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Syntheses of novel silylsubstituted distannanes†

Roland Fischer1*, Thorsten Schollmeier2, Markus Schürmann2 and Frank Uhlig1**
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Starting from diorganodichlorostannanes, a series of novel bis(triorganosilyl)-stannanes and -
distannanes has been prepared either by one-pot reactions via Wurtz-type coupling reactions
with magnesium or lithium and triorganochlorostannanes, or by salt elimination reactions from
triorganosilyllithium and diorganodichlorostannanes. A convenient and remarkably straightforward
method is the oxidative coupling of potassium stannides with 1,2-dibromoethane. Isolable
intermediates and products were characterized by multinuclear magnetic resonance spectroscopy.
In order to prove the constitution of a distannane, an X-ray crystal structure analysis was performed.
Copyright  2005 John Wiley & Sons, Ltd.
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INTRODUCTION

Despite their interesting spectroscopic properties and numer-
ous applications in organic and organometallic chemistry,
only a limited number of triorganosilyl-substituted stan-
nanes with two or more R3Si groups has been reported.
Synthetic methods yielding bis(triorganosilyl)-substituted
stannanes are even less explored, leaving this tin species
as a rather exotic class of organometallic compounds.1

Subtle changes in the reaction conditions strongly affect
the result of the synthesis, i.e. coupling reactions of
trimethylchlorosilane of tetrachlorostannane with lithium in
tetrahydrofuran (THF) afforded (Me3Si)4Sn,2 (Me3Si)3SnLi3

or (Me3Si)3SnSn(SiMe3)3.4 However, as recently reported,
coupling reactions of various organodichlorostannanes with
organodichlorosilanes using magnesium provide a useful
method for the syntheses of linear, ring- and cage-shaped
silastannanes.5 – 10
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One of our special interests is focused on the synthe-
sis of alkali-metal stannides bearing further triorganosi-
lyl groups, because these are versatile building blocks
for the generation of novel cyclic, cage-shaped or den-
drimeric systems. In this context we became inter-
ested in exploring synthetic routes yielding novel start-
ing materials for the generation of alkali-metal stan-
nides such as bis(triorganosilyl)diorganostannanes or 1,2-
bis(triorganosilyl)tetraorganodistannanes.

RESULTS AND DISCUSSION

Wurtz-type coupling of diorganodichlorostannanes with
triorganochlorosilanes employing lithium or magnesium
proves to be a convenient way for the generation of
bis(triorganosilyl)-substituted mono- and distannanes. In
analogy to the reaction reported earlier by Buerger and
Goetze,2 the reaction of dimethyldichlorostannane and
trimethylchlorosilane with lithium in THF at low temper-
atures affords dimethyl bis(trimethylsilyl)stannane (1) as the
sole product.

In addition to Wurtz-type syntheses, the salt elimination
reactions of two equivalents of phenyldimethylsilyllithium
with R2SnCl2 (R Me, Ph) provide a straightforward
access to the corresponding disilylated tin derivatives 2
and 3. However, as a consequence of metal–halogen
exchange reactions, the corresponding distannanes 4 and
5 are formed together with PhMe2SiSiMe2Ph as minor
side products. This is a significant drawback of this
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method, because the products were found to be difficult
to purify from side products, as both thermal stability and
choice of solvents suitable for recrystallization are limited
(Scheme 1).

In addition to reactions involving lithium species, cou-
pling reactions of di(tert-butyl)dichlorostannanes and tri-
organochlorosilanes with magnesium in THF allow for
a one-pot synthesis of the monostannane (6), the dis-
tannane (11) or mixtures of mono- and distannanes
(7–10). Coupling of trimethylchlorosilane and di(tert-
butyl)dichlorostannane with magnesium in THF yields the
distannane 6 as the single product. This is in sharp con-
trast to the reaction of triphenylchlorosilane with di(tert-
butyl)dichlorostannane, which produces only the mono-
stannane 11 in high yield; compound 8 was obtained
earlier by Hassler11 via a different route. Reaction of
dimethylphenylchlorosilane and methyldiphenylchlorosi-
lane with di(tert-butyl)dichlorostannane, however, gives mix-
tures of mono- and distannanes in ratios 95% 7 : 5% 8
and 5% 9 : 95% 10. Changing the ratio between educts or
using stoichiometric amounts of magnesium did not result
in different product distribution. An overview is given in
Scheme 2.

