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or solvent-free processes, which reduce the need for hazardous materials
and can lower the environmental burden of drug production. In addition to
this, the development of efficient, high-yield reactions that minimize waste

Green chemistry has emerged as a crucial area of focus within medicinal  anq byproducts is another central tenet of green chemistry that has direct
chemistry, emphasizing the importance of sustainability in the development of implications for medicinal chemistry. Green chemistry also promotes the use
new drugs and the synthesis of pharmaceutical compounds. The traditional  4f renewable feedstocks as starting materials for chemical synthesis, reducing
methods of drug synthesis often involve the use of hazardous chemicals, high  the reliance on non-renewable resources and enhancing the sustainability
energy consumption and the generation of toxic waste, which not only harm o 4ryg production. Renewable feedstocks, such as biomass or bio-based
the environment but also pose significant safety and regulatory challenges. In - chemicals, provide a more sustainable alternative to traditional petrochemical-
response to these issues, green chemistry principles have been increasingly  paged raw materials, supporting a circular economy within the pharmaceutical
applied to medicinal chemistry, aiming to minimize the ecological footprint of industry. This shift not only helps mitigate the depletion of finite resources
drug production while improving efficiency and safety. The application of green ;¢ also contributes to reducing the carbon footprint of drug manufacturing
chemistry in medicinal chemistry encompasses a range of strategies, including processes. In combination with the use of renewable resources, the principle
the use of renewable resources, reducing the use of toxic solvents, designing of atom economy is also critical in green chemistry. The adoption of green
energy-efficient reactions and maximizing atom economy. These approaches  chemistry also extends to optimizing reaction conditions to reduce the energy
not only align with the growing demand for sustainable practices in the  gonsumption associated with drug synthesis. Green chemistry advocates for
pharmaceutical industry but also contribute to the development of safer and the use of more energy-efficient processes, such as reactions that occur at
more environmentally friendly processes. As the global demand for new and  ambient temperature and pressure or reactions that utilize alternative energy
more effective therapies increases, the integration of green chemistry into drug sources like microwaves or ultrasound. These energy-efficient processes not
discovery and development represents an essential step towards achieving a only help reduce the carbon footprint of drug production but also offer the

Introduction

more sustainable and responsible pharmaceutical industry [1]. potential for more cost-effective and scalable production methods [3].
. - The concept of green chemistry in drug synthesis also aligns with the idea
DeSCflptlon of continuous process improvement, which focuses on enhancing the efficiency

of drug manufacturing at every stage, from laboratory-scale synthesis to
Green chemistry is an evolving field that has gained substantialimportance  industrial-scale production. Continuous flow chemistry, for example, has
within medicinal chemistry, offering sustainable approaches to drug synthesis ~ emerged as a transformative approach in the pharmaceutical industry. This
and addressing the growing need for environmentally responsible practices in -~ method involves the use of small-scale, continuous-flow reactors that enable
the pharmaceutical industry. Traditional methods of drug development often  the continuous production of pharmaceutical intermediates or final drug
involve the use of hazardous reagents, toxic solvents, high energy consumption  products. The benefits of continuous flow chemistry include better control over
and the generation of significant chemical waste, all of which can harm the  reaction conditions, higher vyields, faster reaction times and reduced waste
environment and present safety challenges. As the pharmaceutical industry  generation compared to traditional batch reactions. In addition to continuous
seeks to meet the ever-increasing demand for new, effective therapeutics, the  flow chemistry, automated systems and green catalysts are also being explored
principles of green chemistry are being embraced to reduce the environmental  to improve the sustainability and efficiency of drug synthesis. Green chemistry
and ecological footprint of drug synthesis while maintaining or enhancing the  encourages the development of processes that minimize waste at the outset
efficiency of pharmaceutical manufacturing processes.The concept of green by optimizing reaction conditions and improving reaction selectivity. Many
chemistry is founded on the idea that chemistry can be practiced in a way  regulatory bodies, such as the U.S. Environmental Protection Agency (EPA),
that minimizes negative environmental impacts, improves energy efficiency,  have developed green chemistry guidelines and initiatives to promote the
reduces waste and encourages the use of renewable resources. Green  adoption of environmentally friendly practices in chemical industries, including
chemistry is guided by twelve principles establishedin the 1990s, which aimto  pharmaceuticals. Companies that adopt green chemistry principles are not
redesign chemical processes to be safer and more sustainable. One of the key  only improving their environmental footprint but also positioning themselves
aspects of green chemistry in medicinal chemistry is reducing or eliminating  as leaders in an industry that increasingly values sustainability and corporate
the use of toxic solvents and reagents, which are often employed in traditional  social responsibility [4].
chemical processes. Solvents, for example, are widely used in pharmaceutical
synthesis but can contribute significantly to environmental pollution and waste
generation [2].

