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Nucleophilic attack by an ethylcuprate on the a,b-un-
saturated ketone 3 takes place anti to the silyl group to give
largely (96+4) a single product 4, fragmentation of which
removes the silyl group, and reveals a pair of stereogenic
centres having an open-chain 1,5 relationship 9.

We have developed a substantial body of chemistry in which a
stereogenic centre carrying a silyl group controls the stereo-
chemistry of electrophilic attack on a CNC double bond in the
sense 1,1 and we have also adapted these reactions to control

more distant open-chain relationships, including 1,4 in the
course of syntheses of tetrahydrolipstatin2 and of nonactin,3 and
1,6 in an SE2B reaction.4 The use of a silyl group to control
1,4-relationships has also been exploited by Procter5 and by
Panek.6 We have now developed a method for the control of a
1,5-relationship, which we describe here. The essence of our
approach is successively to set up two 1,3-relationships, moving
the stereochemistry three atoms along the chain each time. By
using a silyl group in the middle, we can remove the intervening
functionality and stereochemistry to reveal the open-chain
1,5-relationship.

We began with the well established 1,3-control seen in
conjugate additions to 5-substituted cyclohexenones,7 which we
already knew was well behaved when the nucleophile was a
silyl group.8 On this occasion we used the phenyldimethyl-
silylzincate reagent9 with 5-methylcyclohex-2-enone 2
(Scheme 1), and the intermediate zinc enolate readily under-
went an aldol reaction with acetaldehyde to give a b-hydroxy
ketone as a mixture of diastereoisomers. Dehydration gave, as
far as we could tell, a single a,b-unsaturated ketone 3 with the
C-5 methyl and C-3 silyl groups trans to each other and the
exocyclic double bond with a Z configuration (COSY and
NOESY). This set up the first 1,3-relationship, and we set up the
second by conjugate addition of an ethylcuprate reagent in the
presence of tert-butyldimethylsilyl chloride. This gave a silyl
enol ether 4 as a single diastereoisomer (1H-NMR, > 95+5),
which proved (see below) to have the relative configuration
illustrated.

We carried out the complementary sequence, trapping the
zinc enolate with propionaldehyde instead of acetaldehyde, and
adding a methylcuprate to the a,b-unsaturated ketone 5, which
gave largely (86+14) the alternative stereoisomer 6 (Scheme 2).

This time we could clearly see the signals (1H-NMR) of the
minor isomer, which were identical to those we had already seen
for the isomer 4. Clearly, the reaction had been stereo-
chemically highly controlled, and either stereoisomer, 4 or 6,
could be obtained with nearly equal ease.

We hydrolysed the silyl enol ether 4, and obtained a single
diastereoisomer of the ketone 7, which was unaffected by
treatment with sodium methoxide, suggesting that it was the
thermodynamically favourable isomer (Scheme 3). We then
applied a fragmentation reaction developed by Nishiyama and
Itoh,10 using the oxime acetate 8, and obtained the alkene 9 with
the 1,5-relationship between C-3 and C-7 revealed in an open
chain. That the alkene had a trans double bond showed that the
relative stereochemistry assigned (COSY and NOESY) to C-2
in the ketone 7 was correct, since Itoh has shown that this type
of fragmentation is stereospecifically anti.

We proved the relative stereochemistry between the 1,5-
related centres, by carrying out the same sequence using
enantiomerically pure (5R)-methylcyclohex-2-enone 1,11 and
obtained the nitrile 9 enantiomerically pure at C-3. Ozonolysis
and borohydride reduction gave 2-methylbutanol, derivatisation
of which with Mosher’s acid gave us the known esters (Scheme
4).12 The major component 10 was the R,R-diastereoisomer
(1H-NMR), and a minor component (4%) was now detectable
and identifiable as the R,S-diastereoisomer, allowing us to
measure, more accurately than it had been possible to from the
earlier NMR spectra, the degree to which we had been
successful in the conjugate addition step 3? 4.

We suggest that, if the silyl group in the a,b-unsaturated
ketone 3 were equatorial 11, it would suffer from steric
compression with the methyl group on the exocyclic double

Scheme 1 Reagents and conditions: i, PhMe2SiZnMe2 Li, THF, 278 °C, 1
h; ii, MeCHO, 278 °C, 2 h; iii, MsCl, Py, CHCl3, reflux, 16 h; iv,
TBDMSCl, Et2CuLi LiCN, THF, 278 °C, 1 h.

