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ABSTRACT

Heterocyclic compounds constitute one of the most
important classes of bioactive molecules in medicinal
chemistry, with indole and piperidine serving as
privileged scaffolds in the discovery and
development of numerous therapeutic agents. Their
unique structural features enable interactions with a
wide range of biological targets, resulting in diverse
pharmacological activities. This review summarizes
the chemistry, biological significance, and
therapeutic potential of indole and piperidine
derivatives, with emphasis on recent advances in
their medicinal applications. Indole derivatives have
demonstrated promising antifungal, antioxidant,
antiplatelet, antidiabetic, antiviral, anticancer,
anxiolytic, anti-arthritic, anti-Alzheimer's,
antiprotozoal, and anti-asthmatic activities through
multiple mechanisms of action. Likewise, piperidine
derivatives have emerged as valuable
pharmacophores in modern drug design and are
incorporated into numerous clinically approved
drugs. They exhibit significant pharmacological
effects, particularly in antifungal and anti-
Alzheimer's therapies, owing to their ability to
modulate key biological targets such as
acetylcholinesterase,  butyrylcholinesterase, and
other disease-associated enzymes. The review also
highlights the structure—activity relationships and
therapeutic relevance of these heterocyclic scaffolds,
emphasizing their versatility in the development of
novel drug candidates. Overall, indole and piperidine
derivatives remain indispensable frameworks in
medicinal chemistry and continue to provide
promising opportunities for the discovery of safer and
more effective therapeutic agents against a broad
spectrum of diseases.

Keywords: Indole, Piperidine, Heterocyclic
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I. INTRODUCTION OF INDOLE
Indole is a planar heterocyclic molecule
containing a nitrogen atom, where benzene ring fused

to a pyrrole moiety. Indole having molecular formula
CgH7N (Figure 1). Indole was first synthesized by
Adolf Von Baeyer by recuing oxindole in 1866V,
Indole and its derivatives are significant due to their
wide-ranging pharmacological activity, including
anticancer, antimicrobial, antioxidant, anti-
inflammatory ®. Indole is a non-basic nitrogen-
containing heterocyclic compound because the lone
pair of electrons on the nitrogen atom is delocalized
with in the aromatic m-electron system of the indole
ring. This electron delocalization reduces the
availability of the lone pair for protonation, resulting
in its weak basicity.
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Fig.1 Structure of Indole

Indole is a white crystalline compound with
a melting point of approximately 52° C. It is soluble
in organic solvents such as alcohol, benzene, and
ether and can be recrystallized from water. Naturally,
indole is produced by bacteria degradation of
tryptophan and is presenting human feces. It
contributes to a fecal odor at high concentration, it
exhibits a pleasant floral fragrance at low
concentrations and is widely used in perfume and
fragrances . The indole ring exhibits high chemical
reactivity at four principal positions: the C-3 carbon
atom, the N-1 nitrogen atom, the C-2 and C-3 m-
bond, and the C,-N sigma bond. Among these, the C-
3 position is the most nucleophilic and is therefore
the preferred site for electrophilic substitution
reaction. In addition of electrophilic substitution,
indole readily undergoes cycloaddition reaction, with
the C,-C3 m-bond serving as the most reactive site.
Although less common, cycloaddition involving the
C»-N sigma bond has also been reported. Owing to
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electron-donating effect of the pyrrolic nitrogen
atom, the indole ring possesses a higher electron
density than benzene, making it exceptionally
susceptible to electrophilic aromatic substitution.
Consequently, the C-3 position of indole is
approximately 10'° times more reactive toward
electrophilic substitution than benzene (Figure 2).
Unlike pyrrole, where substitution may occur at
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Fig.2 Electrophilic aromatic

