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Bis-indole derivatives represent an important class of indole-based compounds with substantial structural diversity and broad
pharmacological potential. The presence of two indole units, connected through direct bonds or diverse linkers, provides opportunities to
modulate molecular conformation, target interactions and biological activity through systematic structural modification. This review
provides a critical overview of recent advances in bis-indole chemistry, with emphasis on synthetic methodologies, biological activities,
structure-activity relationships and emerging therapeutic applications. Conventional synthetic approaches, such as acid-catalyzed
condensation, oxidative coupling and stepwise functionalization, are discussed together with more recent developments in transition-metal
catalysis, multicomponent reactions, microwave-assisted synthesis, photoredox and electrochemical transformations and sustainable
catalytic systems. These approaches have expanded the accessible structural diversity of bis-indoles and improved reaction efficiency,
selectivity and, in several cases, sustainability. Biologically, bis-indole derivatives have been investigated across diverse therapeutic areas,
including cancer, infectious diseases, inflammation, neurological and metabolic disorders. Reported mechanisms include modulation of
protein kinases, topoisomerases, microtubule dynamics, inflammatory signalling, oxidative stress and drug-efflux pathways, although the
strength of mechanistic evidence varies among individual compounds. Beyond conventional pharmacological applications, bis-indole
frameworks have also been explored in photodynamic therapy, molecular imaging, drug-resistance modulation and drug-delivery systems.
Despite extensive research, most bis-indole candidates remain at the preclinical or experimental stage. Poor aqueous solubility, limited
bioavailability, metabolic instability, off-target interactions and potential toxicity remain significant barriers to clinical development. In
addition, regioselective and stereoselective synthesis, scalability and reproducibility require further improvement. Future progress will
depend on establishing clearer relationships among molecular structure, target engagement, biological activity, pharmacokinetic behaviour
and toxicity. Integration of sustainable synthesis, medicinal chemistry, structural biology, computational modelling and data-driven
approaches, supported by standardized biological evaluation, may facilitate the identification of better-characterized candidates. Such
efforts could help translate the broad chemical and biological potential of bis-indoles into therapeutically relevant applications.
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INTRODUCTION metabolites [2]. This widespread natural occurrence, combined

with structural versatility, has inspired medicinal chemists to

Indole nucleus has long been recognized as a “privileged
scaffold” in medicinal chemistry, owing to its exceptional ability
to participate in diverse interactions with biological macromole-
cules and to confer favourable pharmacokinetic properties to
small molecules [1]. Indole and its derivatives occur extensively
in nature, not only as components of the essential amino acid
tryptophan, the neurotransmitter serotonin and the hormone
melatonin, but also as structural motifs within a wide variety
of plant alkaloids, marine natural products and microbial

explore indole-based frameworks as essential building blocks
for drug discovery and development. Indeed, numerous clini-
cally used drugs, such as indomethacin, sumatriptan and indole-
3-carbinol derivatives, highlight the therapeutic relevance of
indole scaffolds across diverse disease domains [2,3].
Within the broader family of indole-based molecules, bis-
indole derivatives occupy a special place due to the incorp-
oration of two indole moieties either directly connected or
linked through variable spacers, heteroatoms or aromatic syst-
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ems [2]. The unique arrangement of the two indole moieties
enables stronger non-covalent interactions with biological
systems, promoting enhanced n-7 stacking, hydrogen bonding
and hydrophobic associations. Furthermore, the well-defined
spatial alignment of these indole units supports simultaneous
multivalent attachment to enzymes, receptors and nucleic acids,
which can markedly elevate biological activity compared with
single-indole derivatives [4]. Due to these structural advan-
tages, the bis-indole framework functions as both a valuable
core for rational drug discovery and a versatile platform for
designing structurally varied molecules with superior thera-
peutic potential.

Bis-indole derivatives exhibit exceptional biomedical signi-
ficance owing to their broad spectrum of biological actions,
which include anticancer, antimicrobial, anti-inflammatory,
neuroprotective, antioxidant and cardioprotective effects [2,5].
Many representatives of this chemical class have delivered
promising outcomes in preclinical investigations and some
have advanced into early clinical assessment. Marine-origin
alkaloids, particularly those obtained from Didemnum species
and staurosporine analogues, demonstrate anticancer potential,
whereas synthetic bis-indolylmethanes (DIMs) are observed
for their hormone-regulating and chemopreventive activities
[6]. The synergy of structural adaptability, strong pharmaco-
logical activity and clinical potential positions bis-indoles as
key scaffolds in contemporary medicinal chemistry. On the
synthetic front, considerable efforts have been directed toward
developing practical, environmentally sustainable and broadly
applicable methods for constructing bis-indole frameworks.
The classical approaches, including oxidative coupling of
indoles and electrophilic substitution reactions, established the
foundation of bis-indole synthesis in the mid-20th century. In
recent years, significant advances in transition-metal catalysis,
multicomponent reactions, microwave-assisted synthesis and
green chemistry have enabled the efficient preparation of struc-
turally diverse bis-indole derivatives with improved yields,
selectivity and atom economy [5,7]. These synthetic develop-
ments have not only expanded the chemical space of bis-
indoles but have also facilitated the modulation of their pharm-
acological properties through control over linker composition,
substitution patterns and functional-group orientation.

The importance of bis-indoles in medicinal chemistry also
reflects broader trends in drug discovery, where there is grow-
ing recognition of the advantages of bivalent or dimeric scaff-
olds. In many cases, dimerization of bioactive pharmacohores
can enhance potency, selectivity and metabolic stability while
reducing the risk of drug resistance [5]. Bis-indole derivatives
exemplify this concept by combining the inherent pharma-
cophoric richness of the indole nucleus with the synergistic
interactions of two indole units. Their modular synthesis
further enables incorporation of the bis-indole scaffold into
other privileged molecular frameworks, resulting in the hybrid
molecules with distinct therapeutic profiles [7,8]. Consequently,
current investigations place strong emphasis on elucidating
structure—activity relationships (SARs) and the molecular
mechanisms underlying their biological effects. Comprehensive
SAR studies have shown that the pharmacological performance
of bis-indoles is strongly influenced by the nature of the linker
connecting the two indole moieties, the substitution patterns

on each ring and the three-dimensional geometry [9]. For
example, short alkyl linkers provide conformational flexibility
that can facilitate accommodation within enzyme binding
pockets, whereas rigid aromatic bridges may favour DNA inter-
calation and enhance cytotoxic potential. Electron donating
and electron-withdrawing substituents on the indole rings fur-
ther modulate hydrogen bonding, electrostatic interactions and
nt-1 stacking with biomolecular targets. Modern computational
strategies, including molecular docking, QSAR analysis and
molecular dynamics simulations, have provided valuable
insights into these interactions and guided the rational develop-
ment of highly active bis-indole analogues [9,10].

Beyond their synthetic accessibility and therapeutic poten-
tial, bis-indole systems have attracted interest in nanotech-
nology, materials research and supramolecular chemistry. They
have been investigated as chromophoric elements for organic
electronic components, fluorescent probes for cellular imaging
and self-assembling units in supramolecular constructs [9,11].
These interdisciplinary applications further demonstrate the
structural diversity and functional adaptability of the bis-indole
core, which confirm its continued relevance across multiple
scientific fields. Despite these advances, important challenges
remain, particularly those associated with poor aqueous solu-
bility and limited bioavailability, which can reduce pharmaco-
logical effectiveness [12]. Metabolic instability and potential
toxicity are additional concerns requiring comprehensive eval-
uation. Addressing these limitations will require innovative
synthetic strategies together with deeper investigation of phar-
macokinetics, toxicological profiles and metabolic behaviour.
Successful translation from preclinical discovery to clinical
use will further depend on rigorous assessment of efficacy,
safety and drug-like properties [11-13]. Against this back-
ground, the present review provides an integrated account of
recent advances in bis-indole chemistry, focusing on the syn-
thetic methodologies, biological activities and pharmaceutical
applications.

Moreover, the increasing convergence of bis-indole rese-
arch with next-generation technologies, for example, artificial
intelligence, high-throughput screening and precision drug,
offers new opportunities for discovery. These approaches can
accelerate the identification of new bis-indole candidates,
optimize drug-like properties and broaden their therapeutic
applications. In view of the global challenges posed by cancer,
infectious diseases and neurodegenerative disorders, bis-indole
derivatives remain promising candidates for addressing critical
medical needs and may contribute to the future development
of medicinal chemistry [8,13].

Synthetic advances in bis-indole derivatives: As the
indole ring consists of a fused benzene-pyrrole system and
represents a privileged pharmacophore widely present in
natural alkaloids, therapeutic agents and functional materials.
Linking two indole units through direct C—C or C-N bonds,
aliphatic chains, heteroatoms or aromatic spacers affords
structurally diverse bis-indole frameworks with tunable elec-
tronic, steric and biological properties [14]. Early synthetic
investigations were inspired by naturally occurring bis-indole
alkaloids such as bis-indolylquinones, flinderoles and stauro-
sporine analogues. Initial routes generally involved sequential
functionalization of indole rings followed by condensation or
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coupling. These procedures frequently required several synth-
etic steps and provided limited control over regioselectivity.
The development of catalytic reactions and one-pot proce-
dures subsequently offered shorter and more adaptable routes
to structurally complex bis-indole systems [5,14]. Also, their
synthesis, particularly for unsymmetrical and stereochemically
defined structures, remains challenging due to the need for
precise regioselectivity, chemoselectivity, stereochemical con-
trol, high atom economy and scalability [15].

Early conventional approaches were often associated with
harsh reaction conditions, modest yields, lengthy synthetic
steps and limited structural diversity [5]. The development of
transition metal-based catalysis, multicomponent reactions
and process-intensification techniques has expanded the syn-
thetic scope of these compounds. Transition-metal-catalyzed
cross-coup-ling permits the controlled formation of C—-C and
C-N bonds, microwave irradiation reduces reaction times and
multicomponent reactions provide concise routes to structur-
ally diverse derivatives [6]. Similarly, green-chemistry appr-
oaches based on safer solvents, catalytic reagents, solvent-
free conditions and recyclable catalytic systems have further
improved the practical and environmental profile of bis-
indole synthesis [7].

Classical synthetic approaches

Acid-catalyzed condensation: Acid-catalyzed conden-
sation of indoles with aldehydes or ketones is one of the simp-
lest routes to bis(indolyl)methane derivatives. The electro-
philic substitution generally occurs at the C-3 position of
indole, followed by formation of the second C-C bond. Early
procedures employed Brgnsted acids such as hydrochloric,
sulfuric and acetic acids, but polymerization, side reactions
and limited selectivity restricted their broader use [16,17].
Lewis acids such as FeCls, ZnCl,, AICI; and BiCls were later
introduced to improve conversion and selectivity. Solid acids,
zeolites, silica-supported catalysts and montmorillonite K10
clay provided heterogeneous alternatives with advantages in
catalyst recovery and reuse [18,19].

Oxidative coupling: Direct oxidative coupling provides
access to C-C- or C-N-linked bis-indoles from relatively
simple indole precursors without prior installation of coupling
groups. Ferric chloride, iodine and cerium(IV) ammonium
nitrate (CAN) have been used in early dimerization reactions
[17,20]. Uncontrolled oxidation, regioselectivity problems and
competing side reactions limited some of these procedures.
The use of milder oxidants and catalytic systems has improved
reaction control and reduced the environmental hazardousness
associated with conventional oxidative methods [21].

