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plete regioselectivity.

A method to prepare a variety of substituted 3-acyl-5-hydroxybenzofurans efficiently that relies on cop-
per(II) triflate-catalyzed cycloaddition of unactivated 1,4-benzoquinones with 1,3-dicarbonyl compounds
is reported. The reaction was shown to be operationally straightforward and proceeds expediently under
mild conditions to give the corresponding products in good to excellent yields (up to 95%) and with com-

© 2010 Elsevier Ltd. All rights reserved.

Benzofurans are found in a wide variety of bioactive natural
products and compounds of current therapeutic interest.!? How-
ever, while this has led to a myriad of methods for benzofuran
synthesis under strongly acidic and basic conditions, examples
of the analogous reactions catalyzed by a Lewis acid have re-
ceived less attention.”® To our knowledge, approaches to benzo-
furans that explore the use of ecologically benign Lewis acid
catalysts in combination with low cost and readily available sub-
strates under mild conditions are limited to only three reported
methods.*> The first two reported the 1,4-conjugate addition/
cyclization of 1,4-benzoquinones with 1,3-dicarbonyl compounds
in the presence of a stoichiometric amount of ZnCl, as a catalyst
that was achieved in low to moderate product yields.* More re-
cently, De Kimpe and co-workers showed that Yb(OTf); mediated
the cycloaddition of activated 1,4-naphthoquinones with 1,3-
dicarbonyl compounds and provided the corresponding 3-acyl-
5-hydroxynaphtho[1,2-b]furans in good to excellent yields and
regioselectivity.> As part of an ongoing programme on develop-
ing new Lewis acid-catalyzed reactions,® we report herein the
use of Cu(OTf), as a catalyst for the cycloaddition of unactivated
1,4-benzoquinones with 1,3-dicarbonyl compounds (Scheme 1).
The 3-acyl-5-hydroxybenzofuran products were obtained in
yields and regioselectivities comparable to those reported for
the closely related Yb(Ill)-mediated approach to this syntheti-
cally useful O-heterocyclic building block.

Initially, we found that treating 2,5-dimethylcyclohexa-2,5-
diene-1,4-dione 1a (1 equiv) with dibenzoylmethane 2a (2 equiv)
and 5mol % of Cu(OTf), in toluene at reflux for 10 h gave the
best result (Table 1, entry 1).” Under these conditions, (5-hydro-
xy-4,7-dimethyl-2-phenylbenzofuran-3-yl)(phenyl)methanone 3a
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Scheme 1. Cu(OTf),-catalyzed formation of 3-acyl-5-hydroxybenzofurans from
unactivated 1,4-benzoquinones and 1,3-dicarbonyl compounds

was furnished in 95% yield, and was comparable to the analo-
gous Yb(OTf)s;-catalyzed cycloaddition of 1,4-naphthoquinones
with 1,3-dicarbonyl compounds.® The structure of the benzofu-
ran product was confirmed by 'H NMR analysis and X-ray crys-
tal structure determination of two closely related products (see
below). A slightly lower product yield was observed when the
reaction was carried out in 1,2-dichloroethane as a solvent (en-
try 2). In contrast, changing the solvent from toluene to THF,
CH3CN or DMF was found to give no reaction and both starting
materials were recovered in near quantitative yields (entries
3-5). Similarly, analogous reactions conducted with Yb(OTf)s,
In(OTf); or TfOH in the place of Cu(OTf), as the catalyst gave
the product in lower yields of 45-79% (entries 6, 7 and 10).
On the other hand, switching the catalyst to FeCls, ZnCl,, p-
TsOH-H,0 or TFA was found to result in either a trace amount
of product or no reaction based on TLC and 'H NMR analysis
of the crude mixtures (entries 8, 9, 11 and 12).

To define the scope of the present procedure, we next exam-
ined the reactions of a variety of unactivated 1,4-benzoquinones
and 1,3-dicarbonyl compounds (Table 2). Experiments revealed
that with Cu(OTf), as the catalyst, 1,4-benzoquinones 1la-c
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Table 1
Optimization of the reaction conditions®
0 OH
Me
Me O O catalyst (5 mol%) 1o
+ - 5
Me Ph Ph solvent, A, 10-24h  Me L J Ph
© Ph
1a 2a 3a
Entry Catalyst Solvent Time (h) Yield® (%)
1 Cu(OTH), PhMe 10 95
2 Cu(OTH), (CH,Cl), 12 85
3 Cu(OTf), THF 12 _c
4 Cu(OTH), CH5CN 12 —
5 Cu(OTf), DMF 12 —<
6 Yb(OTf); PhMe 10 79
7 In(OTf); PhMe 24 76
8 FeCl3 PhMe 24 —<
9 ZnCl, PhMe 24 —d
10 TfOH PhMe 24 45
11 p-TsOH-H,0 PhMe 24 —c
12 TFA PhMe 24 —d

2 All reactions were performed at reflux temperature with a ratio of catalyst/1a/
2a=1:20:40.

b Isolated yield.

¢ No reaction based on TLC and 'H NMR analysis.

