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Summary: In the presence of excess butylmagnesium
chloride and in diethyl ether at 25 °C, zirconocene
dichloride is an effective catalyst precursor for the the
stereoselective cyclization of nonconjugated dienes con-
taining a terminal alkoxide substituent. The products
are carbocyclic rings containing adjacent vinyl and
methyl substituents with trans stereochemistry.

Metal-catalyzed cyclization reactions are becoming
increasingly important as methods for the construction of
carbocyclic and heterocyclic ring systems. We recently
introduced a catalytic method for the cyclization of
nonconjugated dienes to give bis(magnesiomethyl)-
substituted carbocycles! using zirconocene complexes as
catalysts.2 The key step in this catalytic process involves
the transmetalation of zirconacyclopentanes with alkyl-
magnesium reagents. Inan effort to develop new patterns
of substitution in the cyclized products, we have inves-
tigated other processes which would lead to catalytic
reactions at zirconium centers. A number of reports in
the recent literature describe the facile rearrangement of
B-alkoxyzirconocene alkyls to form zirconium alkoxides
and alkenes.? Such rearrangement reactions also occur
with a variety of metallacycles bearing an alkoxy sub-
stituent 8 to the zirconium, including zirconacyclopro-
panes,* zirconacyclopropenes,® zirconacyclopentenes,®’
and zirconacyclopentanes,? and such sequences have been
speculated to be important processes in stoichiometric
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and catalytic reactions. Herein we report our efforts to
combine an intramolecular diene cyclization with alkoxy
rearrangement and transmetalation to give a new catalytic
cyclization of a diene containing an allylic ether.

Catalysts derived from zirconocene dichloride cyclize
(Z)-1-methoxy-2,7-octadienes in the presence of a 4-fold
excess of butylmagnesium chloride to yield cyclopentane
rings containing adjacent vinyl and methyl groups with
predominately trans stereochemistry. Reaction of 9-(1-
propen-3-yl)-9-((Z)-4-methoxy-2-butenyl)fluorene with bu-
tylmagnesium chloride in diethyl ether at room tempera-
ture affords the trans-methylvinylcyclopentane in 82%
isolated yield with greater than 95% diastereoselectivity
(eq 1).

OCH,
/\J € p2ZrCly 10 mol % HC (]J

R R
Ny BuMgCI 5 eq “CHy (1)
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If the reaction is worked up with DO rather than H,0,
no deuterium is incorporated, which suggests that the
product of the catalytic reaction does not contain an
alkylmagnesium functional group, in contrast to previous
results.l2 The use of dibutylmagnesium?® or increasing
the concentration of BuMgCl from 0.3 to 0.6 M did not
result in the incorporation of an alkylmagnesium functional
group in the products.

Several stoichiometric reactions were conducted to probe
the mechanism of this catalytic cyclization. Reaction of
diene 1 with an equal molar amount of dibutylzirconocene
(generated from the reaction of CpoZrCl; with 2 equiv of
butyllithium at -78 °C) yielded the zirconocene alkyl
alkoxide complex 6,° which was characterized by NMR
and elemental analysis and by hydrolysis (Scheme 1),
Deuterolysis of 6 afforded the cyclic product 2-d, which
is deuterated at the methyl position. No intermediates
could be detected when the reaction was monitored by 'H
NMR at room temperature. These results are consistent
with the formation of a metallacyclopentane followed by
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Table 1. Cyclization of Allylic Diene Ethers
entry no. diene Mg reagent solvent workup product yield % stereochem trans:cis
1 OMe BuMgCl Et,0 H,0, H* 82 95:5
QU
6 N
1 2
2 1 BuMgCl Et,0 D,0, D* 2 85 95:5
3 1 Bu,Mg Et,0 D0, D* 2 88 95:5
4 1 BuMgCl THF D,0, D* 2 60 95:5
5 O oco, BuMgCl Et,0 H,0, H* 2 80 95:5
—
5 h
BuMgCl Et,0 H,0, H*

3
6 OMe
><°)<l//
[e] N
4

rapid B-alkoxide elimination to give the zirconocene alkyl
alkoxide complex 6.!1° Reaction of 6 with 2 equiv of
butylmagnesium chloride followed by deuterolysis yielded
the completely perprotiated product. Treatment of 6 with
excess butylmagnesium chloride in the presence of diphe-
nylacetylene affords the known tetraphenylzirconacyclo-
pentadiene 8! and the cyclized product 2 (eq 2).
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The results of the stoichiometric investigations suggest
that transmetalation of 6 with BuMgCl yields the dialkyl-
zirconium intermediate 7, which rapidly eliminates to give
the product 2 and the zirconocene—butene adduct, which
can be trapped with diphenylacetylene to give tetraphe-
nylzirconacyclopentadiene. Apparently,elimination of the
product from 7 to give the butene adduct is more rapid
than 'subsequent transmetalation which would lead to a
alkylmagnesium-containing cyclized product.l?

On the basis of the stoichiometric experiments and
previous work,1:28 g reasonable mechanism for the catalytic
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Scheme 2. Catalytic Cycle for the Cyclization of
Allylic Diene Ethers

MeOMgCi BuMgC!

reaction can be proposed (Scheme 2) in which the active
catalyst is generated from dibutylzirconocene by elimina-
tion of butane to form a zirconocene-butene adduct.
Displacement of butene by the diene produces a zircona-
cyclopentane,!?2 which undergoes a 8-alkoxide elimination
to form the zirconium alkyl alkoxide 6. Transmetalation
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of the alkoxide followed by elimination of the cyclized
product 2 regenerates the zirconocene-butene adduct.

Torule out that 2 could be formed by elimination of the
cyclized fragment directly from 6,13 cyclization of a
substrate perdeuterated at the methoxy position (Table
1), entry 5) was examined. This substrate yielded no
deuterium incorporation at the methyl position in the
cyclized product, indicating that the elimination reaction
likely proceeds through the dialkylzircononocene inter-
mediate 7.

In summary, we have demonstrated a new zirconium-
catalyzed cyclization reaction in which alkoxy dienes
undergo cyclization and fragmentation on a zirconium
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center to afford trans-1-vinyl-2-methyl carbocycles. This
process achieves a transformation that is similar to metallo-
ene reactions that have been studied for later transition
metals but appears to proceed by a different mechanism.!?
Thus, these reactions are complementary to the metallo-
ene reactions in that different selectivities are to be
expected. Further studies are currently underway to
explore the scope, mechanism, and application of this
reaction.
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