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1. API sustainability challenges
2. Education materials
3. Share best practices

4. Engage regulatory agencies
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1. Inform and Influence Research Agenda to Focus on
Green / Sustainable Chemistry and Engineering

2. Define and Deliver Tools to Enable GC Innovation
3. Promote Education and Training in Pharma

4. Expand Global Collaboration among Sector Companies
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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.

Noyori - “...green chemistry is not just a catchphrase. Itis an
indispensable principle of chemical research that will sustain
AVOID WASTE our civilized society in the twenty-first century and further
into the future.”*!

/
CATALYTIC
NON-TOXIC

4

GREEN Tucker — “...a privileged opportunity for innovation”
ENVIRONMENTALLY . . . s
representing “an emerging new frontier of exploration.”*?2

CEIFVIRY | FrenoLy

ATOM EFFICIENT
-

If industry focusses on developing the best
chemistry, then almost always this leads to the
lowest costs and greenest processes.

SUSTAINABLE 1
ENERGY EFFICIENT

*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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(Economic Capital) Create economic value (Human Capital)

for society i
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1 Provide labor e
for industry
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Recover and
recycle waste

industry

waste cost

society and environment
affordable drugs

Invest in
environmental
protection and
restoration

Degrades
environment

&

Provide ecological
amenities for enjoyment by
society

Provide ecological
goods for industry

lower environmental impact

Environment
(Natural Capital)

The pharmaceutical industry will achieve sustainability if it balances social,
environmental, and economic needs of global societies across generations. It is
privileged to help patients, do great science, and minimize impact on our planet.
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1962 Carson — “Silent Spring” (pesticides €= pollution). Environmental accidents.

1977 Kletz — “What you don’t have, can’t leak.” = inherently safe processes

1991 Trost measured synthetic efficiency with Atom Economy (AE)

1992 Sheldon introduced environmental impact factor (E factor)

1995 President Clinton introduced EPA’s Presidential Green Chemical Challenge Awards
1997 Green Chemistry Institute (GCl) was launched by industry, academia, and government

1998 Anastas and Warner - “Green Chemistry: Theory and Practice”. Twelve Principles of Green
Chemistry

1999 Clark established first journal dedicated to sustainable chemistry titled “Green Chemistry”
(2014 impact factor 8.02)

Green Chemistry

2001 ACS incorporated GCI

2003 Anastas and Zimmerman — “Twelve Principles of Green Engineering ”

2010 IQ consortium on green chemistry was chartered
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12. Inherently 1. Prevent

Measure process parameters Benign Waste 5 Atom Measure
and emissions Chemistry for R —— inherent process safety
Accident
Prevention
11. Real-Time 3 Less
Analysis for Haz.ardous
Pollution Svnthesis
Prevention y
Measure 10. Design for \\ clg Caenign Measure
degradation potential Degradation U il toxicity of all materials
; 5. Benign
9. Catalysis (vs. SoIventsgand
Stoichiometric) Auxiliaries
) Measyre 3. Reduce 6. Energy Measure
life cycle impact Derivatives 7. Use of =fficiency Energy
Fienewable
Feedstock
Measure chemistry and Measure
process efficiency resource usage

ACS “Green Chemistry Pocket Guides.” Available from: http://www.acs.org/content/acs/en/greenchemistry/what-is-green-

chemistry/principles/green-chemistry-pocket-guides.html
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Integrate green chemistry throughout the life cycle of drug research,
development and manufacture

RESEARCH DEVELOPMENT LIFE CYCLE

Decision to submit
regulatory dossier

Decision to proceed
with full development

Decision on
product candidate

Decision
on target

% PHASE O PHASE 1 - PHASE 2 PHASE 3 PHASE 4
Decision on Decision to Decision
lead compounds proceed with to launch
pivotal trials
and commer-
cialization plan
PRE-PGC PROOF OF CONCEPT POST-POC
+ Passionate Drivers (POC) = Passionate Drivers
« Open Debate » Commitment
- « Convergence

« “Killer” Experiments
* Courageous Decisions * Speed to Market /
Global Launches

Early awareness can deliver large paybacks later
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Year Awardee Description of the Technology Category
2012 Codexis, Professor Yi | Simvastatin, a leading drug for treating high cholesterol, Greener Synthetic
Tang (UCLA) manufactured from a natural product using an engineered enzyme Pathways
and a practical, low-cost feedstock
2010 Merck, Codexis Sitagliptin, the active ingredient in Januvia™, a treatment for type 2 | Greener Reaction
diabetes, manufactured using an evolved, highly stereoselective Conditions
transaminase
2006 Codexis The key chiral building block for atorvastatin calcium (the active Greener Reaction
ingredient in Lipitor® used to lower cholesterol) synthesized by Conditions
three biocatalysts greatly improved by directed evolution
2006 Merck Sitagliptin, the active ingredient in Januvia™, used to treat type 2 Greener Synthetic
diabetes, made by a novel green synthesis for B-amino acids Pathways
2005 Merck Aprepitant, the active ingredient in Emend®, used to treat Greener Synthetic
chemotherapy-induced nausea and vomiting, made by a Pathways
convergent, highly atom-economical safer synthesis that also saves
water
2004 Bristol-Myers Paclitaxel, the active ingredient in Taxol®, used to treat ovarian and | Greener Synthetic
Squibb breast cancer, synthesized by plant cell fermentation Pathways
2002 Pfizer Sertraline, the active ingredient in Zoloft®, used to treat depression, | Greener Synthetic
synthesized by a process that eliminates waste, reduces solvents, Pathways
and doubles overall product yield
2000 Roche Colorado Ganciclovir, the active ingredient in Cytovene®, a potent antiviral Greener Synthetic
(now CordenPharma | agent, synthesized by the Guanine Triester Process, eliminates two Pathways
Colorado) hazardous solid waste streams and 11 chemicals
1999 Lilly Research A drug candidate for the treatment of epilepsy, synthesized by a Greener Synthetic
Laboratories process including a yeast-mediated asymmetric reaction that Pathways
eliminates chromium waste and large volumes of solvent
1997 BHC Company (now | Ibuprofen, the active ingredient in Advil™, Motrin™, and other over- | Greener Synthetic
BASF) the-counter pain relievers, synthesized in three catalytic steps with Pathways
virtually no wasted atoms
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| Green Chemistry Barriers inthe Pharmaceutical Industry:
try

Short Development Cycle
Limited Patent Life

Product Quality

Regulatory Requirements

Lack of Unified Metrics

High Cost of Development

High Project Attrition V

<
i(l published article in Chemistry & Engineering News
(March 24, 2014) about meeting with FDA in 2012 on
“Regulatory Strategies to Enable Green Chemistry” (2"
generation greener processes, pre-NDA green chemistry)

Roschangar, F.; Sheldon, R.A.; Senanayake, C.H. "Overcoming barriers to green chemistry in the pharmaceutical industry — the
Green Aspiration Level™ concept"”, Green Chem. 2015, 17, 752-768.
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* \We measure what we care about &> we care about what we measure

e Standardize measurement of chemical process greenness
* Proper choice of metrics is critical for ‘behavior of system’

* Green metrics correlate to process economics*?

Considerations
* Proliferation of green chemistry metrics*? /

e Chemical Terminology

* Direct vs. indirect process materials (Life Cycle Assessment / LCA)
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* How to create the best possible synthesis?

b b

* 1956 Woodward introduced concept of synthetic design**

* 1990 Corey won Nobel Prize for introducing retrosynthesis tool*?

* Considering waste -

* 1991 Trost measured synthetic efficiency with Atom Economy (AE).*3 Received Presidential Green
Chemistry Award for contribution in 1998.

* 1992 Sheldon introduced environmental impact factor (E-factor)**

* 1991 Tellus Institute (EPA) and NJ Dept. of Environmental Protection began development of Total Cost
Assessment Tool (TCA) for industry*>

* 1995 Heaton outlined economic (COGS, OPEX, CAPEX), technical (plant capacity, utilization, throughput,
process variability and robustness, product quality), and social criteria (benefit of product to society,
environmental impact) for viable pharmaceutical manufacturing processes*®

*1 Woodward, R.B. “Perspectives in Organic Chemistry.” (Ed.) Todd, A.. Interscience, 1956, p. 155-184.
*2 Corey, E.J.; Cheng, X.-M. “The Logic of Chemical Synthesis.” Wiley, 1989.
*3 Trost, B.M. “The atom economy--a search for synthetic efficiency.” Science 1991, 254 (5037), 1471-1477.

*4 Sheldon, R.A. “Organic synthesis; past, present and future.” Chem. Ind. (London) 1992, 903-906. [ J
*5 Tellus Institute “Alternative Approaches to the Financial Evaluation of Industrial Pollution Prevention Instruments.” Boston,
MA, 1991.

*6 Heaton, C.A. “An Introduction to Industrial Chemistry.” Blackie Academic and Professional (Springer), 1995. ISBN-10:
0751402729.
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Raw

Materials * Raw material strategy
/ *  Process design

* Process energy requirements

<
!<

NA

* Resource efficiency parameters

Environment Process P
Green * Hazards classification parameters
Chemistry & ] *  Process safety
Sustainability \ *  Environmental impact

\

* Raw materials strategy and supply chain are paramount for the design of a green and sustainable
manufacturing process

- Today’s focus

In addition to cost, we need to consider raw material manufacture and associated waste generation,
toxicity, and hazard. More on this later...




Metrics
.

\
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) ) Consideration for
Common Green Chemistry Common Unit of R
. . . . Optimum Value Inventor
Process Metrics Abbreviation | Measure Waste? Yield? Stoichiometry? Solvents? Water?
Chemical Yield cY % 0 e o 0 0 100%
Atom Economy AE % Q Q Q Q (% ] 100% Trost (1991)
Environmental Impact Factor E-Factor 0 ° 0 @ 0 0 Sheldon (1992)
- - - R Constable, Curzons
M Intensit Mi 1
ass Intensity 0 0 u e o (2001)
Process Mass Intensity PMI e u e e 0 1 Pharmaceutical
Roundtable (2007)
Process Mass Efficiency PME % (V] (V] (V] (V] (V] 100%  |EPA & Hanson (2006)
; - - ) Constable, C
Mass Productivity MP % 0 e e “ 0 100% (Z%rg)sl; e, Lurzons
- - - Constable, C
Reaction Mass Efficiency RME % 0 ° 0 o o 100% (Z%r:l; &, Lurzons
Effective Mass Yield EMY % 0 0 0 (% ] (% ] 100% Hudlicky (1999)
Reaction Mass Intensity RMI ” 0 6 o 0 1 Senanayake (2012)
- - - C table, C
Carbon Efficiency CE 9% Q Q Q [ ) [ ) 100% (2%?:1)3 e, Lurzons
. - 3 Constable, Curzons
Solvent Intensity Sl e o o @ 0 0 (2001)
Constable, C
Wastewater Intensity Wwi a o o o 0 0 (Z%V(I)Sl;l e, Curzons

Roschangar, F.; Sheldon, R.A.; Senanayake, C.H. "Overcoming barriers to green chemistry in the pharmaceutical industry — the
Green Aspiration Level™ concept", Green Chem. 2015, 17, 752-768. Note: input materials = all used materials except water.
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Example: Pfizer’s Viagra™ manufacturing process:*?!

Wt

AT

2003 UK Institute of Chemical Engineers (IChemE)
Crystal Faraday Award for Green Chemical Technology

Me Step 2 Me Step 3a Me Step 3b
/ / /
N N N
" | N SOCk i | N Ha e | N col
O,N cat. DMF O,N Pd/C HoN EtOAc
toluene, A; EtOAc 90%
aq. NH3 100%
20
1 92% 2 L 3 _
OEt
n Step 1b
Step 1a OEt HIN /\ ° COH
OEt k/ N
co CISOsH COH | 6 “Me
2 - .
SOCl, water, 25°C; 0,8
250C neutralization >N /\
91% 023\C| 86% k/N\
= - Me
4 5 7

HoN

OEt HN

B

Awards
for innovation
and excellence

10

A Highly Commended

sildenafil

citric acid
Step 5 2-butanone
99%

sildenafil citrate

o
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CY is productivity of a step relative to isolated step product

m(Product) X MW (Raw Material) X 100 1 X 166.18 X 100 limiting reactant is 2-
= = 0

Step 1 Viagra: Y = = = 789 o
P g ¢ m(Raw Material) x MW (Product) 0.649 x 328.38 78 ethoxybenzoic acid (4)

e CYP < raw material-derived waste {4,

» Step and process yields = importance of synthetic convergence

Linear Synthesis

80% 80% 80%
A—"> B —2> C —2> Product Overall Yield = 80% x 80% x 80% = 51%

Convergent Synthesis

0,
A 80%
80% )
Product Overall Yield = 80% x 80% = 64%
80%
D

—

* Due to CY considerations, costly materials are introduced late in processes
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2. Atom 8. Reduce

Econom Derivatives

5T 2

AE aimed at addressing waste more effectively than CY

* Measures how many atoms of the raw materials are transferred to the product

MW (Product) x 100 328.38 x 100

Step 1 Viagra: = =
P g AE > MW (Raw Materials) + Y, MW (Reagents) (166.18 + 116.52 + 100.16) + (118.97)

=65%

* We can have a process with 100% CY that produces more waste than product,
e.g. first commercial phenol process
PhSOsNa + 2 NaoH —99C,  phoNa + NaySO; + H,0
MW 180.15 MW 40.00 MW 116.09 MW 126.04 MW 18.02

* Emphasizes disadvantages of high MW protecting groups, auxiliaries, and
reagents
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E factor expands AE concept by measuring total waste relative to product

High E factor indicates more waste generation and negative environmental
impact. Ideal E factoris O.

Waste defined as “anything that is not the desired product”, but water was
excluded*!

If solvent losses unknown, assume 90% recycling*?

. Y. m(Input Materials) — m(Product) (3.357 + 0.466) — 1.000 kg
: - = = = 2.82—
Step 1 Viagra E — Factor m(Produch) 1000 kg

Current trend in pharmaceutical industry is towards including water in analysis

1. Prevent




PR AR

» Typical E factors for various segments of the chemical and allied industries*?

Industry Segment Annual Product |E-Factor (kg waste| Total Annual e i Years of
o. of Steps
(Examples) Tonnage (each) / kg product) Waste Tonnage . Development
Petrochemicals (solvents, 1,000,000 —
(solv ~0.1 10,000,000 ‘Separations’ 100+
detergents) 100,000,000 *2
Bulk Chemicals (plastics,
10,000 - 1,000,000 <1-5 5,000,000 1-2 10-50
polymers)
Fine Chemicals (coatings,
electronic parts,
] 100 - 10,000 5 — >50 500,000 3-4 4-7
pharmaceutical raw
materials)
Pharmaceuticals
(antibiotics, drugs, 10-1,000 25 - >100 100,000 6+ 3-5
vaccines)

High waste burden for pharmaceutical industry
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1. Prevent

T2 HEHEZ(PMI)

PMI*! and Process Mass Efficiency (PME = 100/PMI) were introduced by EPA and
ACS GCI PR in 2006 and 2007 as extension to Ml and MP

* Most comprehensive process metric

* Considers all materials including water and workup chemicals

. Y. m(Input Materials incl. Process Water) 3.357 + 0.466 + 18.299 kg
Step 1 Viagra: PMI = = =22.1—
m(Product) 1.000 kg

m(Product) x 100 1.000 x 100

- : = = 4.5%
> m(Input Materials incl. Process Water) 3.357 + 0.466 + 18.299 °

PME =
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PMI [kg Materials/kg API]

TS
.

