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ABSTRACT
Pyrrolidine is a saturated five-membered nitrogen-containing heterocycle widely recognized as 
a privileged scaffold in medicinal chemistry. Its conformational flexibility, strong basicity, and 
hydrogen-bonding capability contribute to its broad pharmacological relevance. Pyrrolidine 
derivatives exhibit diverse biological activities, including antimicrobial, anticancer, antiviral, 
anti-inflammatory, neuropharmacological, and antidiabetic effects. Several clinically approved 
drugs such as Paroxetine, Vincristine, Remdesivir, and Saxagliptin highlight its therapeutic 
versatility. Advances in synthetic strategies, including intramolecular cyclization, reductive 
amination, hydroamination, and lactam reduction, have expanded access to structurally 
diverse derivatives. This review summarizes structural features, synthetic methodologies, 
pharmacological applications, and emerging research directions of pyrrolidine scaffolds 
in modern drug discovery. Although they possess immense potential, challenges such as 
stereochemical complexity, possible toxicity, and metabolic instability remain critical factors in 
their development. Looking ahead, the integration of green chemistry, stereoselective synthesis, 
and computational drug design is expected to unlock new opportunities, making pyrrolidine 
scaffolds vital for next-generation pharmaceuticals and multifunctional materials. This review 
provides an updated overview of the structural features, synthetic strategies, pharmacological 
applications, and future perspectives of pyrrolidine-based research, highlighting its significance 
in advancing both chemistry and biomedical sciences.

Keywords Drug discovery, Heterocyclic compounds, Neuropharmacology, Pharmacological 
applications, Pyrrolidine, Synthetic strategies.

INTRODUCTION

Drug design is a dynamic interdisciplinary field; drug design is at 
the forefront of pharmaceutical research because it tries to find 
and optimise bioactive molecules in medicine. It is accomplished 
by systematically designing, synthesizing and modifying chemical 
substances to form reaction with a biologic site of interest, e.g. 
a protein or an enzyme, which is involved in a disease pathway. 
A pyrrolidine ring is a five membered ring that consists of four 
carbon atoms with one nitrogen atom which is a saturated ring. 
The ring is heterocyclic because the structure includes nitrogen 
as a part of the structure. The molecule formula of pyrrolidine 
is C4H9N. The ring is two-dimensional and the carbon atoms 
are sp3 -hybridized, so that the overall structure becomes stable 

(Figure 1).1 Pyrrolidine ring is a special structural block of many 
natural products, drugs, and bioactive molecules due to its special 
properties. It is an effective scaffold to assemble various molecules 
as a result of its small size and conformational ability. The nitrogen 
atom also puts an aspect of polarity, and this affects the reactivity 
of the compound as well as its reaction with biological systems.2 
Various analogs of pyrrolidines are likely to exhibit interesting 
stereochemical behaviour, because the chirality of the carbon on 
which the nitrogen substituent is located can produce multiple 
enantiomers, with differing biological activity. The synthetic and 
rational design of compounds with desired pharmacological 
properties rely partly on the fundamental geometry and the 
electronic properties of the pyrrolidine ring.3,4

Structure and Geometry

The arrangement of atoms within the structure of pyrrolidine 
molecule is special with the aim of enabling the molecule to have 
specific geometrical and electronic features. Pyrrolidine has a 
zero-ring structure which comprises four carbon atoms together 
with one nitrogen atom. The one that introduces heterocyclic 
molecules is the nitrogen atom located in the ring.5
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The pyrrolidine arrangement in the sp3 hybridization gives 
certain three-dimensional structure in which each of the carbon 
atoms is bonded to two carbon atoms and a hydrogen atom. 
The carbon-carbon bonded pyrrolidine ring has two bonds 
of approximately 109.5 degrees, which is a tetrahedral bond 
structure. Unlike aromatic heterocycles, pyrrolidine does not 
adopt a planar geometry; instead, it exists predominantly in a 
non-planar envelope conformation due to sp³ hybridization of its 
ring atoms. This conformational flexibility significantly influences 
its reactivity and biological interactions.6 This puckered geometry 
reduces ring strain and contributes to its conformational 
adaptability in biological environments. The nitrogen atom is a 
more electronegative element than carbon itself, so it provides 
some degree of polarity to the pyrrolidine ring. This polar nature 
influences the solubility of the molecule and also the interactions 
of the molecule with other polar or charged molecules in the 
biological system.1,7

Since the pyrrolidine moiety is of high significance, the synthetic 
pathway is also of high importance due to its application in the 
production of other bioactive molecules. The synthetic pathway 
for the pyrrolidine moiety is shown below.8

Dehydrogenation of piperidine: Pyrrolidine is made 
by dehydro-coupling of a different heterocycle, the 
nitrogen-containing piperidine. This is carried out by losing 
two hydrogen atoms to produce the two-hydrogen bond of the 
pyrrolidine ring.9

Reformatsky reaction: Reformatsky reaction is a reaction 
of alpha-halo ketones or alpha-halo esters with zinc and the 
presence of a carbonyl molecule. This reaction can be used to 
remain to make pyrrolidines.10 The Reformatsky reaction enables 
construction of γ-amino carbonyl intermediates that readily 
undergo intramolecular cyclization to form the five-membered 
pyrrolidine ring.

Mannich reaction: A primary or secondary amine, formaldehyde 
and a ketone or an aldehyde can be used to make pyrrolidines 
using the Mannich reaction.11 The Mannich reaction facilitates 
introduction of aminomethyl functionalities that serve as 
precursors for subsequent ring closure, thereby contributing 
directly to pyrrolidine scaffold assembly.