As core structures in many natural products
and pharmaceuticals, indoles are pivotal scaffolds in
drug discovery and development. Indole derivatives
have played a pivotal role in the discovery and
development of numerous clinically important
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different positions, electrophilic attack in indole
preferentially at the C-3 position rather than the C-2
position. This regioselectivity is attributed to the
greater stability of the sigma bond formed during
substitution, in which the positive charge is
efficiently delocalized within the five-membered ring
without disruption the aromaticity of the fused
benzene ring .
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therapeutic agents. A notable example is the indole
alkaloid reserpine, isolated from Rauwolfia species,
which has been extensively employed as an
antihypertensive and antipsychotic drug &9,

Fig.3 Tautomeric structure of the indole ring

The biological importance of the indole
scaffold is also reflected in its occurrence within key
endogenous biomolecules, including serotonin and
melatonin.  Serotonin, an  indole-containing
neurotransmitter, is essential for regulating several
physiological processes, such as mood, appetite, and
sleep, highlighting the critical contribution of the
indole nucleus to its biological functions 7%,

PHARMACOLOGICALACTIVITY

/
—_—
——
/ ~
N N
le 2H-indole
Antifungal

N

IAnti-parki e
~

-
Antiasthmatic] 47/
Antiprotozoal /
(Antidiabetic]
Anticancer

Fig: 4 pharmacological activity of indole

\

‘Antiarthriti
Antioxidant]

SO

o
/

o

‘/

ANTI FUNGAL

Indole derivatives have emerged as
promising antifungal agent due to their ability to
interfere with fungal sterol biosynthesis. A major
mechanism involve inhibition of lanosterol 14a-
demethylase (CYP51), an essential enzyme
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responsible for ergosterol production, which is
crucial for maintaining the structural integrity and
function of the fungal cell membrane. Structural
modification of the indole scaffold have resulted in
compound with potent antifungal activity against
clinically important fungi, including Candida
albicans and Aspergillus niger. Structural-activity
relationship (SAR) studies indicate that the nature
and position of substituents on the indole ring, as well
as variation in the side chain, significantly influence
antifungal potential and target selectivity ®. In a
study by Mehta DS et al., a series off 1-aryl-2-
methyl-3-carbethoxy-5-hydroxyindole  derivatives
were synthesized and investigated for their antifungal
activity. Biological evaluation against A. arogens and
A. awamori that demonstrate several of the
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synthesized derivatives possessed notable antifungal
efficacy 19. Alang G. et al. synthesized and evaluated
a series of 2-substituted benzothiazole derivatives for
their antimicrobial potential against Staphylococcus
aureus and the fungal strain Aspergillus niger. The
majority of the synthesized compounds exhibited
significant antibacterial and antifungal activities,
demonstrating promising inhibitory effects against
both microorganisms. These findings suggest that 2-
substituted benzothiazoles represent a valuable
structural scaffold for the development of novel
antimicrobial agents targeting bacterial and fungal
infections. Indole derivatives have emerged as
valuable scaffolds in developing antifungal agents
due to their ability to interact with various biological
targets in fungi 11,
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Fig.5 Indole derivatives as antifungal agent

ANTIOXIDANT

Indole derivatives possess significant
antioxidant activity by scavenging reactive oxygen
species (ROS) and free radicals, thereby reducing
oxidative stress. Through this mechanism, they
protect cellular components from oxidative damage
and help preserve cellular integrity. Naturally
occurring indole-containing compounds, particularly
those isolated from herbal sources, have been
reported to exhibit antioxidant effects via multiple
pathways, making them attractive candidates for the
development of therapeutic antioxidants. Estevao et
al. (2010) explored the indole scaffold as a platform
for the development of novel antioxidant agents. In
their study, a series of tryptophan- and tryptamine-
derived compounds, including prenylated indole
derivatives, were synthesized and evaluated for their
capacity to scavenge reactive oxygen species (ROS)
and reactive nitrogen species (RNS) @, Orhan et al.
(2016) synthesized a series of melatonin analogues
containing an indole moiety and evaluated their
antioxidant potential along with their protective
effects against B-amyloid-induced cellular damage.
Among the synthesized derivatives, compounds 98a
(ICs0=38.3 + 8.9 uM) and 98b (ICso=37.0 £ 2.0 pM)
exhibited potent inhibitory activity against ROS-
mediated  oxidative = damage, demonstrating

antioxidant efficacy comparable to or greater than
that of the reference compound, melatonin.

