
13/12/2017

1

1

Type them into questions box!

“Why am I muted?”
Don’t worry. Everyone is muted 
except the presenter and host. 
Thank you and enjoy the show. 

Contact ACS Webinars ® at acswebinars@acs.org 

Have Questions?

2

Have you discovered the missing element? 

Find the many benefits of ACS membership!

http://bit.ly/benefitsACS
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Benefits of ACS Membership 

http://bit.ly/benefitsACS

Chemical & Engineering News (C&EN) 
The preeminent weekly news source. 

NEW! Free Access to ACS Presentations on Demand® 
ACS Member only access to over 1,000 presentation 
recordings from recent ACS meetings and select events. 

NEW! ACS Career Navigator 
Your source for leadership development, professional 
education, career services, and much more.
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Let’s get Social…post, tweet, and link to ACS 
Webinars during today’s broadcast!

facebook.com/acswebinars

@acswebinars

Search for “acswebinars” 
and connect!
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“Thank you for the amazing 
resources and websites that I 
did not know were available 
to expand my knowledge of 
chemistry and other fields. 
This ACS Webinar also 
showed me a gap in chemical 
engineering with product 
design that will serve as a 
motivation and a variable to 
look out for as I progress in 
my education.”

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org 

How has ACS Webinars   
benefited you?

®

Emilio Villalobos, Student

http://bit.ly/acsGCIproduct
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youtube.com/acswebinars

Search for “acswebinars” and connect!
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Learn from the best and brightest minds in chemistry! Hundreds 
of webinars presented by subject matter experts in the chemical 
enterprise.

Recordings are available to current ACS members after the Live 
broadcast date via an invitation email. www.acs.org/acswebinars 

Broadcasts of ACS Webinars  continue to be available to the general 
public LIVE every Thursday at 2pm ET!

®

www.acs.org/acswebinars

ChemIDP.org

An individual development 
planning tool for you! 

• Know your career options
• Develop strategies to strengthen your skills
• Map a plan to achieve your career goals

8
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www.gcande.org

http://bit.ly/GCIawards

Joseph Breen Memorial Fellowship 

($2,000) – Due February 16, 2018

Sponsors international and domestic students (undergraduate and 

above) based on estimated travel expenses, up to $2,000, for a green 

chemistry technical meeting, conference or training program (students 

are encouraged to consider the GC&E Conference).

Kenneth G. Hancock Memorial Award 

($1,000 cash and $1,000 travel stipend) – Due February 16, 2018

Sponsors international and domestic students (undergraduate and 

graduate), up to $2,000, for the GC&E Conference.

Student Research & Travel Awards
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Upcoming ACS Webinars
www.acs.org/acswebinars
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Thursday, January 11, 2018

Painting a Brighter Future with Chemistry: Innovating with Higher 
Performing and More Sustainable Pre-composite Polymers

Jim Bohling, Dow Chemical Company

Stan Brownwell, Dow Chemical Company

Contact ACS Webinars ® at acswebinars@acs.org 

Thursday, January 18, 2018

Science-Based Carbon Reduction Targets: An Entry Ticket to 
Carbon-Based Business Benefits
Valerie Patrick, President, Fulcrum Connection

Bryan Tweedy, Manager, Office of Career and Professional Resources, ACS 
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www.acs.org/acswebinars
Slides available now and an invitation to view the recording will be sent when available.

How to Sustainably Innovate Throughout the Life Cycle 
of Drug Research and Development

This ACS Webinar is co-produced by the ACS Green Chemistry Institute

Joe Fortunak
Professor of Chemistry, 

Howard UniversityPaul Richardson
Director of Discovery 

Chemistry, Pfizer



13/12/2017

7

ACS GCI Pharmaceutical Roundtable

Where We Stand Today !!!

Nature, 2016, 534, 27

“Green chemistry can 

deliver for people, 

planet and profit. Those 

who embrace it will 

reap the benefits in 

future. Those who fail 

to evolve may cease to 

be relevant”. 

13

ACS GCI Pharmaceutical Roundtable

What is a Sustainable Future?

EconomicSocial Environmental

The pharmaceutical industry will be expected to meet the needs 

of patients around the world at a cost they can afford while 

minimizing our environmental footprint.