Scheme 2 Reagents and conditions: i, PhMe2SiZnMe2 Li, THF, 278 °C, 1
h; ii, EtCHO, 278 °C, 2 h; iii, MsCl, Et3N, CH2Cl2, 0 °C, 2 h; iv, DBU,
toluene, reflux, 4 h, or NaH, THF, 0 °C ? rt, 12 h; v, Me2CuLi LiCN, THF,
278 °C, 40 min; vi, TBDMSCl, HMPA, Et3N, 278 °C, 1 h.

Scheme 3 Reagents and conditions: i, HCl, H2O, THF, rt, 14 h; ii, NH2OH
HCl, Py, EtOH, reflux, 12 h; iii, Ac2O, Py, CH2Cl2, 0 °C ? rt, 4 h; iv,
Me3SiOTf, CH2Cl2, 0 °C, 4 h.
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bond. In consequence, even though a trimethylsilyl group has a
larger A-value than a methyl group (2.513 and 1.74, re-
spectively), the lower-energy conformation of the enone 3
probably has the methyl group equatorial and the silyl group
axial 12, where, in any case, it only has one 1,3-diaxial
interaction. With the silyl group held on the lower surface,
nucleophilic attack can be expected to take place on the top
surface anti to the bulky group 12 (arrow), and hence give the
silyl enol ether with the relative configuration 4.

To support this argument, we carried out molecular model-
ling calculations (Macromodel), which confirmed that the
conformation with the silyl group axial 12 had the lowest
energy,14 with the stereo drawings 13 giving a more accurate

picture of the minimised structure. Looking at the space-filling
versions 14 (from above) and 15 (from below) illustrates the
difference between the two surfaces of the enone 3—the b-
carbon (darker grey) in the top view is exposed, but in the
bottom view it is hindered by the substituents on the silyl
group.15

Furthermore, the calculation for the second a,b-unsaturated
ketone 5 revealed why it suffered a lower degree of stereo-
control in the conjugate addition step—the methyl group of the
ethyl group was oriented upwards, hindering the top surface
more than the top surface of the a,b-unsaturated ketone 3 = 12
= 13.

The stereocontrol in this system is interesting from two points
of view. In the first place, it shows that the silyl group is not so
hindering that it cannot adopt the axial position, and yet
simultaneously it does hinder the approach of the incoming
nucleophile. The long Si–C bond takes the silyl group far
enough away from the cyclohexane ring to make 1,3-diaxial
interactions less severe than they would be for a carbon-based
group, and yet the length of the Si–C bonds to the three other
substituents on the silicon atom causes them to occupy much of
the space below the double bond. In the second place, this is the
first reaction that we have studied in which the double bond

adjacent to the stereogenic centre carrying a silyl group has
undergone nucleophilic attack. All our work in the past has
involved electrophilic attack. Since the sense of attack, anti to
the silyl group 1, is the same, it may be that we have here some
indication that the stereocontrol is largely steric in origin. This
conclusion stems from the prejudice that nucleophilic attack and
electrophilic attack would take place in opposite senses if purely
electronic effects were operative.

Although this may be a little too simplistic, we can be sure
that the silyl group is an important component in ensuring the
high levels of diastereocontrol that we have seen, for we have
carried out a similar set of reactions with the C-5 methyl group
and the C-3 silyl group in 5 interchanged (Scheme 5). Starting
with the silicon-containing cyclohexenone 16,16 and using a
methylcuprate to set up the 1,3-related centres in the enone 17.
This time, the conjugate addition of the methylcuprate gave
both possible diastereoisomers 18 in equal amounts. Pre-
sumably a methyl group on C-3, although surely held axial,
shields the bottom surface from attack to the same extent as the
upturned methyl group on the side chain shields the top
surface.

We thank Avra Laboratories, Hyderabad, for a maintenance
grant (C. R.), and Setu P. Roday for help with the molecular
modelling.
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Scheme 4 Reagents and conditions: i, O3, Et2O, 278 °C, 10 min; ii, NaBH4,
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Scheme 5 Reagents and conditions: i, Me2CuLi, THF, 278 °C, 1 h; ii,
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