In another study, Silveira et al. (2013)
synthesized and assessed a series of C-3 sulfenyl
indole derivatives for their antioxidant properties.
Compound 99 displayed remarkable antioxidant
activity, exhibiting more than 96.8% radical
scavenging activity, indicating its strong free radical
quenching potential (V.

ANTI PLATELET

Indole derivatives exhibit important
antiplatelet and antithrombotic activities, which may
help prevent thromboembolic disorders and
atherothrombosis. Indole-3-carbinol has been shown
to inhibit collagen-induced platelet aggregation and
reduce fibrinogen binding to the platelet GP IIb/Illa
receptor. It also decreases the formation of
thromboxane B2 (TXB2) and prostaglandin E2
(PGE2), which are involved in platelet activation. In
animal studies, indole-3-carbinol reduced pulmonary
thrombosis, suggesting its potential as an effective
antithrombotic agent !?, Mashayekhi et al. reported
the synthesis and evaluation of several indole
hydrazone derivatives for anti-platelet aggregation
activity, identifying one compound with potent
inhibitory effects on platelet aggregation ¥,

DOI: 10.35629/4494-110410081024 | Impact Factor value 7.429 ISO 9001: 2008 Certified Journal Page 1010



L.

BN

IJPRA Journal

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 4, Jul.-Aug.2026, pp:1008-1024 www.ijprajournal.com

H

N H N
>N
N

H

Fig 6.3-[(2-Phenylhydrazono)hydrazinyl]-1H-
indazole

ANTI DIABETICS

Indole derivatives have emerged as
promising candidates for the treatment of diabetes
mellitus because of their diverse mechanisms of
action in regulating glucose homeostasis. These
compounds have been reported to inhibit important
carbohydrate-metabolizing enzymes, including a-
glucosidase and o-amylase, thereby reducing the
digestion and absorption of dietary carbohydrates and
helping to control postprandial blood glucose levels.
In addition, several indole-based derivatives
modulate metabolic signaling pathways involved in
glucose regulation, highlighting their potential as
effective antidiabetic agents (4. Ritu et al
synthesized a series of triazole-linked indole
derivatives and investigated their antidiabetic activity
by assessing their ability to inhibit the a-glucosidase
enzyme. Several of the synthesized compounds
exhibited promising inhibitory activity, indicating the
potential of the indole—triazole scaffold as a lead
structure for the development of novel antidiabetic
agents.
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Similarly, Sayahi et al. designed and
synthesized a new series of N-phenylacetamido-
1,2,3-triazolyl-indole-2-carboxamide derivatives and
evaluated their a-glucosidase inhibitory activity. The
synthesized derivatives demonstrated encouraging
enzyme inhibition, highlighting the therapeutic
potential of these indole-based compounds for the
management of diabetes mellitus (1519,

ANTI VIRAL

Indole derivatives have shown significant
antiviral activity against various viral infections such
as COVID-19, Influenza, Zika, Dengue, Ebola,
Nipah, and Monkeypox. Due to their versatile
biological properties, indole-based heterocycles are
important in antiviral drug discovery (7. Several
indole-containing drugs, including enfuvirtide,
arbidol, and delavirdine, have been effective in
treating viral diseases. Studies have shown that
indole alkaloids can inhibit viral infections through
direct viricidal action, blocking viral adsorption to
host cells, and interfering with viral replication.
Compounds such as harmalol, harmane, and
harmaline have demonstrated promising anti-
influenza activity through these mechanisms (%,
Verzola et al. synthesized indole-based ferulic acid
derivatives and evaluated their antiviral activity
against SARS-CoV-2 in vitro (19, Jayabal et al.
reported a green, regioselective, one-pot synthetic
strategy for the preparation of 3-substituted indole-
and 2-substituted pyrrole-based 1,2-dihydropyridine
and azaxanthone derivatives. The synthesized
compounds were designed and evaluated for their
antiviral activity against SARS-CoV-2, including the
Delta Plus (K417N) variant, to investigate their
potential as novel antiviral agents %
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Fig.7 Indole derivatives of the antiviral agent