Ring-opening reactions: There is reactivity of pyrrolidines 
to ring-opening reactions, with particular reactivity of the 
protonated nitrogen. Nucleophiles can attack the electrophilic 
carbon in order to generate open-chain compounds.12

Functionalization: The carbon atoms in the pyrrolidine ring 
are subject to diverse functionalization reactions (encompassing 
nucleophilic substitution and reaction with transition metals), 
enabling the addition of a wide variety of substituents.13

Medicinal chemistry: Pyrrolidines have been used in the design 
and development of drugs. They have structural diversity and can 

interact with biological targets, making them functional scaffolds 
for designing pharmaceutical agents such as antipsychotics, 
antivirals, and anticancer agents.14

Enantioselective synthesis: Most derivatives of pyrrolidine 
are chiral and have found use in asymmetric synthesis. Chiral 
pyrrolidines have been used in the preparation of enantiomerically 
pure compounds essential in medicinal chemistry.15

Alkaloids: The pyrrolidine is a typical structural motif in many 
alkaloids, natural compounds usually extracted from vegetation 
or microorganisms. Examples are nicotine, anabasine, and 
hygrine that have a pyrrolidine ring in their structures.16

The nomenclature of pyrrolidine is according to the rules 
of the International Union of Pure and Applied Chemistry 
(IUPAC). Pyrrolidine is a line-coded saturated nitrogen ring 
with four carbon atoms and one nitrogen atom in it.17 The 
name pyrrolidine is named systematically after its parent 
hydrocarbon pentane, where one of the carbon atoms has been 
substituted with a nitrogen atom. The effect of this replacement 
is a five-membered saturated heterocyclic ring with one nitrogen 
atom in it. Under IUPAC nomenclature, the compound is called 
1-Azacyclopentane, demonstrating that the compound has an 
atom of nitrogen (aza substitution) at the number 1 position in 
the cyclopentane ring. The naming of this system is meant to 
help highlight its homocyclic character and to draw a contrast 
with its parent hydrocarbon framework.6,17 Collectively, these 
structural and electronic attributes explain why pyrrolidine 
continues to serve as a privileged scaffold in rational drug design 
and medicinal chemistry research.

Historical Perspective

Pyrrolidine is a substance that has had important inventions 
and innovations in chemistry and pharmacology in the last few 
decades. The earliest synthesis and isolation of history Pyrrolidine 
was conducted by chemists in the early 20th century and its 
origin runs even deeper. Pyrrolidine is the first synthesis that 
was recorded in history in the late 1800s, and later researchers 
began to reveal the structural characteristics of the compound. 
The molecular architecture of pyrrolidine is a developing field 
of knowledge and, therefore, has gained clarity as regards to 
relevance in theory and practice.2,6 Early study of the chemical 
properties of pyrrolidine involved the utilization of the chemical 
in different chemical reactions and catalytic procedures. 
This priori knowledge provided the basis to the development 
of pyrrolidine-based scaffolds into medicinal chemistry. 
Pyrrolidine historical movement achieved momentum in the 
pharmacology sector when scientists realized that pyrrolidine 
could be used to control biological processes using pyrrolidine 
derivatives.3 The period of the middle of the 20th century was 
linked with the development of increased interest in studying the 
pharmacological activity of compounds of the pyrrolidine ring 
such as antimicrobial activity and effects on the central nervous 
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system. It is notable that pyrrolidine-based medicines began to 
replace the pharmaceutics arena. The research on pyrrolidines 
took a new dimension in the second half of the 20th and the 
first half of the 21st century owing to developments in the area 
of synthetic methodologies and the improved understanding 
of the structure-activity relationship. The architecture of novel 
pharmaceutical agents exploited the unique characteristics of 
pyrrolidine scaffolds, and a body of literature has since developed 
that investigates the broad spectrum of pharmacological potential 
of pyrrolidine analogues.2,3 The other major contribution 
of pyrrolidine to medicine and pharmaceutical was that, 
pyrrolidine was utilized in manufacture of antimicrobial agents. 
The pyrrolidines derivatives have demonstrated efficacy in a 
variety of microorganisms and could be useful as key moieties 
in antibiotics and antimicrobial medicines. The presence of 
pyrrolidine as a structural motif of the concerned compounds led 
to the production of new antimicrobial agents to meet the acute 
demands of the successful treatment of bacterial infections.5,7

Moreover, pyrrolidine scaffolds were first utilized in designing 
drug products that were central nervous system-targeting. The 
pyrrolidine chemical characteristics that made it a good molecule to 
attract the neural receptors were the planarity and conformational 
flexibility. This saw the synthesis of pyrrolidine-based drugs that 
possessed neuropharmacological properties, which influenced 
neurotransmitters systems and could be used to treat brain and 
nervous system diseases.8 As the methodology of developing 
drugs changed, pyrrolidine continued to be a reactive building 
block in the formation of numerous treatment agents. This is the 
pharmacological effect of pharmaceuticals, which is contributed 
by this property of pyrrolidine, and it is difficult to know the 
significance of pyrrolidine in drug discovery in the early stages 
of drug development.

These early structural and reactivity studies ultimately laid the 
foundation for the rational incorporation of pyrrolidine into 
modern pharmaceuticals. The transition from fundamental 
heterocyclic chemistry to clinically relevant agents demonstrate 
how early discoveries directly contributed to the development 
of contemporary therapeutics targeting central nervous system 
disorders, cancer, viral infections, and metabolic diseases.

Potent compounds having a pyrrolidine moiety and 
their pharmacological action

Saturated five-membered heterocyclic amine pyrrolidine is 
one of the pharmacophores present in numerous bioactive 
natural products and synthetic drugs. The pyrrolidine ring 
can be correlated with a better lipophilicity of drug molecules, 
receptor affinity, and bioavailability. It has found extensive 
application in drug design because of its structural flexibility, 
and the ability to form a hydrogen bond.18,19 The pyrrolidine-ring 
family of compounds has been demonstrated to exhibit a 
diverse pharmacologic activity, comprising of both central 

nervous system-modulating and anticancer, antiviral, and 
anti-inflammatory properties.18 Representative clinically relevant 
pyrrolidine-containing drugs and their pharmacological actions 
are summarized in Table 1.

SIGNIFICANCE OF PYRROLIDINE-BASED 
RESEARCH IN CHEMISTRY AND 
PHARMACOLOGY

The significance of the pyrrolidine studies in the chemical and 
pharmacological universe can be explained by the structural 
features and the flexibility of this five-member ring. Pyrrolidine 
structural has been utilized most effectively in the world of 
chemistry as the building blocks in the synthesis of other complex 
organic molecules.21 The pyrrolidine ring has attracted attention 
due to its planar structure and conformational flexibility and has 
been readily inserted into many varieties of molecular structures. 
The researchers have applied this flexibility to come up with a 
vast repertoire of compounds, such as small organic compounds 
to the more complicated pharmaceutical molecules. Pyrrolidine 
derivatives synthesis and control have been the focus of the 
creation of new materials and discovery of new synthetic routes.22

