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ABSTRACT

Retro-allylation of homoallyl alcohol by rhodium catalysis occurs to generate allylrhodium species. This allylrhodium reacts with aldehydes
to give the corresponding secondary alcohols in situ. Isomerization of these alcohols proceeds in the same pots to furnish the corresponding
saturated ketones in good yields.

Allylation of carbonyl compounds is among the most
important reactions in organic synthesis.1 Although many
allylmetal reagents are used for the allylation, rhodium-
mediated carbonyl allylation is quite rare.2,3

Recently, we have developed the metal-mediated retro-
allylation of homoallyl alcohols as a carbon-carbon bond-
cleavage strategy and succeeded in the generation and use
of regio- and stereochemically defined allylmetals.4 In the
course of this study, we found that this system could be
applied to rhodium catalysis. Herein, we wish to report a

new method for the generation of allylrhodium reagents from
homoallyl alcohols via retro-allylation5 and their reaction
with carbonyl compounds involving allylation.

Treatment of benzaldehyde (1a, 0.5 mmol) with homoallyl
alcohol2a (1.0 mmol) in the presence of 2.5 mol % of [RhCl-
(cod)]2, 10 mol % of P(tBu)3, and 15 mol % of cesium
carbonate in refluxing xylene (5.0 mL) for 24 h provided
3-methyl-1-phenyl-1-butanone (3a) in 83% yield (Scheme
1). Retro-allylation of homoallyl alcohol by rhodium catalysis
would occur to generateσ-methallylrhodium,6 which is in
equilibrium withπ-methallylrhodium. Methallylation of1a
followed by isomerization of the corresponding secondary
alcohol would furnish the product (vide infra). This is the
first example of transition-metal-catalyzed allyl transfer to
carbonyl compounds via retro-allylation.7
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We performed the sequential methallylation-isomerization
reaction of an array of aldehydes (Table 1). The reaction of

4-methylbenzaldehyde (1b) proceeded smoothly to give the
corresponding saturated ketone3b in 79% yield (entry 1).
Both electron-deficient and electron-rich aromatic aldehydes
underwent the methallylation-isomerization sequence (en-
tries 2 and 3). Substitution of a chlorine atom on the aromatic
ring did not prevent the reaction (entry 4). Ketone and ester
functionalities were compatible under the reaction conditions
(entries 5 and 6). Aliphatic aldehyde as well as aromatic ones
participated in the reaction. Dodecanal (1h) was converted
to the corresponding saturated ketone3h in 70% yield (entry
7).

Not only the generation of methallylrhodium but also that
of crotylrhodium could be achieved (Table 2). Benzaldehyde
(1a) was exposed to a solution of homoallyl alcohol2b in

xylene under the same conditions as those for the methallyl
transfer to provideR-substituted ketone4a in 70% yield.
This regioselectivity strongly suggests that the reaction
involves generation of aσ-crotylrhodium reagent via retro-
allylation.8 Namely, the reaction would proceed via a
mechanism completely different from the Lewis acid-
mediated allyl transfer reactions reported by Nokami and
Loh.9 Other aromatic aldehydes underwent the sequential
crotylation-isomerization. 4-Methylbenzaldehyde (1b) was
converted to the corresponding saturated ketone in 60% yield
(entry 2). The transformations of trifluoromethyl-, methoxy-,
and chloro-substituted benzaldehydes resulted in good yields
(entries 3-5). The reaction of an aldehyde moiety predomi-
nated over that of ketone and ester as observed in the
methallyl transfer (entries 6 and 7).

Allyl and prenyl transfers were also examined (Scheme
2). The sequential allylation-isomerization of benzaldehyde
(1a) with homoallyl alcohol2c led to low yield. Interestingly,
the reaction with2d provided the unexpected ketone6 in
62% yield. The formation of6 proceeded as follows. The
σ-prenylrhodium A generated via retro-prenylation was
difficult to react with 1a due to steric repulsion at theγ
position. Accordingly,A was isomerized toσ-prenylrhodium
C throughπ-prenylrhodiumB. The followingâ-H elimina-
tion occurred fromC to give rhodium hydride species and(6) For convenience, throughout the manuscript, crotylation, methally-
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Scheme 1

Table 1. Sequential Methallylation-Isomerization of Various
Aldehydes via Retro-Allylation

entry 1 3 yield (%)a

1 4-MeC6H4CHO (1b) 3b 79 (66)
2 4-CF3C6H4CHO (1c) 3c 73 (65)
3 4-MeOC6H4CHO (1d) 3d 85 (77)
4 4-ClC6H4CHO (1e) 3e 71 (54)
5 4-PhCOC6H4CHO (1f) 3f 66b

6 4-MeOCOC6H4CHO (1g) 3g 91 (68)
7 CH3(CH2)10CHO (1h) 3h 70

a Determined by1H NMR. Isolated yields are in parentheses.b Isolated
yield.

