
Highly Regioselective Nucleophilic
Carbon −Carbon Bond Formation on
Furans and Thiophenes Initiated by
Pummerer-Type Reaction
Shuji Akai, Norihito Kawashita, Hideharu Satoh, Yasufumi Wada,
Keisuke Kakiguchi, Ikumi Kuriwaki, and Yasuyuki Kita*

Graduate School of Pharmaceutical Sciences, Osaka UniVersity,
1-6, Yamada-oka, Suita, Osaka 565-0871, Japan

kita@phs.osaka-u.ac.jp

Received August 9, 2004

ABSTRACT

The reactions of (phenylsulfinyl)furans or -thiophenes with carbon nucleophiles in the presence of trifluoroacetic anhydride allowed the
nucleophilic installation of carbon functional groups on the furan and thiophene nuclei with complete regioselectivity.

Furans and thiophenes serve as useful synthetic intermediates
and building units for various compounds1-3 as well as
conductive molecules.4 Therefore, the development of carbon-
carbon bond-forming reactions of these compounds has
received significant attention. The most popular methods are
based on electrophilic reactions such as (i) the direct
electrophilic substitution reactions of these nuclei2,5 and (ii)

the generation of metalated intermediates by either the
halogen-metal exchange reaction or the directed metalation
reaction followed by the reaction with carbon electrophiles.3,6

The transition metal-catalyzed reactions of (halogenated)
heteroaromatics have also been extensively employed re-
cently.7 On the other hand, direct nucleophilic substitution
reactions on these heteroaromatic compounds have been
limited to the specific combination of the substrates having
powerful electron-withdrawing group(s), such as nitro or
carbonyl groups, and highly reactive carbanions.8,9

Over the past several years, we have disclosed the
preparation of benzofurans and indolesIII via the aromatic
Pummerer-type reaction10 of p-sulfinyl-phenols and -anilines
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I. In these reactions, the treatment ofI with trifluoroacetic
anhydride caused the successiveO-acylation and elimination
of the acyloxy group, both of which were accelerated by
the electron-donation of thep-hydroxyl or thep-amino group.
The generatedp-quinone sulfonium intermediatesA allowed
regioselective nucleophilic attack of the external olefinsII
followed by cyclization to giveIII (Scheme 1).11

Similar intramolecular cyclizations using the Pummerer-
type reaction of 2-sulfinylindolesIV having a nucleophilic
alkyl chain at the C3-position have been reported to give
spirooxindolesV (Scheme 2).12

As an extension of these Pummerer-type reactions, we
present here novel intermolecular nucleophilic carbon-
carbon bond-forming reactions of the 2-sulfinyl-furans and
-thiophenes1 to give C3-substituted heteroaromatics3.
Similarly, the 3-sulfinyl derivatives5 afforded the C2-
substituted products6 with exclusive regioselectivity (Scheme
3).13

We first investigated the reaction of 2-sulfinylfuran1aand
acetylacetone2a as a typical example. The reaction of a
mixture of these compounds with trifluoroacetic anhydride
(2 equiv) in MeCN was immediately completed at room
temperature to give the product3a (75% yield), in which
the nucleophile was installed at the C3-position. The forma-
tion of other regioisomers was not observed upon1H NMR
analysis. On the other hand, the use of other solvents such
as toluene, CH2Cl2, CHCl3, and acetone resulted in unsat-
isfactory yields of3a (up to 46% yield).

Similar reactions of the 2-sulfinylfurans (1a,b) or the
thiophenes (1c-e) with carbon nucleophiles (2a,b) took place
to afford the C3-substituted products (3b-g), each as a single
regioisomer, in moderate to high yields (entries 2-8). Some
features are noteworthy: First, the thiophene derivative1c,
which has a higher degree of aromaticity than the furans,14

also accepted the nucleophilic attack to give the C3-
substituted products (3d and 3e) in 78 and 86% yields,
respectively (entries 4 and 6). Second, the thiophene1d
having an electron-withdrawing group was less reactive when
forming 3f at 80°C (entry 7), whereas the methylthiophene
1ewas a good substrate to give3g at 0 °C (entry 8). Third,
some reactions at room-temperature suffered low yields of
the products due to the formation of sulfides4 as a side
product (for example, entry 5), although the reaction mech-
anism for their generation has not yet been clarified. In such
cases, similar reactions at 0°C suppressed their formation
to give the products in better yields (for example, entry 6).

In a like manner, the reactions of the 3-sulfinyl derivatives
(5a,b) with 2a,b took place to give the C2-substituted
products (6a-d) in high yields with exclusive regioselectivity
(entries 9-12).15
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thiophene rings must accelerate the elimination of the acyloxy groups of
theO-acylated sulfonium intermediates, respectively. In addition, the effect
that the electron-donating group of the C-5 substituent (Me group, entry 8
in Table 1) accelerates the reaction, while the electron-withdrawing CO2Me
group deactivates it (entry 7), suggests the participation of the 6π-electrons
of the heteroaromatics. Therefore, the aromatic Pummerer-type mechanism
(Scheme 3) seems to be more plausible than the additive Pummerer
mechanism,12 although we cannot rule out the possibility of the latter one.
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at theipso-position. For instance, mCPBA oxidation of the
furan 3c gave the corresponding sulfoxide7a, which was
treated with PhLi in toluene to generate the 2-lithiofuranB
via the sulfur-lithium exchange reaction.11aQuenching this
nucleophilic intermediate with ClCO2Me provided the furan-
2-carboxylate8a in 71% yield. This type of reaction is also
effective on the thiophenes; e.g.,7b, prepared from3e, was
converted to8b and8c in good yields (Scheme 4).

In conclusion, we have developed regioselective substitu-
tion reactions of furans and thiophenes via the Pummerer-
type reaction. Our method features the nucleophilic substi-
tutions under mild acidic conditions, in which even weak
nucleophiles such as acetylacetone2acan be used. Complete

regioselectivity was attained and found to be dependent on
the position of the sulfinyl group. The iterative use of a single

Table 1. Regioselective Nucleophilic Substitution on1 or 5 with 2a,b

a Compound exists as the enol form.b Besides3e, the corresponding sulfide4c (X ) S, R) H) was obtained in 30% (for entry 5) and<10% yield (for
entry 6).c 1d (50% yield) was recovered.

Scheme 4
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sulfinyl group for the introduction of two different carbon
functional groups is another feature of this method. The
extension of this method to otherπ-sufficient heteroaromatics
and nucleophiles is now under study in our laboratory.
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