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Abstract—3-Alkoxypropenes, namely allyl ethers such as allyl butyl ether, allyl 2-hydroxypropyl ether, and diallyl ether, serve as
reagents for the allylation of aldehydes with tin(II) chloride in the presence of a catalytic amount of [IrCl(cod)]2 in THF and
H2O at 50 �C to produce the corresponding homoallylic alcohols.
� 2007 Elsevier Ltd. All rights reserved.
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Allyl ethers are poor reagents for palladium-catalyzed
allylic alkylation1 or carbonyl allylation2 via the forma-
tion of a p-allylpalladium complex.3 We have found that
tin(II) chloride mediates the elimination of a poor leav-
ing group, the hydroxy group, for preparing p-allylmetal
intermediates from allylic alcohols and metal complexes
in palladium,4 rhodium,5 or iridium-catalyzed6 carbonyl
allylations. Thus, we hoped that alkoxy groups of 3-
alkoxypropenes, namely allyl ethers, would also be
eliminated by tin(II) chloride to prepare p-allylmetal
complexes. We here report that allyl ethers become
versatile reagents for palladium, rhodium, or iridium-
catalyzed carbonyl allylations through the mediation
of tin(II) chloride.
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The reactivity of allyl butyl ether (1a) was investigated
for the allylation of benzaldehyde or heptanal with
tin(II) chloride in the presence of a catalytic amount
of PdCl2(PhCN)2, [RhCl(cod)]2, or [IrCl(cod)]2 in
THF–H2O at 50 �C (Eq. 1). The results are summarized
in Table 1. A typical procedure (entry 3) is described in
Ref. 8 [IrCl(cod)]2 catalyst seems to be superior to
PdCl2(PhCN)2 or [RhCl(cod)]2 catalyst. No allylation
occurred without both the catalysts and tin(II) chloride.
The allylations at room temperature and those without
H2O were quite slow.
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The iridium-catalyzed allylations of some aldehydes with
1a were carried out under the same conditions as those of
entries 3 and 6 in Table 1 to produce the corresponding
homoallylic alcohols 2 (Table 2, Eq. 2, entries 1–6).
The allylation of cinnamaldehyde had a low yield at
50 �C in spite of consuming the aldehyde, and was slow
at 25 �C (entries 2 and 3). The reactions of a-substituted
aldehydes were quite slow (entries 5 and 6). Allyl
2-hydroxypropyl ether (1b), allyl glycidyl ether (1c),
and allyl phenyl ether (1d) can also be used for the iri-
dium-catalyzed carbonyl allylations (Table 2, Eq. 2,
entries 7–15). The leaving ability of phenoxy group seems
to be superior to that of alkoxy groups, similarly to the
usual formation of p-allylmetal complexes (entries 14
and 15).1
H2O 0.1 mL
50 °C 23, 0.6 mmol 1 mmol

ð3Þ
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Table 1. Allylation of PhCHO and CH3(CH2)5CHO with 1a

Entry R Catalyst/mmol Time (h) 2, Yielda (%)

1 Ph PdCl2(PhCN)2/0.02 24 55
2 Ph [RhCl(cod)]2/0.01 24 60
3 Ph [IrCl(cod)]2/0.01 24 84
4 C6H13 PdCl2(PhCN)2/0.02 48 29
5 C6H13 [RhCl(cod)]2/0.01 48 9
6 C6H13 [IrCl(cod)]2/0.01 48 63

a Isolated yields based on aldehydes. The structures were confirmed by
the comparison of spectroscopic values (IR and 1H NMR) with those
of authentic samples.4,7

Table 2. Iridium-catalyzed carbonyl allylation with 1

Entry Allylic
ether/mmol

R2 Time (h) 2, Yielda

(%)

1 1a/1.2 4-ClC6H4 24 71
2 1a/1.2 PhCH@CH 24 32
3b 1a/1.2 PhCH@CH 72 33
4 1a/1.2 PhCH2CH2 24 63
5 1a/1.2 c-C6H11 48 8
6 1a/1.2 PhCH(CH3) 48 19
7 1b/1.2 Ph 46 85
8 1b/1.2 4-ClC6H4 45 63
9 1b/1.2 PhCH@CH 48 25

10 1b/1.2 PhCH2CH2 48 60
11 1b/1.2 C6H13 48 48
12 1c/1.2 Ph 24 74
13 1c/1.2 C6H13 24 57
14 1d/1.2 Ph 24 91
15 1d/1.2 C6H13 24 93

a Isolated yields based on aldehydes. The structures were confirmed by
the comparison of spectroscopic values (IR and 1H NMR) with those
of authentic samples.4,7

b The reaction was carried out at 25 �C.
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Diallyl ether (3) can also be applied to the iridium-cata-
lyzed carbonyl allylations, as summarized in Table 3
(Eq. 3). Both allyl moieties in 3 serve for the carbonyl
allylation (entries 3–7). The allylation of benzaldehyde
with 3 also proceeded using PdCl2(PhCN)2 or
[RhCl(cod)]2 as a catalyst to afford 1-phenyl-3-buten-
1-ol (2, R = Ph) in 51% or 53% yield, respectively
(entries 1 and 2). The use of four equimolar amounts
of tin(II) chloride to 3 in the palladium-catalyzed allyl-
ation enhanced the yield (entry 1).
Table 3. Allylation of aldehydes with 3

Entry aldehyde Catalyst/mmol Time
(h)

2, Yielda

(%)

1 PhCHO PdCl2(PhCN)2/0.02 24 51(76)b

2 PhCHO [RhCl(cod)]2/0.01 24 53
3 PhCHO [IrCl(cod)]2/0.01 24 69
4 4-ClC6H4CHO [IrCl(cod)]2/0.01 21 87
5 PhCH@CHCHO [IrCl(cod)]2/0.01 46 38c

6 Ph(CH2)2CHO [IrCl(cod)]2/0.01 24 94
7 C6H13 [IrCl(cod)]2/0.01 24 64

a Isolated yields based on aldehydes. The structures were confirmed by
the comparison of spectroscopic values (IR and 1H NMR) with those
of authentic samples.4,7

b The figure in parentheses is the yield with 2.4 mmol of SnCl2.
c The reaction was carried out at 25 �C.
A plausible mechanism is illustrated in Scheme 1. Alk-
oxy groups such as butoxy, 2-hydroxypropoxy, glycidyl-
oxy, and allyloxy would function as leaving groups with
the assistance of tin(II) chloride in the formation of
p-allylmetal complexes A from allyl ethers 1. And then
the p-allylrhodium or -iridium complexes A (M = Rh
or Ir) might directly react with aldehydes to produce
3-buten-1-ols 2, similarly to the rhodium- or iridium-
catalyzed carbonyl allylation by allylic alcohols with
tin(II) chloride,5,6,9,10 and p-allylpalladium complexes
A (M = Pd) might be transformed into allyltin interme-
diates B that would cause nucleophilic attack to alde-
hydes to produce 3-buten-1-ols 2, similarly to the
palladium-catalyzed carbonyl allylations by allylic alco-
hols and esters with tin(II) chloride.2,11 In the case of
diallyl ether (3), a second allyl moiety (R1 = allyl) in C
would be converted to a p-allylmetal complex with the
assistance of another tin(II) chloride to cause second
nucleophilic addition to aldehydes.
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