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Abstract. 2-Substituted-3-allylbenzo[b]furans 3 can be prepared from
o-alkynylphenols 1 and allyl carbonates 2 through a palladium-
catalyzed O-allylation/cyclization sequence. Two basic procedures have
been developed: a stepwise method based on the isolation of O-allyl
derivatives 4 and their subsequent cyclization to 3 (procedure A) and a
one-pot reaction omitting the isolation of 4 (procedure B). The
cyclization of 4 in the presence of the electron-rich sterically-
encumbered ligand tris(2,4,6-trimethoxyphenyl)phosphine (ttmpp)
exhibits remarkable regioselectivity in that 3-allylbenzofurans in which
the benzofuryl unit is bound to the less substituted allyl terminus are
formed almost exclusively. Some loss of the stereochemistry of the
carbon-carbon double bond is observed. 

The cyclization of alkynes containing proximate nucleophilic centers
promoted by organopalladium complexes is currently of great interest.1

However, while numerous approaches to carbo- and heterocycles based
on the activation of the carbon-carbon triple bond by σ-organopalladium
complexes have been described, the utilization of η3-allylpalladium
complexes has received little attention.2 Recently, we have found that 3-
allylindoles can be prepared from o-alkynyltrifluoroacetanilides through
a cyclization promoted by η3-allylpalladium complexes.3 We now report
that this chemistry can be successfully applied to the synthesis of 2-
substituted-3-allylbenzo[b]furans 3 from o-alkynylphenols 14 (Scheme
1).

Scheme 1

As found with o-alkynyltrifluoroacetanilides, the reaction of o-
alkynylphenols 1 with allyl carbonates and Pd(PPh3)4 tends to afford
preferentially O-allyl products instead of the desired benzo[b]furans,
indicating that the nucleophilic attack of the oxygen on the η3-
allylpalladium intermediate is faster than the organopalladium-
promoted cyclization. For example, treating 1a and 2e with Pd(PPh3)4 at
60 °C in THF for 6 h produced the O-allylation derivatives 4’e and 4”e
as an approximately 61:39 mixture in 82% yield (Scheme 2). 

Furthermore, whereas the reaction of o-alkynyltrifluoroacetanilides with
allyl carbonates in the presence of Pd2(dba)3 and ttmpp [tris(2,4,6-
trimethoxyphenyl)phosphine] affords regioselectively 3-allylindoles in
high yield through a mechanism that does not involve the N-allylation
step,3 the extension of the same conditions to o-alkynylphenols appears
to be flawed by competing side reactions. The trend is similar: 3-
allylbenzo[b]furans were in fact isolated and none of the O-allyl
products were formed. Yields, however, are low. For instance,
subjection of 1a and 2e to the Pd2(dba)3/ttmpp combination (THF, 50
°C, 0.75 h) led to the isolation of the corresponding benzo[b]furans, 3’e

and 3”e, in only 14% overall yield along with 2-phenylbenzo[b]furan
(38% yield) and other unidentified products. 

Therefore, in light of the observed tendency of O-allyl derivatives 4 to
undergo a palladium-catalyzed cyclization to 3-allylbenzo[b]furans 3
(vide infra), we turned our attention to the development of a procedure
based on the O-allylation/cyclization sequence. 

Two different experimental protocols have been developed: a stepwise
method, based on the preparation of stereo- and regioisomeric mixtures
of the O-allyl derivatives 4’ and 4”  and their subsequent cyclization to
benzo[b]furans (procedure A), and a one-pot protocol omitting the
isolation of 4’ and 4” (procedure B). 

Stepwise Synthesis of 2-Substituted-3-allylbenzo[b]furans 3
(procedure A). Though the employment of Pd(PPh3)4 has been found
to give good results, the O-allylation of o-alkynylphenols 1 has been
best carried out as follows: 1:2:Pd2(dba)3:dppb = 1:1.2:0.025:0.05 in
THF at 60 °C.5,6 The reaction gives rise to variable amounts of 4’ and
4” . However, no attempts have been made to control the product
selectivity. In fact, the regiochemistry of the C-C bond formed in the
cyclization step and the stereochemistry of the olefin fragment of 3-
allylbenzo[b]furans were found to be almost independent of the regio-
and stereochemistry of the O-allyl derivatives, as shown by the reactions
depicted in Scheme 3.

Attempting the cyclization reaction under the same conditions that give
the highest yields in the O-allylation met with failure. For example,
treatment of an approximately 60:40 regioisomeric mixture of 4’e and
4”e, our model system, with Pd2(dba)3 and dppb in THF at 80 °C
produced o-phenylethynylphenol 1a in 71% yield and none of the
corresponding benzo[b]furan product was observed. The use of the
following conditions, K2CO3:Pd2(dba)3:ttmpp = 5:0.025:0.1 in DME at
100 °C, produced regioselectively the corresponding 3-allyl
benzo[b]furan derivative (3’e:3”e, 96:4) in 81% yield (2 h). These
conditions have been generally employed for the cyclization step.7 High
yield (91%) but low regioselectivity (3’e:3”e, 70:30) were observed
with Pd(PPh3)4 (2 h). 