FUTURE SCOPE OF PYRROLIDINE SCAFFOLDS

Branched pyrrolidine scaffold is a drug discovery and medicinal 
chemistry platform that has an enormous potential based on 
flexibility of the structural and pharmacophoric properties. 
The objective of future research will be the production of 
pyrrolidine-based products with an improved degree of receptor 
selectivity, metabolic and bioavailability. As computational drug 
design advances, pyrrolidine derivatives can be optimized to better 
interact with biological targets, especially in the areas of oncology, 
neurodegenerative diseases, and infectious diseases. They have 
proven to be good targets in next-generation therapeutics, 
including antiviral agents, kinase inhibitors, and immune 
modulators, because they control a wide range of enzymes, 
receptors, and ion channels.23,24 In addition, to overcome the 
drawbacks of traditional drugs, including resistance and toxicity, 
analogues of natural products and peptidomimetics that contain 
pyrrolidine are studied. A combination of green chemistry-based 
approach with stereoselective synthesis techniques will also widen 
the range of pyrrolidine scaffolds, allowing the discovery of new, 
safe, and effective drug candidates in precision medicine.25,26

SYNTHETIC SCHEME FOR PYRROLIDINE 
SYNTHESIS

Intramolecular SN2 Cyclization of 4-Haloalkylamine

A comparative overview of the discussed synthetic approaches 
reveals that intramolecular SN2 cyclization is operationally simple 
and suitable for unsubstituted systems, while lactam reduction 
offers efficient access from readily available γ-lactams but requires 
strong reducing agents. Reductive amination–cyclization is highly 
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versatile and compatible with diverse functional groups, making it 
attractive for medicinal chemistry applications. Hydroamination 
methods provide atom-economical routes but often rely 
on transition-metal catalysts. Therefore, method selection 
depends on substrate complexity, desired substitution pattern, 
stereochemical requirements, and scalability considerations.

This reaction is one of the classical and simplest synthetic 
methods for preparing pyrrolidine. A 4-haloalkylamine, 
such as 4-chloro-1-butanamine, undergoes intramolecular 
Nucleophilic Substitution (SN2). The terminal amino group acts 
as a nucleophile and attacks the electrophilic carbon bearing the 
halogen atom. Since the nucleophilic group and the leaving group 
are located in the same molecule, the reaction proceeds via an 
intramolecular 5-exo-tet cyclization pathway.27,28 This is driven 
by the fact that a stable five-membered ring (pyrrolidine) is both 
thermodynamically preferred and entropically possible.

Each synthetic strategy described below directly facilitates 
construction of the pyrrolidine core through intramolecular 
C–N bond formation or functional group interconversion of 
cyclic precursors. These reactions are central to assembling 
the five-membered nitrogen heterocycle and enable structural 
diversification for medicinal chemistry applications.

H2N
Cl

4-chloro-1-butanamine

NH

Pyrrolidine

DMF or EtOH

Base, Heat
HCl

LACTAM (2PYRROLIDONE) REDUCTION

The five-membered cyclic lactam (γ-lactam) 2-pyrrolidone is 
reducible to pyrrolidine with the substantial hydride donor, 
Lithium Aluminium Hydride (LiAlH4) or Borane (BH3THF). The 
cleavage occurs at the amide C=O double bond, and then further 
additions of hydride ions occur. This transforms the lactam 
carbonyl to a methylene (–CH2–) group to give the saturated 
cyclic amine pyrrolidine. The importance of this transformation 
is that it allows access to pyrrolidines via the most easily available 
lactam precursors, and various analogous strategies have been 
applied in the synthesis of most N-heterocycles in medicinal 
chemistry.29,30

H
N O

2-Pyrrolidone

NH

Pyrrolidine

LiAlh4

THF, Reflux

A comparative evaluation of synthetic approaches reveals distinct 
advantages and limitations. Intramolecular SN2 cyclization 
is operationally simple and high yielding but may suffer from 
competing elimination reactions. Lactam reduction offers 
straightforward access from readily available precursors but 
requires strong reducing agents such as LiAlH₄, limiting functional 

group tolerance. Reductive amination–cyclization is versatile and 
compatible with diverse substituents, whereas hydroamination 
strategies often require expensive transition-metal catalysts. 
Activation–cyclization of γ-amino alcohols provides mild 
reaction conditions but involves additional activation steps. Thus, 
the choice of method depends on substrate availability, desired 
substitution pattern, and stereochemical control requirements.

REDUCTIVE AMINATION–CYCLIZATION OF 
1,4-CARBONYL COMPOUNDS

A 1,4-dicarbonyl compound (e.g., 4-oxobutanal) reacts with 
ammonia or a primary amine to form a Schiff base (imine). 
Subsequent intramolecular cyclization and reductive amination 
furnish pyrrolidine.31

O
O

4-oxobutanal

NH3

Ammonia

NH

Pyrrolidine

NaBH3CN or H2/Pd

This method exploits the ability of a carbonyl compound to 
undergo condensation with an amine, producing an imine 
(Schiff base). When a 1,4-carbonyl compound is used, the imine 
can undergo intramolecular nucleophilic attack of the imine 
nitrogen onto the distal carbonyl, generating a cyclic iminium 
ion intermediate. Reduction of this iminium yields the saturated 
pyrrolidine ring. The sequence is widely used in heterocyclic 
chemistry, natural product synthesis, and combinatorial libraries 
because it is mild, high-yielding, and compatible with diverse 
substituents. Reducing agents like NaBH₃CN, NaBH (OAc)₃, 
or catalytic hydrogenation (H₂/Pd-C) selectively reduce the 
iminium intermediate without affecting other groups.

