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ubstituted oxindoles via
microwave-assisted Cannizzaro and aldol reactions
of formaldehyde with isatins and their imines†

Xuan Huang,‡ Hongling Wang,‡ Qingxiang Cao, Yong Li and Junmin Zhang *

3,3-Disubstituted oxindoles are important structure motifs in natural products and pharmaceutical agents.

Here we disclose a simple and direct access to this class of molecules by using readily available

formaldehyde and isatins (and their imines) as the substrates. The reaction proceeds with the assistance

of microwave heating in the presence of a mild base. Formaldehyde behaves as both a reductant (via

a Cannizzaro process with isatin) and an electrophile.
3,3-Disubstituted oxindoles are valuable structure motifs that
have widely existed in biologically active natural products,
alkaloids and pharmaceutical agents.1,2 For example, TMC-95A
and its analogues are isolated from Apoispora montagnei. They
can be used as specic proteasome inhibitors.3 Paratunamide D
from paratude or Cinnamodendron axillare (Canellaceae) has
shown moderate cytotoxicity against human epidermoid carci-
noma KB cells (IC50 ¼ 6 mg mL�1).4 Convolutamydine A, which
is isolated from the Floridian marine bryozoan Amathia con-
voluta, has exhibited signicant antinociceptive effects.5 Mar-
emycin B is another oxindole-containing natural product
molecule that has been isolated from the Streptomyces species B
9173.6 The above natural products have shown proven biolog-
ical activities such as antioxidant, antimicrobial or antitumor
activities (Fig. 1a).7 Therefore, the synthesis of 3-hydroxyox-
indole derivatives has long been interesting and attractive.8

3-Hydroxyoxindole derivatives are one class of the most basic
functional molecules containing oxindole scaffolds. Tradition-
ally, 3-hydroxyoxindoles are obtained through aldol reactions,
Friedel–Cras reactions, Morita–Baylis–Hillman reactions and
Hosomi–Sakurai allylation reactions.9 In 2014, Hu and co-
workers10 developed a rhodium(II)-catalyzed three-component
reaction for the synthesis of substituted 3-hydroxy(amino)-3-
hydroxymethyloxindoles (Fig. 1b). Nobel metal catalysts and
pre-functionalized diazo substrates are needed in this
protocol.11

Herein, we describe a microwave assisted Cannizzaro/aldol
reaction of paraformaldehyde and isatins (or its imine deriva-
tives). Paraformaldehyde behaves as both a reductant12 (via
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a Cannizzaro process with isatin) and an electrophile (Fig. 1c).
Simple and inexpensive inorganic bases are applied as the only
catalysts for this process, with the functionalized 3-
hydroxymethyl-oxindole products afforded in good to excellent
yields.

N-Methyl isatin 1a and paraformaldehyde 2 were selected as
the model substrates to evaluate the reaction condition for the
synthesis of 3-hydroxy-3-hydroxymethyloxindole 3a (Table 1).
Fig. 1 3-Hydroxyoxindole derivatives and their synthesis.
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Table 1 Optimization of the reaction conditionsa

Entry Base Solvent Yieldb (%)

1 K2CO3 EtOH (w/o MW) 29
2 — EtOH n.d.
3 K2CO3 EtOH 94
4 Na2CO3 EtOH 46
5 KOAc EtOH 78
6 t-BuOK EtOH 65
7 DBU EtOH 70
8 Et3N EtOH 29
9 K2CO3 CH3CN 47
10 K2CO3 Toluene 53
11 K2CO3 DMF 49
12c K2CO3 EtOH 92
13d K2CO3 EtOH 34

a Reaction condition: a mixture of 0.1 mmol of 1a, 1.5 mmol of 2,
20 mol% of base and 1.5 mL of solvent was irradiated in a microwave
reactor at 120 �C for 15 min. b Yields are of isolated products based
on 1a. c Performed at 100 �C. d The reaction mixture of 2 is 0.1 mmol
in 100 �C microwave reactor. n.d. ¼ no detected. DBU ¼ 1,8-
diazabicyclo[5.4.0]undec-7-ene.

Table 2 Scope of isatin derivativesa

a Reaction condition: a mixture of 0.2 mmol of 1, 3.0 mmol of 2,
20 mol% of base and 1.5 mL of solvent was irradiated in a 100 �C
microwave reactor with 15 min and yields are of isolated products
based on 1.

