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d highly diastereo- and
regioselective construction of C-3 functionalized
spirooxindoles via [3 + 2] cycloaddition of 2-aryl/
heteroarylidene-1H-indene-1,3(2H)-diones with N-
2,2,2-trifluoroethylisatin ketimines at ambient
conditions†
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The application of 2-aryl/heteroarylidene-1H-indene-1,3(2H)-dione as an activated olefin source in the

DABCO-catalyzed [3 + 2] cycloaddition with N-2,2,2-trifluoroethylisatin ketimines has been disclosed.

This highly efficient 1,3-dipolar cycloaddition reaction offered a variety of trifluoro methyl group bearing

spiro-pyrrolidine linked oxindoles with four consecutive stereocentres in good to excellent yield and

excellent diastereoselectivity. The synthetic practicality of the protocol was established by demonstrating

the enantioselective construction of spiro-pyrrolidine-oxindoles with two vicinal spiro-quaternary chiral

centres in good yield excellent enantioselectivity (>90% ee) by using ultralow loading of quinine as the

catalyst at room temperature.
Introduction

Spirocyclic compounds, especially spirooxindoles, which are
categorized by a tetrahedral sp3-hybridized carbon atom at the
C-3 position of an orthogonally structured bicyclic structure,
have recently drawn tremendous interest in the research and
development area of pharmaceuticals, organic, and medicinal
chemistry.1 These structural scaffolds are well-featured in
a wide variety of natural alkaloids, and synthetic drug candi-
dates.2 Because of the occurrences of their sp3-hybridized
quaternary stereocenters at the 3-position, spirooxindoles have
oen offered excellent lipophilicity, stereochemical geometry,
and increased binding potential with many receptors as
compared to planar aromatic rings.3 Representative examples of
some potential pharmacologically active natural alkaloids and
synthetic drug candidates bearing spiro-pyrrolidine oxindoles
as the core structure are represented in Fig. 1.4

On the other hand, the incorporation of uorine either as
a single molecule or as a substituted molecule into organic
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compounds either alters or enhances the properties of the
parent material, and the resulting compounds may generally
display promising metabolic stability, binding potential,
stereochemical integrity, or even unprecedented properties.5

Particularly, the installation of the CF3 group adjacent to the
nitrogen atom located at the a-position affects the binding
potential of the drug receptor by reducing the alkalinity of the
amide group.6–10

Recognizing the broad chemical landscape, the signicant
potential of spiro-pyrrolidine oxindoles, the immense impor-
tance of uorine-containing molecules, and the development of
Fig. 1 Representative examples of bioactive spiro-pyrrolidine oxin-
dole scaffolds.
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an elegant synthetic strategy for the expeditious stereodivergent
construction of spirooxindoles embedded with the uorine-
containing group as the key moiety is highly desired.

For the construction of carbon–carbon, carbon–heteroatom
bonds, as well as spirocyclic compounds, the 1,3-dipolar
cycloaddition reaction has been demonstrated as one of the
most fundamental approaches in organic chemistry.11 Intrigu-
ingly, many 1,3-dipoles, including azomethine ylides,12 nitro-
nes,13 carbonyl ylides,14 and others, have been extensively
discovered and explored in cycloaddition reactions throughout
the past few decades. Among them, recently, N-2,2,2-tri-
uoroethylisatin ketimines which are easily accessible and
highly reactive azomethine ylide precursors15 have been
successfully employed in many 1,3-dipolar cycloadditions with
various activated olens and has been demonstrated as one of
the efficient approaches for the stereoselective construction of
spiro-pyrrolidine oxindoles. In 2015, Wang et al., introduced N-
2,2,2-triuoroethylisatin ketimines as a new type of 1,3-dipoles
which was demonstrated for the assembly of spiro[pyrrolidin-3,
2′-oxindole] by a secondary amine catalyzed enantioselective [3
+ 2] cycloaddition with enals (Scheme 1a).15 In 2020, Zhou et al.,
disclosed the utilization of 4-oxo-4H-chromene-3-carboxylic
acid as the dipolarophiles in the 1,3-dipolar cycloaddition
with N-2,2,2-triuoroethylisatin ketimines for the assembly of
various chromone fused spiro-pyrrolidine oxindoles (Scheme
Scheme 1 Previous strategy for the construction of spirooxindoles via
1,3-dipolar cycloaddition reactions and the current approach.

