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Abstract—It was confirmed that the rhenium complex, ReBr(CO)5, catalyzed the allylation of aldehydes with allyltributylstannane
to give the corresponding homoallylic alcohols in moderate to good yields. Similarly, the reaction of aldehydes with enol silyl ether
was efficiently promoted by the rhenium catalyst to afford the corresponding b-hydroxy carbonyl compounds.
� 2004 Elsevier Ltd. All rights reserved.
Table 1. Rhenium-catalyzed allylation of benzaldehyde with allyltri-

butylstannane

Ph H

O
SnBu3

OH
+

cat. Re-complex
(0.1 mmol)
The allylation of carbonyl compounds with organoall-
ylic compounds, such as allyltrialkyl- and allyltriaryl-
stannane, has been widely utilized as a method for the
preparation of homoallylic alcohols, which are useful
intermediates for the construction of complex molecules
and important building blocks for the synthesis of natu-
ral products in organic synthesis.1 Although some Lewis
acids catalyzes this reaction,2 Lewis acids containing
boron, aluminum, titanium, and tin are extremely mois-
ture sensitive, and there is increasing interest in the
development of a new catalyst, which is air-stable and
water-tolerant compound. We have recently shown the
hitherto unknown capacity of the rhenium complex,
which is an air-stable and water-tolerant compound, as
an efficient catalyst for the alkylation of arenes with
alkyl halides.10,11 Now it was found that rhenium com-
plex acts as a catalyst for the allylation of aldehydes with
allyltributylstannane (Scheme 1).
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Scheme 1.

Ph
1 2 3

(1.0 mmol) (1.2 mmol)

solvent (5 mL)
80 oC, 5 h

Entry Re complex Solvent Yield (%)a

1 ReBr(CO)5 Benzene 83

2 ReBr(CO)5 Toluene 80

3 ReCl(CO)5 Benzene 75

4 ReBr(CO)4(PPh3) Benzene 27

5 Re2(CO)10 Benzene Trace

6 CpRe(CO)3 Benzene Trace

7 ReBr(CO)5 CH2ClCH2Cl 72

8 ReBr(CO)5 CHCl3 54

9 ReBr(CO) THF 0
To determine the optimized reaction conditions, benzal-
dehyde (1) was allowed to react with allyltributylstann-
ane (2) under various reaction conditions, and these
results are shown in Table 1. The yield of 1-phenyl-
but-3-ene-1-ol (3) was dramatically affected by the sol-
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vent and rhenium complex used in the reaction. When
an aromatic hydrocarbon, such as toluene or benzene,
was used as a solvent, the allylation of 1 with 2 efficiently
proceeded to give 3 in good yields (entries 1 and 2). In
chlorinated hydrocarbon solvents such as 1,2-dichloro-
ethane and CHCl3, which were often utilized in the rhe-
nium-catalyzed reaction, the allylation of 1 with 2 also
occurred and 3 was obtained in 72% and 54% yields,
respectively (entries 7 and 8). Whereas the use of coordi-
nating solvents, such as THF, acetonitrile or methanol,
5

10 ReBr(CO)5 CH3CN 0

11 ReBr(CO)5 CH3OH 23

aGC yields.
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caused a distinct decrease in the yield of 3 (entries 9–11).
ReBr(CO)5 and ReCl(CO)5 showed a high catalytic
activity in the reaction (entries 1 and 3). The replace-
ment of one of the electron withdrawing carbonyl
ligands by electron donating phosphine ligand led to a
decrease in the yield of the allylated product (entry 4).
The rhenium carbonyl complexes, such as Re2(CO)10
and CpRe(CO)3, did not exhibit the same catalytic activ-
ity in the reaction (entries 5 and 6).

In order to understand the scope and limitations of the
allylation of aldehydes with allyltributylstannane (2),
various aldehydes were reacted with 2 in the presence
of a catalytic amount of ReBr(CO)5 at 80 �C and the re-
sults were shown in Table 2. For the 4-methyl-, 4-meth-
oxy-, 4-chloro-, 4-bromo-, and 4-nitro- benzaldehydes,
Table 2. Rhenium-catalyzed allylation of aldehydes with allyltribut-

ylstannane

R H

O
SnBu3

R

OH
+

cat. ReBr(CO)5

(1.0 mmol) (1.2 mmol)

(0.1 mmol)

benzene (5 mL)
80 oC, 5 h

Entry Aldehyde Product Yield (%)a

1

CHO

CHO

X

OH

OH

X

83(78)

2 X = CH3 82(75)

3 OCH3 68(61)

4 Cl 76(70)

5 Br 65(32)

6 NO2 56(50)

7

CHO

CH3

OH

CH3

79(74)

8b
CHO HO

68(65)

9
CHO

OH

99(96)

10b
CHO

OH

80(72)

11b C8H17 CHO C8H17
OH

72(67)

a GC yields based on aldehyde. The number of parenthesis shows the

isolated yield.
b For 15 h.
allylation of the aldehydes with 2 efficiently proceeded
under the same reaction conditions as that of the benz-
aldehyde to give homoallylic alcohols in 56–82% yields
(entries 2–6). Similarly, the sterically congested substrate
such as 2-methylbenzaldehyde was allylated with 2
to give 1-o-tolyl-but-3-en-1-ol in 79% yield (entry 7).
1-(Naphthalen-1-yl)- and 1-(naphthalen-2-yl)but-3-en-
1-ol were also synthesized by this method in 68% and
99% yields, respectively (entries 8 and 9). The allylation
of an a, b-unsaturated aldehyde such as cinnamylalde-
hyde with 2 efficiently proceeded to afford the homoall-
ylic alcohol in 80% yield (entry 10). For aliphatic
aldehydes, the yield of the allylated product was mark-
edly decreased, however the yield of the product was
improved by the extending of reaction time (15 h) (entry
11). In contrast to that of aldehyde, for ketones, the all-
ylation did not proceed under the same reaction condi-
tions as that of the aldehydes.

Although we cannot show the reaction pathway for the
rhenium-catalyzed allylation of aldehydes with allyltri-
butylstannane in detail, the following reaction pathway
was proposed for the reaction. It has already been
reported that the coordinative unsaturated 16-electron
complex was generated by the dissociation of carbon
monoxide from ReBr(CO)5 under toluene reflux condi-
tions.14 Based on the information, we suggest that the
first step of the present allylation of aldehydes is the gen-
eration of a 16-electron rhenium species by the dissocia-
tion of carbon monoxide from 18-electron rhenium
complex, ReBr(CO)5. The coordinative unsaturated rhe-
nium species generated in situ acts as a Lewis acid for
the allylation of aldehyde with allyltributylstannane.

As an application of the rhenium-catalyzed reaction, the
reaction of enol silyl ethers with an aldehyde in the pres-
ence of the rhenium catalyst was next examined. The
treatment of the enol silyl ether derived from acetophe-
none with benzaldehyde gave 3-hydroxy-1,3-diphenyl-
propan-1-one in 75% yield (Scheme 2). Similarly, 3-
phenyl-2-hydroxy-1-phenyloctan-1-one was obtained
by the reaction of enol silyl ether derived from acetophe-
none with hexanal in moderate yield.
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Scheme 2.
In summary, it was found that a rhenium complex cata-
lyzed the allylation of aldehyde with allyltributylstann-
ane and the Mukaiyama-type aldol reaction of enol
silyl ether with an aldehyde to give the corresponding
homoallylic alcohols and b-hydroxy carbonyl com-
pounds in moderate to good yields. The application of
the catalytic use of a rhenium complex in organic syn-
thesis is now in progress.
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