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Introduction

Cancer remains one of the most challenging diseases to treat,
claiming millions of lives each vyear. Despite significant
advancements in therapeutic strategies, including surgery, radiation,
and targeted drug therapy, the quest for more effective and less toxic
anticancer agents continues. The search for new classes of
anticancer drugs is thus of paramount importance, particularly those
that can address the limitations of current therapies, such as drug
resistance and side effects. Among the innovative approaches in
drug design, the use of Multicomponent Reactions (MCRs) has
gained considerable attention due to their ability to rapidly assemble
complex molecular scaffolds in a one-pot fashion.

The Passerini reaction, a powerful MCR, stands out as a versatile
synthetic strategy for the generation of diverse biologically active
molecules. This reaction enables the synthesis of a-acylamino
ketones from isocyanides, carbonyl compounds, and carboxylic
acids. Passerini adducts have attracted considerable interest in
medicinal chemistry, particularly for their potential as anticancer
agents. By modifying the structure of Passerini products, chemists
can explore novel chemotypes that may exhibit specific activity
against cancer cells.

In this paper, we explore the role of the Passerini reaction in
anticancer drug design, examining its synthetic potential, the
biological activity of Passerini adducts, and how these compounds
can be optimized for therapeutic efficacy. We will also discuss the
mechanism of action of Passerini-derived molecules and how their
structural properties can be fine-tuned to target cancer-specific
pathways.

The Passerini reaction was first reported by the Italian chemist Mario
Passerini in 1921, and it involves the formation of an a-acylamino
ketone via the reaction of isocyanides, a carboxylic acid, and a
carbonyl compound, typically an aldehyde or ketone. The reaction
proceeds through a three-component process, which is catalyzed under
mild conditions. It is known for its ability to generate a diverse array of
molecules in a single reaction, making it an attractive tool in drug

discovery. The key feature of the Passerini reaction is its ability to
generate complex products with multiple functional groups, including
amide, carbonyl, and isocyanide moieties, which can be exploited to
design bioactive compounds. The products are often highly versatile,
enabling the design of libraries of compounds with diverse chemical
functionalities.

One of the major advantages of the Passerini reaction is its
simplicity and efficiency, as it requires minimal reagents and
generates high yields. Additionally, the reaction is highly compatible
with a wide range of functional groups, making it suitable for the
synthesis of complex natural products and drug-like molecules.
Importantly, the flexibility of the Passerini reaction allows for
modifications of the starting materials to generate a wide variety of
products, which can be tailored to meet specific biological targets,
such as those involved in cancer progression.

Cancer is a complex and heterogeneous disease, characterized by
uncontrolled cell growth, evasion of apoptosis, and the ability to
invade surrounding tissues and metastasize. Traditional
chemotherapeutic agents often target rapidly dividing cells but lack
specificity, leading to significant side effects. Targeted therapies, on
the other hand, aim to interfere with specific molecular pathways
involved in cancer progression but often suffer from drug resistance.
Therefore, new drug discovery approaches are needed that can
overcome these limitations while offering novel mechanisms of
action.

Passerini adducts have shown promise as potential anticancer
agents due to their ability to interact with a wide variety of biological
targets, including enzymes, receptors, and protein-protein
interactions. Some Passerini-derived compounds have been shown
to possess anti-proliferative activity, inhibiting cancer cell growth and
inducing apoptosis in various cancer cell lines. These compounds
often demonstrate a unique mode of action, making them attractive
candidates for further exploration in cancer drug design.
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Description

Mechanism of action of Passerini adducts in cancer cells

The mechanism by which Passerini adducts exert their anticancer
effects is still under investigation, but several potential modes of
action have been proposed. One of the key mechanisms is the ability
of Passerini-derived compounds to interact with DNA and disrupt
essential cellular processes, such as replication and transcription.
Some Passerini products contain functional groups that can form
covalent adducts with nucleophilic sites in the DNA, leading to strand
breaks and activation of DNA damage response pathways. This
interference with the integrity of the genome could result in cell cycle
arrest, apoptosis, or senescence, all of which are desirable outcomes
in cancer therapy.

Another proposed mechanism involves the inhibition of specific
enzymes that play crucial roles in cancer cell metabolism and
survival. For instance, certain Passerini adducts may inhibit kinases,
proteases, or other enzymes that are overexpressed in cancer cells.
These enzymes are often involved in signaling pathways that
promote cell proliferation, migration, and survival. By targeting these
enzymes, Passerini adducts can disrupt key cancer cell processes,
leading to reduced tumor growth and metastasis.

Additionally, Passerini compounds may act by modulating protein-
protein interactions, particularly those that are crucial for the
formation and maintenance of the cancer cell microenvironment.
Some studies have shown that Passerini adducts can inhibit the
activity of transcription factors that regulate the expression of genes
involved in tumor progression. This could result in the downregulation
of pro-survival and pro-proliferative genes, thus inhibiting cancer cell
growth and promoting cell death.