34942 | RSC Adv., 2022, 12, 34941–34945
1b).16 The exploitation of chalcone types of compounds for the
[3 + 2] cycloaddition with N-2,2,2-triuoroethylisatin ketimines
was developed by Wang et al., which also leads to the formation
of spirooxindoles in good yields with excellent diaster-
eoselectivity (Scheme 1c).17 However, the expeditious construc-
tion of spiro-pyrrolidine oxindoles from 2-aryl/heteroarylidene-
1H-indene-1,3(2H)-dione as the dipolarophiles was not reported
so far. Here, we have demonstrated the DABCO-catalyzed highly
efficient and diastereoselective [3 + 2] cycloaddition of N-2,2,2-
triuoroethylisatin ketimines with 2-arylidene-1H-indene-
1,3(2H)-dione as the dipolarophiles for the facile construction
of diverse spiro-pyrrolidine oxindoles fused with indeno moiety
for the rst time (Scheme 1d).
Results and discussion

Our initial investigation for optimizing the reaction conditions
starts with the execution of the reaction of N-2,2,2-tri-
uoroethylisatin ketimines 1a and 2-benzylidene-1H-indene-
1,3(2H)-dione 2a as the model substrate and the reaction was
carried out in presence of different catalytic systems as well as
solvent systems at room temperature (Table 1). Using 5 mol% of
triethylamine 3a as the basic catalyst, the reaction afforded the
corresponding spiro-pyrrolidine oxindole 4a in 37% yield with
8 : 1 dr aer 1 hour (Table 1, entry 1). Then we examined the
Table 1 Optimization of [3 + 2] annulation reactiona

Entry Catalyst Solvent Time (h) Yieldb (%) drc

1 3a Chloroform 1 37 8 : 1
2 3b Chloroform 2 23 4 : 1
3 3c Chloroform 38 60 >20 : 1
4 3d Chloroform 6 52 6 : 1
5 3e Chloroform 4 45 6 : 1
6 3f Chloroform 10 10 4 : 1
7 3g Chloroform 3 36 6 : 1
8 3c Toluene 5 64 >99 : 1
9 3c Dioxane 43 51 >99 : 1
10 3c Hexane 13 56 >20 : 1
11 3c Acetonitrile 26 15 >20 : 1
12d,e 3c Toluene 5 91 >99 : 1

a Unless otherwise mentioned, all the reactions were performed using
1a (0.11 mmol), 2a (0.1 mmol), and catalyst 3a–g (0.005 mmol), in
0.2 M solvent at room temperature. b Yield refers to the column
puried product. c dr was determined for crude product 4a by 1H
NMR analysis. d Yield refers to the centrifuge-puried product. e dr
was determined for puried product 4a by 1H NMR analysis.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Reaction scope of indane-1,3-dione enophile 2b–2z with
ketimine 1aa,b,c,d

