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An enantioselective metal-mediated addition of allylic bromides to carbonyl compounds was achieved in
the presence of the inexpensive and easily accessible carbohydrates saccharose and b-cyclodextrin. The
desired products were obtained in moderate to excellent yields and with up to 93% enantiomeric excess.

� 2008 Elsevier Ltd. All rights reserved.
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Figure 1. Structures of saccharose and b-cyclodextrin.
The synthesis of enantiomerically enriched homoallylic alcohols
is an important goal in organic synthesis. This is mainly because
homoallylic alcohols are versatile intermediates that can be con-
verted to a wide variety of synthetically useful compounds.1 In this
context, the enantioselective allylation of aldehydes plays a major
role in the field, and many different systems have been developed
to achieve this goal.2 For example, chiral Lewis acids based on
metals such as Ti,3 In,4 B,5 Cr,6 and Rh7 have proven to afford homo-
allylic alcohols in high ee’s.

On the other hand, carbohydrates and their derivatives have
recently emerged as an important tool for stereoselective synthesis
and as a chiral pool for the design of chiral ligands. Carbohydrates
are particularly useful in this context, mainly due to their availabil-
ity, several stereocenters, and weak coordination sites.8,9 However,
despite all these new advances, the application of simple carbo-
hydrates in stereoselective synthesis is still scarcely studied.

Herein, we wish to disclose our results in the enantioselective
allylation of aldehydes, using simple, inexpensive, and readily
available carbohydrates, for example, saccharose 1 and b-cyclodex-
trin 2 as chiral promoters for the enantioselective addition of in
situ generated allylmetal reagents to aldehydes (Fig. 1).

Our survey has started by choosing benzaldehyde as the alde-
hyde of choice for optimization studies.10 A number of reaction
conditions were examined, and the results are depicted in Table
1. When the reaction was carried out in the presence of different
amounts of saccharose 1 as the chiral promoter and zinc powder
as the metal, at room temperature, only moderate results were
achieved for the desired homoallylic alcohol, even when 1 was
used in up to 2 equiv (entries 1–4). Lowering the reaction temper-
ature to 0 �C showed some improvement in the ee of 4. For exam-
ple, when the reaction was carried out using 1.2 equiv of 1, the ee
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of the product had increased to 55%, although the yield was still
low (entry 6). Next, we sought to examine the influence of the
metal in the reaction outcome; and indium and tin were used in
the enantioselective allylation, in the presence of 1.2 equiv of
saccharose. When indium was used, quite disappointing results
were achieved, since the homoallylic alcohol was obtained in low
yield and negligible enantiomeric excess (entry 8). On the other
hand, tin has proved to be much more efficient, furnishing product
4 in 71% ee when the reaction was carried out at room temperature
and in 81% ee when the temperature was reduced to 0 �C (entries
9–10).

Furthermore, b-cyclodextrin 2 was also examined as the chiral
promoter for the allylation of benzaldehyde (entries 11–16). Quan-
tities of 0.5 and 1.0 equiv of 2 were used in the presence of zinc,
indium, or tin as the metal. Again, indium furnished disappointing
result with very low conversion and ee. When tin was used as the
metal, the product was obtained in high yields, but with almost no
enantioselectivity. Gratifyingly, when zinc was employed, better
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Table 2
Enantioselective allylation of substituted benzaldehydes

O

H Br Conditions

OH

3 4
R R

Entry Conditiona Metal R Yieldb (%) eec (%)

1 A Zn OMe 60 87
2 A Zn Me 70 75
3 A Zn Cl 88 85
4 B Sn OMe 67 16
5 B Sn Me 61 66
6 B Sn Cl 81 68
7 C Zn OMe 91 93
8 C Zn Me 67 72
9 C Zn Cl 75 63

Absolute configurations R were determined by comparison with the Ref. 11.
a Condition A: saccharose (1.2 equiv), Zn (1 equiv); condition B: saccharose

(1.2 equiv), Sn (1 equiv); condition C: b-cyclodextrin (1 equiv), Zn (1 equiv).
b Yields determined by GC.
c Enantiomeric excesses were determined by chiral HPLC on a Chiralcel OD

column.

Table 1
Allylation of benzaldehyde in the presence of carbohydrate 1 or 2

O

H Br

Metal,
chiral promoter 1 or 2

OH

THF, 1 h

3a 4a

Entry Promoter (equiv) Metal Temperature (�C) Yielda (%) eeb (%)

1 1 (0.5) Zn rt 15 11
2 1 (1.0) Zn rt 14 14
3 1 (1.2) Zn rt 23 21
4 1 (2.0) Zn rt 18 28
5 1 (1.0) Zn 0 28 41
6 1 (1.2) Zn 0 26 55
7 1 (2.0) Zn 0 17 42
8 1 (1.2) In rt 14 3
9 1 (1.2) Sn rt 19 71

10 1 (1.2) Sn 0 25 81
11 2 (0.5) Zn rt 17 62
12 2 (1.0) Zn rt 56 70
13 2 (0.5) Zn 0 36 90
14 2 (1.0) Zn 0 36 23
15 2 (0.5) Sn 0 84 5
16 2 (0.5) In 0 8 11

Absolute configuration R was determined by comparison with the Ref. 11.
a Yields determined by GC.
b Enantiomeric excesses were determined by chiral HPLC on a Chiralcel OD

column.
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results were achieved and an ee of 90% of 4 was obtained in the
presence of 1 equiv of 2, at 0 �C (entry 13).

Worth to mention is that no special conditions such as inert
atmosphere or dried solvents are required for the allylation reac-
tion, since all reactions were carried out in an open vessel, using
ACS grade THF. The only special care that must be taken in consid-
eration is regarding the reaction time, since a decrease in the ee
was observed when the reaction was maintained for 4 h, in an
attempt to increase the yield of product 4.

After all the experimentation described in Table 1, we decided
to extend the study to a broader range of substituted aromatic
aldehydes and we choose to evaluate those conditions that
furnished the best results for the allylation of benzaldehyde, which
are using 1 (1.2 equiv) as the chiral promoter and either zinc (con-
dition A) or tin (condition B) as the metal, and using 2 (1.0 equiv)
and zinc as the metal (condition C).

Thus, the reaction was first performed using saccharose as the
agent responsible for the chiral induction, under conditions A
and B (Table 2). With condition A, using zinc as the metal, high
levels of enantioselection were achieved with p-anisaldehyde and
p-chlorobenzaldehyde, although the yield for the former was only
moderate, while for the latter very good conversion was observed
(entries 1 and 3). Reaction with p-tolualdehyde resulted in some-
what lower ee of the corresponding product (entry 2). By changing
to conditions B, that used tin as the metal, only moderate yields
and enantioselectivity were observed for all aldehydes tested
(entries 4–6). On the other hand, the employment of condition C,
with b-cyclodextrin 2 as the chiral agent and zinc as metal, a very
high ee of 93% was achieved by reaction with p-anisaldehyde, in
91% yield (entry 7). Lower levels of enantioselectivity were
achieved with p-chloro- and p-tolualdehyde (72% and 63%, respec-
tively; entries 8 and 9).

In conclusion, we have described the enantioselective allylation
of substituted benzaldehydes in the presence of simple, inexpen-
sive, and readily available carbohydrates. The reaction proceeds
in short reaction times, under simple operational conditions; and
the homoallylic alcohols are obtained in useful levels of enantio-
meric excess.
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