Balance Social, Environmental & Economic Needs 

Globally and Across Generations

14
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ACS GCI Pharmaceutical Roundtable

What is Green Chemistry?

• The highest efficiency potential that 

exists for each chemical process.

• Green Chemistry is a privileged 

opportunity for innovation and 

represents an emerging new frontier 

of exploration.

• The achievement of superior 

synthetic efficiency will ultimately 

deliver a competitive advantage.

OPRD., 2006, 10, 315.

Green Chemistry provides a 

platform to align Corporate 

environmental, social, and 

economic goals.

15

ACS GCI Pharmaceutical Roundtable

When to Apply Green Chemistry (Pharma)

Early awareness can deliver large paybacks later!

Integrate green chemistry throughout the life cycle of drug research, 
development and manufacture

16
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ACS GCI Pharmaceutical Roundtable

ACS GCI Pharmaceutical Roundtable

In 2005, the ACS Green 

Chemistry Institute and global 

pharmaceutical corporations 

developed the ACS GCI 

Pharmaceutical Roundtable to 

encourage innovation while 

catalyzing the integration of 

green chemistry and green 

engineering in the 

pharmaceutical industry. 

17

ACS GCI Pharmaceutical Roundtable

2017 Members

18



13/12/2017

10

ACS GCI Pharmaceutical Roundtable

Mission
To catalyze the implementation of green chemistry and 

engineering in the pharmaceutical industry globally

Inform and 
Influence the 

Research Agenda

Define and Deliver 
Tools for 

Innovation

Promote 
Education and 

Training

Enable Global 
Collaboration

Strategic Priorities

19

ACS GCI Pharmaceutical Roundtable

The First Ten Years: 2005 - 2015

Development 

of Tools

20
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ACS GCI Pharmaceutical Roundtable

The Challenge…..

• Decreasing the amount of material used to make a drug is

one of the major green chemistry challenges for the

pharmaceutical industry.

• ACS GCI Pharmaceutical Roundtable members have

developed a common process mass intensity metric that

allows data from each company to be compared on a

transparent and equitable basis.

21

ACS GCI Pharmaceutical Roundtable

R&D:

Process Development

Material Selection

Hazard & Risk 

assessment

Resource 

Extraction

Ultimate 

Ecological

Fate

Raw material and energy consumption

Raw Material

Manufacture

Final Consumer Use

Intermediate Products Final Product

Sales and 

Marketing

DistributionStore

Emissions to air, water and land

Life Cycle Assessment – The Very Big Picture

22
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ACS GCI Pharmaceutical Roundtable

Why Metrics ???

• We measure what we care about  ↔ we care about what we 

measure

• Standardize measurement of chemical process greenness when 

possible

• Proper choice of metrics is critical for ‘behavior of system

• Green metrics correlate to process economics

23

ACS GCI Pharmaceutical Roundtable

Why Not Simply Increase the YIELD ??

• For API manufacture, (not finished product):

 “Typical” Pharma manufacturing yield from a single stage 

ranges between 35 and 95% with an average of 86%

 A “typical” Pharma primary manufacturing process is on the 

order of 6 stages with an overall yield of 30 - 40%

 Overall yield does not capture use of reagent, solvent, 

catalyst. If these are included the average total materials 

use is 16 kg/kg of stage product (intermediate).

 Even with a 100% yield at each stage, a 16 kg/kg materials 

use would result in an overall Mass Productivity of about 2%.

24
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ACS GCI Pharmaceutical Roundtable

Numerous Options Available…..

Atom Economy (Trost)

Science, 1991, 254, 1471

E-Factor (Sheldon)

Green Chem., 2017, 19, 18

Green Chem., 2002, 4, 521
25

ACS GCI Pharmaceutical Roundtable

Process Mass Intensity (PMI) Metric

Process mass intensity =
quantity of raw materials input (kg)

quantity of bulk API out (kg)

Where:

Process is all steps of a synthetic path from commonly available materials to 

the final bulk active pharmaceutical ingredient (“API”).

Raw Materials are all materials including water that are used directly in the 

process of synthesizing, isolating, and purifying the API final form.

Bulk API out is the final form of the active ingredient that was produced in the 

synthesis, dried to the expected specification.

