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Abstract

Oxalacetic acid and pyruvic acid derivatives have been synthesized efficiently in high yields by the treatment of 4-ethoxycarbonyl-5-
phenyl-2,3-furandione and 4-benzoyl-5-phenyl-2,3-furandione with 2-phenylindole at room temperature and converted to simple deriv-
atives such as an ester or a hydrazone.
� 2008 Elsevier Ltd. All rights reserved.
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Furandiones are extremely versatile synthons in hetero-
cyclic chemistry.1 Thermal decarbonylation of these com-
pounds yields a-oxoketenes as intermediates, which are
able to undergo cyclo- and nucleophilic addition reactions
with heterodienophiles and nucleophiles, respectively.2 In
addition, these compounds also show typical carbonyl, lac-
tone and a,b-unsaturated carbonyl reactions depending on
the structures of the nucleophiles.3 Furandiones can be
subdivided depending on the substitution pattern on C-4,
5. In particular, furandiones having a carbonyl functional-
ity at C-4 offer specific reactivities towards nucleophiles as
well as cycloaddition processes.1 On the other hand, the
indole nucleus is present in a wide variety of natural and
synthetic compounds, many of which have proved to be
interesting in a chemical and biological context due to their
showing a wide spectrum of pharmacological action.4

Despite the significant work performed on the reactions
of furandiones with various nucleophiles, the reactions of
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furandiones with indoles have not been reported. In an
attempt to remedy this situation, we decided to extend
our previous studies5 on the reactions of furandiones 1,
bearing carbonyl functionalities at C-4, to the reaction with
2-phenylindole.

Our approach revealed that furandiones 1 react with 2-
phenylindole to yield derivatives of oxalacetic acid or
pyruvic acid, both of which are important natural meta-
bolites.6 The reaction conditions are mild and the experi-
mental procedure is simple. The products were formed in
high yields (85–89%).7 Due to the presence of three elec-
trophilic sites with different reactivity (C-2, C-3 and C-5)
in furandiones 1 that can react with nucleophiles,8 the
reactions of 1 with 2-phenylindole may produce three iso-
meric indole derivatives. However, the results of TLC
studies for each reaction indicated the presence of only
one product, the structures of which were identified as
ethyl 2-[phenyl-(2-phenyl-1H-indol-3-yl)-methylene]-oxal-
acetate and 3-benzoyl-2-oxo-4-phenyl-4-(2-phenyl-1H-
indol-3-yl)-but-3-enoic acid 2 (Scheme 1).

The formation of only one of the three possible struc-
tures is based on an X-ray study of butyl 2-[phenyl-(2-phen-
yl-1H-indol-3-yl)-methylene]-oxalacetate thus excluding the
other possible isomers (Fig. 1).
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Scheme 1. Reagents and conditions: (i) dry benzene, room temperature; (ii) corresponding alcohol, H2SO4, reflux; (iii) phenylhydrazine, xylene, 0 �C.
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In the title compound shown in Figure 1,9 the bond
lengths and angles are in agreement with the values
reported for other organic compounds.10 The (C1–C8/
N6) ring system is almost planar, with maximum devia-
tions of �0.027(3), 0.027(5), �0.039(3) and 0.029(2) Å,
Fig. 1. An ORTEP-3 drawing of butyl 2-[phenyl-(2-phenyl-1H-indol-3-
yl)-methylene]-oxalacetate 3c with atom numbering scheme. Displacement
ellipsoids are drawn at the 20% probability level. H atoms are of arbitrary
size.
for atoms C1, C3, C6 and C8, respectively. This ring sys-
tem adopts dihedral angles of 35.62(15)� and 78.94(14)�,
with the planes of the (C9–C14) and (C16–C21) phenyl
rings, respectively. The crystal structure is stabilized by
two intermolecular N–H� � �O and C–H� � �O hydrogen
bonds [N6–HN6� � �O3i = 144(3)�, HN6� � �O3i = 2.14(4) Å,
N6� � �O3i = 2.956(4) Å and C31–H31B� � �O2i = 145�,
H31B� � �O2i = 2.51 Å, C31� � �O2i = 3.342(7) Å. Symmetry
code: (i) 1/2 � x, �1/2 + y, 3/2 � z].

A reasonable reaction pathway from furandiones 1 to
oxalacetic acid and pyruvic acid derivatives 2 is outlined
briefly in Scheme 2.

The formation of compounds 2 may be initiated by
Michael addition, via nucleophilic attack at C-5 of the
furan ring in 1 by the CH group at C-3 of 2-phenylindole.
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Rearrangement of the intermediates thus formed may lead
to ring opening to give oxalacetic acid or pyruvic acid
derivatives 2 (Scheme 2).

The structures of compounds 2 were confirmed by ana-
lytical and spectral data. In addition, while conversion of
oxalacetic and pyruvic acids 2 into their corresponding
ester derivatives 3 has been accomplished by Fischer ester-
ification showing the presence of a free carboxyl group,11

we have also succeeded in obtaining hydrazone 4 formed
by the reaction of phenylhydrazine with the oxo group of
oxalacetic acid.12

Both the 1H NMR and 13C NMR spectra showed
evidence for the presence of a tautomeric equilibrium
between the two tautomers of the keto forms of the
oxalacetic and pyruvic acid derivatives 2, 3 and 4 in both
DMSO and in CDCl3 solutions. However, 2-oxo-3-[phen-
yl-(2-phenyl-indol-3-ylidene)-methyl]-succinic acid-4-ethyl
ester and 3-benzoyl-2-oxo-4-phenyl-4-(2-phenyl-indol-3-
ylidene)-butyric acid and their ester derivatives did not
show any tendency to enolize both in DMSO and CDCl3
although their enol forms should be stabilized by intramo-
lecular hydrogen bridges. Similar observations have also
been made with closely related dipivaloyl acetic acid,
pivaloyl malonic acid, dibenzoyl acetic acid and benzoyl
malonic acid derivatives.2c–e

In conclusion, 2-phenylindole has been employed here
for the first time as an efficient nucleophilic reagent for
the regiospecific synthesis of oxalacetic acid and pyruvic
acid derivatives from furandiones.
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