Stepwise functionalization and coupling: Sequential
functionalization of one indole followed by coupling with a
second indole derivative provides better control over substi-
tution patterns. Halogenation at the C-3 position, often with
N-bromosuccinimide (NBS), followed by transition-metal-
mediated coupling is a representative strategy. Although these
routes can require multiple operations, they permit the incor-
poration of diverse functional groups and substitution patterns
[22].

Despite their utility, the above-mentioned classical syn-
thetic methods are often limited by poor regioselectivity, the

use of hazardous reagents, low atom economy, limited scala-
bility and difficulties in synthesizing structurally complex,
natural product-inspired frameworks [21-23]. These limita-
tions have encouraged the development of more selective,
efficient and sustainable catalytic methods.

Transition metal-catalyzed approaches: Transition-
metal catalysis has expanded the synthetic scope of bis-indole
chemistry through selective C-C and C-N bond formation,
improved functional-group tolerance and shorter reaction
sequences [14]. Palladium, copper, iron, nickel and ruthenium
catalysts have been investigated for cross-coupling, oxidative
coupling and C—H functionalization reactions.

Palladium-catalyzed strategies: Palladium-catalyzed
Suzuki-Miyaura and Heck reactions provide reliable routes
to C-C linked bis-indoles. The coupling of halo-indoles with
indolylboronic acids or indole-derived olefins enables contr-
olled construction of substituted bis-indole frameworks. For
instance, Suzuki-Miyaura coupling of 3-bromoindole with
indolylboronic acids affords 3,3'-bis-indoles under relatively
mild conditions [15]. Palladium-mediated oxidative C-H cou-
pling has provided direct routes to C-2- and C-3-linked prod-
ucts, reducing the need for pre-functionalized substrates [5].

Copper-catalyzed approaches: Copper offers an econo-
mical alternative to palladium for several bis-indole transfor-
mations. Ullmann-type reactions between haloindoles and
indolylamines enable C—N bond formation, while copper-
catalyzed oxidative coupling with molecular oxygen or air
provides a comparatively sustainable route to selected indole
dimers [7].

Iron- and nickel-catalyzed strategies: Iron and nickel
catalysts have attracted interest as earth-abundant alternatives
to precious-metal systems. Iron-mediated oxidative coupling
can facilitate direct bond formation under relatively mild
conditions, while nickel catalysts have been employed in C-H
activation and directed indole dimerization [16]. Their lower
material cost and complementary reactivity make these metals
attractive for scalable synthetic development.

Ruthenium-catalyzed C-H activation: Ruthenium(Il)
complexes have been applied to C-H activation and oxidative
coupling of indoles. Reactions employing tert.-butyl hydro-
peroxide (TBHP) or air as the oxidant have afforded 3,3’-bis-
indoles under mild conditions with useful substrate tolerance
[18].

Multicomponent and Green synthetic strategies

Multicomponent reactions: Multicomponent reactions
offer concise routes to complex bis-indole structures by com-
bining three or more starting materials in a single step. One-
pot condensation of indoles, aldehydes and a third nucleophile
provides access to structurally varied bis(indolyl)methanes.
Both homogeneous and heterogeneous catalytic systems have
been developed, with advantages in step economy and library
synthesis [17].

Microwave-assisted synthesis: Microwave irradiation
has also become a useful tool for accelerating the bis-indole
synthesis. Acid-catalyzed condensation reactions that require
several hours under conventional heating can often be comp-
leted within minutes under microwave conditions. Reduced
reaction times, lower solvent consumption and improved energy
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efficiency make this approach attractive for rapid synthesis and
library generation [14].

lonic liquids and deep eutectic solvents: lonic liquids
(ILs) and deep eutectic solvents (DESs) provide alternative
reaction media for sustainable bis-indole synthesis. Acidic
ILs can serve as both solvent and catalyst in indole-aldehyde
condensation, while DES-based systems have been explored
for oxidative coupling under mild and recyclable conditions
[15]. Their low volatility and potential for recovery support
their use in greener synthetic processes.

Heterogeneous catalysis and solid-supported methods:
Zeolites, mesoporous silica, supported Lewis acids and mag-
netic nanoparticles have been investigated as heterogeneous
catalysts. Such systems facilitate catalyst separation and reuse
while reducing metal contamination of the reaction products.
Montmorillonite K10, for example, can catalyze solvent-free
condensation of indoles with aldehydes, while magnetic nano-
particle-supported catalysts permit separation by an external
magnetic field [5].

Asymmetric and stereoselective synthesis: Control of
stereochemistry remains an important consideration in bis-
indole synthesis, particularly when the resulting compounds
contain stereogenic centres that influence biological activity.
The organocatalytic and metal-mediated methods have provided
routes to optically enriched derivatives.

Organocatalytic strategies: Chiral organocatalysts such
as proline derivatives and chiral phosphoric acids have been
employed in enantioselective reactions of indoles with alde-
hydes. Hydrogen-bonding and ion-pairing interactions between
the catalyst and substrates can provide asymmetric induction
while avoiding metal catalysts [7].

Chiral metal catalysts: Rhodium-, palladium- and iridium-
based complexes containing chiral ligands have been investi-
gated for enantioselective C—H activation and oxidative cou-
pling. Appropriate catalyst and ligand selection can provide
high stereochemical control, although substrate scope and
reaction optimization remain important considerations [16].

Photoredox and electrochemical methods: Visible-light
photoredox catalysis has opened mild pathways for oxidative
indole coupling. Photocatalysts such as Ru(bpy)sCl, and
Ir(ppy)s can mediate single-electron-transfer processes under
visible light, enabling indole dimerization under relatively
mild conditions. Electrochemical oxidation provides another
approach in which electrical current replaces conventional
chemical oxidants, reducing the requirement for stoichio-
metric oxidizing reagents [18]. These methods are particularly
relevant to current efforts toward cleaner and more energy-
efficient synthesis.

Structural biology and computational design: The
structural biology has provided insight into the molecular
recognition of bis-indole compounds. X-ray crystallography,
NMR spectroscopy and cryo-electron microscopy have been
used to examine ligand-binding conformations and inter-
actions with biological macromolecules. The two indole rings
can participate in hydrogen bonding, n-n interactions and
hydrophobic contacts within binding sites. Molecular docking,
molecular dynamics and other computational methods coun-
terpart the experimental structural studies by assisting binding
site analysis, affinity prediction and pharmacophore refine-

ment [8]. These methods support structure—activity relation-
ship studies and facilitate the design of derivatives with
improved potency and selectivity.

Biological and therapeutic potential of bis-indoles: The
therapeutic relevance of bis-indole derivatives arises from the
chemical properties of the indole nucleus and the structural flexi-
bility gained by linking two indole units. The fused benzene-
pyrrole system provides electron density, planarity and stability,
enabling hydrogen bonding, n-n interactions and recognition of
tryptophan-related binding sites [1,2]. Connecting two indole
moieties through direct bonds or molecular spacers creates a
framework capable of multiple target interactions, while varia-
tions in linkers and substituents allow tuning of binding affinity,
selectivity and physico-chemical properties [1-3].

Naturally occurring bis-indole alkaloids such as violacein,
rebeccamycin and staurosporine have provided important
templates for medicinal chemistry. Their diverse biological
profiles have encouraged the preparation of synthetic analo-
gues with modified substituents, linkers and pharmacophores
[24]. The resulting compounds have been investigated against
cancer, bacterial and fungal infections, viral diseases, inflam-
mation, neurological disorders, metabolic abnormalities and
several other disease conditions.

Anticancer activity: Cancer is one of the major areas of
bis-indole research, with these compounds acting on several
processes involved in tumour growth and survival, such as
cell-cycle progression, DNA replication, angiogenesis, apop-
tosis and kinase-mediated signalling [4]. Their biological
activity is influenced by the substitution pattern and the nature
of the linker connecting the two indole units. Reported mech-
anisms include DNA intercalation, topoisomerase inhibition,
disruption of microtubule dynamics, protein kinase inhibition
and activation of mitochondrial and caspase-dependent apop-
totic pathways [25-28].

Staurosporine, a naturally occurring bis-indole alkaloid
isolated from Streptomyces species, is an important example
of a kinase-targeting scaffold. It binds to the ATP-binding
site of protein kinases and has been widely used as a bio-
chemical probe and lead structure in kinase research [4,29]. Its
broad kinase inhibition and limited selectivity restricted direct
clinical application [30]. The structural modification of the
staurosporine framework led to derivatives with improved
activity profiles against protein kinase C (PKC), cyclin depen-
dent kinases (CDKSs) and selected tyrosine kinases [24,31-33].
Midostaurin, a structurally related derivative, subsequently
entered clinical use for acute myeloid leukemia (AML) [34].
Other naturally occurring bis-indole alkaloids, such as arcyria-
flavin, have likewise provided useful templates for anticancer
drug development [35].

Rebeccamycin and its analogues represent another impor-
tant group of anticancer bis-indoles. These compounds inhibit
topoisomerase | by stabilizing the DNA-topoisomerase |
cleavable complex, resulting in DNA damage and apoptotic
cell death [24,31]. Modification of the sugar moiety and indole
substituents can influence DNA binding and topoisomerase
selectivity. Edotecarin, a rebeccamycin analogue, progressed
to clinical trials for solid tumours, supporting the therapeutic
relevance of this structural class [36].



Vol. 38, No. 9 (2026)

Bis-Indoles: Synthetic Advances, Biological Activities and Emerging Pharmaceutical Applications 2237

Tubulin represents another target of bis-indole anticancer
agents. Compounds such as 2,2'-bis-indolyl disulfides inter-
fere with microtubule polymerization and can induce cell-cycle
arrest at the G2/M phase, followed by programmed cell death
[26,32]. Activity reported in selected multidrug-resistant
cancer models makes these compounds of interest in the search
for agents, which can retain efficacy when conventional ther-
apies become less effective [37].

Synthetic bis-indolylmethanes (BIMSs), particularly 3,3'-
diindolylmethane (DIM), have been investigated in breast,
prostate, colon and pancreatic cancer models. Their reported
effects include modulation of estrogen metabolism androgen-
receptor signalling, detoxification pathways and apoptotic
mechanisms [3,5,38,39]. DIM, a dietary metabolite of indole-3-
carbinol, has reached clinical investigation as a potential
chemopreventive agent [40]. Other bis-indole derivatives
influence mitochondrial apoptosis, death-receptor signalling,
autophagy, VEGF signalling and matrix metalloproteinases,
providing additional mechanisms for limiting tumour growth,
angiogenesis and metastatic progression [41-45].

Few natural marine-derived bis-indoles, for examples,
lyngbyabellins and caulerpins, have attracted interest for their
cytotoxic effects against different cancer cell lines [33,46].
Their halogen substituents, extended conjugated systems and
complex stereochemical features can influence membrane
permeability and interactions with cellular targets. These
structural characteristics make marine bis-indole alkaloids
useful starting points for natural-product-inspired anticancer
drug design.

Resistance to anticancer drugs can occur when cancer
cells reduce drug accumulation, alter drug targets or evade
apoptosis, leading to reduced treatment response. Some bis-
indole derivatives have been studied as chemosensitizers that
inhibit ATP-binding cassette (ABC) transporters, particularly
P-glycoprotein and MRP1, thereby increasing the intracellu-
lar accumulation of anticancer drugs [47,48]. Their combined
effects on cancer cells and drug-efflux pathways make bis-
indoles of interest for the treatment of drug-resistant tumours.

