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Increased Felkin–Anh selectivity in nucleophilic additions to
�-chiral aldehydes using vinylalanes
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Abstract—Vinylalanes, prepared from the zirconium-catalyzed carboalumination of alkynes, were added directly to aldehydes
bearing an alpha chiral carbon to give good yields of the corresponding alcohols. The addition was more stereoselective than the
addition of the corresponding vinyllithium or vinylmagnesium bromide. © 2002 Published by Elsevier Science Ltd.

The stereoselectivity of nucleophilic addition to chiral
aldehydes and ketones was rationalized thanks to con-
tributions by Felkin, Anh, and Eisenstein many years
ago.1,2 Although the Felkin–Anh rule has proven a
highly reliable tool for predicting the stereochemical
outcome of the irreversible addition of nucleophiles to
aldehydes and ketones, the selectivities are generally
modest for Grignard-type nucleophiles.3 This is espe-
cially true for aldehydes bearing two alpha n-alkyl
groups.

Recently, we disclosed our findings that vinylalanes
added to menthylcarboxaldehyde 1 with high stereose-
lectivity, while the corresponding or similar vinyllith-
iums or vinylmagnesium bromides added with
selectivities of 2–3:1 (Table 1).4 The good chemical
yields obtained in theses additions were also a pleasant
surprise. A prior report by Newman5 indicated that the
direct addition of vinylalanes afforded alcohols in poor
yield. Perhaps this explains why vinylalanes are gener-
ally transformed to the corresponding vinylhalide first
and metalated again before addition to aldehydes or
ketones. As far as we know, the stereoselectivity of the
addition of vinylalanes and trialkylalanes onto chiral
aldehydes has not been probed in detail. We are aware
of only two reports of the stereoselective addition of
trivinylalane to Garner’s aldehyde giving a modest ratio
of 2:1.6,7

Curious to see if vinylalanes added selectively to other
chiral aldehydes,8 we initiated a comparative study of
their addition to various aldehydes with respect to
vinyllithium and magnesium (Table 2).9 Vinylalane 8a

added to aldehyde 4 (Fig. 1) with superior diastereose-
lectivity to 8b and 8c (entry 1). Wipf and co-workers
reported that the vinylzinc corresponding to 2a (Table
1, AlMe2=ZnMe) added to aldehyde 4 to give a 5.6:1
ratio of alcohols.10 In the case of 8a, when
dichloromethane was replaced by tetrahydrofuran prior
to the addition of aldehyde 4, a 16:1 ratio of alcohols
was obtained. This suggests that the solvent is not a
major factor in the selectivity of addition of vinylalanes
to 4. Aldehyde 5 was converted to the corresponding
alcohol by vinylalane 8a with good stereoselectivity
(entry 3). The 2:1 ratio of diastereomers of the starting
aldehyde 5 was unchanged in the product. While the

Table 1. Ratio and yield of 3 generated in the addition of
vinylalanes 2 to chiral aldehyde 1

Entry 2 R 3 (�:�)a Yield (%)b

a1 n-Bu 7012:1
TBSO(CH2)3 68b2 8:1

c HOCH23 10:1 85
d c-C6H114 14:1 80
e Ph5 18:1 63

76f PhCH2 11:16

a Ratios determined by GC.
b Isolated yield of pure mixtures of isomers. All isomers were separa-

ble by normal silica gel column chromatography.* Corresponding author.
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Table 2. Ratio and yield of allylic alcohols 9 generated in
the addition of vinylmetals 8 to chiral aldehydes11

9 from 8aEntry 9 from 8bR-CHO 9 from 8c

1 15:1 (83)a1 2:1 (62) 2:1 (62)
20:1 (85) 4:1 (60)4b 9:1 (55)2
12:1 (65) 3:1 (45)3 2.5:1 (34)5c

3:1 (87) 1.5:1 (46)6a 1.5:1 (56)4
5 6b 1:1 (84) 1:1 (58) 1:1 (57)

2:1 (46) 2:1 (12)7a 1:2 (11)6
2.5:1 (82) 4:1 (47)7 3:1 (49)7b

a All ratios determined by GC and % isolated yield of pure 9 as
mixtures of isomers in parentheses. Isomers from aldehydes 1, 5 and
7a were separable by chromatography, all others were not.

b A ratio of 5.6:1 was obtained when a vinylzinc was added to 4; see
Ref. 10.

c The 2:1 ratio of diastereomers in the starting aldehyde 5 was
unchanged in product.

Table 3. Ratio and yield of allylic alcohols generated in
the addition of alkylmetals to chiral aldehyde 2

Solvent RatioEntry YieldaReagent

2.6:1 871 CH2Cl2AlMe3

THF – 02 AlMe3

3.8:13 MeMgBr THF 52
47THF4 10.6:1MeLi

a % isolated yield.

addition of vinyl Grignard reagents 8b and 8c, respec-
tively (Table 2, entry 2). This observation is puzzling
and suggests that the rational for the stereoselective
addition of vinylalanes may be more complex than first
anticipated. We initially believed that the size of the
metal in vinylalanes as compared to the corresponding
lithium or magnesium derivatives was the main factor
for the stereoselectivity of addition. Indeed, this argu-
ment has been used many times to explain the differ-
ences in Felkin–Anh selectivity between various
alkylmetals.1 However, our result with trimethylalu-
minum seems to contradict that hypothesis. Performing
the addition of trimethylaluminum in tetrahydrofuran
killed the reaction entirely (entry 2, Table 3).

In conclusion, we have shown that vinylalanes derived
from the zirconium-catalyzed carboalumination of
alkynes add stereoselectively to �-chiral aldehydes.
Other vinylmetals give lower selectivities and often
lower yields as well. Accessibility to a wide variety of
vinylalanes remains an issue to be solved. Trialkyl-
alanes are less selective, a result that poses a very
interesting mechanistic question. Investigations are con-
tinuing in our laboratories.
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