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Abstract

Alkyl gallium(I) derivatives with gallium in an unusual low oxidation state of +I are important starting materials for the
synthesis of novel organo gallium compounds of main group or transition metal elements. Up to now, they were synthesized by
a disproportionation reaction with yields below 15% with respect to the alkyl substituents. We succeeded now in synthesizing these
compounds on a very simple route by the reduction of the chloro complexes Li[Cl3Ga–C(SiMe2R)3] (R=Me: 1; R=Et: 2) in
toluene at 70–80°C by the two-electron donor Rieke magnesium in a yield of more than 70%. While the crystal structure of
[GaC(SiMe3)3]4 3 showed a severe disorder of the whole molecule, [GaC(SiMe2Et)3]4 4 gives a clearly resolved crystal structure
with an almost undistorted Ga4 tetrahedron in the molecular center and a Ga–Ga distance of 271.0 pm on average. 4 gradually
monomerizes in benzene with increasing dilution of the solutions to give the monomeric fragment Ga–C(SiMe2Et)3. © 1998
Elsevier Science S.A. All rights reserved.
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1. Introduction

The synthesis of tetrahedral cluster compounds with
the heavier elements of the third main-group aluminium
[1–3], gallium [4,5], indium [6,7] and thallium [8] in an
unusual low oxidation state of +I was extensively
studied in several groups in the last 5 years. Besides
their singular structure and bonding situation [9] they
are of particular interest as starting compounds for the
synthesis of novel derivatives, and some remarkable
articles in recent literature verify their outstanding im-
portance. While the Tl–C bond of Tl4[C(SiMe3)3]4 [8] is
much to unstable for carrying out any reaction success-
fully [10], several reactions of Al4Cp*4 [1,2] or
In4[C(SiMe3)3]4 [6,7] were recently reported. New cage
or cluster compounds were synthesized by the treatment
with the elements of the pnicogen or chalcogen groups

[2,6,11]. The monomeric fragments E–R could be struc-
turally characterized by electron diffraction experiments
in the gas-phase for E=aluminium, gallium, indium
and thallium bearing cyclopentadienyl substituents [12]
or for the alkyl derivative Ga–C(SiMe3)3 [13]. Owing to
its lower thermal stability the structure of monomeric
In–C(SiMe3)3 could not be determined in the gas phase
[13], but it was observed as the highest mass in the
conventional mass spectrum of the tetramer [6]. Those
monomeric alkylelement(I) derivatives have two empty
p orbitals and a lone electron-pair at the gallium or
indium atoms and are thus isolobal to carbon monox-
ide. Following this idea, some compounds were iso-
lated, which are analogues of transition metal carbonyl
complexes with some or all CO groups replaced by
E–R. But these ligands mostly occupy bridging posi-
tions between two metal centers [14] and only one
example with a terminal coordinated AlCp* group was
published up to now [15], in which the back-donation
of electron density from the metal atom to the ligand
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similar to the bonding situation in the carbonyls was
verified by theoretical calculations.

Al4Cp*4 is synthesized either by the treatment of
reactive aluminium(I) chloride with bis(pentamethylcy-
clopentadienyl)magnesium [1] or by the reduction of
the corresponding pentamethylcyclopentadienyl alu-
minium dichloride with potassium [2]. The alkyl deriva-
tives In4[C(SiMe3)3]4 and Tl4[C(SiMe3)3]4 are both
easily accessible in high yields by the reaction of
LiC(SiMe3)3 · 2THF [16] with In(I) halides [6,7] or thal-
lium(I) cyclopentadienide [8]. In contrast to these com-
pounds, no facile method for the synthesis of the
alkyl–Ga(I) derivatives is described in the literature,
and their chemical properties are therefore almost un-
known. Ga4[C(SiMe3)3]4 (3) [4] is obtained by the reac-
tion of the Ga(II) halide Ga2Br4 ·2dioxane with three
equivalents of solvent free LiC(SiMe3)3, which can be
synthesized using a mercury intermediate [17]. The reac-
tion proceeds via a disproportionation, and the yield of
the finally isolated crystalline product amounts to only
about 15% with respect to the lithium compound. A
similar method was subsequently used for the synthesis
of the Ga4[Si(SiMe3)3]4 analog [5]. The great impor-
tance of these Ga4 derivatives for the systematic investi-
gation of the chemical properties of this new class of
cluster compounds led us to intensive efforts to find an
easy route for their synthesis, which is reported in this
article. Derivatives of the alkyl compound 3 were fur-
ther of particular interest, because the crystal structure
of 3 showed a severe disorder across a pseudo mirror
plane [4], and the molecular structure was determined
with some uncertainty. A second structure determina-
tion of a related alkyl compound would thus be very
helpful to verify the bond lengths and angles in the Ga4

center given in the original paper about 3.

