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ABSTRACT

BuMgBr (3 equiv)

BuyCuli Cul (1 equiv) =
Bu, /\ E Et,0, -20 °C, 2h Et,0,0°C, 30 min  Bu % E
R R
HoC then E-X  H,C then E-X H30>_ﬂ/
OH

OH OH

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 enantioselectivepropenes, they can provide a new entry to functionalized
preparation of cyclopropanes has largely focused either onchiral cyclopropanes. Therefore, a large variety of diastereo-
the modification of allylic alcohofsthrough the Simmons and enantiofacial additions of organometallic derivatives on
Smith chemistry, the rhodium carbenoid chemistry of the cyclopropenyl ring has recently appeatéulthis context,
terminal alkened or the reactivity of lithiated aryloxiran€s.  we have reported the preparation of enantiomerically pure
However, in the past few years, strain as a design principle cyclopropenylcarbinols via the kinetic resolution upon
for asymmetric transformations has found many interesting Sharpless epoxidation, in very high enantiomeric excesses
applications particularly in the chemistry of cyclopropenyl and vyields (Scheme #)Cyclopropenylcarbinolsl were
derivatives, and we have been witness to a complete

renaissance of the fiefdindeed, upon breaking thebond, (7) (a) Richey, H. G.: Bension, R. M. Org. Chem1980,45, 5036. (b)
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. . - Nakamura, EJ. Am. Chem. S0d.990,112, 7428. (f) Liao, L.-a.; Fox, J.
can now be performed on enantiomerically enriched cyclo- \~ 3 am. Chem. So@002,124, 14322. () Liao, L.-a.; zhang, F. Yan,

N.; Golen, J. A.; Fox, J. MTetrahedron2004,60, 1803. (h) Nakamura,
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cyclopropenylcarbinols followed by reactions with electro-

Scheme 1 philes to lead to polysubstituted cyclopropylcarbinols.
Path B ) Path A When cyclopropenylcarbinolka—ewere treated with an
2 2 . . .
RAMGX (2 equiv) A" LiAlH, R excess of Grignard reagents (2 or 3 equiv) in the presence
. X ) :
R/)A\(Rs 20 mol % Cul gy _E0,30°C AR\ of 1 equiv of Cul in E£O at 0°C, we were pleased to observe
o [ Fu0.50Clort gl thenH:O" AT Y a fast carbometalation reaction led to the corresportdims-
R=H OH OH ; _ ;
3 1 2 cyclopropylcarbinolba—e after hydrolysis (Table 1).
97-99 % ee 97-99 % ee d.r. 80/20 to 98/2 y p py y y ( )
diastereoselectively reduced with LiAJHnto trans-cyclo- Table 1. Formation ofanti-Cyclopropylcarbinol (CPC) by the
propylcarbinol2 and the regioselectivity was established by Addition of Magnesium Organocopper Derivatives
deuterium labeling studies (Scheme 1, pathlAlt they were BubgBr (8 equiv)
. . . . ul (1 equiv) Bu &% Cu—Br =
also easily transformed into enantiomerically pure al- , F20:0°C, 30 min KNG “mg _EX Bug R R
kylidenecyclopropane derivativ8ossessing a quaternary Hsc HC \o/ Ha(;)_ﬂ/ﬂ
stereocenter (Scheme 1, path®B). fae OH dae | R 529 o
The absolute configuration of the enantiomerically en- starting antilsyn yield
riched alkylidenecyclopropane3 was rationalized by a  entry material R EX E  rati® CPC (%
mechanism composed of (1)sgncopper-catalyzed carbo- 1 lﬁ ngCHzPh 338: g 75/2/5 63 76
. - - ; 2 1 i-Pr X >95/5 6 82
magnesiation reaptpn Ieadmg to the correspondlng cyclo- g le CHPh), H.,0* H ~95/5 6c 173
propylcopper4 (this intermediate could be isolated in the 4 1d  tBu H;0t H >95/5 6d 92
—200 i i 5 le Ph H;0t H 85/15 6e 170
range of 30 40/9 by hydrolygls of aliquots) follqwed by p le CH®R, L I Cos et 84
(2) a transmetalation reaction into the corresponding cyclo- 7 le  CH(Ph), AllylBr C;Hs >95/5 6g 81

propylmagnesiund and then (3) ayn-elimination reaction , . . .
h 210 | h beli that th a Determined by'H NMR and GC on the crude reaction mixture.
(Scheme 2}° In such a process, we believe that the bsojated after purification by column chromatography.