Intramolecular Hydroamination of Alkenes/Allenes

Intramolecular hydroamination is a powerful method for 
synthesizing pyrrolidines and their derivatives directly from 
aminoalkenes or aminoallenes. In this reaction, a pendant –NH₂ 
(or protected amine) group adds across an internal C=C bond 
(alkene or allene), resulting in the formation of a new C–N bond 
and cyclization. The reaction typically follows the 5-exo-trig or 
6-exo-trig pathway, depending on the length of the tether, and 
obeys Baldwin’s rules.32,33

The five-membered pyrrolidine ring is the most common 
product because of its high thermodynamic stability. Transition 
metal catalysts (e.g., Ti, Zr, Yb, Au, or Ln-based complexes) or 
rare-earth catalysts are usually employed to activate the alkene/
amine system, lowering the activation barrier for N–C bond 
formation.32

H
N

N-allyl-4-aminobutane

NH

Pyrrolidine

Cp2TiCl2

Heat (80–140 °C)
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Synthesis of Pyrrolidine from γ-Amino Alcohols 
(Activation–Cyclization Route)
γ-Amino alcohols (such as 4-aminobutanol) are excellent 
precursors for pyrrolidine synthesis. The hydroxyl group is 
not a good leaving group, so it must first be activated. This is 
typically achieved by converting the –OH group into a better 
leaving group such as a tosylate (–OTs) or mesylate (–OMs) 
using p-toluenesulfonyl chloride (TsCl) in the presence of a mild 
base (e.g., pyridine).34 Once activated, the Neighboring amine 
(–NH₂) performs an intramolecular Nucleophilic Substitution 
(SN2) on the carbon atom bearing the leaving group, resulting in 
cyclization to form pyrrolidine.35

NH2HO
4-aminobutanol

NH

Pyrrolidine

S
O

O Cl

p-toluenesulfonyl chloride

Cyclization

TsCl, Pyridine

A comparative evaluation of these methods shows that 
intramolecular SN2 cyclization is operationally simple and 
scalable but may suffer from elimination side reactions. Lactam 
reduction provides efficient access from γ-lactams but requires 
strong hydride reagents with limited functional group tolerance. 
Reductive amination–cyclization offers broad substrate 
compatibility and mild conditions, making it particularly 
attractive for medicinal chemistry. Hydroamination reactions are 
atom-economical but often rely on expensive transition-metal 
catalysts. Thus, selection of a synthetic route depends on yield, 
selectivity, scalability, and functional group compatibility.

Chemical Properties of Pyrrolidine
Pyrrolidine (C₄H₉N) is a saturated five-membered heterocyclic 
secondary amine characterized by a nitrogen atom incorporated 
into the ring. It is a colorless, volatile liquid with a strong fishy 
odor and is highly miscible with water and most organic solvents 
due to its ability to form hydrogen bonds as both a donor and 
an acceptor. The compound exhibits strong basicity, with the 
pKa of its conjugate acid around 11.3, making it a stronger base 
than piperidine and morpholine.36,37 Its nitrogen atom is highly 
nucleophilic, readily undergoing acylation, alkylation, and 
sulfonylation reactions, as well as salt formation with mineral 
acids to yield pyrrolidinium salts. Pyrrolidine can also be oxidized 
at the nitrogen to give N-oxides. Structurally, the five-membered 
ring is conformationally flexible and usually adopts an envelope 
conformation, contributing to its stability. Physically, pyrrolidine 
has a boiling point of approximately 87°C and a melting point of 
–63°C. While chemically versatile and widely used in synthesis, it 
is strongly alkaline and can cause irritation to the skin, eyes, and 
mucous membranes upon contact.36,38,39

Miscellaneous use of pyrrolidine derivatives
Pyrrolidine derivatives find wide-ranging applications in diverse 
fields beyond their classical role as pharmacophores in medicinal 
chemistry. In the pharmaceutical industry, they are incorporated 

into numerous therapeutic agents, including antivirals, anticancer 
agents, anti-inflammatory drugs, and central nervous system 
modulators, owing to their strong basicity, lipophilicity, and 
ability to enhance receptor binding. Beyond pharmaceuticals, 
pyrrolidine derivatives serve as important chiral auxiliaries 
and catalysts in asymmetric synthesis, with the best-known 
example being L-proline, a natural pyrrolidine-containing 
amino acid widely used in organocatalysis for enantioselective 
aldol, Mannich, and Michael reactions. In agriculture, 
pyrrolidine-based compounds are utilized in the development of 
herbicides, fungicides, and insecticides, where the heterocyclic 
ring imparts stability and bioactivity.40,41 Certain pyrrolidine 
derivatives are also applied as corrosion inhibitors in industrial 
processes, protecting metals from oxidative damage. In polymer 
and material sciences, they are employed as building blocks for 
specialty polymers, stabilizers, and functionalized materials 
due to their strong electron-donating capacity. Moreover, 
pyrrolidine-containing natural products and alkaloids, such as 
nicotine and hygrine, are studied for their biological activities and 
potential nutraceutical applications. This remarkable versatility 
highlights the significance of pyrrolidine derivatives not only in 
drug discovery but also in chemical industries, agriculture, and 
advanced material development.41,42

Novel Strategies for Diversification of Pyrrolidine 
Structures

Over the last few years, novel techniques of diversifying 
pyrrolidine molecules have been developed, which provide new 
ways of accessing the variety of functionally rich compounds. One 
of the innovative strategies include Diversity-Oriented Synthesis 
(DOS) strategies. DOS is designed to generate structurally 
diverse libraries of compounds by the introduction of various 
functional groups and stereochemical elements into the synthetic 
reaction.5 Under the banner of pyrrolidine diversification, 
DOS methodologies allow rapid chemical space exploration, in 
addition to the identification of novel bioactive molecules by 
introducing a broad array of various substituents.

A second important trend in pyrrolidine structure diversification 
is the catalysis-mediated strategies. Transition-metal-catalysed 
cross-coupling reactions and functional group transformations 
have been used selectively to modify pyrrolidine rings. Most 
functional groups can be introduced to a wide range of pyrrolidines 
using these catalytic methods. Such approaches are flexible to 
enable the optimisation of the properties of a molecule and the 
systematic determination of structure-activity relationships 
in drug discovery.6 In addition, bioorthogonal chemistry has 
been used notably in the diversification of pyrrolidines as well. 
Pyrrolidine-containing molecules can be selectively modified in 
intricate biological systems by bioorthogonal reactions may play 
a critical role in the formulation of bioconjugates and prodrugs, 
in which it enables the introduction of a pyrrolidine-based 
therapeutic to a target and modulates its discharge. Moreover, a 
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useful tool, pyrrolidine diversified, is the late functionalization. 
These techniques are aimed at adding functional groups during 
the last steps of the synthesis process to enable the strategic 
manipulation of advanced intermediates or natural products. 
Functionalization at the later stage of synthesis increases the 
efficiency of synthetic chemistry, allowing the synthesis of diverse 
pyrrolidine derivatives in only a few synthetic operations.

