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Molecular symmetry and chirality are fundamental determinants of drug behavior, influencing how therapeutic agents interact with biological systems. Chirality, the property by which molecules exist as non-superimposable mirror images, plays a particularly critical role because most biological targets—such as proteins, enzymes, and receptors—are themselves chiral. As a result, enantiomers of a drug can exhibit markedly different pharmacodynamic and pharmacokinetic profiles, including variations in binding affinity, efficacy, metabolism, and toxicity. There are instances where one enantiomer provides the desired therapeutic effect, while the other may be inactive or even harmful. Molecular symmetry also contributes to drug design by affecting physicochemical properties such as stability, solubility, and molecular recognition. Symmetrical molecules may exhibit simplified binding interactions or enhanced predictability in structure–activity relationships, while asymmetry can introduce specificity and selectivity. Advances in stereoselective synthesis and analytical techniques have enabled the precise development and characterization of chiral drugs, leading to safer and more effective therapies. Understanding and leveraging symmetry and chirality are therefore essential in modern drug discovery, guiding the rational design of compounds with optimized biological activity and minimized adverse effects. These principles remain central to the development of next-generation pharmaceuticals. In this talk, I will delve deeper into this hyper-relevant yet less appreciated topic in pharmaceutical research.
