Open Access Article. Published on 21 November 2025. Downloaded on 2/3/2026 1:46:47 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

ROYAL SOCIETY
OF CHEMISTRY

(3

RSC Advances

View Article Online

View Journal | View Issue

Design and synthesis of novel spirocyclic oxindole
based hybrid scaffolds: in silico docking approach
towards therapeutic target exploration

{ ") Check for updates ‘

Cite this: RSC Adv., 2025, 15, 45619

Ravindra Kumar Upadhyay,®® Keshav Kumar Saini,® Ravi Kant,® Neha Chaudhary,®
Yogita Tonger,? Arun Kumar® and Rakesh Kumar (2 *@

The isatin derivatives exhibit various pharmacological activities, including antihypertensive, anti-
inflammatory, and ACE-inhibitory effects. The synthetic flexibility of isatin makes it valuable for
synthesising various heterocycles, including pharmacologically potent spirocyclic derivatives. In this
paper, an efficient procedure is employed for the synthesis of novel alkyne-appended spirolindoline-
3,3'-pyrrolizin]-2-one derivatives (6—8) as a potential anti-inflammatory agent predicted by molecular
docking via a catalyst-free reaction from alkyne isatin, the starting material. Subsequently, these
compounds were treated with the azide derivative of isatin to get the triazolated derivatives (11-14),
which were further reacted with L-hydroxyproline in ethanol in the presence of InCls as a catalyst to get
the final products (15-19). Molecular docking studies of all the synthesised ligands were carried out to
examine the interactions of the ligands with the active sites of the COX-2, a key enzyme in the
inflammatory pathways responsible for prostaglandin synthesis. All the synthesised compounds have
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binding affinity, —10.3 kcal mol™, among all the synthesised compounds. Thus, the synthesised

DOI: 10.1039/d5ra07175¢ compound holds the potential to exhibit anti-inflammatory activity similar to that of celecoxib, the
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1. Introduction

Indoline (I), pyrrolizine (II), and oxindole (III) (Fig. 1) scaffolds
are present in many natural products such as physostigmine,*
senecionine,” and alstonisine® and are incorporated in drugs to
show a diverse range of biological activities, such as antihy-
pertensive, anticancer, anti-inflammatory and angiotensin-
converting enzyme inhibitory effects.*® Since they exhibit
a wide variety of pharmacological activities,” there is
a compelling need to design and synthesise novel derivatives of
these heterocyclic compounds to further enhance their thera-
peutic potential.®
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Oxindoles (III) are a class of heterocyclic’® organic
compounds that commonly exist as natural products of various
plants and in the body fluids and tissues of mammals.'>"
Baeyer and Knop reported the first oxindole synthesis in 1866.
The oxindole-containing compounds illustrate a broad area of
pharmacological activities, such as antimicrobial,* antiviral,*
antitubercular,” antioxidative,'® tyrosinase inhibitory,' anti-
rheumatic arthritis,"” etc. There are various commercially
available drugs (Fig. 2) containing an oxindole core that are
widely used and well accepted in the market.*®

Due to the synthetic versatility of isatin (indole-2,3-dione, IV),
it is used as a precursor for drug synthesis. It can also be utilised
for the synthesis of various heterocyclic compounds, including
indole and pyrrolidine derivatives.'* The pharmacological activity
of isatin derivatives is intriguing, and they are widely used as
antifungal,® antiviral,> anticonvulsant,” antibacterial,”® anti-
Alzheimer,* antioxidant® and antimicrobial*® therapeutics.

Pyrrolizines play an important role in the synthesis of
numerous biologically active natural alkaloids. Due to their
capacity to produce reactive pyrrolic metabolites that can bind to
DNA and create cross-links, they are speculated to have anti-
cancer activity. The [3 + 2] cycloaddition reaction, known as 1,3-
dipolar cycloaddition, has become a potent method for creating
five-membered heterocyclic molecules. For the [3 + 2] cycloaddi-
tion reactions, several 1,3-dipoles have been used, including
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