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Molecular iodine catalyzed C3-quaternization via
oxidative dearomatization of indoles: direct access
to 3,3-di(indolyl)indolin-2-ones
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An efficient and sustainable method for the synthesis of 3,3-di(indolyl)indolin-2-one derivatives has been
developed via iodine-catalyzed oxidative dearomatization, where indole alone directly participates in the
reaction. Utilising iodine as a green oxidant and DMSO as the optimal solvent, the reaction proceeds
under mild conditions, eliminating the need for pre-functionalized indoles and minimising waste, aligning
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Introduction

The oxindole framework is a privileged heterocyclic scaffold
frequently encountered in natural products, pharmaceuticals,
and bioactive molecules, and has received considerable atten-
tion in synthetic and medicinal chemistry.»* Within this class,
3,3-disubstituted oxindoles are particularly important owing to
their structural rigidity, extended 7-conjugation, and nitrogen-
rich environment.** These attributes align them with pharma-
cologically relevant scaffolds and underpin their diverse bio-
logical activities, including spermicidal,® antimicrobial,®
enzyme inhibition,”® and anticancer properties (Fig. 1).1°**
Among the known derivatives, 3,3-di(indolyl)indolin-2-ones
represent a compelling subclass, wherein two indole moieties
are anchored at the C3-position of an oxindole synthon. Indolin-
2-one and indolin-3-one scaffolds have attracted considerable
attention due to their presence in numerous bioactive natural

Fig. 1 Representative examples of pharmacologically active 3,3-bi-
s(indol-3-yllindolinones.
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products and pharmaceuticals.”** Within this framework, the
synthesis of C2-quaternary indolin-3-ones has been widely
studied, leading to diverse and efficient methodologies.">™* In
contrast, the chemistry of C3-quaternary indolin-2-ones has
remained relatively limited, despite their potential significance.
This gap underscores the opportunity for further methodolog-
ical development to access these valuable structural motifs,
which impart distinct steric and electronic features, making
them highly valuable for medicinal chemistry applications.

Existing strategies toward 3,3-di(indolyl)indolin-2-ones
require prefunctionalized indoles such as isatins, oxindole**
or 3-diazo oxindoles,”® as well as pseudomulticomponent®
strategies that demand specialised reagents. The most widely
adopted strategies are the condensation of isatins with indoles in
the presence of catalysts such as acidic promoters (e.g., silica
sulfuric acid,** Amberlyst-15,>® TsOH,* cellulose sulfuric acid,*”
HFIP*), metal-based catalysts (e.g., FeCl;> CAN,** nano-
crystalline MgAl,0,,** silica-supported In(acac);),*> and palla-
dium nanoparticles.*® However, Liu et al. developed a method for
the synthesis of 3,3-biindoline-2-ones by silver/TEMPO catalytic
system, and they observed trace amounts of the 3,3-di(indolyl)
indolin-2-ones.>* Although these approaches can deliver the
desired framework, they often suffer from poor atom economy,
restricted substrate scope, and operational complexity.

In recent years, oxidative strategies have attracted increasing
attention as viable alternatives for accessing oxindole architec-
tures. In this context, iodine-based systems, particularly the I,/
DMSO combination, have emerged as powerful platforms for
indole functionalization through oxidative dearomatization
pathways. The I,/DMSO system has been successfully employed
for the oxygenation of indoles to afford isatins as well as for
iodine-catalyzed oxidative coupling of indolin-2-ones with
indoles to generate 3,3-disubstituted oxindole frameworks.**"*
While these reports highlight the efficiency of I,/DMSO systems,
they predominantly rely on pre-oxidized intermediates or
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Oxidative dearomatization of indoles: An access to C3-quaternary-indoline-2-ones
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Scheme 1 Strategies for the formation of C3-quaternary indolin-2-ones.

specific substrate classes, leaving substantial scope for the
development of complementary strategies that enable direct C3-
quaternization from simple indoles under milder and more

sustainable conditions.