2. Syntheses of the starting compounds HC(SiMe2R)3,
LiC(SiMe2R)3 ·xTHF and Li[Cl3Ga–C(SiMe2R)3] ·
xTHF

The synthesis of the compound HC(SiMe3)3 starting
with chloroform, elemental lithium and chloro-
trimethylsilane has been published by Cowley et al.
several years ago [16]. The ethyl derivative HC-
(SiMe2Et)3 was obtained by our group using a method
described by Eaborn et al. for the synthesis of the
phenyl [18] or isopropyl [19] analogs; a mixture of
bromoform and chloro dimethyl(ethyl)silane was
treated with n-butyllithium in THF at low temperature
(−78°C) and the product formed by successive metal
to halogen exchange reactions in a yield of 71% (Eq.
(1)). The methane derivatives were subsequently meta-
lated by the treatment with an excess of methyllithium
(Eq. (2)) [16,19,20]. LiC(SiMe3)3 · 2THF has been iso-
lated before [16], LiC(SiMe2Et)3 was recrystallized from

Fig. 1. Molecular structure of 4; the ellipsoids are drawn at the 50%
probability level; methyl groups are omitted for clarity; the atoms Ga%
and Si1% are generated by the symmetry operation −y, x−y, z ; Ga%%
and Si1%% by −x+y, −x, z.

diisopropyl ether, isolated in a yield of 65% and con-
tains 1.5 molecules of THF in each formula unit.

Due to the experience gained in our laboratory it is
quite difficult to use these lithium compounds as start-
ing materials for the synthesis of organo gallium deriva-
tives, and we could not obtain a pure and isolable
product by their reactions with GaCl3 in pentane, hex-
ane, toluene or diethyl ether. We suppose that instead
ether cleavage products were formed, which showed
very broad resonances in their NMR spectra. The

Table 1
Selected bond lengths (pm) and angles (°) for 4

Ga1–Ga2 270.9(1) C1–Si1 190.2(3)
271.2(1) C2–Si2 189.6(7)Ga2–Ga2%a

210.2(8)Ga1–C1 C2–Si3 190.5(5)
Ga2–C2 209.8(6) C2–Si4 189.3(6)

144.69(2)C1–Ga1–Ga259.96(2)Ga1–Ga2–Ga2%a

60.07(3)Ga2–Ga1–Ga2%a C2–Ga2–Ga1 145.4(2)
Ga2%a–Ga2–Ga2%%a 60.0 C2–Ga2–Ga2%a 143.9(2)

C2–Ga2–Ga2%%a 145.0(2)

a The atom Ga2% was generated by the symmetry operation −y,
+x−y, +z ; Ga2%% by −x+y, −x, +z.
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groups of Atwood, Eaborn and Smith succeeded 1987
in synthesizing adducts of the type Li[Cl3Ga–
C(SiMe2R)3] ·xTHF (R= –CH3, –C6H5) by the reac-
tion of GaCl3 with such Li compounds, when they used
THF as a solvent (Eq. (3)) [21]. The different behavior
may be explained by the formation of very stable THF
adducts of GaCl3, which results in a reduced Lewis
acidity of the gallium halide and prevent the catalysis of
the ether cleavage reaction. [Li(THF)3][Cl3Ga–
C(SiMe3)3] 1 was already published by Eaborn et al.
[21]; our synthesis of Li[Cl3Ga–C(SiMe2Et)3] 2 fol-
lowed exactly the same route. 2 contains 0.75 molecules
THF in each formula unit after recrystallization from
toluene and thorough drying in vacuo and was isolated
in a yield of about 50%.

