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STEREOSPECIFIC ALLYLSILANE REACTIONS: A TOTAL SYNTHESIS OF DIHYDRONEPETALACTONE1

Ian Fleming* and Nicholas K. Terrett
University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW, England

Summary—A stereospecific synthesis of allylsilanes and their stereospecific reaction with per-
acid are used to prepare the endo-prop-l-enylnorbornenol (6), a substrate for an oxy-Cope re-
arrangement leading eventually to dihydronepetalactone (10) with complete stereocontrol.

We reported earlier2 a stereospecific allylsilane synthesis, in which a tertiary
allylic acetate combines regioselectively, and stereospecifically anti with our silyl-cuprate
reagent. Several people have shown that allylsilanes react stereospecifically anti with elec-
trophiles,3 and we have shown that this is particularly clean when the electrophile is a bridg-
ing electrophile, and when the face of the double bond anti to the silyl group is also the more
accessible face.2 We now report a completely stereocontrolled total synthesis of racemic di-
hydronepetalactone (10), in which we use this allylsilane chemistry to set up an endo-trans-
prop-l-enylnorbornene (6), a substrate for an oxy-Cope rearrangement (6 > 7). Endo-alkenyl-
norbornenols, suitable for oxy-Cope rearrangement, have been prepared before using 7,7-disub-
stituted norbornenones, in which the 7-substituents hinder the exo face to attack by alkenyl-
metal reagents.4 However, for dihydronepetalactone, and similar targets such as iridomyrmecin,
a single methyl substituent is needed on this atom; in consequence, alkenyl-metal reagents will
attack exo, and the product will be useless for subsequent Cope rearrangement.

Our starting material was Grieco's norbornenone (1),5 which we made by trapping
5-methylcyclopentadiene with chloroacrylonitrile, and hydrolysing the a-chloronitrile. The
yield, based on sodium cyclopentadienide, was only 27%, but the route was short. The propynyl
Grignard reagent attacked this ketone predominantly from the exo direction to give the proparg-
ylic alcohol (3) in 90% yield, with only 4% of the diastereoisomer (2). To correct the stereo-
chemistry of the major product, we reduced the triple bond to a cis double bond, made the acet-
ate (83%), and treated it with the silyl-cuprate reagent. As expected, by analogy with our
earlier work,2 we got a mixture (74%) of two allylsilanes (4 and 5), both of which are the
result of an anti stereospecific reaction. These allylsilanes are stereochemically equivalent,
and did not need to be separated. Epoxidation, followed by treatment with fluoride ion, cleanly
converted the mixture into the endo-trans-propenylnorbormencl (6) in 90% yield. This was the
key reaction, in which the anti selective reaction of the allylsilanes combines with the pre-
ference for exo attack by the electrophile, to give the high level of control in setting up the
trans-propenyl group endo in the norbornene ring. This product was identical with a sample
prepared directly by reduction of the endo-propynylnorbornencl (2). The latter reaction actu-
ally makes the synthesis of 6 convergent, although convergence was not practically important in

this particular synthesis, since the amount of the endo-propynyl alcohol produced in the first
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step’was so small. The oxy-Cope rearrangement (6 - 7) could be relied upon stereochemically,
since the only accessible conformation is the boat transition state. In the event, treatment
with potassium hydride6 followed by an aqueous work up gave a single ketone (8)(92%), in which
all four chiral centres were correctly disposed. This ketone enolised very strongly in one
direction, to give only the silyl enol ether (9).7 The remaining eight steps were conventional
functional group manipulations, and led (24%) to dihydronepetalactone (10) with IR and 1H-NMR
spectra identical with those of authentic ms,ter:lal.8 The overall yield was 12% based on 1.
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