Antibacterial, antiviral and antifungal activities: Bis-
indole derivatives have attracted interest as potential anti-
microbial agents against both Gram-positive and Gram-negative
bacteria and a range of pathogenic fungi. Their antibacterial
activity has been associated with disruption of bacterial
membranes, inhibition of DNA gyrase and topoisomerase IV
and interference with quorum-sensing pathways involved in
bacterial communication and biofilm formation [6,7,31-33,
46,49,50-52]. These multiple effects may affect bacterial
growth as well as processes that contribute to persistence and
virulence [41-45].

Marine-derived hamacanthins are of particular interest for
their activity against bacterial efflux mechanisms and their
potential to enhance the action of conventional antibiotics
[10,11]. Several bis-indolylmethane derivatives have been
investigated against resistant pathogens, such as methicillin
resistant Staphylococcus aureus (MRSA), vancomycin resis-
tant enterococci (VRE) and multidrug-resistant Pseudomonas
aeruginosa [31-33,46,49]. The inhibition of efflux pumps may
increase intracellular drug accumulation and provide a useful
approach for improving the activity of existing antimicrobial
agents [53,54].

Antifungal activity has been reported for bis-indole deri-
vatives against Candida, Aspergillus and other pathogenic
fungi [55,56]. Proposed mechanisms include interference with
ergosterol biosynthesis, disruption of mitochondrial function,
inhibition of fungal protein kinases and chitin synthesis and
induction of intracellular ROS [56,57]. The structural modi-
fication, particularly halogen substitution on the indole rings,
has been explored to improve antifungal activity [50]. Activity
against selected drug-resistant fungal strains has increased
interest in these compounds as potential alternatives to conv-
entional antifungal agents. Their use as antibiofilm coatings
for medical devices and as topical agents for resistant skin
infections represents a further area of investigation, although
clinical development remains limited [58].

The antiviral activity of bis-indole derivatives has been
investigated against HIV, hepatitis C virus (HCV), influenza
and other RNA viruses [9,30,49]. Marine alkaloids such as
dragmacidins and indolocarbazole derivatives related to
staurosporine have attracted interest for their effects on viral
enzymes, host protein kinases and virus-host interactions [30,
49,59,60]. Several targets such as HIV-1 reverse transcriptase
and protease, HCV NS3 protease and RNA-dependent RNA
polymerase and influenza viral RNA polymerase [59-62].
Recently bis-indole derivatives were also examined against
the SARS-CoV-2 main protease (MP™), with molecular mode-
lling and in vitro studies providing preliminary support for
their antiviral potential [63,64].

Anti-inflammatory and antioxidant activities: The
inflammation and oxidative stress are closely linked to cancer,
metabolic disorders, cardiovascular diseases and neurodegene-
rative conditions. Bis-indole derivatives have been investigated
as modulators of nuclear factor-xB (NF-kB), cyclooxygena-
ses (COX-1 and COX-2) and inducible nitric oxide synthase
(iNOS) [9-11,65]. DIM has been widely studied for its ability
to suppress NF-kB signalling and reduce the expression of
inflammatory mediators such as tumour necrosis factor-o
(TNF-a), interleukin-1p (IL-1p) and interleukin-6 (IL-6) [66,
67]. Synthetic derivatives have been evaluated as COX-2 and
iNOS inhibitors, with reduced prostaglandin and nitric oxide
production reported in inflammatory models [38,68]. These
effects have supported investigations of bis-indoles in experi-
mental models of rheumatoid arthritis, inflammatory bowel
disease and asthma [69].

The indole ring can contribute to antioxidant activity
through its electron-rich aromatic system. Natural compounds
such as violacein and related derivatives have been studied for
their ability to scavenge reactive oxygen and nitrogen species
[70,71]. Hydroxyl and methoxy substituents can alter radical-
scavenging activity through hydrogen-atom transfer and
resonance stabilization. Some bis-indole derivatives have been
linked to activation of the Nrf2/antioxidant response element
pathway, which regulates endogenous antioxidant defence
[70,71]. The combined modulation of inflammatory signalling
and oxidative stress makes these compounds of interest in
disorders associated with persistent inflammation and cellular
oxidative damage.

Neuroprotective and neurological applications: The
structural relationship of indole-containing compounds with
endogenous neuroactive molecules such as tryptophan, sero-
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tonin and melatonin has encouraged investigation of bis-indoles
in neuropharmacology. These compounds have been studied
for interactions with acetylcholinesterase (AChE), monoamine
oxidases, serotonin and GABA receptors and other central
nervous system targets [12,13]. In experimental models of
Alzheimer’s disease, selected derivatives inhibit AChE and
glycogen synthase kinase-3p (GSK-3p), with potential effects
on tau hyperphosphorylation and B-amyloid aggregation [13,72-
74].

In Parkinson’s disease models, inhibition of monoamine
oxidase-B (MAO-B) combined with antioxidant activity has
been associated with preservation of dopamine levels and
reduced oxidative damage [75,76]. Similar effects have been
reported in experimental models of Huntington’s disease and
ischemia-reperfusion injury, where reduced oxidative stress,
neuroinflammation and mitochondrial dysfunction may contri-
bute to the observed neuroprotection [77]. Some bis-indole
derivatives have further been investigated for their effects on
dopamine- and serotonin-related pathways in models relevant
to mood and sleep disorders [12,13]. Although these findings
remain largely preclinical, they support further investigation
of bis-indole scaffolds in neurodegenerative and neurological
disorders.

Metabolic activities: The electron-rich indole framework
contributes to the radical-scavenging activity reported for
several bis-indole derivatives [78]. Their effects on meta-
bolic enzymes and signalling pathways have led to investi-
gations in diabetes, obesity and metabolic syndrome. Protein
tyrosine phosphatase 1B (PTP1B) is one reported target and
its inhibition may improve insulin signalling and glucose
uptake [72,79]. DIM has been studied in diabetes models for
its effects on insulin sensitivity and glucose regulation, while
other derivatives have been evaluated for their influence on lipid
parameters, such as cholesterol and triglycerides [80].

Dipeptidyl peptidase-4 (DPP-4) is another target of interest,
as its inhibition prolongs the activity of incretin hormones
such as glucagon-like peptide-1 (GLP-1), supporting insulin
secretion and glucose regulation [81]. Some bis-indole deriva-
tives have been examined for their effects on peroxisome pro-
liferator-activated receptor-y (PPARy) and CCAAT/enhancer
binding protein-a (C/EBPa), pathways involved in lipid meta-
bolism and adipocyte differentiation [47,71,72,79]. Their anti-
oxidant and anti-inflammatory properties may further contri-
bute to the activity observed in the experimental models of
diabetes and obesity.

Bis-indole derivatives have further been investigated as
inhibitors of enzymes such as histone deacetylases (HDACS),
aldose reductase and monoamine oxidases, extending their
potential across different pathological pathways [79,82]. Their
development is constrained by issues such as metabolic insta-
bility, including cytochrome P450-mediated oxidation of the
indole nucleus, which may cause rapid clearance, reduced
bioavailability or formation of reactive metabolites [3]. Off-
target interactions and cytotoxicity reported for some deriva-
tives highlight the need for better target selectivity and an
improved therapeutic index [4].

Antiparasitic activity: Natural and synthetic bis-indoles
have been evaluated against protozoan parasites such as
Plasmodium falciparum, Leishmania donovani and Trypanosoma

cruzi [83]. In malaria research, some derivatives interfere with
heme detoxification, leading to accumulation of toxic free heme
within the parasite. Compounds investigated against Leish-
mania and Trypanosoma have been associated with inhibition
of enzymes such as trypanothione reductase and DNA topo-
isomerases. The presence of multiple potential targets makes
bis-indole frameworks of interest for neglected tropical dise-
ase research [83].

Immunomodulatory activity: The effects of bis-indoles
on immune pathways vary with molecular structure and biolo-
gical context. Some natural derivatives stimulate macrophage
activity, lymphocyte proliferation and cytokine production,
whereas selected staurosporine-related compounds suppress
T-cell activation [41,79,84]. These contrasting activities provide
opportunities for investigating the scaffold in immune-related
disorders. Compounds capable of modulating both inflam-
matory signalling and microbial or tumour growth may have
particular value in conditions where immune responses contri-
bute to disease progression.

Cardiovascular and hepatoprotective effects: Cardio-
vascular activity has been associated with the ability of selected
bis-indoles to modulate oxidative stress, inflammation and
endothelial function [85]. Some derivatives protect cardio-
myocytes against ischemia-reperfusion injury by limiting ROS
generation and preserving mitochondrial integrity. Others
influence nitric oxide signalling and endothelial responsive-
ness, while selected compounds possess antiplatelet activity.
These properties provide a basis for investigating bis-indoles
in hypertension, thrombosis and other cardiovascular disorders
[85].

Hepatoprotective effects have been reported in experi-
mental models of drug- and toxin-induced liver injury [85,86].
The reported responses include reduction of oxidative stress,
modulation of inflammatory cytokines and restoration of
endogenous antioxidant enzymes. Certain derivatives may
influence cytochrome P450-mediated metabolic pathways and
reduce the formation of reactive metabolites. Such findings
remain primarily experimental but add another dimension to
the pharmacological profile of bis-indole scaffolds.

Photodynamic and photosensitizing applications: The
extended conjugated structures of selected bis-indoles provide
photophysical properties, which can be exploited in photo-
dynamic therapy (PDT). Upon irradiation with suitable wave-
lengths, photosensitive derivatives can generate singlet oxygen
and other ROS capable of damaging tumour cells or micro-
organisms [87,88]. Their application has been explored in
cancer therapy and microbial control, with particular interest
in localized ROS generation and reduced systemic exposure.
Bis-indole chromophores have consequently attracted atten-
tion as potential photosensitizers for therapeutic and functional
applications [2].

Endocrine modulation: Hormone-dependent cancers
provide another area in which structural modification of bis-
indole scaffolds has been explored. Estrogen receptor (ER) and
androgen receptor (AR) signalling are important regulators
of breast and prostate cancer progression, respectively. Certain
derivatives have been designed to interfere with these path-
ways and have been investigated as selective estrogen receptor
modulators or androgen-receptor antagonists [89]. Such com-
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pounds may be relevant to breast cancer, osteoporosis and
castration-resistant prostate cancer, although their therapeutic
value depends on achieving an appropriate balance between
receptor activity and selectivity.

Epigenetic and gene-regulatory effects: The epigenetic
regulation has emerged as another potential target area for
bis-indole derivatives. Abnormal DNA methylation, histone
modification and non-coding RNA regulation contribute to
the development and progression of several diseases, particu-
larly cancer. Some bis-indole analogues have been investi-
gated as inhibitors of DNA methyltransferases and histone
methyltransferases, while others influence histone acetyltrans-
ferase activity [90]. These properties make the scaffold relevant
not only to therapeutic development but to the design of
chemical probes for studying epigenetic pathways.

Gut microbiome and gut-brain axis: The interaction
between small molecules and the gut microbiome represents
an emerging area of bis-indole research. Early investigations
indicate that selected derivatives may influence microbial
growth and metabolic activity, with possible effects on the
balance between beneficial and pathogenic bacterial popula-
tions [87]. Microbial metabolites can influence host metabo-
lism, immune responses and neurological signalling, provi-
ding a possible connection between bis-indole activity and
the gut-brain axis. However, research on the effects of bis-
indoles on the gut microbiome is still limited and their long
term impact on microbial balance and host health needs further
study. Their ability to influence microbial populations, infla-
mmatory responses and neuronal signalling may be relevant
to metabolic, gastrointestinal and neuropsychiatric disorders
[87].

