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Green Chemistry

Green Chemistry and sustainable science is the strategic design, development, and 
implementation of chemical products and processes that reduce or eliminate the use 
and generation of hazardous substances and waste, are inherently safe, and increase 
efficiency while minimizing environmental footprint and impact. 
Good science is the key to sustainability, green chemistry, and low cost manufacturing 
across the globe.

*1 Noyori, R. “Synthesizing our future.” Nature Chemistry 2009, 1, 5-6.
*2 Tucker, J.L. “Green Chemistry, a Pharmaceutical Perspective.”  Org. Process Res. Dev. 2006, 10(2), 315-319.
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Noyori - “…green chemistry is not just a catchphrase.  
It is an indispensable principle of chemical research 
that will sustain our civilized society in the twenty-first 
century and further into the future.”*1

Tucker – “…a privileged opportunity for innovation” 
representing “an emerging new frontier of 
exploration.”*2
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pharmaceutical & generics industries may produce ≥ 100 million kg APIs per year *1

cEF ≥ 150 kg waste per kg API (> 99.3%)  ≥ 15 billion kg of co-produced waste

annual waste disposal cost of ~ $30 billion                   

opportunity for industry to utilize green chemistry to trim both process inputs and 
waste, and create $ billions in economic, environmental, and social value
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METRICS are vital “you can’t manage what you don’t measure”

*1 B. W. Cue, (2012) Green Chemistry Strategies for Medicinal Chemists, in Green Techniques for Organic Synthesis and Medicinal Chemistry (eds. Zhang, W., and Cue, B. W.). John 
Wiley & Sons, Chichester, UK. 

Business Case for Green Chemistry



12 Principles of Green Chemistry

P. T. Anastas & J. C. Warner, Green Chemistry: Theory and Practice,  Oxford University Press: New York, 1998. 
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12 Principles of Green Peptides
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P. T. Anastas & J. C. Warner, Green Chemistry: Theory and Practice,  Oxford University Press: New York, 1998. 
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2019 ACS Pharmaceutical Roundtable

• Pre- Competitive Consortium Founded in 2005 by Merck, Lilly and Pfizer
• Catalyze the integration of green chemistry and engineering in the pharmaceutical industry 

https://www.acsgcipr.org/ 6



2019 ACS Pharmaceutical Roundtable
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Pharma Roundtable Priorities

• 2018 KRA  Manuscript:  Green Chem., 2018,20, 5082-5103.

• *2007 KRA Manuscript:  Green Chem., 2007,9, 411-420 

753 Citations
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Overview: Pharma Key Research Areas

Green Chem., 2018, 20, 5082.  DOI: 10.1039/C8GC01276H

• Inexpensive /sustainable metals methodologies
• Sustanaible catalysis for (direct) amide or peptide formation
• Green oxidants aliphatic and aromatic C–H activation
• Amide reductions avoiding LiAlH4 and diborane.
• Direct substitution of alcohols
• Catalyst immobilization (no loss of kinetics)
• Asymmetric hydrogenation of unfunctionalized

olefins/ enamines/imines
• Improved fluorination/trifluoromethoxylation
• Wittig chemistry without Ph3PO.
• Alternatives for oxidations, C–O or C–N redox processes
• Polar aprotic solvents replacements
• Halogenated solvents replacements Grant’s Program: 2019 New RFP’s!

- Ignition grants ($25K)
- Non-metal catalysis cross-coupling rxs ($50K)
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Pharma RT 2025 Strategic Priorities
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• Peptides and Oligos Relatively New 
Team founded in 2016 

• Charter: To educate and influence 
today's and tomorrow's scientists and 
industries in the business value and 
scientific merit to utilize green chemistry 
and engineering  principles to guide 
development and manufacture of 
peptide, oligonucleotide products.
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Solid Phase Peptide Synthesis (SPPS)
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Solid Phase Peptide Synthesis

Advantages:
 Proven technology
 Efficient method of production for short 

sequences 
 Accepted current practice

Challenges:
 Solvent intensive process 
 Yield  and purity significantly decrease as 

peptide length increases 
 Addition and deletion (and analog) 

impurities are possible and propagate
 Up to 20% risk of total loss increases  as a 

function of peptide length*

Source:*Sustainability Challenges in Peptide Synthesis and Purification: From R&D to 
Production, J. Org. Chem., Article ASAP DOI: 10.1021/acs.joc.8b03001



Common Peptide Industrial Practices
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Pharma RT Peptide Key Research Areas
Sustainability challenges in peptide synthesis and purification: from R&D to production 

Albert Isidro-Llobet,*a Martin N. Kenworthy,b Subha Mukherjee,c Michael E. Kopach,d 

Katarzyna Wegner, e Fabrice Gallou,f  Austin G. Smith, g  Frank Roschangarh 
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J. Org. Chem., 2019, 84 (8), pp 4615–4628
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Tools to Make Processes Greener

Reagent Guides: reagentguides.com

Solvent Guides/Interactive Tool

15

18 guides, > 150 
reagents, citation 
links

Coming soon! Amide 
bond reagent guide 
specific to 
polypeptides

Guides: 77 solvents;
3 criteria: safety, 
health, environment
Interactive Tool: 272 
solvents/ selection 
based on physical 
properties, functional 
groups and 
environmental data.