Structural Modifications

The pyrrolidine ring is functionally functionalized, i.e. various 
functional groups are appended to pyrrolidine skeleton, a 
saturated five-member nitrogen skeleton. The process is of 
critical importance in the production of organic compounds, 
in medicinal chemistry and in designing a range of chemical 
compounds with particular properties. Pyrrolidine ring is stable 
and reactive as such that it represents a very good scaffold on 
which multiple substituents can be incorporated. One of the 
commonest methods used to functionalize the pyrrolidine ring 
is by nucleophilic substitution reaction. The nitrogen atom at the 
pyrrolidine ring can become a nucleophile and incorporates new 
bonds with the electrophiles. This can lead to the introduction 
of alternative functional groups such as alkyl, aryl or heteroaryl 
groups to be added on the basis of the nature of the electrophile 
involved.21 It is also possible to perform a reaction on the ring of the 
pyrrolidine using a ring-opening reaction to introduce additional 
functional groups. Taking the reaction with nucleophiles (e.g. 
amines or alcohols) as an example, such a reaction can yield both 
an expansion of the ring and a functional group addition. Within 
this format, it is feasible to synthesize more complex molecules 
having the pyrrolidine scaffold. Moreover, renewed and exciting 
set of transition metal-catalyzed reactions has become a valuable 
method to functionalize pyrrolidines. Such reactions may be 
catalyzed by palladium or nickel, e.g. to allow cross-coupling 
of the pyrrolidine ring with other aryl or alkyl halides (26). 
The methodology offers a rapid and simple access to diversely 
functionally modified pyrrolidines.

Substitution Patterns and their Impact on Bioactivity

Substitution of organic molecules, and in particular, medical 
chemistry is a vital issue that influences bioactivity. The 
functional group arrangement and substituents in a molecular 
backbone could be exposed to many effects on the interaction 
of a compound with a biological target, pharmacodynamics, and 
activity. The benzene ring is commonly a structural motif which 
can be subject to substitution analysis as this ring can be found 
in numerous biologically active molecules. The site and kind of 
substituents on a benzene ring may have a very dramatic effect 
on biologic activity of a substance. The distribution of ortho, 
meta and para substitution produce varying steric and electronic 
effects that affect the structure of the molecule and its capacity of 
attaching to the target protein binding sites (35). As an illustration, 
the ortho-substituted groups can lead to bulkiness and prevent 

binding whereas the meta and para positions can offer the best 
spatial orientations to facilitate interactions.

A collection of molecules that acquire electrons or lose electrons 
on a benzene ring is able to disturb the electronic distribution 
of the molecule, and therefore its ability to react with biological 
targets in a given manner. The p-p interactions with electron-rich 
substituents may be favourable and the electron-withdrawing 
groups may alter the lipophilicity of the compound and 
bioavailability. By substitution patterns and bioactivity, the 
drug design has to be able to enable the potentially maximum 
therapeutic effects but also minimal side effects that can arise 
(29). Quantitative Structure-Activity Relationship (QSAR) 
studies have typically been applied to examine such relationships 
and give an idea of how a particular chemical change to a 
compound affects the biological response. Medicinal chemists 
use this information to generate analogues with greater potency, 
selectivity and pharmacokinetics. The benzene rings substitution 
pattern and the organic molecules substitution pattern, in 
particular cases, is particularly potent on bioactivity. The 
strategic position of the substituents may change the molecular 
characteristics of a substance that in turn can change its effects 
on its biological target and ultimately predetermine its efficacy 
and safety profile. The information can be of great importance 
when the rational development of drugs with more therapeutic 
properties is involved.

Stereochemistry Considerations in Pyrrolidine 
Design

A significant issue with the pyrrolidine design is stereochemistry 
as the three-dimensional form is critical to biomolecular activity 
of molecules. The five-membered, nitrogen-incorporated, 
saturated ring, also known as pyrrolidine, is inherently 
stereochemical and might have a significant influence on 
interactions with biological targets. The most important feature 
of the bioactivity, pharmacokinetics, and other efficacy of a 
compound is stereochemistry of substituents of the pyrrolidine 
ring, especially, stereocenters of nitrogen and carbon. The 
nitrogen atom in the pyrrolidine ring commonly contains a 
stereocenter, and the two possible enantiomers are the (S)-form 
and (R)-form (34). The resulting chirality provides the molecule 
with a defined spatial structure, and this influences its ability 
to bind particular biological receptors or enzymes. In certain 
instances, either of the enantiomers can be of significant 
influence upon the pharmacological property of one compound 
and one enantiomer can be more affinitive or selective to a target 
than the other. Furthermore, a complexity may be brought in by 
the stereochemistry of the substituents of the carbon atoms of 
the pyrrolidine ring. Such substituents can influence the overall 
three-dimensional structure of the molecule due to the way these 
substituents are oriented in space (cis or trans) (35). The latter, in 
its turn, also determines the affinity of the pyrrolidine-containing 
compound to the binding site of a target protein. The use of 
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stereochemistry in designing drugs has become a burning issue to 
medicinal chemists in an attempt to make the most of it in terms 
of biological properties of compounds of pyrrolidine structure. 
Such methods include asymmetric synthesis or chiral resolution 
that differentiates against specific stereoisomers. Also, helpful 
computational methods applied to predict the binding specificity 
of various stereoisomers are molecular modelling and virtual 
screening to inform production of enantiomerically pure or 
enriched compounds. The pyrrolidine related formulations require 
a mandatory constituent of stereochemistry. The geometry of the 
atoms in the immediate environment of the pyrrolidine ring and 
more specifically at the nitrogen and carbon stereocenters have 
a broad influence on the bioactivity and biological interactions 
of the compound with the biological target. Such stereochemical 
considerations should be comprehended comprehensively in 
order to be able to design pyrrolidine derivatives on the basis of 
the rationality of the pharmacological characteristics.

The importance of stereochemistry is illustrated by clinically 
used drugs such as Paroxetine, where the (−)-trans enantiomer 
exhibits superior serotonin reuptake inhibition compared to 
other stereoisomers. Similarly, the anticancer drug Vincristine 
possesses multiple stereocenters essential for tubulin-binding 
specificity, and even minor stereochemical alterations significantly 
reduce therapeutic activity. These examples underscore the 
necessity of stereo-controlled synthesis in pyrrolidine-based drug 
development.