ANTICANCER

Cancer, which is the uncontrolled growth of
cells, is the second leading cause of death after heart
disease. However, chemotherapy continues to be very
important in the management of cancer. It is of

utmost importance to develop cancer treatments that
are both more secure and more effective. There is
newfound hope for patients with cancer, as indole
alkaloids have shown promising results in treating
various types of the illness "2V, The Catharanthus
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roseus plant is responsible for producing the powerful
cancer medications vincristine, and vinblastine. It has
been shown that indole-based approved anticancer
drugs can target signaling pathways such as regulated
cell death (RCD) and various proteins like
topoisomerase, HDAC, Bcl-2, VEGFR, and PDGFR

which are known to control tubulin polymerization,
cell proliferation, tumour cell vascularization,
angiogenesis, and metastatic progression. The
structural versatility of indoles allows for the design
of compounds that can specifically target cancer cells
while minimizing toxicity to normal tissues 2.
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Fig.8 Different mechanisms of indole derivatives as anticancer agents

ANTI ANXIETY

Anxiety disorder and other mental disorders
affect millions of people worldwide, with cases
increasing after the COVID-19 pandemic. Although
conventional anxiolytic drugs are effective, they may
cause side effects such as weight gain, cardiovascular
toxicity, and drug interactions. Indole alkaloids,
particularly those found in Rauvolfia species, have
attracted attention due to their structural similarity to
serotonin, an important neurotransmitter involved in
mood regulation. Because of their biological activity
and effects on the central nervous system, indole
derivatives are considered promising candidates for
the development of new anti-anxiety drugs 3.

ANTI ARTHRITIS

Rheumatoid arthritis is a  chronic
autoimmune disorder characterized by inflammation
and destruction of joints and cartilage due to the
release of pro-inflammatory cytokines such as TNF-
o, IL-6, and IL-1p. Indole and indazole derivatives
have shown promising anti-inflammatory and anti-
arthritic activities in experimental studies ?%. Several
synthesized indole compounds demonstrated
significant inhibition of inflammation comparable to
Indomethacin, a well-known NSAID containing an

indole nucleus. Modifications of the indole structure
may also improve cyclooxygenase (COX) enzyme
selectivity and anti-inflammatory effects.
Additionally, indole-based capsaicin and nitro-indole
derivatives have been investigated for their ability to
inhibit pro-inflammatory cytokines like TNF-a (V.

ANTI ALZHEIMER’S

Alzheimer's disease is characterized by
memory loss, cognitive decline, and impaired
cholinergic neurotransmission caused by
degeneration of cholinergic neurons. Indole
derivatives have shown promising potential in the
development of anti-Alzheimer’s agents due to their
ability to inhibit acetylcholinesterase (AChE, an
important target in Alzheimer’s therapy®®. Several
novel indole-based compounds have been
synthesized and evaluated for anti-inflammatory and
neuroprotective activities. Structural modification of
Donepezil using indole moieties has also led to the
development of new derivatives with significant
acetylcholinesterase inhibitory activity, suggesting
their potential in improving cognitive function in
Alzheimer’s disease®®. Currently available anti-
Alzheimer's disease (AD) drugs primarily exert their
therapeutic effects by targeting the cholinergic
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system. These agents are broadly classified into
direct-acting cholinergic agonists and indirect-acting
cholinesterase inhibitors. Among the direct-acting
agents, the muscarine alkaloid has received
considerable attention, whereas donepezil and
galantamine represent the most widely used indirect-
acting cholinesterase inhibitors. Although these drugs
provide symptomatic relief and have demonstrated
significant clinical efficacy, their long-term use is
often limited by adverse effects, reduced therapeutic
response, and the emergence of drug resistance,
highlighting the ongoing need for the development of
novel anti-AD therapeutics ¢72).