1600

1400

1200

1000

800

600

400

200

1405

Preclinical

I\

I RHE L (PMI)

ACS GCI compiled industry waste data for pharmaceutical manufacturing across
development and commercial in 2007 and 2008*1-3

PMI improves over the course of

183

Phase 1 Phase 2 Phase 3

development, trending downward with
each advancing development phase

168

Commercial

ACS GCI PR availed free Excel

PMI calculator*?

1. Prevent

M Other, 6%

M Raw Materials;
8% <

Solvents and water make
up 86% of process waste

M Water, 28%

M Solvents, 58% ( J
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T2 RHE L (PMI) 4 25

Increasingly
comprehensive

* Process Mass Intensity (PMI) [kg/kg]
* Process Mass Efficiency (PME) [%]

Water

« E factor [kg/kg]
SOIVentS » Mass Intensity (MI) [kg/ke}

* Mass Productivity (MP) [%]

Upside-down waterfall diagram
relates green process metrics to
considered process material
types*!

« Reaction Mass Intensity (RMI) [kg/kg]

Reagents « Effective Mass Yield (EMY) [%]

» Reaction Mass Efficiency (RME) [%]
* Atom Economy (AE) [%]

Raw Materials « Chemical Yield (CY) [%]

» Carbon Efficiency (CE) [%]

Drug Substance

Summary of Metrics Results for Step 1 of the Commercial Viagra™ Process.*?!

- Metric becoming increasingly comprehensive >

Metric | CY SI | WWI | AE E CE | RME | EMY | RMI | MP MI | PME | PMI
factor
Result | 78% 0 183 | 65% | 282 | 56% | 30% | 26% | 382 | 26% | 382 | 45% | 221
kg/kg | kg/kg kg/kg kg/kg kg/kg kg/kg
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Complete E factor (cEF).*!

* consistent application for total waste
* CEFI contributions are additive to calculate process cEF

* reactor cleaning and solvent recycling are excluded

cEF analyzes total waste stream during process development of a selected route

Simple E factor (sEF) discounts water and solvents

Y m(Raw Materials) + ¥ m{Reagents) — m(Product)

simple E factor = sEF = m(Product)

Y m(Raw Materials) + ¥ m(Reagents) + ¥ m(Solvents) + ¥ m(Water) — m{Product)

complete E factor = cEF = m(Product)

)

*1 Roschangar, F.; Sheldon, R.A.; Senanayake, C.H. "Overcoming barriers to green chemistry in the pharmaceutical industry — the
Green Aspiration Level™ concept", Green Chem. 2015, 17, 752-768.
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Sustainable
Metals

Option

Waste

‘ ‘ Reagent
Treatment :

y Selection

Carbon | Solvent
Footprint  J/ Selection)

Process “Ideality”

B

Sustainable Supply Chain

afs

Materials Suppliers
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Abfrinable
1) plethora of process waste metrics
2) inconsistent Measure/consideration of intrinsic raw L Toma- wffl

material waste (process starting points)
3) no consideration for APl complexity and process ideality

4) -> absence of “SMART” green process goals

2 e 2. Assess process “ideality”

Consider molecular
complexity

1. Define starting points E—

OEt

N
N
CO,H
sildenafil citrate
4

0

*1 Roschangar, F.; Sheldon, R.A.; Senanayake, C.H. "Overcoming barriers to green chemistry in the pharmaceutical industry — the
Green Aspiration Level™ concept", Green Chem. 2015, 17, 752-768.
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Proposed standardized raw material starting point concept:

* raw material is commercially available from reputable catalog company, AND
» cost at its largest offered quantity does not exceed $100/mol

Sub-process for Viagra’s 1-methyl-4-nitro-3-propyl-1H-pyrazole-5-carboxylic acid (1)

Step S1 Step S2 16) Step S3 Step S4 (0] Me Step S5

o 0 Ny O Me /
EtOW)J\OEt NaOEt _ O NHNH, EtO N Me;SO;s g0 N aq.NaoH 1O N, HNO,
| . o T~ | N - — | N o N
o o 92% AcOH 90°C / 71%
A1 7 76% 0%
:<\\ A3 A4 A5 A6

Not available from Sigma-Aldrich = complex raw
material = need to consider intrinsic waste (cEF or

How much waste did we miss? PMI)

» compound 1 has an intrinsic cEF of 83 kg/kg

* 0.4 kg of 1 needed to make 1 kg Viagra

* cEF contribution of 1 is 35.1 kg/kg = we neglected (35.1-0.4=) 34.7 kg/kg intrinsic waste
» > cEF for Viagra process jumps from 50.3 to 85.5 kg/kg.

3

CEF = complete E factor. sEF =simple E factor. PMI = Process Mass Intensity = cEF + 1.
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A

Complete’ Commercial Viagra™ Process

g Ji% t& @* @A = Construction Reaction

| 3 o \oN SRR = Strategic Redox Reaction
o= c COzH COQH 8 " sildenafil CS = ConCESSion Step

COH

I
9
U)
Z
Z
=4
B

Step 5 \ CR

4 7 sildenafil citrate

Step S1 Step S2 Step S3 Step S4 Step S5

R

Complexity = YWideality x total no.of reactions

complexity (Viagra) = 10+1= 11

= no.of construction reactions

%ideality (Viagra) = (10+1)/12 = 92% + no.of strategic redox reactions *2

Uwideality *1

no.of construction reactions + no.of strategic redox reactions

total no.of reactions

*1 Gaich, T.; Baran, P.S. “Aiming for the Ideal Synthesis.” J. Org. Chem. 2010, 75, 4657-4673.

*2 Roschangar, F.; Sheldon, R.A.; Senanayake, C.H. "Overcoming barriers to green chemistry in the pharmaceutical industry — the
Green Aspiration Level™ concept", Green Chem. 2015, 17, 752-768.
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we have plenty of measures, but had no common green efficiency goal for an
API manufacturing processes

can we measure our process against a common GC goal? @J

how? utilize 2007-08 ACS GCI PR process analysis
Process waste (kg/kg API) @

Phase | 308 307| 3,89 e

R/

Commercial 168 167 o es.,,,m,,uo*"

cEF = PMI — 1

we assume an average process complexity of 9

Process waste goal per step (kg/kg API)

Phase | 34 tGAL = PMIOTCE‘: _
Commercial 19 Average Complexity
*1 Roschangar, F.; Sheldon, R.A.; Senanayake, C.H. "Overcoming barriers to green chemistry in the pharmaceutical industry — the [ J
Green Aspiration Level™ concept", Green Chem. 2015, 17, 752-768.

GAL = Green Aspiration Level
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very easy — just two calculations:

1) determine complexity and calculate GAL

Complexity (Viagra) = 11

GAL = tGAL x Complexity
with tGAL(commercial) = 19 kg/kg

® GAL (Pradaxa) = 209 kg/kg

process E factor or PMI goal

2) determine process cEF and calculate RPG

Relative Process Greeness (RPG): GAL
green status of synthetic process relative RPG = ——
to its aspiration level cEF

cEF (Pradaxa) = 86 kg/kg
RPG (Pradaxa) = 243%

GAL = Green Aspiration Level. cEF = complete E factor. RPG = Relative Process Greenness.
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* closely collaborate within ACS GCI PR and IQ Green Chemistry working i()

group m
0,3 glz:ﬁ:istry

we o iy
?l{," lnstltute‘é‘

* integrate Green Aspiration Level as first green process goal "

4, o
eurica, wo¥

v" remove ambiguity around process starting points
v consider process complexity
v allows simple measure of Relative Process Greenness (RPG) vs. industry

e currently 8 pharmaceutical firms collect process waste data with plan
to publish follow-on paper and propose GAL as industry metric of choice
(e.g. use for project goals, green chemistry awards)

j
een

* use GAL and RPG as communication tool to upper management to
Aspiratio

showcase value-added of manufacturing departments to the business

e use GAL and RPG as communication means to show value-added to society
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Introduction to solvents and related generated waste

Guidance on Solvent Selection and potential impact
* Examples
* Methodology of solvent selection

Examples of replacing methylene chloride in chromatography

Replacing DCM and DMF in amidation/red. amination

Take home message
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* Solvents — a substance usually a liquid, capable of dissolving or
dispersing another substance

Some common classes of solvents

Solvent Class Example
Alkanes Hexane
Aromatics Toluene

Alcohols Ethanol

Ethers Diethyl ether
Polar aprotic Acetonitrile
Chlorinated Dichloromethane
Ketones Acetone

Acids Acetic acid
Bases Pyridine
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Why do we use organic solvents What are greener alternatives
* Mixing (mass * Neat — no solvent!
transport/phases) * Solid phase reactions

* Selectivity

Water - depends
* Reaction rate

Compressed gases
* Scalability

Supercritical fluids
« Safety — (exotherm control)

* |solation
* Cleaning




B T ST FE

=l

(73 i, Wi/ 4F)

Graphic industry - 85,988

Paint manufacturers - 62,367

Manufacture of organic base chemicals - 13,421
Chemicals (incl. pharmaceuticals) - 12 616

Plastic and plastic goods industry - 12,972
Manufacture of metal goods - 11,978

Manufacture of wood goods (not furniture) - 9,874
Construction - 8,749

Food industry - 4,997

Pulp and paper industry - 4,825

Source: Keml's Products Register 2010




fill 24 b BRI 2 0 T Z ) 5

* Solvent and water contribute
>80% to the process mass
intensity PMI

* PMI=100
* 1 kg of APl needs 100 kg of
materials

* Solvents and water represent
> 80% of these

* Emphasizes need for research
to reduce the use and hazard
of the solvent

C. Jimenez-Gonzalez et al, OPRD, 2011, 15, 912.

Source: 2008 ACS Green Chemistry Institute Pharmaceutical
Roundtable benchmarking exercise of 10 member companies
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75751]- VOCs
(235 KAL)

* Active Pharmaceutical Ingredient Manufacture

Waste stream: 60-70% consist of solvents
Energy usage: ~75% attributed to solvent

Photochemical ozone creation potential: 70% attributed to
solvents

Greenhouse gases: 50% attributed to solvents
Cost: 10-40% is attributed to solvents

* Cleaning

30-40% total VOC solvent use in pharmaceutical plant is used in
cleaning! A 4,000L reactor uses how much solvent in a traditional
cleaning process?

~5,000L
Constable, D.J.C. “Solvent
Clean Tech. Environ. Policy 2005, 7, 41 Considerations in Green Chemistry.”
EPSCR START 2005 ACS GCI IGCW-1800 seminar,

Green Chem. 2002, 4,521 December 2013.

-
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* Harmful effects on
* Human health e.g. 1,2-Dichloroethane and DIMF
* Natural ecosystems e.g. Hexanes

* Damage to materials e.g. acids

Stratospheric ozone depletion e.g. carbon tetrachloride,
methyl bromide, Freon 22

Global Climate change
Odour e.g. amines — pyridine, triethylamine, DMS

Many Controls are in place

- Releases to air and Solvent Emission Directive (SED)

- Releases to water and the Water Framework Directive (WFD)
- REACH — Registration, Evaluation, Authorization and Restriction of Chemicals [ J

- Montreal Protocol
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* |nert under reaction conditions

* Chemistry must work

* |solation/work-up/crystallisation
 Safety and operability

* Human health issues

* Can the solvent be recovered/recycled?
» Can wastes be incinerated/treated?

* Environment and legislation compliance
* Overall cost burden to final product
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* Criteria for a green solvent % o
* From renewable feedstock e
* Low energy demand @ TIDMF
 Biodegradable E‘:::
* Not soluble in water

* No VOCs (BP not too low)
* Easy to recycle: BP not too higl

® Criteria for a safe solvent
- Stability @
* Low flammability (high FP)

» Moderate toxicity

d

50 100 150 200 250 300
Energy, MJ/kg

o

P. G. Jessop, Green Chem,
2011, 13, 1391.




Costs Iincrease,
no longer
acceptable just
to incinerate all
waste

Likelihood of success
Increases If issues
addressed earlier in
the Development
Chain
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3501
3001
250
200

PMI

150 1
100

API = Active
Pharmaceutical 50
Ingredient

O_

Route 1 Route 2

Route 1 :7 steps, Route 2 : 3 steps

Reduce steps, reduce solvent, reduce # of isolations
(also cost of molecule drops by 80%!)
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6.3m3 reactor — detergent/water cleaning

Reduces solvent use 60-90%!

(previously 5,000-10,000 litres acetone used)

~

b

G

50
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Auto Ignition
Temperature

Azeotrope with H,O?
Melting Point

Elect”cal ‘IIIIIIIIIIIIII.‘
Conductivity* Ji NFPA Fire Rating Key:
RLLLEREELLLLLLEEE LN Flash Point : AC|d|ty : Waste
* NO,/SO,/Acid Emissions | "Peroxide Formation® s """ Incineration
= . = - ) n o = Recyclin
= Enthalpy of Combustion E Boiling Point "."S.e.lt-.R.e.a.c.tl.\/.lt.y. -’; Biot);'eatﬁlent
- & m===== VOC Emissions
... et solubiity | Protochemical Ozone | Enironment:
. Vapor Pressure “ Creation Potential* (POCP) quatic Impact
Theoretical Oxygen odor Threshold Air Impact
Demand (ThOD) or 1hresno Health:
— — i ——— Health Hazards
Regulatory Limit Values l’ ‘\ =  Exposure
Occupational Exposure I Safety:
Limit (OEL)* : GHS Hazard Phrasesj — Flammability &
i Explosion
: Aquatic Toxicity | «eees Reactivity
i Log Kow :
\ Biodegradabilit

*This data point includes a particularly large number of data gaps.
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The definition of a green solvent is not straightforward

Some criteria are contradictory

There is no universal metrics set to compare the greenness
criteria

Some companies/ institutions have edited solvent selection
guides in order to help chemists in their choice

* Occupational health

» Safety (Flash point, resistivity, peroxides,...)

