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Synthesis and Structure of Siloxy-Substituted ZnO Aggregates Having (ZnO)n
(n 5 2, 4) and Zn3O4 Cores
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Convenient syntheses and X-ray crystallographic character-
izations of the first bis(trimethylsilyl)amido-, methyl-, and
iodozinc triorganosiloxide aggregates 1−5 are described.
They are accessible by the simple reaction of ZnR92 [R = Me,
N(SiMe3)2] with the respective silanols R3SiOH (R = Me, Et,
iPr), which affords the dimeric [(Me3Si)2NZnOSiR3]2 (1a: R =
iPr; 1b: R = Et), trinuclear [(MeZn)2Zn(OSiiPr3)4] (2a),
{[(Me3Si)2NZn]2Zn(OSiR3)4} (2b: R = Et; 2c: R = Me), and
tetranuclear heterocubanes [MeZnOSiR3]4 (3a: R = Me; 3b:
R = Et), respectively. The latter were oxidized with four
equivalents of elemental iodine to form the tetraiodo derivat-
ives [IZnOSiR3]4 (4a: R = Me; 4b: R = Et) in 82 and 88% yield,

Introduction

Molecular single-source precursors for the formation of
metal oxides such as metal alkoxides and siloxides[1] have
attracted wide interest in the fields of material science and
catalysis. While many fascinating applications have been de-
veloped in the series of homo- and heterometallic alkoxides
and siloxides[1,2] relating to most s-, p-, d-, and f-block ele-
ments, the precursor chemistry of molecular zinc alkoxide
aggregates[3] and related systems (siloxides, phosphonates)[4]

has received much less attention. Remarkably, in contrast
to molecular zinc thiolate/sulfide clusters, which consist of
structural subunits of sphalerite with six-membered Zn3S3

rings comprised of alternating zinc and sulfur atoms,[5] zinc
alkoxide aggregates possess single or edge-fused, four-mem-
bered Zn2O2 cores. This is evident from the rare examples
of structurally characterized Zn4O4 heterocubanes, edge-
shared Zn7O8 double-cubanes, and spirobicyclic Zn3O4 ag-
gregates.[3] The formation of other types of aggregates or
substitution of the exocyclic organic ligands at zinc without
degradation of the ZnxOy framework seems very limited,
due to the high polarity of the Zn2O bond. Since the de-
gree of aggregation and reactivity of such clusters is
strongly influenced by the steric and electronic properties
of the substituents at oxygen, siloxy-substituted derivatives
can be expected to be even more versatile building blocks
than their alkoxide analogues due to the convenient leaving-
group properties of silyl groups. Whereas only two types
of siloxy-substituted ZnO aggregates have been described
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respectively. Due to the higher polarity of the Zn−I vs. Zn−C
σ-bond, the Zn−O distances of the almost regular Zn4O4 core
in 4a are 2−6 pm shorter than those observed in the less
Lewis-acidic cluster 3b. However, the Zn−O distances in 3b
and 4a are ca. 10−15 pm longer than those in 1a, 2a, and 2c,
due to different coordination numbers at Zn and the effects
of ring strain. Remarkably, the iodo derivatives 4a,b undergo
dissociation in THF to give the respective dimeric THF solv-
ates [IZn(THF)OSiR3]2 (5a: R = Me; 5b: R = Et), whereas the
Zn4O4 cores in 3a and 3b are retained even in aprotic polar
solvents.

previously, 35 years ago by Schmidbaur et al.,[6] no in-
formation is yet available concerning the influence of the
size of the triorganosilyl group at O or of the substituent at
Zn on the degree of aggregation of molecular zinc siloxides.
We report herein on the synthesis and structural character-
ization of the siloxy-substituted di-, tri-, and tetranuclear
ZnO clusters 1, 2, and 3, which represent potentially useful
precursors for the synthesis of ZnO nanoparticles. Remark-
ably, the methyl groups at Zn in 3a,b can easily be replaced
by iodine atoms, ultimately leading to the respective tetra-
iodides 4a,b, which are promising starting materials for the
synthesis of other nonorgano-substituted (Zn2X) Zn4O4

heterocubanes.

Results and Discussion

Different siloxy-substituted ZnO aggregates are access-
ible simply by the Brønsted acid/base reaction of triorgano-
silanols with dialkyl- and diamidozinc compounds. Thus,
conversion of the triorganosilanols R3SiOH (R 5 Me, Et,
iPr) with the zinc bases ZnR29 [R9 5 Me, N(SiMe3)2] fur-
nishes, depending on the steric demand of the substituents,
di-, tri-, and tetranuclear ZnO aggregates of types 123. Re-
action of the sterically congested silanol iPr3SiOH with
ZnMe2 leads exclusively to the trinuclear, spirobicyclic
Zn3O4 aggregate 2a in 76% yield, while its analogous con-
version with the bulky zinc diamide Zn[N(SiMe3)2]2 affords
only the dimer 1a in 84% yield (Scheme 1). However, reac-
tion of Et3SiOH with Zn[N(SiMe3)2]2 furnishes a 1:1 mix-
ture of the dimeric and trinuclear species 1b and 2b, respect-
ively. Apparently, the size of the silyl group has a stronger
influence on the rate of deprotonation and the degree of




