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Zirconocene/alumoxane catalysts are known to polymerize
a-olefins} chiral zirconocene complexes are especially useful
in the stereospecific synthesis of stereoregular polyfners
chiral oligomerss Numerous investigations on this topic have

shown that a large alumoxane excess (e.g. Al/Zr ratios of 500:1

up to 10000:1) is most favorable for this polymerization
process.

In contrast to this, the use of low Al/Zr ratios has been much
less frequently discussed in the literatfrén at least one case
this leads to the selective formation @folefin dimers instead
of polymers® We wish to report the application of low Al/Zr
ratio zirconocene/poly(methylalumoxane) (MAO) catalysts to
the conversion of dienes to cyclization products and oligomers
with unsaturated intrachain and endgroup functionality.

In our hands, reaction of the 1-alkeres—d with a catalyst
prepared by mixing GZrCl, (0.3—1.0 mol %) and a solution
of MAO7 in toluene (ratio Al/Zr ca. 1:1) forms dimeric products
2a—d® at modest rates (TON- ca. 6.1 min! at 25°C after a
brief induction period) without significant portions of higher
oligomers (Scheme 1, eq 1). After 1 day at room temperature
(RT) no starting materidl is detectable in the reaction mixture,
and the analytically pure dimegscan be isolated by fractional
distillation directly from the reaction mixtures in 8®0%
yields.

We decided to investigate whether this dimerization catalyst
might cyclize o,w-dienes? e.g. to form a seven-membered
carbocyclel® Reaction ofo-diallylbenzené! 3 with CpZrCl,/
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MAO (3 days, RT, 1 mol % Zr, Al/Ze= 4:1) does indeed give
the benzannulated methylenecycloheptanehich was sepa-
rated from nonvolatile byproducts by distillation and purified
by column chromatography (Sipentane, 70%) (Scheme 1,
eq 2).

However, a starting material structure that holds the cyclizing
olefinic groups in proximity to one another appears to be
required to achieve cyclization, because all the simple dienes
we have so far investigated lead with high efficiency to linear
oligomers rather than rings. For example, treatment of 1,7-
octadiene 1€) with the same CgZrCl,/MAO mixture gives an
oligomeric materiab (Scheme 1, eq 3a). The polycondensation
product5 can be obtained either as lower oligomeric (1 day,
RT, M, = 1600,M,,/M,, = 2.0}2 or higher oligomeric materials
(3 days, RT,My, = 5400, My/M, = 2.6). Conversion to
oligomer is quite selective; to date we have not observed the
formation of higher molecular weight materials, by either
variation of reaction temperature or time, variation of olefin/
Zr/Al ratios, or addition of an inert solvent (toluen§).

Under most conditions it is difficult to stop the diene reaction
at the simple dimer stage. However, this can be accomplished
by running the reaction in dilute toluene solution with slow
addition of 1e to the catalyst. Under these conditions 5%
conversion to the dimeric species can be achieved, and the dimer
2e can be isolated in 4% yield; no cyclic or other product is
detectable byH NMR (Scheme 1, eq 3b). This suggests that
the dimer is the first-formed product and that it is converted to
oligomer by catalyst-mediated reaction with monomer or other
dimeric/oligomeric fragments.

Careful examination of the oligomeric products by NMR has
provided information about the overall course of the oligomer-
ization, as well as the reason for the selective conversion to
material of moderate molecular weight. Fifst, NMR analysis
demonstrates that the oligomeric mixture contains a certain
amount of internal di- or tri-substituted double bonds (ca. 10%
of the integral of the=CH, protons). This indicates that the
catalyst is capable of alkene isomerization as well as dimer-
ization, presumably via a minor amount of 2,1 insertions.
a-Olefinic endgroups that have been converted to internal
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NMR spectrum, although the latter gives an experimental error
alkenes are unreactive toward further dimerization reaction, andof about 5% due to the signal-to-noise ratio and imperfect
this might be the molecular weight limiting process. spectral resolution.

Concerning the overall structure of the oligomers, it appears A final question concerns the detailed mechanism by which
that the material formed from 1,7-octadiene contains internal the overall vinyl dimerization reaction illustrated in Schemes 1
vinylidene units separated by either aliphatic tetramethylene, and 2 actually occurs. We suggest the sequence of well-known
hexamethylene, or octamethylene moiette€vidence for this elementary steps shown in Scheme 3. We proposed that the
is provided by the presence of four different types of resonancescatalytically active species in this process is a hydridozirconium
for the olefinic carbon atoms in thHeC{1H} NMR spectrum complex @).16 Insertion of the 1-alkeng into the Zr—H bond
due to four possible different environments for the vinylidene gives the Zr-alkyl complexB, which can eithep-eliminate to

units15 which is consistent with the constitution Bfllustrated re-form the starting materials or insert into another equivalent
in Scheme 1. There are three sets of resonances for the aliphati®f 1 to form C. B-Elimination of 2 from C regenerates the
carbon atoms, each consisting of three lines: settdCH;, hydrido complexA. We believe that the formation of only

o/-CHy, o/'-CHy; set 2,3-CHy, f-CH,, B"-CH,; and set 3, dimeric product might be caused by the presence of a chlorine
y-CHj, y'-CH,, andd-CH,. For stoichiometric reasonsequals rather than an alkyl ligand coordinated to the active Zr catalyst;
i + k. the presence of Cl apparently mak&elimination occur more
The formation of this distribution of oligomer isomers can rapidly than further insertion. In support of this hypothesis,
be understood by considering an overall dimerization processWwe observe that, when treated with 1-alkenes, the systems Cp
in which, formally, one of the two €C double bonds is retained ~ Zr(Me)CI*® /MAO and CpZrMe,/LiCI/MAO also give only
and the other one is converted into aC single bond. We  dimeric product, whereas g@rMe,/MAO and CpZrCl,/(large
assume that the initial step in the formation of oligorbeis excess MAO) form higher oligomeric products. In the latter
the dimerization of 1,7-octadieriee. The dimeric producPe cases one expects that all the chloro ligands at the polymerizing
has twoo-olefinic ends, which are reactive in further dimer- Zr centers have been displaced by methyl groups; in the former
ization steps. However, the two terminal double bondgén  cases substantial numbers of Cl ligands may be retained.
are not equivalent; one of the terminal bonds is attached to an The oligomers formed in these reactions are unique because
aliphatic tetramethylene unit, and the other one has a hexa-they contain terminal methylene units along the chain, which
methylene moiety (abbreviatiot&-CH, andt-6-CH, in Scheme could provide a potential method for introducing novel func-
1, eq 3b). The terminat-olefinic groups in dimeBecan react tional groups at these positions. Further studies underway in

with another equivalent dfe or with 1,7-octadiende In the our laboratory are directed at obtaining a better understanding
latter case there are four different products possible (Schemeof the mechanism of the oligomerization reaction and at
2). Upon reaction of a tetramethylene termintid-CH,) with extending this type of transformation to other dimerization

le either an internal tetramethylene unit4¢CH;) and a catalysts and to a wider range of dienes and multiply unsaturated
hexamethylene terminus§-CH,) can be formed (eq 4a) oran  compounds.

internal hexamethylene unit-6-CH,) and at-4-CH, terminus
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