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Letters
Palladium-catalyzed tandem oxidative cyclization of 1-bromohexa-
1,5-dien-3-ols: easy access to cyclopentenones
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Abstract—The novel Pd-catalyzed tandem cyclization of 1-bromohexa-1,5-dien-3-ols, prepared from the corresponding b-bromo-
vinylaldehydes to cyclopentenone derivatives has been developed.
� 2003 Elsevier Ltd. All rights reserved.
Scheme 1.
Palladium complexes are powerful catalysts for carbon–
carbon bond forming reactions because Pd(II) interme-
diates generated by oxidative addition of organic
electrophiles to Pd(0) complexes can be utilized widely
for transmetallation and insertion into unsaturated
bonds.1 Cyclopentenones are building blocks for the
development of biologically active compounds2 and are
major structural features of numerous natural products.3

Because of the importance of cyclopentenones4 several
methods for their preparation have been developed.
The most convergent synthesis of cyclopentenones is
the Pauson–Khand reaction, which consists of the
co-cycloaddition of alkynes, alkenes and carbon mon-
oxide.5 Recently Larock and co-workers6a;b and also
Negishi et al.7 have extensively explored palladium-
catalyzed cyclization reactions via migratory insertion of
CO. There are also reports of palladium-catalyzed oxi-
dations of secondary alcohols to ketones in the absence8a

or presence of molecular oxygen as an oxidant.8b;c We
wish to report here a novel palladium-catalyzed oxida-
tive cyclization of 1-bromohexa-1,5-dien-3-ol deriva-
tives, which provides a highly efficient and novel route to
cyclopentenones. The 1-bromohexa-1,5-dien-3-ol deriv-
atives were synthesized using PBr3/DMF followed by
indium-mediated allylation (Scheme 1).

Recently we reported9 the indium-mediated Barbier-type
allylation of chlorovinyl aldehydes. We found that an
allyl indium reagent generated in situ readily undergoes
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regioselective addition to the carbonyl group of b-bromo-
vinylaldehydes (Table 1) (synthesized by the reaction of
ketomethylene compounds with PBr3/DMF

10).

We now describe the optimized catalyst system for the
Pd(0) cyclization11 (Table 2). It is reported that the
1-bromohexa-1,5-dien-3-ol derivatives (entries 1–10),
which could cyclize via either 5-exo or 6-endo pathways,
cyclize exclusively exo rather than endo when subjected
to these reaction conditions (Scheme 2).

As we could not isolate any intermediate in this reaction,
there are many reasonable possibilities. We proposed
the mechanism (Scheme 3) for this annulation includes
(1) Pd(OAc)2 reduction to the active palladium(0) cat-
alysts, (2) oxidative addition of the organic halide to
Pd(0), (3) hydride transfer to form the palladium
hydride intermediate, (4) oxidation, (5) cyclopalladation
with the unactivated olefin and reductive elimination.
The compound 8a, which contains a large group failed
to cyclize to the desired product presumably due to the
steric interaction between the bromine and the palla-
dium intermediate.

Another reasonable possibility12 is that, formate normally
serves as a hydride source, but the competing reaction
is b-elimination followed by alkene isomerization, which
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Table 1. Allylation of the b-bromo-vinylaldehydes using In/allyl bro-
mide

Entry no. Substrate Products Time (h) Yield (%)

1 4 73

2 3 61

3 3.5 72

4 4.5 76

5 3.5 73

6 3.5 76

7 4 81

8 3.5 72

9 4.5 64

10 5 61

Reagents and conditions: b-bromo-vinylaldehydes (1mmol), allyl
bromide (3mmol), DMF, In metal (1.2mmol), stirred at 25 �C.

Table 2. Cyclization using Pd(0)

Substrate no. Products Yield (%)

1a 58

2a 61

3a 60

4a 63

5a 61

6a 62

7a 71

9a 34

10a 36

Reagents and conditions: 10mol% of Pd(OAc)2, 0.25 equiv of PPh3,

1 equiv of HCOONa, a reaction temperature of 80 �C and DMF as
solvent.

Scheme 2.
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would lead ultimately to the thermodynamically favored
ketone (Scheme 4).

The structures of the products were supported by ana-
lysis and spectral data,13 in one case 7b X-ray data
confirmed the depicted structure14 (Fig. 1).

In summary we have developed an effective transition
metal-catalyzed protocol for the cyclization of an un-
activated olefin via a tandem process. Cyclopentenones
have been successfully synthesized in good yield by the
palladium-catalyzed oxidative cyclization of 1-bromo-
hexa-1,5-dien-3-ol derivatives. Cyclopentenones con-
taining 5,5; 6,5; 7,5 and 8,5 fused rings have been
prepared. Our efforts are currently directed towards
expanding the utility of the methods to other substrates.



Scheme 3. A proposed mechanism for the cyclization.

Scheme 4. Another proposed mechanism.

Figure 1. ORTEP view of the structure 7b.
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