4 Trace amount (<1%) of product was obtained.
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and 1,3-dicarbonyl compounds 2a-h underwent the cycloaddi-
tion process and gave the corresponding benzofuran products
in good to excellent yields (entries 1-17). Notably, this included
the cycloaddition of 1a-c with the less acidic B-ketoester 2d
which gave the corresponding adducts 3d, 3i and 30 in good
to excellent yields (entries 3, 8 and 14). Moreover, in instances
where it was envisaged that reactions with 1,3-dicarbonyl com-
pounds containing two different aryl substituents as in 2g-h
would lead to a mixture of isomers, only one regioisomer was
obtained (entries 10, 11 and 17). Similarly, the analogous cyc-
loadditions of unactivated 1,4-benzoquinones with 1,3-dicar-
bonyl compounds bearing both an aryl and alkyl group as in
2c¢ and 2e were found to provide the corresponding 3-acyl-5-
hydroxybenzofurans as the sole product (entries 2, 7, 13 and
15). This was further confirmed by X-ray structure analysis of
3k and 30 as shown in Figure 1.8 With the cycloaddition pro-
cess proceeding at either the more electropositive or less steri-
cally hindered carbonyl carbon centre of the 1,3-dicarbonyl
compound under our conditions, this suggested that the present
procedure was regioselective. Under the standard conditions,
reaction of 1d with 2a was the only example where no reaction
could be detected on the basis of '"H NMR and TLC analysis of
the crude reaction mixture (entry 18).

A tentative mechanism for the present reaction is shown in
Scheme 2. This could involve initial activation of both 1 and 2

Table 2
Copper(ll) triflate-catalyzed cycloaddition of unactivated 1,4-benzoquinones 1a-d with 1,3-dicarbonyl compounds 2a-h*
(0] (0]
O O
R3 Me Me Jo]\/lcj)\ Q Q
4 5
R R2 R R O O o O O
o 5 MeO OMe R Br
1b,R'=R?=R3=H 1d 2b, R*=R®%=Me 2f 2g, R® = OMe
1c, R'= Me, R? = R® = OMe 2¢, R*=Ph, R® = Me 2h,R6=Cl
2d, R* = Ph, R® = OFEt
2e, R* = Ph, R5 = (CH,);oMe
Entry Substrates Product Yield® (%)
(@) 4 _p5
1 1la+2b Me RS 3b, R*=R’>=Me 40
2 1a+2c HO. 3¢, R*=Ph, R® = Me 81
3 la+2d N R4 3d, R* = Ph, R® = OEt 88
(0]
Me
O Br
Me (0]
4 la+2g HO. 3e 78
Cry—<-on
(0]
Me
5 1b+2a Oy o5 3f,R*=R>=Ph 91
6 1b +2b R 3g, R4=R° = Me 45
7 1b+2c HO N 3h, R*=Ph, R® = Me 83
8 1b+2d p R* 3i, R* = Ph, R® = OFt 87
MeO
9 1b +2f o) 3j 68
HO
Cry—)-om
(0]

(continued on next page)
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Table 2 (continued)

Entry Substrates Product Yield® (%)
O Br
10 1b+2 0 3k 79
+
& HO
o
o
Br.
o
11 1b+2h HO 31 64
IO
o
o)
5]
12 1c+2a e R 3m, R*=R5=Ph 71
13 1c+2c HO A 3n, R*=Ph, R® = Me 67
14 1c+2d R* 30, R* = Ph, R® = OEt 69
MeO 0o
OMe
Me
o)
Me )10
HO
15 1c+2e A\ Ph 3p 62
MeO ¢}
OMe
oM
o oy O
HO
16 1c+2f O N\ O e 3q 62
MeO O
OMe
Br,
D)
17 1c+2g HO A 3r 65
O-on
MeO o
OMe
o)
Me Ph
18 1d+2a HO. A 3s _c
Ph
Me 0o

2 All reactions were performed at reflux temperature for 10 h in PhMe with a ratio of catalyst/1/2 = 1:20:40.

" Isolated yield.

¢ No reaction detected based on TLC and 'H NMR analysis of the crude reaction mixture.

through coordination with the metal catalyst in a manner similar
to that proposed by De Kimpe and co-workers for the Yb(OTf)s-cat-
alyzed cycloaddition of activated 1,4-naphthoquinones with 1,3-
dicarbonyl compounds. Subsequent 1,4-conjugate addition of the
resulting enolate A to the copper-activated 1,4-benzoquinone 1 af-
fords the cyclic enolate B. Aromatization of this newly formed
intermediate gives the hydroquinone C which can undergo intra-
molecular 5-exo-trig cyclization. Elimination of H,0 from 2,3-dihy-
drobenzofuran-2-ol adduct D then delivers the product 3.°

In summary, an efficient and regioselective copper-catalyzed syn-
thetic route to 3-acyl-5-hydroxybenzofurans based on cycloaddition
of unactivated 1,4-benzoquinones with 1,3-dicarbonyl compounds
has been reported. These results show that the reaction tolerates a
structurally diverse set of substrates and complements earlier work

with activated 1,4-naphthoquinones and 1,3-dicarbonyl compounds
mediated by Yb(OTf)s.> In addition, the present method was shown
to be practical and operationally straightforward and gives good prod-
uct yields. Efforts to apply this method to natural product synthesis
are currently underway and will be reported in due course.

Acknowledgements

This work is supported by a College of Science Start-Up Grant
from Nanyang Technological University (NTU) and Science & Engi-
neering Research Council Grant (092 101 0053) from A STAR, Sin-
gapore. A stipend to D. S. from NTU under the Undergraduate
Research Experience on CAmpus (URECA) programme is also
acknowledged.



S. R. Mothe et al./Tetrahedron Letters 51 (2010) 2136-2140 2139

[Cu] Icul

RN R
AT
R4+

o
RSVR“ RSJ\/k
H
A

NS

O
1 |) R2 H*
R3 —[Cu]
[¢]
1

_-[Cu]

OH OH
o R 4y R! R? R R2
-H,0 H* 0
RS 2 OH H
2 R3 5 3
! R . R R
R4 o R R 10) AOH
R HG R Co
3 D c

Scheme 2. Tentative mechanism for Cu(OTf),-catalyzed cycloaddition of 1 with 2.

Figure 1. ORTEP drawings of (a) 3k and (b) 30 with thermal ellipsoids at 50%
probability levels.®
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