3. Synthesis of Ga4 derivatives

The chlorogallate 1 with the C(SiMe3)3 substituent
was first of all treated with the alkali metals lithium or
potassium in toluene to synthesize the well-known
Ga(I) derivative Ga4[C(SiMe3)3]4 3 [4]. 1 was completely
consumed after 12 h of vigorous stirring at room
temperature (r.t.). After filtration, evaporation and re-
crystallization from different solvents (pentane, toluene,
diisopropyl ether or THF) a solid mixture was isolated,
which consists of the Ga4 derivative 3 and the four-
membered Si2C2 heterocycle [Me2Si–C(SiMe3)2]2 [22] in
similar concentrations. The heterocycle was isolated
before as a byproduct in the synthesis of 3 by the
disproportionation method described above. It is prob-
ably formed via an intermediate with a Si�C double
bond, which may be originate from an elimination of a
Ga–Me fragment out of a Ga–C(SiMe3)3 group. The
obtained mixture could not be separated by repeated
recrystallization from different solvents. However, the
carbosilane is volatile and could be removed by subli-
mation in vacuo at a bath temperature of 110°C. Al-
though the Ga4 derivative does not sublime or
decompose at this temperature, the yield of the isolated
compound 3 after recrystallization of the residue from
toluene amounts to only about 10%. Similar results
were obtained by the reduction of the ethyl derivative 2
with potassium in toluene; the red Ga4 cluster 4 and
probably a Si2C2 heterocycle [(EtMe2Si)2C–SiMeEt]2
[1H-NMR (C6D6):d=0.33 (s, 12H, Me), 0.58 (s, 3H,
Me), 0.79 (q, 4H, Et–CH2), 0.97 (t, 6H, Et–CH3), 1.01
(m, 5H, Et)] were isolated in a low yield, which in

contrast to the SiMe3 derivatives could be separated by
recrystallization from pentane.

In further experiments, we employed the two-electron
reductant elemental magnesium. Although we tested
several commercially available magnesium samples and
the very reactive Mg/Ni alloy reproducible results were
only observed with freshly prepared and finely divided
Rieke magnesium, which is easily obtained by the treat-
ment of magnesium chloride with potassium in THF
[23]. The mixture of chlorogallate 1 and Rieke magne-
sium suspended in toluene was heated for 20 h to 70°C,
and the originally colorless suspension adopted a deep
red color characteristic for 3. The mixture was filtrated,
evaporated and the residue recrystallized from n-pen-
tane to give Ga4[C(SiMe3)3]4 (3) as red crystals in an
excellent yield of 76%; the Si–C heterocycle could not
be detected as a byproduct by NMR spectroscopy. A
similar route (Eq. (4)) was used for the reduction of the
ethyl derivative 2, the reaction time is, however, length-
ened to 3 days.

Ga4[C(SiMe2Et)3]4 (4) shows a singlet for the methyl
groups bound to Si in the 1H-NMR spectrum, and
remarkably the protons of the ethyl groups coincide to
give only one singlet. The ethyl carbon atoms are,
however, clearly resolved in the 13C-NMR spectrum.
The a carbon atoms of the C(SiMe3)3 substituents of 3
could not be detected in our former investigations
probably caused by the quadrupole moment of the Ga
nucleus. Due to our experience with the characteriza-
tion of In4R4 clusters we were able now to detect these
resonances, which lie in a quite unusual range at 61.7
(3) and 64.2 (4) ppm, more than 30 ppm down-field to
the resonances usually observed in alkyl derivatives of
trivalent gallium [24]. The In4 compounds show similar
shifts of the a carbon atoms to 73 ppm on average, they
are caused by the delocalized molecular orbitals of the
clusters [25]. An absorption in the UV–vis spectrum of
4 at 440 nm is characteristic for the Ga4 derivatives (3:
435 nm), while the In4 analogues show bathochromi-
cally shifted absorptions at about 490 nm [6,7,25]. An
absorption at 571 cm−1 in the IR spectrum is at-
tributed to the Ga4C4 vibration of the molecular center.
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Mass spectroscopy give the monomeric formula mass
with a very weak intensity for a dimer. Similar to 3, the
ethyl derivative 4 is tetrameric in the solid state (see
below), but as shown by cryoscopically determined
molar masses 4 gradually dissociates in benzene solu-
tions with decreasing concentration to finally give the
monomeric formula mass of Ga–C(SiMe2Et)3 in high
dilution.

