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ABSTRACT

Thermolysis of r-alkoxyamino propionanilides produces indolinones, whereas thermal reaction of N-allylaniline derivatives with various Tordo-
type alkoxyamines results in formation of indolines in the radical regime.

We have recently described a new radical cyclization process
that relies on the reaction of the Tordo alkoxyamine,1, with
a 1,6-diene,2, leading to products3 (Scheme 1).1 An even

more recent paper by Studer expands the scope of his earlier,
seminal studies to a like mode of reactivity with TEMPO-
derived alkoxyamines.2

Such alkoxyamine-based techniques suppress any need for
halogenated substrates and Sn/Si hydrides to promote C-C
bond formation in the radical regime, providing a relatively
environmentally benign alternative to traditional radical
methodology. Furthermore, the chain termination step in-
volves the capture of a carbon radical by a nitroxyl radical,
thereby introducing useful oxygenated functionality, instead
of simply reducing the radical intermediate through H-atom
transfer from a metal hydride.

In an effort to extend this chemistry to the heterocyclic
domain, we have focused on the synthesis of indole deriva-
tives. Indeed, considerable activity has been recorded in the
area of indole synthesis through radical processes.3

In this paper, we disclose the alkoxyamine-mediated
assembly of indolinones and indolines through cyclization
of aniline derivatives4 (Scheme 2).

The process that we envisioned involves the attack of a
radical species onto a benzenoidπ system (cf.6 and7). This
general type of reaction is well documented,3e-h but in our
case, such an event would have to occur in the presence of
a free nitroxyl radical. A priori, it was not clear whether the
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Scheme 1. Alkoxyamine-Mediated Radical Cyclization

ORGANIC
LETTERS

2003
Vol. 5, No. 26
4943-4945

10.1021/ol0358049 CCC: $25.00 © 2003 American Chemical Society
Published on Web 11/22/2003



reversible trapping of6 by the nitroxyl radical would be
beneficial (or even critical) to the success of the reaction or
whether complications might arise as a result of this trapping.
Consequently, the feasibility of the transformation of Scheme
2 was initially explored through a study of the thermal
cyclization of preformed intermediates11.4 These were
prepared by a coupling reaction between the stable free
nitroxyl radical9 (“SG1”) and an alkyl radical generated in
situ through Cu(I)-mediated reduction of an appropriate alkyl
bromide10 (Scheme 3).

When a solution of11 in PhCl or t-BuOH was heated at
80-120 °C for 12 h, complete consumption of the starting

material was observed leading directly to compounds12. No
products arising from trapping of the presumed radical
intermediate7 by SG1 were detected in the reaction mixture.
Evidently, either7 suffers H-atom transfer to the nitroxyl
radical or the product of its recombination with SG1
undergoes facile elimination to the ultimate12. Some
examples of this transformation are provided in Table 1.

The more challenging bimolecular mode of reactivity was
initially investigated with intermediates4 wherein R2 ) X
) Y ) H or R2 ) H; X, Y ) O. Disappointingly, both types
of substrate failed to yield indolinones or indolines upon
thermal reaction with alkoxyamine1. By contrast, com-
pounds4 in which R2 ) COOMe and X,Y) H proved to
be competent substrates. Presumably, the presence of the
ester function facilitates the addition of the radical produced
by the initial dissociation of the alkoxyamine to the olefinic
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Scheme 2. Alkoxyamine-Mediated Avenue to Indole
Derivatives

Scheme 3. Preparation of Alkoxyamines11a

a PMDETA ) N,N,N′,N′′,N′-pentamethyldiethylenetriamine.

Scheme 4. Indolines from Unsymmetrically Substituted
Anilines

a Conditions: 120°C, 0.5 M int-BuOH, 20 h. Chromatographed
Yields: 15% for14s, 8% for 14t, 30% for 17. Bs = brosyl (4-
bromobenzenesulfonyl).

Table 1. Indolinone and Indoline Synthesis by Thermolysis of
Compounds11

entry R1 R2 X, Y T (°C) yieldb

a Me H O 120 68
b Me Me O 80 63
c COOMe H H, H 120 75

a Reactions were carried out as a 0.025 M solution in PhCl for entrya
and in t-BuOH for entriesb andc. b Chromatographed.
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π system.5 Representative examples with three Tordo-type
alkoxyamines6 are provided in Table 2.

The experiments summarized in Table 2 were carried out
with substrates in which the aryl group is either unsubstituted

or symmetrically (para) substituted. Results of a brief study
of indoline formation from unsymmetrically substituted
anilines are presented in Scheme 3. Reaction ofmeta-
anisidine derivative13swith alkoxyamine1 led to a mixture
of regioisomers in which the major component was the para-
type cyclization product14s. However, the product ratio was
a weak 2:1.7 On the other hand, pyridine derivative15 reacted
with tert-butyl SG1 to furnish indoline17 in 30% unopti-
mized yield. Compound17 accounted for more than 90%
of the product mixture: regioisomer18 was estimated (1H
NMR) to represent less than 10% of the total product (i.e.,
<3% chemical yield) and was not fully characterized. The
observed selectivity for attack of the presumed radical
intermediate16 at C-2 of the pyridine nucleus is consistent
with precedent, notably with the work of Minisci on the
radical alkylation of electron-deficient nitrogen heterocycles.8

In summary, Tordo alkoxyamines, originally developed
as control agents in radical polymerization reactions,9 appear
to be valuable intermediates for the synthesis of indole
derivatives in the radical mode. Additional synthetic ap-
plications of alkoxyamines are under study and will be
described in due course.
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Table 2. Indoline Synthesis by Alkoxyamine-Induced Radical
Cyclization

a All reactions were carried out as a 0.5 M solution int-BuOH.
b Chromatographed.c Bs ) brosyl (4-bromobenzenesulfonyl).
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