a Unless otherwise mentioned, all the reactions were performed using 1
(0.11 mmol), 2 (0.1 mmol), and catalyst 3c (0.005 mmol), in 0.2 M of
toluene at room temperature. b Yield refers to the puried product.
c dr was determined for puried product 4 by 1H NMR analysis.
d Yield refers to the column puried product (4o, 4t).
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efficiency of various amine catalysts such as N-ethyl-N-
isopropylpropan-2-amine 3b (Table 1, entry 2), DABCO 3c (Table
1, entry 3), piperidine 3d (Table 1, entry 4), diisopropylamine 3e
(Table 1, entry 5), N,N-dimethylpyridin-4-amine 3f (Table 1,
entry 6), and catalyst 3g (Table 1, entry 7) in chloroform as the
solvent system for the model reaction at room temperature. A
quick survey of the results disclosed in the Table 1 revealed that
the reaction conducted in presence of catalysts 3b, 3d, 3e, 3f,
and 3g leads to a lower yield of product 4a and necessitates
longer reaction time. However, surprisingly it was noticed that
using DABCO as the catalyst which also required 38 hours to
complete conversion of the product 4a, excellent diaster-
eoselectivity (>20 : 1 dr) was achieved (Table 1, entry 3). Inspired
by this result, then we carried out the reaction by changing the
solvent system from chloroform to dioxane, hexane, acetoni-
trile, and toluene for optimizing the appropriate solvent for the
model reaction. With 5 mol% of DABCO as the catalyst and
dioxane as the solvent, an increase in the diastereoselectivity
was observed albeit with a low yield of the product even aer 43
hours (Table 1, entry 9). The screening of hexane and acetoni-
trile also furnished the product with a very low yield (Table 1,
entry 10–11). To our delight, the reaction in presence of toluene
pleasingly afforded the desired product 4a in 91% yield with
>99 : 1 dr aer 5 hours (Table 1, entry 12). On the other hand,
increasing or decreasing the catalyst loading had no auspicious
effects on the rate of the reaction. Consequently, the utilization
of 5 mol% of DABCO as the catalyst and toluene as the solvent
was recognized as the best optimum condition for this cyclo-
addition addition reaction.

Aer ascertaining the standard reaction condition, the
feasibility of the protocol was investigated by executing the
reaction with different N-2,2,2-triuoroethylisatin ketimines
and 2-aryl/heteroarylidene-1H-indene-1,3(2H)-dione. At rst,
the efficiency of various 1H-indene-1,3(2H)-dione 2b–2z for this
DABCO-catalyzed 1,3-dipolar cycloaddition with N-methyl
substituted N-2,2,2-triuoroethylisatin ketimine 1a (R2=Me, R3

=H) was examined (Scheme 2). From the results summarized in
Table 2, it was found that the 1H-indene-1,3(2H)-dione ring
bearing diverse electron-withdrawing group at the different
positions of R1 were well tolerated under the standard reaction
condition and deliver the products 4b–4i in good to excellent
yield with excellent diastereoselectivity up to >99 : 1 (Table 2,
entry 4b–4i). The best yield of the product was obtained for 4-
Scheme 2 Synthesis of spiro-pyrrolidine oxindoles under the standard
conditions.

© 2022 The Author(s). Published by the Royal Society of Chemistry
chloro substituted 1H-indene-1,3(2H)-diones (Table 2, entry 4f).
Similarly, the reaction was also amenable with broad electron-
donating substituents in the different positions of the reac-
tion of 1H-indene-1,3(2H)-dione (Table 2, entry 4j–4o). On the
other hand, strong electron-withdrawing groups such as nitro-
and cyano substituted 1H-indene-1,3(2H)-dione successfully
proceeded for this reaction and delivered the products in
almost quantitative yield with good to excellent diaster-
eoselectivity (Table 2, entry 4q–4t). Not only with aryl substitu-
tion but heteroaryl substituted 1H-indene-1,3(2H)-dione have
also been well documented for the present reaction (Table 2,
entry 4y and 4z). With furyl substituted 1H-indene-1,3(2H)-
dione, up to >99 : 1 dr was observed, while thienyl substitution
afforded a moderate dr up to 11 : 1.

