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A catalyst generated from Pd ,(dba)s; and the ligand DPEphos effects intramolecular C

R2

-0 bond formation between enolates and aryl halides in

the conversion of 1-(2-haloaryl)ketones directly into the corresponding benzofurans. Both cyclic and acyclic ketones are efficient substrates.
Thio ketones can also be employed allowing the preparation of the corresponding benzothiophenes.

Palladium-catalyzed €N and C-O arylation reactions have

palladium-catalyzed intramolecul@r-arylation of enolates

had a significant impact upon organic synthesis and are nowis an efficient process and can be used to prepare a variety
reliable and well-used processdsatramolecular variants of  of substituted benzofurars.

these reactions, leading to the synthesis of a variety of  The benzdjjfuran ring system features in many naturally
heterocyclic structures, have also received considerablegccyrring and designed molecules responsible for a diverse
attention: More recently, the use of palladium catalysis to range of biological responses. Accordingly, there exists a
mediate carbonyd-arylation reactionsG-arylation) has been  \yige selection of methods for the synthesis of this important
developed as a useful synthetic procedure and methods forg,ctural motif including many based on palladium ca-

the arylation of ketoneSesters;* amides; and malonatés 51y is9 Some of the most useful methods for berjran

have all been reported. In this paper, we demonstrate thatsynthesis are based on the palladium-catalyzed cyclization
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Figure 1. EnolateO-arylation route to benzofurans.

these methods can be extended to one-pot tandem reactio
sequences that combine alkyne to arene union with cycliza-
tion!? The key step in these approaches is attack of a
nucleophilic phenol oxygen atom onto an activated
multiple bond. We wished to develop an alternative pal-
ladium-catalyzed cyclization in which the nucleophilic
oxygen atom of an enolaté is coupled with a halo-
substituted arene ring (Figure 1). This would leadutaryl-
substituted ketones such2being the cyclization substrates;
given the wide availability of substituted ketones, this simple
disconnection provides access to a useful new class of
benzofuran precursor.
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Figure 2. Preparation of ketona.

For the purpose of our study we chose to prepare the
required (2-haloaryl)-substituted ketones using a palladium-
mediated ketone arylation. For example, treatment of a

Table 2. Scope of Benzofuran Synthesis
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a Conditions: Pg(dba} (2.5 mol %), ligand (6 mol %), base (2.2 equiv).
bIsolated yields® In the absence of catalyst a 40% conversion is achieved
after 20 h.

Table 1. Optimization of Benzofuran Synthesis

AN @in

Pd,(dba)s
ase

toluene temp

, ligand

entry ligand base T (°C) time (h) yield® (%)
1 Xantphos  CsaCOgs 110 20 <5
2 Xantphos NaO‘Bu 110 20 0
3 DPEphos  Cs2COs 100 20 95
4 DPEphos  Cs2CO3 80 24 52
5 DPEphos  Cs2COs 50 30 0

a Conditions: Pg(dba) (2.5 mol %), ligand (6 mol %), base (2.2 equiv).
bIsolated yields.

4756

mixture of cyclohexanone and 2-bromoiodobenzene with Pd
(dba), Xantphos, and GEO; delivered arylated keton@

in 78% vyield (Figure 2%. All of the substrates used in the
following study were prepared using slight variations of this
method!?

With access to the required 2-(haloaryl) ketones secured,
we turned our attention to the key benzofuran-forming
transformation. Substituted cyclohexan@weas selected for
initial study (Table 1). Although we had detected trace
amounts of benzofuraa during the preparation of ketone
3, when we resubjected ketorgeto a Xantpho¥-derived
catalyst in combination with GEO; we could only isolate
small amounts of the benzofuran product (entry 1). The use
of the same catalyst system with a stronger base was similarly

Org. Lett, Vol. 6, No. 25, 2004



unsuccessful (entry 2). However, the use of the ligand
DPEpho%* with Cs$CO; as base at 100C provided

benzofurand in 95% yield (entry 3). Lowering the reaction s Pdy(dba)s (2.5 mol.%) S
temperature simply resulted in poorer conversions (entries Xantphos (6.0 mol.%) Q;@
4 and 5). Br  CssCOs PhMe, 100 °C

Table 2 charts the scope of the cyclization reaction. 5 74% s

Although some variation in the choice of base was needed,

the same catalyst system @Riba), DPEphos) proved Figure 3. Benzothiophene formation.
effective for all the substrates studied. Simple cyclic and aryl-
and ketal-substituted cyclic ketones were tolerated well €nolate arylation to provide a route to benzothiophenes.
(entries +5). Entry 2 demonstrates that a Cl-substituted Conversion of arylated ketorto the corresponding thio
arene ring is also an effective substrate for the cyclizafion. ketone5 was achieved by treatment with,$o (71%).
Acyclic ketones also perform well provided N# is used Cyclization of thio keton& could be achieved using identical
as base (entries 6 and 7). The final three examples demon<conditions to that used for the parent ketone, providing the
strate that variation in the aryl substituent can also be corresponding benzothiophegein 74% yield (Figure 3).
achieved, with monofluoro and pyridyl units being readily This final reaction provides a further example of palladium-
incorporated (entries-810). catalyzed C-S bond formation.

Although examples of palladium-catalyzed-S bond In conclusion, we have demonstrated that the combination
formation are known¢ they are much less common than Of Pd(dbay and DPEphos generates an effective catalyst
the corresponding €N and G-O examples. However, we  for the intramolecula®-arylation of enolates, allowing 1-(2-
were interested in whether the concept of intramolecular haloaryl ketones to be efficiently converted to benzofurans.
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