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The palladium-catalyzed carbonylation of aromatic
halides is one of the most versatile and convenient
processes for the preparation of aromatic carbonyl com-
pounds.1 The reactions are considered to proceed via an
aroylpalladium intermediate that is formed by oxidative
addition of palladium(0) to halides, followed by insertion
of carbon monoxide into the palladium-carbon bond.
Although reactions using alcohols, amines, and carbon
nucleophiles (including organometallic reagents) to trap
aroylpalladium complexes have been well-established,
much less attention has been paid to reactions with
unsaturated compounds such as olefins and alkynes, in
which the addition of an aroylpalladium species to a
carbon-carbon multiple bond would be involved. Of
particular note are the significant contributions by
Negishi and co-workers on the carbonylation of aryl
halides2 bearing olefinic groups at the ortho-position and
related intramolecular reactions of vinyl,3 benzyl,4 and
allyl5 halides. Intermolecular versions of these reactions
have received less attention.6 Recently, it has been
reported that the carbonylation of aryl iodides or bro-
mides in the presence of γ-hydroxyallenes and a pal-
ladium(0) catalyst affords aryl (tetrahydrofuran-2-yl)-
vinyl ketones (eq 1).7 This reaction may occur by addition

of an initially formed aroylpalladium intermediate to the
allenyl unit of the γ-hydroxyallene to produce a π-al-
lylpalladium species, which then undergoes nucleophilic
attack by the hydroxyl group to give the product. We
reasoned that o-iodophenols may undergo palladium-
catalyzed carbonylative coupling with allenes, in which
the attack of the phenol hydroxyl group at the π-allylpal-
ladium intermediate would terminate the catalytic cycle
affording 1-benzopyran-4-one derivatives as depicted in
Scheme 1.8 We now report the realization of this
interesting reaction catalyzed by several palladium-based
systems.

Treatment of o-iodophenol (1a) (R ) H) using a catalyst
system containing PdCl2-dppb in the presence of 1,2-
nonadiene (2a) and (i-Pr)2NEt in benzene at 100 °C for
20 h under 20 atm of carbon monoxide resulted in the
formation of 2-(n-hexyl)-3-methylene-2,3-dihydro-4H-1-
benzopyran-4-one (3a) in 63% isolated yield (eq 2). The
ratio of the allene to o-iodophenol was 2:1, and that of
allene to PdCl2 and dppb was 40:1:1. The reaction gave
3a in 27% yield in the absence of dppb. It should be
noted that the reaction is regioselective; the other pos-
sible isomer, 4a, was not detected in the reaction. The
use of PPh3, P(o-tolyl)3, dppe, and dppp instead of dppb
reduced the yield of 3a to 33-55%. The catalyst systems
Pd(OAc)2-dppb and Pd2(dba)3‚CHCl3-dppb were also
effective, the yield of 3a being 73% and 68%, respectively.
In addition, the reaction proceeded well using K2CO3

instead of the amine, affording 3a in 74% isolated yield.

A series of allenes 2b-e were reacted with o-iodophe-
nols and carbon monoxide using the catalyst system Pd-
(OAc)2-dppb, and the results are summarized in Table
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1. The terminal disubstituted allene, 3-methyl-1,2-
butadiene (2b), reacted with 1a to give the exo-methylene
product 3b in 77% yield. This reaction, like that of 2a,
is regioselective with nucleophilic attack of the hydroxyl
group occurring exclusively at the more substituted
carbon of the allene unit. When the symmetrical internal
allene 2c was employed, the expected product 3c, its
isomer 3c′, and 3c′′ were obtained in 84% combined yield.
Attempts to separate 3c′ and 3c′′ were unsuccessful, and
consequently, their ratio could not be determined. When
the unsymmetrical allene 2d was used as the reactant,
2-methyl-3-(2-phenylvinyl)-3,4-dihydro-4H-1-benzopyran-
4-one (3d) was isolated in excellent yield as the sole
product. Ethyl 2,3-butadienecarboxylate (2e), an electron-
poor allene, was less reactive than the other allenes with
3-[(ethoxycarbonyl)methyl]-4H-1-benzopyran-4-one (3e)
formed in 29% yield. Furthermore, the regioselectivity
was opposite to that for the alkyl-substituted allenes. It

is conceivable that the initial product may contain an exo-
methylene unit (as observed for 2a and 2b), which then
undergoes isomerization to afford the more thermody-
namically stable isomer. Reaction of 1a with methoxy-
allene under standard conditions proceeded to comple-
tion, affording a complex mixture with no carbonyl-
containing products. When the reaction was repeated at
60 °C, the simple adduct 5 was formed (21%) and again
no carbonylation product was detected.

4-Methyl-2-iodophenol (1b) reacted with allenes 2a and
2b in an analogous manner to o-iodophenol, giving the
expected products 3f and 3g in 72-73% yield, whereas
the reaction of 4-chloro-2-iodophenol (1c) afforded the
products 3i and 3j in 23-29% yield. The low reactivity
of 1c may be due to the modest nucleophilicity of the
hydroxyl group of 1c. Unsuccessful attempts were made
to improve the yields of 3i and 3j by using an excess
amount of (i-Pr)2NEt (6 equiv based on 1c) or more basic
diamines such as Proton-Sponge (1,8-bis(dimethylamino)-
naphthalene).9
In general, the present reaction is highly regioselective,

in particular when terminal allenes are used, and on the
basis of the results obtained the regioselectivity is
apparently controlled by electronic, not steric, effects.
Such trends were observed for the palladium-catalyzed
heteroannulation of o-functionalized aryl iodides with
allenes.8
The following general procedure was used: a mixture

of 1 (1.5 mmol), 2 (3.0 mmol), Pd(OAc)2 (0.075 mmol),
dppb (0.075 mmol), (i-Pr)2NEt (2.0 mmol) [or K2CO3 (2.0
mmol)], and benzene (5.0 mL) was reacted in an auto-
clave at 20 atm of carbon monoxide for 20 h at 100 °C.
The reaction mixture was cooled to room temperature,
diluted with ether and water, and extracted twice with
ether (15 mL each time). The combined organic phase
was dried over Na2SO4, filtered, and evaporated. The
product was purified by column chromatography on silica
gel using n-hexane-ether (95:5) as the eluant.
In conclusion, the carbonylation of o-iodophenols with

allenes takes place in a regioselective manner, by a
palladium catalyst in the presence of a base, usually
affording 3-methylene-2,3-dihydro- or 3-vinyl-4H-1-ben-
zopyran-4-one derivatives, often in good yields.
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Table 1. Palladium-Catalyzed Carbonylation of
o-Iodophenols 1 with Allenes 2a

a Reaction conditions: [1]:[2]:[Pd(OAc)2]:[dppb]:[(i-Pr)2NEt] )
1.5:3.0:0.075:0.075:2.0 (in mmol); C6H6 (5.0 mL), CO 20 atm, 100
°C, 20 h. b Isolated yield is based on 1. c Reaction using K2CO3 (2.0
mmol) instead of (i-Pr)2NEt. d 2b (6.0 mmol) was used. e 3c: 21%.
3c′ + 3c′′: 63%. f 2e (6.0 mmol) was used.
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