% (2.28 g). Compound 1 is highly solu-
ble in chloroform, dichloromethane, and benzene. It is poorly solu-
ble in acetonitrile, DMSO, and 2-propanol.

[Sn(OiPr)2(O2CC6H5)2]2 (2): A similar compound was obtained by
replacing methacrylic acid with benzoic acid. A solution of benzoic
acid (0.91 g, 7.5 mmol) in THF (6 mL) was added to [Sn(OiPr)4·
HOiPr]2 (2.00 g, 2.4 mmol, C6H5CO2H/Sn = 1.55). 1H NMR
(CDCl3, 25 °C): δ = 8.22 (d, 8 H, o-C6H5CO2), 7.67 (m, 4 H, p-
C6H5CO2), 7.49 (m, 8 H, m-C6H5CO2), 5.10 [sept, 3J1H-119/117Sn =
70 Hz, 2 H, OCH(CH3)2], 4.18 [sept, 3J1H-119/117Sn = 90 Hz, 2 H,
OCH(CH3)2], 1.37 [d, 12 H, OCH(CH3)2], 1.08 [d, 12 H,
OCH(CH3)2] ppm. 13C NMR (CDCl3, 25 °C): δ = 178.0
[2J13C-119/117Sn = 26 Hz, C6H5CO2], 134.0 (p-C6H5CO2), 131.5 (o-
C6H5CO2), 128.5 (m-C6H5CO2), 127.9 (3J13C-119/117Sn = 33 Hz,
i-C6H5CO2), 74.2 [2J13C-119/117Sn = 17 Hz, µ2-OCH(CH3)2], 66.5
[2J13C-119/117Sn = 54 Hz, OCH(CH3)2], 27.0 [3J13C-119/117Sn = 48 Hz,
OCH(CH3)2], 24.0 [µ2-OCH(CH3)2] ppm. 119Sn NMR (CDCl3, 25
°C): δ = –751.3 ppm (2J119Sn,117Sn = 180 Hz, with satellites corre-
sponding to 8.7% of the total intensity). Yield: 58.9% (1.354 g).[25]

Compound 2 is highly soluble in chloroform, dichloromethane, and
benzene. It is poorly soluble in acetonitrile, DMSO, and 2-propa-
nol.

[Sn(OiPr)2(O2CCH3)2]2 (3): A similar compound was obtained by
replacing methacrylic acid by acetic acid. A solution of acetic acid
(0.44 g, 7.4 mmol) in toluene (3 mL) was added to [Sn(OiPr)4·
HOiPr]2 (2.00 g, 2.4 mmol, CH3CO2H/Sn = 1.53). 1H NMR
(CDCl3, 25 °C): δ = 4.72 [sept, 3J1H-119/117Sn = 70 Hz, 2 H,
OCH(CH3)2], 4.10 [sept, 3J1H-119/117Sn = 90 Hz, 2 H, OCH(CH3)2],
2.18 (s, 12 H, O2CCH3) 1.35 [d, 12 H, OCH(CH3)2], 1.14 [d, 12 H,
OCH(CH3)2] ppm. 13C NMR (CDCl3, 25 °C): δ = 183.6
(2J13C-119/117Sn = 26 Hz, CH3CO2), 73.8 [2J13C-119/117Sn = 16 Hz, µ2-
OCH(CH3)2], 66.4 [2J13C-119/117Sn = 52 Hz, OCH(CH3)2], 27.0
[3J13C-119/117Sn = 47 Hz, OCH(CH3)2], 24.0 [µ2-OCH(CH3)2], 18.3
(3J13C-119/117Sn = 32 Hz, CH3CO2) ppm. 119Sn NMR (CDCl3, 25 °C):
δ = –748.4 ppm (2J119Sn,117Sn = 190 Hz, with satellites corresponding
to about 8% of the total intensity). Yield: 24.4% (0.418 g).[25] Com-
pound 3 is highly soluble in chloroform, dichloromethane, benzene
and poorly soluble in acetonitrile, DMSO, and 2-propanol.

