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esis of C2-quaternary indolinones
by (NH4)2S2O8 mediated oxidative dearomatization
of indoles†
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An efficient metal-free, (NH4)2S2O8 mediated oxidative dearomatization of indoles for the construction of

C2-quaternary indolinones was disclosed. A series of C2-quaternary indolinones derivatives with good

functional group tolerance were obtained in moderate to excellent yields. This methodology provides an

alternative approach for the direct generation of all-carbon quaternary centers at the C2 position of

indoles. This catalytic approach represents a step-economic and convenient strategy for the oxidative

dearomatization of indoles.
Introduction

N-Bonded heterocycles are privileged moieties in the molecular
skeleton of various natural products and pharmaceuticals.1

Indole and its derivatives are important compounds, a subset of
N-bonded heterocycles, are widespread in nature and exhibit
signicant biological activity2 and oxindole derivatives (Fig. 1)
are known to possess a variety of biological activities.3 Oxidative
dearomatization reaction of indole leads to the formation of
a diverse class of products such as 2/3-oxoindoles, indirubin,
indigo, isatin and indoline derivatives.4 Among them, the
transformation of indoles to C2/C3-quaternary indolinone
derivatives is synthetically quite valuable since it converts
structurally simpler, planar indole skeleton to a complex three-
dimensional architecture. For example, 2-(1H-indol-3-yl)-2,30-
biindolin-3-one 1 was isolated as the product of indole oxida-
tion by a strain of Claviceps purpurea.5 This compound has also
been characterised from natural (bacterial) sources such as
Vibrio parahaemolyticus6 and Haemophilus inuenzae.7 In addi-
tion, isatisine A 2, an oxindole system having indole 2-substit-
uents, is present in the roots and leaves of Isatis indigotica Fort
(Cruciferae). This biennial herbaceous plant is widely cultivated
in China and East Asia for the prevention and treatment of viral
diseases such as inuenza, viral pneumonia, mumps, and
hepatitis.8 Therefore, we believe that synthesis of 2,2-disubsti-
tuted indolin-3-ones derivatives is valuable.
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In 2012, Liu and coworkers reported the TEMPO [(2,2,6,6-
tetramethylpiperidin-1-yl)oxyl] mediated synthesis of C2-
quaternary indolinones from free (NH)-indoles (Scheme 1a).9

However, the reaction required three days and the high loading
of TEMPO for completion. Subsequently, in 2013, Liu and
coworkers reported a tandem oxidative homocoupling reaction
for the generation of all-carbon quaternary centers at the C2
position of indoles by using NaNO2 with CH3SO3H in pyridine
(Scheme 1b).10 In 2018, Ganesan and coworkers reported one
pot oxidative dearomatization reaction of indole leading to the
formation of the corresponding C2/C3-quaternary indolinones
(Scheme 1c).11 Free (NH)-indoles gave C2-quaternary indolinone
derivatives whilst (NR)-indoles yielded C3-quaternary indoli-
nones as the major product. In 2020, Thakur and coworkers
reported ‘on-water’ synthesis of 2,2-bis(indoly-3-yl)indoline-3-
ones via N2-selective dearomatization of ‘(N–H) protection-
free’ indole derivatives (Scheme 1d).12 To the best of our
knowledge, there is only limited precedent are available for the
one-pot transformation of indole to the corresponding C2
quaternary indolinone derivatives, with no reported study for
(NH4)2S2O8-catalysed methodologies. One relevant piece of
work is by Ganesan et al. (Scheme 1), who described the TBHP
Fig. 1 Some important bioactive synthetic derivatives with 2,2-
disubstituted indolin-3-one structural unit.

© 2022 The Author(s). Published by the Royal Society of Chemistry

http://crossmark.crossref.org/dialog/?doi=10.1039/d2ra04191j&domain=pdf&date_stamp=2022-07-21
http://orcid.org/0000-0001-7726-5478
https://doi.org/10.1039/d2ra04191j
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d2ra04191j
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA012033


Scheme 1 Previous and present approaches for the synthesis of 2,2-
diaryloxindole (R ¼ alkyl or halide group).

Table 1 Optimization of the reaction conditionsa

Entry [Cat.] Solvent Temp. (�C) Yieldb (%)

1 (NH4)2S2O8 (2) DMF (2) 60 89
2 K2S2O8 (2) DMF (2) 60 72
3 Oxone (2) DMF (2) 60 38
4 H2O2 (2) DMF (2) 60 NDc

5 TBHP (2) DMF (2) 60 NRd

6 No DMF (2) 60 NR
7 (NH4)2S2O8 (1) DMF (2) 60 46
8 (NH4)2S2O8 (3) DMF (2) 60 52
9 (NH4)2S2O8 (2) DCM (2) 60 Trace
10 (NH4)2S2O8 (2) DCE (2) 60 10
11 (NH4)2S2O8 (2) PhCH3 (2) 60 22
12 (NH4)2S2O8 (2) MeCN (2) 60 ND
13 (NH4)2S2O8 (2) DMSO (2) 60 NR
14 (NH4)2S2O8 (2) EtOH (2) 60 71
15 (NH4)2S2O8 (2) DMF (1) 60 60
16 (NH4)2S2O8 (2) DMF (3) 60 32
17 (NH4)2S2O8 (2) DMF (2) 40 42
18 (NH4)2S2O8 (2) DMF (2) 80 45
19e (NH4)2S2O8 (2) DMF (2) 60 28
20f (NH4)2S2O8 (2) DMF (2) 60 50

