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Abstract

Monoepoxides of diene-esters are regio- and stereoselectively reduced to homoallylic alcohols by dimethyl-
amine–borane complex in the presence of acetic acid and catalytic amounts of Pd(PPh3)4. © 2000 Elsevier Science
Ltd. All rights reserved.
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In relation with our current study1 on the SmI2-induced cyclisation of�-halo-�,�-unsaturated esters
to cyclopropane compounds2, we needed to prepare, as precursors to these homoallylic halides1a,
homoallylic alcohols1b with various substituent patterns and with high diastereoselectivity in cases
where both homoallylic and allylic positions were substituted (R1 and R2 6�H). To obtain these alcohols,
we decided to rely on the palladium-catalysed hydrogenolysis of vinyl epoxides with formic acid in
the presence of triethylamine, as described2 by Tsuji, Shimizu and co-workers. These reactions, which
involve the intermediate formation of�- and/or�-allyl complexes are generally regioselective (leading
to homoallylic alcohols rather than allylic alcohols) and also stereospecific as they give the product
of inversion of configuration at the allylic C–O bond. Such stereoselectivity stems from the fact that
hydride delivery from the intermediate formato-�- or �-allylic complexes occurs from the palladium
side, probably through a concerted cyclic mechanism3 (Eq. (1)).
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Epoxides3 are easily available in racemic form by controlled, regioselective monoepoxidation of
diene-esters4 with MCPBA, and recently, Shi and co-workers4 reported a very efficient enantioselective
synthesis of such diene-monoepoxides by use of a fructose-derived chiral ketone as catalyst and oxone
as oxidant.

In complete concordance with Tsuji and Shimizu’s observation, we found that the palladium-catalysed
hydrogenolysis of epoxides3 was totally regioselective and, in the case of substituted allylic substrates
(R2 6�H), stereoselective. Meanwhile, we were unable to reproduce the high overall yields reported by
these authors, especially in the case of the substituted allylic epoxides. For instance, in our hands,
homoallylic alcohol6 was indeed obtained, from epoxyenoate5 (R=Bn), as the sole product in significant
amount and to the exclusion of diastereoisomer7 and allylic alcohol8, but only in 28–30% overall yield
instead of the 98% yield reported for the corresponding methyl ester (R=Me) by Shimizu, Tsuji and co-
workers. Purification of6 from many minor impurities by column chromatography proved to be tedious.

We recently reported the efficient palladium cleavage of allylic carboxylates and carbamates in the
presence of several pseudometallic hydrides, especially phenylsilane5,6 and ammonia- or dimethyl-
amine–borane complexes6 and the application of such systems in protective group chemistry. We
therefore decided to test these hydride donors as well as sodium borohydride3,7 in the reductive opening
of vinyl epoxides3. As test reaction, we selected the reductive opening of epoxide5. Our results are
reported in Table 1. Yields refer to isolated products after chromatography. The two diastereoisomeric
homoallylic alcohols6 and7 could not be separated by this technique; their ratio was measured by1H
NMR spectroscopy.8

Examination of entries 1–5 shows that better overall yields were obtained with the pseudometallic
hydrides under study than with formic acid. However, the reactions were no longer selective and mixtures
of both diastereoisomeric homoallylic alcohols6 and7 and of an allylic alcohol8, whose stereochemistry
was not elucidated, were most of the time obtained. Meanwhile, compared to sodium borohydride, better
results were obtained with amine–borane complexes. In the best case (Me2NH–BH3, entry 3), the reaction
was regioselective (no allylic alcohol) but its diastereoselectivity (6/7=87/13) was still unsatisfactory.

Noting that the excellent regio- and stereoselectivities reported by the Japanese authors were obtained
in acidic medium (since in their procedure formic acid is used in excess over triethylamine), we decided
to repeat our reactions with pseudo-metallic hydrides in the presence of acetic acid. Indeed, since the
formation of�- or �-allyl complexes from palladium(0) and vinyl epoxides also results in unmasking
alkoxide function, it could be expected that the reactivity of these intermediates would be greatly
modified in the presence of a protonating agent. To our satisfaction, we found that, under such conditions,
the reactions were greatly improved (entries 6–8) in terms of rapidity, overall yield and selectivity. In
particular, with the dimethylamine–borane complex, homoallylic alcohol6 was obtained selectively and
in almost quantitative yield within 15 min at room temperature.

The effectiveness of the palladium/Me2NH–BH3/AcOH system9 was confirmed on a series of mono-
epoxides9 derived from diene-esters as represented in Table 2.
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Table 1

Table 2

Finally, we also studied the reductive opening of epoxide13derived from a dienenitrile and consisting
(NMR) of a 7/3 mixture, respectively, ofE andZ isomers. The reaction was no longer regioselective as
it led to 30% of allylic alcohol16 whose stereochemistry was not determined. In addition, 66% of two
homoallylic alcohols were produced in a 7/3 ratio, both withE geometry of the double bond and to which
we tentatively assign the respective structures14 and15.10,11 Compound15 would therefore arise from
reduction ofZ-13with a�–�–� interconversion of the intermediate�-allylic complexes. Such a process
that results in retention of configuration at the allylic site and inversion of geometry of the double bond
is well-documented in palladium-�-allyl chemistry12 in general and, in particular, was evidenced in the
reductive ring-opening of vinyloxirane with formic acid.2
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In conclusion, the palladium-catalysed reductive opening of diene-ester derived monoepoxides by the
ternary system Pd(PPh3)4/Me2NH-BH3/AcOH leads to homoallylic alcohols with excellent regioselec-
tivity and stereospecificity. This procedure, which is very easily carried out, is faster and in our hands gave
better results than the corresponding palladium-catalysed hydrogenolysis with formic acid as described
by Tsuji, Shimizu and co-workers.
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