Recent studies have emphasized the design
of hybrid molecules incorporating indole amides with
other pharmacologically active scaffolds to obtain
multitarget-directed ligands for AD therapy. In vitro
investigations have demonstrated that these
compounds possess potent inhibitory activity against
acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE), while also effectively
suppressing amyloid-p (AP) aggregation, thereby
offering a promising multitarget therapeutic strategy
for Alzheimer's disease . Aromatic aza-
heterocyclic scaffolds, particularly the indole
nucleus, have emerged as valuable pharmacophores
in medicinal chemistry owing to their favorable
metabolic compatibility and ability to readily
penetrate  the  blood-brain  barrier.  These
characteristics have made indole-containing
compounds attractive candidates for the development
of central nervous system (CNS)-active agents,
including potential therapeutics for
neurodegenerative disorders (03132293339 The
amide functional group is a fundamental structural
motif widely distributed in biologically active
molecules and plays a crucial role in numerous
metabolic processes. It is an essential component of
peptides, proteins, biologically relevant cyclic
compounds, natural products, polymers, and a broad
range of clinically important pharmaceutical agents,
underscoring its significance in drug discovery and
medicinal chemistry ¢339,

ANTI PROTOZOAL

Protozoal infections such as Malaria,
Leishmaniasis, Chagas disease, and African sleeping
sickness remain major global health problems. Indole
derivatives, particularly bisindolylcyclo
butenedione-based  compounds, have shown
promising antiprotozoal activity and potential use in
the treatment and prevention of parasitic diseases.
Several synthesized indole heterocyclic compounds
demonstrated significant in vitro activity against

protozoan parasites such as Plasmodium falciparum,
Leishmania donovani, and Trypanosoma brucei.
These findings suggest that indole-based compounds
may serve as potential leads for the development of
new antiprotozoal drugs ¢7.

ANTI ASTHMATIC

Asthma is a chronic inflammatory disorder
of the airways characterized by wheezing, coughing,
and shortness of breath. Indole alkaloids have
attracted attention for their potential therapeutic
effects on respiratory diseases due to their diverse
biological  activities. = Several  indole-based
compounds, including Vinflunine, Vinorelbine, and
Vincristine, have shown beneficial effects in
pulmonary disorders such as asthma, tuberculosis,
emphysema, and pulmonary fibrosis. Some novel
indole derivatives containing pyrazole groups have
also demonstrated significant anti-inflammatory
activity, suggesting their potential as future anti-
asthmatic agents %,

INTRODUCTION OF PIPERIDINE

Piperidine is an organic compound with the
molecular formula (CH2)SNH. This heterocyclic
amine consists of a six-membered ring containing
five methyl bridge (-CH2-) and one amine bridge (-
NH-) 3*. The name comes from the genus name Piper,
which is the Latin word for pepper ©°. Although
piperidine is a common organic compound, it is best
known as a representative structure element within
many pharmaceuticals and alkaloids, such as
naturally occurring solenopsins “0.

