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Abstract—Differently protected glycidol derivatives (with Bn, TBDPS, TBS and MPM groups) have been tested for regioselective
ring opening with vinylmagnesium bromide in order to obtain useful five-carbon functionalised homoallylic alcohols. Careful
choice of the reagents and experimental conditions allowed a general access to important chiral synthons for asymmetric synthesis.
© 2003 Elsevier Science Ltd. All rights reserved.

Chiral glycidol derivatives such as 1 (Scheme 1) which
can be easily obtained,1 or are commercially available
in both racemic or optically pure forms,2 are particu-
larly useful starting material for asymmetric synthesis
of enantiomerically enriched compounds. The choice of
the hydroxyl protecting group is particularly important
in synthetic applications and therefore most of the
common protecting groups have been used. The more
straightforward access to glycidol derivatives is proba-
bly the regioselective opening of the oxirane ring in
order to get compounds of type 2. Epoxide opening
with vinylmagnesium halides was strongly investigated
to prepare chiral homoallylic alcohols and recently,
these ring openings have been performed with different
protecting groups such as benzyl,3 MPM4 or TBDPS5

in different experimental conditions and with results
from good to excellent.

During our studies on the synthesis of polyhydroxylic
natural products we had to prepare compounds similar

to 2, and therefore we tried the different reported
procedures and also different protecting groups to open
type 1 oxirane. However we found, frequently, difficult
to reproduce6 the reported results, specially because the
final compound 2 was often contaminated with minor
by-products impossible to separate by standard chro-
matography. Furthermore in the reported procedures,
the effect of factors such as temperature, reaction time
and order of reagents addition, were never investigated
as well as a protecting group as TBS.

We report in this paper a careful and extensive study on
this opening reaction, in order to find a general proto-
col for the most useful protected glycidol derivatives
1a–d. Our results are shown in Scheme 2 and Table 1,
and a general procedure with vinylmagnesium bromide
in THF at −20°C is described.7 Since performing the
same reactions with vinylmagnesium chloride we found
the reaction proceeded in very low overall yields with
several by-products, these unsuccessful results have not
been reported in Table 1.

All the reactions tested afforded, as the main product,
the expected homoallylic alcohol 2a–d and we found
that the conditions in entries 1, 3, 6 and 7 in Table 1
were satisfactory for the conversion and for the
homoallylic alcohol yields. Of particular importance is
the reaction on glycidol 1c (Table 1, entries 5 and 6)
where a very common protecting group TBS is used. In
this case the use of CuBr leads to a quantitative ring
opening with an overall 98% yield of the final product
in contrast with CuI.

Scheme 1.
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Scheme 2.

Table 1.

P CuI (equiv.) CuBr (equiv.)Entry Time (min)Glycidol Conv. (%) (yield%)a 2b 3b 4b

Bn 1 601 100 (100)c1a 91 9 –
2 0.41a 20 100 (100)c 84 16 –

MPM 1 201b 100 (90)3 91 9 –
0.8 204 97 (79)1b 82 18 –

TBS 1 601c 95 (–)d5 88 5 7
6 1c 0.5 20 100 (–)d 98 2 –

TBDPS 1 451d 100 (91)7 93 0.5 6.5
1 20 42e (39)8 931d 7 –

All the reactions were conducted with 4 equiv. of vinylmagnesium bromide and 1 equiv. of racemic epoxides (0.15 M in THF) at −20°C.
a The conversion was evaluated by GC–MS on the starting consuming epoxide and the yield after column chromatography.
b The ratio of the products was in percent and was calculated by GC–MS.
c The mixture of products was found unseparable by column chromatography.
d The products were unstable on silica gel column.
e At higher conversion grade larger amounts of bromohydrin and other by-products were produced.

Bn=benzyl, MPM=methoxyphenylmethyl, TBS=t-butyl dimethyl silyl, TBDPS=t-butyl diphenyl silyl.

The reactions were accompanied by variable amounts of
the corresponding halohydrins, which is due to the
known ability of metal halides to open simple and
functionalised epoxides.8 The characterisation of these
by-products, which have never been isolated or men-
tioned in earlier experiments,3–5 is particularly important.
Probably these halohydrins have never been detected or
separated and the main product was used without
purification in the next step of the synthesis. However in
our experiments we have found the best reaction condi-
tions in order to minimise the halohydrins formation and
to obtain a high yielding reaction.

The bromohydrin formation is probably due to the
degradation of vinylmagnesium bromide. In order to
verify this hypothesis we carried out reaction of epoxides
1a,c with vinylmagnesium bromide and CuX respectively
(Scheme 3). We found that, while Cu(I) salts alone did

not open oxiranes 1a,c, the Grignard reagent alone
afforded in large amount the corresponding bromohy-
drins 3 (together with the opening product 2), a much
longer reaction time (4–6 h) was however required for a
substantial conversion of the epoxides.

In conclusion, in this epoxide opening reaction, we found
that glycidols of type 1 gave the homoallylic alcohols as
the main product, in presence of CuI and in excellent
yields. The epoxide with a TBDPS protecting group was
found to give the lowest percentage of conversion (using
CuI the corresponding homoallylic alcohol 2d was
obtained in 45 min instead of 20 min but with an excellent
conversion, Table 1, entry 7). The simple experimental
conditions and the rapidity of the reactions on different
glycidols make this protocol a reliable method to access
to functionalised five-carbon chain products, as useful
chiral precursor for synthesis of more complex molecules.

Scheme 3.
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