4. Crystal structure of 4

The molecular structure of 4 is depicted in Fig. 1, it
possesses a nearly undistorted tetrahedron of four Ga
atoms. The Ga–Ga–Ga angles inside the cluster devi-
ate scarcely from the ideal value of 60° (59.96–60.07°,
Table 1), and the Ga–Ga distances are almost equidis-
tant (270.9(1)–271.2(1) pm). They are quite similar to
that found for 3 (268.8(4) pm on average) [4], but much
lengthened compared to the second known Ga4 cluster
Ga4[Si(SiMe3)3]4 [5] with Ga–Ga=258.2 pm on aver-
age. The longer Ga–Si bonds of this compound com-
pared to the shorter Ga–C bonds in 3 and 4 result in
smaller steric interactions between the bulky sub-
stituents and may account thus for the shorter Ga–Ga
distances; an electronic stabilization may give a further
contribution to the enhanced stability against dissocia-
tion of those clusters bearing silyl substituents [5]. The
larger steric stress in compounds 3 and 4 with the
enlarged clusters in the molecular center may cause the
easy monomerization in solution, while the In4 ana-
logues with longer In–C and In–In distances remain
tetrameric in solution [6,25]. As expected for the delo-
calized bonding description, the Ga–Ga distances in
the cluster are longer than the bond length of Ga–Ga
single bonds in organoelement derivatives, which show
values below 254 pm [26]. The Ga–C bond lengths
(Ga(1)–C(1) 210.2(8), Ga(2)–C(2) 209.8(6) pm) are
elongated compared to alkyl derivatives of the three-va-
lent element [24,26]. The monomeric Ga(I) fragment
Ga–C(SiMe3)3 showed a Ga–C bond length of
206.4(17) pm, as determined by an electron diffraction
experiment in the gas phase [13].

5. Experimental section

All procedures were carried out under purified argon
in dried solvents (n-pentane with LiAlH4, benzene,
toluene, diisopropyl ether and THF with Na/benzophe-
none). HC(SiMe3)3 [16], LiC(SiMe3)3 · 2THF [16] and
[Li(THF)3][Cl3GaC(SiMe3)3] 1 [21] were synthesized ac-
cording to literature procedures; the NMR spectroscop-
ically detected THF content of 1 depends on the
conditions of drying and decreases to two molecules for

Table 2
Crystal data and data collection parameters for 4

Formula C52H132Ga4Si12

Molecular weight 1373.54
Crystal system Trigonal
Space group R3; no.:146 [27]
Z 3
Unit cell dimensions

a (pm) 2175.9(3)
b (pm) 2175.9(3)
c (pm) 1379.7(3)
a (°) 90

90b (°)
g (°) 120

5657(2)V (10−30 m3)
1.207Dcalc. (g cm−3)
293(2)T (K)
1.633m (mm−1)

Crystal dimensions (mm) 0.42×0.30×0.17
Diffractometer STOE STADI4
Radiation: Mo–Ka

(graphite-monochromated)
2u range 3.652u550°
Index ranges −255h512

05k525
−165l516

Scan mode v–2u

Independent reflections 3753
Number of reflections F\4s(F) 3359
Program: SHELXTL, SHELXL-93 [28]; solutions by direct
methods; full matrix refinement with all independent structure
factors

226Parameters
R=S��Fo�– �Fc��/S�Fo� (F\4s(F)) 0.044

0.085wR2={Sw(Fo
2−Fc

2)2/Sw(Fo
2)2}1/2 (all data)

Max. residual (1030 e m−3) 0.497
Min. residual (1030 e m−3) −0.246

each formula unit in high-vacuum. Rieke magnesium
was prepared from MgCl2 (Fluka, 98%, water content
B0.5%) and potassium in THF [23], the black suspen-
sion was filtrated and the residue dried in vacuo. The
pyrophoric powder contains two equivalents of KCl
with respect to one equivalent of Mg. Commercial
bromoform is stabilized by ethanol, which was removed
by the repeated extraction with water. The organic
layer was separated, dried with calcium chloride and
distilled in vacuo. The pure bromoform was stored
under argon at 4°C. Chlorodimethyl(ethyl)silane and a
solution of methyllithium in diethyl ether from Aldrich
were used without further purification.

