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The addition of an organometallic reagent to an un-
activated olefin is generally difficult to control since such
an addition may lead to polymerization of the olefin?
unless the final organometallic adduct is stabilized? or
differs markedly from the starting one.® Indeed, since
the initial work of Wittig,* who showed that the presence
of a donor group in the proximity of the double bond of
the alkene promotes the carbolithiation reaction,? the
stereochemical outcome of the addition of alkyllithiums
(and the reactivity of the new carbon metal bond as
stereogenic center) to substituted allylic alcohols were
investigated.>® However, enantioselective carbometala-
tion reactions are still scarce, although actively studied
by different groups,® due to the difficulty for enantiofacial
differentiation of an unactivated alkene. In this context,
we have recently described a new asymmetric carbo-
lithiation of cinnamyl derivatives in the presence of (—)-
sparteine, which leads to the corresponding carbometa-
lated product in 66—80% enantiomeric excess.” In a
search to increase these enantiomeric excesses, we
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decided to examine different chiral ligands® but none of
them provided enantioselectivities as high as (—)-
sparteine. So, we investigated this problem following a
different approach. Indeed, recent theoretical studies by
Houk® and Bailey'® reveal that the initial step for the
intermolecular as well as intramolecular carbometalation
is an energetically favorable coordination of the lithium
atom with the z-system,* which serves to establish the
geometry of the system prior the addition to occur. Thus,
in order to promote this initial wz-chelation, we decided
to increase the association between the organolithium
and the functional group of the substrate to enforce the
proximity effect (called complex induced proximity ef-
fects,’? CIPE). So, we have prepared the dimethyl
acetal®® of the (E)-cinnamyl alcohol and studied the
enantioselective carbolithiation, in the presence of (—)-
sparteine, as described in Scheme 1.

Addition of the substrate to a solution of various alkyl
lithiums in hexane (or cumene) in the presence of 1 equiv
of (—)-sparteine!* leads, after hydrolysis, to the corre-
sponding carbometalated products in good yield. After
deprotection of the acetal moieties, the alcohols were
obtained in very good enantiomeric excesses as deter-
mined according to Alexakis and Mangeney?® (see Table
1). The use of the acetal allows the reaction to proceed
at —50 °C instead of 0 °C for the carbolithiation of the
corresponding alcohol.” Primary (in the absence (entries
1-3) or in the presence’ (entry 5) of lithium salts)) and
secondary organolithiums (entry 4) undergo enantiose-
lective carbolithiations in the presence of 1 equiv of (—)-
sparteine in hexane (or in cumene) via this simple
method. The results summarized in Table 1 show also
that addition to this cinnamyl acetal in the presence of
a catalytic amount of (—)-sparteine (10%) also leads to
good enantiomeric excess (entries 6, 8, and 9), even with
1% of chiral ligand (entry 7), whatever the nature of the
alkyllithium used (primary or secondary). Moreover, the
product itself is not an enantioselective catalyst® since
the hydrolysis of the reaction mixture after only 30%
conversion leads to the same enantiomeric excess.

With the chiral benzylic organolithium in hand (before
hydrolysis), we then studied its reaction with an in-
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Table 1
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Table 2

(—)-sparteine yield® eed

(—)-sparteine

entry? RLi alcohol (equiv)P solvent (%) (%) entry2  RLi  cyclopropane (equiv)P solvent yield® (%)
1 n-BuLi 2 1 cumene 72 95 1 n-BuLi 6 1 cumene 60
2 n-BuLi 2 1 hexane 77 94 2 n-BulLi 6 0.1 hexane 61
3 HexLi 3 1 cumene 70 94 3 s-BuLid 7 0.1 hexane 66
4 s-BuLi® 4 1 cumene 80 90 4 HexLi 8 0.1 hexane 59

i LiBrf

Z riﬁf:j LiBr g é.l ﬁz;n;r?: gg 3(2) a After the carbometalation reaction, the mixture is rapidly
7 n-BuLi 2 0.01 hexane 50 85 warmed to room temperature. b Based on the cinnamyl su_bstrate.
8 HexLi 3 01 hexane 65 92 ¢ Based on pure isolated product and calculated from the cinnamyl
9  s-BuLie 4 0.1 hexane 77 92 substrate. 4 As a mixture of two diastereomers from the use of

a The reactions were carried out by addition of the substrate to
the RLi—sparteine mixture at —50 °C. P Based on the cinnamyl
substrate. ¢ Based on pure isolated product, after deprotection of
the acetal (yield of the deprotection >95%). 9 ee was determined
by 3P NMR.15 ¢ As a mixture of two diastereomers from the use
of s-BuLi. f The organolithium reagents were prepared in Et,0,
and the addition was carried out in cumene, see ref 7.
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tramolecular electrophile, namely the acetal moiety.
Indeed, when the chelating moiety is a dimethyl-
methoxymethyl ether, the formed benzylic organolithium
species is not stabilized but becomes thermally labile,’
when the reaction mixture is simply warmed to room
temperature and leads to a pure chiral trans disubsti-
tuted cyclopropane,’® via an internal nucleophilic sub-
stitution, as described in Scheme 2 and Table 2.

The alkyl and phenyl groups in these cyclopropanes
are anti to each other and may result from a W-shaped
transition state.’® Indeed, in this transformation, the
initially formed stereogenic center C—R is invariant,
when established during the carbolithiation reaction step,
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whereas the benzylic carbon is free to epimerize!® and to
promote the formation of the thermodynamically more
stable trans cyclopropane.® According to this, the optical
purities of the trans cyclopropanes thus obtained® are
considered to be the same as those of the linear acetals
described in Table 1.

In order to prove this enantioselection and the absolute
configuration, the cyclopropane 6 was derivatized into a
known product according to Scheme 3.

The 1(R)-phenyl-2(R)-butylcyclopropane (6) was first
oxidized?! into the corresponding acid 9 in 81% yield. The
esterification followed by the reduction of the resulting
ester leads to the 2(R)-butyl-1(R)-cyclopropylmethanol
(10), known in the literature,? and the purity of the
chiral disubstituted cyclopropanol (93% ee) was deter-
mined by NMR by the use of chiral derivating agents.*®
The same sequence was performed on the cyclopropane
6, generated in the presence of a catalytic amount of (—)-
sparteine, and the same enantiomeric excess was ob-
tained for 10.

In conclusion, the use of the dimethyl acetal of the (E)-
cinnamyl alcohol allows a high enantioselective carbo-
lithiation in the presence of a catalytic amount of (—)-
sparteine to give, after hydrolysis at low temperature,
the corresponding alkylated product in 90—95% ee. By
warming the reaction mixture to room temperature, this
benzylic organolithium intermediate undergoes a 1,3-
elimination to give the chiral disubstituted cyclopropane
in 90—93% ee.

Supporting Information Available: Typical experimen-
tal procedures and spectral data of products (10 pages).
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