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An efficient synthesis of 3-(diarylallylidene)oxindoles from 3-(1H-indol-3-yl)-1,1-diarylpropan-1-ol
under metal-free conditions is described. NBS serves as a critical medium leading to a facile oxygen-
migration in the transformation. The protocol has advantages of high efficiency, simple opreation, mild
reaction conditions, good atom-economy, wide substrate scope and good yields of products. A detailed
mechanism is proposed after careful investigation.
© 2020 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.
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Oxindole is a kind of heterocyclic skeleton with important
pharmacological activity, which is widely found in natural
products and drug molecules [1]. Among them, oxindole deriv-
atives bearing 3-alkenylidene framework have been attracted
much attention recently because of novel biological activity [2]. For
example, this kind of skeleton is widely found in biological
inhibitors I [3], AMPK activators II [4], anti-rheumatic tenidap III
[5], and anticancer drug IV (Fig. 1) [6]. In addition, 3-(allylidene)
oxindole format V (Fig. 1) is excellent precursor in organic
synthesis, which can be used to construct spirooxindoles [7].
Considering the importance of 3-alkenylideneoxindoles as chemi-
cal entities, extension of reaction types and modification of the
core structure are deemed worthy of pursuit [8].

Initially, the indolones containing 3-alkenylidene were synthe-
sizedby intramolecularcyclization[9]orreductivecouplingreaction
betweenindirubinandketones [10]. Inrecentyears,metal-catalyzed
coupling cyclizationhasbecomeamajor strategy for thepreparation
of 3-allylidene substituted 2-indoleones (Scheme 1).

Takemoto et al.[95_TD$DIFF] reported series of multi-component reactions
for the synthesis of 3-diarylmethylene oxindoles with palladium
catalysts (Schemes 1a,b) [11]. Azhagan and Muthusamy prepared
the similar molecular skeleton by rhodium-catalysis (Scheme 1c)
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[12]. However, most of these reactions require the use of noble
metal catalysts, complex ligands and relatively high temperature.
Therefore, it is of great significance to discover a metal-free, mild
and efficient reaction for the preparation of 3-alkenylidene-2-
indolinone framework.

As an important building block in organic synthesis, 3-indolyl
alcohol has been widely used to generate fused- or spiro-indoline
compounds. Recently, You and Jiao et al[96_TD$DIFF].[97_TD$DIFF] [13,14] reported the
transformation of tryptophols into furoindoline compounds with
the metal-catalyst and selectfluor, azide, TEMPO, etc. (Scheme 2a).
A longer side-chain substrate 3-indolyl alcohol would lead to
pyranoindoline product in moderate yields, which was well-
demonstrated in Deng’s work (Scheme 2b). Different from those
existed reactions, Vincent [15] realized a new reaction for access to
spirooxindoles via a cascade of attack of phosphonyl radical and/or
trifluoromethyl radical to the C2-position of the indole nucleus
under oxidative conditions followed by the intramolecular
trapping of the resulting carbocation before rearomatization
(Scheme 2c). Despite this, all the reactions above mentioned
terminated by hydroxyl cyclization, resulting inO-heterocycles. No
further transformation about O-heterocycles was observed.

We have been interested in the reaction chemistry of indole for
years [16]. Recently, we found that a six-step cascade reaction of 3-
(1H-indol-3-yl)-1,1-diarylpropan-1-ol could be realized via NBS-
mediation, which led to readily formation of 3-alkenylidene-2-
indolinone compounds. Intramolecular oxygen-migration was
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Fig. 1. Examples of functional 3-methylene- or 3-allylidene-oxindole molecules.

[(Scheme_1)TD$FIG]

Scheme 1. Previous work for access to 3-(allylidene)oxindoles by noble-metal-
catalysis.

[(Scheme_2)TD$FIG]

Scheme 2. Transformation of indolol.

