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AlMe; dramatically increases the diastereoselectivity of addition of vinyllithiums to a-chiral aldehydes but decreases that of methyllithium.
Our results are explained in terms of an addition of the free vinyllithium on the MesAl-aldehyde complex.

The addition of alkyl and alkenyl organometallicsatechiral a phenomenal increase in stereoselectivity in the addition of
aldehydes bearing no chelating group generally proceeds withvinyllithiums to a-chiral aldehydes using AlMend discuss
modest stereodifferentiation of the two faces of the carbonyl the reactivity of aluminum “ate” complexes in such additions.
function (the Cram/anti-Cram problerhj.The result is of We recently reported that vinylalanes could add.tohiral
course very dependent on the nature of the graup the aldehydes with stereoselectivities higher than that of the
aldehyde, and in that respect, 2-phenylpropanal has servedorresponding vinyllithiun®. The vinylalanes in that study
as a reference aldehyde against which selectivities arewere all prepared by zirconium-catalyzed carboalumination
compared?2 The selectivity is also dependent on the nature of the corresponding alkyne, which involves 3 equiv of
and size of the alkyl portion of the nucleophile, the metallic AlMejz in CH,Cl,. The aldehyde was then directly added to
counterion, and the solvetitReports of the use of Lewis  this mixture as a THF solution.

acids to enhance Cram diastereoselectivity with hard nu- When we carried out experiments where the,Chwas
cleophiles are scarce in the literatdré We wish to disclose  evaporated from the vinylalane mixture and replaced by THF
prior to adding the aldehyde (Scheme 1), we noticed a
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dependence of the selectivity on the time of evaporation: using 2.5 equiv of AIMe. However, catalytic amounts of

longer evaporation times led to lower selectivities. Suspecting AlMes also increased the selectivity (entry 2).

that varying quantities of AIMgwere being stripped from Paradoxically, the addition of alkyllithiums to aldehydle

the solution in those experiments, we wondered if the excessis less stereoselective in the presence of excess Alivian

AlMes was in fact the cause of the higher selectivity observed in the absence of AIMg Indeed, the stereoselectivity of

in vinylalane additions. If so, could AlMde used to increase  addition of methyllithium to aldehydé fell from 7:1 with O

the stereoselectivity of addition of vinyllithiums to alde- equiv of AlMe; to 3:1 with 2 equiv of AIMe. Moreover,

hydes? the addition of only 1 equiv of AlIMgaffords no product.
Indeed, when varying quantities of AlMevere added to  This observation was also noted in the addition of 1 equiv

an etheredl solution of the vinyllithium derived from  of vinyllithium 7 on all aldehydes with 1 equiv of AlMe

vinyliodides 7—9% prior to the addition of the aldehyde (Table 1, entries 3, 6, and 9).

(Figure 1), selectivities soared to levels even higher thanthat |n 1967, Zweifel and co-workers made ate complexes

between vinylalanes (prepared by hydroalumination of

I tcrminal alkynes) and methyllithium and obtained 68% yield

of alcohol upon reaction with acetaldehytdén contrast,

o iPr 0 tetralkylalanates were unreactive. They suggested that ate
Ph))k m Mew | in fact ti d that th ti
< “H CHO 7 ~H complexes were in fact unreactive an at the reactive
Meé H Me Me Me H species in the trialkylvinylalanate reaction may not be the
4 5 6 ate complexl1 but the free vinyllithium upon dispropor-
Me Me H tionation (Scheme 2). They also suggested that the unfavor-
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this is the first example where selectivities of addition of + AlMe e
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vinyllithiums to a-chiral aldehydes are dramatically increased t
by the use of a Lewis acid. Two aldehydes affordegD: 1 12 13

ratios of diastereomeric alcohols (entries 4 and 7). Aldehyde

6 gave ratios from 3:1 to 5:1, depending on the vinyllithium

used (entry 10). This is substantially higher than the able Qissociation of tetraalkyl ate compl&® prevented its

corresponding ratios obtained without AlM@ntry 8). Three reaction.

