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Alumazene is a reactive trimeric iminoalane that undergoes dealkylsi-
lylation reactions with a variety of trimethylsilyl esters.

Keywords: Aluminum; dealkylsilylation; iminoalanes; nitriles; phos-
phonates; sulfonates

Iminoalanes [RNAIR'], constitute a large family of homologous com-
pounds possessing a multitude of different molecular structures. A
large number of oligomers with n > 4 form polyhedral cage structures
that obey Smith’s rule, i.e., they are composed of six squares and n-4
hexagons. On the other hand, smaller iminoalane oligomers (n = 1
to 3) are much rarer. Monomeric! and dimeric? derivatives were syn-
thesized and structurally characterized only recently. They were pre-
pared from precursors, such as low-valent aluminum compounds, bulky
arylaluminum hydrides, dichloroalanes and CpsAl, and kinetically
stabilized by sterically demanding organic substituents. Alumazene
[2,6-i-ProC¢H3sNAIMe]s (1) represents the only example of a trimeric
iminoalane.? It features a central planar six-membered Al3N3 ring with
equal Al—N bonds (1.782(4) A). A high polarity of the AI-N bonds and
a small delocalization of the 7 electrons in the ring imparts a consider-
able reactivity to 1.* However, its chemical behavior started to be un-
covered only recently.® A stepwise fluorination of 1 was accomplished
by a Me/F exchange with MesSnF and BF3-OEty.6 Reactions with a
formal three-fold addition of the O—H and N—H groups on the AI-N
bonds were reported for silanetriols and triaminosilanes,’ respectively,

The financial support for this work by the VW Stiftung (I-76833/2001) and the GACR
(203/01/1533) is gratefully acknowledged.

Address correspondence to Jiri Pinkas, Department of Inorganic Chemistry, Masaryk
University, Kotlarska 2, CZ-61137 Brno, Czech Republic. E-mail: jpinkas@chemi.muni.cz

759



10: 21 28 January 2011

Downl oaded At:

760 J. Pinkas et al.

and furnish isostructural adamantane-like molecules. Piano-stool Cp
metal trifluorides® provided also products with heteroadamantane
cores where the fluorine atoms coordinate to the aluminium centers
and subsequent fluorine-nitrogen exchange leads to bimetallic amid-
ofluorides.

RESULTS AND DISCUSSION

We carried out studies on the reactivity of alumazene with a va-
riety of phosphorus, sulfur, and nitrogen reagents with the aim of
obtaining new polycyclic and polyhedral molecules. Previously we
found that trialkylesters of phosphoric acid and dialkylesters of
phosphonic acids in the reaction with 1 at room temperature form
adducts of the type A (Scheme 1, 2,6-diisopropylphenyl substituents
on nitrogens were omitted for clarity) and on heating afford in-
tractable mixtures of products.” On the other hand a dealkylsilyla-
tion reaction!® of trimethylsilyl ester of phosphoric acid, OP(OSiMe3)s,
provided a heteroadamantane compound (MeAl)[2,6-(i-Pr)eCgH3N]s-
{Al[OP(OSiMej3)s3] }2(O3POSiMeg) (type C, Scheme 1) with two addi-
tional OP(OSiMej3)s molecules coordinated to the two aluminum centers
devoid of the methyl groups.!!
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SCHEME 1

As an extension of these results, we studied the dealkylsilylation
reactions of 1 with the bis(trimethylsilyl) esters of phosphonic acids,
RP(O)(OSiMes)2, R = H, Me, ¢-Bu, CCls, Bz, Ph. The reactions pro-
ceed under the SiMey elimination. We obtained bicyclic products of
the type B that were characterized by the 'H, 13C, ?°Si, and 3!'P
NMR spectroscopy, mass spectrometry, and elemental analysis. They
can be thought of as model compounds for an intermediate in the
reaction of 1 with OP(OSiMe3); leading to the heteroadamantane
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FIGURE 1 Molecular structure of 2 (2,6-diisopropylphenyls on nitrogens are
represented by their ipso carbons).

product C. The molecular structure of a bicyclic compound (MeAl);[2,6-
(i-PI‘)206H3N]3[OP(Me)(OSiM83)2] [OQP(MQ)(OSIMES)] (2) was estab-
lished by the x-ray diffraction experiment (Figure 1). In an agreement
with the solution NMR data only one isomer of 2 is formed, whose bridg-
ing phosphonate methyl group points above the alumazene ring. This
configuration is apparently forced by the steric demand of the SiMeg
group and no conversion to the other isomer or to a heteroadamantane
was observed even upon heating 2 in toluene to 120°C for several hours.
The 'H and 2°Si NMR spectra revealed diastereotopicity of the geminal
OSiMes groups in the coordinated ester molecule and thus confirm the
kinetic inertness of this coordination bond in the solution. The magnetic
anisotropy of the N—Al—N moiety in 2 was manifested in shielding of
the apical P—CHs protons and the resulting upfield shift of this reso-
nance in the '"H NMR spectrum.

The suggested reaction course (Scheme 2) was deduced from the
time evolution of the 'H, 2°Si, and 3'P NMR spectra of the reaction
mixtures. The primary reaction step most probably involves an adduct
formation of 1 with OP(OSiMegs)3, similar to the one observed crystal-
lographically by us in the bis-adduct A.° As the subsequent reaction
event we envision the formation of a bridging O3P(OSiMegs)2 group in
the bicyclic intermediate similar to 2 through the dealkylsilylation. The
formation of the adamantane core C is finally completed by a second
dealkylsilylation.
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A dealkylsilylation reaction was observed also with trimethylsilyl
ester of sulfonic acid, CH3SO2(0OSiMe3), and provided bicyclic moieties
similar to 2 (Scheme 3). These units further assemble into hexameric
supramolecular rings in the solid state through the coordination of the
sulfonate oxygen to a neighboring Al center.
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SCHEME 3

The reactions of nitriles (RCN, R = Me, Me3Si, i-Pr, 4-MeOCgHy,
4-MeCgHy, 2,6-FoCgH3) with 1 were studied in analogy to their reac-
tions with AlMes (Scheme 4). The adduct formation in solution was
demonstrated by an upfield shift of the AI-CHj3 resonance in the 'H
NMR spectra and in the case of CH3CN also by a downfield shift of
its methyl resonance. The tris-adduct was observed mass spectromet-
rically only in the case of i-PrCN. The cis and ¢rans isomers were crys-
tallographically characterized in the solid state for the bis-adducts of 1
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with 2,6-FoCsH3CN and MeCgH4CN respectively. The reason for the
formation of the cis configuration in 1(2,6-FoC¢H3CN)s can be traced to
an attractive F-pi interaction.
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