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ABSTRACT

The quasi-antiaromatic 2 H-indol-2-one ring system is readily generated by treating a 3-hydroxy-substituted 1,3-dihydroindol-2-one with a Lewis
acid. Stepwise addition of various π-nucleophiles to the highly reactive 2 H-indol-2-one system occurs smoothly to afford substituted oxindoles.
The cyclization was also carried out in an intramolecular fashion to give spiro-substituted oxindoles in good yield.

Functionalized 1,3-dihydroindol-2-ones (oxindoles) represent
the core structure of many important pharmacological agents
and natural products.1 For example, the oxindole motif is
present in the anti-Parkinson’s drug ropinirole,2 in non-opioid
nociceptin receptor ligands,3 and in the growth hormone
secretagogues.4 In addition, the oxindole moiety constitutes
a key structural element in several natural products,5 includ-
ing the antibiotic speradine6 and the cytostatic welwistatin.7

Consequently, the development of novel synthetic strategies
leading to 3,3-disubstituted oxindole derivatives is of para-
mount importance. Various methods have been developed
for the construction of this ring system. Among the tech-
niques commonly used in their synthesis are derivatization

of other heterocycles,8 intramolecular Heck reactions,9 aryla-
tion of amides,10 and variants of the Stolle reaction.11 The
synthesis of oxindoles has also been carried out by using
the Friedel-Crafts reaction,12 the Gassman sulfonium ylide
reaction,13 photoinduced14 and radical cyclizations,15 as well
as transition-metal-catalyzed reactions.16 Even though a
variety of methods are available, simple and efficient
approaches toward 3,3-disubstituted oxindoles still remain
scarce. In connection with our current studies dealing with
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the synthesis of indole alkaloids,17 we describe herein an
approach to diversely functionalized oxindoles starting from
the commercially available isatin.

Substituted 3-hydroxyindolin-2-ones can readily be pre-
pared by treating 2,3-indolinediones (isatins) with a variety
of organometallic reagents.18,19 We reasoned that treatment
of these compounds (i.e.,1) with a Lewis acid would result
in an overall dehydration and afford a transient 2H-indol-
2-one (i.e.,2) as a species that could be reactive toward
various nucleophiles to give 3,3-disubstituted oxindoles of
type 3 (Scheme 1). We were particularly interested in

trapping the labile quinone methide imine2 with activated
dienophiles with the hope that a Diels-Alder cycloadduct
of type 4 would be obtained. Such a [4+2]-cycloaddition
has recently been suggested to be involved in the biosynthesis
of the alkaloid communesin B.20,21 Since there have been
no other reported examples of the Diels-Alder reaction of
2H-indol-2-ones in the literature,22 we thought it would be
worthwhile to study this intriguing and potentially useful
cycloaddition reaction.

Our initial investigations involved the use of styrene as
the added 2π-substrate. Heating a sample of1 (R ) Me)
with a 10 M excess of styrene in toluene at reflux in the
presence of catalyticp-toluenesulfonic acid afforded 3-meth-
yl-3-styryl-1,3-dihydroindol-2-one (6) in 60% yield as the
only isolable product (Scheme 2). The formation of6 is best
rationalized by addition of the terminalπ-bond of styrene

onto the highly reactive 2H-indol-2-one intermediate2
followed by a deprotonation of the resulting carbocation
intermediate5.23

Apparently, the stepwise addition of the olefinicπ-bond
to the quasi-antiaromatic 2H-indol-2-one species is preferred
over the [4+2]-cycloaddition reaction. A series of additional
experiments showed that this electrophilic-induced substitu-
tion reaction proceeds with a variety of substrates containing
activatedπ-bonds. Thus, we were pleased to find that an
analogous substitution reaction occurred using furan, thiophene,
and anisole as added nucleophilicπ-substrates. Oxindoles
7, 8, and 9 were isolated in good yields for these three
systems (Scheme 3).

Spirocyclic compounds correspond to systems containing
one carbon atom common to two rings and are structurally
quite interesting entities.24 Among them, the heterocyclic
spiro-oxindole framework is an important structural motif
in biologically relevant compounds as both natural products
and pharmaceuticals.25 Due to our ongoing interest in the
chemistry of indole alkaloids,17 we decided to expand the
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scope of the synthetic methodology outlined above and apply
the method toward the cyclization of several 3-hydroxy-
substituted oxindoles bearing unsaturated side chains. The
exploitation of cationicπ-cyclizations for the construction
of polycyclic ring systems has been the object of intense
study since the early 1950s.26 Initial forays into this arena
demonstrated the syntheses of fused ring terpenoid-type
systems, and later efforts were also carried out for the
syntheses of spiro and bridged ring carbocyclic systems.27

For our methodological studies into the formation of spiro-
oxindoles, we selected to investigate some very simple core
systems. Our initial inquiry was the study of the cyclization
reaction of 3-hydroxy-3-(3-phenylpropyl)-1,3-dihydroindol-
2-one (10). We found that10 could be converted into spiro-
oxindole 11 in 76% yield upon heating with BF3‚OEt2 in
CH2Cl2 at reflux.28 A related acid-catalyzed cyclization with
3-hydroxy-3-pent-4-enyl-1,3-dihydroindole-2-one (12) also
proceeded under similar conditions. Most interestingly, a
single cyclized product was obtained in 80% isolated yield.
Extensive NMR studies showed that the product cor-
responded to spiro-oxindole14 (Scheme 4). One possibility

to account for the high specificity associated with this
particular cyclization is that the reaction occurs via a pseudo-
ene type process that involves 2H-indol-2-one 15. This
pathway avoids the formation of a highly reactive secondary
carbocation intermediate. Such an intermediate would have
been expected to produce a mixture of regioisomeric spiro-
oxindoles (vide infra). The identical cyclized product (i.e.,
14) was also formed from the acid-catalyzed reaction of the
corresponding methyl ether13. Interestingly, the reaction of
(4-methylpent-4-enyl)indolone16 with BF3‚OEt2 did not

produce the expected spirocyclic oxindole19, giving instead
the cyclic tetrahydro-2H-pyran 18 in 81% yield as the
exclusive product (Scheme 5). In retrospect, this result is

not totally unexpected as protonation of the more activated
olefinic π-bond leads to a stable tertiary carbocation and this
path occurs in preference to formation of the 2H-indol-2-
one intermediate. However, if16 is first converted into the
corresponding acetate17, the spiro-substitued oxindole19
is indeed formed (65%) by a pathway involving attack of
the olefinicπ-bond onto the transient indol-2-one intermedi-
ate. In this case, a 2.5:1 mixture of regioisomeric alkenes
(19a/19b) is produced and this result is consistent with a
mechanism for cyclization proceeding via a distinct tertiary
carbocation intermediate.

In summary, we have demonstrated the utility of the quasi-
antiaromatic 2H-indol-2-one system for the synthesis of
substituted oxindole derivatives. The highly reactive indol-
2-one behaves more like an electrophilicπ-acceptor than a
reactive diene. The mechanistic details of theπ-cyclization
reaction seem to depend on the nucleophilicity of the
attacking olefin. When a 4-pentenyl group is attached to the
lactam ring, the cyclization seemingly proceeds in an ene-
like fashion with assistance from the amide carbonyl group
and this leads to a single cyclized spiro-oxindole as the
product. The formation of a mixture of regioisomeric
products from a tethered 4-methylpent-4-enyl group is more
consistent with the involvement of a distinct carbocation
intermediate. Further investigations are currently underway
to exploit 2H-indol-2-ones as useful substrates for alkaloid
synthesis and our future findings will be reported in due
course.
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