a Reaction conditions: 1-methyl-1H-indole 1a (0.3 mmol), [oxidants]
(equiv.), solvent (mL), T �C, air tube. b Isolated yields. c N.D. ¼ no
detected. d NR means not reaction. e Reaction for 1 h. f Reaction for
5 h. H2O2: 30% aqueous solution. TBHP: 70% aqueous solution.
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reagent system to convert free indoles to the corresponding C2-
quaternary indolinone derivatives.11 Therefore, development of
methods to meet the challenges of optimum reaction condi-
tions would signicantly enhance the utility of 2,2-diary-
loxindoles. Herein, we describe successful implementation of
the strategy shown in Scheme 1, which affords 2,2-bis(indoly-3-
yl)indoline-3-ones from indoles using (NH4)2S2O8 in DMF as
oxidant.

Results and discussion

The reaction conditions were rstly optimized by 1-methyl-1H-
indole 1a as the template substrates. As shown in Table 1, the
model reaction employed (NH4)2S2O8 as oxidant in DMF (2 ml)
as the solvent at 60 �C for 3 h, giving the desired product of 2,2-
bis(indoly-3-yl)indoline-3-ones 2a in a yield of 89% (entry 1).
Subsequently, the effects of different oxidants on the reaction
were investigated. For instance, K2S2O8, oxone, H2O2, and TBHP
were applied as oxidants for the one-pot reaction, respectively
(entries 2–5). Among those, (NH4)2S2O8 displayed the highest
activity, and the yield of 2a was 89% (entry 1). In addition, 4a
was not observed in the absence of the oxidant, suggesting the
importance of (NH4)2S2O8 as oxidant (entry 6). Increasing or
© 2022 The Author(s). Published by the Royal Society of Chemistry
decreasing the amount of (NH4)2S2O8 resulted in the decrease of
yield (entry 7 and 8). Next, the solvent was screened. DMF was
proved to be more efficient than others, such as DCM, DCE,
PhCH3, MeCN, DMSO or EtOH (entries 9–14). Changing the
amount of DMF led to the reduced of the product yield (entries
15 and 16). The heating effect was also evaluated for this reac-
tion and the reaction led to maximum yield at 60 �C while
increasing or decreasing the temperature was not fruitful for
this process (entry 17 and 18). Further investigation of the
reaction for a shorter or longer time period (1 or 5 h) did not
give a higher yield of 2a (entries 19 and 20). Finally, the
approach employed (NH4)2S2O8 as oxidant in DMF (2 ml) as the
solvent at 60 �C for 3 h, giving the desired product of 2,2-
bis(indoly-3-yl)indoline-3-ones 2a in a yield of 89% (entry 1).

Aer achieving the optimized conditions, a series of
substituted indole derivatives were tested for the oxidative
dearomatization (Table 2). As summarized in Table 2, the
reaction was compatible with a variety of indole moieties (1a–
1u) bearing electron-donating and electron-withdrawing
substituents to produce the desired C2-quaternary indoli-
nones products (2a–2u) in moderate to good yields (73–89%).
The structure of the desired C2-quaternary indolinones 2a was
RSC Adv., 2022, 12, 21022–21025 | 21023
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Table 2 Scope for indolesa

a Reaction conditions: 1 (0.3 mmol), (NH4)2S2O8 (2 equiv.), DMF (2 mL),
60 �C, air tube for 3 h. Isolated yields. b In a 9 mmol scale.

Scheme 2 Plausible reaction mechanism.
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View Article Online
conrmed by X-ray analysis. Notably, the gram-scale synthesis
afforded 1.05 g of 2a in 86% yield. To our delight, the reaction
also showed good compatibility with a wide range of valuable
functional groups such as chloro (2n and 2r) and bromo (2o and
2u). Tolerance to the halogen atoms was noteworthy since they
have been frequently used for further modication. N-Alky-
lindoles can smoothly proceed to give the corresponding
products in good yields (2a–2h). The 2-methylindoles and 2-
phenylindoles gave the corresponding unsymmetrically
substituted C2-quaternary indolinone product 2i–2l in 74–80%
yield. Moreover, we were pleased to nd that the position of the
substituent on the indole moiety showed no obvious inuence
on the reaction outcome, and substitutions at the C5-(2m–2q),
C6-(2r and 2s), or C7-(2t and 2u) were all well tolerated in the
reaction.

On the basis of substrate diversity and previous reports,13 the
attack of the (NH4)2S2O8 onto the nucleophilic centre C-3 of
indole (1a) generates intermediate (B) in situ through the
various intermediate compounds (Scheme 2). As depicted in
Scheme 2, the electrophilic intermediate (B) easily facilitates
nucleophilic attack by the indole molecule (1a) to form inter-
mediate compound C on oxidation condition. Subsequently,
the electrophilic intermediate (C) easily facilitates nucleophilic
attack by the indole molecule (1a) to form the C2-quaternary
indolinone 2a.14

Conclusions

In conclusion, we have successfully demonstrated an efficient
metal-free, (NH4)2S2O8 mediated oxidative dearomatization of
indoles for the construction of C2-quaternary indolinones
derivatives in moderate to good yields. The signicant aspects
of our work allows modest functional group tolerance, were
compatible under the current methodology. This methodology
provides an alternative approach for the direct generation of all-
carbon quaternary centers at the C2 position of indoles. This
catalytic approach represents a step-economic and convenient
strategy for the oxidative dearomatization of indoles.
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