Table 1 Optimization studies”

In this context, molecular iodine stands out as an attractive
reagent, being mild, inexpensive, and environmentally benign,
with wide utility in oxidative transformations.*® Our group has

previously demonstrated the usefulness of iodine catalysis in

Co
N
H

H
N
Catalyst O / | NH
Solvent, Temp. e O
[ =0
N
2a H

la
Entry Catalyst Solvent Temp. ("C) Time (h) Yield (%)
1 I, CH,CL, 30 12 n.r.t
2 I, CHCl, 50 12 n.r.°
3 I, THF 100 10 n.r.
4 I, CH,CN 70 38 n.r.
5 1, Toluene 100 12 n.r.c
6 I, EtOH 60 24 n.r.°
7 I, DMF 100 12 n.r.t
8 I, H,0 90 24 n.r.°
9 I, DMSO 100 5 84
10 I DMSO 100 7 594
11 I, DMSO 100 7 77¢
12 I DMSO 100 7 53"
13 I, DMSO 100 7 53¢
14 I DMSO 100 8 33"
15 I, DMSO 100 8 32!
16 NIS DMSO 100 8 40
17 KI DMSO 100 24 n.r.

“ Reaction conditions: indole (1.0 mmol), catalyst (10 mol%), solvent (2 mL), stirred at the specified temperature under open atmosphere. ” Isolated
yields. ¢ n.r. = no reaction. ¢ 2 mol%. ¢ 5 mol%.~ 15 mol%. ¢ 20 mol%. " 25 mol%. * 30 mol%.
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C-H functionalization, exemplified by the iodine-catalysed C2- mediated oxidative strategies to achieve direct dearomatiza-
H formamidation of quinoline N-oxides using isocyanides.®® tion for the construction of C3-quaternary indolin-2-ones
Motivated by these results, we envisaged extending iodine- (Scheme 1).

A L
R 0 AN —_—
2 @ DMSO0, 100 °C

OEt

2d, Ry=5-F, R, = H, 84%, 6 h  2f, Ry= 5-Br, Ry= H, 74%, 6 h
2e,Ry=H, R, = 6-Cl, 78%, 6 h 2g, Ry= H, R,= 7-Br, 78%, 6 h 2h, 56%, 9 h

2j, R= CHy, 94%, 5 h

2k, R= CH,CH3, 89%, 5 h

21, R= (CH,),CHs, 89%, 5 h
2m, R= (CH,)sCHs, 90%, 5 h
2n, R= (CH,),CHs, 88%, 5 h
20, R= (CHy)sCHs, 80%, 5 h
2p, R= (CH,);5CHs, 70%, 6 h
2q, R= (CH2)17CH3, 70%, 6 h

Scheme 2 Substrate scope®?. Reaction conditions: All the reactions were conducted on a 1.0 mmol scale of 1la—t (1.0 mmol) and iodine
(10 mol%) in DMSO solvent (2 mL) at 100 °C. PIsolated yields.
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Herein, we describe an operationally simple, iodine-
mediated oxidative dearomatization methodology that
provides direct, metal-free, and atom-economical access to 3,3-
di(indolyl)indolin-2-ones directly from indoles. This strategy
eliminates the need for preactivated substrates, proceeds under
mild conditions, and delivers products with high selectivity,
establishing a sustainable platform for the synthesis of bio-
logically relevant scaffolds.

Results and discussion

In our preliminary investigations, we sought to establish an
efficient protocol for the synthesis of 3,3-di(indolyl)indolin-2-
one 2a using indole 1a (1.0 mmol) and iodine as a catalyst.
The reaction was initially examined in a variety of common
organic solvents employing I, (10 mol%) under thermal
conditions. However, non-polar and moderately polar solvents
such as CH,Cl,, CHCl;, THF, CH;CN, toluene, EtOH, DMF, and
H,0 failed to promote the desired transformation, and no
reaction was observed even after prolonged heating (Table 1,
entries 1-8). Gratifyingly, a dramatic solvent effect was observed
when the reaction was conducted in DMSO. Under these
conditions, the desired product 2a was obtained in an excellent
84% yield within 5 h at 100 °C (Table 1, entry 9). The superior
performance of DMSO can be attributed to its high polarity and
ability to stabilize iodine-derived reactive intermediates,
thereby facilitating efficient C-C bond formation. The structure
of 2a was unambiguously confirmed by '"H NMR, *C NMR,
DEPT-135, and HRMS analyses (see SI).