5.1. Tris[dimethyl(ethyl)silyl]methane

A solution 24.48 g (0.20 mol) of chloro
dimethyl(ethyl)silane and 5.9 ml (17.07 g, 0.068 mol) of
purified bromoform in 100 ml of THF was cooled to
−78°C and dropwise treated with 141 ml of a cooled
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(−78°C) 1.6 M solution of n-butyllithium in hexane
(0.225 mol) under vigorous stirring. The mixture is
warmed to r.t. over night and filtrated. The pale-yel-
low residue is washed with THF, and the solvent of
the pale-yellow filtrate completely removed in vacuo.
The product is isolated as the third fraction of a
fractional distillation as a colorless liquid. Yield:
13.28 g (71%). B.p. 96–103°C (4 Torr). 1H-NMR
(300 MHz, C6D6): d=0.95 (t, 9H, Et–CH3, 3JHH=
7.9 Hz), 0.60 (q, 6 H, CH2, 3JHH=7.9 Hz), 0.12 (s,
18 H, SiMe), −0.67 (1H, HCSi3). 13C-NMR (75
MHz,C6D6): d=10.9 (CH2), 7.9 (Et–CH3), 0.9
(SiMe), −0.6 (CSi3). IR (neat, CsBr plates, cm−1):
2951 s, 2909 m, 2874 m, 2822 w nCH; 1464 m, 1420
w, 1377 w, 1254 vs dCH3; 1117 vw, 1011 vs, 957 s
nCC, dCH; 837 vs, 826 sh, 779 vs, 725 w rCH3(Si);
692 sh, 681 s nasSiC; 650 w, 596 w nsSiC, 525 w, 355
vw dSiC. MS m/z (%) (CI, isobutane): 259 (17) [M+

−CH3].

5.2. Tris[dimethyl(ethyl)silyl]methyllithium · 1.5THF

A solution of methyllithium in diethyl ether (1.6 M,
28.6 ml, 45.76 mmol) is added to a solution of 11.96
g (43.65 mmol) tris[dimethyl(ethyl)silyl]methane in 100
ml of THF. The mixture is stirred at r.t. for 20 h.
The gold brown solution is treated with an additional
portion of the 1.6 M solution of methyllithium (10.0
ml, 16.0 mmol), and the mixture stirred at r.t. for
further 3 h. Diethyl ether is distilled off by a frac-
tional distillation and the remaining THF solution
heated under reflux for 2 h. All volatile components
are removed in vacuo, the brown residue is treated
with 50 ml of diisopropyl ether and filtrated. After
concentration to about 15 ml the product crystallizes
at −30°C. Yield: 11.02 g (65%), yellowish crystals.
M.p. (closed capillary, argon) 82–83°C. 1H-NMR
(300 MHz, C6D6): d=3.24 (m, 6 H, OCH2-THF),
1.22 (t, 9 H, Et–CH3), 1.18 (m, 6H, CH2-THF), 0.85
(q, 6H, Et–CH2), 0.36 (18H, SiMe2). 13C-NMR (75
MHz, C6D6): d=68.4 (CO-THF), 25.1 (CC-THF),
23.0 (LiC), 15.2 (CH2), 9.6 (CH3), 4.8 (SiMe2). IR
(paraffin, CsBr plates, cm−1): 1344 w, 1319 w, 1294
w, 1244 s dCH3; 1044 s, 1003 s; 955 vs, 901 vs nCC,
nCO; 835 s, 820 vs, 793 s, 764 s rCH3(Si); 665 s
nasSiC; 638 w, 625 w nsSiC; 586 m, 540 w, 419 w,br.
nLiC, nLiO; 359 w dSiC.