Table 1
Optimization of the reaction conditions.a

[TD$INLINE]

[94_TD$DIFF]Entry NXS (equiv.) Base (equiv.) Solvent Yield
(3a)%b

E/Z Yield
(3a0)%b

1 NBS (1.5) Cs2CO3 (1.5) DMF 70 57/43 –

2 NBS (1.5) Cs2CO3 (1.5) CH3CN 72 52/48 –

3 NBS (1.5) Cs2CO3 (1.5) toluene 64 52/48 –

4 NBS (1.5) Cs2CO3 (1.5) THF – – 70
5 NBS (1.5) Cs2CO3 (1.5) Diox – – 71
6 NBS (1.5) Cs2CO3 (1.5) MTBE – – 69
7 NBS (1.5) Cs2CO3 (1.5) CH3OH N.D – –

8 NBS (1.5) K2CO3 (1.5) CH3CN 59 57/43 –

9 NBS (1.5) DBU (1.5) CH3CN 68 55/45 –

10 NBS (1.5) DABCO (1.5) CH3CN 74 52/48 –

11 NBS (1.5) NaOH (1.5) CH3CN – – 67
12 NBS (1.5) DIPEA (1.5) CH3CN – – 68
13 NBS (2.0) DABCO (1.5) CH3CN 86 50/50 –

14 NBS (0.5) DABCO (2.0) CH3CN 65 50/50 –

15 NBS (1.0) DABCO (2.0) CH3CN 76 50/50 –

16 NBS (2.0) DABCO (2.0) CH3CN >99 67/33 –

17 NBS (2.5) DABCO (2.0) CH3CN 98 57/43 –

18 NCS (1.5) DABCO (1.5) CH3CN 66 57/43 –

19 NIS (1.5) DABCO (1.5) CH3CN 63 82/18 –

a Reaction conditions: 1a (0.20mmol), solvent (2mL).
b Isolated yields.
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observedin thereaction,andnometal catalystwasrequired.Herein,
we report these results.

Our research started with themodel reaction of 3-(1H-indol-3-
yl)-1,1-diphenylpropan-1-ol (1a) and NBS at room temperature.
Firstly, a series of solvents were investigated. The desired products
could be obtained in moderate to good yields by variation of the
solvents (Table 1, entries 1–3). Among the candidates, CH3CN
served as the most suitable solvent (Table 1, entry 2), affording the
desired product 3a in 72% yield (Z/E = 52/48). In other solvents
such as THF, MTBE, 1,4-dioxane, a large amount of brominated
intermediate 3a0 were generated (Table 1, entries 4–6). No desired
product was observed when the model reaction performed in
methanol (Table 1, entry 7). Then we screened organic and
inorganic bases (Table 1, entries 8–12). Of the bases examined, we
found that triethylenediamine (DABCO)was the best choice to give
product 3a in highest yield of 74% (Z/E = 52/48) (entry 10). As to
NBS (Table 1, entries 13–17), we found that when two equivalent of
NBS and DABCO were introduced into the reaction at the same
time, the reaction could be quantitatively converted into the target
product with an isolated yield more than 99% (Z/E = 67/33)
(Table 1, entry 16), two stereoisomers of product 3a can be
separated successfully and the definite structures were
[(Fig._2)TD$FIG]

Fig. 2. Single crystal structure of (Z)-3a (left) and (E)-3a (right).
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determined by X-ray crystallographic analysis (Fig. 2). Finally, we
also tested the influence of NIS and NCS on the reaction, and it was
found no better results than NBS were presented (Table 1, entries
18 and 19).

With the optimal conditions in hand, we explored the substrate
scope of various 3-(1H-indol-3-yl)propan-1-ol 1 (Scheme 3).
Tolerance of functional groups on the benzene ring of indole
nucleus was first studied. Electron-donating groups, electron-
withdrawing groups or halogens were well tolerated in this
reaction (3b-3i), respectively. It should be noted here, when
methyl group linked at the position of C5, C6 and C7 on the
benzene ring of indole, the reaction gave the products with isomer
ratio Z/E from 53:47 to 68:32. However, when methyl group linked
at C4 position, only (Z)-3h could be obtained in 82% yield, no E-
isomerwas observed in the reaction, whichmight be resulted from
the steric effect.