Wound healing, tissue regeneration and age-related
applications: The combination of anti-inflammatory, anti-
oxidant and antimicrobial properties has encouraged investi-
gation of bis-indoles in wound healing and tissue regenera-
tion [91]. Selected compounds have been associated with
fibroblast proliferation, collagen deposition and angiogenic
responses in experimental models. Such effects may support
tissue repair while limiting microbial growth and oxidative
damage at the wound site. The role of bis-indoles in cellular
ageing has received preliminary attention through their effects
on oxidative stress, mitochondrial function and cellular
senescence [92]. Some derivatives have been investigated for
modulation of sirtuin pathways involved in mitochondrial
biogenesis, metabolic regulation and cellular longevity. Most
of these findings remain at the experimental stage and require
validation in appropriate biological and clinical models.

Bone health: Preliminary studies have linked selected
bis-indole derivatives with processes involved in bone forma-
tion and resorption [93]. Some compounds promote osteo-
blast differentiation and mineralization, while others may
suppress osteoclast-mediated bone loss. Proposed mechanisms
include modulation of Wnt/B-catenin and RANKL/OPG
signalling, both of which have important roles in bone home-
ostasis. These observations provide an initial basis for explor-
ing bis-indoles in osteoporosis and other skeletal disorders.

Modulation of drug resistance: Resistance modulation
represents a recurring theme across the biological applica-
tions of bis-indoles. In microorganisms, inhibition of bacterial,

fungal or parasitic efflux pumps may increase intracellular
retention of conventional therapeutic agents [53]. In cancer
cells, interference with P-glycoprotein and MRP1 can enhance
the accumulation and activity of anticancer drugs [47,48].
Such effects support the development of bis-indoles as resis-
tance modifying agents rather than solely as direct cytotoxic
or antimicrobial compounds.

Rare and neglected disease applications: The pharma-
cological scope of bis-indoles has extended into selected rare
and neglected conditions. Preliminary studies have examined
their potential in cystic fibrosis through modulation of
chloride-channel activity and mucus properties, while other
derivatives have been investigated in sickle cell disease for
effects on oxidative stress and haemoglobin polymerization
[94]. These applications are still at an early stage, but they
illustrate the broad range of biological processes that can be
explored through structural modification of the bis-indole
framework.

Drug-development challenges and future perspective:
Despite the broad pharmacological profile of bis-indole deri-
vatives, several properties continue to limit their progression
toward clinical application. Poor aqueous solubility can restrict
absorption and oral bioavailability, while rapid oxidative
metabolism may shorten systemic exposure or generate reac-
tive metabolites [95,96]. The planar aromatic character of
some derivatives can contribute to strong DNA binding and
non-specific interactions, raising concerns about toxicity,
particularly for compounds designed as DNA-intercalating
agents [97]. Nanoparticle encapsulation, liposomal formula-
tions and prodrug design are being investigated to improve
solubility, stability, bioavailability and tissue distribution.
The structural modification remains important for separating
desired biological activity from non-specific toxicity.

The wide range of reported activities illustrates the adapta-
bility of the bis-indole framework across different biological
targets and disease models. Its future development will depend
less on expanding the number of reported activities and more
on establishing well-defined molecular mechanisms, impro-
ving selectivity, addressing pharmacokinetic limitations and
validating promising compounds in relevant in vivo models.
Integration of synthetic chemistry, structural biology, compu-
tational design and targeted drug-delivery strategies can provide
a stronger basis for translating bis-indole chemistry into clini-
cally useful therapeutic candidates.

Emerging applications: The applications of bis-indole
chemistry now extend beyond conventional small-molecule
drug discovery. Their conjugated structures and photophysical
properties have attracted interest in photodynamic therapy
(PDT), where selected derivatives act as photosensitizers and
generate reactive oxygen species upon light activation [2,80].
Bis-indole-based polymers and nanoparticle conjugates have
been explored for controlled drug release, improved aqueous
dispersibility, bioavailability and targeted delivery [2,11].
Bis-indole-metal conjugates have further been investigated
as fluorescent probes for diagnostic imaging and monitoring
of drug distribution [80]. Some derivatives have been studied
as chemosensitizers to enhance the response of tumour cells
to chemotherapy or radiotherapy, particularly in drug-resistant
settings [80]. Future synthetic research is likely to focus on
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biocatalytic methods using oxidases and peroxidases, flow
chemistry for improved reaction control and scale-up and
machine-learning assisted optimization of catalysts, solvents
and reaction conditions. Target-oriented design may further
enable the development of bis-indoles against defined path-
ways, particularly in cancer and infectious diseases [17].
Despite the broad range of reported applications, most bis-
indole candidates remain at the preclinical or experimental
stage. Improved target selectivity, metabolic stability, bio-
availability and toxicity profiles will be necessary to translate
promising activities into clinically useful agents.

Challenges and future perspectives: Despite substantial
progress in bis-indole synthesis and biological evaluation,
several challenges continue to limit their development as
therapeutic agents. Precise regioselective and chemoselective
synthesis remains difficult, particularly for unsymmetrical and
stereochemically defined derivatives. The use of hazardous
oxidants, volatile organic solvents and non-recyclable catalysts
can further limit the sustainability of some synthetic routes.
Scale-up may be affected by catalyst cost, process safety,
purification requirements and poor reproducibility, while
broadly applicable methods for stereoselective synthesis of
enantiomerically enriched bis-indoles remain limited [19].

Pharmacokinetic properties present another major barrier
to clinical development. Poor aqueous solubility, low oral
bioavailability and rapid metabolic degradation can reduce
systemic exposure and therapeutic efficacy in vivo. Prodrug
design, nanoformulations, lipid-based carriers and polymeric
delivery systems have been explored to improve solubility,
stability and drug distribution [98-100]. The broad interaction
profile of some bis-indoles may cause off-target effects and
drug-drug interactions, making rational structural modification
and detailed SAR studies important for improving molecular
selectivity and therapeutic safety [101-103]. Comprehensive
toxicity and long-term pharmacokinetic data are still lacking
for many candidates and differences in efficacy between expe-
rimental models can complicate assessment of their transla-
tional potential [104-109].

Standardized biological evaluation is needed to improve
the reliability of bis-indole research. The consistent protocols
for pharmacokinetics, toxicity and efficacy would allow more
meaningful comparison between studies and improve the
alignment of in vitro, in vivo and human disease models [110-
113]. Intellectual property overlap and patent complexity may
present additional barriers to commercialization and should
be considered during the development of new derivatives
[104-109]. Future synthetic research should place better emph-
asis on the recyclable catalysts, safer solvents, catalyst-free
transformations, electrochemical and photochemical activa-
tion, mechanochemistry, continuous-flow processing and bio-
catalysis [114-120]. The synthetic biology and metabolic
engineering may provide alternative routes to complex natural
and semi-synthetic bis-indole scaffolds while expanding acce-
ssible chemical diversity [121-124]. The computational
chemistry, artificial intelligence and machine learning can
support prediction of binding affinity, ADMET properties
and toxicity as well as guide lead optimization and target-
based design [125-131]. The reliable chemical and biological
databases containing structural, pharmacological and toxicity

data can improve the accuracy of computational and data-
driven drug discovery approaches [132-135].

Future pharmacological research should extend beyond
traditional anticancer applications toward infectious, neuro-
degenerative, inflammatory and metabolic disorders [136-141].
Precision medicine and multitarget-directed ligand (MTDL)
strategies may be particularly relevant for diseases involving
multiple pathological pathways, while photopharmacology
and conjugate-based delivery systems offer approaches for
controlling drug activity and distribution [142-155].

The clinical development of bis-indole derivatives will
ultimately depend on establishing a clearer relationship bet-
ween chemical structure, biological activity, pharmacokinetic
behaviour and toxicity. Better emphasis on reproducible syn-
thesis, validated biological models and early assessment of
drug-like properties can help identify the most promising
candidates before costly later-stage development. Interdis-
ciplinary research combining sustainable synthesis, molecular
design, biological evaluation and data-driven approaches should
provide a stronger foundation for translating the diverse pharm-
acological potential of bis-indoles into clinically useful agents
[156].

Conclusion

Bis-indole derivatives represent versatile scaffolds in the
medicinal chemistry, with diverse structures, flexible synthetic
routes and broad biological activities. Research has identified
their potential in cancer, infectious diseases, inflammation,
metabolic disorders and neurological conditions. Natural bis-
indoles have provided valuable templates for drug chemistry,
while advances in synthesis have expanded the range of
functionalized derivatives available for biological evaluation.
Despite these advances, most bis-indole candidates remain at
the preclinical stage and a clear gap persists between reported
biological activity and therapeutic validation. Midostaurin
provides an important example of successful clinical transla-
tion, while many other derivatives require further evidence of
target engagement, pharmacokinetic behaviour, toxicity and
long-term safety. Future studies should address these prop-
erties alongside potency during early lead optimization. Integ-
ration of synthetic chemistry, medicinal chemistry, computa-
tional modelling and biological evaluation can support the
identification of better drug candidates. Rational modification
of linker architecture and substitution patterns, combined with
early ADMET assessment, may improve selectivity and drug
like properties. Al-assisted molecular design and predictive
modelling can help lead optimization when supported by
experimental validation. Prodrugs and advanced delivery
systems may further help overcome solubility and bioavaila-
bility limitations. Sustainable approaches such as biocatalysis,
photocatalysis, electrochemical synthesis, recyclable catalysts,
safer solvents and flow chemistry, offer opportunities for
efficient and scalable preparation. Standardized biological
evaluation and reliable chemical-biological datasets would
further strengthen translational research. Future progress should
focus on well-validated bis-indole candidates with defined
mechanisms, reproducible activity, favourable pharmaco-
kinetics and acceptable safety profiles. Such an approach can
help bridge the gap between promising laboratory findings
and clinically relevant therapeutic applications.



Vol. 38, No. 9 (2026) Bis-Indoles: Synthetic Advances, Biological Activities and Emerging Pharmaceutical Applications 2241

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

DECLARATION OF AI-ASSISTED TECHNOLOGIES

During the preparation of this manuscript, the authors
used an Al-assisted tool(s) to improve the language and no
data, results or scientific conclusions were generated by Al.
All analyses, interpretations and conclusions are the authors’
own. The authors reviewed and edited the content and take
full responsibility for the published work.