N
H

Fig.9 Structure of piperidine

Piperidine-containing  compounds  are
among the most significant structural scaffolds in
medicinal chemistry and serve as essential building
blocks in the design and synthesis of numerous
therapeutic  agents. Owing to their broad
pharmacological relevance, the synthesis of
piperidine derivatives has been extensively explored
and widely applied in drug discovery and
development 4D, Heterocyclic compounds constitute
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a fundamental class of molecules in medicinal
chemistry, with the piperidine ring being one of the
most  frequently  encountered  heterocyclic
frameworks in pharmaceutical agents. Owing to its
versatile chemical properties and wide range of
biological activities, the piperidine scaffold has
attracted considerable attention in drug discovery and
development. The growing number of scientific
publications on piperidine derivatives reflects the
increasing research interest in this heterocycle.
Consequently, the development of efficient,
economical, and sustainable synthetic strategies for
substituted piperidine derivatives remains a major
focus of contemporary organic and medicinal
chemistry “>#%),_ Piperidine was first reported by the
Scottish chemist Thomas Anderson in 1850 during
his investigations of piperine. Subsequently, in 1852,
the French chemist Auguste Cahours isolated the
same compound and introduced the name piperidine
(44,4546 Both researchers obtained piperidine through
the reaction of piperine with nitric acid. In modern
industrial practice, piperidine is predominantly
synthesized by the -catalytic hydrogenation of
pyridine, commonly employing molybdenum
disulfide as the catalyst ¢7

C5H5N +3 H2 -C5H10NH

Piperidine serves as a key structural motif in
numerous clinically important therapeutic agents.
Piwnica-Worms and co-workers developed a series of
radiolabeled fluoroanalogues of the anaplastic
lymphoma kinase (ALK) inhibitors ceritinib and
alectinib, demonstrating improved central nervous
system (CNS) pharmacokinetic properties compared
with the parent compounds “®49). In addition, several
U.S. Food and Drug Administration (FDA)-approved
drugs incorporate the piperidine scaffold,
highlighting its broad pharmacological significance.
These include the antipsychotic agents haloperidol
G0 benperidol ®Y, risperidone ©?), and thioridazine
©3), which are widely used for the symptomatic
treatment of schizophrenia. Other clinically
important  piperidine-containing drugs include
droperidol, a dopamine receptor antagonist indicated
for the prevention and treatment of postoperative
nausea and vomiting ©¥, and donepezil, an
acetylcholinesterase inhibitor commonly prescribed
for the management of Alzheimer's disease .

PHARMACOLOGY OF PIPERIDINE
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Anti-Alzheimer’s|¢e—___ / —
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(MDM?2 inhibition),

Fig.10 pharmacology of piperidine

ANTI FUNGAL

Antifungal agents mainly act by inhibiting
ergosterol  synthesis, disrupting fungal cell
membranes, or blocking macromolecular synthesis.
Piperidine derivatives have shown promising
antifungal properties against various pathogenic
fungi. Piperidine alkaloids such as pipernonaline
exhibited potent fungicidal activity, while several
synthesized piperidine sulfonamide and piperidine-4-
carbohydrazide derivatives demonstrated strong in
vitro and in vivo antifungal effects. Some compounds
showed better activity than standard antifungal
agents like azoxystrobin, chlorothalonil, and
carbendazim. These findings suggest that piperidine-
based compounds are potential candidates for the
development of new antifungal drugs 9.

ANTI ALZHEIMER’S

Alzheimer’s disease (AD) represents one of
the most debilitating and fatal neurodegenerative
disorders of the past century. Currently lacking a
definitive curative intervention, clinical management
remains predominantly symptomatic, with the
disease typically culminating in mortality within an
average of six years post-diagnosis ©”). Historically,
the oldest mechanistic framework proposed for AD is
the cholinergic hypothesis, which posits that the
onset and progression of the disease are driven by the
progressive loss of cholinergic innervation ¥, A
pronounced deficiency within the cholinergic system
is a hallmark feature of the AD brain, directly
correlating with impairments in learning and memory
pathways ©%. Consequently, a primary objective of
contemporary pharmacology is to sustain viable ACh
concentrations by inhibiting the key metabolic
enzymes responsible for its
degradation: Acetylcholinesterase (AChE),
Butyrylcholinesterase (BuChE) ©9. In tandem with
cholinergic strategies, contemporary research heavily
targets the amyloid hypothesis, which asserts that the
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extracellular accumulation of amyloid-beta (A\beta) neurodegeneration and subsequent cognitive decline
plaques and intracellular neurofibrillary tangles of oD,
tau protein are the primary drivers of
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Fig 11 Piperidine derivatives as potential drugs for Alzheimer disease therapy