Subsequently, we replaced one of the two benzene rings
connected to the α-C of hydroxy group with hydrogen or an alkyl
group. It was found that when one of the benzene rings was
changed to hydrogen, the reaction was greatly hampered, and the
target product could only be obtained in 12% yield (3j). In the case
of alkyl groups, the reactions could also occur smoothly, and the
target products were obtained in moderate to good yields (3j-3m).
To our delight, when both benzene rings were replaced by alkyl
[(Scheme_3)TD$FIG]

Scheme 3. Substrate scope for reaction of NBS with derivatives of 1. Reaction
conditions: 1 (0.5mmol), NBS (1mmol), DABCO (1mmol), CHCN (2mL), 2 h.
groups or aromatic heterocycles, the reactions worked well and
gave the desired products inmoderate yields (3n–3q). Substituents
on the benzene rings have trivial effect on the reactions, the
selected substrates could also afford products 3r-3t in good yields.
Different substituents on the benzene rings led to good yields of
products, albeit with 4 configurational isomers (3u and 3v). Beside
methyl group, benzyl and phenyl groups were also found to be
good substituents on the nitrogen of the indole nucleus, which
afforded the target products in 74% and 52% yields (3w and 3y),
respectively. If there was no substituent on the nitrogen, the yield
of product was further decreased to 38%. Moreover, electron-
withdrawing substituent such as benzoyl group resulted in no
reaction, which suggested that the electron-rich substrates were
preferred to give the desired products.

In order to gain insight into the reaction mechanism, several
control experiments were conducted (Scheme 4). The experiments
with 18O labelled H2O (Scheme 4a) indicate that the oxygen in the
product does not come fromwater. Besides, 3a could be obtained in
89% (Z/E = 54/46) yield when the reaction was performed in dry
CH3CN under argon atmosphere (Scheme 4b), which indicate that
the oxygen in the product does not come from air. These results
meant the oxygen in 3a was from the hydroxy group of 1a.

Next, 3a0 was examined as a potential intermediate under the
standard conditions, it was found that the products 3a could be
obtained in 96% (Z/E = 52/48) total yield (Scheme 4c). Moreover, we
were fortunately to get another important intermediate 7 under a
lower reaction temperature. The definite structure of 7 was
determined by X-ray crystallographic analysis (Fig. 3). Again, we
detected 7 under the standard conditions (Scheme 4d), 3a was
isolated in 92% yield (Z/E = 48/44). These results indicated that both
3a0 and 7 were intermediates.

Thus, a plausible mechanism was proposed (Scheme 5). First,
the electrophilic attack of bromine bearing positive charge on C3
position of indole generates an intermediate 4 [17]. Then,
intramolecular nucleophilic addition takes place to give the
intermediate 5. Accompanying with the elimination of the proton
as well as HBr in the presence of DABCO, intermediate 7 was thus
[(Scheme_4)TD$FIG]

Scheme 4. Control experiments.
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Fig. 3. Single crystal structure of 7.

[(Scheme_5)TD$FIG]

Scheme 5. Plausible reaction mechanism.

436 R.-Y. Zhang et al. / Chinese Chemical Letters 32 (2021) 433–436
formed [18]. After further attack by Br+ [19], carbonyl group and
carbocation produced with the (Ph2)C��O bond cleavage. With
elimination of β-H, the first C¼C bond formed. Under this
circumstance, the secondmolecular HBrwas abstracted byDABCO,
which led to the formation of final products 3a.

In summary, we have developed an efficient strategy for the
construction of 3-(diarylallylidene)oxindoles. With no need of
metal catalyst, NBS mediated a six-step cascade conversion of 3-
(1H-indol-3-yl)-1,1-diarylpropan-1-ol into target product, and in
which intramolecular oxygen-migration involved. Beside these
characteristics, the protocol also has advantages of mild condition,
high efficiency, good atom-economy and broad substrate scope. It
paved a way for the further study on the application of 3-
allylideneindoleones.
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