Pharmacological Applications

Pyrrolidines have derivatives that have exhibited promise as 
to antimicrobial activity, and are therefore also of interest as 
a novel antimicrobial agent. The pyrrolidine ring possesses 
special structural properties which allow it to demonstrate a 
large variety of biological activity in its various derivatives. The 
antimicrobial properties of pyrrolidine family of compounds 
have been explored with respect to a broad spectrum of 
microorganisms such as bacteria, fungi and certain viruses.9,14 
Disruption of the cell membranes of the microbes is among the 
major routes through which the pyrrolidine derivatives can exert 
their antimicrobial effect. Some derivatives of pyrrolidines are 
lipophilic and may react with lipid layer on bacterial membranes 
to destabilize and eventually lead to lysis of the cell. Moreover, 
compounds based on pyrrolidines have been reported to interfere 
with the essential microbial enzymes and cellular activities 
and this further testifies to their antimicrobial properties. 
Mechanistically, pyrrolidine derivatives exert antimicrobial 
effects through membrane disruption or inhibition of essential 
enzymes such as DNA gyrase and cell wall biosynthesis proteins. 
Anticancer derivatives frequently target microtubule assembly, 
kinase signaling pathways, or induce apoptosis via mitochondrial 
pathways. In antiviral therapy, pyrrolidine-containing agents 
may inhibit viral RNA-dependent RNA polymerase or protease 
enzymes. Such mechanistic insights provide a molecular basis 

for their therapeutic effectiveness and guide rational structural 
optimization.

The large variety of pyrrolidine analogs can be applied to adjust the 
structure to the maximum antimicrobial effect. The pyrrolidine 
ring also enables medicinal chemists to introduce controlled 
functional groups or other substitution onto the ring to ensure 
that as many functional groups as possible interact with the target 
of the microbe. The result of such structural design versatility is 
derivatives which are more potent, selective and less prone to 
develop resistance (41). In addition to this, pyrrolidine analogs 
have been used in overcoming drug-resistant bacterial strains an 
acute problem in the modern medicine. These compounds have 
antimicrobial activity in a wide range of bacterial and fungal 
classes and the possibility of their use as a broad-spectrum agent 
is described. The importance of pyrrolidine derivatives as useful 
antimicrobial agents is demonstrated by their antimicrobial 
action that possesses antimicrobial effects. Pyrrolidine derivatives 
have emerged as exciting targets to develop new and effective 
antimicrobial agents due to their structural peculiarities and the 
ability to optimize their chemical structure, the introduction of 
microbial infections and antibiotic resistance.

Neuropharmacological Effects of Pyrrolidine 
Compounds

The pyrrolidine compounds have proven to exhibit significant 
neuropharmacological activities that have led to neuroscience 
and pharmaceutical development interests. The pyrrolidine ring 
is a saturated nitrogen-based, five-member ring with unique 
structural characteristics that cause it to have a broad spectrum 
of neurological activity in its derivatives.6 These compounds 
have been examined so far with regard to their ability to regulate 
neurotransmitter systems, interact with receptors and affect 
neural pathways. One side of the neuropharmacological effects 
of pyrrolidine compounds is the interaction of the pyrrolidine 
compounds with the neurotransmitter receptors (dopamine 
receptors, serotonin receptors, and acetylcholine receptors). 
Having access to these receptor systems, pyrrolidine derivatives 
can have access to the ability to control synaptic transmission, 
neuronal excitability and eventually, a significant number of 
sub-units of behaviour and cognition. An example is the use of 
compounds containing part pyrrolidine functions as possible 
drug treatments of psychiatric disorders such as schizophrenia 
and mood disorders. Neuroprotective effects are described in 
other analogs such as pyrrolidines and experimental findings 
suggest that they can prevent neuron damage and cancer. This 
neuroprotective effect is caused by their antioxidant effect and 
mediation of the stress response and apoptosis pathways in cells. 
These features emphasize pyrrolidine compounds as excellent 
objectives in the effort to develop therapeutic interventions 
in neurodegenerative diseases. In addition, a number of 
pyrrolidine analogs are acetylcholinesterase inhibitors, and this 
too is the same case with the neurodegenerative diseases like the 
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Alzheimer disease. The compounds can increase the cholinergic 
neurotransmission by preventing the breakdown of acetylcholine 
and associated cognitive losses in relation to neurodegeneration. 
Neuropharmacological activity of the pyrrolidines is extensive with 
neurotransmitter system alterations extending to neuroprotective 
functions. They can be directly adapted regarding their chemical 
structure, and thus, they are the best drug developmental tools 
in nervous and mental diseases due to their versatile nature. 
The future application of novel therapeutic interventions in 
neuropharmacology would be useful to study the mechanism of 
their effects and to optimally make use of pyrrolidine analogues.

Miscellaneous Therapeutic Applications and 
Targeted Receptor Interactions
Besides having neuropharmacological effects, pyrrolidine 
compounds have a versatile array of therapeutic applications and 
receptor selectivity which is applicable in the development of 
drugs. Among other things, the possible anticancer effect of some 
derivatives of pyrrolidine is of interest. These compounds have 
already been shown to disrupt the proliferation of cancer cells and 
produce apoptosis, so they are under investigation as potential 
alternative cancer therapies. These interactions with particular 
cellular targets or signalling pathways that are important in 
cancer cell survival are often behind the molecular process.

Pyrrolidines have been promising in the context of 
anti-inflammatory and analgesic outcomes. These compounds 
could provide therapeutic benefits in diseases with excessive 
inflammation and pain, by modulating pathways associated 
with inflammation, including inhibition of pro-inflammatory 
enzymes or regulation of immune responses. Pyrrolidine-derived 
anti-inflammatory agents are designed to bind receptors or 
enzymes of the inflammatory cascade. Pyrrolidine compounds 
are also antiviral agents, and this demonstrates their potential 
in the treatment of viral diseases. Certain derivatives have been 
shown to exhibit inhibitory properties against several viruses 
by acting on viral enzymes or disrupting the viral replication 
cycle (27). This is the antiviral activity that makes pyrrolidine 
compounds good candidates in the development of antiviral 
drugs. Its multiple medical applications also indicate their 
potential in the treatment of a wide range of medical diseases. 
These compounds may be directed to specific therapeutic needs 
by a specific receptor interaction either within the central nervous 
system, within cancer cells, within inflammatory pathways or 
within the viral replication cycles. Current studies show that the 
derivatives of pyrrolidine containing modified properties and 
reduced side effects have massive potential to increase their use 
in all types of medicine.

