Facile synthesis and crystal structure of a GaxRg cluster T

Gerald Linti* and Alexander Rodig

Ingtitut fir Anorganische Chemie der Universitét, Engesserstr. Geb. 30.45, 76128 Karlsruhe, Germany.

E-mail: linti@achpc9.chemie.uni-karlsruhe.de

Ty I

Received (in Basel, Switzerland) 31st August 1999, Accepted 30th November 1999

A new metalloid cluster Ga,,Rg with a central gallium atom
exhibiting an unusual coordination number of 13 and the
gallatetrahedrane Ga4R4 are obtained by reaction of ‘Gal’
with the lithium tris(trimethylsilyl)germanide Li(thf);R.

In the past decade, the chemistry of low vaent gallium
compounds has garnered widespread interest.1 An appropriate
and easily accessible starting material for gallium cluster
compoundsis‘Gal’, prepared by treating gallium and iodine in
toluene with ultrasound.2 ‘Gal’, the structure of which is still
unknown, has been used to synthesize agallium(i) pyrazolybor-
ate derivative3 and the trigallane Gagls*3PEt3.4 The reaction of
‘Gal’ with lithium tris(trimethylsilyl)silanide as its thf solvate
Li(thf)sR’ (Scheme 1) afforded the galatetrahedrane 1, the
electron-precise tetragallane 2 and the nonagallane 3 together
with the disproportionation products 4 and 5° as well as a
silagallane cluster.6 The structure of 3, a cluster anion of
composition [GagR’g] —, is, in conformity with Wade-Williams
cluster rules, a Ga; closo cluster with four R” and two GaR’
ligands. Obviously, three Ga atoms are attached to other Ga
atoms only. Such ligand free cluster atoms are rare in main
group chemistry but are also found in { Al-7[N(SiMe3)2] 20} 2~ 7
and In;(SiButs)g.8 In 1 and 3 the ligands shield the gallium core
entirely. Thus, the question arises whether other ligands allow
the preparation of cluster compounds with different gallium
cores. Here, we report on the use of the tris(trimethylsi-
lyl)germanyl group (R) in galium cluster chemistry and the
easy, high yield synthesis of a Gapo-cluster.

When sonochemically prepared ‘Gal’ is reacted with
Li(thf)sR in toluene (Scheme 2), a dark red-violet solution is
obtained from which colourless gallium(inn) products of the type
RoGal »+Li(thf),, 6 precipitate.3 Obviously, a disproportionation
reaction has occurred, but the formation of elemental gallium
was not observed, implying that gallium species with oxidation
states of < 1 had formed. Consequently, the gallatetrahedrane 7
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T Dedicated to Prof. Nils Wiberg on the occasion of his 65th birthday.

was isolated in considerable yields while the main product of
the reaction was Gayy[Ge(SiMes)s]s 8. The tris(trimethylsi-
lyl)silyl analogue of 8, Gay,[Si(SiMes)3]s,° Was not accessible
via‘Gal’ but was synthesised via metastable GaBr solutions, the
preparation of which is very complicated.

Compound 7 (Fig. 1)8 exhibits a nearly ideal tetrahedral Ga,
core with average Ga-Ga distances of 258.7 pm. Thus, 7 isvery
similar to 1 (dgaca = 258.8 pm)20 and Ga,(SiButs), (dga ca =
257.9 pm),11 but has shorter Ga—Ga contacts than Gay[C-
(SiMé&3)3]4 (dgaca = 268.8 pm).12

X-Ray structure analysis of 8 (Fig. 2)& shows a cluster
consisting of 22 Ga atoms with eight R substituents and can be
viewed as a Gay4 core with eight attached GaR units. The Gay4
core can be regarded as metalloid, yet this framework has no
equivalent in any known modification of elemental gallium.
The Gay4 core consists of a central gallium atom Ga(1), which
is surrounded by 13 other gallium atoms with long Ga-Ga
distances ranging from 285.5 to 312.4 pm (av. 295.1). The
coordination sphere around the central gallium atom is an
unusual Gayz polyhedron of the type Mx>-Mg—M,4 with eight
four-membered and four three-membered ring facets. This is
similar to the M1, cuboctahedron (Ms—Me—M3) in closest
packing spheres of metals. The Ga—Ga distances within the
Gay3 shell average 282.9 pm, longer than the Ga—Ga distances
in elemental gallium (240-280 pm)13 or in the Gay, icosahedra
in NaMgs_xGag (dgaca = 269-273 pm).14 All four-mem-
bered ring facets of this Gay3 shell are capped by GaR unitsin
w4 and uz-modes [dgaca = 256.6 pm (av.)]. The gallium atoms
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Fig. 1 View of a molecule of 7. Methyl groups are omitted for clarity.
Selected bond lengths (pm): Ga(1)-Ga(2) 258.2(5), Ga(2)-Ga(2)’ 259.1 (5),
Ga(1)-Ge(1) 246.8(6), Ga(2)-Ge(2) 245.5(4), Ge-Si 235(2)—238(2).
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Fig. 2 View of amolecule of 8. Trimethylsilyl groupsare omitted for clarity.
Selected bond lengths (pm): Ga(1)-Gagaz 285.5(5)—-312.4(5), Ga(2)—
Gacas 244.7(5), 244.7(5), 245.8(4), 245.8(4), Ga(3)-Gacas 258.9(7),
246.0(5), 246.9(5), Ga(5)-Gacaiz 236.5(7), 240.3(7), 268.4(6), 269.3(5),
Ga(2)'—Gacasz 269.0(6), 274.6(8), 274.6(8), 300.5(8), Ga(2)-Ge(2)
243.0(2), Ga(3)-Ge(3) 242.8(2), Ga(5)-Ge(5) 242.9(3), Ge-Si
236.1(4)-238.4(5).

