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ABSTRACT

The diastereoselective formation of cyclopropylcarbinol from cyclopropenylcarbinol is very sensitive to the nature of the organometallic used
for the carbometalation reaction. Both diastereoisomers can be obtained, at will, from the same precursor.

Progress in the area of diastereo- and enantioselective
preparation of cyclopropanes has largely focused either on
the modification of allylic alcohols1 through the Simmons-
Smith chemistry,2 the rhodium carbenoid chemistry of
terminal alkenes,3 or the reactivity of lithiated aryloxiranes.4

However, in the past few years, strain as a design principle
for asymmetric transformations has found many interesting
applications particularly in the chemistry of cyclopropenyl
derivatives, and we have been witness to a complete
renaissance of the field.5 Indeed, upon breaking theπ-bond,
the trigonally coordinated ring carbons can pyramidalize, thus
relieving the additional angle strain that results from the
presence of the three-membered ring of carbons that are
nominally sp2, rather than sp3, hybridized.6 If such operations
can now be performed on enantiomerically enriched cyclo-

propenes, they can provide a new entry to functionalized
chiral cyclopropanes. Therefore, a large variety of diastereo-
and enantiofacial additions of organometallic derivatives on
the cyclopropenyl ring has recently appeared.7 In this context,
we have reported the preparation of enantiomerically pure
cyclopropenylcarbinols via the kinetic resolution upon
Sharpless epoxidation, in very high enantiomeric excesses
and yields (Scheme 1).8 Cyclopropenylcarbinols1 were
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diastereoselectively reduced with LiAlH4 into trans-cyclo-
propylcarbinol2 and the regioselectivity was established by
deuterium labeling studies (Scheme 1, path A)9 but they were
also easily transformed into enantiomerically pure al-
kylidenecyclopropane derivatives3 possessing a quaternary
stereocenter (Scheme 1, path B).8

The absolute configuration of the enantiomerically en-
riched alkylidenecyclopropanes3 was rationalized by a
mechanism composed of (1) asyncopper-catalyzed carbo-
magnesiation reaction leading to the corresponding cyclo-
propylcopper4 (this intermediate could be isolated in the
range of 30-40% by hydrolysis of aliquots) followed by
(2) a transmetalation reaction into the corresponding cyclo-
propylmagnesium5 and then (3) asyn-elimination reaction
(Scheme 2).10 In such a process, we believe that the

elimination proceeds only when the contrathermodynamic
copper to magnesium transmetalation reaction occurs. There-
fore, if such a transmetalation reaction could be avoided,
then the carbometalated product4 would be more stable
toward â-elimination (the carbon-copper bond is usually
less prone toâ-eliminate than the carbon-magnesium
bond),11 and should react with different electrophiles to give
functionalized cyclopropylcarbinol derivatives6. To achieve
this goal, the carbometalation reaction should therefore be
performed with a stoichiometric amount of copper salt.

In this Letter, we report our preliminary results concerning
remarkable stereodivergent carbometalation reactions of

cyclopropenylcarbinols followed by reactions with electro-
philes to lead to polysubstituted cyclopropylcarbinols.

When cyclopropenylcarbinols1a-ewere treated with an
excess of Grignard reagents (2 or 3 equiv) in the presence
of 1 equiv of CuI in Et2O at 0°C, we were pleased to observe
a fast carbometalation reaction led to the correspondingtrans-
cyclopropylcarbinol6a-eafter hydrolysis (Table 1).

Under such conditions, alkylidenecyclopropanes3 were
not observed indicating that cyclopropylcopper derivatives
4a-e are stable towardâ-elimination reactions (Table 1).
The formation of thetrans-cyclopropylcarbinols can be
rationalized by asyn-directed carbocupration reaction as
indicated in Scheme 2. As summarized in Table 1, the
carbometalation reaction has been successfully extended to
a large variety of substrates (R) primary, secondary, tertiary
alkyl and aromatic groups, see entries 1 to 5 respectively in
Table 1). In general, these reactions exhibit excellent yields
but the diastereomeric ratio is dependent on the steric
hindrance of the R group at the carbinol center (compare
Table 1, entries 1 and 5 with entries 2-4). Theanti/synratio
is higher than 95/5 with secondary and tertiary alkyl groups
but only moderate with primary and aromatic groups. The
reaction can also be performed with only 2 equiv of RMgBr
instead of 3 equiv as quoted in Table 1 (1 equiv is necessary
for the deprotonation reaction) with 1 equiv of CuI (i.e.,1a
leads to6a in identical diastereomeric ratio) but the reaction
takes longer. The stereochemistry was deduced from com-
parison with authentic samples.12 The presence of a discrete
organometallic species was checked by iodinolysis or by
reaction with allyl halide (Table 1, entries 5 and 6,
respectively). Without copper salt, the reaction does not
proceed.