Scheme 1. Reaction of triorganosilyllithiums with R2SnCl2
(R Me, Ph).

Apparently, the number of phenyl groups attached
to the silicon moieties determines product composition.
This is most probably due to competitive formation of
organosilyl and organotin anions and subsequent salt
elimination steps. In contrast to phenylated chlorosilanes,12

trimethylchlorosilane is known not to form Grignard reagents
in THF, but Me3SiMgX (X = Br, I) were only obtained from
trimethylbromo- and -iodosilane and activated magnesium
in amine solutions.13

In contrast to reaction pathways including PhMe2SiLi
leading to compounds 2–5, we were able to separate 7–10 by
fractional crystallization, yielding, for example, X-ray-quality
crystals of 8. In Fig. 1, the solid-state structure of compound
8 is given. The central tin–tin bond was determined as
2.884(1) Å, which is slightly elongated compared with other
compounds with tin–tin bonds.4,14 This fact is most probably
due to the steric demand of the tin-bound tert-butyl and the
dimethylphenylsilyl groups. Silicon–tin distance is 2.624(2) Å
and within the expected range.4 Bond angles surrounding the
tin centres are close to the ideal tetrahedral geometry with
the exception of a tin–tin–silicon angle being widened to
118.73(6)◦. Again, this is most likely due to the bulkiness of
the substituents. The two dimethylphenylsilyl groups acquire
an exact trans-configuration.

In contrast to the reactions involving di(tert-butyl)
dichlorostannane, the outcome of reacting diphenyldichl-
orostannane with trimethylchlorosilane is surprisingly time
dependent, as monitored by means of heteronuclear mag-
netic resonance spectroscopy. After about 30 min the starting
material (Ph2SnCl2) has disappeared and dodecaphenylcy-
clohexastannane is formed as the first product, as can be
judged by 119Sn shifts and coupling constants.15 Within the
next 90 min the whole amount of Ph12Sn6 is consumed
and bis(trimethylsilyl)tetraphenyldistannane (13) is almost
exclusively obtained. Removal of excess magnesium and
workup at this stage allows for the isolation of 13 in

Scheme 2. Formation of mono- and di-stannanes from tBu2SnCl2 and R′R′′
2SiCl with magnesium.
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Figure 1. Molecular structure of 1,2-bis(dimethylphenylsilyl)-
1,1,2,2-tetra-tert-butyldistannane (8). ORTEP drawing with
30% displacement ellipsoids and hydrogen atoms omitted for
clarity. Selected geometric parameters: Sn–Sni 2.8840(10),
Sn–Si–C9 112.8(3), Sn–Si 2.642(2), Sn–C1 2.216(8), Sn–C5
2.229(9), Si–C9 1.880(9), Si–C15, 1.863(9) Å; Sni –Sn–Si
118.73(6), Sni –Sn–C1, 111.3(2), Sni –Sn–C5 107.7(2),
Si–Sn–C1 104.9(2), Si–Sn–C5 104.6(2), C1–Sn–C5 109.1(3),
Sn–Si–C15 109.4(3), Sn–Si–C16 112.4(3), C9–Si–C15
107.1(4), C15–Si–C16 107.4(5)◦; symmetry operation i: 1 − x,
−y, −z.

yields of more than 90%. However, if stirring with mag-
nesium in the presence of trimethylchlorosilane is continued
for an additional 24 h, then subsequent metallation of the
central tin–tin bond followed by silylation finally affords
bis(trimethylsilyl)diphenylstannane (14) as the only product
(Scheme 3, Fig. 2).

Starting from bis(silylated) monostannanes, symmetri-
cal silyl-substituted distannanes may be obtained in high
purity and good yields via potassium stannide interme-
diates. This approach is superior to Wurtz-type coupling
reactions, where mixtures of mono- and di-stannanes are
obtained. Cleavage of silicon–tin bonds, e.g. with potassium
hydride in the presence of crown ether, i.e. 18crown6,
is a generally applicable method for the generation of
potassium stannides (Scheme 4).16 Oxidative coupling of
such readily obtainable metallated stannanes, e.g. with
1,2-dibromoethane, selectively yields the corresponding dis-
tannanes 4, 5, 13 and 15 in excellent yields. However,
distannanes are sensitive towards potassium bromide formed
during the course of the reaction. Hence, a fast workup,
including evaporation of the solvent and extraction of the
distannane from the residue with pentane, proved neces-
sary to prevent decomposition under formation of elemental
tin.