different di- or trisubstituted vinyllithiums gave similarly Many years ago, Heathcock proposed that a Lewis acid

satisfying results (entry 4). The best results were obtained coordinated syn to the aldehydic hydrogen afbforced a
silyl enol ether to attack the carbonyl at an angle nearer to

_ 90°, thus pushing it closer to the chiral center (Figuré'2).
Table 1. Stereoselectivities of Addition of Vinyllithiums to

Three Aldehydes in the Presence or Absence of AlMe -
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AlMe; Cram/anti Cram ratios? of 10 (% yield)® L

entry ald (equiv) from 7 from 8 from 9 Figure 2. Effect of the Lewis acid on the angle of attack on the

1 4 0 1211 (52) 101 (62) 1011 (44) carbonyl.

2 4 0.1  16:1(57)

3 4 1.0 — (traces) — (traces) — (traces)

4 4 2.5 40:1 (65) 99:1 (56) 41:1(73) In our case, it could be that the free vinylithium (from the
5 5 0 7:1 (75) 5:1(76) dissociation ofl 1)° reacts with the reactive Mal—aldehyde

6 5 10 — (traces) complex when there is excess AlMiving high diaster-
[ 2.5 80:1(60) 34:1 (50) eomeric ratios of10 in accordance with Heathcock's
8 6 0 1.4:1 (59) 1.4:1 (55) hvoothesido

9 6 1.0 — (traces) ypothesis.
10 6 25 3:1 (47) 5:1 (60)

. . (6) (a) Spino, C.; Granger, M.-C.; Boisvert, L.; Beaulieu,T&trahedron
2 Determined by GCP Isolated yield. Lett.2002,43, 4183—4185. (b) Spino, C.; Beaulieu,Ahgew. Chem., Int.
Ed. 2000,39, 1930—1932.
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However, we cannot rule out the possibility that the ate force the nucleophile away from perpendicularity and partly
complex adds to the activated aldehyde in this case. Whencancel the effect shown in Figure 2.
we used a catalytic amount of AIM€Table 1, entry 2), most In conclusion, we have shown that the addition of
of the AlMe; is likely to be tied up as the ate compléx. vinyllithiums to a-chiral aldehydes is markedly more selec-
It is possible in this case that the free vinyllithium adds tive when AlMe is added to the mixture. Our results open
mainly to unactivated aldehyde because of the low concen-interesting questions about the mechanism of addition of
tration of AlMe; available for coordination, resulting in a organoaluminum to aldehydes and the role played, if any,

smaller increase in selectivity. However, if the dispropor- py the ate complex. Further exploration of these issues is
tionation of 11 did not occur at all to release some AlMe  ongoing in our laboratory.

for coordination, we would expect no increase at all in the

selectivity. Finally, if exactly 1 equiv of AlMeis used, the Acknowledgment. We are grateful to Merck—Frosst
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in the presence of AIM@ If the disproportionation of the
tetralkylalanate into alkyllithium and AlMsds not favorable,
as Zweifel suggestetithen the reactive species is likely to
be the excess AlMgdtself. This is supported by the fact that
a 1:1 mixture of RLi and AIRis unreactive as well as by
the fact that 1 equiv of MeLi in the presence of 3 equiv of OL027236N
AlEt; led exclusively to the ethylation df.
We tested the stereoselectivity of addition of ealone (7) THF is decomposed rapidly lyBuLi in the presence of trimethyl-
to support this hypothesis and found that its addition to a'“(’g)'”,\‘fgigxf’éfﬁ\g&om' D E.: Yoshida, 3. Am. Cherm. S04985,
aldehydet is only modestly stereoselective (3:1). This result 107, 6639—6647.
may be exp|ained by an intramolecular six-membered (9) Zweifel, G.; Steele, R. Bl. Am. Chem. S0d.976,89, 2754—2755.
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Scheme 3. Six-Centered TS in the Addition of AIR the 6-centered transition state is thought to be favored when more than 1
equiv of AIR; is involved. See: Evans, D. ASciencel988,240, 420—
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