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Aluminophosphate (AlPO4) materials and their silicon-
substituted (SAPO) and metal-substituted (MAPO) derivatives
are presently under investigation for use as catalysts, catalyst
supports, ion-exchange reagents, and molecular sieves.1-5 The
porosity and utility of these materials arise from an interpen-
etrating network of channels and cages (e.g.,R-cage, rpa-cage,
sodalite units) large enough to act as inorganic hosts for organic
molecules. Formation of these porous materials is achieved
under hydrothermal conditions in the presence of fluoride or
an organic amine. These added reagents appear to act as space
fillers, as structure-directing agents, or as templates for con-
structing the cage network of the resulting porous material.
However, factors which influence ring and cage formation under
synthesis conditions are not fully understood. Furthermore, in
most cases direct structural correlation between the template
and the AlPO4 product has not been established. The rational
synthesis of new AlPO4 materials with specific properties and
pore sizes will be dependent on the elucidation of factors which
control the formation of the cagelike structural units in these
materials.2

We have taken a unique approach to this problem by initiating
the synthesis of organic-soluble cyclic and cage aluminophos-
phates and aluminophosphonates with which to model template
interactions in the synthesis of AlPO4 molecular sieves and for
use as convenient precursors for the designed synthesis of new
phosphate materials. Our initial synthetic targets possess a cubic
Al4P4O12 core analogous to the double-four-tetrahedral-atom-
ring (D4R) secondary building units6 in AlPO4 materials. The
targeted Al4P4O12 core also has an isoelectronic and structural
relationship to the Si8O12 core of the well-studied octameric
silsesquioxanes, [RSiO1.5]8,7,8 and a structural relationship to the
Al4Si4O12 cores of the soluble aluminosiloxanes [RN(SiMe3)SiO3-
Al ‚dioxane]4 and the aluminosilicates [Na(THF)]4[RN(SiMe3)-
SiO3AlEt]4 recently prepared by Roesky.9-11 A cubic Al4P4O12

core was previously crystallographically confirmed for the
ethanol-soluble compound [Al(PO4)(HCl)(EtOH)4]4.12

Two methods for the synthesis of cyclic and cage alumino-
phosphonates and aluminophosphates are being pursued. The
first involves reaction of phosphonic acids with aluminum

alkyls,13 and the second utilizes Me3SiCl elimination from
(Me3SiO)3PdO and RAlCl2. Our initial results on the second
method are reported herein.
Reaction of (Me3SiO)3PdO with tBu2AlCl in THF yields

[(tBu)2Al(µ2-O)2P(OSiMe3)2]2 (1) as clear, colorless crystals
which exhibit slight solubility in toluene and high solubility in
THF.14 NMR spectroscopic data (1H, 13C, 31P) obtained on
benzene-d6 solutions are consistent with the formulation of1
as a dimer containing an eight-membered Al2P2O4 ring.15 The
preference of aluminum for a coordination number of 4, the
absence of coordinated solvent as indicated by NMR spectros-
copy and elemental analysis, and the strain expected for a
chelating phosphate ligand all argue strongly against1 existing
as a monomer. Furthermore, a cyclic dimer is consistent with
the structures proposed for phosphinates of aluminum, gallium,
and indium, [R2MO2PR′2]2 (R) Me, Et; M) Al, Ga, In; R′ )
Me, Ph, Cl, F), on the basis of infrared spectroscopic data,16-19

and confirmed in the solid state by X-ray crystallography for
[Me2GaO2PPh2]2 and [(tBu)2GaO2PPh2]2.20,21 The dimeric
structure of1 in the gas phase is indicated by mass spectrometry
and confirmed for the solid state by X-ray crystallography.22