5.3. Li[Cl3GaC(SiMe2Et)3] · 0.75THF 2

A solution of 5.28 g (13.62 mmol) LiC-
(SiMe2Et)3 · 1.5THF in 50 ml of THF is dropwise
added to a solution of 2.40 g (13.62 mmol) GaCl3 in
75 ml of THF cooled to 0°C. The mixture is stirred
for 30 min at 0°C and for 4 h at r.t. The yellow

Table 3
Atomic coordinates and equivalent isotropic displacement parameters
(10−22 m2) for the atoms of the asymmetric unit in 4 (excluding H
atoms)

x y z U(eq)

4.52(3)0.5010Ga1 0.00000.0000
4.13(2)0.34077(8)0.03726(4)0.08295(3)Ga2

0.0000 0.0000C1 0.6533(6) 4.7(3)
Si1 −0.0632(1)0.0309(1) 6.32(6)0.6966(1)

−0.0571(5) 7.9(2)0.6230(5)C11 0.1061(4)
8.5(3)−0.0392(5) 0.6874(5)C12 −0.1589(4)

13.0(6)0.717(1)−0.2134(8)C14Aa −0.015(1)
C13 0.0616(5) −0.0483(5) 0.8259(5) 8.3(3)

18.0(2)0.845(2)−0.096(2)C14Ba 0.089(2)
0.1874(3) 0.0852(3)C2 0.2 886(4) 4.4(2)
0.2325(1) 0.1838(1)Si2 0.3151(2) 5.62(5)
0.2043(4) 0.2322(4)C21 0.2319(5) 7.8(2)

0.2042(5) 0.4388(5) 8.0(2)C22 0.2119(4)
0.3311(4) 0.2288(4)C23 0.3053(6) 7.9(2)

21.5(8)0.301(1)0.3081(8)C24 0.3670(8)
0.1833(1) 0.0700(1)Si3 0.1522(1) 4.85(5)

0.0791(4) 0.0936(4) 6.0(2)C31 0.1103(4)
6.7(2)0.1180(5)−0.0210(4)C32 0.1644(4)

0.1320(4) 0.0854(5) 7.2(2)C33 0.2676(4)
0.1188(5) −0.0235(5) 10.9(4)C34 0.2621(5)

5.61(5)0.0443(1) 0.3507(1)Si4 0.2360(1)
0.0577(5)0.3173(4) 7.5(2)C41 0.2853(5)

7.7(2)0.4764(4)0.0817(5)0.2688(4)C42
0.1786(4)C43 −0.0533(4) 7.1(2)0.3640(5)

11.7(4)−0.0935(6)0.2135(7) 0.4083(7)C44

a Disordered methyl group.

solution is evaporated and the pale-yellow residue
dried in vacuo at r.t. and over night at 85°C. Treat-
ment of the product with 50 ml of toluene, filtration,
concentration and cooling to −50°C yields com-
pound 2 as a colorless solid. Yield: 3.38 g (49%).
M.p. (closed capillary, argon) 130°C. 1H-NMR (300
MHz, C6D6): d=3.53 (br, 3H, OCH2-THF), 1.22 (br,
3H, CH2-THF), 1.13 (br, 6H, Et–CH2), 1.02 (t, 9H,
Et–CH3), 0.53 (s, 18H, SiMe2). 13C-NMR (75 MHz,
C6D6): d=68.4 (CO-THF), 25.3 (CC-THF), 11.9
(Et–CH2), 8.5 (Et–CH3), 2.0 (SiMe2). IR (paraffin,
CsBr plates, cm−1): 1296 w, 1258 s dCH3; 1171 vw,
1155 vw, 1034 m, 1003 s, 961 m, 916 w nCO, nCC;
885 w, 843 vs, 818 vs, 723 s, 706 m dCH3(Si); 681 m
nasSiC; 598 vw nsSiC; 536 vw nGaC; 415 vw, 359 m,
330 s nGaCl, dSiC3, nLiO.

5.4. Tetrahedro-tetrakis[tris(trimethylsilyl)-
methylgallium(I)] 3

A suspension of 0.43 g Rieke-Mg/2 KCl (2.46
mmol) in 10 ml of toluene is treated with 1.18 g (2.11
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mmol) of LiGaCl3C(SiMe3)3 · 2THF (1) dissolved in 20
ml of toluene. After ultrasonic treatment for 30 min the
mixture is vigorously stirred at 70°C for 20 h. The color
changes over yellow and orange to dark red. The
reaction mixture is filtrated and the solvent evaporated
in vacuo. The residue is thoroughly dried in vacuo,
treated with 20 ml of n-pentane and filtrated. The
residue is washed twice with 10 ml of n-pentane, the
filtrate concentrated until the beginning of crystalliza-
tion and cooled to 0°C to yield dark red crystals of 3.
Yield: 0.48 g (76%). The characterization has been
published before [4] with the exception of a complete
13C-NMR spectrum. 13C-NMR (75 MHz, C6D6): d=
61.7 (GaC), 7.7 ppm (SiMe3).

