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single-electron transfer processes that generate reactive intermediates, such asradicalsor ~ ,g3" R
radical ions. These intermediates participate in various bond-forming reactions, including
C-C, C-N, C-0, and C-S coupling, often under ambient temperature and pressure.

One of the key advantages of photoredox catalysis is its ability to access unconventional
reactivity pathways. Radical intermediates enable selective functionalization of otherwise
inert bonds, allowing late-stage modification of complex molecules with minimal
protection-deprotection steps. For example, photoredox methods have been applied to
the synthesis of heterocycles, macrocycles, and natural product derivatives, significantly
expanding chemical space for drug discovery.

Moreover, photoredox synthesis is highly compatible with sustainable chemistry principles.
Reactions are typically conducted under mild conditions, reducing energy consumption
and minimizing by-products. Many protocols utilize visible light sources, including LEDs,
and employ environmentally benign solvents. The development of metal-free organic
photocatalysts further enhances the green chemistry profile of this methodology.

Recent innovations include dual catalytic systems combining photoredox catalysis with
transition-metal or organocatalysis, enabling even more complex transformations. Flow
photochemistry has also emerged, improving scalability, reproducibility, and safety for
industrial applications. Computational studies guide the design of photocatalysts and
predict reactivity, accelerating method development and expanding reaction scope.

Conclusion

Photoredox-mediated synthesis represents a paradigm shift in organic chemistry,
combining precision, efficiency, and sustainability. By harnessing light to generate reactive
intermediates under mild conditions, this approach enables novel bond formations, late-
stage functionalization, and access to complex molecular architectures. With ongoing
advancesin photocatalyst design, dual catalysis, and flow chemistry, photoredox-mediated
methods are poised to play a central role in sustainable drug discovery, materials synthesis,
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and green chemical manufacturing, offering
versatile and environmentally friendly
solutions for modern chemistry.
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