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The novel alkali metal zinc-alkoxide and the ﬁrst -siloxide aggregates [(thf )M(MeZn)(OtBu)2]2 1a (M = Li), 1b
(M = Na), [(thf )2K(MeZn)(OSiMe3)2]2 2 and [(tmeda)KZn(OSiMe3)3]2 3 are easily accessible from the reaction of
Me2Zn with MOR (molar ratio 1 : 1; M = Li, Na, K; R = tBu, SiMe3) in boiling thf and tmeda, respectively. While 1a,
1b and 2 possess distorted M2Zn2O4 heterocubane frameworks, compound 3 consists of a K2Zn2O6 core of a strongly
distorted, face-fused double-heterocubane with two missing corners. In contrast, heating a mixture of Me2Zn and
KOtBu in the molar ratio of 1 : 1 in toluene aﬀords the donor solvent-free K–Zn–O cluster [K(MeZn)3(OtBu)4] 4
which crystallizes as a polymer of strongly distorted [KZn3O4] heterocubanes via intermolecular agostic K ⴢ ⴢ ⴢ MeZn
interactions. The formation of the clusters may be rationalized in terms of alkali metal ion- and donor solventdependent ligand exchange reactions of methyl(alkoxide)- and methyl(siloxide)-zincates as initial products. Some of
the initial products have been detected by means of electro spray ionisation (ESI) mass spectrometry.
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Introduction
The rich structural variety of discrete metal–oxygen clusters is
of importance for the development of new multi-component
materials and catalysts based on metal oxides.1 Especially the
development of novel single-source precursors which allow the
synthesis of size- and shape-selected, homo- and hetero-metal
oxide particles is one of the actual challenges in inorganic
chemistry with regard to material science. Volatile organometallic oxide presursors oﬀer several advantages for the synthesis of nano-scaled metal oxides in diﬀerent environments
because they can be used in chemical-vapour-synthesis (CVS),
in solution (non-hydrolytic and hydrolytic sol–gel-synthesis) or
in solid state synthesis (synthesis of nanoscaled solids). We are
currently using organozinc-alkoxide 2 and -siloxide clusters 3 as
molecular models and volatile multiple precursors for nanoscaled ZnO, Zn and ortho-zinc silicate (Zn2SiO4) particles.4
ZnO is one of the most important substrates in heterogeneous
catalysis (e.g., industrial methanol synthesis 5) but its (micro)structure–reactivity relationship is not yet well understood even
after more than 30 years of intensive research. We have shown
that organozinc siloxide clusters 3 can be used as remarkable
versatile precursors for the synthesis of highly active nanocrystalline ZnO and heterometal ZnO supports for the conversion
of CO2 and H2 into methanol and H2O.5 Remarkably, alkali
metal ion-modiﬁed ZnO supports show uncommonly strong
one- and two-electron donor properties and are unusual superbasic heterogeneous catalysts.6 Since the catalytic activity of
ZnO supports can be drastically enhanced in the presence of
several promotor components (e.g., Cu particles, alkali metal
ions, etc.) it is furthermore highly desirable to gain access to
appropriate single-source precursors for such multi-component
ZnO substrates which are far less developed or hitherto
unknown. Therefore we are also currently focusing on the
synthesis of structurally deﬁned heterometal zinc-alkoxide and
-siloxide clusters as molecular single-source presursors for
alkali metal-modiﬁed ZnO systems. We learned that the
structural chemistry of seemingly simple mixed alkali metal
† Electronic supplementary information (ESI) available: the ESI spectra of the reaction mixtures tBuOLi + ZnMe2, Me3SiOK + ZnMe2 and
t
BuOK + ZnMe2. See http://www.rsc.org/suppdata/dt/b3/b302585c/

zinc alkoxides is only scarcely developed, although they have a
long tradition as reactive species in both organic and inorganic
synthesis. For example, it is well known that dialkylzinc
compounds can be highly activated as alkyl transfer reagents
towards unsaturated organic substrates in the presence of alkali
metal alkoxides,7 and diorganozinc compounds react with
CO to give acyloins but only in the presence of alkali metal
alkoxides as promotors.8
A survey of the literature on alkali metal zincates shows
that the structural chemistry is mostly devoted to lithium triorgano- and tetraorgano-zincates,9 while little is known about
alkoxyzincates.10 Recently, remarkable one-pot syntheses of
mixed organo-alkoxyzincates have been reported by reactions
of ZnMe2 with secondary amines or amidine ligands and LitBu
in the presence of molecular oxygen but this method seems
rather limited to lithium derivatives.11,12 The latter method gave
access to the structurally characterized Li–Zn–O clusters
[((thf )Li)2(MeZn)2(OtBu)4] A and [Li(MeZn)3(OtBu)4] B having
a heterocubane core. Related bimetallic organozinc siloxides
with larger cluster frameworks have also been reported.13,14

While previous investigations on the reaction of diorganozinc compounds (R2Zn) with alkali metal alkoxides (MOR⬘) in
benzene were reported to give only organozincates with R2Zn :
MOR⬘ ratios of 1 : 1 or 2 : 1,15 we have found that ligand
exchange reactions between dimethylzinc and alkali metalalkoxides and -siloxides can also lead to a variety of novel
heterobimetallic ZnO clusters. We present here a simple and
productive method for the synthesis of novel alkali metal–
methylzinc-alkoxide and -siloxide clusters, starting from dimethylzinc and the respective alkali metal salts in coordinating
and non-coordinating solvents at elevated temperature.
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