* Environment

* Industrial & regulation issues

These guides reflect their policy and culture

* Local constraints

* Accidents

* Habits




R
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e * New format emphasizes
spectrum of green chemistry
assessments

* Ease of comparison both
within a solvent class and

(78°C) =

2-Propanol i °
o e Dimethyi across multiple classes
t.Butanol isosorbide* || pyiso

- e R » Highlight those solvents with
ketone (177°C)

e, e significant
ALIEET Acetone MeCN
(65°C) e 82°C . . .
e T | rouene . o * Reverse side of guide provides

11°0) | s

o [ e more detailed scoring
Cyclo- I cpye

Hovane || - CEME information

@0 N 2.meTHF

TBME
Diisopropyl
ether
Pyridine | Lavane
THF
1,4-Dioxane = '
Diethyl
P;‘;?,—:;.m :;::‘EE' Major
TFA* Benzene [ Ml [ssues

* The scoring assessment for this solvent includes 3 or more data gaps, therefore For more details on GSK intranet, see:
there is a lower level of confidence in the soivent's placement on this guide. S DIVEH!'_I_J'UJdE.QSk. com
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Classification Solvent Name CAS Number oy & K S O I e t
22 GS ven
&
Water 7732-185 00 S t s b" I "'t
Water & Acids Acetic Acid 64-19-7 u s a I n a I I y
Trﬁ' yorogcetic acig™ 76-05-1
1-Heptanol 111-70-6 ™
Ethylene glycol 107-21-1 | 4 | G d
1-Octanel 111-87-5 u l e
1-Butanol 71-36-3 6
1-Propancl 71-23-8 5
Alcohols Ethanol 64-175 5
2-Propancl| E67-63-0 5
t-Butanol 75-65-0 5
IM5 (ethanol, denatured) 654-17-5 5 ) .
Methanal 67561 rl For more details, at GSK internally, see:
I
Isobutyl acetate 110-18-0 7 | 6 | H
o aermte e —1; | solventguide.gsk.com
Esters Isopropyl acetate 108-21-4 [ 83 | s [ 5 ]
P e ——— | Column Headings Coleur e
Propylene carbonate* 108-32-7 4 Waste
Carbonates Diethyl carbonate* 105-58-8 N
Dimethyl carbonate 516-35-6 [ o1 | 2 | Environment
Cyclopentanone * 130-92-3 | 5 ] | 5 |
Ketones Methylisobutyl ketone 108-10-1 7 7 Human Health
Methylethyl ketone 78-93-3 5 | 1 ] 5
Acetone 67-64-1 5 [ 6 | 4 7 Safety
Anisole 100-66-3 | 5 | 7 7 5
p-xylene 106-42-3 Fi 5 7 .
p-Cymene® 90875 & Composite Colour Ke
Aromatics Toluene 108-88-3 5 7 Few Known lssues
Trifluoratoluene 98-08-8 4
Pyridine 110-86-1 [ 4| Some Known lssues
Benzene 71-43-2 [ 5 | 7
Isooctane * 540-84-1 [ 5 | 7 Major Known lssues
Heptane 142-82-5 Bl | 5 | 7
Hydrocarbons Cyclochexane 110-82-7 “ n 7
Hexane 110-54-3 [ 4 | [ 5 | [ 2 | 7
Petroleum spirits* 8032-32-4 | 5 | [ 4 | [ 5 ] [ 5 | 7 *The scoring assessment for this
Dimethyl isosorbide* 5306-85-4 [ 4 | [ 6 | 4 | solvent includes 3 or more data gaps,
Cyclopentyl methyl Ether_ 5614-37-9 [ 6 | 4 | & | ﬂ 4 therefore there is a lower level of
i—:ﬂ;;hmwer;tr‘:?z:ﬁfumn 122;4;3 n 2 s | . ; : i s | I confidence in the solvent’s placement
Ethers Diisopropyl ether 108-20-3 [ 5 | 5 4 6 | 4 | on this guide.
Tetrahydrafuran 109-95-9 5 7 4 4 . .
1,4 Dioxane 123911 [ 6 | N 2 3 *A blank value for Life Cycle Analysis
Diethyl ether 60-29-7 n 3 (LcA) indicates that this data is
1.2-Dimethoxyethane 110714 [ 2 | I 7 currently not available.
Dimethyl sulphoxide 67-68-5 [ 4 § 4 | | 6 | 6 4
. . Acetonitrile 75058 4| 6| 4 *The composite colour represents 35
Dipolar Aprotics | N-Methyl pyrrolidone 872-50-4 | 6 | 4 - -
N N-Dimethyl acetamide 137155 % | overall categorization of the hoistic
—— - sustainability of a solvent, taking all
N.N-Dimethylformamide | 68-12-2 [ & | |3 | [ 6 | 7 ty of : ] B
Dichloromethane — 75-00-2 4 | 5 | EE 7 category scores into consideration.
chiorinated 1,2-Dichloroethane 107062 [ 7| N 7
Chloroform 67-66-3 | s | 2 6 Last Updated: February 3, 2016
Carban tetrachloride 56-23-5 7 5 4 4 4 7
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\\/;—‘—; i A X l: %h"m;,p_\.l""“& ACS GCI Pharmaceutical Roundtable Solvent Selection Guide

all D A} Version 2.0 Issued April 1, 2011
—a Www.acs.org/gcipharmaroundtable
Substance Information 1 Scoring Information
[COTSIT CIaEs [ SolvalT Hame. RS ROMGaT Tala Heakn Env |4l Env (Vats
LEH FCETE ACD e :
Aod ACETIC ANHYDRIDE 108-24-7 E
A FORMIC ACID E4-155 5
ACi METHANE SULPHONIC ACID TETe2 B
Ao PROFIONIC ACID 7E-05-4 B
Eohol TEUTANGL s T
AkThol T-PROPANGL s E
ARThol [Z-BUTANGL TE-EaT B
ARThol [Z-METHOXYE THAMCL 105662 5
ARThol BENZYL ALCOHOL 100-515 4
ARThol ETHANOL E2-17-5 5
Ricthol ETHYLENE GLYGOL 107-21-1 & |
Ricthol ISCAMYL ALCGHOL 123613 B
. Ricthol ISCEUTANDL FEE1 3
Rlcthol [SCPROPYL ALCOHOL [IPA) 7620 E
ACS GCI Pharmaceutical e s
AKThol T-EUTANGL [TEE5T T
. . Bromaii BENZENE 1452 E &
Bromai TOLUENE 108-86-3 E 5
Roundtable guide available —c s ——
Ease [TRIETHY LAMINE [TEA] 121-24-8 5 T
[OTpoler apronc. JACET GHITHILE TETEE T 7
Dipolar aprofic__ |DIMETHYL ACETAMIDE [DMAC) 127-195 7
re e O C a rge Tipalar apreic |OMETHYL SULFORIDE [DWS0] EESE S T
Dipolar aprofic [N N-OIME THYLFORMAMIDE [OMF) EE-12-2
Dipolar aprofic__ [N-ME THYL-2-F Y RRCLICONE [NNF] 72504 & |
. Dipolar aprotic | DIMETHYLIMIDAZOLIDINGNE B0-73-
Dipolar aprotic  |N-ETHYLEYRROLIDOGNE (NES) 2857014 |
* Considers safety, health and e o e
i pOlar aprone . [TET rAME T HTLUREA [z
. . =EE DTMETAYL CANGONATE (]
Ester ETHYL ACETATE [ETOAC) 141-764% B
environmental im pact of = T = -
Ester ISCPROPYL ACETATE [IPAC) 08214 E
Ester METHYL ACETATE 7520 E 3
Ester METHYL FORMATE 107-31-3 T 3
SO Ve nts = N-EUTTL ACETATE 123662 B [3
|Effer 1.2-DIMETHORYETHANE [DME| Tio712 E
Efher 1,2 DIOXANE 123-51-1 & | 3
. Efher 2-METHORYETHYL ETHER [DIGLYME] T11-%65 - 7
Efher ANISOLE T00-E6-3 [
* www.acs.org/gcipharmaroun e Lmas S :
Efher METHYL TERT-BUTYL ETHER [MTBE] 1634044
Efher TETRAHYDROFURAN [THF ] 103-55-3 5 5
d t b | Ether 2-METHYL TETRAHYDROFURAN E 4
a e Efher [CYCLOPENTYL METHYL ETHER [CPME| _|5614-378
— nate 1,2-DICHLOROETHANE [DICE) 107-06-2 B
Halkogenate [CHLOROEENZENE 108-50-7
Haloganabs, [CHLOROFORM 67-66-3
Halbgenate, DICHLOROMETHANE FE052
Halgenated [CARECH TE TRACHLORIDE SE23E
Hakgenatad TRIFLUGCRGT GLUENE GEDE-E
Hydrocameon [CYCLCHEXANE 10-Ea-7
Hydrocarbon METHYL CYCLOHEXANE D5-67-2
Hydrocarbon N-HEPTANE 42-E2-5
Hydrocarbon N-HEXANE 10-54-3
Hydrocarbon [XYLENE (MIXED [SOMERS) 330-20-7
Hydrocamen ISCOCTANE S20-E4-1
e ACETONRE ETEaT
Fetone AMYL ACETATE E28-E37
Fetone CYCLCHERANONE 108-54-1
Ketonie METHYL ETHYL KETOMNE [MEK) 7E-93-3
Ketone METHYL ISDE UTTL KETONE [MIEK] 108-10-1
Maote: A blank cell indicates that data are missing o a score could not be calculated
Page 2 of 2

This version of the ACS GCl Pharmaceutical Roundtable Solvent Selection Guide reflects ongoeing evaluation of publicly availakle information
by the ACS GCI Pharmaceutical Roundtable. Comments may be sent to goiprnifacs.org. Mo wamanty is made and all warranties are
expressly disclaimed. The guide has been developed considering safety, health, environment aspects of solvent selection. Other aspects
may need to be considered in process design. The ACS GCl Pharmaceutical Roundtable does not accept responsibiity for any errors or
OMISSIoNs.

Cogpyright 2011 Ametican Chemical Society (Green Chemistry Institute™) All rights reserved. Do not copy without written authorization from
ACS. Reprints available.
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IMI-CHEM21 1.5 et

¢ IMI-CHEM21 — 4 year project:
* Createdin 2012

* Six pharmaceutical companies from the European Foundation of
Pharmaceutical Industries and Associations (EFPIA)
- GSK, Sanofi, Orion, J&J, Bayer, Pfizer
* Ten Universities
* Five small to medium companies

* Funded by EFPIA and the European Union

* Develops sustainable biological and chemical methodologies
* Supports research projects
- Catalytic chemistry
- Enzymatic chemistry
- Synthetic biology
* Provides training packages
- Education of the future chemists
- Developed Solvent Selection guide

efpia
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Ranking Solvents
Recommended Water, EtOH, iPrOH, nBuOH, AcOEt, AcOiPr, AcOnBu, PhOMe, sulfolane
Recommended or MeOH, tBuOH, BnOH, ethylene glycol, acetone, MEK, MIBK, cyclohexanone, AcOMe,
Problematic ? AcOH, Ac,0
Problematic Me-THF, heptane, Me-cyclohexane, toluene, xylene, chlorobenzene, acetonitrile,
DMPU, DMSO
Problematic or THF, MTBE, cyclohexane, DCM, formic acid, pyridine

Hazardous ?

Hazardous iPr,0, dioxane, DME, pentane, hexane, DMF, DMA, NMP, TEA, methoxyethanol

Highly hazardous Et,0, Benzene, CCl,, chloroform, DCE, nitromethane

67% convergence (AZ, ACS GCI, GSK, Pfizer, Sanofi)

The divergences reflect the different weighing of
criteria

D. Rrat, J. Hayler, A. Wells, Green Chem., 2014, 16, 4546

im> [ efpia

Innovative Medicines Initiative
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* Ranking methodology:
* Collect physical data and GHS statements from SDS

» Safety Score is calculated from the FP, AT, resistivity, ability to
form peroxides etc.

* Health score derives from the most stringent H3xx statement +1
if BP < 86°C

- H314 (skin irritant)

* Environment score depends on the BP and on the H4xx statement
- H420 (ozone layer hazard)

* Ranking by default is given by the combination of HS&E scores

Combination of Solvent ranking by
SH&E scores default

One score = 8 Hazardous
(red)

Two scores > 7 Hazardous
(red)

One score=7 Problematic
(red)

4 < Two scores <6 Problematic
(yellow)
Other
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* The ranking thus obtained is consistent with the ranking based
on the survey of classical solvents (81% agreement)

HEM?2

Family Solvent BP FP (°C) | Worst H4xx Safety Health Env. Ranking by Ranking from
(°C) H3xx score score score default the survey
Water Water 100 na none none 1 1 1 Recommended Recommended
Alcohols EtOH 78 13 H319 none 4 3 3 Recommended Recommended
i-PrOH 82 12 H319 none 4 3 3 Recommended Recommended
n-BuOH 118 29 H318 none 3 4 3 Recommended Recommended
Esters Ethyl acetate 77 -4 H319 none 5 3 3 Recommended Recommended
i-PrOAc 89 2 H319 none 4 2 3 Recommended Recommended
n-BuOAc 126 22 H336 none 4 2 3 Recommended Recommended
Ethers Diethyl ether 34 -45 H302 none 10 3 7 Hazardous HH
Diisopropyl ether 69 -28 H336 none 9 3 5 Hazardous Hazardous
Me-THF 80 11 | H318 | none “ 5 3 Problematic
1,4-Dioxane 101 12 H351 none 7 6 3 Problematic Hazardous
Anisole 154 52 none none 1 5 Problematic
DME 85 -6 H360 none 7 9 3 Hazardous Hazardous
Hydrocarbons Pentane 36 -40 H304 | H411 8 7 Hazardous Hazardous
Hexane 69 -22 H361 H411 8 7 7 Hazardous Hazardous
Heptane 98 -4 H304 H410 6 2 7 Problematic Problematic
Me-Cyclohexane 101 -4 H304 H411 6 2 7 Problematic Problematic
Benzene 80 -11 H350 none 6 10 3 Hazardous
Toluene 111 4 H351 none 5 3 Problematic Problematic
Xylenes 140 27 H312 none 4 5 Problematic Problematic

il

pi1a

N
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* Ranking of bio-derived solvents

)\/OH WNOH

HO” >"oH
HO/\/\OH
Q OH

o
o]
\/OM RY N
o]
<

Family Solvent BP (°C) | FP (°C) Worst H4xx Safety Health Env. Ranking by
H3xx score” score score default
Alcohols i-Butanol 107 28 H318 none 3 4 3 Recommended
i-Amyl alcohol 131 43 H315 none 3 2 3 Recommended
1, 3-Propane diol 214 >100 none none 1 1 7 Problematic
Glycerol 290 177 none none 1 1 7 Problematic
Esters i-Butyl acetate 115 22 H336 none 4 2 3 Recommended
i-Amyl acetate 142 25 none none 3 1 5 Recommended
Glycol diacetate 186 82 none none 1 1 5 Recommended
y-Valerolactone 207 100 n.a. n.a. 1 5 7 Problematic
Diethyl succinate 218 91 n.a. n.a. 1 5 7 Problematic
Hydrocarbons D-Limonene 175 49 H304 H400 4 2 7 Problematic
Turpentine 166 38 H302 H411 4 2 7 Problematic
p-Cymene 177 27 n.a. n.a. 4 5 5 Problematic
Aprotic polar Dimethyl carbonate 90 16 none none 4 1 3 Recommended
Ethylene carbonate 248 143 H302 none 1 2 7 Problematic
Propylene carbonate 242 132 H319 none 1 2 7 Problematic
Cyrene 203 61 H319 n.a. 1 2 7 Problematic
Miscellaneous Ethy!l lactate 155 47 H318 none 3 4
Lactic acid 230 113 H318 none 1 4 7 Problematic
TH-Furfuryl alcohol 178 75 H360 none 1 ¢ Hazardous

o o]
/\O)H/ HOJJ\K
OH OH

O
i

imy’

Innovative Medicines Initiative
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* Gives a preliminary desirability of any solvents for fine chemistry
scale-up purposes