ANTI PSYCHOTIC
Takeo et al. investigated the antipsychotic potential of a novel piperidine derivative. Among the

compounds evaluated, compound 30 (Fig. 12) demonstrated affinity toward multiple dopamine receptor subtypes
and exhibited an atypical antipsychotic profile in animal models, with a reduced incidence of extrapyramidal

adverse effects 2.
F
O\ N
bl F
HoN S
N
\ NH

Fig.12 Structure of piperidinyl 6-fluroindole derivatives
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Ling et al. synthesized a series of benzoxazole—piperidine derivatives exhibiting high affinity for
dopamine D2, serotonin 5-HT1A, and serotonin 5-HT2A receptors. Among these, compound 31 (Fig. 13) emerged

as a promising antipsychotic candidate based on its favorable receptor-binding profile

(63),

N
0 el

Fig.13 Structure of benzoxazole piperidine derivatives

Xudong et al. designed and synthesized a series of piperidine derivatives to evaluate their
pharmacological potential. Compound 32 (Fig. 15) displayed favorable pharmacological characteristics, an
encouraging pharmacokinetic profile, and significant precognitive activity. These findings suggest that compound
32 may represent a novel class of atypical antipsychotic agents for the treatment of schizophrenia ¥,
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Fig.15 Structure of piperidinyl fluorobenzoxazole derivatives

ANTI TUBERCUALAR

Piperine, which is similar to piperidine, is
used to inhibit Rv1258c, a gene of mycobacterium
tuberculosis. When combined with rifampicin, a
trans-trans isomer of 1-piperoyl-piperidine, it reduces
the mutation prevention concentration (MPC) and
minimum inhibitory concentration (MIC) of
rifampicin for M. tuberculosis H37Rv. Time-kill
studies have shown that piperine enhances the
bactericidal effect of rifampicin and also extends its
post-antibiotic effect. When rifampicin is present, the
M. tuberculosis rifampicin-resistant mutant shows a
3.6-fold overexpression of the Rv1258c gene. To
understand the binding of piperine to the active site,
the silicon modeling technique was used to analyze
the 3D structure of the Rv1258c protein ¢,

ANTI CANCER

Raloxifene (Fig. 16) is second-generation
selective estrogen receptor modulator (SERM). It is
used for reducing the risk of invasive breast
carcinoma in postmenopausal women by acting as
estrogen blocker °®. Evodiamine (Fig. 17) which is a
quinolone alkaloid isolated from Evodia rutaecarpa
was found to show anticancer effects in vivo and in
vitro by induction of apoptosis or cell cycle arrest
therefore preventing metastasis and angiogenesis
(67,6869 Khairia et al. synthesized two piperidine
analogues. These analogues were evaluated for their
chemo preventive effect. Compound 1 (Fig. 18) was
found to be the most potent chemo-preventive agent
and could successfully decrease the number of cancer
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cells 7, Suvankar et al. studied a series of twenty- effect. Compound 2 (Fig. 19) was found to be the
five piperidine derivatives as free radical scavengers. most potent antitumor agent. The mechanism of
These compounds exhibited a potent anticancer action was found to be binding to ctDNA.
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Fig. 16 Structure of Raloxifene
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Fig.17.Structure of Evodiamine
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Fig 18 Structure of N-methyl-4-piperidone
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Fig 19 Structure of a piperidine derivatives

ANTI INFLUENZA

Piperidine  derivatives have  shown
promising activity against influenza A viruses such as
HIN1 and H3N2. Compounds containing the
pharmacophore of rimantadine, including piperidine-
based 4-azatetracyclotetradecane derivatives,
exhibited enhanced anti-influenza A activity and high
selectivity. Their rigid carbon framework fits
effectively into the lipophilic pocket of the viral M2
receptor, improving antiviral action. Piperidine
compounds are generally inactive against influenza B
virus due to differences in the M2 protein structure.