Emerging Trends and Technologies
Computational techniques play a critical role in the design, 
optimization of the pyrrolidine-based compounds which offer 
viable information regarding their structure-activity associations 

and facilitate to facilitate the drug discovery process. Molecular 
modelling (also referred to as molecular docking and molecular 
dynamics simulation) can enable researchers to explore the 
potential interactions in the form of atom-atom interactions 
of the pyrrolidine derivatives to the target receptors.17 This 
computational intuition helps in controlling binding affinities, and 
analysis of binding mode also teaches the rational optimization 
of the pyrrolidine structures to improve their pharmacological 
characteristics.

Another widely used method of calculation is the Quantitative 
Structure-Activity Relationship (QSAR) modelling, extensively 
used in the design of pyrrolidine compounds. The relationship 
between the physicochemical characteristics of the molecules and 
the biological activity is carried out with the help of the QSAR 
models in order to provide a form of quantitative framework 
and predict the behaviour of new derivatives. Such models have 
the capability of directing medicinal chemists to the synthesis of 
compounds. They can be utilized to adjust the chemical structure 
of pyrrolidines to greater degrees of potency, selectivity and 
other characteristics of interest. Furthermore, virtual screening 
techniques are applicable in determining potential bioactive 
compounds in huge databases. Virtual screening may be defined 
as the compounds for experimental validation, which conserves 
resources and time in a drug discovery pipeline by modelling 
the interactions of pyrrolidine derivatives with a target receptor 
(11). The conformational space of derivatives of pyrrolidine has 
a special application to computational techniques. Energetically 
favourable conformations are predicted to aid the study of the 
three-dimensional structure of atoms and guide synthetic work 
to isolate specific stereoisomers. This is especially significant in 
view of the chiral nature of the majority of pyrrolidine-based 
compounds and the contribution of stereochemistry in the 
biological activity of the compounds. Computer-based techniques 
to design pyrrolidine-based compounds are convenient, rational 
for designing drugs. Such techniques have proven to be very 
effective and successful in drug discovery efforts in numerous 
therapeutic fields, through prediction of binding interactions, 
optimization of chemical structures and ranking of compounds 
to be made. The computational/Experimental chemistry 
combination continues to aid in the creation of new pyrrolidine 
derivatives with better pharmacological properties.

High-Throughput Screening (HTS) has emerged as a central 
technology to effective screening of pyrrolidine libraries in drug 
discovery. HTS allows screening large compound libraries on 
biological targets at high speed and in parallel, so that researchers 
can develop potential leads. In the context of pyrrolidine-based 
compounds, HTS is a systematic mechanism of assessing a 
tremendous diversity of chemical structures with respect to 
their biological actions, at relatively low cost. High-throughput 
screening is an automated screening of millions of compounds 
in a relatively short period of time. Pyrrolidine libraries can be 



Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 4 (Suppl), Oct-Dec, 2026 S1391

Anjali and Mishra: Recent Trends in Pyrrolidine-Based Research

Table 1: Representative Clinically Relevant Pyrrolidine-Containing Compounds, Their Mechanisms of Action, and Therapeutic Applications.18-20

Compound 
Name

Chemical Structure Pharmacological 
Action

Therapeutic 
Application

Nicotine N

N

Nicotine

Agonist at nicotinic 
acetylcholine receptors

CNS stimulant, 
smoking cessation 
therapies

Procyclidine

OH
N

Procyclidine

Anticholinergic agent Management of 
Parkinson’s disease 
and drug-induced 
extrapyramidal 
symptoms

Paroxetine H
N

O
O

F

O

Paroxetine

Selective Serotonin 
Reuptake Inhibitor 
(SSRI)

Antidepressant, 
treatment of anxiety 
disorders

Remdesivir 
(active 
metabolite)

abs
NH

P abs
OOabs

Oabs

NH2N

N
N

N

absHO
abs

HO O

O

O

Remdesivir

Inhibits viral RNA 
polymerase

Antiviral (COVID-19, 
Ebola)

Vincristine

N
NH

N

N

OO O
OH

O

O

O

O

O

HO

Vincristine

Microtubule assembly 
inhibitor

Anticancer 
(leukaemias, 
lymphomas, solid 
tumors)
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made or be found attached to preexisting chemical libraries and 
be screened in a specific biological assay or target, say enzyme, 
receptor, or cellular pathway of interest. The readout of these 
assays informs the researcher of the activity of the compounds 
that allows him or her to prioritize and select hits that will be 
further optimized. The HTS platforms are automated through 
robotics, liquid handling equipment, and automated data analysis 
software to have the screening process automated. Microplate 
assays are small-scale techniques that can be used to test a number 
of compounds at various levels. Besides this boosts the pace of 
the screening process, it also aids in the saving of resources since 
less compounds and reagents are required. Using pyrrolidine 
libraries, one could apply HTS to identify compounds that 
possess desired pharmacologic action, such as binding affinity to 
a receptor, enzyme-inhibitory activity, or other defined cellular 
phenotypes (39). The rate, with which the screening process 
can be conducted, permits to test a large number of substitution 
patterns, stereochemistry and other structural variations that 

exist in the pyrrolidine scaffold. The hits in HTS were identified, 
medicinal chemists can now rely on computational tools and 
Structure-Activity Relationship (SAR) studies to be able to 
drive lead compound optimization. It is a cyclic process which 
is an integration of experimental high-throughput screening 
and computational information in order to hasten the drug 
research process and augment the likelihood of producing 
profit-generating and selective participants on the basis of 
pyrrolidine drugs. The intricacies of reaction of pyrrolidine-based 
compounds to biological targets have been characterized as the 
basis to structural biology and molecular modelling and have 
played an important role in drug design and optimization. 
X-ray crystallography, Nuclear Magnetic Resonance (NMR) 
spectroscopy and cryo-electron microscopy are the structural 
biology methods that provide three-dimensional structure 
data of the respective pyrrolidine derivatives in solution with 
the target proteins.14 Such experimental methods, in addition 
to explaining the shapes of binding, underlying interactions 

Compound 
Name

Chemical Structure Pharmacological 
Action

Therapeutic 
Application

Clemastine

ON

Cl

Clemastine

Histamine H1 receptor 
antagonist

Antihistamine for 
allergy and urticaria

Rolipram

HN

O

O

O
Rolipram

Selective PDE4 inhibitor Anti-inflammatory, 
neuroprotective 
(investigational)