26
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Audience Challenge Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

• E-factor = PMI = 0

• E-factor = 0, PMI = 1

• E-factor = PMI = 1

• E-factor = 1, PMI = 0

• All of the above

What is the E-Factor and the PMI Value for an “IDEAL” 
Sustainable/Green Process?

ACS GCI Pharmaceutical Roundtable

Why measure PMI ?

• Drive change towards more sustainable manufacturing processes
– Track environmental manufacturing footprint.

– Measurement of process efficiency.

• Quantify improvements throughout process development life-cycle

• To be more transparent; basis for objective comparison
– Increasing expectations from internal and external audiences to describe 

progress, demonstrate improvement.

• Benchmark
– Allows a simple comparison to the on-going green efforts throughout the

industry in the pursuit of mass efficient pharmaceutical processes.

• Insight in sustainability of overall manufacturing process, from

bulk chemicals to API, is required

Org. Process Res. Dev., 2011, 15, 912

28
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Audience Challenge Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

• Reagents

• Water

• Catalyst

• Solvents

• Any of the above

What component of a chemical process contributes 
most to the overall Process Mass Intensity?

ACS GCI Pharmaceutical Roundtable

Composition of PMI — Pharma Benchmarking

30
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ACS GCI Pharmaceutical Roundtable

PMI by Development Phase – Median Values

Sildenalfil Citrate

Initial Medicinal Chemistry 17675

Optimized Med Chem (through phase 3) 116

Commercial Route 60

Green Chem., 2015, 17, 3390

31

ACS GCI Pharmaceutical Roundtable

PMI Calculator Tool

PMI Excel Spreadsheet

– Spreadsheet with embedded

Calculations.

– Only need to fill in amounts of

reagents, solvents, and aq.

– Spreadsheet calculates step

and overall PMI for linear

sequences.

– Calculates overall PMI as well

as separate PMI for solvents,

water, and reagents.

32

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi53r3v3P3XAhURNd8KHcNCDh0QjRwIBw&url=https://en.wikipedia.org/wiki/Sildenafil&psig=AOvVaw2kzylRvu_a5FOZyPhNPnjH&ust=1512936245431514
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ACS GCI Pharmaceutical Roundtable

Convergent PMI Tool

• Up to 11 step linear sequence

• Up to 3 branches for convergent 

synthesis (11 steps per branch)

• Multiple branch points possible in a 

single step

• Up to 44 step linear sequence if treating 

additional steps as branches

33

ACS GCI Pharmaceutical Roundtable

Development of a Solvent Guide

• During pharmaceutical process development solvent 

selection is key in determining the sustainability of future 

commercial production methods.

• Benchmarking has demonstrated that solvents contribute to 

>50% of materials used in manufacture of bulk active 

pharmaceutical ingredients. 

• Several individual member companies have developed 

solvent selection guides internally.

Org. Process Res. Dev., 2015, 19, 740

34
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Audience Challenge Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

• An additive to gasoline (petrol)

• As after-shave lotion

• To decaffeinate coffee

• A deep-cleaning detergent 

• All of the above

The toxicity of benzene is now well-known. However, 
which of the following is NOT a previous use of this 
solvent?

ACS GCI Pharmaceutical Roundtable

Common Themes Evolve….

• Worker Safety – including carcinogenicity, mutagenicity, reprotoxicity, 

skin absorption/sensitization and toxicity

• Process Safety – including flammability, potential for high emissions 

through high vapour pressure, static charge, potential for peroxide 

formation and odour issues

• Environmental and Regulatory Considerations – including ecotoxicity

and ground water contamination, potential EHS regulatory restrictions, 

ozone depletion potential, photoreactive potential. Compliance with 

regulations and company guidelines 

36
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ACS GCI Pharmaceutical Roundtable

Benefits of a Common Tool

• Delivery of a resource to all member companies enabling scientists to 

integrate green chemistry and engineering principles

• Validation of existing member company tools

• Potential resource saving if company specific tools do not need to be 

created or maintained

• Existence of a common tool will provide basis for influencing solvent 

manufacturers to develop greener alternatives and ensure holistic 

approach

• An educational tool, for example, at Green Chemistry student workshops

37

ACS GCI Pharmaceutical Roundtable

Initial Version of the Guide – Solvents Chosen

• First version of guide to be developed with limited number of solvents (63)

• Simple voting to establish the base group

– Include some solvents with obviously poor green profile e.g. benzene, carbon 

tetrachloride

– Include some new “green alternative” solvents e.g. cyclopentyl methyl ether, 2-

methyltetrahydrofuran

• 5 sub-categories defined for assessing and scoring solvents

– Safety

– Health

– Environment (Air impact)

– Environment (Water impact)

– Environment (Waste impact)

38
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ACS GCI Pharmaceutical Roundtable

Solvent Guide

39

ACS GCI Pharmaceutical Roundtable

The Numbers behind the Guide….