Subsequently, the influence of iodine loading was examined
in DMSO. Reducing the catalyst loading to 2 and 5 mol%
resulted in diminished yields of 59% and 77%, respectively,
after 7 h, indicating incomplete conversion under these
conditions (Table 1, entries 10 and 11). Conversely, increasing
the iodine loading beyond the optimal 10 mol% proved detri-
mental. Higher catalyst loadings (15-30 mol%) led to a signifi-
cant decrease in product yield (32-53%; Table 1, entries 12-15),
presumably due to competitive side reactions or overoxidation
processes induced by excess iodine.

Other iodine sources were also evaluated. N-iodosuccinimide
(NIS) afforded only a moderate 40% yield under otherwise
identical conditions (Table 1, entry 16), while potassium iodide
(KI) was completely ineffective, showing no reaction even after
24 h (Table 1, entry 17).

Overall, these optimization studies highlight the crucial
interplay of solvent polarity, iodine stoichiometry, and
temperature in maximizing the efficiency of this iodine-
mediated indole coupling reaction. Once the optimal condi-
tions were established, we extended our study to explore the
scope of the reaction with a variety of indole derivatives (Scheme
2). Under the optimized reaction conditions, 1H-indole 1a
underwent a smooth transformation to afford the correspond-
ing product 2a in excellent yield (Scheme 2), demonstrating the
baseline reactivity of the parent scaffold. Electron-donating
groups on the benzene ring, such as 5-methoxy-1H-indole 1b
and 5-(benzyloxy)-1H-indole 1c substituents, were well toler-
ated, affording the desired products 2b-2c¢ in good yields
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(Scheme 2). These results highlight the method's compatibility
with electron-rich aromatic systems.

Similarly, halogens such as fluoro, chloro, and bromo at
various positions on the benzene ring 1d-1g also underwent
efficient transformation to deliver the corresponding products
2d-2g in moderate-to-good yields 74-84% (Scheme 2). The
successful incorporation of halogenated indoles underscores
the robustness of the protocol and its potential for further
synthetic elaboration.

However, indoles bearing electron-withdrawing substitu-
ents, such as ethyl 1H-indole-5-carboxylate 1h and 1H-indole-5-
carbonitrile 1i, exhibited reduced reactivity, affording the cor-
responding products 2h and 2i (Scheme 2) in only 56% and 52%
yields, respectively, likely due to decreased electron density on
the aromatic ring, adversely affecting the reaction efficiency.
Notably, nitro-substituted indoles 1u predominantly yielded the
corresponding NO,-isatin 4 (Scheme 3) instead of the 5,5',5"-
trinitro-[3,3':3',3"-terindolin]-2’-one and the NMR data con-
firming the formation of the NO,-substituted isatin 4 are
provided in the SI. This behaviour indicates that although
substrate consumption occurs, the intrinsic reactivity of
electron-deficient indoles favours overoxidation rather than
controlled C3-quaternization. Furthermore, a broad range of N-
alkylated indoles bearing various alkyl chains, including
methyl, ethyl, propyl, butyl, pentyl, hexyl, tetradecane, octa-
decane, and cyclopentyl 1j-1r underwent smooth conversion,
affording their respective products 2j-2r (Scheme 2) in good-to-

O
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Scheme 3 Conversion of 5-nitroindole to 5-nitroindoline-2,3-dione.

Prob = S0

-~ Tenp = 287
M

)

8

]

= 1

N

S ,\/ré\:m

= OO0

&

& —O

a

8

]

g

a

-

Z -50 exterl08 Om_ o P12l/c1 R =0.06 RES= 0 18 X

Fig. 2 ORTEP representations of X-ray crystal structures of 1,1',1"-
trimethyl-1H,1"H-[3,3':3',3"-terindol]-2/(1'H)-one  2j. The thermal
ellipsoids are drawn at a 50% probability level.
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excellent yields. Notably, N-alkylated methoxy indole 1s and N-
alkylated bromo-substituted indole 1t were also compatible
under the reaction conditions, affording 2s and 2t (Scheme 2) in
similarly high yields, highlighting the method's tolerance to
both steric and electronic diversity at the nitrogen atom.

