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Diastereoselective allylzincation of c-oxygenated vinyllithiums
bearing functionalized side-chains
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Abstract—Allylzincation of c-oxygenated vinyllithiums bearing functionalized side-chains proved to be more difficult than that
reported in the case of c-oxygenated vinyllithiums with unfunctionalized side-chains. However, when allylzincation occurs it gives
the corresponding linear compounds with high diastereoselection as a consequence of the zinc being coordinated by the two oxygen
atoms of the methoxymethyl ether moiety.
� 2004 Elsevier Ltd. All rights reserved.
Allylzincation of vinyllithiums has been well investi-
gated in our laboratory over the past years.1 More
particularly, the carbometallation of primary and sec-
ondary c-heterosubstituted vinyllithiums by zincated
allylic ethers allowed the preparation with high stereo-
selectivities of 1,3-dialkoxy-2-methyl-4-pentenes2;3 and
cyclopropyl carbinols,4 respectively. More recently,5 we
have developed a new formal synthesis of (±)-serricor-
nin, which includes the highly diastereoselective carbo-
metallation of a secondary c-oxygenated vinyllithium by
zincated allylsilane giving an E vinylsilane intermediate.
Although high selectivities are generally obtained, the
main drawback of these carbometallation reactions is
that only secondary c-oxygenated vinyllithiums with
alkyl side-chains have been used precluding so far a
wider use of these reactions in organic synthesis. Thus,
in order to expand the field of synthetic applications, we
have investigated the reaction of secondary c-oxygen-
ated vinyllithiums bearing unsaturated or oxygenated
side-chains with allyl- or crotylzinc bromides since the
resulting products would enable easy further transfor-
mations.

We report herein our preliminary results on the allyl-
and crotylzincation of vinyllithiums 1a–e, which afford
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an access to linear compounds 2a–e and 3a–e with two
and three vicinal stereocentres, respectively, (Scheme 1).
In all the cases we have examined, vinyllithiums 1a–e
were prepared from the corresponding diastereomeri-
cally pure Z vinyl iodides. The latter were obtained
either from Z b-iodo acrylate (in the case of 1a–c) in a
two-step procedure6;7 or from aldehydes (in the case of
1d and 1e) in a multi-step synthesis, the key step of
which is the selective monohydrogenation of ethynyl
iodide intermediates by dipotassium diazadicarboxylate,
which behaves as a synthetic equivalent of hydrazine in
acidic conditions.8;9

In a typical procedure, vinyllithiums 1a–e were gener-
ated in situ by the reaction of the corresponding vinyl
iodides with t-BuLi (1.7M in pentane, 2 equiv) in Et2O
at )80 �C for a few minutes until no starting material
was detected by GC. Allyl- or crotylmagnesium bromide
(2.0M in Et2O, 3 equiv) and ZnBr2 (1.0M in Et2O,
3 equiv) were then successively added dropwise to the
solution and the resulting mixture was allowed to warm
to )50 �C and stirred at this temperature until no evo-
lution was observed by GC. After the usual work-up,
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Scheme 1. Allyl- and crotylzincation of secondary vinyllithiums 1a–e.
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Table 1. Zincation of vinyllithiums 1a–e via Scheme 1

Entry Rf Vinyllithium R d.r.a Yield (%)b

1 1a H >98/2 50

2 1a Me 94/6 30

3 1b H –– ––c

4 1c H >98/2 53

5 1c Me >98/2 37

6 1d H –– ––c

7 O O 1e H >98/2 66

a Selectivities were measured by 1H NMR at 400MHz on the crude reaction mixtures.
bYields in the purified products.
c Only unidentified products were obtained.
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the corresponding linear compounds 2 and 3 were then
isolated. Our results are compiled in Table 1.

With allylzinc bromide (i.e., with R ¼ H), linear com-
pounds 2a, 2c and 2e containing two stereogenic vicinal
centers were obtained with high diastereoselectivity as
determined by 1H NMR (Table 1, entries 1, 4 and 7).
After flash chromatography on silica gel, they were
isolated as diastereomerically pure products albeit in
moderate yield. Similarly, the reaction of crotylzinc
bromide (i.e., with R ¼ Me) with vinyllithiums 1a and
1c afforded the corresponding linear products contain-
ing three vicinal stereogenic centers. However, although
an excellent stereoselectivity was also observed for
products 3a and 3c, they were isolated in lower yields
than those obtained with allylzinc bromide (Table 1,
entry 1 vs 2 and entry 4 vs 5).