Chemical Analyses: Despite numerous attempts, including sampling
under inert atmosphere, chemical analyses matching reasonably
well the expected results could not be obtained due to a too high
sensitivity of the sample to moisture. However, the 119Sn solid-state
and solution NMR (119Sn, 1H, and 13C) spectra indicate that the
samples are pure.

NMR Spectroscopy: 1H, 13C, and 119Sn solution NMR experiments
were performed on a Bruker AC300 spectrometer (300.13, 75.47,
and 111.92 MHz for 1H, 13C, and 119Sn, respectively). CDCl3 and
C6D6 were used as solvent and internal lock. 1H and 13C chemical
shifts are quoted relative to TMS, using the solvent or its proton-
ated impurities as secondary internal reference (1H: δ = 7.26 and
7.16 ppm for CHCl3 and C6HD5, respectively; 13C: δ = 77.16 and
128.06 ppm for CDCl3 and C6D6, respectively).[26] The 119Sn chemi-
cal shifts are quoted relative to external tetramethyltin (δ = 0 ppm).
To avoid the loss of quantitativity that can arise from the Nuclear
Overhauser effect, 119Sn-{1H} spectra were obtained with an in-
verse gated decoupling sequence (pulse of about 30°, recycling de-
lay set to 2 s for an acquisition/decoupling time of 0.18 s). 1H-1H
COSY and 1H-13C HMQC experiments were performed on a
Bruker Avance 400 spectrometer (400.13 and 100.61 MHz for 1H
and 13C, respectively).
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119Sn solid-state NMR (CP-MAS) spectra were recorded at room
temperature on a Bruker Avance 300 spectrometer (111.92 MHz
for 119Sn) equipped with a 4-mm locked Bruker probe. The chemi-
cal shifts are quoted relative to tetramethyltin (δ = 0 ppm) using
tetracyclohexyltin (δ = –97.35 ppm) as a secondary external refer-
ence. At least two different MAS speeds were used to locate the
isotropic chemical shifts unambiguously. The contact time was 3 ms
and the recycling delay 3 s. The chemical shielding tensor analyses
were performed according to Herzfeld and Berger[27] using the soft-
ware “dm2004”.[28] The results are reported as the isotropic chemi-
cal shift (δiso), the anisotropy (ζ = σ33 – σiso), and the asymmetry
(η = |σ22 – σ11|/|ζ|), with δiso = –(σ11 + σ22 + σ33)/3 = –σiso and the
principal components of the tensor labeled according to |σ33 – σiso|
� |σ11 – σiso| � |σ22 – σiso|.

Crystal Structure Determination: A single crystal of the moisture-
sensitive compound 1 was selected, rapidly mounted on a glass fi-
ber, and transferred into a cold nitrogen gas stream. Diffraction
data were collected on a Nonius KappaCCD diffractometer at
123 K. Unit-cell parameters determination, data collection, and in-
tegration were carried out with the Nonius EVAL-14 suite of pro-
grams.[29] The data were corrected for absorption by a multi-scan
method.[30] The structure was solved by direct methods with
SHELXS-86,[31] refined by full-matrix least-squares on F2 and com-
pleted with SHELXL-97.[32] Graphics were produced with DIA-
MOND.[33] All non-H atoms were refined with anisotropic dis-
placement parameters and H atoms were simply introduced at cal-
culated positions (riding model).
C28H48O12Sn2, M = 814.04, monoclinic, a = 11.1180(10), b =
11.1316(10), c = 14.3234(13) Å, β = 101.36°, V = 1737.9(3) Å3, T
= 123(2) K, P21/n, Z = 2, dcalcd. = 1.556 gcm–3, λ(Mo-Kα) =
0.71073, µ(Mo-Kα) = 1.492 mm–1, 28539 reflections measured, 6040
unique (Rint = 0.0791) which were used in all calculations. The final
wR(F)2 was 0.0770 (all data).

CCDC-256335 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/
data_request/cif.
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