Similar worksheets exist for “Health” (reprotoxic, carcinogenic and 

mutagenic effects, toxicity, skin effects etc), “Environment (Air impact)”

(Volatility, Odour, ozone depletion Potential), “Environment (Water impact)”

(persistence, ecotoxicity, solubility, etc.), and “Environment (Waste)” 

(potential for incineration, potential for recycling). 

40



13/12/2017

21

ACS GCI Pharmaceutical Roundtable

Example for Safety Scoring…..

Flammability

Peroxide Formation

41

ACS GCI Pharmaceutical Roundtable

Alternatives for Chromatography…..

Green Chem., 2012, 14, 3016 and 3020
42
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ACS GCI Pharmaceutical Roundtable

https://www.acs.org/content/acs/en/greenchemistry/research-innovation/tools-for-green-

chemistry/medchem-tips-and-tricks.html

Purification Green Chromatography decision tree (Green Chem. 2014, 16, 4060)

Solvent GSK, Pfizer, Sanofi solvent guides

Alternatives to DMF and DCM in amide couplings

(Green Chem. 2012, 14, 596)

Reagents, Energy, Resources

MedChem Tips and Tricks

43

ACS GCI Pharmaceutical Roundtable

Why Do We Need A Reagent Guide ?

44

https://www.acs.org/content/acs/en/greenchemistry/research-innovation/tools-for-green-chemistry/medchem-tips-and-tricks.html
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Development of a Reagent Guide

Three Ideal Characteristics……

1) To provide a balanced assessment of chemical methods.

– Ability to work in good yield in a wide variety of “drug-like” molecules

– Ability to be utilized for “scale-up” purposes

– To be as “green as possible”. (worker safety, atom economy etc.)

2) To provide easy access to the chemical literature

3) To raise awareness of newer emerging “greener” methodologies

Dunn et al., Green Chem., 2008, 10, 31

45

ACS GCI Pharmaceutical Roundtable

Online at “reagentguides.com”

Name: reagent

Password: guide

46
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ACS GCI Pharmaceutical Roundtable

Sixteen Guides and Counting…..

Also….

Boc deprotection

Amide reduction

Bromination

Reductive amination

Metals removal

Buchwald-Hartwig

Iodination

Chlorination

Chiral Hydrogenation

Suzuki-Miyaura

Coming soon….

Fluorination

Amide bond formation

47

ACS GCI Pharmaceutical Roundtable

* Brief Intro to the Transformation Highlighting Common Approaches with 

General Reviews

48

Initially…..
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ACS GCI Pharmaceutical Roundtable

List of Reagents….

Two Categories in Terms of Depth of Coverage

Alternatively…..

49

ACS GCI Pharmaceutical Roundtable

Interpretation of Venn Diagrams

50
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ACS GCI Pharmaceutical Roundtable

Visual Depiction of Reagent Ranking

Greatest 

breadth of 

utility

Green 

Chemistry 

aligned

Easier to 

Scale up

Click on reagent for more information

Sweet Spot

51

Audience Challenge Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

• The reaction requires cryogenic temperatures

• To avoid the use of chlorinated solvents

• The odor of Me2S as a by-product

• The reaction liberates CO

• All of the above

Due to the cheap reagents involved, and it’s tolerance 
to a wide variety of functional groups, the Swern
oxidation was once widely used. Why do chemists 
tend to look for alternatives today?

Tetrahedron, 1978, 34, 1651.
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ACS GCI Pharmaceutical Roundtable

For Each Reagent…..

53

ACS GCI Pharmaceutical Roundtable

For Each Reagent…..

54



13/12/2017

28

ACS GCI Pharmaceutical Roundtable

For Each Reagent. Green Review.