Enlightened by these successful achievements, and to
further broaden the scope of this reaction, we carried out the
reaction of various N-substituted N-2,2,2-triuoroethylisatin
ketimines with 2-benzylidene-1H-indene-1,3(2H)-dione 2a in
presence of 5 mol% of DABCO (3c) in toluene at room
temperature. N-Substituted ketimines 1b and 1c having methyl
and methoxy group at the C-5 position of the aryl ring efficiently
participated in the reaction to provide the respective products
4a′ and 4b′ in 89% and 94% yield with >20 : 1 and >99 : 1 dr
RSC Adv., 2022, 12, 34941–34945 | 34943
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Table 3 Reaction scope of ketimine 1b–1g with indane-1,3-dione
enophile 2aaa,b,c

a Unless otherwise mentioned, all the reactions were performed using 1
(0.11 mmol), 2 (0.1 mmol) and catalyst 3c (0.005 mmol), in 0.2 M of
toluene at room temperature. b Yield refers to the puried product.
c dr was determined for puried product 4 by 1H NMR analysis.

Scheme 4 Application of arylidene malononitrile as the olefinic
source.

Scheme 3 Preliminary investigation on the catalytic asymmetric
reaction.
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respectively, Table 3. The presence of a uoro group on the C-7
position of the aryl ring of N-methyl substituted ketimines, is
also very suitable for this reaction, delivering the product 4c′ in
88% yield with >99 : 1 dr. On the other hand, changing the
methyl substitution on the nitrogen atom of ketimines by
benzyl, allyl, and propargyl had no detrimental effect on the
yield of the products. While N-benzyl and N-propargyl
substituted ketimines 1e and 1g afforded the products 4d′ and
4f′ in 64% and 78% yields with >20 : 1 and >99:1 dr respectively,
the N-allyl substituted ketimines leads to a good yield of the
product 4e′ but 16 : 1 diastereomeric ratio. All the synthesized
compounds are new and characterized by using 1H NMR, 13C
NMR, 19F NMR, HRMS, and FT-TR spectroscopic analysis (see
Fig. 2 XRD structure of compound 4a (CCDC 1880719†).

34944 | RSC Adv., 2022, 12, 34941–34945
ESI†). The structure of compound 4a is further conrmed by
single-crystal X-ray analysis, Fig. 2.

To further established the synthetic potentiality of the
present protocol, an enantioselective [3 + 2] cycloaddition of N-
2,2,2-triuoroethylisatin ketimine 1a with 2-benzylidene-1H-
indene-1,3(2H)-dione 2a was performed. With the help of
5 mol% of quinine 3h as the organocatalyst, the reaction
provided the corresponding spiro-pyrrolidine oxindole product
4a bearing four contiguous stereogenic centres with two vicinal
spiro-all carbon quaternary stereogenic centres in good yield
(66% yield), excellent enantioselectivity (87% ee). Inspired by
this result, we then synthesized a total of four examples of an
asymmetric version of the spirooxindole products. The nal
product 4 was isolated by using ash chromatography (Scheme
3). Furthermore, to validate the synthetic potentiality of the
present strategy, we conducted a reaction between arylidene
malononitrile and 1a under identical conditions. To our
delight, the corresponding product 4aa′′ was accomplished in
58% yield (Scheme 4).
Conclusions

In conclusion, we have demonstrated the exploitation of 2-aryl/
heteroarylidene-1H-indene-1,3(2H)-dione as the new olen
© 2022 The Author(s). Published by the Royal Society of Chemistry
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source for the expeditious construction of triuoro methyl
containing spiro-pyrrolidine oxindoles fused with indeno
moiety via a DABCO-catalyzed [3 + 2] cycloaddition with readily
accessible N-2,2,2-triuoroethylisatin ketimines at ambient
temperature. The mild reaction conditions, ultra-low loading of
catalyst, energy efficiency, eco-compatible, and diverse func-
tionality are some of the key features of this approach. The
synthetic applicability of the present approach was highlighted
by the enantioenriched construction of spiro-pyrrolidine oxin-
dole with four stereogenic centres out of which two vicinal
spiro-quaternary centers were formed. The developments of
further synthetic strategies for improving the enantioselectivity
of the synthesized products, indeno fused spiro-pyrrolidine
oxindoles may would nd the future scopes of applications.
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