[Ga(2), Ga(3), Ga(5) and symmetry equivalents] of these eight
GaR units form a quadratic antiprism (dgaca = 481-505 pm).
Again, the bulky tris(trimethylsily)germyl ligands completely
shield the gallium core.

Compound 8 is certainly not atypical Wade type cluster and
should be viewed as a metalloidal cluster, in accordance with
the jellium model.® However, when taking into consideration
the long Ga—Ga distances involving Ga(1) and within the Gay s-
shell, as well as the short distances between the RGa units and
the atoms of the Gay3 shell, the RGa groups may be viewed as
electron pair donating ligands, attached to the Ga, 3 shell by two-
electron multicenter bonds. Assuming a central Ga* ion, 15
cluster binding electron pairs are counted; thus the Gay3 shell
may be regarded as a nido polyhedron. This 13-atom poly-
hedron resembles the Mx>-MgM, arrangement recently re-
ported for (AIMe)gC(CH,Ph)sH.15

The results presented show the great synthetic potential of
‘Gal’ for the preparation of gallium cluster compounds.
Examples include compounds 3 and 8, which are intermediates
in the disproportionation of low valent galium species into
metal and higher oxidized gallium compounds. Our current
efforts are directed towards the synthesis of other silyl and
germy! ligands with modified steric and electronic propertiesin
order to influence the size of the gallium cluster.

This work was supported by the Deutsche Forschungsge-
meinschaft and the Fonds der Chemischen Industrie. We thank
Prof. Dr D. Fenske for diffractometer time.

Notes and references

T Experimental: Li(thf)sGe(SiMe3)316 (1.9 g, 3.7 mmol) dissolved in 25 mL
of toluene at —78 °C was slowly added to a suspension of ‘Gal’ (0.7 g, 3.7
mmol) (prepared by the procedure given in ref. 2) in toluene (30 ml) at the
same temperature. The mixture was stirred for 5 h at —78 °C and then
allowed to warm to room temp. All volatileswereremoved in vacuo, and the
residue was extracted with methylcyclohexane (30 ml). The resulting dark
red solution was filtered. Crystals of 6, 7 and 8, suitable for X-ray
crystallography, were obtained from the concentrated filtrate at 0 and —30
°C, respectively.

Sectral data: for 7+0.5Ge,;SigCrqH720°0.5C;Hg (M = 1867.1): yield:
259 mg (15%); H NMR (CgDe): & 0.46 [s, OGex(SiMes)e], 0.39 [s,
GaGe(SiMes)3]; 13C NMR (CgDg): 6 4.83 [GaGe(SiMes)3], 4.65 [OGe,-
(SiMe3)g]; MS (70 eV, El): m/iz (%) 1438 (2.7) [M]*+, 1365 (0.3) [M —
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SiMe3)]*, 1145 (5.0) [M — Ge(SiMes)3]+, 854 (1.3) [M — 2 Ge(SiMe3)3]*+,
594 (2.6) [OGey(SiMes)g]**, 358 (34.5) [GaGe(SiMes)s]*+, 293 (100.0)
[Ge(SiMes)s]*.

For 80.25GeSi 4C12H36 (M = 3962.9): yield: 127 mg (19%); MS(70 €V,
El): m/z (%) 362 (6.4) [Ge(SiMe3),]*+, 293 (100.0) [Ge(SiMe3)3] .

§ Crystal data: STOE IPDS, Mo-K« radiation, direct methods, full-matrix
least squares against F2, hydrogen atoms as riding model with Bruker AXS
SHELXTL 5.1 (PC).

