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Abstract Oxindoles bearing ketone side chains in the 3-position can
be synthesized by Brønsted acid catalysis from N-aryl methacrylamides,
ketones, and hydroperoxides. The cyclized products are presumably
formed in a radical cascade reaction, initiated by decay of intermediate
alkenyl peroxides. In the case of acrylic substrates that do not undergo
cyclization, γ-peroxyketones were isolated instead, indicating that the
final cyclization step of the cascade does not take place in these cases.

Key words Brønsted acid catalysis, radicals, cyclization, heterocycles,
peroxides

Oxindoles 1 are synthetically interesting compounds as
they appear in natural products and pharmaceutically ac-
tive compounds or are used as building blocks for their syn-
thesis.3 Recently, the formation of oxindoles by radical cas-
cade reactions with N-aryl methacrylamides 2 has received
some attention.4–6 A variety of radicals formed in different
ways have been found to react with acrylamides 2 to give
substituted oxindole products 1 (Scheme 1, a). The reac-
tions are believed to proceed via a radical cascade reaction,
first by addition of the radicals to the acrylamide C–C dou-
ble bond, followed by intramolecular addition to the arene
ring and subsequent rearomatization.

Our group has recently discovered that ketone radicals
can be generated from the combination of ketones and tert-
butylhydroperoxide or hydrogen peroxide under acid catal-
ysis.7 The reaction is believed to proceed via alkenyl perox-
ides 3 that are formed in situ, which decompose rapidly by
homolytic O–O bond cleavage, forming α-carbonyl and oxyl
radicals (Scheme 1, b).7b This mixture of radicals could be
applied to the addition of ketones to styrenes, forming γ-
peroxyketones,7b or to facilitate oxidative C–H cross-cou-

pling reactions.7a Herein, we show that the acid-catalyzed
formation of ketone radicals can also be applied to cascade
radical reactions forming oxindoles.

We investigated the feasibility of this reaction by react-
ing N-phenyl, N-methyl methacrylamide 2a, and acetone
with tert-butylhydroperoxide (as a solution in decane) and
catalytic amounts of p-toluenesulfonic acid (p-TsOH) in ace-
tonitrile under argon, conditions similar to those that we
had developed for the addition of ketones to styrenes. The
oxindole 1aa was indeed formed in 55% yield (Table 1, entry
1).

Further variation of the solvent (Table 1, entries 2–4)
showed that chloroform gave an improved yield of 66%,
while performing the reaction neat resulted in very poor
yields (see the Supporting Information for additional de-
tails of this optimization study). Alternative acid catalysts
can be used (Table 1, entries 5–7), but p-TsOH remained the
best catalyst amongst those that we studied. In agreement
with our previous results,7 trifluoroacetic acid appears to
be the least active as a catalyst, while sulfonic acids are
most suitable. Without acid, at best traces of the product
could be detected (Table 1, entry 8). Increasing the acid

Scheme 1  Synthesis of oxindoles 1 by radical cascade addition using 
N-aryl methacrylamides 2
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loading to 20 mol% (Table 1, entry 9) and the peroxide load-
ing to three equivalents (Table 1, entry 10) further im-
proved the yield. Interestingly, employing equimolar
amounts of acetone still resulted in a relatively good yield of
48% (Table 1, entry 11). Using acetone in solvent amounts
instead of chloroform improved the yields further (Table 1,
entry 12), even if the reaction was performed without de-
gasing the acetone (the presence of oxygen most likely low-
ers the yield by trapping intermediate radicals). Applying
the findings of the reaction in chloroform, that is, perform-
ing the reaction in the absence of oxygen with 20 mol% cat-
alyst loading and three equivalents of t-BuOOH, resulted in
90% isolated yield of 1a (Table 1, entry 13). Thus, for reac-
tions with acetone as the ketone component, the conditions
of Table 1, entry 13 were taken; while the conditions of Ta-
ble 1, entry 9 were chosen for reactions with other ke-
tones.8–10

The reaction of other N-aryl acrylamide derivatives 2
with acetone led to the formation of the corresponding ox-
indoles 1 in good yields (Scheme 2).8 Electron-withdrawing
as well as electron-donating substituents on the arene ring
led to similarly good yields (1aa–ea),11,12 as did other alkyl
groups on the nitrogen (1fa,ga).