Jimenez-Gonzalez,C. et al. Org. Process Res. Dev. 2011, 15, 912–917.

Pharmacuetical Roundtable Metrics
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Process Mass Intensity (PMI)

*1 R. K. Henderson, J. Kindervater and J. B. Manley, Lessons Learned Through Measuring Green Chemistry Performance – The 
Pharmaceutical Experience (2007). 

*2 ACS GCI Pharmaceutical Roundtable presentation “Convergent PMI Calculator” (2014).
*3 The PMI data, which exclude solvent and water-intensive biopharmaceutical fermentation processes, were significantly higher 

in 2008 compared to 2007, possibly due to reassessment of synthesis starting points.  We show the 2008 data.

ACS GCI compiled industry waste data for pharmaceutical manufacturing 
across development and commercial in 2007 and 2008*1-3
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Peptide Research Grant: 
Pofessor Jennifer Stockdill

J. Org. Chem., 2019, 84 (2), pp 1035–1041
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Native Chemical Ligation (NCL)

• Coupling of unprotected Peptides, potentially attractive  option to 
Produce peptides with cysteine and alanine.

• Lack of Green Desulfurization Methodology has limited utility.
• Prof. Stockdill Awarded Roundtable Research grant extension to develop

greener desulfurization methodology. 
19



Key 2018 Novartis Contribution
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ACS GCI Pharma Roundtable:
Fall 2019 Meeting in China

Wednesday 18th Sept 2019:   Day 1 GCIPR (Asymchem)
Thursday 19th Sept 2019:  Day 2 GCIPR 

• Onsite at Asymchem Tianjin (~100 people)
• Roundtable meeting 
• Tour of Asymchem green chemistry capabilities

Friday 20th Sept 2019: Day 3 GCIPR (Pharmaron)
• Onsite at Pharmaron Beijing site (Taihe Road, BDA, Beijing 100176)

• Roundtable meeting (~100 people)
• Tour of Pharmaron site



Conclusions
• Significant business case for Green chemistry and engineering in the 

pharmaceutical industry

• Pharmaceutical Roundtable Provides leadership and influence    
throughout industry and supply chain.
- Develops valuable and powerful set of tools (e.g. solvent selection

guide, PMI/LCA calculator, reagent guide, GAL manufacturing
goal, PMI prediction)

- Funds key research priorities

• ACS Pharmaceutical Roundtable has evolved its mission since 2005  
from exclusive small molecule focus to include other modalities. 

• Synthetic Peptide and Oligonucleotide Manufacture  in largest need 
of innovations to improve Environmental Profile.

22



Acknowledgements

23

Fabrice Gallou (Novartis)
Subha Mukherjee (BMS)

Katarzyna Wegner (Ipsen)
Martin Kenworthy (AZ)

Albert-Isidro Llobet (GSK)
Janine Tom (Amgen)
Austin Smith (Amgen)
Frank Roschangar (BI)
Isamir Martinez (GCI)

Sarah O’Keeffe
Paul Collins

Bret Huff

Brad Campbell
Shujauddin Changi
Stephen Groskreutz

Jeffrey Ferguson
Ashley Humenik

Nick Klitzig
Randy Lambertus

Allison Wolf

Eli Lilly and Company: ACS Pharmaceutical Roundtable:


	Striving Toward Greener Chemistry in the Pharma Industry: the Role of the ACS Pharmaceutical Roundtable��
	Green Chemistry
	Business Case for  Green Chemistry
	12 Principles of Green Chemistry
	Slide Number 5
	2019 ACS Pharmaceutical Roundtable
	2019 ACS Pharmaceutical Roundtable
	Pharma Roundtable Priorities
	Overview: Pharma Key Research Areas �
	Pharma RT 2025 Strategic Priorities
	Solid Phase Peptide Synthesis (SPPS)
	Slide Number 12
	Common Peptide Industrial Practices
	Pharma RT Peptide Key Research Areas
	Tools to Make Processes Greener
	Pharmacuetical Roundtable Metrics
	Process Mass Intensity (PMI)
	Peptide Research Grant: � Pofessor Jennifer Stockdill
	Native Chemical Ligation (NCL)
	Slide Number 20
	Slide Number 21
	Conclusions
	Acknowledgements

