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Abstract—An efficient one-pot synthesis of a 10,10-ethylenebicyclo[5.2.1]dec-8-en-4-one derivative, which can be considered as a
synthetic intermediate for the taxane skeleton, has been achieved by tandem anionic [1,3] and oxy-Cope rearrangements of
2-vinylbicyclo[3.2.1] oct-6-en-2-o0l. © 2002 Elsevier Science Ltd. All rights reserved.

Alkoxide-accelerated [1,3] sigmatropic rearrangements
have rarely been investigated from either the mechanis-
tic or synthetic point of view.!> In the course of our
studies on systematic construction of [m-n] fused-ring
skeletons through anionic [1,3] rearrangement of
bridged bicyclic compounds,* we have recently reported
the reaction conditions in the stereoselective prepara-
tion of [5-5] fused-ring compounds, the so-called
diquinanes 2 and 3, from I-phenylbicyclo[3.2.1]oct-6-
en-2-ols 1. As a special case of this reaction, 2-vinyl
derivative 1a gave a ring-expanded ketone 4a in good
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yield through tandem [1,3] and [3,3], viz., oxy-Cope,
rearrangements (Scheme 1).*

To our knowledge, such an efficient synthetic method
for the bicyclo[5.2.1]decane system has hitherto not
been reported.’ This system would be easily converted
into a bicyclo[5.3.1Jundecane system,’®® which corre-
sponds to the A- and B-rings of the taxane skeleton,’
by one-carbon expansion of its etheno-bridge. How-
ever, the taxane skeleton possesses a gem-dimethyl
group on the methano-bridge. Thus, we attempted to
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develop a method for the construction of the bicy-
clo[5.2.1]decane system having the dimethylmethano-
bridge. In this letter, we would like to report a unique
strategy for the one-pot synthesis of a precursor of the
taxane skeleton by employing a combination of anionic
[1,3] and oxy-Cope rearrangements.

Substrates, 1-phenyl-2-vinylbicyclo[3.2.1]oct-6-en-2-ols
1b-d,” were prepared by the Grignard reaction of
the corresponding ketones and vinylmagnesium
bromide.?*3548

The sigmatropic rearrangements of 1b, having a gem-
dimethyl group on the methano-bridge in 1a, and its
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related compounds (2b, 3b) were first examined under the
conditions as listed in Table 1 (see Scheme 2). The results
of anionic [1,3] rearrangement of 1b were similar to those*
of 1a; a reaction of 1b using potassium bis(trimethylsi-
lyl)amide [KN(TMS),] in toluene at 30°C gave 2b in 78%
yield (entry 1), while a similar treatment of 1b in diglyme
at —78°C afforded 3b in 81% yield (entry 2). The
conversion of 1b to the corresponding ring-expanded
ketone 4b was, however, unsuccessful (entries 2 and 3).

The oxy-Cope rearrangement of the diquinqane 3b also
did not proceed at 120°C in diglyme, and a mixture of
2b and 3b was obtained accompanied with decomposition
of the diquinanes (entry 5).
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Table 1. Anionic [1,3] and oxy-Cope rearrangements of bicyclo[3.2.1]oct-6-en-2-o0ls*
Entry Substrate Solvent Temp. (°C)/time (min) Yield (%)
2b 3b 4b
1 1b Toluene 30/600 78 - -
2 1b Diglyme —78/15 17 81 -
3 1b Diglyme 145/15 18 23 -
4 2b Diglyme 145/15 25 2 -
5 3b Diglyme 120/60 26 22 -
# Reaction was carried out using 3 equiv. of potassium bis(trimethylsilyl)Jamide under an argon atmosphere.
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T All new compounds reported here exhibit satisfactory spectral characteristics including HRMS.
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Table 2. Anionic [1,3] and oxy-Cope rearrangements of bicyclo[3.2.1]Joct-6-en-2-0ls*

Entry Substrate Solvent Temp. (°C)/time (min) Yield (%)

2 3 4
1 1lc Diglyme —78/15 19 (2¢) 60 (3c) — (4¢)
2 1lc Diglyme 50/120 34 (2¢) 32 (3¢) 24 (4c)
3 1c Diglyme 100/60 40 (2¢) 42 (3¢) Trace (4¢)
4 1d Diglyme —40/30 - (2d) 61 (3d) 11 (4d)
5 1d Diglyme 100/15 42 (2d) - (3d) 38 (4d)
6 1d Diglyme —40/30—100/15 - (2d) - (3d) 86 (4d)
7 2c Diglyme 100/60 83 (2¢) - (3¢) — (4¢)
8 3c Diglyme 50/120 - (2¢) 53 (3¢) 13 (4¢)
9 2d Diglyme 100/15 65 (2d) - (3d) — (4d)
10 3d Diglyme 100/15 - (2d) - (3d) 81 (4d)

“ Reaction was carried out using 3 equiv. of potassium bis(trimethylsilyl)Jamide under an argon atmosphere.

The low reactivity of the diquinane 3b could be explained
by steric repulsion between the gem-dimethyl group and
the vinyl group. That is, the bulky substituents on the
methano-bridge must prevent the approach of the vinyl
group to the vinylene group for the formation of 4b, as
shown by 3b in Fig. 1.

We then employed 1¢, possessing a less hindered ethylene
group instead of the gem-dimethyl group, as a substrate,
because the ethylene group can be converted to a
gem-dimethyl group by reduction.’ Treatment of 1¢ with
KN(TMS), in diglyme at —78°C gave two diquinanes 2¢
and 3c (entry 1 in Table 2) (see Scheme 3), while the
reaction of 1c at 50°C afforded the ketone 4¢ in 24% yield
together with 2¢ and 3c (entry 2). However, the yield of
4c was not improved even at elevated temperature (entry
3). The result of the anionic rearrangement of 2¢ was
different from that of 2b (see entry 4 in Table 1); not only
the formation of 4¢, but also the interconversion from
2¢ to 3c was not observed under the same treatment of
2¢ at 100°C (entry 7). On the other hand, the treatment
of 3¢ at 50°C gave 4¢ only in 13% yield (entry 8).

In the case of 1d, which possesses a methyl group on the
vinylene carbon, the desired ketone 4d was obtained in
38% yield along with almost equal amounts of 2d (entry
5). Under the same conditions, the resulting diquinane
2d did not give 3d as well as 4d (entry 9), while the same
treatment of its diastereoisomer 3d gave 4d in 81% yield
(entry 10). These results suggest that the ring-expanded
ketone 4d must be formed through the oxy-Cope process

3d 3c

of the alcoholate of 3d, which would take a suitable
conformation for the oxy-Cope rearrangement by the
steric repulsion between the methyl group and the alkoxy
anion in its alcoholate (Fig. 1). As shown in Fig. 1, the
reactivities of the diquinanes on the oxy-Cope rearrange-
ment increase in the following order: 3d>3c>3b.

The reaction conditions for the one-pot synthesis of 4d
from 1d were finally examined and the desired ketone 4d
was efficiently obtained as follows: The substrate 1d was
treated at —40°C in diglyme during the initial 30 min to
give 3d and the solution was then heated at 100°C for
15 min to afford the desired ketone 4d in 86% yield (entry
6).

In conclusion, we have developed a practical method for
the construction of a bicyclo[5.2.1]decane system having
the ethylene group on its methano-bridge, which can be
considered as a synthetic intermediate for the taxane
skeleton,'® by using anionic [1,3] rearrangement and
subsequent oxy-Cope rearrangement.
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Figure 1. The reactivities of the diquinanes on the oxy-Cope rearrangement.
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