Ga3Ge4Si12C36H108°0.5G€,SigC24H72090.5C/Hg 7: crystal size: 0.20 X
0.20 x 0.10 mm, cubic, space group Pa3 (no. 205), a = 2697.5(3) pm, V
= 19.628(4) nm3, Z = 8, D, = 1.214 g cm3, u = 2.796 mm—1, F(000) =
7424, 14038 measured reflections for 260 = 2.5 — 42°, 3337 [1193 with F
> 40(F)] independent reflections, 228 parameters. R; = 0.108, wR, =
0.289, max. residual electron density 1.56 e A—3. Several crystals tested
were all very weakly diffracting, so this structure should be regarded as a
preliminary one. Only Ga, Ge and Si atoms were refined anisotropically, C
and O atoms isotropically. The nearly spherical molecules of 7 (residing on
athreefold axis) pack in a primitive cubic lattice, providing large holes in
the structure, which are occupied by disordered toluene and [(MesSi)s-
Ge],0 molecules. The high residual electron density is due to partial
oxidation resulting in a RGa,O,4-heterocubane. Only ca. 10% of the oxygen
positions are occupied, the R-values being unaffected, whether these are
included in the refinement or not.

GangegSi24C72H215'0.2569§4C12H36 8: CryStaI size: 0.20 x 0.10 x
0.02 mm, orthorhombic, space group Pmmn (no. 59), a = 2401.2(3), b =
2461.5(2), c = 1605.9(1) pm, V = 9.492(1) nm3, Z = 2, D, = 1.361 g
cm—3, 1 = 4520 mm~—1, F(000) = 3860, 16797 measured reflectionsfor 20
= 4 — 42°, 4661 [2160 with F > 40(F)] independent reflections, 366
parameters. R; = 0.088, wR, = 0.244 (all data), max. residual electron
density 1.23 e A—3. The GaGay, coreis disordered, so that two orientations
of the Gay3 core overlie each other, interchanging the M3 and M, facets.
Thus the disordered molecule has crystallographic mm symmetry, while 8
has only mirror symmetry. Although the data were inspected thoroughly, no
hint of a larger cell or superstructure was found. The almost spherical
clusters are packed in a primitive cubic | attice, the cubic holes of which are
occupied in part (ca. 25%) by disordered Ge(SiMej3), and pentane. Only the
central Ge atoms were included in the refinement. Owing to the intensive
disorder and the thinness of the crystal plates virtually no peaks with 26
>42° could be observed. Therefore, only gallium, germanium and silicon
atoms were refined anisotropically.

CCDC 182/1495. See http://www.rsc.org/suppdata/cc/a9/ad907039g/ for
crystallographic files in .cif format.

1 W. Uhl, Angew. Chem., 1993, 105, 1449; Angew. Chem.,, Int. Ed. Engl.,
1993, 32, 1386; C. Dohmeier, D. Loos and H. Schndckel, ibid., 1996,
108, 141; 1996, 35, 129.

2 M.L.H.Green, P. Mountford, G. J. Smout and S. R. Speel, Polyhedron,
1990, 9, 2763.

3 M. C. Kuchta, J. B. Bonnano and G. Parkin, J. Am. Chem. Soc., 1996,
118, 10914.

4 A. Schnepf, C. Doriat, E. Méllhausen and H. Schnockel, Chem.
Commun., 1997, 2111.

5 G. Linti and W. Kostler, Angew. Chem., 1997, 109, 2758; Angew.
Chem,, Int. Ed. Engl., 1997, 36, 2644

6 G.Linti, W. Kostler, H. Piotrowski and A. Rodig, Angew. Chem., 1998,
110, 2331; Angew. Chem, Int. Ed., 1998, 37, 2209. This is the
preceeeding paper in the series ‘On the chemistry of galium’. The
present paper is regarded as part 16.

7 A. Ecker, E. Weckert and H. Schnockel, Nature, 1997, 387, 379.

8 N. Wiberg, T. Blank, H. N&éth and W. Ponikwar, Angew. Chem., 1999,
111, 887; Angew. Chem,, Int. Ed., 1999, 38, 839.

9 A. Schnepf, E. Weckert, G. Linti and H. Schndckel, Angew. Chem.,,
1999, 111, 3578; Angew. Chem.,, Int. Ed., 1999, 38, 3381.

10 G. Linti, J. Organomet. Chem., 1996, 520, 107.

11 N. Wiberg, Coord. Chem. Rev., 1997, 163, 217.

12 W. Uhl, W. Hiller, M. Layh and W. Schwarz, Angew. Chem., 1992, 104,
1378; Angew. Chem.,, Int. Ed. Engl., 1992, 31, 1364.

13 A. F. Wells, Sructural Inorganic Chemistry, Clarendon Press, Oxford
5th edn., 1984.

14 R. Nesper, Angew. Chem., 1989, 101, 99; Angew. Chem., Int. Ed. Engl.,
1989, 28, 58.

15 W. Uhl and F. Breher, Angew. Chem., 1999, 111, 1578; Angew. Chem.
Int. Ed., 1999, 38, 1477.

16 A.G.Brook, F. Abdesaken and H. Sdllradl, J. Organomet. Chem., 1986,
299, 9.

Communication a907039g