Table 3 Scope of isatin-derived ketiminesa

a Reaction condition: a mixture of 0.2 mmol of 4, 3.0 mmol of 2,
20 mol% of base and 1.5 mL of solvent was irradiated in a 100 �C
microwave reactor with 15 min and yields are of isolated products
based on 4.
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The target product 3a could be obtain in 29% yield under the
catalysis of K2CO3 at 120 �C in EtOH (Table 1 entry 1). Impor-
tantly, no desired product was detected under the absence of
base (entry 2). To our delight, the yield of 3a could be dramat-
ically improved to 94% with the assistance of the microwave
irradiation at 120 �C (entry 3). Switching the base catalyst to
other organic or inorganic base cannot further increase the
reaction yield (entries 4–8). The reaction can also be carried out
in various organic solvent but can only be afforded in moderate
yields (entries 9–11). Decreasing the reaction temperature to
100 �C led to little erosion on the product yield (entry 12).
However, the product yield dropped signicantly with a less
amount of paraformaldehyde used as the starting material
(entry 13).

Having established an optimal condition for the reaction,
the scope of the isatin derivatives was examined (Table 2). The
N-methyl group isatin 1a could be switched to various alkyl
groups, with the corresponding products afforded in good to
excellent yields (3b to 3d). Interesting, the N protecting groups
on the isatin substrates could even be removed and give the free
oxindole derivatives 3e in a 74% yield. Both electron-
withdrawing and electron-donating groups were well tolerated
on the benzene rings of the isatin substrates, with the
substituted 3-hydroxy-3-hydroxymethyloxindole products
formed in good to excellent yields (3f to 3m).

It is worth to note that the isatin-derived ketimine substrates
4 could also be used as suitable reactants for this microwave
assisted Cannizzaro/aldol reaction process (Table 3). Ketimine
substrate 4 bearing an N-Me or an N-Bn group could give the
© 2021 The Author(s). Published by the Royal Society of Chemistry
target product in a good yield (5a & 5b). Substituents could also
be installed on the 5-position of the ketimine substrate
regardless of their electron properties, with the desired prod-
ucts afforded in good to excellent yields (5c to 5e).

A postulated reaction mechanism is depicted in Fig. 2. The
paraformaldehyde can react with the hydroxyl group under
basic condition to give the intermediate I, which can be further
deprotonated to give the dianion intermediate II. A hydride shi
between the intermediate II and isatin substrate 1 leads to the
formation of the reduced oxindole intermediate III with the
elimination of the formic acid as the byproduct. An aldol reac-
tion between the intermediate III and the formaldehyde gives
the desired product 3. To gain more insight into this mecha-
nism, several control experiments were conducted. The 3-
hydroxy-1-methylindolin-2-one instead of the isatin with K2CO3
RSC Adv., 2021, 11, 17320–17323 | 17321
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Fig. 2 Postulated pathway.
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as the catalyst gave desired product in 90% yield. Based on this
control experiment, we proposed the mechanism is reasonable.

In summary, we have developed an efficient Cannizzaro/
aldol reaction with the assistance of microwave irradiation.
Paraformaldehyde and isatin derivatives are successfully used
as the reaction substrates. Functionalized 3-hydroxymethylox-
indole derivatives bearing various substituents and substitution
patterns are afforded as the reaction products in good to
excellent yields. Inexpensive and the readily available K2CO3 is
applied as the only catalyst in this protocol. Further application
of the 3-hydroxymethyloxindole derivatives obtained through
this method in synthetic chemistry and investigations into
novel microwave assisted transformation are currently in
progress in our laboratory.
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X. Companyò, Catalytic asymmetric strategies for the
synthesis of 3,3-disubstituted oxindoles, Studies in Natural
Products Chemistry, 2013, ch. 4, vol. 40, pp. 71–132; (d)
B. M. Trost and M. K. Brennan, Asymmetric syntheses of
oxindole and indole spirocyclic alkaloid natural products,
Synthesis, 2009, 18, 3003–3025; (e) C. Marti and
E. M. Carreira, Construction of spiro[pyrrolidine-3,30-
oxindoles] – recent applications to the synthesis of
oxindole alkaloids, Eur. J. Org. Chem., 2003, 2945–2963.

2 For bioactive examples, see:(a) D. L. Silverio, S. Torker,
T. Pilyugina, E. M. Vieira, M. L. Snapper, F. Haeffner and
A. H. Hoveyda, Simple organic molecules as catalysts for
enantioselective synthesis of amines and alcohols, Nature,
2013, 494, 216–221; (b) A. P. Antonchick, C. G. Reimers,
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