5.5. Tetrahedro-tetrakis-{tris[dimethyl(ethyl)silyl]-
methylgallium(I)} 4

A suspension of 0.38 g Rieke-Mg/2 KCl (2.20 mmol)
in 10 ml of toluene is treated with 0.99 g (1.93 mmol)
LiGaCl3C(SiMe2Et)3 · 0.75THF (2) dissolved in 25 ml
of toluene. After ultrasonic treatment for 30 min the
mixture is vigorously stirred at 70–80°C for 3 days. The
color changes to dark red. The mixture is filtrated and
the residue washed with 10 ml of toluene. The filtrate is
evaporated in vacuo, the brown–red residue thor-
oughly dried in vacuo, treated with 20 ml of n-pentane
and the precipitated colorless dust filtered off. The dark
red filtrate is concentrated up to the beginning of
crystallization and cooled to −30°C to obtain com-
pound 4 as dark red crystals. Yield: 0.47 g (71%). Dec.
p. (closed capillary, argon) 211°C. Molar mass
(cryoscopically in benzene) [g ·mol−1]: experimental
1045 (concentration 0.0079 mol l−1, red solution), 475
(0.0013 mol l−1, orange solution), 356 (8.2 ·10−4 mol
l−1, yellow-orange solution); calculated 1030.2 (trimer),
343.4 (monomer). MS (EI) m/z (%): 686 (0.8), 689 (0.8),
691 (0.5) all [M+] of the dimer, 342 (32), 344 (26) all
[M+] of the monomer, 313 (100) [M+-C2H5]. 1H-NMR
(300 MHz, C6D6): d=1.06 (s, 5H, Et–CH2 and Et–
CH3), 0.50 (s, 6H, SiMe2). 13C-NMR (75 MHz, C6D6):
d=64.2 (GaC), 14.3 (Et–CH2), 8.4 (Et–CH3), 3.9
(SiMe2). IR (paraffin, CsBr plates, cm−1): 1304 w, 1254
s dCH3; 1169 vw, 1155 vw, 1078 vw, 1001 m, 959 w
nCC; 918 vw, 887 vw, 835 vs, 822 vs, 721 m dCH3(Si);
692 m, 685 w nasSiC; 633 m, 602 vw nsSiC; 571 m
nGa4C4; 465 vw, 415 vw, 357 vw, 330 vw dSiC, dCC.
UV–vis (n-hexane): lmax [nm] (lgo)=224 (4.9), 258
(4.8), 283 (4.9), 440 (3.8).

5.6. Crystal structure determination of 4

Dark red single crystals of 4 were obtained by recrys-
tallization from n-pentane, it crystallizes as a racemic
twin with BAS factors [28] of 0.63 and 0.37. Details of
the crystal data, data collection parameters and struc-

ture determination are given in Table 2, atomic coordi-
nates and isotropic displacement parameters in Table 3.
The molecule is located on a crystallographic threefold
rotational axis with Ga1 and C1 on the axis and three
symmetrically equivalent Ga2 atoms. The silyl groups
at C1 are also equivalent by symmetry; they show a
disorder of the ethyl substituent, of which the methyl
group (C14) occupies two positions at different carbon
atoms (C12 and C13). The occupancy factors are 0.67
and 0.33; the bond length C13–C14B of the less occu-
pied position was fixed to an ideal value. Due to the
disorder of the ethyl groups at Si1 one hydrogen atom
was not included in the refinement of the structure.

6. Supplementary material available

Further details of the crystal structure determination
are available from the Fachinformationszentrum Karls-
ruhe, D-76344 Eggenstein-Leopoldshafen (Germany),
on quoting the depository number CSD-407275.
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