REFERENCES

1. F.R.S. Alves, E.J. Barreiro and C.A.M. Fraga, Mini Rev. Med. Chem.,
9, 782 (2009);
https://doi.org/10.2174/138955709788452649

2. A Kumari and R.K. Singh, Bioorg. Chem., 89, 103021 (2019);
https://doi.org/10.1016/j.bioorg.2019.103021

3. Y.Wan,Y.LiC.Yan, M. Yan and Z. Tang, Eur. J. Med. Chem., 183,
111691 (2019);
https://doi.org/10.1016/j.ejmech.2019.111691

4. H.N. Pati, P.P. Mohanta and A.K. Behera, J. Chem. Rev., 5, 83 (2023);
https://doi.org/10.22034/jcr.2023.361583.1192

5. M. Marinescu, Antibiotics, 13, 1212 (2024);
https://doi.org/10.3390/antibiotics13121212

6. P.Diana, A. Carbone, P. Barraja, A. Martorana, O. Gia, L. DallaVia and
G. Cirrincione, Bioorg. Med. Chem. Lett., 17, 6134 (2007);
https://doi.org/10.1016/j.bmcl.2007.09.042

7.  P. Khadkikar, N.S. Goud, A. Mohammed, G. Ramamoorthy, R.
Ananthathatmula, M. Doble, A. Rizvi, S. Banerjee, A. Ravi and M.
Alvala, Chem. Biol. Drug Des., 92, 1933 (2018);
https://doi.org/10.1111/cbdd.13363

8. P.A Yakkala, V. Erram, S.A. Begum and A. Kamal, RSC Med. Chem.,
17, 846 (2026);
https://doi.org/10.1039/D5MD00849B

9. M. Marinescu, Antibiotics, 13, 1212 (2024);
https://doi.org/10.3390/antibiotics13121212

10. S.B.Bharate, S. Manda, N. Mupparapu, N. Battini and R.A. Vishwakarma,
Mini Rev. Med. Chem., 12, 650 (2012);
https://doi.org/10.2174/138955712800626719

11. K.M. Khan, F. Rahim, A. Wadood, M. Taha, M. Khan, S. Naureen, N.
Ambreen, S. Hussain, S. Perveen and M.l. Choudhary, Bioorg. Med.
Chem. Lett., 24, 1825 (2014);
https://doi.org/10.1016/j.bmcl.2014.02.015

12. Q. Fang, B. Xu, B. Jiang, H. Fu, X. Chen and A. Cao, Chem. Commun.,
1468-1470, 1468 (2005);
https://doi.org/10.1039/b417810f

13. Z.-Q. Chen, Y. Liu, J.-H. Zhao, L. Wang, and N.-P. Feng, Int. J.
Nanomedicine, 7, 1115 (2012);
https://doi.org/10.2147/1IN.S28761

14. C. Pecoraro, F. Terrana, G. Panzeca, B. Parrino, S. Cascioferro, P.
Diana, E. Giovannetti and D. Carbone, Molecules, 28, 6450 (2023);
https://doi.org/10.3390/molecules28186450

15. K.S. Ryan and C.L. Drennan, Chem. Biol., 16, 351 (2009);
https://doi.org/10.1016/j.chembiol.2009.01.017

16. S. Asamizu, Biosci. Biotechnol. Biochem., 81, 871 (2017);
https://doi.org/10.1080/09168451.2017.1281726

17. G.J. Mei and F. Shi, J. Org. Chem., 82, 7695 (2017);
https://doi.org/10.1021/acs.joc.7b01458

18. C. Ma, F. Jiang, F.T. Sheng, Y. Jiao, G.J. Mei and F. Shi, Angew.
Chem. Int. Ed., 58, 3014 (2019);
https://doi.org/10.1002/anie.201811177

19. Y.X. Gong, Q. Wu, H.H. Zhang, Q.N. Zhu and F. Shi, Org. Biomol.
Chem., 13, 7993 (2015);
https://doi.org/10.1039/C50B00815H

20. W.R. Zhu, Q. Su, X.-Y. Deng, Z.-L. Ouyang, J. Weng and G. Lu, Org.
Chem. Front., 11, 2040 (2024);
https://doi.org/10.1039/D3Q001558K

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

M.S. Haghayegh, N. Azizi, S.S. Shahabi and Y. Gu, J. Mol. Liq., 387,
122677 (2023);

https://doi.org/10.1016/j.molliq.2023.122677

T.S. Kam, T.M. Lim and G.H. Tan, J. Chem. Soc., Perkin Trans. 1, 1594
(2001);

https://doi.org/10.1039/b103962h

T.-T.H. Nguyen, X.-T.T. Nguyen and C.Q. Nguyen, Heliyon, 4, e00966
(2018);

https://doi.org/10.1016/j.heliyon.2018.00966

P. Sarma, M.J. Ramaiah, D. Pal, U. Bhadra and M. Pal Bhadra, Life
Sci., 151, 264 (2016);

https://doi.org/10.1016/j.1fs.2016.03.024

C. Beaufay, A. Ledoux, O. Jansen, A. Bordignon, S. Zhao, C.N. Teijaro,
R.B. Andrade, J. Quetin-Leclercq and M. Frédérich, Planta Medica,
84, 881 (2018);

https://doi.org/10.1055/a-0644-2723

C.K. Ryu, J.Y. Lee, R.E. Park, M.Y. Ma and J.H. Nho, Bioorg. Med.
Chem. Lett., 17, 127 (2007);
https://doi.org/10.1016/j.bmcl.2006.09.076

B. Comin-Anduix, N. Agell, O. Bachs, J. Ovadi and M. Cascante, Mol.
Pharmacol., 60, 1235 (2001);

https://doi.org/10.1124/mol.60.6.1235

A. Beauchard, H. Laborie, H. Rouillard, O. Lozach, Y. Ferandin, R.L.
Guével, C. Guguen-Guillouzo, L. Meijer, T. Besson and V. Thiéry,
Bioorg. Med. Chem., 17, 6257 (2009);
https://doi.org/10.1016/j.omc.2009.07.051

R. Sreenivasulu, K.T. Reddy, P. Sujitha, C.G. Kumar and R.R. Raju,
Bioorg. Med. Chem., 27, 1043 (2019);
https://doi.org/10.1016/j.omc.2019.02.002

K.P. Pandey, M.T. Rahman and J.M. Cook, Molecules, 26, 3459 (2021);
https://doi.org/10.3390/molecules26113459

T. Tamaoki, H. Nomoto, I. Takahashi, Y. Kato, M. Morimoto and F.
Tomita, Biochem. Biophys. Res. Commun., 135, 397 (1986);
https://doi.org/10.1016/0006-291X(86)90008-2

G. Caravatti, T. Meyer, A. Fredenhagen, U. Trinks, H. Mett and D. Fabbro,
Bioorg. Med. Chem. Lett., 4, 399 (1994);
https://doi.org/10.1016/0960-894X(94)80004-9

M. Xu, R. Peng, Q. Min, S. Hui, X. Chen, G. Yang and S. Qin, Eur. J.
Med. Chem., 243, 114748 (2022);
https://doi.org/10.1016/j.ejmech.2022.114748

M.I. Uddin, J.R. Buck, M.L. Schulte, D. Tang, S.A. Saleh, Y.Y.
Cheung, J. Harp and H.C. Manning, Tetrahedron Lett., 55, 169 (2014);
https://doi.org/10.1016/j.tetlet.2013.10.143

R.M. Stone, S.J. Mandrekar, B.L. Sanford, K. Laumann, S. Geyer,
C.D. Bloomfield, C. Thiede, T.W. Prior, K. Déhner, G. Marcucci, F.
Lo-Coco, R.B. Klisovic, A. Wei, J. Sierra, M.A. Sanz, J.M. Brandwein,
T. de Witte, D. Niederwieser, F.R. Appelbaum, B.C. Medeiros, M.S.
Tallman, J. Krauter, R.F. Schlenk, A. Ganser, H. Serve, G. Ehninger, S.
Amadori, R.A. Larson and H. Déhner, N. Engl. J. Med., 377, 454 (2017);
https://doi.org/10.1056/NEJM0a1614359

C. Olano, C. Mendez and J.A. Salas, Mar. Drugs, 7, 210 (2009);
https://doi.org/10.3390/md7020210

H.l. Hurwitz, R.B. Cohen, J.P. McGovren, S. Hirawat, W.P. Petros, Y.
Natsumeda and T. Yoshinari, Cancer Chemother. Pharmacol., 59, 139
(2006);

https://doi.org/10.1007/s00280-006-0267-9

S. Ahn, D.J. Hwang, C.M. Barrett, J. Yang, C.B. Duke I1l, D.D. Miller
and J.T. Dalton, Cancer Chemother. Pharmacol., 67, 293 (2011);
https://doi.org/10.1007/s00280-010-1319-8

S.D. Cho, P. Lei, M. Abdelrahim, K. Yoon, S. Liu, J. Guo, S. Papineni,
S. Chintharlapalli and S. Safe, Mol. Carcinogen., 47, 252 (2008);
https://doi.org/10.1002/mc.20378

H.T. Le, C.M. Schaldach, G.L. Firestone and L.F. Bjeldanes, J. Biol.
Chem., 278, 21136 (2003);

https://doi.org/10.1074/jbc.M300588200

C.A. Thomson, H.H.S. Chow, B.C. Wertheim, D.J. Roe, A.T. Stopeck,
G. Maskarinec, M. Altbach, P. Chalasani, C. Huang, M.B. Strom, J.-P.
Galons and P.A. Thompson, Breast Cancer Res. Treat., 165, 97 (2017);
https://doi.org/10.1007/s10549-017-4292-7

Z.-L. Zhang, H.-N. Xu, C.-M. Gong, Y.-Z. Li, X.-M. Song, Y.-M. Li,
D.-D. Zhang and R. Wang, Chem. Biodiver., 22, 202402398 (2025);
https://doi.org/10.1002/chdv.202402398

S. Olgen, Mini Rev. Med. Chem., 13, 1700 (2013);
https://doi.org/10.2174/13895575113139990075



https://doi.org/10.2174/138955709788452649
https://doi.org/10.1016/j.bioorg.2019.103021
https://doi.org/10.1016/j.ejmech.2019.111691
https://doi.org/10.22034/jcr.2023.361583.1192
https://doi.org/10.3390/antibiotics13121212
https://doi.org/10.1016/j.bmcl.2007.09.042
https://doi.org/10.1111/cbdd.13363
https://doi.org/10.1039/D5MD00849B
https://doi.org/10.3390/antibiotics13121212
https://doi.org/10.2174/138955712800626719
https://doi.org/10.1016/j.bmcl.2014.02.015
https://doi.org/10.1039/b417810f
https://doi.org/10.2147/IJN.S28761
https://doi.org/10.3390/molecules28186450
https://doi.org/10.1016/j.chembiol.2009.01.017
https://doi.org/10.1080/09168451.2017.1281726
https://doi.org/10.1021/acs.joc.7b01458
https://doi.org/10.1002/anie.201811177
https://doi.org/10.1039/C5OB00815H
https://doi.org/10.1039/D3QO01558K
https://doi.org/10.1016/j.molliq.2023.122677
https://doi.org/10.1039/b103962h
https://doi.org/10.1016/j.heliyon.2018.e00966
https://doi.org/10.1016/j.lfs.2016.03.024
https://doi.org/10.1055/a-0644-2723
https://doi.org/10.1016/j.bmcl.2006.09.076
https://doi.org/10.1124/mol.60.6.1235
https://doi.org/10.1016/j.bmc.2009.07.051
https://doi.org/10.1016/j.bmc.2019.02.002
https://doi.org/10.3390/molecules26113459
https://doi.org/10.1016/0006-291X(86)90008-2
https://doi.org/10.1016/0960-894X(94)80004-9
https://doi.org/10.1016/j.ejmech.2022.114748
https://doi.org/10.1016/j.tetlet.2013.10.143
https://doi.org/10.1056/NEJMoa1614359
https://doi.org/10.3390/md7020210
https://doi.org/10.1007/s00280-006-0267-9
https://doi.org/10.1007/s00280-010-1319-8
https://doi.org/10.1002/mc.20378
https://doi.org/10.1074/jbc.M300588200
https://doi.org/10.1007/s10549-017-4292-7
https://doi.org/10.1002/cbdv.202402398
https://doi.org/10.2174/13895575113139990075

2242 Jadhav et al. Asian J. Chem.

44, M.-Z. Zhang, Q. Chen and G.-F. Yang, Eur. J. Med. Chem., 89, 421 69. Y.H.Kim, H.-S. Kwon, D.H. Kim, E.K. Shin, Y.-H. Kang, J.H. Yoon
(2015); Park, H.-K. Shin and J.-K. Kim, Inflamm. Bowel Dis., 15, 1164 (2009);
https://doi.org/10.1016/j.ejmech.2014.10.065 https://doi.org/10.1002/ibd.20917

45. H. Xuand M. Lv, Curr. Pharm. Des., 15, 2120 (2009); 70. E.-J.Jeon, M. Davaatseren, J.-T. Hwang, J.H. Park, H.J. Hur, A.S. Lee
https://doi.org/10.2174/138161209788489168 and M.J. Sung, J. Agric. Food Chem., 64, 7702 (2016);

46. V. Sharma, P. Kumar and D. Pathak, Molecules, 18, 3442 (2013); https://doi.org/10.1021/acs.jafc.6b02604
https://doi.org/10.3390/molecules18033442 71. M. Frédérich, M.-C. De Pauw, C. Prosperi, M. Tits, V. Brandt, J.

