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Abstract—Iron(III) chloride-catalyzed allylation reactions of a variety of aldehydes with allyltrimethylsilane proceeded efficiently
and smoothly to afford the corresponding homoallyl alcohols in high to excellent yields. This novel method could be suitable
especially for the allylation of sterically hindered aliphatic aldehydes. © 2002 Elsevier Science Ltd. All rights reserved.

Lewis acid catalyzed allylations of aldehydes with
allylic metal reagents are an important carbon-carbon
bond forming reaction, since they give synthetically
useful homoallyl alcohols.1 Among various allylic metal
reagents, allyltrialkylsilanes are inexpensive and non-
toxic compounds compared to allylstannanes, and
many allylation reactions using allylsilanes have been
developed.2 In these reactions, traditional Lewis acids
such as TiCl4, BF3·OEt2, and SnCl4 have been generally
used, though stoichiometric or near-stoichiometric
amounts of Lewis acid were required to perform the
reaction completely for the reason that the alcohol
oxygen atom coordinates tightly to the Lewis acid.3

Recently, various rare earth metal triflates such as
Sc(OTf)3, La(OTf)3, and Yb(OTf)3 were known to be
utilized as Lewis acid catalysts to promote the allyla-
tion reactions.4 However, these cases involve some
annoying problems: (1) use of very expensive Lewis
acids; (2) longer reaction time; (3) lower yields of
allylation products in the case of aliphatic aldehydes;
and (4) substrate limitation, and so on. Therefore, we
have been interested in developing a highly efficient and
widely applicable allylation reaction using an inexpen-
sive Lewis acid catalyst.

Iron is an abundant, cheap, and benign element which
exists in nature, and many reactions using iron salts
have been developed recently in organic synthesis.5

Nevertheless, an FeCl3-catalyzed allylation reaction has
not been reported so far.6 Herein we wish to report a
highly efficient and convenient procedure for the allyla-
tion of various aldehydes with allyltrimethylsilane in
the presence of a catalytic amount of FeCl3.

Initially, we examined the reaction of benzaldehyde
with 2 equiv. of allyltrimethylsilane in the presence of 5
mol% of anhydrous FeCl37 in MeNO2 at room temper-
ature; however, the corresponding homoallyl alcohol
was scarcely obtained (Table 1, Run 1), because over-
allylation products, such as 1 and 2 (Fig. 1),4c,8 were
formed in moderate yields (48 and 18%, respectively).
To control the reactivity of this allylation reaction, we
tested the reaction temperature. Predictably, the yields
of desired product could be improved and the forma-
tion of side products suppressed by lowering the reac-

Table 1. The effect of reaction temperature

Run Temp. (°C) Time (h) Yielda (%)

21 0rt
0 2 542

3 1−20 66
4 691−29

a Combined yields of alcohol and silyl ether.

Figure 1. Over-allylation products.* Corresponding author.
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Table 2. The effect of solvent

x (equiv.)Run Solvent Time (h) Yielda (%)

MeNO21 12 66
CH2Cl22 12 33
MeCN 42 03

24 THF 4 0
1.55 MeNO2 1 81

MeNO2 161.1 556

a Combined yields of alcohol and silyl ether.

Representative and successful examples for the synthe-
ses of various homoallyl alcohols from aromatic and
aliphatic aldehydes are collected in Table 3.9 Electron-
deficient aromatic aldehydes were allylated in excellent
yields (Runs 1–6). However, in the case of electron-rich
aromatic aldehydes such as p-anisaldehyde and p-tolu-
aldehyde, over-allylation occurred via a stabilized ben-
zylic cation (Run 8–11). In contrast, FeCl3 catalyzed
reaction of acetal with allylsilane gave satisfactory
result. That is, the corresponding allylated product was
obtained in 92% yield by the treatment of p-anisalde-
hyde dimethyl acetal with allyltrimethylsilane promoted
by 5 mol% FeCl3 (Scheme 2). In general, it is antici-
pated that the allylation of an aliphatic aldehyde is
more difficult than that of an aromatic aldehyde
because of the higher electron density of the carbonyl
group. Fortunately, aliphatic aldehydes could be allyl-
ated in high yields with only 5 mol% of FeCl3 at room
temperature (Runs 12–17). Especially, it should be
noted that sterically hindered aldehydes, such as
diphenylacetaldehyde and trimethylacetaldehyde, which
branched at the �-position to the carbonyl group, were
transformed smoothly into the corresponding homoal-
lyl alcohols in excellent yields (Runs 14–17). Further-
more, we also investigated the diastereoselective
allylation of aldehyde having a chiral center (Run 15).
Although the stereoselectivity was not satisfactory
(syn :anti=1.8:1) considering Cram’s rule, this was
almost equal to the results reported so far on the
allylation promoted by TiCl4, BF3·OEt2, and SnCl4.10

In conclusion, we have presented a highly efficient and
powerful method for the allylation of aldehyde with
allyltrimethylsilane catalyzed by FeCl3. This reaction
took place smoothly using only 5 mol% of FeCl3 and
could be applied to a broad range of aldehydes and,
especially, very hindered aliphatic aldehydes could be
allylated efficiently at room temperature. Additionally,
FeCl3 is a very cheap Lewis acid, so this method can be
utilized for an economical allylation reaction. These
features show that this new method is very practical
and will be applicable to the synthesis of various com-
plex natural products.
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Scheme 1. Allylation of benzaldehyde catalyzed by FeCl3.

tion temperature. It was found that the reaction pro-
ceeded smoothly at −20°C and the desired allylation
product was given in 66% yield (Run 3).

Next, we investigated the effect of solvents and the
loading of allyltrimethylsilane, and these experimental
results are shown in Table 2. In the case of using
CH2Cl2, the corresponding allylation product was
obtained in lower yield (Run 2). On the other hand,
when MeCN and THF were used as a solvent, no
reaction occurred (Runs 3 and 4). Thus, MeNO2 turned
out to be the most effective solvent in this reaction.
Additionally, when the reaction was carried out with
1.5 equivalents of allylsilane, the reaction proceeded
very cleanly compared to using 2 equiv. of allylsilane
(Run 5). As depicted in the Scheme 1, by shortening the
reaction time (0.5 h) and with the treatment of 1N HCl
solution for desilylation after allylation, the corre-
sponding homoallyl alcohol could be isolated in excel-
lent yield (92%).

Scheme 2. Allylation of p-anisaldehyde dimethyl acetal catalyzed by FeCl3.
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Table 3. Allylation of various aldehydes
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