Studies also showed that smaller N-alkyl
substitutions increased activity against influenza
A/H3N2 strains 7V

ANTI DIABETIC

Among piperidine-containing antidiabetic
agents, alogliptin (Figure 20), a clinically established
dipeptidyl peptidase-4 (DPP-4) inhibitor, represents a
prominent example of the therapeutic significance of
the piperidine scaffold . In vivo investigations
demonstrated potent DPP-4 inhibitory activity (ICso
< 10 nM) with remarkable selectivity (>10,000-fold)
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over the related serine proteases DPP-8 and DPP-9.
In addition, a strong correlation was observed
between plasma alogliptin concentration and the
extent of DPP-4 inhibition in rats. The compound
also produced dose-dependent increases in plasma
insulin levels and improved glucose tolerance in
female Wistar fatty rats. Safety pharmacology and
GLP toxicity studies in rats and dogs indicated good

F

J =

tolerability, while phase [ clinical studies
demonstrated pharmacokinetic and
pharmacodynamic characteristics suitable for once-
daily administration ©?. Furthermore, a multicentre,
randomized, double-blind, placebo-controlled phase
III clinical trial confirmed the therapeutic efficacy of
alogliptin in patients with type 2 diabetes mellitus 7).

OCHj

Fig. 20 Structural formula of alogliptin

Sulfonamide derivatives of piperidine have
also attracted considerable attention as potential
DPP-4 inhibitors. A study on piperidine sulfonamide
derivatives  (Figure 21) reported that the
incorporation of a nitrile group significantly
enhanced DPP-4 inhibitory activity. In particular,

sulfonamide derivatives of piperidine-3-carbonitrile
and pyrrolidine-2-carbonitrile  exhibited potent
inhibitory effects comparable to the standard drug
vildagliptin, as demonstrated through both in silico
and in vitro investigations 74,
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Fig 21 Sulfonamide derivatives of piperidine

Another promising piperidine derivative, 4-methyl-
1-({2,3,5,6-tetramethyl-4-[(4-

methylpiperidinyl)methyl]phenyl} methyl)piperidine
(Figure 22), has been reported to possess antidiabetic,
antioxidant, and DNA-binding properties. The
compound exhibited pronounced o-amylase
inhibitory activity, achieving 97.30% inhibition in

vitro compared with 61.66% inhibition for the
reference  drug acarbose.  Additionally, it
demonstrated moderate free radical scavenging
activity in the DPPH assay relative to ascorbic acid.
In silico ADMET analysis further suggested a
favorable safety profile, indicating lower predicted
toxicity than the standard compound 7,

jepedeg

Fig 22. 4-Methyl-1-({2,3,5,6-tetramethyl-4-[(4-methylpiperidinly)methyl]phenyl} methyl)piperidine
As a-amylase Inhibitor
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ANTI ANALGESIC

Piperidine  derivatives  have  shown
significant analgesic activity, which is influenced by
the position of methyl and other substituent groups.
Compounds containing a para-methyl group
demonstrated enhanced analgesic effects at doses of
50-100 mg/kg. Several derivatives, including PP1-3
and AMP4-9, showed better analgesic activity than
their parent compounds and even the standard drug
pethidine. Among them, PP1 exhibited the most
potent and long-lasting analgesic effect up to 180
minutes. Structural modifications such as nitro,
bromo, and alkyl substitutions also contributed to

improved analgesic potency and duration of action
(71)
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