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A series of pyridyl-substituted 3-hydroxy-2-oxyindoles have been prepared and reacted with arenes in
superacid promoted Friedel–Crafts reactions. The product aryl-substituted 2-oxyindoles are formed in
generally good yields. With substituted arenes such as toluene, bromobenzene, or ethyl salicylate, the
Friedel–Crafts reactions occur with excellent regioselectivity. A mechanism is proposed involving
dicationic, superelectrophilic species leading to the electrophilic aromatic substitution chemistry.

� 2013 Elsevier Ltd. All rights reserved.
Introduction

Substituted oxyindoles are known to have a variety of biological
activities. The aryl-substituted oxyindole sub-structure is present
in natural products1 and in several biologically active compounds,
such as the anti-cancer (1),2 cardiovascular (2),3 and laxative (3)4

agents. The aryl-substituted oxyindoles

may be prepared by a number of synthetic routes,5 including the
condensation of isatins with arenes in acid-promoted conversions.6

Similarly, Friedel–Craft-type reactions have recently been done
with 3-hydroxy-2-oxyindoles to provide aryl-substituted 2-oxyin-
doles.7 Nevertheless, new synthetic routes to aryl-substituted
2-oxyindoles are highly sought after, especially those producing
novel structures. In the following letter, we describe a synthetic
methodology leading to highly functionalized 2-oxyindoles. A
mechanism is proposed involving dicationic, superelectrophilic
intermediates.
ll rights reserved.
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Results and discussion

Our studies began with the reactions of 2-picoline with isatins
to provide a series of (2-pyridyl)methyl-substituted 2-oxyindoles.8

For example, 5-bromoisatin is reacted with 2-picoline in dioxane
with catalytic CF3SO3H to provide a good yield of the addition
product (4, Eq. (1)). Previous work from our group and others has
demonstrated the ability of pyridinium groups to strongly activate
adjacent electrophiles.9 This suggested to us that ionization of
alcohol 4 would give a highly reactive dicationic – or superelectr-
ophilic – species,10 an intermediate likely to be useful in Friedel–
Craft-type reactions.

ð1Þ

Thus, reaction of compound 4 in a mixture of CF3SO3H and
C6H6 leads to product 5 in 74% yield (Table 1). The same conver-
sion may be accomplished in 69% yield with H2SO4 as a catalyst.
Trifluoroacetic acid (CF3CO2H) does not promote the reaction. In
the CF3SO3H promoted conversion, 10 equiv of acid is necessary
to obtain high yields of product within several hours.11 With
substituted arenes, alcohol 4 reacts regioselectively in CF3SO3H
promoted reactions (Table 1). Toluene, bromobenzene,
2,6-dimethylphenol, 4-(3-phenylpropyl)pyridine, ethyl salicylate,
and anisole provide the respective Friedel–Crafts products (5–
11) in good yields. In all cases, the reaction shows excellent
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Table 1
Products (5–20) and isolated yields from the reactions of arenes and 3-hydroxy-2-oxyindoles in CF3SO3H

Product Yield (%) Product Yield (%)

74 94

80 71

81 58

78 70

70 77

69 81

60 75

96 74
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regioselectivity, an observation previously made with the conden-
sation of isatins and arenes in superacid.6 Likewise, reaction of ni-
tro- and chloro-substituted 2-oxyindoles gives regioselective
product formation (12–13) with toluene. Similar products (14–
20) are prepared by reactions of C- or N-functionalized substrates
with C6H6 and CF3SO3H.

As Friedel–Craft-type reactions, the conversions involve the for-
mation of a carbocation intermediate (Scheme 1). Moreover, the
tethered pyridyl ring should be fully protonated in the superacidic
media, leading to a highly reactive dicationic electrophile. Thus,
substrate 4 is initially ionized to the pyridyl-oxonium dication
21, which undergoes dehydration to form the superelectrophilic
carbocation 22. Although the carbocation center is somewhat sta-
bilized by the indolyl ring, it is also activated by both the pyridi-
num ring and the adjacent carbonyl group. Further protonation
or hydrogen bonding at the carbonyl oxygen (by the superacid)



Scheme 1.
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would provide increasing electrophilic activation at the carbocat-
ionic site. The need for strong or superacidic conditions is consis-
tent with the formation of dicationic, superelectrophiles.12

Conclusions

In summary, we have found that pyridyl-aryl disubstituted
2-oxyindoles may be prepared in good yields from Friedel–
Craft-type reactions involving 3-hydroxyl-2-oxyindoles.13,14 The
reactions may be accomplished with H2SO4 or CF3SO3H and a
mechanism is proposed involving dicationic electrophiles.
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