It is noteworthy that substrates bearing strong electron-
withdrawing substituents, such as 5-nitroindole 1u and N-Boc
indole 1v, failed to undergo the transformation, presumably
because the electron-withdrawing groups significantly reduce
the nucleophilicity of the indole core. Likewise, N-allyl indole
1w, N-propargyl indole 1x and C-2 substituted indoles 1y-1z also
proved unreactive, which may be attributed to potential inter-
actions of the allyl or propargyl functionalities with iodine and
blocking of substitutions on C-2 position (Scheme 2).

All synthesized compounds 2a-2t (Scheme 2) were charac-
terized using "H NMR, >C NMR, and mass spectrometry. The
molecular structure of compound 2j was unambiguously
confirmed through single-crystal X-ray diffraction (XRD) anal-
ysis (Fig. 2). Detailed crystallographic data and refinement
parameters are provided in the SI (Table S1). This optimized
protocol demonstrates excellent efficiency and broad substrate
scope, allowing the synthesis of structurally diverse 3,3-
di(indolyl)indolin-2-ones with high regioselectivity and yields.

The method is tolerant to various functional groups and
provides a platform for further chemical modifications, show-
casing its potential utility in synthetic and medicinal chemistry.

To elucidate the reaction mechanism, the control experi-
ments were conducted to investigate the role of iodine and
reactive intermediates, and the results are summarized in
Scheme 4. Initially, the reaction of indole 1a in DMSO at 100 °C,
in the absence of iodine (10 mol%), was performed, which
resulted in no formation of the desired product 2a, highlighting
the essential role of iodine in the transformation (Scheme 4a).

RSC Adv, 2026, 16, 7967-7973 | 7971
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During the optimization of reaction conditions (Table 1),
a yellow spot was observed on TLC and disappeared during the
course of the reaction; this intermediate was isolated by
quenching the reaction mixture at an early stage and was
identified as isatin by comparison with an authentic sample.
The formation of isatin I was further confirmed by NMR anal-
ysis, and the corresponding data are provided in the SI. These
observations indicate that isatin is generated in situ through the
reaction of indole 1a with iodine (Scheme 4b). Additionally, the
reaction of indole 1a with HI alone did not afford the desired
product, suggesting that HI is not competent to mediate the
transformation (Scheme 4c).

To further validate the involvement of isatin as a key inter-
mediate, preformed isatin was treated with indole 1a under the
standard reaction conditions, which resulted in the formation
of the desired 3,3-di(indolyl)indoline-2-one 2a in 70% yield,
thereby confirming the feasibility of isatin in the proposed
reaction pathway (Scheme 4d). Furthermore, when the reaction
was carried out in the presence of the radical scavenger TEMPO,
the formation of product 2a was completely suppressed, and no
product was detected (0% yield), indicating the possible
involvement of a radical pathway in the reaction (Scheme 4e).

Based on the control experiments and literature reports,***
a plausible mechanism is outlined in Scheme 5. Initially, indole
undergoes in situ oxidation by molecular iodine to form isatin I,
which subsequently undergoes nucleophilic attack with indole
at the C-3 position of isatin to generate intermediate III. Upon
dehydration of intermediate III, a Michael acceptor 2-oxoindo-
lin-3-ylidene-3H-indol-1-ium IV is formed. Subsequently, indole
7 electrons attack on intermediate IV via Michael addition to
form intermediate V, which then undergoes aromatization to
produce the desired product 2a (Scheme 5).

Conclusions

In this study, we have developed an efficient, sustainable, and
straightforward strategy for iodine-catalysed oxidative dear-
omatization to synthesise 3,3-di(indolyl)indolin-2-one deriva-
tives directly from indoles. By using molecular iodine as a green
oxidant in DMSO solvent, our method avoids the need for pre-
functionalized substrates, reduces the number of reaction
steps, and aligns with the principles of green chemistry. The
protocol demonstrated a broad substrate scope, wide functional
group tolerance, and the use of a green oxidising agent. This
methodology not only expands the synthetic toolbox for
accessing 3,3-di(indolyl)indolin-2-one scaffolds but also
provides a foundation for further functionalization and explo-
ration of these biologically significant compounds.
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