* (Classical solvents
* Bio-derived solvents
* Newer solvents

* Is the fruit of a successful collaboration between (inter alia)
Sanofi, GSK, Pfizer, Orion, J&J, and the University of York

* The methodology is not perfect

* The health criterion should be based on OEL

* It only gives a preliminary assessment, a discussion is needed in
each institution to challenge the ranking

* The environment criterion should include the CO, synthesis impact

D. Prat, A. Wells, J. Hayler, H. Sneddon, C. R. McElroy, S. Abou-
Shehada, P. J. Dunn, Green Chem., 2016, 18, 288

efpia
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&8  Agaction Scheme

* Essential component of a -

Add'n Crder:
1. PMPA diester (A)

successful GC program L

4. Workup wi MaOH, Water, and D

MNH TreShe | NH,

* Incorporates GC into scientist’s )\,D Ty
: Y Som LY 8
daily activities A e J

SOE!  ACH | WATER |

O~ DEM P~ o

A B

* Solvent selection guides can be P ot
incorporated to flag for example R
red SOIVentS and ShOW greener . Fame Diluand | Sample 1D It Rale ¥ |Manutactursr

1 | DChM 949328 Sohent Spacirurm
H 2 WATER 190148 Solent Tap
a Ite r n at Ive S a |ACMN 410827 Solent Spectrurm
4 | SODIUM HYDROXIDE (50 mass%) in H2O H2O 393869 Reapent Fluka
: M & TMSEr 153 084 Feagent Aldrich
* Green metrics easily calculated & Trairn ae
k7 ACCL-1234 FE 37225008001 | 28721 Product ACCL

* PMI (process input/output) '

» E-factor (process waste/output) [ e mme - -

o+  Green Chemistry Anakysis
® AtO m econo my [ step Name %Yleld  Actual PMI | Planned PMI | Solent Phil

k1 Skp1 |ACCL-1234 FB B1.87 2694 16.98 166
-

Green Chemistry Analysis
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Relative Eluting Strengths of Green Chromatography Solvent Mixtures

The biggest usage of DCM for small Neutral Compounds
scale chemistry is in column —
chromatography. §
°* Some useful starting points for I—— ———— "
greener alternatives - L e —]
* Neutral compounds S e e S A
=
* 3:1 EtOAc:EtOH in heptane or TBME @ 8 | 1 25 10 15
*  EtOAc in heptane Basic Compounds
* IPAin heptane £

* MeOH in TBME

% 10:1 MeOH : NH,OH

25

MTBE EtOAc -
&

&

* Basic Compounds
*  3:1 EtOAC:EtOH (with 2% NH4OH) in

2.5 5 mn 15 Zn
%% 10:1 MeOH : NH,OH
2.5 5 o 15 0

heptane o 25 H 10 P
- 10:1 MeOH : NH4OH in EtOAc Acidic Compounds
- 10:1 MeOH : NH4OH in TBME | ———— I —
* Acidic Compounds i 2
+  3:1 EtOAC:EtOH (with 2% AcOH) in heptane o T N " i
- 10:1 MeOH : AcOH in EtOAc E JSOIHCIrI—,

DCM

* 10:1 MeOH : AcOH in TBME

25 10 1

I Increasing Sclvent Polarity >

Figurs 4. Green Chromatography Solvent Selection Guide. Starting from the appropriate DCMMeOH concentration, compare vertzcally across the bar [ J
chart to identify greeper solvent mixmres of similar eluting ability. For example, if a compound switably elutes in 5% DCM/MeOH in the absence of an

additive, the “MNeutral Compounds™ bar chart predicts that §0% 3:1 EtQAcEtOE in heprapes or 40% of i-PrOH in heptapes would be suitable starting
points to svaluate gresper solvent altematives.

A Convenient Guide to Help Select Replacement Solvents for Dichloromethane in Chromatography,
Green Chem. Advance Article 2012, http://dx.doi.org/10.1039/C2GC36064K
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* Comparison of MeOH in DCM vs. 3:1 i-PrOAc : MeOH in heptane (greener
solvent blend)

* 3:1i-PrOAc : MeOH in heptane presents greater polarity window than 3:1
EtOAc (MeOH — higher polarity vs. EtOH, i-PrOAc — lower polarity vs. EtOAc)

100
u

90
80 -
70 i
60 -

50

3 K]

40 -

>He

304 *
# Acidic

% 3:1iPrOAc:MeOH in Heptanes

20 1
W Neutral

10 -
A Basic

O+—7T 7T T T T T T T T T T T T T T T T T T T1
o 1 2 3 4 5 6 7 B8 9 10 11 12 13 14 15 16 17 18 19 20

% MeOH in DCM

* Graph shows percentage equivalence between 3:1 i-PrOAc : MeOH in
heptane & MeOH in DCM

* Higher gradient required with green solvent mix - potential to better separate trickier
mixtures of polar compounds

*  Dilution of MeOH with i-PrOAc enables better separation between closely spaced peaks [ J

. Significant cost reductions by using greener alternatives

Chardon, F. M.; Blaquiere, N.; Castanedo, G. M.; Koenig, S. G., Green Chem. 2014, 16, 4102
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Solvent Amide Coupling Type
Aryl Acid — Aryl Amine Aryl Acid — Alkyl Amine Alkyl Acid — Aryl Amine Alkyl Acid - Alkyl Amine

HATU COMU PyBOP T3P

DIC DIC DIC DIC
HOBt

PyBOP T3P HATU COMU PyBOP T3P HATU COMU PyBOP T3P HATU COMU

HOBt HOBt HOBt
TBME
CPME
CH,Cl,
DMC
DMF
EtOAc
IPA

2-MeTHF

“Key: Red = <50% conv., orange = 50-70% conv., green = >70% conv.; * Indicates 100% conv. within 4 h. ** Indicates 100% conv. within 1 h.

Evaluation of Alternative Solvents in Common Amide Coupling Reactions: Replacement of Dichloromethane and
N,N-Dimethylformamide

D. S. MacMillan, J. Murray, H. F. Sneddon, C. Jamieson, A. J. B. Watson Green Chem. 2013, 15, 596-600

5
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Reductive Amination dataset for aryl aldehydes

Solvent Amine Class
Acyclic 17 Aryl Acyclic 17 Alkyl Acyclic 2¥ Aryl Acyclic 27 Alkyl Cyclic 2¥ Aryl Cyclic 2¥ Alkyl
SCB STAB Pic-B SCB STAB Pic-B SCB STAB Pic-B SCB STAB Pic-B SCB STAB Pic-B SCB STAB Pic-B
THME - m
CPME
DCM Hk *
DCE ok *
DMC * * %k
DMF EE
EtOAc
IPA ¥ *
2-MeTHF
THF

“Key: red = <50% conv., orange = 50-70% conv., green = >70% conv. *Indicates 100% conv. within 4 h. **Indicates 100% conv. within 1 h. SCB =
NaBH;CN, STAB = NaBH(OAc)3, Pic-B = picoline-borane complex.

Reductive Amination dataset for alkyl aldehydes

Solvent Amine Class
Acyclic 1¥ Aryl Acyclic 1¥ Alkyl Acyclic 2¥ Aryl Acyclic 2¥ Alkyl Cyclic 2¥ Aryl Cyclic 2¥ Alkyl
SCB STAB Pic-B SCB STAB Pic-B SCB STAB Pic-B SCB STAB Pic-B SCB STAB Pic-B SCB STAB Pic-B

TBME *ok * - * *
CPME *ok * * Kk *ok *k
DCM Kk * *ok * * *ok dok
DCE * * * * * ) *x
DMC * * * * * P
DMF * * * *ok *%
EtOAc * * * ok *
IPA * ok * *ok *
2-MeTHF $ok * *ok * Hok *
THF * * * *% *%

“Key: red = <50% conv., orange = 50-70% conv., green = >70% conv. *Indicates 100% conv. within 4 h. **Indicates 100% conv. within 1 h. SCB =
NaBH;CN, STAB = NaBH(OAc)s, Pic-B = picoline-borane complex.

Development of a Solvent Selection Guide for Aldehyde-based Direct Reductive Amination Processes
F. . McGonagle, D. S. MacMillan, J. Murray, H. F. Sneddon, C. Jamieson, A. J. B. Watson, Green Chem., 2013, 15, 1159-1165
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* What solvents are you using?

* Are they potentially hazardous to the environment?
* Consult solvent selection guides:

« Survey of Solvent Selection Guides: D. Prat et al. Green Chem.
2014, 16, 4546-4551

« ACS GCI Pharmaceutical Roundtable guide available free of charge

wWww.acs.org/gcipharmaroundtable

* The biggest usage of DCM for small scale chemistry is in column
chromatography — try discussed alternatives

* Make the right solvent choice — there are alternatives

» Survey of Solvent Usage in Papers Published in Organic Process
Research & Development 1997-2012; C. P. Ashcroft et al. Org.
Process Res. Dev. Article ASAP link:

http://dx.doi.org/10.1021/0p500276u
* Think green — think sustainable
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f' Wide Utility Scalability

Ideal reagents

Greenness

Reagents aligned to green chemistry

Visual Selection using a Venn diagram
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List of Reagents

Full Review

NiO, oxidation of alcohols

MnO,, oxidations in organic chemistry

Hypervalent lodine reagents — general overview
IBX 2-lodoxybenzenesulfonic Acid

Dess Martin Periodate

NalCl, A simple system for the oxidation of alcohols

Va2

. ACS .
(\«%)/ Green Chemistry

reagentguides.com Institute

PDC Pyridium dichromate oxidations

PCC Review on Cr(VI) oxidation

Oppenauer oxidation: An Integrated Approach
DMSO —Oxalyl Chloride, Swern oxidation
DMSO/DCC Pfitzner-Moffat (also TEFAA activation)
DMSOQO — Pyridine-SO, (Parikh-Doering)

DMSO activation in Pseudo-Swern reaction
Me,S/NCS Corey - Kim oxidation

NaOCI bleach oxidation

TCA Trichloroisocyanuric Acid: A Safe and Efficient Oxidant

TPAP/NMO (tetrapropylammonium perruthenate)
TEMPO (General overview)

TEMPO-Bleach

TEMPO —air —catalyst

TEMPO-hypervalent iodine

Air-Metal catalyst transition-metal catalyzed reactions using molecular oxygen

Pharmaceutical Roundtable

Reagent guides

Venn Diagram

Wide Utility Scalability

Dess-Martin

Cl,/Pyridine

/ pmsomce f
[ NalCl, { Swern

,.’-Omneim__‘

TPAP/NMO Me.SICl; or NC

Oppenauer
NaOCI

Activated H,O, hydrogen peroxide
Biocatalysis biocatalytic methods for oxidation
Light touch overview

BaMnO, oxidation of primary and secondary alcohols

Potassium Ferrate A Novel Oxidizing Reagent Based on Potassium Ferrate(VI)

H.0.

Greenness

Oxidation with Chlorine /Pyridine complexes
RuCl,

PIPO- Polymer immobilised TEMPO

Ce Cerium(lV) ammonium nitrate

Agueous oxone
AZIDO (TEMPOQO variants)

Oxidation to aldehydes and ketones
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http://www.reagentguides.com/reagent-guides/oxidation-to-aldehyde-and-ketones/list-of-reagents/ibx-2-iodoxybenzenesulfonic-acid
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http://www.reagentguides.com/reagent-guides/oxidation-to-aldehyde-and-ketones/list-of-reagents/dmso-dcc-pfitzner-moffat-also-tfaa-activation
http://www.reagentguides.com/reagent-guides/oxidation-to-aldehyde-and-ketones/list-of-reagents/dmso-pyridine-so-sub-3-sub-parikh-doering
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8 Guides Now Publically Available...

o Oxidation to
aldehyde and
ketones

O-dealkylation

Nitro reduction

O O
il — rA
O—-R' OH

Ester Deprotection

R )
R
N-Alkylation
\ O\
S

Epoxidation

,NHBoc

-

BOC deprotection

Amide reduction

1NH2

More Guides Coming

Bromination
Fluorination
Chlorination

lodination

Metals Removal

Chiral Hydrogenation
Oxidation to Acids
Suzuki Rxn
Buchwald-Hartwig Rxn
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TEMPO-Bleach oxidation

Mechanism + Description

As previous for TEMPO >(j<
NaOCI is often used as a co-oxidant which " ‘-\ /' N OH
0

generates NaCl as a by-product. H

NaBr or borates are often added as a
promoter. Ox. >O<
N
e
General >O<
Comments N

d.
A common terminal oxidant is bleach >(j<
N

(NaOCl) which is often employed o 0
with a Bromide or borate co-catalyst. Ox

Reactions in water of bi-phasic

reactions are often helped by the o] >(j< J
+ N

addition of a phase transfer catalyst R1)LR

Key References

Org. Process Res. Dev., 2005, 9 (5), 577-582 - Production of Aldehydes by Continuous Bleach Oxidation of Alcohols
Catalyzed by 4-Hydroxy-TEMPO

Org. Process Res. Dev., 2008, 12 (2), 322-338— Discussion of optimisation to prevent racemisation (50 L scale)

Org. Process Res. Dev., 2010, 14 (2), 441-458 - DOE and robustness studies on TEMPO stage statin oxd'n (2000 L scale)
Orqg. Process Res. Dev., 2010, 14 (1), 142—151 - Use of Nal to prevent chlorination of heteroaromatic (50 L scale)
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Relevant Scale up examples

OH

TEMPO
NaOCI

MeOAc
water

N
N
-

Org. Process Res. Dev., 2008, 12 (2), 168-177 - 100 L oxd’'n in MeOAc or THF

©/\ 0 TEMPO @f\ o)
o NaOCl N
NaBr N
@/'\/\ OH Erone ©/k,/‘ O

88%

Org. Process Res. Dev., 2008, 12 (6), 1104-1113- 2000 L prep of Maraviroc intermediate
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Case Studies
Indole carboxylic acid (INDAC) approaches
Macrocyclic RCM for hepatitis C protease inhibitor
PG-free route to PI3K/mTOR inhibitor GDC-0980
Sitagliptin evolution: hydrogenation to transaminase
Other themes

Sustainable metals, continuous flow, organic solvent
nanofiltration (OSN), reactions in water, medicinal
chemistry, lifecycle analysis (LCA)

Literature
Articles of interest, Key Research Areas
Summary / Conclusions




Indole Carboxylic Acid (INDAC)

(S)-Indoline-2-carboxylic acid:

@I\/B"COzH
N

H

Key intermediate for angiotensin 1-converting enzyme inhibitors (so
called ACE inhibitors) that are used for the treatment of hypertension:

H H
CEB—C'DEH &C®H
COEt CO-Et

FPerindopril

Indolapril



INDAC: 515 H(EP 937714)

dist

¥
m‘(

ot
§7
_(‘

Fischer indole >©~*”ar’ et m

synthesis: I

Steps:
1 catalytic, — @Q—w e oo
[ stoichiometric e

Racemate >©:?_CGJH + RNH, —= m«m,-n-m; + @:I?--ICG:H

resolution:

mGJ'H'NH; + HCI —= mDJH + R'NH;"CT
oH N ;
Ao Ac

R*NH-: o

NH
0OzN : (:[?‘W:H —= @}"WEH
Ao i




distll off
H. (0
SR S B
~MNH g
H COE H
CO.E
HE
N — CO0,E
N RT M
H H
CO,E
CO,E -

s
H

m—ml"' + Aol 0-H
H ¥
H

Butleadingtoan ~

|ncrease |n the @'ﬁ}_m: + FutNH — mcc R'NH;* 4 @:?-umm

emization of undesired & I'n‘“‘

number of steps: C;D-w o s o CD— e
m — O

Ac




INDAC: PL&¢

B R 2

A R R

Bio- or chemo-catalysis is key!

