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The reaction of LAl[η2-(C2(SiMe3)2)] (1; L ) HC[(CMe)(NDipp)]2,
Dipp ) 2,6-iPr2C6H3) with dioxygen leads to the elimination of
bis(trimethylsilyl)acetylene and the formation of the corresponding
aluminum monohydroxide via the oxidation of one of the CHMe2

groups on the Dipp ring.

Dioxygen activation with well-defined organometallic
complexes is very important for the understanding of its
activation and transfer mechanism.1 The interaction of
dioxygen with heavier group 13 elemental alkyls has been
investigated for decades.2 The earlier studies showed that
controlled oxidation of aluminum alkyls with molecular
oxygen normally leads to the formation of aluminum
alkoxides, which were presumbly formed via alkyl peroxide
intermediates, followed by oxygen atom transfer.2 In 1996,
Lewiński and co-workers reported a fully characterized
aluminum alkyl peroxide and provided the first experimental
evidence for the previous assumption.3a Very recently, the
mechanism for dioxygen activation with several types of
four-coordinate aluminum alkyls has been explored.3b It has
been shown that these higher-coordinate aluminum alkyls
can also be readily oxidized via alkyl peroxide intermediates.
However, very little is known about the insertion of
molecular oxygen into an aluminum-alkenyl linkage. Herein
we report on the reaction of LAl[η2-(C2(SiMe3)2)] (1; L )

HC[(CMe)(NDipp)]2, Dipp ) 2,6-iPr2C6H3)4a with molecular
oxygen to yield an aluminum hydroxide and eliminate bis-
(trimethylsilyl)acetylene via an intramolecular C-H activa-
tion. The previous studies on the reactivity of1 showed that
it could activate a range of unsaturated small organic
molecules, affording several novel types of aluminum
heterocycles.4

When a red-black solution of1 was exposed to dry
dioxygen in diethyl ether at-78 °C, the immediate color
change of the solution to light yellow was observed.
Compound2 was isolated in modest yield after a standard
workup (Scheme 1).5 The reaction proceeds similarly in
toluene, and the activation of the methyl group of toluene
was not observed, indicating that the C-H activation has a
certain geometric requirement. To confirm side products, the
reaction was carried out in toluene-d8; both1H and13C NMR
spectra indicate the formation of2 and free bis(trimethylsi-
lyl)acetylene along with a small amount of impurities.
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Scheme 1. Proposed Reaction Pathway for the C-H Activation
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Compound2 is stable both in solution and in the solid state
under an inert atmosphere and is allowed to be characterized
by 1H and 13C NMR and IR spectroscopies, elemental
analysis, and X-ray single-crystal analysis. The NMR spectra
are informative; the spectral patterns are consistent with the
structure of2. The IR spectrum displayed the broad absorp-
tion centered at 3450 cm-1, attributed to the bridging OH
vibration.6 The structure of2 was finally confirmed by X-ray
single-crystal analysis.

Single crystals of2 were obtained from diethyl ether at 5
°C; the structure is shown in Figure 1. The complex has a
dimeric structure, with the two aluminum atoms connected
by the bridging hydroxyl groups.7 Each aluminum atom

adopts a distorted bipyrimidal geometry, with one oxygen
atom of the bridging hydroxyl groups and one of the nitrogen
atoms on the ligand backbone occupying the axial positions
[O(1) and N(1); O(2) and N(2)]. The central Al2O2 ring is
slightly folded (mean deviation from the plane) 0.1367 Å).
The Al-O(bridging) distances (1.860-1.868 Å) are in the
known range for the aluminum compounds containing
bridging hydroxyl groups.6b The C-O bond lengths [1.424-
(4) and 1.402(5) Å] are consistent with a C-O single bond,
and the Al-O(alkyl) bond lengths [1.741(2) and 1.740(2)
Å] indicate an Al-O(R) (R ) alkyls) single bond.6,8

A similar C-H oxidation has been previously observed
in the reaction of LAlH2 with tert-butyl hydroperoxide
containing small amounts of water.9 However, the reaction
products could not be fully characterized by spectroscopic
methods because of its decomposition in solution. In addi-
tion, the existence of multiple reactants did not allow us to
deduce a reasonable mechanism for the activation. Although
we have not obtained the direct evidences for the reaction
pathway because the reaction is too fast even at low
temperatures to allow the detection of any intermediate, we
reasoned that the formation of2 may involve the initial
insertion of dioxygen into one of the Al-C bonds to yield
the postulated peroxide intermediateA in Scheme 1, which
undergoes O-O bond cleavage, followed by abstraction of
theR-hydrogen atom from one of the CHMe2 groups to form
B as an AlNCCCOCC eight-membered ring, which subse-
quently eliminates the alkyne to form a stable six-membered
AlNCCCO ring; alternatively, because of the high oxophi-
licity of the aluminum cations,A could directly eliminate
C2(SiMe3)2 to form the aluminum dioxygen intermediate
LAl( η2-O2), which then undergoes O-O bond cleavage
followed by C-H oxidation. For transition-metal peroxide
complexes, in many cases, they are postulated to undergo
either homolytic or heterolytic O-O bond cleavage to give
reactive metal oxo species facilitated by oxidation of the
metal centers.10 Herein the oxidation of Al3+ is not possible;
O-O bond cleavage may take place with the oxidation of
the C-H bond of a CHMe2 group in the Dipp ring instead
of the aluminum center; the selective oxidation of the
R-carbon atom of the CHMe2 group suggests the homolytic
cleavage of the O-O bond. This kind of O-O bond cleavage
has recently been reported for a d0 titanocenetert-butyl
peroxide.10b The reaction of1 may be compared to that of
LAl with dioxygen, in which a dimeric aluminum oxide
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Figure 1. Thermal ellipsoid drawing of2 (30% probability). Hydrogen
atoms and CHMe2 groups on Dipp rings except those oxidized have been
omitted. Selected bond distances (Å) and angles (deg): Al(1)-O(1) 1.868-
(2), Al(1)-O(2) 1.860(2), Al(1)-O(4) 1.740(2), Al(2)-O(1) 1.868(2), Al-
(2)-O(2) 1.868(2), Al(2)-O(3) 1.741(2), O(1)-Al(1)-O(2) 75.09(10),
O(1)-Al(2)-O(2) 75.04(9), Al(1)-O(1)-Al(2) 102.35(10), Al(1)-O(2)-
Al(2) 102.44(10).
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(LAlO)2 was solely isolated presumbly via the LAl(η2-O2)
intermediate.6b In the latter case, it is very likely that the
reaction involving the transfer of one of the oxygen atoms
from LAl(η2-O2) to another molecule of LAl to form (LAlO)2

may be faster than that of dioxygen with LAl.
In summary,1 is highly reactive toward dioxygen because

of the strained AlC2 framework despite the four-coordinate
aluminum center. The formation of2 may involve an
aluminum peroxide intermediate, which undergoes O-O
bond cleavage accompanied by the intramolecular oxidation
of an R-C-H bond in one of the CHMe2 groups and the
elimination of bis(trimethylsilyl)acetylene. This reaction

demonstrates that1 could be used as an alternative LAl
source, however, with the formation of a different product.
Further investigation of1 with other chalcogens is currently
underway.
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