The 29Si and 119Sn NMR data of all reported compounds
are summarized in Table 1. Upon comparison of shifts and
coupling constants, the sharp contrast between methyl- or
phenyl- and the tert-butyl-substituted stannanes becomes
obvious. Di(tert-butyl)-substituted distannanes 6–11 not only
share a larger chemical shift difference between mono- and
distannanes compared with methylated and phenylated tin
derivatives 1–5, 13 and 14, but they also have much smaller

Figure 2. Time-dependent NMR spectroscopy for the reaction of Ph2SnCl2 and Me3SiCl with magnesium.
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Scheme 3. Reaction of Ph2SnCl2 and Me3SiCl with magnesium
in THF.

Scheme 4. Formation of distannanes from potas-
sium stannides.

1J119Sn – 29Si and 1J117Sn – 119Sn coupling constants in common, as
indicated in Table 1. It is also interesting to note that
119Sn–29Si coupling constants decrease from monostannanes
to distannanes, with compounds 9 and 10 as the only
exceptions.

EXPERIMENTAL

General
All manipulations involving air- and moisture-sensitive
compounds were carried out under an atmosphere of inert
gas (nitrogen or argon) using standard Schlenk techniques.
Solvents were dried by standard methods and freshly distilled
prior to use. Dimethylphenylsilyllithium was prepared
according to literature procedures and directly used for the
next step.17 The 29Si (59.587 MHz) and 119Sn (111.817 MHz)
spectra were recorded on a Varian Unity INOVA 300
spectrometer. To compensate for the low abundance of 29Si,
the INEPT pulse sequence was used for amplification of the
signals.18,19 NMR samples were either prepared in deuterated
solvents to provide an internal lock frequency signal or a
D2O capillary was used to provide an external lock signal.
The silicon and tin signals are referenced to Me4Si and Me4Sn
respectively.

Dimethylbis(trimethylsilyl)stannane (1)
To a suspension of 3.47 g (0.5 mol) finely grated lithium
in 250 ml THF cooled to −40 ◦C, a solution of 25.0 g
(0.114 mol) dimethyldichlorostannane and 29.2 ml (25.0 g,
0.23 mol) trimethylchlorosilane in 100 ml THF was added
dropwise over a period of 3 h. After complete addition,
the reaction mixture was kept at −40 ◦C for an additional
2 h and was then allowed to warm up slowly to room
temperature. During the warming up the colour changed to
a dark red–brown. Stirring was continued for a further 12 h.
Afterwards the solvent and all volatiles were removed in
vacuo. The residue was extracted with 3 × 100 ml portions
of n-pentane. After removal of the salts, n-pentane was
evaporated to leave 29.8 g (0.101 mol, 88.6% yield) of 1 as
a pale yellow liquid. δ29Si (59.587 MHz, C6D6): −10.4 ppm;
1J119Sn – 29Si: 525 Hz. δ119Sn (111.817 MHz, C6D6): −274.4 ppm.
Elemental analysis: C8H24Si2Sn Mw: 295.14. Calc.: Found: C,
32.31; H, 8.34. C, 32.56; H, 8.20%.

Table 1. 119Sn and 29Si coupling constants for compounds 1–15

(R2R′Si)SnR′′
2(SiR2R′) (R2R′Si)SnR′′

2SnR′′
2(SiR2R′)

R R′ R′′ δ29Si δ119Sn 1J119Sn – 29Si δ29Si δ119Sn 1J119Sn – 29Si
1J117Sn – 119Sn

1a Me Me Me −10.4 −274.4 525 15a −8.3 −261.5 513 1751
2a Me Ph Me −10.4 −269.9 525 4a −10.5 −256.1 509 1820
3a Me Ph Ph −10.5 −258.9 519 5a −10.6 −229.4 511 1560
14b Me Me Ph −7.0 −255.2 520 13b −6.5 −229.4 510 1493