MTJ":J:"EH CieH
%F.HH~H C ©?"IH

1. Asymmetric hydrogenation
and C-N bond formation K\

Ly

2. Asymmetric hydrogenation
of aromatic heterocycle

A

e SO Co-H
SauP=To @

3. Phenyl Ammonia Lyase
and C-N bond formation

e 19 -
e = Ol ek

4. Chiral pool (serine)
and C-C bond formation




INDAC: B%2 X Lt

Number of steps

Amount of new breakthrough technologies
Availability (costs) of starting materials
Estimated chance of success

Cost estimations at maturity assuming the
required breakthrough

Adherence to the green chemistry principles!




INDAC: PH 2578 /7% 2%

Which one is the winner?

Ha

= CO0OH 'E CO0OH
hydrol
Qac Ny @\/ m | | }-E{}GH
x

Pherwlalanme Cu cat
Ac,0 T Ammonia Lyase yield > 80% yield = EH]'H.
g = 00 g.e = 99%
CCe
% hydrol x
glycine
Ac50
N — NHAC = NHAC
X ‘{O X Rh{COD),BF, X
Me
MonoPhos cat yield = 90%

e 95%




INDAC: 2 AR & B 26

The PAL route: chemcatchem 2011, 3, 289

NHa
COOH K COOH
(:(\J\OAC i (:(\/ @Y ©:>-COOH
Phenylalamne Cu cat
Ac0O T Ammonia Lyase yield > 90% yield > 90%
ee >99%% ee. > 99%

Structure of R. glutinis PAL is
known: Calabrese et al., 2004
No cofactor required
(S)-specific
“Standard” literature conditions:

10% NH;, pH 10 [ J
Broad substrate scope




A

INDAC: PAL B&2: B 1) 2-x1-
i

Which halogen to choose?

sollloe
F Cl

Br I




INDAC: 21 <1 2= FIAL Sk A

Which 2-halobenzaldehyde should be selected for large-scale
use in PAL route?

W__ =

Low MW Expensive, unreactive, Not selected
toxic fluoride waste

2-Cl Cheap, widely available, Modest reactivity but Selected, best
moderate MW, non-toxic higher Cu loadings balance
2-Br Widely available, highly High MW bromide salt Promising but
reactive so low Cu waste second choice
loadings
2- Highly reactive so low Cu  Not widely available, Not selected
load expensive, very high MW, [ J

and iodide waste
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BILN 2061
PNBO PNBO
Z—N_XH/H COMe (.1 % Grela cat._ Z—hn CO,Me
. H o O \éé Toluzr;f/, heat 5 H
Y TY
o) N o)
Original process: New Greener Process
* high dilution (0.01 M DCM) After detailed understanding and

optimization of the reaction conditions

* high catalyst load (3 to 5 mol%)
* High concentration (0.2 M in tol)

* E-factor =370

° : o
* Plan to build dedicated plant Low catalyst loading (0.1 mol %) ( J

» E-factor =52
* Investment in new technology




GDC-0980 F& 2k —
o ()

N 1y n-BuLi, -70 °C 5 Boc Eg(,S;CH?’)?’
. S
s X, - WL [)
Sl . 2) DMF, -70 °C \ N/)\Cl N Na(OAc);BH
~
N”>Cl 3)0.25M ag. HCI Mo H 88%
Me 87%
5 o)
o) 0°
Boc w N [ j
N 0 Yo
_> N B N s
PdC|2 PPh3)2/Na2CO3 N N
N S | N | Xy  2-Propanol/H,0 _ \ | P
N\ N__N - N SN
/ Y Florisil/Thio-Silica Me | /)\
Me NHBoc 90% N~ “NHBoc
HCI © Me O o
HN 1) L-(+)-Lactic Acid
HOBt*H,O, EDC*HClI HO N
HCI DIPEA, CH,Cl, O N
—_— \N >
2) MeOH/THF slurry |
EtOH XN \ P
O 61% T \i
0 Me
N~ NH,
— — GDC-0980

Tian, Q. et al. Org. Process Res. Dev., 2013, 17, 97-107.




GDC-0980 &2k —

o)
Me O 0 Me 0] 0 Me
>_/< B(OH), o
HO N HO N HO N
Ll =0 QL =M
N
N s|\N NYN N s|\N [j N
\ \ N N~ ~cCl
N7 | SN NH, N/)\Cl H Me
Me Me
N/)\NHZ
GDC-0980
) oy ’
N 1) THF, i-PrMgClI N [Nj
Sy 2 TN ) R el
> . _— >
S LiMg1<4 | |
N/)\CI 2) n-BuLi, -8 °C N/)\CI 3 96% Ho) N/)\CI
Me L Me _ Me
o Method A: Me 0] o
1) NaOAc, HOAc >_/<
o) MS 3A, ACN ud N [ ]
N Mo NH - HO 2) Na(OAc);BH O N
o s OH 75%
~N + N N S SN
| HO o) - |
N S Method B: N\ LI
N~ >cl N~ >cl
M 1) NaOAc, HOAc
e Me

MeOH, HC(OCHj3;);
2) 2-Picoline*BH;
82%




GDC-0980: Piperazine Oxalate 1

* First generation route:

- utilizes many non-value adding steps (protection /
deprotection)

- requires undesirable conditions (DCM)

- generates large amounts of waste, including benzene
(from cyclohexene)

* 5 steps, 40% overall yield

N,Bn
Me Acetyl chlorid O Me Oxalyl chlorid 9 Me HN\).ZHCI
cetyl chloride xalyl chloride
OH OH Cl
HO - Me)J\O/H( - Me)J\O -
CH,CI CH,CI
2l 0 2l 0 EtsN, CH,Cl,
17

80% 18 85%

0
_Bn _Bn 1) Pd/C / EtOH
i Me (\N LiOH-H,O Me @ cyclohexene Me Q\IH HO\[HJ\OH ( J
N = N 0 N
ple O)\W EtOH / H,0 Ho)\ff 2) Oxalicacid 1O 0

ol 0 0
19 1% 20 83% 14




GDC-0980: Piperazine Oxalate 2

* Second generation route multi-step process but telescoped
* 73% overall yield but material-intensive

1) 10% Pd/C (50% water wetted)
_ (0.03equiv)
1) NaOMe (25wt% in MeOH) cyclohexene (5 equiv)

Bn
Me .Bn . . i i
o e N (0.75 equiv), rt, 23 h Me Q“ EtOH (3.2 vol), reflux Piperazine
HO ~~ + HN\) > Ho)ﬁfN =

o 2) Amberlite IRC-748 resin 2) Oxalic acid, EtOH/THF Oxalate
3) charcoal treatment o 73% over 2 steps

* Third generation route avoids protecting groups, auxiliary
materials, and metal catalysts

* Final route utilizes sustainable chemicals and gives 59% yield

Me 1) NaOMe/MeOH
0. Me (\NH (0.52 equiv) Me [~ NH 1) Ethanol/Azeotrope Piperazine
HO T Y HN N -

o 2) H,0O (3.0 equiv) HO 2) Oxalic acid dihydrate Oxalate ( J

@)
59%




GDC-0980: fifv s Ja—*

* Protecting group-free Pd catalyzed C-C coupling

Me O 0 Me 0] O

>_/< HO. , OH
HO N PdCl(PPh;), HO

%\l K3PO,, n-PrOH ‘B
+

NN N~ _N
| Y 85 \_gr
\ N/)\C| NH, \ \N

Me 81% yield

GDC-0980

* Crystallization sufficient to control impurities (Pd content)

HOHN [ ] 1) n-ProHwater X [O]

N s X = /\ >
N
\ | 2) Cool to -10 °C N S | =N
29
Me /)\ 92% Me | /)\

crude GDC-0980 GDC-0980




GDC-0980: &4 5 45

* Catalysis (streamlines a synthesis - known) and can be
conducted on scale with unprotected coupling partners

* Renewable building blocks can be incorporated efficiently

* Regulatory starting materials can be made more sustainably
* Protecting groups can be eliminated

* Cryogenic conditions can be avoided

* Auxiliary materials (filtration agents, molecular sieves,
transition metal scavengers) can be removed




Sitagliptin 25— EG 25 5
Y= b=
R \]:l,\,l o owen W%jl\,vj m

« >100 kg manufactured, 52% overall yield - 8 steps from acid 1
« 3 productive bond-forming steps (38% desired)
- 5 functional group manipulations (62% undesired)

Canwe doitin only 3 steps?
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cat. DMAP‘
I".I'IE-CM
CDEH /i/

F NH,OAc  |F
NH; O MeOH, MeCM

o N/‘\T:FN_‘ e N/\‘r-:N-
M M
F N4 K_,N 4 20

CF;CO,H

o
O
)

i i F N
Enamine amide - L Kelo amide 3] HNAT;- .
LN
82% vyield b,
Pl =14
- F
F NH, O 0.3 mol% [Rh(COD)CIl, + NH, O

tBu-Josiphos

- N
NTEN 50°C, 100psi Ho, I N7

L\/”\”( MeOH, 18 h K/N\’g
Fj

94% ee, 92% yield




—
Sitaglipti — IR 2R TS
1tagliptin 5 X A
F 0. AM tristhanolamine F
F H,O/DMSO F
11 Enzyme ATA-024 V4 Salt formation
- Nf\rN 9% vield
!\TA M Pyridoxal-5-PO co-factor N =09.99% e
LN LN
NH, pHE85 45°C 18h
+ ’J\\- Fi acetone removal + /J]\ Fs

2010 EPA-Presidential Green Chemistry Challenge Awardee

Uncovered after multiple rounds of enzyme evolution

Reduces PMI from 30 to 23

Avoids enamine intermediate, high pressure H, reaction
as well as precious metal catalyst

Saves multimillions in annual costs and helps make the medicine
available to lower-income countries

Green synthesis is lower in cost, hand-in hand with PMI ( J
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bbb )

* Chemoselective Kumada-type coupling on dihalo heterocycles w/

Fe(acac),
3.75 mol% Fe(acac); Me
/Cf 1.0 equw MeMgBr 0
THF, RT BrNye
82% yield
3.75 mol % Fe(acac)s
® »
P MeMgBr, THF; then “~Me
c” N Cl 3.75 mol % Fe(acac), Me™ N
NMP, EtMgBr ,
84% yield
NN 3.75 mol % Fe(acac)s N

|
= O  MgBr =
Cl Cl E\ Et
)\) THF:NMP (4:1); then

)

3.75 mol % Fe(acac)s
NMP, EtMgBr

86% yield

O

S

Entry Dihaloaromatic Product Selectivity % Yield?
~C! O
1P | | >20:1 77°
— —
N~ cl N” “Me
Cl Me
2b A X >20:1 96
3b — pZ 939
Cl N Cl N
X cl X
4 | _ | — 10:1 63
N
Cl
X X
5 O | 3.6:1 76
— ~
N~ >l N~ >Cl
6 /(:\% >10:1 20
—
cl N

Cl
foe
—

Cl N

Malhotra, S. et al. Org. Lett., 2013, 15 (14), pp 3698—-3701

a) Isolated yield of major product only from reaction in THF.
b) Reaction in THF:NMP (4:1). c) Volatile compound. d) 20 mmol scale.
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* Continuous processing is an enabling green technology

* Numerous environmental, safety, quality and economic advantages:
- Superior mixing and heat transfer
- Higher concentration reduces waste
- Small quantities of reagents are reacting in any given time

- Hazardous batch chemistry is made safer (example: azide
chemistry)

- Processes run under steady state control
- Minimized batch to batch variation — potentially fewer reworks

- Smaller footprint, waste and emissions




sl [ 2R A

* PFR (Plug Flow Reactor)
- Ideal for rapid homogeneous single- phase reactions
- Higher heat and mass transfer rates
- Possibility of 100% liquid filled systems
- Lower complexity and cost of reactor
* CSTR (Continuous Stirred Tank Reactor)

- Ideal for reactions where solids may form / can be used for
crystallization

- Works well with bi-phasic systems
- Ability to Operate at end of reaction conditions

- Robust buffering capability to tolerate flow rate changes /
disruptions. [ J




PFR 524
reagent £ | sack

Pressure Liquid
regulator Product
Catalystg ( 2 Reactor
QO
N O
Flow Hydrogenation: =)
"H-u"'"P @ e {3}
1. Rh{COD)OTf, Hz, Zn(OTf) N
Bn() Q MeOH, EtOAc, 70 °C B iF
2. Agueous workup
(= o e
o (90%:) Q
Bn 1 OBn 2

May et. al. Org. Process Res. Dev. 2012, 16,1017-1038.
Flow Azide:

Cl N5
/é\ NaN3 further manipulation
. >
FsC CF,4 FsC CF, no build-up of azide

Kopach et. al. Org. Process Res. Dev. 2009, 13, 152-160.




CSTR SE4]

Reagent
1

Reagent ’
)

Reagent
3

Product

Flow Grignard / Barbier:

5 H o Nr’“\a o H
ﬁj [ Mg DIBAL-H, I, [ N 1. HOAGc, H,0 [ R
- = N 1

2 MeTHF, THF N 2. Na,COs (aq) )
1 R2 R1

Kopach et al. Green Chemistry 2012, 1524.

Flow Suzuki: >‘
0.5 mol% PdCl,[dtbpf] OEt

2.5 equiv K;PO, '}"”
1 THF, water, 65 °C 7 .
, . o
>98% assay yield
OEt
4 —N NO
1.15 equiv N= 2

Cole et. al. Org. Process Res. Dev. 2016, 20, 820.




* Organic solvent nanofiltration (OSN) could replace energy-intensive
distillation processes:

- - Low energy requirements, solid waste
generation and labor intensity

- Straightforward scale-up and mild conditions

- Stability in harsh environments allowing
wide flexibility (pH, T, solvents)

- Easy solvent swap from high to low boiling
point solvents

- Simultaneous removal of solutes from
different chemicals

- BUT benefit most obvious at larger scales ( J

Livingston, A. G. et al. Green Chem., 2014, 16, 4440-4473.
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Several journals in the field (Green Chemistry, etc.) though excellent
work is reported in conventional top tier journals as well

An established conduit is recurring “Articles of Interest” in Organic
Process Research & Development — published 2 x / year: many
different topics covering top areas of concern

“Key Research Areas” article published in 2007 (Green Chem. 2007, 9,
411-420) with a follow-on article later this year to highlight progress
and refocus the research community on challenges remaining

Medicinal chemistry topics (J. Med. Chem. 2013, 56, 6007-6021):
- Don’t always need chromatography (precipitation, solid phase reagents) [ J
- Reactions can be telescoped in solution or as crude reaction residues
- Try other metals for catalysis (Fe, Ni, etc.)
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* Chemists and Engineers —i.e. you — have enormous control of

waste in synthetic processes by selection of routes
* The green chemistry principles are terrific guiding rules

* Catalysis, biocatalysis, continuous flow, nanofiltration, etc., are

all valuable tools in the green arsenal

* Protecting groups, auxiliary materials, chromatography, etc.,

are often not necessary
* Green chemistry highlights are featured in literature for you

* Green chemistry is a triple win: cost-effective, better for [ J

environment and safer for employees
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* Metrics

- identification of areas of greatest need and
opportunities to streamline chemical routes

* Solvents/reagents

- sustainable alternatives to limit waste, create safer
work environment and provide cost savings

* Synthesis

- minimize (hazardous) materials and streamline
construction of complex molecules
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* Prevention
prevent waste instead of treating it after creation

* Atom Economy
maximize incorporation of materials from process into product

* Less Hazardous Chemical Syntheses
use / generate substances not toxic to humans and environment

* Designing Safer Chemicals
design for desired function while minimizing their toxicity.

