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ABSTRACT

SN _ ;oomolzo [%Jéphen)(PPh3)2]NO3 N
RY_ — +* HO , 0eqlsy 3 I /\,
\ R Toluene, 110°C A0 R

We report a copper(l)-catalyzed procedure for the synthesis of 2-arylbenzo[b]furans. This protocol can be used to synthesize a variety of
2-arylbenzo[b]furans in good to excellent yields. This method can tolerate a variety of functional groups, does not require the use of expensive
additives, and is palladium-free.

Benzoplfurans are prevalent in many compounds and natural functional groups. More recently, palladium-based cross-
products that have important biological properficEhese coupling reactions with copper iodide as a cocatalyst have
include: antitumor propertiesinhibition of protein phos- been developed for the synthesis of benzofufahkis is
phatase 1B,5-HT, and 5-HT antagonist activity,inhibition accomplished through a tandem Sonagashira coupling/5-
of 5-Lipoxygenase (5-LO)? and anti-fungal properti€s.  endo-digcyclization starting from eitheo-iodophenols or
Pharmaceutically, these properties are relevant in the treat-o-ethynylphenols. In comparison to the traditional methods,
ment for cancer, cardiovascular disease, type 2 diabetesthese palladium-based protocols offer increased functional
migraines, dementia, and anxiét§f group tolerance and improved yields of the desired benzo-
The current methods for the synthesis of beb}fofans furan.
include the dehydrative cyclization ak-(phenoxy)alkyl In recent years, the DV groupBuchwald groug, and
ketones, cyclofragmentation of oxiranes, acidic dehydration others® have been interested in developing copper-catalyzed
of o-hydroxybenzyl ketones, and base-mediated decarbox-cross-coupling reactions. In contrast to the traditional Ull-
ylation of o-acylphenoxyacetic acids and esterfhese mann coupling, these methods are mild and tolerate a wide
traditional methods are often multistep reactions, limited to
a particular substrate, and do not tolerate a variety of
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range of functional groups. When compared to noble-metal of Cul (10 mol %) with 10 mol % of 1,10-phenanthroline
catalysts, copper-based methods have an economic attracf]) as an additive was least effective. On the basis of these
tiveness and hence remain the reactions of choice in largefindings we chose to use [Cu(phen)(BRRINO; as the
and industrial scale reactions. We report here a palladium- catalyst for the coupling af-iodophenols and aryl acetylenes
free synthesis of 2-arylbenagfurans via a copper(l)- to synthesize 2-arylbenzo[b]furans.

catalyzed coupling reaction ob-iodophenols and aryl We then screened various bases usiFigdophenol and
acetylenes using [Cu(phen)(PANO; (1) as the catalyst  phenylacetylene as the reactants dnds the catalyst in
and CsCQ; as base in tolueng. toluene (Table 1). We found that £20; was the most

— — Table 1. Base Effects on the Copper(l)-Catalyzed Synthesis of
N\ N/ \N / 2-Arylbenzo[b]furans

10 mol% [Cu(phen)(PPhs),INO;

4
PhsP 'PPhg HO—@ v = ) 20eqBese
Toluene, 110 °C, 24 h. (o]

M)

% conversion

We have previously shown that [Cu(phen)(BBn] can base (by GC)
be used as a catalyst for the coupling of phenylacetylene Cs,CO3 >95
and iodobenzene using,&O; as the base in toluerféTo K3PO, 67
study the mechanistic aspects of this reaction, we prepared K2CO3 53
a variety of copper(l) complexes bearing bidentate nitrogen- KOt-Bu 40

NaOt-Bu 29

based ligands and monitored the formation of diphenyl-
acetylene over time (Figure 1). We discovered that the most

