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Solution NMR plays a key role in the Pharmaceutical Research area as a powerfull tool for
Identity testing and structural elucidation. Active Pharmaceutical Ingredient (API) synthesis
requires process optimization to meet ICH requirements and reach sustainability. In this route
scouting phase the generation of analytical information and specifically of NMR data is
essential. Meanwhile during the GMP manufacturing stage, NMR applications range from
materials identity test to full characterization for regulatory documentation.

In the recent years, quantitative NMR (QNMR) has been recognized as a powerful tool,
alternative or orthogonal to other techniques. The application of gNMR can provide significant
contribution in the process chemistry sustainability.

The Green Chemistry concept ! can be defined as the “design of chemical products and
processes to reduce or eliminate the use and generation of hazardous substances” and has
been increasingly used in chemistry and pharmaceutical industries, by application of its twelve
principles, which ultimately allow to both decrease the environmental impact and reduce the
economic costs. The eleventh principle of the Green Chemistry [ is about real-time analysis
for pollution prevention, and shows how an analytical technique, such as NMR, can contribute
to reduce time, costs and pollution in an early-phase Active Pharmaceutical Ingredient’s (API)
manufacturing process.

For its low environmental impact and robustness NMR spectroscopy is a useful and low time-
consuming technique to monitor scale-up reactions for both qualitative and quantitative

GREEN Prevention Use of Renewable Feedstocks
CHEMISTRY It is better to prevent waste than to freat or clean up waste after it has been created, A raw material or feedstock shoukd be renewable rather than depleting whenever
D technically and economically practicable
protct  proceases Atom Econormy Reduce Derivat
to reduce or eliminate Synthetic methods shoukd be designed to maximize the incorporation of all educe Derivatives
the use & generation materials used in the process into the final product. Unnecessary derivatization (use of blocking groups, protection/ deprotection, tem-
of hazardous porary of be minimized or avoided
substances Less Hazardous Chemical Syntheses. if possible, because such steps require additional reagents and can generate waste.

Wherever practicable, synthetic methods shoukd be designed to use and generate Catalysi

substances that possess little or no toxicity to human health and the environment atalysis

Catalytic reagents perior ic reagents.

Designing Safer Chemicals . .

Chemical produsts should be designed to affect their desired function while Design for Degradation

minimizing their toxicity. Chemical products should be designed so that at the end of their function they break
down into innocuaus products and da the }

Safer Solvents and Auxiliaries

The use of auxiliary substances (e.g., solvents, separation agents, etc.) should be Real-time analysis for Pollution Prevention

made unnecessary wherever possible and innocuous when used Analytical methodologies need to be further developed to allow for reak-time, in-
process monitoring and control prior o the formation of hazardous substances.

Design for Energy Efficiency

e f chemical be recognized for their Inherently Safer Chemistry for Accident Prevention

enviranmental and economic impacts and should be minimized. If possible, Substances and the form of a substance used in a chemical process should be

synthetic methods should be conducted at ambient temperature and pressure. chosen to minimize the potential for chemical accidents, including releases,
explasions, and fires.

Figure 1. The twelve principles of Green chemistry.
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