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ABSTRACT

A novel method for synthesizing 4-acetoxy-2-amino-3-arylbenzofurans (4) from 1-aryl-2-nitroethylenes (1) and cyclohexane-1,3-diones (2) is
described. The method features one-pot operation of a solution of 1 and 2 in THF with catalytic Et 3N (rt, 12 h) followed with Ac 2O, Et3N, and
DMAP (rt, 5 h), although the process consists of 13 elementary reactions.

The benzofuran framework is a core structure of many
heterocyclic compounds of synthetic or pharmaceutical
importance.1 Because benzofurans elicit a broad spectrum
of biological activities, a number of synthetic methods have
been reported. Many of these synthetic routes employ
substituted phenol derivatives as a starting material.2,3 During
the course of our studies on the synthetic potential of

cyclohexane-1,3-diones,4 we have discovered a novel domino
process5 consisting of 13 elementary reactions that com-
mences with a Michael addition reaction between 1-aryl-2-
nitroethylenes (1)6 and cyclohexane-1,3-diones (2) to even-
tually afford 4-acetoxy-2-amino-3-arylbenzofuran derivatives
(4) as outlined in Scheme 1.

Extremely simple reagents and conditions were used in
this two-component coupling reaction. A solution of1 and
2 in THF containing a catalytic amount of triethylamine (10
mol %) was stirred at room temperature for 12 h, which was
expected to afford cyclic oxime intermediates (3).7 To this
mixture were added acetic anhydride (Ac2O), triethylamine
(Et3N), and 4-(N,N-dimethylamino)pyridine (DMAP) at room
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temperature. The resulting solution was stirred at that
temperature for 5 h togive 4a-j in acceptable yields.8 The
structures of4a-j were revealed by1H and 13C NMR
analysis. In addition, the NMR-based structures were con-
firmed by X-ray crystallographic analysis of4b9 and4c9 as
representative examples (Figure 1). Results summarizing the

reactions between1a-e and symmetrical cyclohexane-1,3-
diones (2a-d)10 leading to 4-acetoxy-2-amino-3-arylbenzo-
furans (4a-j ) are given in Table 1.

When an aryl substituent of1 was replaced with an alkyl
group, as in1f, the reaction product was5 (27%) under
identical reaction conditions (Scheme 2). In addition, the use
of dimedone generated6 (51%) (Scheme 2). Since the
treatment of3 with a combination of Ac2O, Et3N, and DMAP
should effect acetylation of the oxime moiety, we were able
to deduce a plausible pathway (Scheme 3) on the basis of

these two control experiments. This pathway involves 13
elementary reactions and can be outlined as follows: double
conjugate additions (2 + 1 f 7 f 8), formation of3 as a
tautomer of the nitroso intermediate (9) produced from8 by
dehydration, acetylation of3 triggering 1,8-elimination11 of
11 (tautomer of10), resulting in the formation ofR,â:γ,δ-
unsaturated imine (12), and finally the aromatization from
12 facilitated by enolization to give4 via acetylation of the
phenolic hydroxy group.

The formation of5 (Scheme 2) clearly means that10must
be tautomerized to11 for the succeeding 1,8-elimination to
be feasible. Increased acidity of the benzylic hydrogen is
likely to be responsible for this reaction. This is apparently
lacking in5. However, the isolation of6 is indicative of the
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Scheme 1. One-Pot Synthesis of
4-Acetoxy-2-amino-3-arylbenzofurans from

1-Aryl-2-nitroethylenes and Cyclohexane-1,3-diones

Figure 1. Chem 3D presentation of X-ray structures.

Table 1. 4-Acetoxy-2-amino-3-arylbenzofurans from
Symmetrical Cyclohexane-1,3-dionesa

a Conditions: (1) Et3N (10 mol %), THF, rt, 12 h. (2) Ac2O, Et3N,
DMAP, rt, 5 h. b For product isolated by SiO2 column chromatography.

Scheme 2
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occurrence of an isoaromatization as the final step of this
domino process.

We have recently developed a method for preparing
substituted cyclohexane-1,3-diones from simple ketones and
R,â-unsaturated esters.4 Therefore, we have examined the
regiochemistry of the second conjugate addition step by the
internal heteronucleophile (7 f 8 f 9 f 3) by using
unsymmetrical cyclohexane-1,3-diones such as2f-h.4 How-
ever, substituents at the C(4) or C(5) positions of2f-h
exhibited almost no control over this kind of regiochemistry
for manipulating the furan framework, resulting in only
marginal selectivity (Table 2).

To expand the structural diversity of4, we made some
efforts to introduce substituents at C(2) of4 other than the
amino group.12 We tried to directly replace the amino group
of 4 with an acetoxy group and found a quite simple answer
to the problem of realizing such a transformation, which is
shown in Scheme 4. Upon treatment of4a or 4e, as

representative cases, with acetic anhydride (60 times as much
as4) in the presence of H2SO4 (ca. 1.5 times as much as4),

they led to15a or 15b, respectively, in good yields. The
process probably involves the generation of an imidatonium
ion intermediate through protonation at C(3) and the addition
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Scheme 3. Plausible Mechanism Table 2. 2-Amino-3-arylbenzofurans from Unsymmetrical
Cyclohexane-1,3-diones

a For products isolated by SiO2 column chromatography.b 4 and4′ could
not be separated by SiO2 column chromatography, and the ratios were
determined by1H NMR analysis.c 4′k ) 4-acetoxy-7-methyl isomer;4′l
) 4-acetoxy-7-isopropyl isomer;4′m ) 4-acetoxy-6-phenyl-7-methyl
isomer.

Scheme 4. Conversion of4 to 2-Acetoxybenzofurans
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of an acetoxy anion to such a reactive intermediate followed
by Hoffman-type elimination to give C(2)-acetoxy product
15, although the rationalization of the exact nature of this
pathway must await further studies.

In conclusion, we have developed one-pot, multistep
synthesis of 2-aminobenzofurans in which the union of 13
elementary reactions are proposed to play an important role.
The synthesis simply involves treating a solution of1 and2
in THF with catalytic Et3N, followed by conventional
acetylation conditions (Ac2O, Et3N, and DMAP) at room
temperature. The reaction scheme is so simple that4 can be
synthesized in multigram quantities if so desired. Further-
more, the availability of derivatives of1 and2 would make
the present synthesis highly attractive in diversity-oriented
organic synthesis.13
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