Nicorandil

N

N
H

O
O

N+

O

O
-

Nicorandil

Potassium channel 
opener and nitrate donor

Anti-anginal, 
vasodilator

Saxagliptin

NH2

O

N
N

HO

Saxagliptin

Dipeptidyl peptidase-4 
(DPP-4) inhibitor

Antidiabetic (Type 2 
Diabetes Mellitus)
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between the molecules and conformational changes occurring 
in the interaction, provide a structural context in which the 
pharmacological action of the compounds can be explained. The 
dynamic behaviour of pyrrolidine compounds in silico at the 
atomic scale may be investigated with the help of experimental 
experiments and molecular modelling (docking, molecular 
dynamics, etc.,). Molecular docking predicts the most desirable 
binding orientations of the pyrrolidines within the target 
binding site, and time-dependent dynamics and flexibility of the 
ligand-receptor complex is characterized by molecular dynamics 
simulations. These computation tools can help to predict binding 
affinities, binding critical residues and interaction energetics. 
The information that has been acquired in structural biology 
and molecular modelling is key to rational drug design.15 Such 
knowledge will help the researcher to modify and optimize the 
chemical structure by altering and enhancing the selectivity, 
pharmacokinetics, and binding affinity of pyrrolidine analogs. 
The behavior of individual substituents, stereochemistry and 
functional groups on the interaction can also be explained by 
new structural data and used to guide the design of derivatives 
with a superior bioactivity. Moreover, structural biology, and 
molecular modelling allow us to know about the changes in the 
conformation of the target proteins that happen with the ligands 
bound. The data is vital in the development of compounds 
capable of controlling the activity of the target by an induced-fit 
mechanism. These computational methods and other binding 
modes can also be analysed to identify the allosteric binding sites. 
Molecular modelling and structural biology are complementary to 
obtain a holistic picture of pyrrolidine-based compounds with its 
biological target. Such knowledge will accelerate drug discovery 
because it will guide the rational development of optimized 
compounds with improved therapeutic activity. Another step is 
an experimental and computational approach that helps us in our 
understanding of the molecular underlying mechanism of our 
pyrrolidine-derived drugs.

Figure 1: Molecular structure of pyrrolidine illustrating its five-membered 
saturated heterocyclic ring and non-planar envelope conformation.

Challenges and Future Perspectives

The attractive pharmacological properties of the pyrrolidine-based 
compounds, there are notable disadvantages and limitations with 
respect to bringing the compounds to the stage of therapeutic 
applications. The crucial limit is associated with the toxicity 
or side effects that might be developed due to the structural 
diversities of pyrrolidine derivatives. Any inherent impact on the 
safety profile of the compound could be unintentional due to the 
introduction of specific functional groups/substituents during 
the design process. Therefore, preclinical and clinical testing 
must be carried out to determine a favourable risk-benefit profile. 
The other issue is that some pyrrolidine-containing compounds 
may be metabolically unstable. Metabolic changes within the 
body (e.g., oxidation reaction, conjugation reaction) can result 
in the appearance of metabolites with different pharmacological 
characteristics. A key approach to improving the effectiveness 
and safety of pyrrolidine-based drugs in the drug development 
pipeline concerns solving the problem of metabolic stability. 
Beyond chemical and pharmacological challenges, regulatory 
and translational considerations are critical for clinical success. 
Pyrrolidine-based drug candidates must comply with stringent 
regulatory guidelines concerning toxicity profiling, impurity 
control, stereochemical purity, and long-term safety evaluation. 
Moreover, scalability of synthetic routes, cost-effectiveness, 
intellectual property considerations, and successful completion 
of clinical trials significantly influence market translation. 
Addressing these multidisciplinary challenges is essential to 
transform promising pyrrolidine derivatives into approved 
therapeutic agents.

The chirality of several pyrrolidine compounds creates new 
complexities. Enantiomers (also referred to as mirror-image 
isomers) can differ in their pharmacological characteristics, so 
the question has to be, which of the stereoisomers should be 
employed to treat a given medical condition. Development of 
enantiomeric-pure substances, or creation of racemic mixtures 
with predictable pharmacological characteristics have to be taken 
into account accordingly during the design and optimization 
phase. Certain challenges relating to bioavailability and 
formulation of pyrrolidine-based drugs may also be involved. 
The solubility or permeability of these compounds is bad and 
can inhibit absorption within the body leading to compromised 
effectiveness. The issues may be resolved by using the proper 
formulation methods or the prodrug strategies in order to 
increase the bioavailability of the drug. In addition, the fact that 
there might be issues with off-target effects and unpredictable 
drug-drug interactions can be regarded as a sign that the deep 
knowledge of the mechanism of action of the compound in 
question is needed. The adverse effects in case of inadvertent 
exposure to non-target proteins or pathways are of critical 
importance and the preclinical characterization of these is 
paramount. Although pyrrolidine-based analogs are promising 
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in drug discovery, weaknesses of toxicity, metabolic stability, 
stereoselectivity, bioavailability, and off-target effects must be 
addressed to transform them into safe and safe and effective 
analogs effective therapeutics. These challenges are what will 
require an increase in research, interdisciplinary team work and 
the creation of superior synthetic and computational methods in 
order to overcome them, to achieve the full therapeutic potential 
of the pyrrolidine-derived drugs.

CONCLUSION

The present article reveals the key importance of pyrrolidine 
as a highly flexible heterocyclic structure with both significant 
chemical and pharmacological value. It is a major structural 
motif of both natural product and synthetic drugs due to its 
high basicity, conformational flexibility, and the ability to 
participate in a diversity of interactions. Effective access to 
functionalized pyrrolidine derivatives is by different synthetic 
approaches including intramolecular cyclization, reduction 
and amination, reduction and cyclization, and activation 
cyclization. The derivatives have demonstrated widespread 
pharmacological properties such as anticancer, antimicrobial, 
antiviral, anti-inflammatory and neuroprotective properties. 
Future research on pyrrolidine-based drug development should 
focus on stereoselective synthesis, green chemistry approaches, 
and rational structure optimization guided by computational 
modeling and artificial intelligence-driven drug design. Particular 
attention should be directed toward improving metabolic 
stability, reducing off-target toxicity, and enhancing selectivity for 
emerging therapeutic targets such as kinase signaling pathways, 
neurodegenerative biomarkers, and viral replication enzymes. 
Integration of high-throughput screening with structure-based 
drug design is expected to accelerate identification of 
next-generation pyrrolidine therapeutics.
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