Synthesis of Passerini adducts: A gateway to diverse bioactive
compounds

One of the strengths of the Passerini reaction is its ability to
generate diverse scaffolds in a highly efficient manner. This is
particularly valuable in drug discovery, where the synthesis of large
compound libraries is crucial for identifying lead compounds with
promising biological activity. Several strategies have been developed
to modify the basic Passerini adducts and tune their properties for
specific anticancer activities. For example, the structure of the o-
acylamino ketone core can be modified by varying the isocyanide,
carbonyl compound, and carboxylic acid used in the reaction.
Different functional groups on the isocyanide or carboxylic acid can
introduce steric or electronic changes that affect the reactivity of the
resulting product and its interactions with biological targets. The use
of heterocyclic carboxylic acids or functionalized isocyanides can
further expand the structural diversity of Passerini adducts.

In addition, the Passerini reaction can be coupled with other synthetic
strategies, such as cyclization reactions, to create more complex and
rigid molecular frameworks that are often necessary for optimal
receptor binding and biological activity. The introduction of different
bioactive fragments, such as aromatic rings or small peptides, can also
help improve the selectivity and potency of the resulting compounds.
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The use of High-Throughput Screening (HTS) technologies allows
for the rapid evaluation of large libraries of Passerini adducts for
anticancer activity. In combination with modern computational tools
and molecular modeling, chemists can predict which modifications to
the core structure are likely to enhance activity and minimize toxicity,
making the design of new anticancer agents more efficient.

Structure-Activity Relationship (SAR) studies of Passerini
adducts

A key step in optimizing Passerini adducts for anticancer drug
development is the investigation of their Structure-Activity
Relationship (SAR). SAR studies involve the systematic modification
of the compound's structure to determine which features are essential
for its biological activity. In the case of Passerini adducts, SAR
studies have identified several important structural features that
influence their potency and selectivity.

One important factor is the nature of the carbonyl group. The
presence of electron-withdrawing groups on the carbonyl can
enhance the electrophilicity of the a-carbon, making it more
susceptible to nucleophilic attack by biological targets. Similarly, the
choice of isocyanide can impact the reactivity of the compound, with
bulky or electron-rich isocyanides often leading to more stable
adducts with better pharmacokinetic properties.

The position and type of substituents on the aromatic rings in
Passerini adducts can also play a crucial role in modulating their
activity. For instance, halogenation of the aromatic ring has been
shown to improve the binding affinity of certain Passerini compounds
to their targets, possibly by optimizing -1 interactions with protein
residues. Additionally, the introduction of functional groups such as
amines, alcohols, or alkyl groups can alter the solubility, lipophilicity,
and ability to cross biological membranes.

Despite the promising potential of Passerini adducts in anticancer
drug design, several challenges remain in translating these
compounds into clinically viable therapies. One major challenge is
the optimization of pharmacokinetics, particularly the Absorption,
Distribution, Metabolism, and Excretion (ADME) properties of
Passerini-derived molecules. While many Passerini adducts
demonstrate potent in vitro activity, their effectiveness in vivo may be
limited by poor bioavailability, rapid metabolism, or toxicity.

To address these challenges, researchers are investigating
strategies to improve the pharmacokinetic profile of Passerini
compounds. These include prodrug approaches, where a less active
form of the drug is administered and then converted into the active
form within the body, as well as the use of nanocarriers to enhance
drug delivery to tumor tissues. Another promising approach involves
the development of targeted delivery systems that can specifically
deliver Passerini adducts to cancer cells, thus minimizing off-target
effects and improving therapeutic efficacy.

Furthermore, while the anticancer activity of Passerini adducts has
been demonstrated in preclinical models, further studies are needed to
elucidate their molecular targets and confirm their potential for clinical
use. Large-scale clinical trials will be essential to assess the safety,
tolerability, and effectiveness of Passerini-based therapies in humans.



Gondez A

J Cancer Sci Ther, Volume 18:1, 2026

Conclusion

The Passerini reaction provides a powerful platform for the design
and synthesis of novel anticancer agents. Through the efficient
formation of a-acylamino ketones, Passerini adducts offer a diverse
array of chemical scaffolds that can be tailored for specific biological
activities. Their ability to interact with key cancer-related molecular
targets, including DNA, enzymes, and protein-protein interactions,
makes them promising candidates for further exploration in cancer
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drug discovery. With continued advances in synthetic chemistry,
structural optimization, and drug delivery strategies, Passerini-
derived compounds have the potential to contribute to the
development of next-generation anticancer therapies that are more
selective, potent, and less toxic than current treatments.
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