I Cffccive base. Other bases such a8, KLCO, NaOt

Bu, and KQ-Bu were less effective and 48 was ineffective.
Through control experiments we found that Cul, CuBr,
or CuCl could not effectively catalyze the reaction and the
conversion to 2-phenylbenzgfuran was 10%, 10%, and
20%, respectively. Finally, 2-phenylbenbifuran was not
observed by GC when the reaction was run in either the
absence of GE€O; or 1. On the basis of these control
experiments, we decided to usas the catalyst and &50;
as the base in toluene as the standard protocol to synthesize
2-arylbenzadp]furans fromo-iodophenols and aryl acetylenes.
Using our protocol, we were able to cougleodophenol
with electron-rich and electron-poor aryl acetylenes in good
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[Cu(phen)(PPY)Br] (@) was slightly less effective and the o-iodophenoP This procedure, however, requires the use of a stoichiometric

use of [Cu(PP¥sBr] () resulted in only 40% conversion  amount of the preformed cuprous acetylide and refluxing pyridine. Owen

to the desired pl’OdUCt in24h Surprisingly complexes such and co-workersmodified Castro’s procedure using cuprous oxide (63 mol
’ ! %) and various acetylenes, but this procedure still requires the use of

as [Cu(neocup)(PR)Br] (v) (neocup= 2,9-dimethyl-1,10- refluxing pyridine and the amount of copper required is still high. The scope
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Table 2. Synthesis of 2-Arylbenzo[b]furans via Table 3. Synthesis of 2-Arylbenzo[b]furans via
Copper(l)-Catalyzed Coupling a-lodophenol and Various Aryl Copper(l)-Catalyzed Coupling of Phenylacetylene and Various
Acetylenes 4-Substituted-o-iodophenéls
|
1 10 mol% [Cu(phen)(PPh3)2INOs R
_ 10 mol% [Cu{phen)PPh3);]NO3 _ _ 2.0 eq Cs,C03 A
Jp— b 2.0 eq Cs,CO AN ) HOOR + —4< >
HO@ :@R W g R Toluene, 110 °C O o O
isolated ) . b isolated
entry aryl acetylene product ylisei da (?, %) entry o-iodophenol product yield (%)
T
A\
o
1
: O= Lo - 2wl TCD
0 o
N Y ! Ph \
s O= Od e O
> / g 2 HOOPh 5
/
\o o] . I Br
N
4 O: OO 7 4 Ho@sr OO 86
o]
A\ ' al
s o= [y {)e 7 5 ) 9
o HO cl S
Q
s Y= (OO 69 : Neg
o 6 HOOCEN O \ O 96
. o]
o} o \ o
7 —oi <:> * O O 67 aReaction conditions: 2.00 mmol od-iodophenol, 2.00 mmol of
o o phenylacetylene, 5.0 mL of toluene, 24 P¥-Substituteds-iodophenols
were synthesized from readily available phenols following the method
—0 A reported by Edgar and Falling: Edgar, K. J.; Falling, SIJNOrg. Chem.
8 0 g O 9] 1990,55, 5287—5291. See Supporting Information for details.
— o]
Oi
\ N / In summary, we have reported a synthetic protocol for
9 <:> — O 5 O 68 2-arylbenzadp]furans fromo-iodophenols and aryl acetylenes

using a well-defined copper(l) catalyst. Our protocol tolerates
aReaction conditions: 2.00 mmol af-iodophenol, 2.00 mmol of - ;
phenylacetylene, 5.0 mL of toluene, 24%Reaction time of 48 h. a Wld,e range of functional grOUpS_ that Cz,in be use.d to further
functionalize the benzo[b]furan ring. This synthetic route is

) . . palladium-free and avoids the use of expensive and/or air-
to excellent yields (Table 2). Base-sensitive functional groups gensitive additives.

such as methyl ketones (entry 6, Table 2) and methyl esters
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. . ment for financial support. J.M. thanks Bristol-Myers Squibb
palladium-based system is used (entry 9, Table 2). Further-for an undergraduate fellowship.

more, we successfully coupled a variety of 4-substituted-
iodophenols with phenylacetylene in good to excellent yields
(Table 3). The potential for further functionalization of the
benzoplfuran skeleton is made possible by the incorporation
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