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Abstract: The copper (I) mediated conjugate addition reactions of
Grignard reagents to 2-silyloxycyclohexenyl methylketones lead
exclusively to the corresponding anti, Z 1-(2-trimethylsilyloxypro-
pylid-1-ene)-cyclohexan-2-ols in almost quantitative yields and
with high diastereoselectivities (d.e. ≥ 95%).
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In our continuing interest towards the synthesis of 5- and
6-membered ring cycloalkanol carboxylates substituted at
three contiguous atoms, we would like to report our recent
results concerning the behaviour of acetyl-substituted an-
alogues. While, in the case of 2-silyloxycycloalkenes
carboxylates1, copper (I) mediated conjugate addition re-
actions of Grignard reagents afforded related alkylated
cycloalkanols in high yields and diastereoselectivities
(Scheme 1), ketocycloalkenols have led to quite unexpect-
ed results.

Scheme 1

Under the same conditions the keto analogs 2a-b led al-
ways to quantitative formation of 3, probably through an
addition-elimination process, while no desired cycloalk-
anols could be observed (Scheme 2).

The use of stronger electrophiles in order to trap the inter-
mediate enolate (TMSBr, TMSI, TMSOTf or TBDMSCl)
yielding to a potentially more stable enoxysilane, however
did not provide any change in the course of the reactions.
Besides, in the presence of HMPA (0.5 eq.) or at reaction
temperatures up to - 30 °C, concomitant formation of 4

(inseparable mixture of diastereoisomers) was observed
as resulting from conjugate addition to 3.

Conjugate addition to the 6-membered ring analogues 5b-
c was less disappointing. In this case, the reaction pro-
ceeded smoothly at -10 °C affording the corresponding
enoxysilanes 6a-i, without formation of 7, in almost quan-
titative yields (no cyclohexene was recovered) and high
diastereoselectivities (one single isomer detected, accord-
ing to 1H- and13C NMR) (Scheme 3 and Table 1).

Scheme 3

As previously reported for the ester analogues, the forma-
tion of 6 and 7 must be considered as the result of concur-
rent O-silylation and b-elimination on the intermediate
keto-enolate resulting of the addition reaction. It seems to
be a reflection of the nucleophilic behaviour of these eno-
lates for O-silylation. This phenomenon seems to be

Scheme 2
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strongly ring-size dependent since cyclopentylidene eno-
lates seems to be much less stable than cyclohexylidenes
enolates. As a consequence, subsequent rate-limiting O-
silylation with TMSX is much more favoured in the 6-
membered ring series.

Structure determination of 6 could be accomplished by
comparison with our previous results1 on 6-membered
ring silyl ketene acetals. Indeed spectral data analogy with
a related 3-n-butyl-2-(ethoxytrimethylsilyloxymethyl-
ene)-cyclohexan-1-ol dimethyl-tert-butylsilyl ether led us
to assign the exclusive relative anti, Z configuration for
6b. All attempts to purify over silica gel (with or without
Et3N) or basic alumina, however consisted in the sole for-
mation of the b-elimination by-products 7. The same re-
sults were obtained by trying to regenerate the carbonyl
moiety with various acids (including aqueous HF,
CF3CO2H, Amberlyst (15)), with TBAF2 or with MeLi,
whereas acetic acid did leave the enoxysilanes 6 un-
changed. Despite this, the method seems particularly at-
tractive by enabling a short and diastereoselective
synthesis of numerous disubstituted exocyclic 6-mem-
bered ring enoxysilanes under very simple operating con-
ditions.3 Furthermore, it can be considered as an
alternative and efficient route to the previously described
methods (zinc enolate silylation,4 ketene alkylation-silyla-
tion,5 C. Ainsworth6).

There is no doubt that those preliminary results will offer
new opportunities in the field of multi-step synthesis in-
volving asymetric aldolisation and related Mukaiyama re-
actions.7
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Table 1 Preparation of the enoxysilanes 6a-i

aEstimated according to 1H NMR. bQuantitative crude yields without
purification over silica gel in order to prevent from b-elimination. cSi-
lica gel chromatography could be achieved successfully on this com-
pound (96%). dEstimated since no other diastereoisomers could be
observed in 1H and 13C NMR.
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