* Safer Solvents and Auxiliaries
limit auxiliary substances (e.g., solvents, separation agents, etc.)
when possible

* Design for Energy Efficiency
minimize energy requirements; ideally, ambient temp and pressure

*Anastas, P. T.; Warner, J. C. Green Chemistry: Theory and Practice, Oxford
University Press: New York, 1998, p.30. By permission of Oxford University Press.
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* Use of Renewable Feedstocks
raw material / feedstock to be renewable rather than depleting

* Reduce Derivatives
minimize unnecessary derivatization to avoid additional waste

 Catalysis
highly selective catalysts are superior to stoichiometric reagents

* Design for Degradation
design chemicals no they do not persist in the environment

* Real-time analysis for Pollution Prevention
use IPC methods to monitor / control formation of hazardous
substances

* Inherently Safer Chemistry for Accident Prevention
minimize potential for accidents, incl. releases, explosions, & fires

*Anastas, P. T.; Warner, J. C. Green Chemistry: Theory and Practice, Oxford
University Press: New York, 1998, p.30. By permission of Oxford University Press.




GDC-0980: Piperazine Oxalate 1

* 5 steps, 40% overall yieId

K\N,Bn
Vo O Me -2 HCI
Acetyl chloride )J\ OH Oxalyl chloride )J\ ol HNJ
HO — __ © Me O
o CH,Cl, CH,Cl, o) EtsN, CH,Cl,
80% 85%
)

.Bn 1) Pd/C/EtOH

)k _ LiOH-H0 Me Q\l cyclohexene Me O‘H HO\[HkOH
N _— N

)\[( HO . HO 0

@)

EtOH / H,O S 2) Oxalic acid

71% 83%

* Atom economy of 53.4%

M Preferred
* >50% undesirable solvent: m Acceptable

Undesired

* Process Mass Intensity:

98 kg waste / kg product




GDC-0980: Piperazine Oxalate 2

* Final route avoids protecting groups, auxiliary materials, and
metals; utilizes sustainable chemicals in one-pot: 59% yield

1) NaOMe/MeOH
NH (0.52 equiv) Me (\NH 1) Ethanol/Azeotrope Piperazine
N

- -

2) H,0 (3.0 equiv) HO 2) Oxalic acid dihydrate ~ Oxalate
o)

59%

* Atom economy: 75.2% — an improvement of 41%

* Solvents: > 95% preferred,
0% undesired

M Preferred
B Acceptable

Undesired

* Process Mass Intensity:
44.7 kg / kg — improvement of 55%
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* Green chemistry improvements usually track with financial
improvements

CP1.0 CP 2.0 CP 2.1
Step Yield | E-Factor

1 73% 93 1 68% 30 1 98% 17
2 81% 66 2 92% 22 2 89% 21
3 92% 11 3 86% 23 3 86% 23
4 82% 61 4 87% 33 4 87% 30
Total  45% 231 5 96% 24 5 95% 23
Total 45% 132 Total 62% 114

E-Factor represents kg waste produced during manufacture of 1 kg of drug substance




Cost and Metrics:Green Drivers

Late stage development compounds and marketed products

. »
£ N
v
3 A
»
E-factor
/ PMI
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* Multiple selection guides available

 Solvent selection guides
* ACS GCI Pharmaceutical Roundtable (free
of charge)

* Considers safety, health and environmental
impact of solvents

* www.acs.org/gcipharmaroundtable ”,’

ACS
a Green
{ Chemistry

Institute’ &

v
o&

)
C€uricaL a0V

* Reagents guide

* Green conditions for common
transformations (e.g. amide formation,
oxidation, etc.)

* GSK (Green Chem.2013, 15, 1542-1549 Process Mass Intensity Benchmark 2008
DOI: 10.1039/c3gc40225h)

* ACS GCI Pharmaceutical Roundtable (free of
charge) reagentguides.com

(113}



http://www.acs.org/gcipharmaroundtable
reagentguides.com

1 2t

J

* Chemists and Engineers have enormous control over

manufacturing processes by selection of synthetic routes
* The 12 green chemistry principles are terrific guiding rules
 Catalysis, biocatalysis, continuous flow, nanofiltration, etc.

* Solvent and reagent selection guides, coupled with metrics

and life cycle analysis can help make routes more sustainable

* Green chemistry is a triple win: cost-effective, better for

environment and safer for employees
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ACS Green Chemistry Institute Pharmaceutical Roundtable (GCI PR)

* International Consortium for Innovation and Quality (1Q) in

Pharmaceutical Development, Green Chemistry Working Group

 Stefan Koenig

* John Tucker

* Barry Dillon

* Mike Kopach

* Ingrid Mergelsberg

* Frank Roschangar
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G1
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G3
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G4

250
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Medium

M5
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60<Em<80

Clean air solutions
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-

camtil



SP:ll izl

SPYEAERM 22 AR ZE =757
A, RAKPREITNE
HI73iE, X RMIRSFRFT
RIS R I 1T T O — S /Y
LML

MR RA— LT LR #ES
R EE R A SIPEITI S
RRZRE, BEZEEF|R
kea1/4 7 1/3,

Clean air solutions
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Clean air solutions

—| Graphical Results:

Camfil Farr, Durafil ES MERV14 Efficiency vs. Particle Size Graph
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THE CAMFIL GROUP

.

Potent Compo‘gd Containment Concepts and applic!tiqn's
by
JlanWEIQI, Camfil APC %fil

AIR POLLUTION CONTROL

Clean air solutions




CAMFIL GROUP

A Swedish, family owned organisation and one of the world’s largest air filter companies

Comfort Clean Processes Power Air Pollution Containment Industrial
Systems Control

Clean air solutions



Camfil APC Overview

«  Camfil APC (Air Pollution Control) /5 &
| 1 RERERA IR <AIEN ]
o HIEI #£%TFUS, UK, Germany,

Czech and China

FEEAIHeywood UK -Gold Series fR > 23
B 4

-  fEEMTuttlingen - AEFRL 28 DUSOE
BRI ER

- BTSSR REROBRS &
- HIATIHREE/RE T RN
KEISS

<camifil
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12 4E 53 T A9 55 )Operator training

>k 3 B9 FE 3R Future requirements
" amHYFH & - Quad Pulse QPP-PX1
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The Role of Dust Collectors in Pharma Manufacturing

* Removes dust from the workplace

- RIPFRLAREMAIE,

- T BRI R BV B R

- 1%??1&%5@;?%0
-IREmiRE, BIEERY,

- B DERBEE, BEE™7,

« Compliance with EU and country specific health and safety
laws and environmental legislation

ERMRBAERNENE, TEBEENMNMMEIDE
— ATEX

— Emission Limits

— Exposure limits (OEL’s)

<camfil

AIR POLLUTION CONTROL
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Dust Collection — Basic Principles o St AL

Dirty Air Ductwork & 1&

Gold Series

Dust Collector

PR ER
Capture Hood / HEPA Filters
Machine Extract Point L A
3 IR

~camtil

AIR POLLUTION CONTROL
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Designing an Effective Dust Collection System
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Why is Containment in Dust Collection so Important?

LAENLNTENFREEEVATOH, DURIFIARREEEERIRA
B, BHLERMEEIZ MR R D

2. R\F NEEEZNEN, LFLERBE TEHMEPRIKE, FUFRPL
ABERR, mBEZERGLE_Xikn LEERI oI BEM

3. MAFN =T MEBSAAMEE, SEIRRBFVEERIKK XL

4. FDAcGMP (MITRHEFASE) BER@FMAE, LR X5E, LUBRR
TR AE

5. i AEERMEOEL /| OEBRRW/ M A ER R ZAIRFEFI R EE ™ m
R SAE

<camfil
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Where Can Dust Escape?

. MBRLALBIAY, ROSNFERL
A RE, BRAR BEERERLK

ERRIT,
« SRSAINLZXEEBMIEFRLERE, B

B RLMR, MRARE, BEAELAY
EEACEMAI MR RES] Ko

« XTHMESKREEES. MAAE, Rk
SERRAZEINEEMLAMERIF RS, X
FESPEFMHRLNSBBEFPEREX
EMERRUHTEERLR,

« BRI, BMRARE, REMFRS

« WIMEZR (B WIRREH, RS
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Containment — Exposure Control

Isolators, Drum Containment System, split valve system
Big Bag discharging and filling

Container with cone, split valve, Big Bag discharging
and filling

Container with cone, split valve, Big Bag 10- 3
discharging and filling ) HERAL L

Systerns with increased seal for discharging and : 3 10-100 '\ Almostnon-
filling barrels and Big Bags ” A it mg/day hazardous
Open systems with local aspiration 1000 - 5000 pg/m? > 1 Non-

mg/day hazardous

OEB - Occupational Exposure Band
OEL - Occupational Exposure Limit
W - APl content

PRI AT RBE S XHAZ0EBIEE NAR L £, XEHIA] K
RITTEFAE, ATEIRONMIEY, #ERE AR F - anOEBRIER
falu A E 2,
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Camfil APC Containment Solutions — Gold Series Camtain

« Camtainfr A28 2L NERIZATT RIS E K
IRIEATEXFILZ £ EA

- FZ 2 IKAIHIERAE RS HHHISEEH
BIRSER

cRET—1T%E, BENERZEZEHRTIE
Zx HIR1E

- FRABRIFR R ZMAEHI R

« N ¢ FENFDA cGMPEMIR K 1 e BBRVIRIE
MBI

- RN ZMESHIEWHNN BEERE. &
F. ®lf, T, ES
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Camfil Pharma Solutions — Dust Discharge Options

Safe Change BIBO Options

« Continuous liner with Dual Valve X Ex i
« 35LBIBO Bin %L 3 U EE 1R

« BIBO Drawer RIHLSHINEREE

<camfil
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Camfil APC Containment Solutions -
Gold Series High Vacuum Camtain

« S EZECamtain{E FA$E R B R IFA L T NI E
CamtainE Jp

s — T HERBHNERIRUNNAER |2FEdhR
BZEES, FARERAA2ENERE

 ATEXtR/EF R @R S HE RV E I B 15
PYSEIESSD
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Camfil APC Containment Solutions - Surrogate Testing

- AFEfIERRNIERNZ NN EL 25

« 30 R FRVISPERISE e R 1AL il 29 1k & & UL
& il 14 BN

« AHAAIERSEEG =, EZEEMRCYN FHHITRE,
IR, AFEMINAER,

« GS camtaintme] LB EHEF M, HHHITHNW
OEL=0.46ug/m3B RS B AN F19891EE 9 (TWA)
5 & KNI OEL 0.67ug/m3

« SERMNIII IR S EHE D IRIEEKIER,
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Camsafe — HEPA Containment Solution

i}
g

« Camsafe—ZhRIERARNTI S

c EN—TEERFNE %5‘ SAEAs, LMARE
LE’JD? SDRMTEZES, %’ﬁ ELS
BHEHMREE GEE U‘E’Wii) o

- BIBR T KOS VIRRRI KA, = L&
RSP RUIES

* H14 HEPARY 8 3452 99.995% @ 0.3f>K

. A[FKISATEX Camsafeii A

<camfil
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Operator Training

» MR EMFRATIEENHENEP—TE
ZHME D

« —PREMFZRG, RARERRHRERE
AEE Ol IR R Z 2R

« BERRBIIINGERERERNES, L
R—EB D XAV EF ML AR L EEFIER
FGTHEFIELE,
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Dust Collection Containment — Future Requirements

- BREPANETEEREME FTEHFE
%, PR T Z%, afEkRL
Wh 58 N TRV 5K

o XA IR ST TSR IE /R
EORAIEME, H14LLE

« WTPHBEBESHEKINSTIULE
SR GRS (KST 300 + bar m/s)

- OEL/ OEBMIZRZEMHIF AT IR ITHIE M,
BHANKLE, BEESREEFEE FH
=/, BRBEZERFAGHNBENE,

=camtil
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Dust Collection Containment — Future Requirements

BE7E #5E i % R 2 K Il 29 1 I SKHfE « BRUVNERNEBTRE

X—ZE, MEFSRHEEHE - AIEMR—ITXBOE, RAANE

AP, TRFEMNGEIEIRE FEAF ALY (B FN 4 12 2 37 B 1) i 23
REFERIERE

>ERREEERSHANEIIE

>HELMLBIMIBIRLWNEZE
B i

> IR R R RS S RY 15 R %5 an LARL
/D FERY BB RS T EAVEY E)
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Camfil APC Containment Solutions — Quadpulse QPP-PX1

« EHIZOHIETI A IARMARRNFTKRIZEHE00
e Quan=cPULSE

C—ANEEN, ERMET, AUREERER
HEEN

- XBACamtainZ £ E= B, AT FIHEPAS
W R e BB IRIE N IRE

- TEFEMBLELLN., MNEMESEZR, &
AFEEZEZTRERERS

- HIZPWER, 8%, HAMEZREIAIE
BRRTE

« BRARSEATEXTRAMIEZLZ ZRHF BB BRA &5
EZEHA
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QPP Features and Benefits — QuadPulse System

- WEFHDRSRE SR (TA) A TESH
LRI AL R EHFm

« WRERER—TAEMNMETEZESHT D

MBS

=it
gl

* %L/%/ %U ERE/]L/):—:( 775, EE\.
NZAE, uz&m SHIRE

ik

GHEAESEJURENBIEMREESE
MZESRENENDRE

- EREIRW, TRERERHNTFER
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QPP Features and Benefits — ATEX

« QPPEM T XEMBIEXINILAAEZ 2 4RI

o MHHIE, SRYIRURRERYR N FIHEPARIR, X 7
« REBZAIEMZE % KR

- BUFMAEEREEMFRIEL

- REMRARLERRFEMR
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QPP Features and Benefits — ATEX continued...