Oxindoles with different side chains could be synthe-
sized from other ketones in generally slightly lower yields
compared with the use of acetone (Scheme 3),9 as shown in
examplars using cyclopentanone and tetrahydropyran-4-
one (products 1ab and 1ac), and acetylacetone (1ad). Com-
pounds 1ab and 1ac were obtained as diastereomeric mix-
tures in ratios of approximately 60:40. Cyclohexanone and
methyl acetoacetate also reacted well, but we did not man-
age to purify the products sufficiently. In the case of cyclo-
hexanone, the product could not be separated from residual
2a.

As has been observed before in nearly all related radical
cascade reactions, certain acrylic substrates do not give the
desired cyclized products.5 Likewise, we also failed to ob-

Table 1  Investigation of Reaction Conditionsa

Entry Catalyst (mol%) t-BuOOH (equiv) Solvent Yield (%)b

 1 p-TsOH (10) 2 MeCN 55

 2 p-TsOH (10) 2 EtOAc 59

 3 p-TsOH (10) 2 CHCl3 66

 4 p-TsOH (10) 2 – 18

 5 TFA (10) 2 CHCl3 16

 6 H2SO4 (10) 2 CHCl3 50

 7 MsOH (10) 2 CHCl3 53

 8 – 2 CHCl3 traces

 9 p-TsOH (20) 2 CHCl3 76

10 p-TsOH (10) 3 CHCl3 74

11 p-TsOH (10) 2 CHCl3 48c

12 p-TsOH (10) 2 acetone 80d

13 p-TsOH (20) 3 acetone 90e

a General conditions: 2a (0.2 mmol), acetone (1.0 mmol), t-BuOOH (0.4 
mmol, 5.5 M in decane), catalyst (0.02 mmol), solvent (1.0 mL), degassed 
by freeze-pump-thaw, 50 °C, under an atmosphere of argon, 18–24 h.
b Yields determined by 1H NMR analysis using an internal standard.
c 0.2 mmol acetone.
d Not degassed.
e Isolated yield.
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Scheme 2  Synthesis of oxindoles 1 by radical cascade addition of ace-
tone to N-aryl methacrylamides 2
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Scheme 3  Synthesis of oxindoles 1 by radical cascade addition of ke-
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tain oxindoles from secondary amides, from acrylamides
lacking the 2-methyl group or from phenyl methacrylate.
However, we could isolate γ-peroxyketones 5 in all these
cases (Scheme 4).13

These products indicate that radical formation on the
ketone and addition to the acrylic olefin had indeed taken
place, but this was followed by an intermolecular reaction
(forming the peroxides 5), instead of the desired intramo-
lecular attack onto the arene ring. Potentially, this is a gen-
eral explanation for the failure of these substrates in all re-
lated radical cascade reactions. While we could not find
conditions to form the desired cyclized compounds, even
under microwave irradiation at 100 °C, these results at least
indicate a focus for future mechanistic studies. Finding the
reasons behind the failure of intramolecular radical attack
could reveal strategies to overcome this substrate limita-
tion. Moreover, compounds 5 could also be of synthetic val-
ue, as it has been shown before that γ-peroxyketones can be
converted into furans, carbazoles, 1,4-diketones, homoaldol
products, and alkyl ketones in a single step.7b,14

Based on previous suggestions for related reactions, the
above observations thus add a further detail to the reaction
mechanism (Scheme 5).

In summary, we have shown that acid-catalyzed radical
formation from ketones and tert-butyl hydroperoxide can
be applied to a radical cascade addition to N-aryl, N-alkyl-
methacrylamides, forming oxindoles bearing ketone side
chains. In the case of acrylic substrates not leading to the
desired cyclized products, γ-peroxyketones were isolated
instead, indicating that the initial radical attack on the ole-
fin is occurring but not the subsequent intramolecular re-
action.
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