55

ACS GCI Pharmaceutical Roundtable

Continuous Improvement/Feedback

www.reagentguides.com

Look for the 

comment 

sidebar on the 

reagent pages 

and contact 

page

56
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ACS GCI Pharmaceutical Roundtable

Thank you !!!

57

Paul.F.Richardson@pfizer.com

58

www.acs.org/acswebinars
Slides available now and an invitation to view the recording will be sent when available.

How to Sustainably Innovate Throughout the Life Cycle 
of Drug Research and Development

This ACS Webinar is co-produced by the ACS Green Chemistry Institute

Joe Fortunak
Professor of Chemistry, 

Howard UniversityPaul Richardson
Director of Discovery 

Chemistry, Pfizer

mailto:Paul.F.Richardson@pfizer.com
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www.gcande.org

http://bit.ly/GCIawards

Joseph Breen Memorial Fellowship 

($2,000) – Due February 16, 2018

Sponsors international and domestic students (undergraduate and 

above) based on estimated travel expenses, up to $2,000, for a green 

chemistry technical meeting, conference or training program (students 

are encouraged to consider the GC&E Conference).

Kenneth G. Hancock Memorial Award 

($1,000 cash and $1,000 travel stipend) – Due February 16, 2018

Sponsors international and domestic students (undergraduate and 

graduate), up to $2,000, for the GC&E Conference.

Student Research & Travel Awards
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Upcoming ACS Webinars
www.acs.org/acswebinars

61

Thursday, January 11, 2018

Painting a Brighter Future with Chemistry: Innovating with Higher 
Performing and More Sustainable Pre-composite Polymers

Jim Bohling, Dow Chemical Company

Stan Brownwell, Dow Chemical Company

Contact ACS Webinars ® at acswebinars@acs.org 

Thursday, January 18, 2018

Science-Based Carbon Reduction Targets: An Entry Ticket to 
Carbon-Based Business Benefits
Valerie Patrick, President, Fulcrum Connection

Bryan Tweedy, Manager, Office of Career and Professional Resources, ACS 

62

www.acs.org/acswebinars
Slides available now and an invitation to view the recording will be sent when available.

How to Sustainably Innovate Throughout the Life Cycle 
of Drug Research and Development

This ACS Webinar is co-produced by the ACS Green Chemistry Institute

Joe Fortunak
Professor of Chemistry, 

Howard UniversityPaul Richardson
Director of Discovery 

Chemistry, Pfizer
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“Thank you for the amazing 
resources and websites that I 
did not know were available 
to expand my knowledge of 
chemistry and other fields. 
This ACS Webinar also 
showed me a gap in chemical 
engineering with product 
design that will serve as a 
motivation and a variable to 
look out for as I progress in 
my education.”

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org 

How has ACS Webinars   
benefited you?

®

Emilio Villalobos, Student

http://bit.ly/acsGCIproduct

64

youtube.com/acswebinars

Search for “acswebinars” and connect!
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Benefits of ACS Membership 

http://bit.ly/benefitsACS

Chemical & Engineering News (C&EN) 
The preeminent weekly news source. 

NEW! Free Access to ACS Presentations on Demand® 
ACS Member only access to over 1,000 presentation 
recordings from recent ACS meetings and select events. 

NEW! ACS Career Navigator 
Your source for leadership development, professional 
education, career services, and much more.

66

ACS Webinars  does not endorse any products or 
services. The views expressed in this presentation are 
those of the presenter and do not necessarily reflect 
the views or policies of the American Chemical 
Society.

®

Contact ACS Webinars ® at acswebinars@acs.org 
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Upcoming ACS Webinars
www.acs.org/acswebinars
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Thursday, January 11, 2018

Painting a Brighter Future with Chemistry: Innovating with Higher 
Performing and More Sustainable Pre-composite Polymers

Jim Bohling, Dow Chemical Company

Stan Brownwell, Dow Chemical Company

Contact ACS Webinars ® at acswebinars@acs.org 

Thursday, January 18, 2018

Science-Based Carbon Reduction Targets: An Entry Ticket to 
Carbon-Based Business Benefits
Valerie Patrick, President, Fulcrum Connection

Bryan Tweedy, Manager, Office of Career and Professional Resources, ACS 