The molecular structure of1 is shown in Figure 1. The eight-
membered Al2P2O4 ring is composed of twoµ2-η2-O2P-
(OSiMe3)2 bridges between distorted tetrahedral aluminum
centers related by a crystallographically imposed inversion
center. All angles at aluminum lie between 102.3(2) and 109.4-
(2)° except for the large C-Al-C angle of 121.3°, which is
presumably due to the steric bulk of the twotert-butyl
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substituents. Aluminum-oxygen distances of 1.790(4) and
1.805(4) Å are comparable to those found in the Al4P4O12 core
of [Al(PO4)(HCl)(EtOH)4]4 (1.80-1.83(1) Å)12 but slightly
longer than the intra-ring Al-O distance of 1.718(4) Å found
in the related cyclic aluminosiloxane [(2,6-i-Pr2C6H3)N(SiMe3)-
Si(OH)O(OAlBu-i‚THF)]2.23 We note that1 is an organic-
substituted derivative of four-membered-ring secondary building
units found in some AlPO4 molecular sieves. All Al-O and
P-O distances, as well as angles at aluminum, phosphorus, and
oxygen, for1 are within the range of values reported for AlPO4

materials.24

Given the success of the Me3SiCl elimination route for the
preparation of1, the preparation of [(tBu)Al(µ2-O)3P(OSiMe3)]4
(2) was undertaken by reaction of (Me3SiO)3PdO with tBuAlCl2
in refluxing THF.25 After concentration and cooling,2 crystal-
lizes as a white solid in 56% yield. The1H NMR spectrum of
2 exhibits a singletBu resonance and an equally intense Me3Si
resonance, demonstrating that 2 equiv of Me3SiCl is eliminated/
equiv of aluminum. 1H and 13C NMR data also show no
evidence for coordinated THF molecules. The31P NMR
spectrum of2 confirms the symmetry observed in the1H and
13C NMR spectra, exhibiting only a single resonance at-28.4
ppm, just slightly downfield of that observed for1 (-31.4
ppm). These chemical shifts are noteworthy since31P MAS
NMR spectra for AlPO4 materials generally exhibit resonances
around-30 ppm.1 Elemental analysis confirms2 should be
formulated as [(tBu)Al(µ2-O)3P(OSiMe3)]n, and mass spectral
observation of a molecular ion peak atm/z1008 and a strong

peak atm/z 951 corresponding to loss of atert-butyl substi-
tuent demonstrates2 to be a tetramer,n ) 4. Consistent with
the above data,26we propose that2 consists of a cubic Al4P4O12

core with onetert-butyl substituent per aluminum and one
trimethylsiloxide substituent per phosphorus atom (Figure
2). Although crystallographic characterization of2 has thus
far been thwarted by twinning of the crystals, we note
crystallographic confirmation of a related Ga4P4O12 core in
[(tBu)Ga(µ2-O)3PPh]4.27

Preliminary reactivity studies indicate that1 and2 are stable
to dry oxygen in benzene-d6 solutions over several days, but
both rapidly hydrolyze in the presence of moisture. We are
presently exploring reactions of the remaining trimethylsiloxide
substituents on phosphorus with the aim of rationally linking
cages together for the synthesis of new phosphate materials.
Results of these studies will be reported elsewhere.
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Figure 1. ORTEP drawing of [(tBu)2Al(µ2-O)2P(OSiMe3)2]2 (1).
Thermal ellipsoids are drawn at the 30% probability level, and hydrogen
atoms are omitted for clarity. Selected bond distances (Å) and angles
(deg): Al(1)-O(1) ) 1.790(4); Al(1)-O(2) ) 1.805(4); P(1)-O(1)
) 1.471(4); P(1)-O(2) ) 1.469(4); O(1)-Al(1)-O(2) ) 102.3(2);
O(1)-P(1)-O(2) ) 113.6(2); P(1)-O(1)-Al(1) ) 160.9(3); P(1)-
O(2)-Al(1) ) 151.4(2).

Figure 2. Chem 3D drawing of the proposed Al4P4O12 core for
[(tBu)Al(µ2-O)3P(OSiMe3)]4 (2). Aluminum and phosphorus atoms are
shown with arbitrary substituents. Alkyl and siloxide substituents have
been omitted for clarity.
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