Q £E_ENRIFEEFEENE R M REOERA
IEES

* ZIRBOLUARNENDRER, MREEDTK
HRIFRBERT, MAFTEEAMEN, AOX
7 (HAHTH) . QPPRIFFERER, ERILUK
S ZE BRI TS,

<+ ZixE I UESNESTIEREE R ER,
XGRS RIZENZZHF XK

* WFBKSTEM—LREY (SHFILE) HE
RHE S
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QPP Features and Benefits - Containment

« TIAIUCHZ T BRIAR LRI, HEPAS
ML IR e ML A EAFE

- REMASRNERFIBRPINEE LM
e Z 2B, LUAEITFIASKERN
T E RPN T2 X5 R FARA

* HEPAZD R 23 RUMI I BE )
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QPP - Typical Applications

o X/ NERSHIAETIENER, ~=E

hERENEEVAISBEEMRL, P
5l F2FE -

- &R

- E4%

o IR/

. AR

o GEM|EAE
o —fRRIGIETZ

. RAIEH

« Wix=L]
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QPP Technical Data
em |

Air capacity i = Nominal 1000 m3/h (500 — 1200 m?/h)

Motor EE 4L 4 kW Ex 3D

Suction capacity /=2 5 kPa (higher fan pressure available using remote mounted fans)
Filter media #4 [ eXtreme Carbon or Durapleat PTFE membrane antistatic

Filter area J8/5\EAR  16.7 m2 [12.7 m?

HEPA #5338 ATEX 99.995% at MPPS (H14) 22.5 m?

Maximum reduced P 0.6 Bar

Dust {&JE$5%K KST : 299 Bar m/s PMax 10 Bar (ST3 dust and / or gases /

solvents can be handled using Chemical Suppression)
Rated shock pressure 1 Bar
ATEX Rating Ex 112/3 D IlIA, llIB, lIC, T=125 C

=< camfil
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Further Product Developments
Q = /&QPP

= BRI ANEEANEENABLTIHRE
ATEXRS = FI 3=l

= BRTZRE, HZNMEA0mmE80%

KEVEZE-FIINERAAIRE, A=Y
BKF

O QPP-PX2

- TR

" IAERER
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QPP - Summary

s —IMELEHEMN, BENRELRETAERMN
B MERIHI RIS R R

- MR 2R, 24F
EF T RIP LAZZFOELRRMIE

> LEMIERTLIQPPRI LI AR, REMTEFSATEX
PR AE

« IF 72 BT FAYquadpulseid 8 &8 /B IR 1E,
ARG, RRIRERMSUHRY RIS K
RAUURSERFMRK

- RSB E-ERESNE, RN
—LRFmTA...
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Pharmaceutical Industry Focus

Thank you for your attention

How can we help?

~camtil

AIR POLLUTION CONTROL

Clean air solutions



THE CAMFIL GROUP

Dust Combustability and design of protection systems| ' b
) - o)} o

Junchang Yang, Camfil APC

~camtil

AIR POLLUTION CONTROL

Clean air solutions




|

« BT
e Part1-ATEX 5%
— ATEX IEiE
— ATEX X F0473E
— 1&YENEHIE
- BRAWEREBERRE
— MAENE - IGYEWNMEHRIL AE?
e Part2- T/PAEAEX
— ATEX FNBR IR
— BRI\ 25

=y

- /N2
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ATEX - IR SE 15 &L

ATEX
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2. & ATEX?

« ;X1E‘ ATmosphéresEXplosibles ’
o BB X T IIEnFRIPHIERERAEMESS
o Started in 1999 but compliance required from 2003

* Relates to new equipment and processes as well as existing
equipment and applications

 Alegal requirement for EU member states but also widely used
across many non-EU countries for best practices

* NFPA - American equivalent

=<camfil
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ATEX a5 - BIE3THET

2014/34/EU (E'rh 94/9/EC) - BEBRIENIE MERARFMERF R
4 XM ESEFERTRARS -

+ 1999/92/EC - BHE L FIAFRL E - Bl 73 XIr R RIRIFIETE

. 2006/42/EC mm'a% XNMNMESTFEEHATREEIZSE 94/9/EC
S HRA. *ﬂfiuﬁ%ﬂ@ﬁ%?ﬁ%ﬁ?@_\Eﬁﬂ%?iﬁ’ﬂz%m
F’ﬁﬁﬁﬂ’]'ﬁ%l’ﬁli—uﬁi TR, A EXREHNE 5
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2014/34/EU 555

1994F3A 238, BUMEZESLSXA 7 BREBRENERNRSE KMRF
ROV(UIEC)HET . XNERERE M AN HikE - B8R
THMRERBRIRE  EEEEEBERIMNET BREIZS PRI
LRORESE - IREERSSEE - BIITHATEXRIEIE T .
2014/34/EU 294/9EC B RIET, WNBE—HF - ILARMBEM

IREDASE. F—LEXNT AIRE - FIREHNIEN AIRE.
RIFLREZENRFP/KERFEFUIA=172E5 :

(1) 125 ( Category 1) — IEE S HIBHIFKF

(2) 225 ( Category 2) — EBHIF/KE

(3) 325 ( Category 3) — IE& IR /K

A LR SEAINM AL 22 - KRN LZ 1B AE -
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54 2014/34/EU - i B EF

c REENBLOIBROLESENREHEEINARE X
KEREZHENBFZNELIB)LRSEBIER
- XERMEREE:
- EERVERIEE S | BXFR R KST, m KIEIEE 7D PMax,
/NRMREEEME, MEERHFBEFICEEMIT
-ATEX 7 X
« JRIEIE RN KST FMm KIRYE L JIPMax 2B T Rh R it &Y -
« w/PRAGEEME AF BSTTHNRBRREEERMEREE
« MEEHEBFICREMT BFREITHETEZBRNEE
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1999/92/EC - T4EinFrta<

1z E FEERTE, XA EAIX EEE L FENX
AT o X -
BRI R RIS FEIERE D MR R R -

o MEHMLEFFIERELELZMELI - M XIERLEME X O]
HWEA20X (FREESETNNK)
MEMEFFIEREELER Lt MALEHEAIME - Mz
RIS RAMATE N21IR (RIEESENARX)

ME B LFFERERDSBERRERE L S LI - MhzXiE,
BRIFESRAIATE N2R (RIEESAENN2)

S AR I S R EN D IERBZZRRE
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ATEX 77X

Dust Gas
EN 61241-10 EN 60079-10

A place in which an explosive atmosphere is continually or

Zone 20 dorill frequently present (more than 1000 hrs p.a)

A place in which an explosive atmosphere is likely to occur
Zone 21 Zone 1 occasionally in normal operation (more than 10 hrs but less
than 1000 hrs p.a)

A place in which an explosive atmosphere is not likely to
occur in normal operation, but if it does it only occurs for

Zone 22 Zone2  short periods (more than 0.1 hrs but less than 10 hrs p.a).
Alternatively if an explosive atmosphere can occur in case
of a failure (e.g. if a cover opens or a bag is dropped)

~camtil
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Y8 1999/92/EC

TEsAFtE< .
- FEAEEEERPITX - 2270

X

£d

=

2 R B A

« FEIEFREILXANGER Y E&ENFRIATNIKS

o WERIPT RIS - NEF NAETF

« RIFERESRIEZ

Clean air solutions
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ik 5 90 2R K 3 X

« Soin adust collector running 8 h per day 300 days / year
pulsing 50% of the time 4 times per minute and 1 s per pulse
you would get— B & L& T Kiz178/MY - 300K/4E,
70 E£50%

« 300*0.5*8*60*4 # = 140 /I B = Zone 21

« HITB20RXKERELBSRZES - BlfEEX =14l
SSITHSEAEN000/NET - &5 =IHlisTT - ELHKP -
WEJREYd T 20K, EEELMMAENE - WRRF
ERER .
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ATEX E 4l - 4. 2L ELE?

o LAY H/ N LB IR - B
%= TZSRMEIENML000/E

« BEMLOEX  SESKEIRZEER
AEREFHT RERS

c EEMREENAEEE - RER

NBRLEFH, ATKEH T -

A
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ATEX E Al - 1@ Ef 42

- BmIWAENHmLE  WIEsH - i
=, @R JE

© BRENML - WMBRAFERL - &
Rixsd, IEEH

- EEMAL-E B 5 BRIANRmE
ERHREHET, AhRBENERE
BMXR, EERMTIEEF

o M - AT WRYKER 73k AR &R o £
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ATEX E 4l - BUEEK

KstB TR/ E SJ1E N2
FE, LBarm/sHME BT -

PmaxBEZ2 S =P EE
REREMERAET -

Unvented

Pred 2RI 1] H - 1K
g%ﬁ/%i—lt\%% EFI i%%‘EJ_lIljj HT_I- ‘___Pred Strength
mEDRME 0 &l e el |

Pressure

Vent opening
pressure Pgiq¢

Time
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ATEX Z4it — 2EF Ke.
e H/IMENBEE
+ SlEMLEE

« BEERF—TEERFR, HLEOHENY
RESEIHRERE R - BaEiAd]
BEMLEE  FANRKERE -
LIRFERR 7JMIT Layer and MIT Cloud ,
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ATEX Zhit — XIR

o HLWNIE (BREE, fEd)
o REAZINHEIF AR

. ESAKFEE (MEKFEBIMIE
<3md, FAPREBAIFMNZE<0
mJ )

- SRR WeEF AR
SIS

o MFERME (D8 - K )
o X (EHhEFINL )
- B (BY, —££R)

=

OOOOOOOOOOOOOOOOOOO
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& K it

Tvpe of ignition source All 426 Silos Dust MMills and | Comwvevin | Drvers Mixing Grinding Sleves/cla

explosions | bunkers collectors’ | crushing g systems plants plants ssifiers
separators | plants

Mechanical sparks 26.2 16.3 41.1 60.0 256 0 15.0 80.5 16.7

Smouldering nests 11.3 27.9 11.0 0 23 204 0 0 8.3

Mechanical heating 9.0 3.5 6.8 12.7 2 2.9 250 5.3 0

Friction.

Electrostatic 8.7 2.3 0.6 5.5 18.6 59 450 0 16.7

discharges

Fire 7.8 4.7 4.1 2 0 0 5.0 0 16.7

Spontaneous ignition 4.9 2 2. 0 4.7 14.7 0 8.3

(self-ignition)

Hot surfaces 4.9 11.6 0 36 2.3 235 0 0 0

Welding/cutting 4.9 5.8 2 0 4.7 29 5.9 0 0

Electrical machinery 2.8 2.3 2 0 0 0 0 0 0

Unknown/Others 19.5 23.3 207 16.2 16.2 20.7 4.1 5.2 33.3

All 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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ATEX Efilti - #1422 F 2K

L IBRIEE L
o STHATHTREWE
=L - ST, ST2F0ST3
ST1 1-199 Bar m/s
ST2 200 - 299 Bar m/s

ST3 300 - ¢ L[R!

KG FOKST 451 - AFS4A
o SARBFIRmMAER
« SERZLBRHEFERE - NAIREM
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VAT

ATEX%33

Clean air solutions

1G
1D

2G
2D

3G
3D

IREBEHTOIX
IREEHT20X

REBERATIRX
IRBERAT21RX

IREBEHA T2
IREEAT22K
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ATEXSH K73

e

AV

e
o f

1-ETEMNIRET, BTMESER (FEEiRHD)
22122/ 12BRE
3 - {(RETF222K RS

ATEX 425N \ /
L

II 2D3G/3D- X T=125C

5348
|- R R

D - = REREREBE
Il - JERA G & RERE

G- KK
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JRIER A B EIERT

« RIRAEHEMRIERE - A
IMNIHBESSRNUREES
SR, k&N EE 53

« REBHMMALWERSIRIT
PHIE M/ N EsdE - XBE
RkiE, FELamTPRIMAE
ST EE N
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EXPLOSION

—PLANT DESIGN
STRENGTH

—DETECTION
05 PRESSURE

EXPLOSION PRESSURE —bar

T T T T T~ SUPPRESSED
EXPLOSION

0 50 100 150
TIME AFTER IGNITION — ms

BERS - MMRERNANMESEFRE, AR
FirsMiEE
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It may also be required to prevent an
explosion from travelling through the
clean side pipes. This can be done
with an active valve or a passive
Ventex valvet B F3 T [/ LE Y XE

BE2NEBEE - oJf5HE)
q:

o FREREAMIFIESE - ISMFLY
see ol FHTEBSTI# B RK
Ve S

VENTEX ESI-E/-D
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1. EAFMEERIE
2. THEEMAO-THEBTKEN  FLEEHEK
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Dust Combustability Pharmaceutical focus

Thank you for your attention

Any Questions?

Clean air solutions
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- 1. BAFW (Freely Chosen Employment )

- 2.BITHREI (Child Labor and Young Workers )

- 3. JEE#  (Non-Discrimination )

« 4. nFEFE (Fair Treatment )

- 5. I% - BAKIIERNE (Wages, Benefits and Working Hours )

- 6. ZttBHE* (Freedom of Association )

*E L MRHERHERILE A | Remark: this section is excluded in this presentation
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Establishing An
Effective Ethics & Compliance Program
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»An Act By a Covered Person

»In Furtherance of an Offer, Payment, Promise to Pay, or Authorization of
Payment

»>Anything of value (fR1T. FLA= ? )

»Directly or Indirectly

>To a Foreign Official (EZ‘AAEESR"?)

» Corruptly

»For the Purpose of: Influencing Official Action or Decision, Inducing an
Unlawful Act, Inducing Official Influence Over Government Action, or Securing
Any Improper Advantage
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- Third Party Management System £ =A &= %

- TP Controls on meeting vendors, distributors and trade association

2FHNE - LEERDEHIXREE




Y G Chemist ’
AAAAAAAAAAAAAAAA /m"s(?(,etr:,te R > DEKRA |nSlghf

SAEB A IEIE JTﬁﬁ%E’Jz‘k ?

- Procurement B3R
- Raw Material

- 3" party finish goods
- Capital project

- MRO

- Others

* Risks: Internal fraud, conflict of interest...

« Controls: vendor selection process, contractual obligation, job
rotation, training, monitoring etc.
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Because Congress anticipated the use of third-party

agents in bribery schemes—for example, to avoid actual
knowledge of a bribe—it defined the term “knowing” in a
way that prevents individuals and businesses from avoiding

liability by putting “any person” between themselves and

PSCI 4

INITIATIVE Pharmaceutical Roundtable

the foreign othcials."”” Under the FCPA, a person’s state of
mind is “knowing” with respect to conduct, a circumstance,
or a result if the person:
o isaware that [he] is engaging in such conduct,
that such circumstance exists, or that such result is

substantially certain to occur; or

+ hasafirm belief that such circumstance exists or
that such result is substantially certain to occur.'™

Thus, a person has the requisite knowledge when he is
aware of a high probability of the existence of such circum-
stance, unless the person actually believes that such circum-
stance does not exist." As Congress made clear, it meant to
impose liability not only on those with actual knowledge
of wrongdoing, bur also on those who purposefully avoid

actual knowledge:
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transactinn@sed due diligenceis particularly impor- C Third, compaBies should undertake some form of

tant with third parties and will also be considered by DO]J ongoing monitoring of third-party relationships.”> Where
and SEC in assessing the effectiveness of a company’s com- appropriate, this may include updating due diligence peri-
pliance program. odically, exercising audit rights, providing periodic train-
- e s TR ing, and requesting annual compliance certifications by the

First, as partokrisk-based due diligence, companies third party.
should understand the qualifications and associations of C In addirion)(onsidering a company’s due dili-
its third-party partners, including its business reputation, gence on third parties, DOJ and SEC also assess whether

the company has informed third parties of the company’s

and relationship, if any, with foreign officials. The degree of
C [ p— d‘@ s shonld have an undmtmdmg of compliance program and commitment to ethical and law-

ful business practices and, where appropriate, whether it

the business rationale for including the third party in the
has sought assurances from third parties, through certifica-

transaction. leﬂng other thmg% the company should tions and otherwise, of reciprocal commitments. These can
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Trace the Money - RF#HNE - KB RNDSHIXILE?

