
Research & Reviews: Journal of Medicinal & Organic Chemistry                                         

RRJOMC | Volume 13 | Issue 1 | March, 2026                                                                                                                                1 

 

Bioorthogonal Chemistry in Drug Delivery Systems: Strategies for 

Targeted Therapeutics 
Ibrahim Toure* 

Department of Organic Chemistry, University of Bamako, Bamako, Mali 

 

  Perspective                                                                               

Received: 28-Dec-2024, Manuscript 

No. JOMC-24-156973; Editor assigned: 

01-Jan-2025, Pre QC No. JOMC-24-

156973 (PQ); Reviewed: 15-Jan-2025, 

QC No. JOMC-24-156973; Revised: 09-

Mar-2026, Manuscript No. JOMC-24-

156973 (R); Published: 16-Mar-2026, 

DOI: 10.4172/jomc.13.1.001 

 

*For Correspondence: Ibrahim Toure, 

Department of Organic Chemistry, 

University of Bamako, Bamako, Mali; 

E-mail: toureim@gmail.com 

 

Citation: Toure I. Bioorthogonal 

Chemistry in Drug Delivery Systems: 

Strategies for Targeted Therapeutics. 

RRJ Med Org Chem. 2026;13:001. 

 

Copyright: © 2026 Toure I. This is an 

open-access article distributed under 

the terms of the Creative Commons 

Attribution License, which permits 

unrestricted use, distribution and 

reproduction in any medium, provided 

the original author and source are 

credited. 

DESCRIPTION 

Bioorthogonal chemistry is an innovative approach in drug delivery systems 

that enables the precise targeting and delivery of therapeutic agents to 

specific cells or tissues without interfering with the natural biological 

processes in the body. This strategy is grounded in the use of chemical 

reactions that do not interfere with the normal biochemistry of living systems, 

providing a powerful tool for the development of targeted therapeutics. By 

employing bioorthogonal reactions, scientists can design drug delivery 

systems that are highly specific, efficient, and have minimal side effects, 

which is particularly important in the treatment of diseases like cancer, where 

selective targeting is crucial to avoid damage to healthy tissues. 

 

The core concept of bioorthogonal chemistry involves the use of specially 

designed chemical reactions that are not part of the body’s native 

biochemical pathways. These reactions are designed to occur in living 

organisms without interfering with normal cellular processes. Bioorthogonal 

reactions, such as the click chemistry reactions, are highly selective and can 

be used to covalently attach drug molecules to targeting ligands, carriers, or 

biomarkers, allowing for the precise delivery of therapeutic agents to the 

desired location. One of the most widely used bioorthogonal reactions is the 

copper-catalyzed Azide-Alkyne Cycloaddition (CuAAC), also known as "click 

chemistry." This reaction allows for the formation of stable bonds between an 

azide group and an alkyne group, both of which can be incorporated into drug 

molecules or delivery vehicles. This reaction is highly selective, efficient, and 

works in the complex biological environment without causing harm to living 

cells. 

 

 

 
 

 

The application of bioorthogonal chemistry in drug delivery systems enables several strategies for the development of 

targeted therapeutics. One of the most common strategies is the attachment of a drug molecule to a bioorthogonal handle 

that can be selectively activated at the target site. For instance, a drug can be conjugated to a carrier molecule that is 

designed to bind to specific receptors on the surface of cancer cells. The carrier molecule might also contain a bioorthogonal 

group that does not interfere with normal cellular processes. Once the drug reaches the targeted cancer cells, the 

bioorthogonal reaction can be triggered, leading to the release of the therapeutic agent at the desired location. This method 

minimizes the exposure of healthy tissues to the drug, reducing side effects and improving the overall efficacy of the 

treatment. 
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In addition to selective drug activation and targeted drug delivery, bioorthogonal chemistry can also be used to develop 

innovative nanomaterials and drug carriers. Nanoparticles and nanocarriers can be functionalized with bioorthogonal groups 

to enable the targeted delivery of drugs to specific tissues. For example, nanoparticles can be designed to carry a drug 

molecule and include a bioorthogonal group that reacts with specific biomolecules on the surface of the target cells. This 

strategy enhances the ability of the drug to reach its intended target while minimizing off-target effects. Moreover, 

bioorthogonal chemistry can be used to control the release of drugs from nanocarriers, ensuring that the therapeutic agents 

are released in a controlled manner at the right time and place. 

Despite the significant potential of bioorthogonal chemistry in drug delivery, there are still challenges that need to be 

addressed. One of the main challenges is ensuring that the bioorthogonal reactions are selective and efficient enough to 

work in complex biological environments. The components involved in bioorthogonal reactions must be compatible with the 

body’s natural biochemistry to avoid interference with normal cellular functions. Additionally, the bioorthogonal reactions 

must be fast enough to achieve timely drug release without causing unwanted accumulation of the drug in non-target areas. 

Another challenge is the development of suitable bioorthogonal groups that can be easily incorporated into drug molecules 

or carriers and that do not induce toxicity or immune responses. 

In conclusion, bioorthogonal chemistry offers a powerful and promising approach to targeted drug delivery, with the potential 

to revolutionize the way therapeutics are designed and administered. By enabling the selective activation of drugs at specific 

target sites, bioorthogonal chemistry minimizes side effects, improves therapeutic efficacy, and enhances the overall safety 

of drug treatments. This approach can be applied to a wide range of therapeutic areas, including cancer, genetic diseases, 

and RNA-based therapies, providing new opportunities for the development of precision medicine. As research advances, 

further improvements in bioorthogonal chemistry and drug delivery systems will lead to more effective and safer treatments, 

ultimately improving patient outcomes. 

 

 