Table 2. Sequential Crotylation-Isomerization of Various
Aldehydes via Retro-Allylation

entry 1 4 yield (%)a

1b PhCHO (1a) 4a 70
2 4-MeC6H4CHO (1b) 4b 60 (49)
3c 4-CF3C6H4CHO (1c) 4c 50
4 4-MeOC6H4CHO (1d) 4d 52
5 4-ClC6H4CHO (1e) 4e 51
6 4-PhCOC6H4CHO (1f) 4f 48 (48)d

7b 4-MeOCOC6H4CHO (1g) 4g 64 (59)e

a Determined by1H NMR. Isolated yields are in parentheses.b With 5
mol % of Cs2CO3. c The reaction was carried out in refluxing toluene for
24 h. d R-Adduct, 1-(4-benzoylphenyl)-1-pentanone, was obtained in 3%
yield. e R-Adduct, 1-(4-methoxycarbonylphenyl)-1-pentanone, was obtained
in 3% yield.
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isoprene. Subsequent hydrorhodation of isoprene followed
by the reaction of1awith F, which is inσ-π-σ equilibrium
(D-E-F), furnished6.

The change of the reaction conditions could suppress the
secondary isomerization (Table 3). Treatment of benzalde-

hyde (1a, 0.5 mmol) with homoallyl alcohol2b (1.0 mmol)
in the presence of 2.5 mol % of [RhCl(cod)]2, 10 mol % of
PMe3, and 15 mol % of cesium carbonate in refluxing
dioxane (5.0 mL) for 8 h provided the corresponding
secondary homoallyl alcohol7a in 62% yield (erythro/threo
) 49:51) (entry 1).10 Electron-deficient and electron-rich
aromatic aldehydes as well as functionalized ones were
converted to the corresponding alcohols in moderate to good
yields (entries 2-7). Unfortunately, no stereoselectivity was
observed in all cases.

We are tempted to assume the detailed mechanism as
shown in Scheme 3. Initial ligand exchange between rhodium

species8 and homoallyl alcohol2b with the aid of cesium
carbonate provides the intermediate9. Retro-allylation then
occurs to generateσ-crotylrhodium, which is in equilibrium
with π-crotylrhodium. Subsequent crotylation of1awith the
σ-crotylrhodium at theγ position furnishes10. With PMe3
as a phosphine ligand, alkoxide exchange between10 and
2b proceeds to produce the secondary homoallyl alcohol7a
and to regenerate9. In contrast, use of P(tBu)3 isomerizes
10 to oxa-π-allylrhodium11 through iterativeâ-H elimina-
tion-hydrorhodation.11 Finally, ligand exchange between11
and2b gives4aand9. P(tBu)3-coordinated10would undergo
the alkoxide exchange between10 and 2b less efficiently
than PMe3-coordinated10.

In summary, we have extended the retro-allylation to a
rhodium-catalyzed system and found a new route to the
generation of allylrhodium. In addition, the allylrhodium was
found to have high efficiency in allylation of carbonyl
compounds. Further developments of the retro-allylation
system in other transformations catalyzed by other transition
metals are now in progress.
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Scheme 2

Table 3. Crotylation of Various Aldehydes via
Retro-Allylation

entry 1 7 yield (%)a erythro/threo

1 PhCHO (1a) 7a 62 (58) 49:51
2 4-MeC6H4CHO (1b) 7b 54 (49) 54:46
3 4-CF3C6H4CHO (1c) 7c 60 (44) 56:44
4 4-MeOC6H4CHO (1d) 7d 52 (34) 52:48
5 4-ClC6H4CHO (1e) 7e 59b 58:42
6 4-PhCOC6H4CHO (1f) 7f 58b 56:44c

7d 4-MeOCOC6H4CHO (1g) 7g 65 (59) 56:44

a Determined by1H NMR. Isolated yields are in parentheses.b Isolated
yields. c Tentatively assigned.d With 30 mol % of Cs2CO3.

Scheme 3
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