Me Me tBu 6b −7.2 −110.6 342 78
7b Me Ph tBu −11.8 −188.0 385 8b −11.3 −103.9 314 78
9b Ph Me tBu −10.3 −188.2 379 10b −11.1 −100.5 415 <40
11b Ph Ph tBu −7.2 −169.1 357

a C6D6 solution.
b Pentane solution/D2O capillary.
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Bis(dimethylphenylsilyl)dimethylstannane (2)
and bis(dimethylphenylsilyl)diphenylstannane
(3)
To a solution of 7.5 mmol diorganodichlorostannane (1.65 g
Me2SnCl2, 2.58 g Ph2SnCl2) in 30 ml diethyl ether cooled to
−30 ◦C a solution of 15.0 mmol PhMe2SiLi in 10 ml THF was
added at such a rate as to maintain the reaction mixture
colourless. After complete addition, the reaction mixture was
kept at −30 ◦C for an additional 30 min and was then allowed
to warm up to room temperature. Stirring was continued
for a further 12 h. Afterwards, the solvent was removed in
vacuo and the residue was extracted with 3 × 25 ml portions
of n-pentane. NMR spectroscopy revealed that 2 contained
approximately 10% 4 and 15% 5 for the case of 3. Contents
of 4 and 5 can be reduced to ∼3% by repeated freezing from
n-pentane. Yields: 1.89 g (60.1%) 2 and 2.28 g (55.9%) 3. 3:
δ29Si (59.587 MHz, C6D6): −10.4 ppm; 1J119Sn – 29Si: 525 Hz. δ119Sn

(111.817 MHz, C6D6): −269.9 ppm.
3. δ29Si (59.587 MHz, C6D6): −10.5 ppm; 1J119Sn – 29Si: 519 Hz.

δ119Sn (111.817 MHz, C6D6): −258.9 ppm.

1,2-Bis(dimethylphenylsilyl)-1,1,2,2-tetrame-
thyldistannane (4), 1,2-bis(dimethylphenyl-
silyl)-1,1,2,2-tetraphenyldistannane (5) and
1,2-bis(trimethylsilyl)-1,1,2,2-
tetramethyldistannane (15)
To a cold solution (−30 ◦C) of 1.88 g (0.85 ml, 10 mmol) 1,2-
dibromoethane in 10 ml diethyl ether, a solution of 10 mmol
of the corresponding potassium stannide in 5 ml THF was
rapidly added at such a rate as to keep the reaction mixture
colourless. Gas evolution was observed during the addition.
Immediately after the addition was completed the reaction
mixture was allowed to warm up to room temperature
and all volatiles were removed in vacuo. The residue was
extracted with 3 × 10 ml portions of n-pentane. After removal
of the solvent, 2.62 g (4.61 mmol, 92.1% yield) of 4, 3.72 g
(4.56 mmol, 91.1% yield) of 5 and 2.16 g (4.87 mmol, 97.3%
yield) of 15 were obtained as slightly yellow oils.

4. δ29Si (59.587 MHz, C6D6): −10.5 ppm; 1J119Sn – 29Si: 509 Hz.
δ119Sn (111.817 MHz, C6D6): −256.1 ppm; 1J119Sn – 117Sn: 1820 Hz.
C20H34Si2Sn2 Mw: 568.04. Found: C, 41.89; H, 5.97. Calc.: C,
42.29; H, 6.03%.

5. δ29Si (59.587 MHz, C6D6): −10.6 ppm; 1J119Sn – 29Si: 511 Hz.
δ119Sn (111.817 MHz, C6D6): −229.4 ppm; 1J119Sn – 117Sn: 1560 Hz.
Elemental analysis: C40H42Si2Sn2 Mw: 816.32. Found: C, 58.49;
H, 5.24. Calc.: C, 58.85; H, 5.19%.

15. δ29Si (59.587 MHz, C6D6): −8.3 ppm; 1J119Sn – 29Si: 513 Hz.
δ119Sn (111.817 MHz, C6D6): −261.5 ppm; 1J119Sn – 117Si: 1751 Hz.
Elemental analysis: C10H30Si2Sn2 Mw: 443.90. Found: C, 27.12;
H, 6.94. Calc.: C, 27.05; H, 6.81%.

General procedure for compounds 6–11, 13, 14
To a solution of 12.5 mmol di(tert-butyl)dichlorostannane
and 25 mmol of the corresponding triorganochlorosilane in
120 ml THF cooled to 0 ◦C, 1.25 g (51.4 mmol) magnesium

was added with stirring. The reaction mixture was kept at
0 ◦C for 15 min, during which a yellow–green suspension
was formed. The reaction mixture was allowed to warm up
to room temperature and stirring was continued for 48 h,
after which all volatiles were removed in vacuo. To the
residue, 100 ml of n-pentane was added. After filtration and
washing the residue twice with 25 ml portions of n-pentane,
the product was obtained upon removal of the solvent.

