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Synthesis of dihydrofuroflavonoids via palladium-catalyzed
annulation of 1,3-dienes
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Abstract—The palladium-catalyzed annulation of 1,3-dienes by o-iodoacetoxyflavonoids provides an efficient approach to bio-
logically interesting dihydrofuroflavonoids. This reaction is very general, regioselective, and a wide variety of terminal, cyclic, and
internal 1,3-dienes can be utilized.
� 2003 Elsevier Ltd. All rights reserved.
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Dihydrofuroflavonoids occur commonly in plants and
fruits and are very important because of their pro-
nounced biological properties.1 According to recent
reports, derivatives of dihydrofuroflavones (1) have high
cytotoxicity against P-388 cells.2 Derivatives of dihy-
drofuroflavanones (2) are effective inhibitors of protein
kinase,3 aromatase,4 and larvae growth.5 Derivatives of
dihydrofuroisoflavones (3) exhibit high antifungal
activity.6
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Despite significant interest, no efficient, general method
for the synthesis of dihydrofuroflavonoids has really
been developed. Recently, we reported an efficient
method for the synthesis of dihydrofurocoumarins,7

which looked very promising for the synthesis of
dihydrofuroflavonoids.

Herein, we report our results on the palladium-catalyzed
annulation of 1,3-dienes by o-iodoacetoxyflavonoids
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that provides a very general and effective route to a wide
variety of dihydrofuroflavonoids. Using our previously
developed reaction conditions,8 the scope, and limita-
tions of this annulation (Scheme 1) have been studied
using various o-iodoacetoxyflavonoids and 1,3-dienes
and representative examples are shown in Table 1.

Analogous to the annulation of o-iodoacetoxycouma-
rins,7 the annulation of various 1,3-dienes by the flavone
4 has given the expected products 5–11 in 62–96% yields
with excellent regioselectivity (entries 1–7). Running the
reaction on a 2.0mmol scale resulted in an even higher
90% yield (entry 7), indicating the utility of this proce-
dure for practical applications. The annulation of iso-
prene gave a 3:2 mixture of regioisomers 12a and 12b in
an 86% yield (entry 8). The analogous annulation of
isoprene by o-iodophenol has been shown to be mostly
governed by steric factors, favoring addition to the less
hindered double bond and thus affording a 7:1 ratio of
the corresponding annulation products.9 The poor reg-
ioselectivity in entry 8 presumably results from the
higher reactivity of the cationic arylpalladium interme-
diate (see the later mechanistic discussion) toward the
more electron-rich disubstituted double bond, leading to
a competition between steric and electronic factors,
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Scheme 1.
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Table 1. Synthesis of dihydrofuroflavonoids by the palladium-catalyzed annulation of 1,3-dienes

Entry Flavonoid 1,3-diene Product(s) % Yielda (ratio of

isomers)
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Table 1 (continued)

Entry Flavonoid 1,3-diene Product(s) % Yielda (ratio of

isomers)

11
O

O
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Ph

16

OO

O
Ph

17

95

aAll yields are isolated and based on a single run.
b This experiment was performed on a 2.0mmol scale.
c The diene used was 95% trans,trans.
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which produces a mixture of the two isomeric products.
The use of trans,trans-2,4-hexadiene (95% purity) gave a
20:1 ratio of isomers 13a and 13b in a 68% yield (entry
9). The exclusive generation of E-stereochemistry in the
newly formed carbon–carbon double bond in products
7, 9, 10, and 13 is consistent with the intermediacy of
syn-p-allylpalladium intermediate in these reactions.10

In an attempt to broaden the scope of this reaction,
similar reactions have been performed on flavonoids 14
and 16. Flavanone 14 and isoflavone 16 gave the desired
annulation products 15 and 17 from 2,3-dimethyl-1,3-
butadiene in 88% and 95% yields, respectively (entries 10
and 11).

A proposed mechanism for this annulation process is
shown in Scheme 2. Initial oxidative addition of the
iodoflavone 4 to palladium intermediate 18 generated
in situ forms arylpalladium intermediate 19. Abstraction
of the iodide by silver carbonate leads to a cationic
intermediate 20, presumably stabilized by coordination
to the neighboring acetyl group. Next, complex 20 adds
to the 1,3-diene in a cis-fashion to give p-allylpalladium
intermediate 21. Coordination of the acetoxy oxygen to
the palladium atom, leading to the formation of inter-
mediate 22, restricts rotation of the C–C bonds in the
allyl moiety, and is, presumably, responsible for the high
stereoselectivity when trans,trans-2,4-hexadiene is uti-
lized (Table 1, entry 9). Since no hydrolysis of the
starting material 4 has been observed under our reaction
Pd
P

P

Ag

H2O

O PhO

O Ph

O

O
Pd

O Ph

O

Pd
O

O

O Ph

O

Pd
O

O
P

P

P
P

Pd
P

P

O

O

O Ph

O

Pd
O

P
P

P I
P

P

P

O

S

, S

-SS
18

4

21

22

23

5

19

20

Pd(dba)2

+

+

+

+

S = Solvent

Scheme 2.
conditions, the deacylation of intermediate 22 is pre-
sumably accelerated by coordination of the acetyl oxy-
gen atom to the cationic palladium center. Finally,
complex 23 undergoes reductive elimination to give the
final product 5 and regenerates the palladium catalyst
18.

In summary, we have developed an efficient palladium-
catalyzed annulation of 1,3-dienes by o-iodoacetoxy-
flavonoids, which affords good yields of dihydrofuro-
flavonoids. The process is quite general, regio and
stereoselective, and a variety of o-iodoacetoxyflavo-
noids, as well as symmetrical and unsymmetrical 1,3-
dienes can be utilized.
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