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A synthetic strategy for the preparation of spiro[indoline-3,2'-pyrrolidine] derivatives has been developed, featuring a two-step se-

quence consisting of the reaction of 2-arylindoles with a,B-unsaturated ketones, followed by Fe(II)-catalyzed spirocyclization of

readily accessible oxime acetates. The method exhibits a broad substrate scope and good functional group tolerance. The synthe-

sized spirocyclic compounds showed no significant antimicrobial activity.

Introduction

Spiro[indoline-3,2'-pyrrolidine] derivatives represent an impor-
tant class of organic compounds found in both natural products
(e.g., coerulescine [1], horsfiline [2], and elacomine [3]) and
synthetic bioactive molecules (Figure 1). This scaffold exhibits
a broad range of pharmacological activities, including signifi-
cant in vitro antimycobacterial properties [4], potent antitumor
effects against melanoma cell lines [5], and antagonism of Ty?
lymphocyte function [6]. Due to their wide-ranging biological

activities, spiro[indoline-3,2'-pyrrolidines] have attracted sub-

stantial interest in medicinal chemistry, prompting the develop-

ment of diverse synthetic strategies.

Several methodologies have been reported for the synthesis of
substituted spiro[indoline-3,2'-pyrrolidines] (Scheme 1), which
can be broadly categorized into two main approaches. The first
involves cascade reactions featuring the formation of multiple
bonds, including a pivotal spirocyclization step. However, these

strategies typically require pre-functionalized starting materials
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Figure 1: Natural and synthetic bioactive spiro[indoline-3,2'-pyrrolidine] derivatives.

and often result exclusively in substituted oxindoles. For exam-
ple, a highly diastereoselective method for the synthesis of
dihydrospiro[indoline-3,2'-pyrrole]-2-ones has been developed
(Scheme 1, path a) [7]. This transformation proceeds via a
Lewis acid-mediated conjugate addition of vinyl azides to elec-
tron-deficient alkenes, followed by denitrogenative cyclization.
Subsequently Zhong et al. reported a catalytic asymmetric
variant, affording spirooxindoles in high yields with excellent
enantioselectivity [8]. An alternative approach employing vinyl
azides involves a Rh(II)-catalyzed olefination of diazo com-
pounds, followed by annulation with vinyl azides to yield
substituted spiropyrrolidines (Scheme 1, path b) [9]. Additional-
ly, an organocatalytic, enantioselective Michael addition/cycli-
zation sequence of 3-aminooxindole Schiff bases with terminal
vinyl ketones, catalyzed by a cinchona-derived base, has been
reported to afford chiral spiroindolylpyrroles in high yields
(Scheme 1, path c¢) [10]. Further expanding the scope of enan-
tioselective approaches, a Michael/cyclization cascade reaction
between 3-aminooxindoles and 2-enoylpyridines, catalyzed by a
cinchonidine-based thiourea organocatalyst, was developed.
Subsequent treatment with HCI in methanol under heating
furnished chiral spiroindolylpyrroles in excellent yields and en-
antioselectivity (Scheme 1, path d) [11]. Moreover, a copper-
catalyzed reaction of oxindole-derived alkenes with aceto-
phenone O-acetyl oxime has also been employed to construct
the spiroindolylpyrrole scaffold (Scheme 1, path e) [12].

The second category of synthetic methods relies on more acces-
sible, non-pre-functionalized starting materials and stepwise
assembly of the spirocyclic core. This strategy enables the syn-
thesis of functionalized 3H-indoles, which can be further elabo-
rated into structurally diverse products. For instance, an intra-

molecular Sp2-type cyclization of $-3-indolyl ketone oximes

using MsClI and Et;N affords spiro[indoline-3,2'-pyrrolidines]
(Scheme 1, path f) [13]. A subsequent Cu-catalyzed spirocy-
clization of B-3-indolyl ketone oxime acetates was developed.
This process involves homolytic N-O bond cleavage to
generate an N-imidoyl radical intermediate that undergoes intra-
molecular cyclization to yield the spirocyclic product
(Scheme 1, path g) [14]. Notably, iron is known to exhibit simi-
lar behavior in single-electron transfer (SET) processes [15-17].
In fact, we previously demonstrated an Fe-catalyzed dearomati-
zation of B-2-furyl ketone oxime acetates, yielding functionali-
zed pyrroles [18]. Herein, we report our investigation of the
Fe-catalyzed spirocyclization of B-3-indolyl ketone oxime
acetates.