47. T.Ohtsuka and T. Zhou, J. Biol. Chem., 277, 29294 (2002); Penelle, M.-P. Hayette, P. DeMol and L. Angenot, J. Nat. Prod., 64,
https://doi.org/10.1074/jbc.M203342200 12 (2001);

48. N.M. Przhevalskii, I.V. Magedov and V.N. Drozd, Chem. Heterocycl. https://doi.org/10.1021/np000285t
Compd., 33, 1475 (1997); 72. Y.M.A. Hiari, A.M. Qaisi, M.W. Abadelah and W. Voelter, Monatsh.
https://doi.org/10.1007/BF02291655 Chem., 137, 243 (2006);

49. . Stec, O.K. Onagjole, S. Lun, H. Guo, B. Merenbloom, G. Vistoli, https://doi.org/10.1007/s00706-005-0424-6
W.R. Bishai and A.P. Kozikowski, J. Med. Chem., 59, 6232 (2016); 73. E. Abele, R. Abele, O. Dzenitis and E. Lukevics, Chem. Heterocycl.
https://doi.org/10.1021/acs.jmedchem.6b00415 Compd., 39, 3 (2003);

50. K.S.Ryan and C.L. Drennan, Chem. Biol., 16, 351 (2009); https://doi.org/10.1023/A:1023008422464
https://doi.org/10.1016/j.chembiol.2009.01.017 74. K. Ramakrishna, P. Karuturi, Q. Siakabinga, T.A. Gajendra, S. Singh,

51. R. Campana, G. Mangiaterra, M. Tiboni, E. Frangipani, F. Biavasco, S. Krishnamurthy, S. Kumari, G.S. Kumar, M.E. Sobhia and S.N. Rai,
S. Lucarini and B. Citterio, Pharmaceuticals, 13, 210 (2020); Diseases, 12, 184 (2024);
https://doi.org/10.3390/ph13090210 https://doi.org/10.3390/diseases12080184

52. A.S. Jeevan Chakravarthy, V. Manushee, A.V. Bhaskar Reddy, P. 75. S. Leclerc, M. Garnier, R. Hoessel, D. Marko, J.A. Bibb, G.L. Snyder,
Karunakar and M. Lavanya, In Silico Res. Biomed., 2, 100245 (2026); P. Greengard, J. Biernat, Y.Z. Wu, E.M. Mandelkow, G. Eisenbrand and
https://doi.org/10.1016/j.insi.2026.100245 L. Meijer, J. Biol. Chem., 276, 251 (2001);

53. E.T. Adeniyi, M. Kruppa, S. De Benedetti, K.C. Ludwig, V. Krisilia, https://doi.org/10.1074/jbc.M002466200
T.R. Wassenberg, M. Both, T. Schneider, T.J.J. Mdller and R. Kalscheuer, 76. E. Barresi, E. Baglini, V. Poggetti, J. Castagnoli, D. Giorgini, S.
ACS Infect. Dis., 10, 1958 (2024); Salerno, S. Taliani and F. Da Settimo, Molecules, 29, 2127 (2024);
https://doi.org/10.1021/acsinfecdis.3c00657 https://doi.org/10.3390/molecules29092127

54. M.S. Estevéo, L.C. Carvalho, D. Ribeiro, D. Couto, M. Freitas, A. 77. M. Toledano-Pinedo, A. Porro-Pérez, L. Schaker-Hubner, D. Diez-
Gomes, L.M. Ferreira, E. Fernandes and M.M.B. Marques, Eur. J. Iriepa, I Iriepa, A. Siwek, M. Wolak, G. Satala, A.J. Bojarski, A.
Med. Chem., 45, 4869 (2010); Doroz-Ptonka, J. Handzlik, J. Godyn, P. Dallemagne, C. Rochais, A.
https://doi.org/10.1016/j.ejmech.2010.07.059 Davis, M. Since, B. Pérez, A. Bellver-Sanchis, A. Irisarri, M. Pallas,

55. Pooja, P. Prasher, P. Singh, K. Pawar, K.S. Vikramdeo, N. Mondal and C. Solana-Manrique, F. Ldpez-Mufioz, L. Ismaili, C. Grifian-Ferré, N.
S.S. Komath, Eur. J. Med. Chem., 80, 325 (2014); Paricio, F. K. Hansen, A. Wigckowska and J. Marco-Contelles, Int. J.
https://doi.org/10.1016/j.ejmech.2014.04.063 Mol. Sci., 27, 3135 (2026);

56. Zhang, H.-N. Xu, C.-M. Gong, Y.-Z. Li, Y.-M. Li, X.-M. Song, R. https://doi.org/10.3390/ijms27073135
Wang and D.-D. Zhang, Chem. Biodivers., 21, €202401165 (2024); 78. Y.Wang, N. Li, W. Guan and D. Wang, FASEB J., 39, 70468 (2025);
https://doi.org/10.1002/cbdv.202401165 https://doi.org/10.1096/f].202402775RR

57. R. Sakhuja, S.S. Panda, L. Khanna, S. Khurana and S.C. Jain, Bioorg. 79. G. Gurkok, T. Coban and S. Suzen, J. Enzyme Inhib. Med. Chem., 24,
Med. Chem. Lett., 21, 5465 (2011); 506 (2009);
https://doi.org/10.1016/j.bmcl.2011.06.121 https://doi.org/10.1080/14756360802218516

58. D.A. Horton, G.T. Bourne and M.L. Smythe, Chem. Rev., 103, 893 80. A. Kumar, Indian J. Chem., 43B, 1532 (2004).
(2003); 81. K.M. Choi and H.S. Yoo, Obesity, 26, 1153 (2018);
https://doi.org/10.1021/cr020033s https://doi.org/10.1002/0by.22145

59. M. D. Mansouri, T.J. Opperman, J.D. Williams, C. Stager and R.O. 82. M.Z. Zhang, C.Y. Jia, Y.C. Gu, N. Mulholland, S. Turner, D. Beattie,
Darouiche, Antimicrob. Agents Chemother., 56, 2201 (2012); W.-H. Zhang, G.-F. Yang and J. Clough, Eur. J. Med. Chem., 126, 669
https://doi.org/10.1128/AAC.05521-11 (2017);

60. C. Bézivin, S. Tomasi, F. Lohezic-Le Devehat and J. Boustie, https://doi.org/10.1016/j.ejmech.2016.12.001
Phytomedicine, 10, 499 (2003); 83. N.S. Ali, B.A. Dar, V. Pradhan and M. Farooqui, Mini Rev. Med. Chem.,
https://doi.org/10.1078/094471103322331458 13, 1792 (2013);

61. R.Di Santo, J. Med. Chem., 57, 539 (2014); https://doi.org/10.2174/1389557511313120009
https://doi.org/10.1021/jm400674a 84. D.L. Browne, |.R. Baxendale and S.V. Ley, Tetrahedron, 67, 10296

62. A. Dorababu, RSC Med. Chem., 11, 1335 (2020); (2011);
https://doi.org/10.1039/DOMD00288G https://doi.org/10.1016/j.tet.2011.09.146

63. A. Tsedilin, M. Schmidtke, N. Monakhova, I. Leneva, I. Falynskova, 85. M. Baumann, |.R. Baxendale, S.V. Ley and N. Nikbin, Beilstein J.
M. Khrenova, T.R. Lane, S. Ekins and V. Makarov, Eur. J. Med. Chem., Org. Chem., 7, 442 (2011);
277, 116768 (2024); https://doi.org/10.3762/bjoc.7.57
https://doi.org/10.1016/j.ejmech.2024.116768 86. M. Borthakur, S. Gogoi, J. Gogoi and R.C. Boruah, Tetrahedron Lett.,

64. S.A. Ahmed, D.A. Abdelrheem, H.R. Abd EI-Mageed, H.S. Mohamed, 51, 5160 (2010);
A.A. Rahman, K.N.M. Elsayed and S.A. Ahmed, Struct. Chem., 31, https://doi.org/10.1016/j.tetlet.2010.07.129
2391 (2020); 87. T.P.Singh, S. Bhattarcharya and O.M. Singh, Org. Lett., 15, 1974 (2013);
https://doi.org/10.1007/s11224-020-01586-w https://doi.org/10.1021/01400644m

65. J.Chen, S. Zhang, W. Wang, H. Sun, Q. Zhang and X. Liu, ACS Chem. 88. T.P. Singh, R. Khan, Y.R. Noh, S.-G. Lee and O.M. Singh, Bull.
Neurosci., 12, 2591 (2021); Korean Chem. Soc., 35, 2950 (2014);
https://doi.org/10.1021/acschemneuro.0c00813 https://doi.org/10.5012/bkes.2014.35.10.2950

66. Frédérich, M. Tits, M.-P. Hayette, V. Brandt, J. Penelle, P. DeMol, G. 89. C. Dousson, F.R. Alexandre, A. Amador, S. Bonaric, S. Bot, C. Caillet,
Llabrés and L. Angenot, J. Nat. Prod., 62, 619 (1999); T. Convard, D. da Costa, M.-P. Lioure, A. Roland, E. Rosinovsky, S.
https://doi.org/10.1021/np980375m Maldonado, C. Parsy, C. Trochet, R. Storer, A. Stewart, J. Wang, B.A.

67. H.J.Cho, M.R. Seon, Y.M. Lee, J. Kim, J.K. Kim, S.G. Kimand J.H.Y. Mayes, C. Musiu, B. Poddesu, L. Vargiu, M. Liuzzi, A. Moussa, J.
Park, J. Nutr., 138, 17 (2008); Jakubik, L. Hubbard, M. Seifer and D. Standring, J. Med. Chem., 59,
https://doi.org/10.1093/jn/138.1.17 1891 (2016);

68. E.J. Kim, H. Park, J. Kim and J.H.Y. Park, Mol. Carcinog., 49, 672 https://doi.org/10.1021/acs.jmedchem.5b01430
(2010); 90. S.M. Gomha and S.M. Riyadh, Molecules, 16, 8244 (2011);

https://doi.org/10.1002/mc.20640

https://doi.org/10.3390/molecules16108244



https://doi.org/10.1016/j.ejmech.2014.10.065
https://doi.org/10.2174/138161209788489168
https://doi.org/10.3390/molecules18033442
https://doi.org/10.1074/jbc.M203342200
https://doi.org/10.1007/BF02291655
https://doi.org/10.1021/acs.jmedchem.6b00415
https://doi.org/10.1016/j.chembiol.2009.01.017
https://doi.org/10.3390/ph13090210
https://doi.org/10.1016/j.insi.2026.100245
https://doi.org/10.1021/acsinfecdis.3c00657
https://doi.org/10.1016/j.ejmech.2010.07.059
https://doi.org/10.1016/j.ejmech.2014.04.063
https://doi.org/10.1002/cbdv.202401165
https://doi.org/10.1016/j.bmcl.2011.06.121
https://doi.org/10.1021/cr020033s
https://doi.org/10.1128/AAC.05521-11
https://doi.org/10.1078/094471103322331458
https://doi.org/10.1021/jm400674a
https://doi.org/10.1039/D0MD00288G
https://doi.org/10.1016/j.ejmech.2024.116768
https://doi.org/10.1007/s11224-020-01586-w
https://doi.org/10.1021/acschemneuro.0c00813
https://doi.org/10.1021/np980375m
https://doi.org/10.1093/jn/138.1.17
https://doi.org/10.1002/mc.20640
https://doi.org/10.1002/ibd.20917
https://doi.org/10.1021/acs.jafc.6b02604
https://doi.org/10.1021/np000285t
https://doi.org/10.1007/s00706-005-0424-6
https://doi.org/10.1023/A:1023008422464
https://doi.org/10.3390/diseases12080184
https://doi.org/10.1074/jbc.M002466200
https://doi.org/10.3390/molecules29092127
https://doi.org/10.3390/ijms27073135
https://doi.org/10.1096/fj.202402775RR
https://doi.org/10.1080/14756360802218516
https://doi.org/10.1002/oby.22145
https://doi.org/10.1016/j.ejmech.2016.12.001
https://doi.org/10.2174/1389557511313120009
https://doi.org/10.1016/j.tet.2011.09.146
https://doi.org/10.3762/bjoc.7.57
https://doi.org/10.1016/j.tetlet.2010.07.129
https://doi.org/10.1021/ol400644m
https://doi.org/10.5012/bkcs.2014.35.10.2950
https://doi.org/10.1021/acs.jmedchem.5b01430
https://doi.org/10.3390/molecules16108244

Vol. 38, No. 9 (2026)

Bis-Indoles: Synthetic Advances, Biological Activities and Emerging Pharmaceutical Applications 2243

9L

92.