1,2-Bis(trimethylsilyl)-1,1,2,2-tetra-tert-
butyldistannane (6)
Starting from 3.80 g tBu2SnCl2 and 3.14 ml (2.72 g, 25 mmol)
Me3SiCl, 3.44 g (90.0% yield) of 6 were obtained.

δ29Si (59.587 MHz, D2O/n-pentane): −7.2 ppm; 1J119Sn – 29Si:
342 Hz. δ119Sn (111.817 MHz, C6D6): −110.6 ppm; 1J119Sn – 117Si:
78 Hz. Elemental analysis: C22H54Si2Sn2 Mw: 612.22. Found:
C, 43.26; H, 8.83. Calc.: C, 43.16; H, 8.89%.

Bis(dimethylphenylsilyl)di(tert-butyl)stannane
(7) and 1,2-bis(dimethylphenylsilyl)-1,1,2,2-
tetra-tert-butyldistannane (8)
Starting from 3.80 g tBu2SnCl2 and 4.2 ml (4.3 g, 25 mmol)
Me2PhSiCl, 7 and 8 were synthesized according to the
procedure given above. Crystallization from n-pentane at
−20 ◦C yielded 120 mg (2.6%) of 8. Concentration of the
mother liquor and cooling to −60 ◦C gave 5.32 g (84.6%) of 7.

7. δ29Si (59.587 MHz, D2O/n-pentane): −11.8 ppm; 1J119Sn – 29Si:
385 Hz. δ119Sn (111.817 MHz, C6D6): −188.0 ppm. Elemental
analysis: C24H40Si2Sn Mw: 503.44. Found: C, 56.94; H, 7.93.
Calc.: C, 57.26; H, 8.01%.

8. δ29Si (59.587 MHz, D2O/n-pentane): −11.3 ppm; 1J119Sn – 29Si:
314 Hz. δ119Sn (111.817 MHz, C6D6): −103.9 ppm; 1J119Sn – 117Si:
78 Hz. Elemental analysis: C32H58Si2Sn2 Mw: 736.36. Found:
C, 52.05; H, 7.88. Calc.: C, 52.20; H, 7.94%.

Bis(methyldiphenylsilyl)di(tert-butyl)stannane
(9) and 1,2-bis(methyldiphenylsilyl)-1,1,2,2-
tetra-tert-butyldistannane (10)
Starting from 3.80 g tBu2SnCl2 and 5.2 ml (5.82 g, 25 mmol)
MePh2SiCl, 9 and 10 were synthesized according to the
procedure given above. Crystallization from n-pentane at
−20 ◦C yields 6.12 g (78.1%) of 10. Concentration of the mother
liquor and cooling to −60 ◦C gave 340 mg (7.9%) of 9.

9. δ29Si (59.587 MHz, D2O/n-pentane): −10.3 ppm; 1J119Sn – 29Si:
379 Hz. δ119Sn (111.817 MHz, C6D6): −188.2 ppm. Elemental
analysis: C34H44Si2Sn Mw: 627.58. Found: C, 64.88; H, 7.12.
Calc.: C, 65.07; H, 7.07%.

10. δ29Si (59.587 MHz, D2O/n-pentane): −11.1 ppm;
1J119Sn – 29Si: 415 Hz. δ119Sn (111.817 MHz, C6D6): −100.5 ppm;
1J119Sn – 117Si: <40 Hz. Elemental analysis: C42H62Si2Sn2 Mw:
860.50. Found: C, 58.51; H, 7.32. Calc.: C, 58.62; H, 7.26%.

Bis(triphenylsilyl)di(tert-butyl)stannane (11)
Starting from 3.80 mg tBu2SnCl2 and 7.4 g (25 mmol) Ph3SiCl,
8.33 g (88.7%) of 11 were synthesized according to the
procedure given above.
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δ29Si (59.587 MHz, D2O/n-pentane): −7.2 ppm; 1J119Sn – 29Si:
357 Hz. δ119Sn (111.817 MHz, C6D6): −169.1 ppm. Elemental
analysis: C44H48Si2Sn Mw: 751.72. Found: C, 69.84; H, 6.53.
Calc.: C, 70.30; H, 6.44%.