Surprisingly, when the same reaction was performed with
an organocuprate coming fromn-BuLi (instead of n-
BuMgBr) with the same copper salt, the observed diaster-
eomeric ratio was 5/95 in favor of thesyn-isomer in good
isolated yield (Scheme 3)! A complete reversal of stereo-
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Table 1. Formation ofanti-Cyclopropylcarbinol (CPC) by the
Addition of Magnesium Organocopper Derivatives

entry
starting
material R E-X E

anti/syn
ratioa CPC

yield
(%)b

1 1a CH2CH2Ph H3O+ H 75/25 6a 76
2 1b i-Pr H3O+ H >95/5 6b 82
3 1c CH(Ph)2 H3O+ H >95/5 6c 73
4 1d t-Bu H3O+ H >95/5 6d 92
5 1e Ph H3O+ H 85/15 6e 70
6 1c CH(Ph)2 I2 I >95/5 6f 84
7 1c CH(Ph)2 AllylBr C3H5 >95/5 6g 81

a Determined by1H NMR and GC on the crude reaction mixture.
b Isolated after purification by column chromatography.
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selectivity was therefore observed when dialkyl cuprate was
used (compare Scheme 3 and Table 1, entry 2).

Although it is still premature to propose a rational
explanation for this stereodivergent carbocupration reaction,
we have concentrated our initial efforts to improve the scope
of this reaction in favor of thesyn-isomer. The samesyn/
anti ratio can also be obtained when the carbocupration
reaction is performed with only 1 equiv of lithium dialkyl
cuprate on the prelithiated cyclopropenylcarbinol1b. What-
ever the stoichiometry used in the preparation of the
organocopper derivatives from alkyllithium species and CuI
(1 to 4 equiv of Bu2CuLi, Bu2CuLi + n-BuLi, Bu2CuLi +
2 n-BuLi, Bu2CuLi + 2 CuI or Bu2CuCNLi2), the major
isomer is always thesyn-isomer, although this ratio depends
on the experimental condition. Under our best conditions (see
Table 2), the scope of the reaction is broad since it proceeds

similarly on primary (Table 2, entry 1), secondary (Table 2,
entries 2 and 3), tertiary (Table 2, entry 4), and even aromatic
(Table 2, entries 5 and 6) cyclopropenylcarbinols. The
presence of the organometallic species was checked by
reaction with different electrophiles such as iodine (Table
entry 7) and allylbromide (Table 2, entry 8) to lead to the
preparation of functionalized cyclopropylcarbinols in good
to excellent yields.

Here again, alkylidenecyclopropanes3 were not observed
suggesting that the cyclopropylcopper derivatives formed
after the carbocupration reaction are stable towardâ-elimina-
tion reactions. The formation of each of the two possible
diastereoisomers of polysubstituted cyclopropylcarbinols
from cyclopropenylcarbinol derivatives, from a unique
precursor just by variation of the nature of the organometallic
species, is synthetically interesting.

In conclusion, cyclopropenylcarbinol derivatives1 react
diastereoselectively with organocopper derivatives and the
stereochemical outcome of the reaction is dependent on the
nature of the organocopper species (organocopper prepared
from alkylmagnesium halide or from alkyllithium). As
nonracemic cyclopropenylcarbinol is now easily accessible
via kinetic resolution based upon Sharpless epoxidation, this
reaction represents a new and versatile preparation of
cyclopropyl derivatives that possesses two stereogenic
quaternary stereocenters. Currently, it is unclear why alkyl-
magnesium halide versus alkyllithium leads to such a
dramatic difference, and the goal of our ongoing studies is
to rationalize this divergent reaction pathway.
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Scheme 3

Table 2. Formation ofsyn-Cyclopropylcarbinol (CPC) by the
Addition of Lithium Organocuprate Derivatives

entry
starting
material R E-X E

anti/syn
ratioa CPC

yield
(%)b

1 1a CH2CH2Ph H3O+ H 5/95 7a 78
2 1b i-Pr H3O+ H 10/90 7b 87
3 1c CH(Ph)2 H3O+ H 6/94 7c 81
4 1d t-Bu H3O+ H 5/95 7d 83
5 1e Ph H3O+ H 10/90 7e 75
6 1f mesityl H3O+ H 1/99 7h 75
7 1c CH(Ph)2 I2 I 6/94 7f 86
8 1c CH(Ph)2 AllylBr C3H5 6/94 7g 77

a Determined by1H NMR and GC on the crude reaction mixture.
b Isolated after purification by column chromatography.
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