Employee to falsify the

costand get the Anything of Value,

esp. the monetary

reimbursement to -
create the fund ‘* benefit
OI
= ;

Company &$ﬁ Individual HCP, GO or
S s Employee own pocket
Employee to falsity N
the cost and cheat the Anything of Value,
company to make esp. the monetary
benefit _
| | ;
N A party which
$ has collusion
Company = with employee HCP, GO or

own pocket

N Employee to falsify the cost and cheatthe
‘ ‘ company to make payment directly to HCP or
Hospital, e.g. speaker fee, consultant fee etc.

Company q\%_j\ HCP or Hospital
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Environmental Risks and Recommended Solutions For
Pharmaceutical Manufactories in China:
Hh [ 1] g B 24 A PR35 KU 43 B DA R BRI DL T R

A lesson learned from an Indian Case and reflection from multiple
Stakeholders’ perspective

Presented by
rxg  KTakedd

[T A O RMRATIA]

[Takeda Pharmaceutical]

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai |
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IMPACTS OF PHARMACEUTICAL
POLLUTION ON COMMUNITIES
AND'ENVIRONMENT IN INDIA

RESEARCHED AND PREPARED FOR NORDEA ASSET
MANAGEMENT BY CHANGING MARKETS AND ECOSTORM

Business With Balance - Working Towards A Better Workplace | 23-25 September 2014 | Suzhou | April 2014
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School of Shareholder theory -5% % F it 22k

- Jensen’s agency’s theory

The sole objective of management is to protect
the interests of shareholders (owners) by
maximizing the value of the firm on their behalf

© FrfAPSCla G AT AT H O RS 8 B Bkl RF 82
JREHE Oy, JFEREI R HEH S BUEE A

Pharmaceutical Roundtable

School of Stakeholder theory -F) 2 #H 5% 75 F i8 2£ IR
- The Hampel report on corporate governance (1998)

* The board directors is responsible for relations @ Reports and Governance Codes
with stakeholders; but accountable to oEco
shareholders s |

©OROUOGER AR, T HREFA RS VR mmd‘Mm -
IR IE 24 7 A R R BOR T (R A T e | -
5‘% E‘H:%éi EKJ E% U\&m IK{_TL\%E%%‘: v 1",}95 1998 ‘9199 200/ 2;03 2004

a
Report Tumbull -Oxley Code
Report

Significant recent reports and
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Capitalism literally means “accumulation of wealth”. N
On a finite planet, with finite resources, where do you think it can accumulate to some, if not from all the others?l

Capitalism

FEHEIERZEWRIT H5HDTREBW
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Nordea

J

Search here Search

Home About Nordea Investor Relations Press and news Career Responsibility Our services

Sustainability at Nordea Stories Responsible business Society Supply chain Environment Reporting Responsible investments

New report on pharma industry in India

RES pOnSIble |nvestments Home > Responsibility * Respensible investments » Responsible investments news »
New report on pharma industry in India

- 31-03-161333 | R bl tment i
Responsible investments news | Responsible investmen Share this page
Impacts of Pharmaceutical Pollution on Communities and
How we work Environment in India o @ @ e
S e As part of our engagement with pharmaceutical companies
Initiatives and their supply chain management in India and a follow-up ; . ;
to the video about Nordea's visit to Hyderabad and Resp0n5|ble investment news via
Stewardship & Engagement Visakhapatnam in April 2015, we commissioned an on-the-ground investigation in Hyderabad and RSS
Visakhaptanam in early 2016. The resulting report documents and show local impacts of drug
Reports pollution and severe contamination of waterways and agricultural lands. Again, the evidence . .
. shows that the situation is very serious. The effluent treatments systems set up are inefficient and Field visits
Policies . . - 3 -
there is systematic dumping of chemical effluent in rivers, lakes and groundwater by the Tl
Exclusion list pharmaceutical sector.
Introductions
Our team The report draws links between polluting manufacturers and some of the large multinational o )
i i i i ur wor
e M e pharmaceutical companies they have dealings with. But the report also concludes that the lack of

transparency in pharmaceutical supply chains makes it almost impossible to map the journey of a

pharmaceutical product from factory to pharmacy shelf. el s et

All topics
We will continue our dialogue with the pharmaceutical companies.

Download the report here (pdf, 10 MB).
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Air Pollution in China

Statistics to take to the grave...

4,000 Chinese Deaths / Day Cause of Death in China

200'million views in 3 we

Collision of thoughts§ j _ffere'rll.tfied, ><><><><>< ><><><><><

Honored guests withdifferent backgrou iljoin the discus;

Location: Sheridan2145, Tech L2141 i SRS S PSPPI P BB

Time: 6pm to 8:30pm, May 6th}2015 S SAS S o Sl S S S oA S
Refreshments will be provided. * ’< * ’C * * * * * >‘<
i 9 S S B B G B B DG S
S S S SS B S S S Y
LS P P S PP P S Y
>‘< >.‘< * * >‘< * * * >‘< >.< @ Ar Polston (17%) [l Other Causes (83%)
& & Piktochart
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TOP 10 TOTAL PHARMACEUTICAL MARKETS IN THE WORLD, 2005-16
$Billion—all figures in US billion
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Antibiotics Emission Map of China
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Antibiotics Emission Map of China

A

Unit: kg/km'yr

297 715 133 222 124 474 I 109 - — —

Pl lkiE, B ERE—TE

FEFRLERNERERRILL
B AfE  |SEEEmOT) AR

SHT.7h Wi, FiRiET48% 11
% TERR ) LB PRV B 0 2o
58%ke 1A 2R, 1/44 H a2

ST FARERBERSR

B N T i BUtE 2, R A LS A GRiE
TR v . UEaEHR) BRRE, dbx
infzm.com

JLE B R B K 5L, EAERL
R, A 80MEAR 4 B i 25
FE10%LL R, {HZIIE T 5 R
iR TT0%E 2T 5, JEE IR
Ao


http://www.thepaper.cn/newsDetail_forward_1320685
http://news.xinhuanet.com/baby/2012-12/14/c_124090324.htm

@ IERET D DEKRA Insigh

Pharmaceu

PSCl gy A

P JTICAL
SUPPLY CHAIN
IVE tical Roundtable

RS ) 5

A “Unpredictable”
(what/when/how)
&

f& “Predictable”

PR R RSB U ik, R
v AR, ATEEME. SRR, A
VRN R . XS A R E HLIE




PSCl &35, chem
AAAAAAAAAAAAAA QP reenchemisty by DEKRA Insight

Pharmaceutical Roundtable

BN EH: HiE™E R REN PR BUR BB Pk

o G20 RAEWERR, Bz REBENR - KEABLT) #i
AT o< A Eolk 1-24 H

o FTHMERLRYVE ™ T B, IERHGE H AR

o 2 2EN TR AR AT 5 B RS L DO B G EK

L4

Environmental Regulatory Violations, 2010-2014 201 SEKRBEF{;F;#ﬁE

45 Publication of New Enforcemen Lot
Environmen tal Law the Law from
b in April 2014 January 2015
35
30

25

O O O © O m v e o o o NNNNNNM MO MM e E 2 2 e

4 & O W O 44T O WO g =< D WO a4 T O WO g0 S5 DL w




PWSC I ‘.\g) é?esen Chemist

N2 YL Institute " DEKRA Insigh
W, X, A, Bk, = Yo -
NGORY LA, i LI 45 J s B A

W, XS5t =S Bk

AR GNGOR IR B LLVH 2, A X A2 O i 0 ) 3 Y B B
JTRESAK B B A 2t s BE 57T PA SO AH S U R R B PR $2 7. PM1O
5PM2. 5, PXIiH

BRI B S 22 B T SRS B T PARE I gAs AN AT, IF HA
QES:

P, S LAV 8 2 B ANTTASEAS A DR A T 45 A
e, Joag, R, U LS.




PSCI Acs
oSG SN CemtY By DEKRA Insight

SUPPLY CHAIN
INITIATIVE Pharmaceutical Roundtable

2015-08-27 16:00. £

PO ER IR (1[’.
) HRAS)
2015-10-31 00:00

- WH-EIRES
. %ﬁ)ﬁ BFEREAH
o B k% B
o R MV-BRE

b




PSCI
*Qﬁzm&hem'“w B DEKRA Insight

aaaaaaaaaaaaaaaaaaaaaaaa

h RN R R “%‘%IJZE%%E” E’Ji%i)‘(

53k 1. E3h5|dtEFREASE TS EFREE () , MM
2 oA E PRINEARE A S . MRS et A iR R A T
o, WIREZELRBRITY, HES s 54 H
. FINHES) N ERENS A A FETE, 8532 %+, MIEHS N &2
EMBEFNA, MEEEELHR. #54RS SENSE &
/zh‘ TR A 7REHS AR BE B A,  HECSREGE EHS XIEZR T

, PEECSRHE, MM AREH, HEZetsliE&
/’Jﬁ. FAM 54X N B IO RAH B, VA8, A7, InosERA N E LA
NEWHSE
R RN FHEE N IR B S5 S, SR ERERER
N 7 - i a5 1

zﬂ%‘jﬁ@%ﬁﬂﬁ%ﬁﬁﬂ“ﬂ'ﬁ%ﬂ%, A EME—ZOREE AN —

iness With Balance - Working Towards A Better Workplace | 23-25 September 2014 | Suzhou | April 2014




PSCIl Ay Acs .
rraceUTon QB Cireen Chemitry D DEKRA Insight

Pharmaceutical Roundtable

R L e A

 HSE vs. SHE vs. EHS

o HRIRIA A I AR EL SR

o SPHTERTE H QTR A T AR R S A IR B R A
B e R4

o IR HCHEHEBIAF T RICIRES, R TS
ARSI VALA=R A IR =T R Nt 4 8 B 1

« JBERNF, EEHROAR R 2 4 1A AN S — AN B 1] A 57
£, FEAGHERERIESHER, 200525

- FHTHE, i “HEFE”

"




PPPPPPPPPPP

aaaaaaaaaaaaaaaaaaaaaaaa

_— =, N0iyabonga
— d kemfjm%m tesekkir Edﬂnmg =
cnacmﬁomml

A agaga dank je SR g, AES I'aclas

- dll]ll a " k ﬂmﬁuhamuchi:ﬂakkarﬁiﬁ *2 .
.S Emmm“”“m;wﬁa [”al mal\ a a
uhnumﬁdum%a3”"“!'3“’“"”““”'a[arm“angam L. L&

MepCia
= msahhamniia L Shukiye CQ P

thanyavadagal
(AR N AN IRt It&:m‘l BICI

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai
All Conference Materials Intended for Attendees Only | Not For Broader Distribution



http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKqbvbXRo8gCFUQ6FAodzS0EQQ&url=http://www.greenwaygiants.org.au/homeplate/thank-you/&psig=AFQjCNHUgDAQJRYQFGGrdooqPMgeC7sUfg&ust=1443870076983778

PSCI «@Jéﬁ%tggebemistry P DEKRA Insight

PHARMACEUTICAL SUPPLY CHAIN INITIATIVE PhasmecEiical Rayndistle

BREAK




hE KR XX EHS EZNE
PSCI Conference

2016-09-22

Ellen Zhang,
ZIREHSSERLmAD),
TAXEFRZEZHE

-t QOVOO
enhesa
m F Worldwide Compliance Intelligence

November 16, 2016 Belgium - United States - Japan - www.enhesa.com




*

EIHE

Ellen Zhang 5 3%

- BI10FEHSEN ZWARS &

R

« R EX S EZMEMITH
FRA

LRI N X R FIMRREIR A
o ] {2 M0 8345




=
A#2: P E K& KEHS; AN EF

SRBAVBITIE:

th E EHS R A 2
plig-CIeelEIpZS opr IEER i

AR ERW R R RZZAMEM

B E S SN WS RN =

I K3t DGA R BB 3

©2016 Enhesa. All rights reserved.




*—
EHSZ AL BT 2L

EHS K mBERZEM: 2011-2015EH

A

FH

EMERGENCY PREPAREDNESS / RESPONSE

WASTE MANAGEMENT

WATER MANAGEMENT

FACILITY/TECHNICAL SAFETY

HAZARDOUS MATERIALS MANAGEMENT / TRANSPORT
OCCUPATIONAL HEALTH

CHEMICALS MANAGEMENT

PRODUCT MANAGEMENT

SAFETY MANAGEMENT

ADMINISTRATIVE AND LEGAL STRUCTURE

GENERAL ENVIRONMENTAL REQUIREMENTS 12%

AIR EMISSION MANAGEMENT 12%
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The Pharmaceutical Supply Chain Initiative —
Closing Remarks

Presented by
Julie Brautigam

Head of Procurement, Risk, Sustainability & Performance
Takeda Pharmaceuticals

Vice-Chair, PSCI

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 |

Shanghai |
All Conference Materials Intended for Attendees Only | Not For Broader

Distribution




PSCl &525,. chem
oSG SN CemtY By DEKRA Insight

\\\\\\\\\\ Pharmaceutical Roundtable

A lot has happened in three days!

We have learned many things about many topics
on safety, environment, ethics and labor

We have had time to connect and network, ask

m questions....

Now it is time to take this investment and apply it

% at your sites; focus on continual improvement.
(\3

What we do together to improve our EHS, Labor,
o\ Ethics in our supply chain has an impact, for our
o business, our communities, and our patients

.(_ @‘ Together, we can make a difference.
W

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 |
Shanghai |

All Conference Materials Intended for Attendees Only | Not For Broader
Distribution



P S C I ({g)/ égesen Chemistry .
z::SRAé:::LCAL Institute’ P DE KRA |nSIgh|’
INITIATIVE Pharmaceutical Roundtable

Supplier Resources — After the event

Resource library
Our supplier resource library is available at

www.pscinitiative.org/resources

@ Training / capability-building events
We will be posting information about training/capacity building
events on key issues for suppliers
Webinar

« On current topics impacting our industry (example,
pharmaceuticals in the environment)

Supplier Conference
» To support technical capacity building

Watch our
website for
details
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How can you get involved?

- Join PSCI and collaborate with us to further improve the
pharmaceutical supply chain (for more information contact
iInfo@pscinitiative.org)

«  Go to the PSCI website and use the tools in the Resource Library to
make improvements

- Participate in upcoming supplier capability building events

- Give us your feedback on this event, so that we can improve future
events

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai |
All Conference Materials Intended for Attendees Only | Not For Broader Distribution
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The Pharmaceutical Supply Chain Initiative

Thank you for active participation this week!

Need more information?

Visit: www.pscinitiative.org
Emalil: the PSCI Secretariat at info@pscinitiative.org
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END OF DAY 3