By contrast, in the case of vinylic vinyllithium 1b and
benzylic vinyllithium 1d only unidentified products were
obtained (Table 1, entries 3 and 6). These results could
be explained by the organometallic species promoting a
d- and a b-elimination of the methoxymethyl ether
moiety in 1b and 1d, respectively. Thus, under the
reaction conditions described above, 1b and 1d would
lead to vinylmetals 4 and 5, respectively, the hydrolysis
of which would then afford volatile products (Scheme 2).

The relative stereochemistry of compounds 2a and 2c has
been unambiguously shown to be syn by NOE experi-
ments performed on the two isomeric furans derived
from 2c by deprotection of the ether moiety under acidic
conditions followed by iodoetherification4;10;11 and for
which a cis stereochemistry was found (Scheme 3).
From these NOE experiments, it could be reasonably
assumed that compounds 2a and 2c are formed via a
chelate chair-like intermediate A analogous to that
previously postulated in the case of vinyllithiums with
saturated side-chains. In intermediate A the allyl moiety
approaches the vinyllithium from the less hindered face
(i.e., opposite to the substituent) as a consequence of the
zinc being coordinated by the two oxygen atoms of the
methoxymethyl ether group (Scheme 4).

Furthermore, the high syn stereochemistry totally ex-
cludes a possible p-zinc interaction with the double bond
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Scheme 4. Intermediate A versus intermediate B.
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or the arene, which proved to be strong enough to give
high stereoselectivities in some zinc enolate carbocycli-
zations,12;13 allylzincation of vinylmetals14 and cyclo-
propanation reactions.15;16 This latter interaction would
lead to the anti isomer via another chelate chair-like
intermediate B (Scheme 4). Thus, this result strongly
suggests that the zinc atom is better coordinated by a
methoxymethyl ether than by any unsaturation.

As regards compound 2e, the same syn stereochemistry
was determined by performing the carbometallation
reaction at )50 �C and then warming the reaction mix-
ture to )20 �C. Under these conditions and after the
usual work-up, compound 2e (33%) was formed along
with disubstituted cyclopropane 6 (30%). Since com-
pounds 2e and 6 are obtained from the same organo gem
bismetallic intermediate by hydrolysis and through an
SN2 process with double inversion,4;17 respectively, the
stereochemistry of 6 reflects that of 2e. Thus, the cis
stereochemistry of the disubstituted cyclopropyl ring,
characterized by trans coupling constants for proton Hb

(3J1;3a ¼ 3J2;3a ¼ 4:8Hz) and cis ones for proton Ha

(3J1;3b ¼ 3J2;3b ¼ 8:4Hz) as measured by 1H NMR,
implies a syn stereochemistry for linear compound 2e
(Scheme 5). The high selectivity in favor of the syn iso-
mer observed for 1e can then be explained by interme-
diate A (postulated above for 1a and 1c) and suggests
that the coordination of the zinc by the methoxymethyl
ether group is much stronger than that by the acetal
group through which an anti stereochemistry would
have been obtained via intermediate B.

Concerning compounds 3a and 3c, an intermediate
analogous to A could be invoked to explain their for-
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Scheme 5. Determination of the stereochemistry of 2e.
mation in a highly stereoselective manner so that a
syn,anti stereochemistry can be reasonably assumed for
these compounds. Indeed, as shown in the case of
unfunctionalized vinyllithiums,18–21 crotylzinc reacts
with a good facial selectivity under the preferred cisoid
form, the methyl substituent of the crotylzinc adopt-
ing a pseudo-axial position in an intermediate similar
to A.

In summary, we have shown that allylzincation of c-
oxygenated vinyllithiums with unsaturated or oxygen-
ated side-chains is possible provided that no elimination
of the ether moiety occurs. Moreover, this reaction
allows the formation of linear compounds with two or
three vicinal stereogenic centers with excellent syn and
syn,anti stereoselectivity, respectively. These preliminary
results are promising especially regarding the possibility
of further functionalization of the side-chains, for
example through oxidative processes. This work is cur-
rently under investigation in our group and will be
reported in due course.
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