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

P. Sarma, I. Bag, M.J. Ramaiah, A. Kamal, U. Bhadra and M.P.
Bhadra, Cancer Biol. Therapy, 16, 1486 (2015);
https://doi.org/10.1080/15384047.2015.1071731

R.R. Yadav, S.I. Khan, S. Singh, I.A. Khan, R.A. Vishwakarma and
S.B. Bharate, Eur. J. Med. Chem., 98, 160 (2015);
https://doi.org/10.1016/j.ejmech.2015.05.020

M. Giampieri, A. Balbi, M. Mazzei, P. La Colla, C. Ibba and R. Loddo,
Antiviral Res., 83, 179 (2009);
https://doi.org/10.1016/j.antiviral.2009.05.001

H. Ishikawa, D.A. Colby and D.L. Boger, J. Am. Chem. Soc., 130, 420
(2008);

https://doi.org/10.1021/ja078192m

M.E. Welsch, S.A. Snyder and B.R. Stockwell, Curr. Opin. Chem.
Biol., 14, 347 (2010);

https://doi.org/10.1016/j.cbpa.2010.02.018

G. Zhou, S. Chu, A. Nemati, C. Huang, B.A. Snyder, R.G. Ptak and M.
Gochin, Eur. J. Med. Chem., 161, 533 (2019);
https://doi.org/10.1016/j.ejmech.2018.10.048

H. Xie, K. Yang, G.N. Winston-McPherson, D.S. Stapleton, M.P.
Keller, A.D. Attie, K.A. Smith and W. Tang, Eur. J. Med. Chem., 206,
112678 (2020);

https://doi.org/10.1016/j.ejmech.2020.112678

J. Kovvuri, B. Nagaraju, V.L. Nayak, R. Akunuri, M.P.N. Rao, A.
Ajitha, N. Nagesh, and A. Kamal, Eur. J. Med. Chem., 143, 1563 (2018);
https://doi.org/10.1016/j.ejmech.2017.10.054

A.S.H. da Silva Guerra, D.J. do Nascimento Malta, L.P. Morais
Laranjeira, M.B. Souza Maia, N. Cavalcanti Colago, M. do Carmo
Alves de Lima, S.L. Galdino, I. da Rocha Pittaand T. Gongalves-Silva,
Int. Immunopharmacol., 11, 1816 (2011);
https://doi.org/10.1016/j.intimp.2011.07.010

V. Sharath, H.V. Kumar and N. Naik, J. Pharm. Res., 6, 785 (2013);
https://doi.org/10.1016/j.jopr.2013.07.002

S. Shaveta, A. Singh, M. Kaur, S. Sharma, R. Bhatti and P. Singh, Eur.
J. Med. Chem., 77, 185 (2014);
https://doi.org/10.1016/j.ejmech.2014.03.003

M. Taha, I. Uddin, M. Gollapalli, N. B. Almandil, F. Rahim, R.K.
Farooq, M. Nawaz, M. Ibrahim, M. A. Algahtani, Y.A. Bamarouf and
M. Selvaraj, BMC Chem., 13, 102 (2019);
https://doi.org/10.1186/s13065-019-0617-4

A. Nandakumar, P. Thirumurugan, P.T. Perumal, P. Vembu, M.N.
Ponnuswamy and P. Ramesh, Bioorg. Med. Chem. Lett., 20, 4252 (2010);
https://doi.org/10.1016/j.bmcl.2010.05.025

N.V. Lakshmi, P. Thirumurugan, K.M. Noorulla and P.T. Perumal,
Bioorg. Med. Chem. Lett., 20, 5054 (2010);
https://doi.org/10.1016/j.bmcl.2010.07.039

P. Singh, P. Verma, B. Yadav and S.S. Komath, Bioorg. Med. Chem.
Lett., 21, 3367 (2011);

https://doi.org/10.1016/j.bmcl.2011.04.001

M.J. Minvielle, K. Eguren and C. Melander, Chem. Eur. J., 19, 17595
(2013);

https://doi.org/10.1002/chem.201303510

Y.-L. Song, F. Wu, C.-C. Zhang, G.-C. Liang, G. Zhou and J.-J. Yu,
Bioorg. Med. Chem. Lett., 25, 259 (2015);
https://doi.org/10.1016/j.bmcl.2014.11.056

Y.-Q. Xie, Z.-L. Huang, H.-D. Yan, J. Li, L.-Y. Ye, L.-M. Che and S.
Tu, Chem. Biol. Drug Des., 85, 743 (2015);
https://doi.org/10.1111/cbdd.12460

N.A. Meanwell, O.B. Wallace, H. Fang, H. Wang, M. Deshpande, T.
Wang, Z. Yin, Z. Zhang, B.C. Pearce, J. James, K.-S. Yeung, Z. Qiu,
J.J. Kim Wright, Z. Yang, L. Zadjura, D.L. Tweedie, S. Yeola, F. Zhao,
S. Ranadive, B.A. Robinson, Y.-F. Gong, H.-G.H. Wang, W.S. Blair,
P.-Y. Shi, R.J. Colonno and P. Lin, Bioorg. Med. Chem. Lett., 19, 1977
(2009);

https://doi.org/10.1016/j.bmcl.2009.02.040

F. Alexandre, A. Amador, S. Bot, C. Caillet, T. Convard, J. Jaku-bik,
C. Musiu, B. Poddesu, L. Vargiu, M. Liuzzi, A. Roland, M. Seifer, D.
Standring, R. Storer and C.B. Dousson, J. Med. Chem., 54, 392 (2011);
https://doi.org/10.1021/jm101142k

S.C. Teguh, N. Klonis, S. Duffy, L. Lucantoni, V.M. Avery, C.A. Hutton,
J.B. Baell and L. Tilley, J. Med. Chem., 56, 6200 (2013);
https://doi.org/10.1021/jm400656s

S.B. Bharate, R.R. Yadav, S.I. Khan, B.L. Tekwani, M.R. Jacob, . A.
Khan and R.A. Vishwakarma, MedChemComm, 4, 1042 (2013);
https://doi.org/10.1039/c3md00097d

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

D.C. Schuck, A.K. Jordao, M. Nakabashi, A.C. Cunha, V.F. Ferreira
and C.R.S. Garcia, Eur. J. Med. Chem., 78, 375 (2014);
https://doi.org/10.1016/j.ejmech.2014.03.055

S.K. Singh and S. Singh, Int. J. Pharm. Sci. Rev. Res., 25, 295 (2014).
R.G. Franzen, J. Comb. Chem., 2, 195 (2000);
https://doi.org/10.1021/cc000002f

M.A.A. Radwan, E.A. Ragab, N.M. Sabry and S.M. El-Shenawy,
Bioorg. Med. Chem., 15, 3832 (2007);
https://doi.org/10.1016/j.bmc.2007.03.024

N. Singh, S.K. Bhati and A. Kumar, Eur. J. Med. Chem., 43, 2597
(2008);

https://doi.org/10.1016/j.ejmech.2007.12.024

A.H. Mandour, E.R. El-Sawy, K.H. Shaker and M.A. Mustafa, Acta
Pharm., 60, 73 (2010);

https://doi.org/10.2478/v10007-010-0009-8

S. Suzen, S.S. Cihaner and T. Coban, Chem. Biol. Drug Des., 79, 76
(2012);

https://doi.org/10.1111/j.1747-0285.2011.01216.x

P. Singh, M. Kaur and P. Verma, Bioorg. Med. Chem. Lett., 19, 3054
(2009);

https://doi.org/10.1016/j.bmcl.2009.04.014

M.-J. Lai, H.-L. Huang, S.-L. Pan, Y.-M. Liu, C.-Y. Peng, H.-Y. Lee,
T.-K. Yeh, P.-H. Huang, C.-M. Teng, C.-S. Chen, H.-Y. Chuang and
J.-P. Liou, J. Med. Chem., 55, 3777 (2012);
https://doi.org/10.1021/jm300197a

Y.D. Mane, Y.P. Sarnikar, S. Surwase, D.O. Biradar, P.B. Gorepatil,
V.S. Shinde and B.C. Khade, Res. Chem. Intermed., 43, 1253 (2017);
https://doi.org/10.1007/s11164-016-2696-3

J.R. Badgujar, D.H. More and J.S. Meshram, Indian J. Microbiol., 58,
93 (2018);

https://doi.org/10.1007/s12088-017-0689-6

J.V. Faria, P.F. Vegi, A.G.C. Miguita, M.S. dos Santos, N. Boechat
and A.M.R. Bernardino, Bioorg. Med. Chem., 25, 5891 (2017);
https://doi.org/10.1016/j.bmc.2017.09.035

M. Skocibusic, R. Odzak, A. Rami¢, T. Smoli¢, T. Hrenar and I.
Primozi¢, Molecules, 23, 1212 (2018);
https://doi.org/10.3390/molecules23051212

P.S. Sen Gupta, H.R. Bhat, S. Biswal and M.K. Rana, J. Mol. Liq, 320,
114375 (2020);

https://doi.org/10.1016/j.molliq.2020.114375

K.-S. Yeung, Z. Qiu, Q. Xue, H. Fang, Z. Yang, L. Zadjura, C.J.
D’Arienzo, B.J. Eggers, K. Riccardi, P.-Y. Shi, Y.-F. Gong, M.R.
Browning, Q. Gao, S. Hansel, K. Santone, P.-F. Lin, N.A. Meanwell
and J.F. Kadow, Bioorg. Med. Chem. Lett., 23, 198 (2013);
https://doi.org/10.1016/j.bmcl.2012.10.115

