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Abstract—A new approach to the synthesis of 4-(2-indolyl)-3-buten-2-ones is described based on condensation of 2-tosylamino-
benzyl alcohols with N-tosylfurfurylamine. Pseudooxidative furan ring opening occurred via protolytic elimination of tosylamide
from the side chain of the 2-tosylaminoaryl(5-tosylaminomethylfur-2-yl)methanes formed in situ.
� 2005 Elsevier Ltd. All rights reserved.
Indole derivatives are of paramount importance in the
chemistry of heterocyclic compounds due to their wide-
spread occurrence in Nature and the wide spectrum of
pharmacological activity of indoles. Recently, the syn-
thetic chemistry of indole has undergone considerable
advancement, with the development of new and modi-
fied known approaches, for the synthesis of this class
of compounds.1

4-(2-Indolyl)-3-buten-2-ones, being representatives of
a,b-unsaturated ketones, for which considerable syn-
thetic value is well known,2 represent versatile building
blocks for the synthesis of indole derivatives. For exam-
ple, 4-(2-indolyl)-3-buten-2-ones can serve as starting
materials for the synthesis of carbazoles.3

Most of the existing methods for the synthesis of indole
a,b-unsaturated ketones start with precursors with a
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Scheme 1.
preformed indole nucleus. This approach is exemplified
by the interaction of 2-silylindoles with methyl vinyl ke-
tone in the presence of Pd(OAc)2,

4 N,N-dimethylenea-
minoketones with 2-lithioindoles,5 and methyllithium
and 2-indolylacrylic acid.6 However, the most common
methods are aldol condensation7 and Wittig
reactions.3a,8

Only two examples are known, which employ simulta-
neous formation of indole and enone fragments as a
result of oxidative heterocyclic ring opening in ortho-
substituted aryldihetarylmethanes. Thus, Jones et al.9

reported that deoxygenation of 2-nitrophenyl-bis(5-
tert-butylthien-2-yl)methane with triethyl phosphite
led to the isolation of unsaturated thioketone 1
(X = S) and ketone 2 (X = O) along with the expected
thieno[3,2-b]quinoline derivative (Scheme 1). It was sug-
gested that these compounds resulted from rearrangement
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of an intermediate formed by electrophilic attack by a
nitrene on the thiophene ring.

Earlier, we demonstrated10 that reduction of 2-nitro-
phenyl-bis(5-methylfur-2-yl)methane with stannous
chloride in the presence of Me3SiCl also gave 2-indo-
lyl-a,b-unsaturated ketone 4 via oxidative ring opening.
In model experiments, it was revealed that the key step
of this transformation involves intramolecular [4+2]-
cycloaddition of the intermediate nitroso compound
(Scheme 2).

Neither the first nor second examples are general, as in
one case the title compounds were minor products,
and in the second the reaction failed with donor substit-
uents on the benzene ring due to the lowered reactivity
of the nitroso group as a dienophile.10
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Later, we developed a simple method for the synthesis of
4-(2-indolyl)-3-butan-2-ones 6, starting from the corre-
sponding 2-tosylaminobenzylfurans 5 (Scheme 3).11 It
was postulated that the reaction started with proton-
ation of the furan ring at C5 with the formation of cat-
ion A and then subsequent nucleophilic attack by the
ortho-substituent. The generality of this methodology
was proven by obtaining of a number of benzannelated
heterocycles.12

To study the scope of this new reaction and to modify
the indole derivative, we attempted the alkylation of
N-tosylfurfurylamine 9 with benzyl alcohols 8 in acetic
acid in the presence of H3PO4. However, unexpectedly,
4-(2-indolyl)-3-buten-2-ones 1113 were isolated rather
than the desired benzylfurans 10 indicating that formal
oxidative furan ring opening had occurred.
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H NTs 28
Me NTs 46
Et NTs 30
Ph NTs 39
4-MeC6H4 NTs 37
4-BrC6H4 NTs 27
Me NTs 37
Ph NTs 6
Me O 18
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This result, in the absence of any oxidant, can be as-
cribed to acid catalyzed elimination of tosylamide14 with
the formation of cation B (Table 1 compared with
Scheme 3). Further nucleophilic attack by the ortho-
tosylamino function on the cation, with elimination of
a proton, completes the formation of the a,b-unsatu-
rated ketone. In contrast to our proposed mechanism
of pseudooxidative furan ring opening via elimination
of tosylamide, the common reactions of furan deriva-
tives giving rise to the unsaturated 1,4-diketones reported
so far employ electrophilic attack on the furan ring with
typical oxidants like molecular oxygen, bromine, pyridi-
nium chlorochromate, and magnesium peroxyphtha-
late.15 Intermolecular oxidative fission of the furan ring
also starts with electrophilic attack on the furan ring.16

Although the unoptimized yields of ketones 11 are poor
to moderate (6–46%), this simple reaction allows the
construction of rather complex indole derivatives in
one step. The drawback of the method is that it only
works well with benzyl alcohols with donor substituents.
In the opposite case, tarry materials are formed and the
yields were dramatically reduced. For example, ketone
11h was isolated in only 6% yield. The reason for this
is probably due to the relative stability of the corre-
sponding benzyl cations.

We hypothesized that the introduction of other suitable
nucleophiles to the ortho-position of the benzyl alcohol
could extend the scope of the reaction. This possibility
was demonstrated in the reaction of the tosylfurfuryl-
amine and saligenol derivative 8i which gave 4-(2-ben-
zo[b]furyl)-3-buten-2-one 11i.17
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