One-Pot Synthesis of 2-Substituted-3-allylbenzo[b]furans 3
(procedure B). The inability of Pd2(dba)3/ttmpp (that gives the best
results in terms of regiochemistry of the new carbon-carbon bond in the

Scheme 2
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cyclization step) and Pd2(dba)3/dppb (that gives the highest yields in the
O-allylation step) to promote, respectively, the O-allylation of o-
alkynylphenols and the cyclization of O-allyl derivatives led us to evolve
a one-pot protocol based on the utilization of Pd(PPh3)4. The following
conditions (procedure B) have been found to be satisfactory:
1:2:Pd(PPh3)4 = 1:1.2:0.05 in THF at 60 °C till the disappearance of 1,
addition of K2CO3 (5 equiv) (lower yields were obtained when it was
omitted), then raising the reaction temperature to 80 °C.8 

Using procedures A and B a variety of o-alkynylphenols and allyl
carbonates with a range of substitution patterns can be converted into 2-
substituted-3-allylbenzo[b]furans in good yields as summarized in the
Table. Procedure A has been found to be the method of choice when
steric differences between the two allylic termini are small, as it is in the
case of 2-hexen-1-yl and 1-octen-3-yl carbonates (Table, entries 1, 7, 13,
17, 21, 25, 28). Procedure B has been successfully employed when the
reaction proceeds through symmetric η3-allylpalladium complexes
(Table, entries 4, 9, 14, 19, 23, 29) and even when the two allylic termini
are markedly different from a steric point of view (Table, entries 10-12,
15, 16, 18, 20, 22, 24, 26). The process is accompanied by some loss of
the stereochemistry of the carbon-carbon double bond.

Mechanism of Cyclization and Regiochemistry of the New C-C
Bond. Very likely, as suggested for the related cyclization of the o-
alkynyl-N-allyltrifluoroacetanilides,3 the cyclization of the O-allyl
derivatives proceeds through the basic steps outlined in Scheme 4 for
one of the O-allyl isomers: (1) formation of 6’ and 6” , resulting from the
palladium-promoted ionization of the Ο−Callyl bond and the
displacement of one ligand to the palladium by the carbon-carbon triple

Scheme 3
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bond; (2) intramolecular nucleophilic attack of the oxygen across the
activated carbon-carbon triple bond to afford 7’ and 7” ; (3) reductive
elimination of Pd(0) through the transfer of the benzofuryl fragment to
the allyl group in a cis fashion,9 which gives the benzo[b]furan product
and regenerates the active catalyst. 

The regioselectivity of the cis-migration step, favoring the isomeric
product 3’ over 3” (with all the ligands we examined), may reflect the
preferential formation of the geometrical isomer 7’ over 7” . Such a
preference may be influenced by steric and electronic factors. 

Steric factors are expected to act so as to minimize steric strain and
appear to favor the location of the less sterically congested allylic
terminus cis to the 2-substituted-benzofuryl unit rather than to the
phosphine ligand. Previous work on η3-allylpalladium intermediates
which react by transfer of a carbon fragment from the palladium to an
allylic carbon showed that the new C-C bond is formed preferentially at
the more crowded allyl terminus.10 This was assumed to indicate a
strong preference for the large triphenylphosphine to reside trans to the
more hindered allyl terminus. However, the less sterically demanding
phenyl and linear vinyl groups were investigated. In our case, it seems
that the steric requirements of the phosphine ligand are smaller than
those of the substituted benzofuryl unit.

Scheme 4
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Electronic factors associated with the donor-acceptor properties of the
ligands may create an asymmetric electronic distribution at the allylic
system.11 Specifically, stronger π-acceptor ligands may enhance
electron donation from the allylic system to the metal and locate some
positive charge character on it. This positive charge character is
preferentially accommodated on the more substituted carbon atom.
Furthermore, it has been observed that π-acceptors prefer to relay their
properties in a trans manner across the square planar complexes.12 By
these arguments, electron-withdrawing ligands are expected to favor the
formation of the η3-allylpalladium complex 7”  and, ultimately, the
benzo[b]furan derivative 3” ; the amount of 7’, and then 3’, should
increase on going from electron-withdrawing to electron-donating
ligands. Accordingly, we observed that 3’e:3”e obtained by subjecting
an approximately 60:40 mixture of 4’e and 4”e to phosphine ligands
with different donor-acceptor properties increased in the order: (p-Cl-
C6H4)3P (53:47) < Ph3P (70:30) < (p-MeO-C6H4)3P (87:13). This result
is in agreement with previous observations on the thermolysis of a series
of Pd(η3-CH2CHCHMe)(C6H3Cl2)(PR3) complexes which showed that
the bond formation at the less substituted allyl end increases with
decrease in the electron-withdrawing ability of the ligand.9 Presumably,
the strong electron-donating power of ttmpp13 can account for most of
its remarkable effect on the regiochemistry of the new carbon-carbon
bond. The steric encumbrance of the ligand, however, by virtue of the
likely influence on the electronic properties and geometrical features of
the square planar complexes,14 might also play a role.

In conclusion, the present palladium-catalyzed allylation/cyclization of
o-alkynylphenols provides a valuable approach to the synthesis of 2-
substituted-3-allylbenzo[b]furans.15 The overall high yields generally
observed and the almost complete regioselectivity toward the formation
of 3-allylbenzofuran in which the benzofuryl unit is bound to the less
substituted allyl terminus suggest a vast synthetic potential for the
preparation of this class of compounds. 
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