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ON THE REVERSIBILITY OF ALKENE
CYCLOZIRCONATION
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Summary: Diene 8, under cyclozirconation conditions, rapidly dimerizes 10 10, This dimerization is reversible, slowly at room
temperature and rapidly at 75°C. After.equilibration, the dominant product is 12, the product of intramolecular cyclozirconation.
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In 1989, we (2) and Negishi (3) reported a powerful new method for ring constrection, intramolecular diene
cyclozirconation (1 -> 2 -> 3) (4,5). We are now involved in a general investigation of the scope and
applicability of this cyclization. A key question is whether the observed products are being formed under kinetic
or thermodynamic control. We now report that a cyclic alkene (8, Scheme 1) can participate in

OH

]

q 2xBuL1 H+/H20

3 OH
-78° ->RT

this reaction (6), that this particular intramolecular cyclozirconation proceeds with high diastereoselectivity, and
that intermolecular alkene cyclozirconation is readily reversible (7, 8).

The starting diene for this investigation was prepared (Scheme 1) from the Diels-Alder adduct 6 (9, 10) of
ethyl acrylate and 1, 3-cyclohexadiene. Alkylation from the less hindered face of the derived enolate provided 7
as the dominant diastereomer. Reduction then led to the stereochemically homogeneous alcohol 8.

To effect cyclozirconation, zirconocene dichloride (Scheme 2) was treated with three equivalents of n-Buli
(11, 12) at -5°C in toluene (13). The diene was then added, and the reaction mixture was stirred and allowed to
come to room temperature. TLC analysis of the cyclozirconation reaction mixture indicated that 8 (TLC Rf (20%
EtOAc/petroleum ether) = 0.44) rapidly disappeared, and that a new material (TLC Rf = 0.17) was formed.
After two hours at room temperature, this product dominated in the reaction mixture. Acidic hydrolysis at this
point, followed by silica gel chromatography, provided diol 10 (14), the product of intermolecular
cyclozirconation (15).
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attempted. After 19 hours at room temperature, a new spot (TLC Rf = 0.36) had appeared. Quenching the.
reaction at this point, followed by silica gel chromatography, led to the isolation of this new substance, alcohol
12, the product of intramolecular cyclozirconation (16). In this run, 12 was isolated in 26% yield, along with
a37%yieldofdim10

In a third run, the mmmm,pmpamdxnmcmway,wasmmmaeda%%fa 1.5h TLC
analysis at this time indicated that 12 had become: the dominant product of the reaction. Quenching, followed by
silica gel chromatography, provided 12 in 63% yield, accompanied by 2 3% yield of 10. :

At first inspection, intramolecular cyclozirconation of 8 might be expected to be particularly difficult. One of
the cyclopeatadieny! substituents of 11 (Scheme 2) is endocyclic, in a sterically very congested area. A key
consideration, however, is that the carbon-zirconium bond length is about 2.3 angstroms. Thus, the zirconocene
wedge sits somewhat away from the carbon skeleton, and there is room for the endocyclic cyclopentadienyl ring.

It should be noted that as the cyclization proceeds, only one diastereomer of the zirconacycle is possible. The
scaffolding of the zirconacycle thus sets the relative configuration of the newly-formed methyl substituent, and
the net transformation (8to 12) is completely diastereoselective. Application of this inherent
diastereoselectivity to natural product synthesis will be reported shortly (6).
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Ester 6, b.p.o.5 mm (bath) = 100-110°C, was prepared in 65%. yield by heating a 1:1 mixture of 1,3~
cyclohexadiene and ethyl acrylate containing a little methylene blue in a sealed tube at 180°C for 18 h.
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An extra equivalent of n-BuLi was included to deprotonate the alcohol of 8.
We have found toluene to give consistently better yields than THF in the cyclozirconation reaction,

Dimeric diol 10: 1H NMR: 6.28, dd, J=6.9 Hz, 7.5 Hz, 2H; 6.18, dd, }=6.9 Hz, 7.5 Hz, 2H;
3.55, d, J=11.0 Hz, 2H; 3.46, d, J=11.0 Hz, 2H; 2.47-2.36, m, 4H; 1.92-1.73, m, 4H; 1.50-0.71,
m, 26H. 13C NMR: u: 669, 41.3, 37.5, 34.7, 28.1, 23.9, 21.5 d: 134.9, 132.8, 35.4, 30.3, 150. IR
(cm1): 3318, 2938, 2860, 1672, 1461, 1377, 1025, 737, 695. MS (m/z, relative intensity): 289 (30),
175 (17), 161 (15), 149 (24), 147 (29), 135 (38), 133 (12), 123 (15), 121 (33),109 (15). HRMS
calculated for m+1 C26H4302 387.3257 observed 387.32891.

For previous examples of alkene cyclozirconation, see (a) Schock, L.E.; Marks, T.J. J. Am. Chem.
Soc. 1988, 110, 7701. (b) Swanson, D.R.; Rousset, C.}.; Negishi, E.-i.; Takahashi, T.; Seki, T.;
Saburi, M.; Uchida, Y. J, Org. Chem. 1989, 54, 3521.

Tricydlic alcohol 12: !H NMR: 3.48, d, }=10.7 Hz, 1H; 3.26, d, J=10.7 Hz, 1H; 1.80-0.86, m,
17H; 0.82, d, J=6.4 Hz, 3H. 13C NMR: u: 71.2, 41.8, 35.5, 34.8, 26.3, 25.9, 25.6, 22.8 d: 38.4,
35.3,34.0, 24.8, 18.6. IR (cm-1): 3360, 2924, 2860, 1384, 1039, 1004. MS (m/z, relative intensity):
194 (1.2), 176 (1.1), 164 (13), 163 (100), 147 (2.4), 121 (8.4), 107 (12), 105 (2.4), 95 (13), 93 (10).
HRMS calculated for C13H220 194.16706, observed 194.1647.
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