Results and Discussion

Our study commenced with the synthesis of key propan-1-one
derivatives bearing an indolyl moiety. For this purpose, the
reaction of 2-arylindoles 1 with o,f-unsaturated ketones 2 was
employed, affording the corresponding indolylalkanones 3
(Scheme 2) [19-21]. A combination of trimethylsilyl chloride
and acetonitrile served as a mild promoter for the desired reac-
tion [17]. Under these conditions, the reaction was performed
on a 5 mmol scale without any loss of efficiency. We next eval-
uated the scope of the developed protocol. The electronic and
steric nature of substituents had a minimal impact on the prod-
uct yields and in most cases, the desired products were ob-
tained in good to high yields. However, two notable exceptions
were identified. First, when a nitro group was introduced at the
para-position of the benzoyl moiety the starting chalcone was
recovered unchanged. Second, the use of an a,B-unsaturated ke-
tone bearing an N-methylpyrrole moiety resulted in extensive
decomposition and tarring, a common issue with a-unsubsti-

tuted pyrroles under acidic conditions. These results indicate
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Scheme 1: Previous approaches and our work.

that substrates featuring strongly electron-withdrawing groups
or acid-sensitive motifs are not compatible with the developed
protocol.

Next, we synthesized the model ketone oxime acetate from f-3-
indolyl ketone 3a using the previously described telescopic
protocol [17]. This substrate was subjected to FeCl,-catalyzed
spirocyclization in acetonitrile at room temperature, affording
the desired spirocyclic product 4a in 70% yield as a mixture of
diastereomers (dr = 1:10). Scaling up the reaction to a 4 mmol
scale led to a decrease in yield to 55%. Under these conditions,
we explored the substrate scope of the reaction (Scheme 3). In

general, substituent effects were minimal, and most spirocyclic

products were obtained in good to high yields. Nevertheless,
several notable exceptions were observed. First, when a sub-
strate bearing an alkyl substituent at the keto group was em-
ployed, the yield of the desired product 40 decreased to 20%.
Second, the use of a 2-naphthylindole substrate (31) afforded no
desired product, presumably due to increased steric demand.
Third, the introduction of an ortho-methyl substituent on the ke-
tone moiety (3m) likewise suppressed product formation, likely
due to steric hindrance interfering with cyclization at the C3 po-
sition of the indole ring.

Based on literature precedents [15,16], we propose a mecha-

nism involving a radical pathway (Scheme 4). Initial Fe(II)-
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Scheme 2: The reaction of 2-arylindoles 1 with a,B-unsaturated ketones 2. 2Isolated yield of the 5 mmol scale experiment.

mediated reductive cleavage of the N-O bond in the ketoxime
acetate generates an iminyl radical. This is followed by a 5-exo-
trig cyclization to form a carbon-centered radical. Final single-
electron oxidation by Fe(IIl) delivers the desired spirocyclic

product.

All synthesized spiro[indoline-3,2'-pyrrolidine] derivatives 4
were evaluated for antimicrobial activity via serial dilution
assays across a concentration range of 0.5-1000 pg/mL. The
minimum inhibitory concentration (MIC) and minimum bacteri-
cidal (fungicidal) concentration (MBC/MFC) against a diverse
spectrum of microorganisms was determined, including two
fungal strains: Candida albicans ATCC 10231, C. albicans C1
— clinical strain, Gram-positive bacteria such as Staphylococcus
aureus ATCC 25923, S. aureus ATCC 43300 (MRSA),
Mycobacterium smegmatis ATCC 70084, and Gram-negative

bacteria including Escherichia coli ATCC 25922, E. coli ATCC
8739, and Klebsiella pneumoniae ATCC 700603. Notably, none
of the tested compounds demonstrated significant antibacterial
activity against the evaluated strains (for details, see Support-

ing Information File 1).

Conclusion

In summary, we have developed an efficient synthetic strategy
for constructing spiro[indoline-3,2'-pyrrolidine] derivatives via
a sequence involving the reaction of 2-arylindoles with o,f-
unsaturated ketones, followed by Fe(II)-catalyzed spirocycliza-
tion of the corresponding easily accessible oxime acetates. The
methodology exhibits broad substrate scope, with only minor
limitations attributable to steric hindrance or functional group
sensitivity. Antimicrobial evaluation of the synthesized spiro-

cyclic compounds revealed no significant activity against the
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Scheme 4: The proposed mechanism of product 4 formation.

tested microbial strains. However, the synthetic versatility and
broad substrate scope of developed protocol highlights its
potential for further derivatization and the discovery of valu-

able properties.

Supporting Information

Supporting Information File 1

General reaction procedures, compound characterization
data, and copies of NMR spectra.
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