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Three-component synthesis of homoallylic amines starting
from aldehyde, amine, and allyltributylstannane were
realized by means of tin(II) chloride dihydrate in water in
the presence of SDS.

Lewis acid mediated nucleophilic addition of allylic organo-
metallics to carbon–nitrogen double bond constitutes an
important reaction for the synthesis of homoallylic amines.1

Allylic metals bearing group 14 elements, such as allyl-
stannane,2,3 allylgermane,4 and allylsilane,5 have been exten-
sively studied. Numerous kinds of activators of imines have
been developed. It is synthetically highly convenient if one
could allylate imines generated in situ from aldehyde and amine.
The chemoselectivity between aldehyde and aldimine has
also been studied and imine selective activators have been
developed.6,7 Three-component synthesis of homoallylic
amines starting from aldehyde, amine, and allylic metals thus
have been realized.3–5 Organic reactions in aqueous media have
attracted the attention of synthetic organic chemists 8 lately, not
only because water is a cheap and safe solvent in comparison
with conventional organic solvents, but also because water
exerts an unique reactivity. Because Lewis acids are generally
highly sensitive to moisture, Lewis acid catalyzed nucleophilic
addition of organometallics to carbon–nitrogen double bonds
normally requires strictly anhydrous conditions in organic
solvent. Recently, water-tolerant Lewis acids, such as lanthanide
triflate 9 † and indium() chloride,10 have been developed. We
have recently reported that Brønsted acids efficiently activate
aldimines in aqueous media and Mannich-type reactions of
silyl enolates to aldimine take place smoothly by means of a
catalytic amount of HBF4 in aqueous organic solvent 11 or in
water with a surfactant.12 Hetero Diels–Alder reaction also
proceeded smoothly in either aqueous organic solvent or in
water with a surfactant.13

Although Sc(OTf )3 catalyzed allylation of aldimines with
allyltributylstannane 14 and Barbier-type nucleophilic addition
of allylic indium compounds 15 to aldimine in water have been
reported, there are only a few reports on the allylation of imines
in water.16 As part of our continued interest in the allylation of
imines,4 we tried to find a new effective catalyst for the allylation
of aldimines in water. We focused on conventional Lewis acids.
Our idea is that the hydrated form of Lewis acids would be
more resistant to water than anhydrous Lewis acids and thus
would function as a Lewis acid in aqueous media.17,18 It was
found that SnCl2�2H2O, which is a conventional Lewis acid, is
effective for the allylation of aldimines in water (Scheme 1).

Scheme 1

At the outset, we studied three-component synthesis of
homoallylic amines starting from benzaldehyde, aniline (1.5
equiv.), and allyltributylstannane (1.5 equiv.) in water in the
presence of SDS (sodium dodecyl sulfate) (0.4 equiv.). The
effect of several Lewis acids is shown in Table 1. Tin() chloride
dihydrate turned out to be the most effective among the acids
examined. The allylation reaction was complete in 10 min to
afford a homoallylic amine (1) in 80% yield (entry 1). Inter-
estingly, anhydrous tin() chloride gave slightly inferior
result (entry 2). AlCl3�6H2O was also effective (entry 3) but
CuCl2�2H2O gave the adduct in a low yield (entry 4). BF3�OEt2

was not effective presumably because BF3�OEt2 decomposed
under the reaction conditions. The fact that HCl was less
effective implies that the HCl, generated by decomposition of
SnCl2, is not the real active species. It is noted that a
homoallylic alcohol was not obtained at all under the reaction
conditions.

When the loading of tin() chloride dihydrate was decreased,
the yield dropped. Furthermore, when the reaction was run
under N2 conditions in distilled and degassed water, highly
reproducible results were obtained. Presumably, tin() chloride
is oxidized by O2 in water, resulting in the deterioration of the
catalytic activity.

Next, three component synthesis of homoallylic amines was
studied. p-Chloroaniline was found to be highly effective as an
amine component (entry 2 Table 2). The results of the allyl-
ation with various kinds of aldehydes are shown in Table 2.19

Aromatic, hetero-aromatic, and aliphatic aldehydes worked
well to afford the adducts in good yields. It is noted that the
allylation reaction is very fast and most of the reactions were
completed in less than half an hour.

We have developed a simple procedure for the preparation of
homoallylic amines in high yields in water. Salient features
of the present reaction are: 1) high chemoselectivity towards
aldimine in preference to aldehyde, 2) use of a conventional
Lewis acid, 3) extremely short reaction time.

Table 1 Effect of Lewis acid

Entry Lewis acid Time/min Yield (%)

1 SnCl2�2H2O 10 80
2 SnCl2 30 63
3 AlCl3�6H2O 40 47
4 CuCl2�2H2O 30 18
5 BF3�OEt2 90 0
6 HCl 20 18
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