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a) Principal Investigator: Andrew R. Barron

b) Current telephone number: (617) 495-5008: FAX (617) 496-7402

c) Cognizant ONR Scientific Officer: Dr. K. Wynne

d) Description of project:

Alumoxanes are defined as oligomeric or polymeric materials consisting of an Al-
0 backbone with pendant organic substituents. Despite having a diverse range of
applications, including components in catalytic systems and preceramic precursors little
is understood of their structure or chemical properties and characteristics. The purpose of
this study is to; (a) confirm our previous proposal as to the three dimensional structure of
the AI-O backbone (or core) of alumoxanes, (b) develop new and improved synthesis of
alumoxanes, particular emphasis being placed on the ability to control physical
properties, and (c) determine the structural motifs present in alkyl alumnoxane catalysts
such as methylalumoxane, MAO.

e) Significant Results

Methylaltumoxanc, (MeAO)nl or MAO, has been proposed to exist as cyclic or
linear structures. We have been the first to show that, by the synthetic analogue approach,
alkyl alumoxanes are three dimensional clusters, thus confirming our previous proposal
that all alumoxanes are cluster species. X-ray crystallographic evidence for the
hexameric, octameric and nonameric forms of tert-butyl alumoxane, I(tBu)AIOIn, have
been obtained. In addition, we have isolated the first example of an alkyl alumoxane
containing a highly Lewis acidic three coordinate aluminum cI'-ter.

Initial results indicate that our isolable tert-butyl alumoxanes are active
cocatalysts in a number of polymerization systems. Thus, they represent very accurate
models for the mixture of species present in MAO.

Our most important result has been to demonstrate that the tert-butyl alumoxanes
show unique activity as co-catalysts with palladium complexes for the synthesis of
polyketones, ICH2CH(R)C(O)in. The activity observed is comparable to commercial
systems but without the instability issues (see below).

Commercial samples of polyketones suffer from severe thermal decomposition
during melt processing. The Patent literature describes the use of hydrolyzed AI(OiPr)3 as
a good stabilizing agent. Since we have demonstrated that hydrolyzed alkoxides are
alumoxanes with a core structure of boehmite, we reasoned that boehmite itself would be
more effective. This is indeed the case. However, based on our previous work with the
reaction of boehmite with carboxylic acids we have determined that the most effective
stabilization agents are alumoxanes made from boehmite and 1% carboxylic acid.

A detailed study has been undertaken on the equilibria present for Me 2AI(OR) in
solution. Importantly it has been shown that both dimeric and trimeric species are present.

ii, . . . . . .. . . .. . .



f) Summary for Next Year's Work

In the next year we propose to capitalize on our new synthetic routes to alkyl
alumoxanes.

With our isolation of well defined alkylalumoxanes we propose to determine the
catalytic activity of these materials both as polymerization catalysts themselves and also
as Kaminsky co-catalysts with Cp2ZrMe2. We propose to synthesis single alumoxane
species and determine their relative effectiveness as catalysts. In this way we will be able
to determine the effect of the alumoxane structure on the activity of catalysis as well as
the structure and molecular weight of the polymer.

We intend to further our work with the catalytic synthesis of polyketones. We will
optimize the polymerization conditions as well as investigate the mechanism of initiation.

With all the catalytic systems we will try and isolate transition metal compound-
alkylalumoxane complexes.

g) Chris Landry (Graduate)

Allen Apblett (Post-Doctoral)
Mark Mason (Post-Doctoral)
Linda K. Cheatham (Post-Doctoral)

Jason Rogers (undergraduate)
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Explanatory Paragraph

The term alumoxane is used to describe any macromolecule with an aluminum

oxygen backbone. A wide range of applications are known (slide 1) and we are

developing new uses. Previous workers have suggested a general formula of IAlO)(X)j1 j

where X may be alkyl, alkoxide, siloxide, carboxylate or other organic side chain. We

have shown that the stable (non-alkyl) alumoxanes have a general formula

[Al(O)x(OH)y(X)z1n and have a structure based on that of boehmite [Al(O)(OH)ln. In

contrast, the alkyl derivatives have until recently eluded characterization despite their

application as active polymerization catalysts. We have isolated and crystallographically

characterized the first examples of alkyl alumoxanes, and found their structures to be

dependent on the synthetic route (slide 2). Polyketone polymers are made commercially

by the co-polymerization of CO and olefins using a palladium/tri-fluoroacetic acid

catalyst, however, the product is degraded by the acid cocatalyst residues. An alternative

non protic acid system should be developed. Using the precedant of zirconacene/MAO

olefin catalysis, one may propose a palladium/MAO system, but, this does not give any

polymer. However, we have discovered that the new isolable tert-butyl alumoxanes must

be used (slide 3).
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