1,2-Bis(trimethylsilyl)-1,1,2,2-tetraphenyl-
distannane (13) and bis(trimethylsilyl)
diphenylstannane (14)
According to the general procedure given above, starting
from 4.30 mg (12.5 mmol) Ph2SnCl2 and 3.14 ml (2.72 g,
25 mmol) Me3SiCl, 4.13 g (95.4%) of 13 were obtained as
colourless crystals when magnesium was filtered off after
120 min followed by removal of the solvent and extraction
of the residue with 3 × 100 ml portions of n-pentane.
Recrystallization from n-pentane yielded analytically pure
13. Starting from the same amounts of starting materials
given above, but allowing the reaction mixture to stir
with magnesium for 24 h, yields 4.89 g (93.3%) of 14 as a
colourless oil.

13. δ29Si (59.587 MHz, D2O/n-pentane): −7.0 ppm; 1J119Sn – 29Si:
520 Hz. δ119Sn (111.817 MHz, C6D6): −255.2 ppm. Elemental
analysis: C18H28Si2Sn Mw: 419.28. Found: C, 51.32; H, 6.82.
Calc.: C, 51.56; H, 6.73%.

14. δ29Si (59.587 MHz, D2O/n-pentane): −6.5 ppm 1J119Sn – 29Si.
510 Hzδ119Sn (111.817 MHz, C6D6): −229.4 ppm 1J119Sn – 112Si

1493 Hz. Elemental analysis: C30H38Si2Sn2 Mw: 692.18. Found:
C, 52.13; H, 5.61. Calc.: C, 52.06; H, 5.53%.

Crystallography for 8
The crystallographic data for 8 are summarized in Table 2.
C32H58Si2Sn2, M = 736.34, triclinic, P1, a = 9.2223(2), b =
9.5596(2), c = 11.1916(3) Å, α = 110.6323(8), β = 102.0516(8),
γ = 96.1171(8)◦, V = 885.37(4) Å

3
, Z = 1, Dcalcd = 1.381

Mg m−3, µ = 1.496 mm−1, F(000) = 378. The colourless crys-
tal, 0.24 × 0.24 × 0.25 mm3, was in a sealed Lindemann cap-
illary and mounted on a Nonius Kappa CCD diffractometer
fitted with graphite monochromated Mo Kα radiation. The
19 904 data were collected at 293 K to a maximum θ of 27.5◦;
3976 data were unique, and of these 3702 satisfied I > 2σ(I).
The structure was solved by direct methods (SHELXS97)20

and refined by full-matrix least-squares on F2 (SHELXL97).21

Non-hydrogen atoms were refined using anisotropic dis-
placement parameters; hydrogen atoms were included in
a riding model with a common isotropic temperature fac-
tor (C–H = 0.96 Å, Uiso = 0.147(10) Å

2
). Final R = 0.055 and

wR = 0.168 (all data). The largest residual of 3.34 e− Å
−3

was
located near the C3 atom of one of the tert-butyl groups.
CCDC deposition no: 252 414.
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Table 2. Crystallographic data for compound 8

Empirical formula C32H58Si2Sn2

Mw (g mol−1
) 736.34

Temperature (K) 293(2)
size (mm3) 0.25 × 0.24 × 0.24
Colour Colorless
Cryst system Triclinic
Space group P1
a (Å) 9.2223(2)
b (Å) 9.5596(2)
c (Å) 11.1916(3)
α (◦) 110.6323(8)
β (◦) 102.0516(8)
γ (◦) 96.1171(8)
V (Å

3
) 885.37(4)

Z 1
Dcalcd (Mg m−3) 1.381
Absorption coefficient (mm−1) 1.496
F(000) 378
θ range (◦) 2.93–27.46
h, k, l range 0 ≤ h ≤ 11

−12 ≤ k ≤ 12
−14 ≤ l ≤ 13

No. reflections collected 19 904
Unique rflns/Rint 3976/6.3
GoF (F2) 1.252
Final R indices (I > 2σ(I)) 0.0554
R indices (all data) 0.1679
Largest diff peak/hole (e− Å

−3
) 3.336; −1.427
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Schürmann M, Schwittek C, Uhlig F. Z. Naturforsch. Teil B 1999;
54: 1188.

8. Englich U, Prass I, Ruhlandt-Senge K, Schollmeier T, Uhlig F.
Monatsh. Chem. 2002; 133: 931.
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