H.-X. Jiang, D.-M. Zhuang, Y. Huang, X.-X. Cao, J.-H. Yao, J.-Y. Li,
J.-Y. Wang, C. Zhang and B. Jiang, Org. Biomol. Chem., 12, 3446
(2014);

https://doi.org/10.1039/C30B42186D

P. Ashok, C.-L. Lu, S. Chander, Y.-T. Zheng and S. Murugesan, Chem.
Biol. Drug Des., 85, 722 (2015);

https://doi.org/10.1111/cbdd.12456

G. Sellitto, A. Faruolo, P. de Caprariis, S. Altamura, G. Paonessa and
G. Ciliberto, Bioorg. Med. Chem., 18, 6143 (2010);
https://doi.org/10.1016/j.bmc.2010.06.058

O. Talaz, I. Gulcin, S. Goksu and N. Saracoglu, Bioorg. Med. Chem.,
17, 6583 (2009);

https://doi.org/10.1016/j.bmc.2009.07.077

J.S. Biradar, B.S. Sasidhar and R. Parveen, Eur. J. Med. Chem., 45,
4074 (2010);

https://doi.org/10.1016/j.ejmech.2010.05.067

N. Zhang, A. Turpoff, X. Zhang, S. Huang, Y. Liu, N. Almstead, F.G.
Njoroge, Z. Gu, J. Graci, S.P. Jung, J. Pichardo, J. Colacino, F. Lahser,
P. Ingravallo, M. Weetall, A. Nomeir and G.M. Karp, Bioorg. Med.
Chem. Lett., 26, 594 (2016);
https://doi.org/10.1016/j.bmcl.2015.11.065

S. Porwal, S. Gupta and P.M. Chauhan, Bioorg. Med. Chem. Lett., 27,
4643 (2017);

https://doi.org/10.1016/j.bmcl.2017.09.018

M.B. Félix, E.R. de Souza, M.D. de Lima, D.K. Frade, K.A. Serafim,
P.L. Rodrigues, P.L.N. Néris, F.F. Ribeiro, L. Scotti, M.T. Scotti, T.M.
de Aquino, F.J.B. Mendong¢a Junior and M.R. de Oliveira, Bioorg.
Med. Chem., 24, 3972 (2016);
https://doi.org/10.1016/j.bmc.2016.04.057



https://doi.org/10.1080/15384047.2015.1071731
https://doi.org/10.1016/j.ejmech.2015.05.020
https://doi.org/10.1016/j.antiviral.2009.05.001
https://doi.org/10.1021/ja078192m
https://doi.org/10.1016/j.cbpa.2010.02.018
https://doi.org/10.1016/j.ejmech.2018.10.048
https://doi.org/10.1016/j.ejmech.2020.112678
https://doi.org/10.1016/j.ejmech.2017.10.054
https://doi.org/10.1016/j.intimp.2011.07.010
https://doi.org/10.1016/j.jopr.2013.07.002
https://doi.org/10.1016/j.ejmech.2014.03.003
https://doi.org/10.1186/s13065-019-0617-4
https://doi.org/10.1016/j.bmcl.2010.05.025
https://doi.org/10.1016/j.bmcl.2010.07.039
https://doi.org/10.1016/j.bmcl.2011.04.001
https://doi.org/10.1002/chem.201303510
https://doi.org/10.1016/j.bmcl.2014.11.056
https://doi.org/10.1111/cbdd.12460
https://doi.org/10.1016/j.bmcl.2009.02.040
https://doi.org/10.1021/jm101142k
https://doi.org/10.1021/jm400656s
https://doi.org/10.1039/c3md00097d
https://doi.org/10.1016/j.ejmech.2014.03.055
https://doi.org/10.1021/cc000002f
https://doi.org/10.1016/j.bmc.2007.03.024
https://doi.org/10.1016/j.ejmech.2007.12.024
https://doi.org/10.2478/v10007-010-0009-8
https://doi.org/10.1111/j.1747-0285.2011.01216.x
https://doi.org/10.1016/j.bmcl.2009.04.014
https://doi.org/10.1021/jm300197a
https://doi.org/10.1007/s11164-016-2696-3
https://doi.org/10.1007/s12088-017-0689-6
https://doi.org/10.1016/j.bmc.2017.09.035
https://doi.org/10.3390/molecules23051212
https://doi.org/10.1016/j.molliq.2020.114375
https://doi.org/10.1016/j.bmcl.2012.10.115
https://doi.org/10.1039/C3OB42186D
https://doi.org/10.1111/cbdd.12456
https://doi.org/10.1016/j.bmc.2010.06.058
https://doi.org/10.1016/j.bmc.2009.07.077
https://doi.org/10.1016/j.ejmech.2010.05.067
https://doi.org/10.1016/j.bmcl.2015.11.065
https://doi.org/10.1016/j.bmcl.2017.09.018
https://doi.org/10.1016/j.bmc.2016.04.057

2244 Jadhav et al.

Asian J. Chem.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

R. Sharma, A.K. Pandey, R. Shivahare, K. Srivastava, S. Gupta and
P.M. Chauhan, Bioorg. Med. Chem. Lett., 24, 298 (2014);
https://doi.org/10.1016/j.bmcl.2013.11.018

A. Andreani, S. Burnelli, M. Granaiola, A. Leoni, A. Locatelli, R.
Morigi, M. Rambaldi, L. Varoli, L. Landi, C. Prata, M.V. Ber-ridge, C.
Grasso, H.-H. Fiebig, G. Kelter, A.M. Burger and M.W. Kunkel, J.
Med. Chem., 51, 4563 (2008);

https://doi.org/10.1021/jm800194k

F. Giraud, G. Alves, E. Debiton, L. Nauton, V. Thery, E. Durieu, Y.
Ferandin, O. Lozach, L. Meijer, F. Anizon, E. Pereira and P. Moreau,
J. Med. Chem., 54, 4474 (2011);

https://doi.org/10.1021/jm200464w

J. Ma, G. Bao, L. Wang, W. Li, B. Xu, B. Du, J. Lv, X. Zhai and P.
Gong, Eur. J. Med. Chem., 96, 173 (2015);
https://doi.org/10.1016/j.ejmech.2015.04.018

N.C. Desai, H. Somani, A. Trivedi, K. Bhatt, L. Nawale, V.M. Khedkar,
P.C. Jha and D. Sarkar, Bioorg. Med. Chem. Lett., 26, 1776 (2016);
https://doi.org/10.1016/j.bmcl.2016.02.043

G.A. Khan, J.A. War, G.A. Naikoo, U.J. Pandit and R. Das, J. Saudi
Chem. Soc., 22, 6 (2018);

https://doi.org/10.1016/j.jscs.2016.03.009

K. Haj Mohammad Ebrahim Tehrani, V. Mashayekhi, P. Azerang, S.
Sardari, F. Kobarfard and K. Rostamizadeh, Chem. Biol. Drug Des.,
83, 224 (2014);

https://doi.org/10.1111/cbdd.12230

D. Kumar, N. Maruthi Kumar, K.-H. Chang and K. Shah, Eur. J. Med.
Chem., 45, 4664 (2010);
https://doi.org/10.1016/j.ejmech.2010.07.023

S.-M. Huang, P.-C. Hsu, M.-Y. Chen, W.-S. Li, S.V. More, K.-T. Lu
and Y.-C. Wang, Int. J. Cancer, 131, 722 (2012);
https://doi.org/10.1002/ijc.26401

M.T. El-Sayed, S. Suzen, N. Altanlar, K. Ohlsen and A. Hilgeroth,
Bioorg. Med. Chem. Lett., 26, 218 (2016);
https://doi.org/10.1016/j.bmcl.2015.10.085

P. Choppara, M.S. Bethu, Y.V. Prasad, J.V. Rao, T.J. Uday Ranjan,
G.V. Siva Prasad, R. Doradla and Y.L.N. Murthy, Arab. J. Chem., 12,
2721 (2019);

https://doi.org/10.1016/j.arabjc.2015.05.015

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Z. Shi, Z. Zhao, M. Huang and X. Fu, C. R. Chim., 18, 1320 (2015);
https://doi.org/10.1016/j.crci.2015.09.005

O. Trott and A.J. Olson, J. Comput. Chem., 31, 455 (2010);
https://doi.org/10.1002/jcc.21334

G.A. Khan, J.A. War, A. Kumar, I.A. Sheikh, A. Saxena and R. Das,
J. Taibah Univ. Sci., 11, 910 (2017);
https://doi.org/10.1016/}.jtusci.2016.09.002

K.H. Rohde, H.A. Michaels and A. Nefzi, Bioorg. Med. Chem. Lett.,
26, 2206 (2016);

https://doi.org/10.1016/j.bmcl.2016.03.063

K.N. Patel and V.N. Telvekar, Eur. J. Med. Chem., 75, 43 (2014);
https://doi.org/10.1016/j.ejmech.2014.01.024

K.M. Naidu, S. Srinivasarao, N. Agnieszka, A.-K. Ewa, M.M.K. Kumar
and K.\V.G. Chandra Sekhar, Bioorg. Med. Chem. Lett., 26, 2245
(2016);

https://doi.org/10.1016/j.bmcl.2016.03.059

S.A. Santos, A.K. Lukens, L. Coelho, F. Nogueira, R. Mazitschek, D.F.
Wirth, R. Moreira and A. Paulo, Eur. J. Med. Chem., 102, 320 (2015);
https://doi.org/10.1016/j.ejmech.2015.07.047

M. Scuotto, R. Abdelnabi, S. Collarile, C. Schiraldi, L. Delang, A. Massa,
S. Ferla, A. Brancale, P. Leyssen, J. Neyts and R. Filosa, Bioorg. Med.
Chem., 25, 327 (2017);

https://doi.org/10.1016/j.bmc.2016.10.037

L. Chen, Y. Liu, H. Song, Y. Liu, L. Wang and Q. Wang, Mol. Divers.,
21, 61 (2017);

https://doi.org/10.1007/s11030-016-9697-4

S. Musella, V. di Sarno, T. Ciaglia, M. Sala, A. Spensiero, M.C. Scala,
C. Ostacolo, G. Andrei, J. Balzarini, R. Snoeck, E. Novellino, P.
Campiglia, A. Bertamino and 1.M. Gomez-Monterrey, Eur. J. Med.
Chem., 124, 773 (2016);
https://doi.org/10.1016/j.ejmech.2016.09.014

C.Y.lJia, LY. Xu, X. Yu, Y.B. Ding, B. Jin, M.Z. Zhang, W.-H. Zhang
and G.-F. Yang, Fitoterapia, 125, 106 (2018);
https://doi.org/10.1016/j.fitote.2017.12.017



https://doi.org/10.1016/j.bmcl.2013.11.018
https://doi.org/10.1021/jm800194k
https://doi.org/10.1021/jm200464w
https://doi.org/10.1016/j.ejmech.2015.04.018
https://doi.org/10.1016/j.bmcl.2016.02.043
https://doi.org/10.1016/j.jscs.2016.03.009
https://doi.org/10.1111/cbdd.12230
https://doi.org/10.1016/j.ejmech.2010.07.023
https://doi.org/10.1002/ijc.26401
https://doi.org/10.1016/j.bmcl.2015.10.085
https://doi.org/10.1016/j.arabjc.2015.05.015
https://doi.org/10.1016/j.crci.2015.09.005
https://doi.org/10.1002/jcc.21334
https://doi.org/10.1016/j.jtusci.2016.09.002
https://doi.org/10.1016/j.bmcl.2016.03.063
https://doi.org/10.1016/j.ejmech.2014.01.024
https://doi.org/10.1016/j.bmcl.2016.03.059
https://doi.org/10.1016/j.ejmech.2015.07.047
https://doi.org/10.1016/j.bmc.2016.10.037
https://doi.org/10.1007/s11030-016-9697-4
https://doi.org/10.1016/j.ejmech.2016.09.014
https://doi.org/10.1016/j.fitote.2017.12.017