Scheme 2 Under such conditions, alkylidenecyclopropar@esere
X not observed indicating that cyclopropylcopper derivatives
. da—e are stable towarg-elimination reactions (Table 1).
1 Syn-agdiion RS 7% /U BNy Transmetalation RG™ Mg"Br;Mg The formation of thetrans-cyclopropylcarbinols can be
RPTg\,\o: R? . \ga rationalized by asyn-directed carbocupration reaction as
R H indicated in Scheme 2. As summarized in Table 1, the
E_X\?? Syn-elimination carbometalation reaction has been successfully extended to
a large variety of substrates (Rprimary, secondary, tertiary
R = E R}A\(Rg alkyl and aromatic groups, see entries 1 to 5 respectively in
- —R? - ! Table 1). In general, these reactions exhibit excellent yields
6 OH 3 but the diastereomeric ratio is dependent on the steric

97-99%
* hindrance of the R group at the carbinol center (compare

Table 1, entries 1 and 5 with entries-2). Theanti/synratio

elimination proceeds only when the contrathermodynamic 'S Nigher than 95/5 with secondary and tertiary alkyl groups
but only moderate with primary and aromatic groups. The

copper to magnesium transmetalation reaction occurs. There- X 50 b H d with onl v of
fore, if such a transmetalation reaction could be avoided, reactlon can also be performed with only 2 equiv of RMgBr

then the carbometalated produttwould be more stable  InStéad of 3 equiv as quoted in Table 1 (1 equiv is necessary
toward S-elimination (the carbon—copper bond is usually foF the deprotonation reaction) with 1 equiv of Cul (i.ea
less prone tof-eliminate than the carbermagnesium leads to6ain identical diastereomeric ratio) but the reaction
bond) and should react with different electrophiles to give [2KeS longer. The stereochemistry was deduced from com-

functionalized cyclopropylcarbinol derivativésTo achieve ~ Parison with authentic sampléSThe presence of a discrete
this goal, the carbometalation reaction should therefore be©r9anometallic species was checked by iodinolysis or by

performed with a stoichiometric amount of copper salt. ~ 'eaction with allyl halide (Table 1, entries 5 and 6,
. - . respectively). Without copper salt, the reaction does not
In this Letter, we report our preliminary results concerning

remarkable stereodivergent carbometalation reactions Ofproceed... . .
Surprisingly, when the same reaction was performed with

an organocuprate coming from-BuLi (instead of n-
(9) Zohar, E.; Marek, 10rg. Lett.2004,6, 341. BuMaB ith th It th b d di
(10) For references afyn-elimination of alkylmagnesium halide, see: uMge r W|.t the same copper sa t, t e observe iaster-
Alexakis, A.; Marek, |.; Mangeney, P.; Normant, J.F.Am. Chem. Soc. ~ eomeric ratio was 5/95 in favor of theyn-isomer in good
1990,112, 8042. : : | )
(11) (a) Alexakis, A.: Marek, I.: Mangeney, P.: Normant, J Tetra- isolated yield (Scheme 3)! A complete reversal of stereo

hedron1991, 47, 1677. (b) Marek, I.; Alexakis, A.; Mangeney, P.; Normant,
J. F.Bull. Soc. Chim. Fr1992,129, 171. (12) Charette, A. B.; Lebel, Hl. Org. Chem1995, 60, 2966.
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s similarly on primary (Table 2, entry 1), secondary (Table 2,

Scheme 3 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

Bu,Culi (2 equiv)
pri Et0,-20°C,2h
HsC then Hy0*
1b OH

7b OH _ : i . .
80% preparation of functionalized cyclopropylcarbinols in good

anti/syn = 5/95 .
Y to excellent yields.

Here again, alkylidenecyclopropar&waere not observed
selectivity was therefore observed when dialkyl cuprate was suggesting that the cyclopropylcopper derivatives formed
used (compare Scheme 3 and Table 1, entry 2). after the carbocupration reaction are stable tovgaeimina-
Although it is still premature to propose a rational tion reactions. The formation of each of the two possible
explanation for this stereodivergent carbocupration reaction, diastereoisomers of polysubstituted cyclopropylcarbinols
we have concentrated our initial efforts to improve the scope from cyclopropenylcarbinol derivatives, from a unique
of this reaction in favor of theyn-isomer. The samgyn/ precursor just by variation of the nature of the organometallic
anti ratio can also be obtained when the carbocupration Species, is synthetically interesting.
reaction is performed with only 1 equiv of lithium dialkyl In conclusion, cyclopropenylcarbinol derivativégeact
cuprate on the prelithiated cyclopropenylcarbifibl What- diastereoselectively with organocopper derivatives and the
ever the stoichiometry used in the preparation of the stereochemical outcome of the reaction is dependent on the
organocopper derivatives from alkyllithium species and Cul nature of the organocopper species (organocopper prepared
(1 to 4 equiv of ByCulLi, Bu,CuLi + n-BuLi, Bu,CuLi + from alkylmagnesium halide or from alkyllithium). As
2 n-BuLi, Bu,CuLi + 2 Cul or BwCuCNLiy), the major nonracemic cyclopropenylcarbinol is now easily accessible
isomer is always theyn-isomer, although this ratio depends Vvia kinetic resolution based upon Sharpless epoxidation, this
on the experimental condition. Under our best conditions (seereaction represents a new and versatile preparation of
Table 2), the scope of the reaction is broad since it proceedscyclopropyl derivatives that possesses two stereogenic
guaternary stereocenters. Currently, it is unclear why alkyl-
magnesium halide versus alkyllithium leads to such a

Table 2. Formation ofsyn-Cyclopropylcarbinol (CPC) by the dramatic difference, and the goal of our ongoing studies is

Addition of Lithium Organocuprate Derivatives to rationalize this divergent reaction pathway.
1) Bu,Culi (2 equiv) E
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t terial R EX E tic® CPC (%) . : :
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b|solated after purification by column chromatography.
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