Despite the many benefits of green chemistry in medicinal chemistry, the
implementation of sustainable practices in drug synthesis is not without its
challenges. One of the primary hurdles is the need for innovation in reaction
Green chemistry encourages the use of alternative, less-toxic solvents  design and the development of new catalysts, solvents and reagents that
meet the high standards of both sustainability and efficacy required for drug
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innovation continue to drive progress in the field, green chemistry will remain
a central component in the ongoing efforts to create safer, more effective and
environmentally friendly therapeutics for the future [5].

Conclusion

In conclusion, green chemistry offers a transformative approach to
drug synthesis, enabling the pharmaceutical industry to develop effective
therapeutics while minimizing environmental impact. By embracing the
principles of green chemistry such as reducing waste, utilizing renewable
resources, optimizing reaction conditions and improving energy efficiency
medicinal chemistry can contribute to more sustainable drug development
practices. These strategies not only reduce the ecological footprint of
drug production but also enhance the cost-effectiveness and safety of
pharmaceutical manufacturing. While challenges remain, particularly in terms
of innovation, cost and large-scale implementation, the long-term benefits of
greener drug synthesis are undeniable.

Acknowledgment

None.

References

1. Barrese lll, Albert A., Caroli Genis, S. Zoe Fisher and Jared N. Orwenyo, et al.
"Inhibition of carbonic anhydrase Il by thioxolone: a mechanistic and structural
study." Biochemistry 47 (2008): 3174-3184.

2. Kopecka, Joanna, Ivana Campia andrea Jacobs and Andreas P. Frei, et al.
"Carbonic anhydrase XIl is a new therapeutic target to overcome chemoresistance
in cancer cells." Oncotarget 6 (2015): 6776.

3. Safari, Javad, Sayed Hossein Banitaba and Shiva Dehghan Khalili.
"Ultrasound-promoted an efficient method for one-pot synthesis of 2-amino-4,
6-diphenylnicotinonitriles in water: A rapid procedure without catalyst." Ultrason
Sonochem 19 (2012): 1061-1069.

4. Popovic, Marko M., Matthew B. Schlenker, Deva Thiruchelvam and Donald A.
Redelmeier. "Serious adverse events of oral and topical carbonic anhydrase
inhibitors." JAMA Ophthalmol 140 (2022): 235-242.

5. Pettersen, Eric F., Thomas D. Goddard, Conrad C. Huang and Gregory S. Couch,
et al. "UCSF Chimera—a visualization system for exploratory research and
analysis." J Comput Chem 25 (2004): 1605-1612.

Conflict of Interest

None.

Page 2 of 2

How to cite this article: Bamler, Tanisha. “Green Chemistry in Medicinal
Chemistry: Sustainable Approaches to Drug Synthesis.” Med Chem 15 (2025):

760.



https://pubs.acs.org/doi/abs/10.1021/bi702385k
https://pubs.acs.org/doi/abs/10.1021/bi702385k
https://pmc.ncbi.nlm.nih.gov/articles/PMC4466649/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4466649/
https://www.sciencedirect.com/science/article/pii/S1350417712000077
https://www.sciencedirect.com/science/article/pii/S1350417712000077
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/2788394
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/2788394
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcc.20084
https://onlinelibrary.wiley.com/doi/abs/10.1002/jcc.20084

