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Have Questions?

. Type them into questions box!

“Why am | muted?”

Don’t worry. Everyone is muted
except the presenter and host.
Thank you and enjoy the show.
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Benefits of ACS Membership

Chemical & Engineering News (C&EN)
CHEMICAL® ENGINEERINGNEWS The preeminent weekly digital and print news source.

—- NEW! ACS SciFinder

- p— SCl FlNDER ACS Members receive 25 complimentary SciFinder® research
Mt cas soLLTION activities per year.

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

ACS Webinars

CLICK +« WATCH « LEARN « DISCUSS

n @AmerChemsSociety | )

@AmericanChemicalSociety @AmericanChemicalSociety

»
Llnkedm https://www.linkedin.com/company/american-chemical-society

Contact ACS Webinars ® at acswebinars@acs.org
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How has ACSWebinars benefited you? & chemistryforLfe®

“Sustainable Chemistry is Safer

Chemistry is another great ACS

Webinar that educates us

chemists all around the world

that it is our duty and

responsibility to design the

proper chem routes and

processes to ensure, first and

foremost, human and

environmental safety.” http://bit.ly/GCisSustainabiltyVideo

Fan of the Week
Virginia Castro Ventura

L
Professor of Chemistry and Biochemistry, y
ACS member 1 year strong!

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

ACS Webinars

CLICK « WATCH + LEARN -« DISCUSS

I3 LVE | Thursdays at 2pm ET

Learn from the best and brightest minds in chemistry! Hundreds of webinars on
diverse topics presented by experts in the chemical sciences and enterprise.

Recordings are an exclusive ACS member benefit and are made available to
registrants via an email invitation once the recording has been edited and posted.

Live Broadcasts of ACS Webinars® continue to be available to the general public
every Thursday from 2-3pm ET!

www.acs.org/acswebinars



13/09/2018

An individual development ACS
planning tool for you! & chemistryforLfe®

T

ASSESS STRENGTHEN
YOURSELF YOUR SKILLS

EXPLORE
CAREERS

/i &kn a0 W w 5 'AA/I(IM \

ChemIDP.org '

SET GOALS

: ACS
What is ACS on Campus? G cremityfor e

ACS visits campuses across the world offering FREE seminars on how to be published, find a job, network and use
essential tools like SciFinder. ACS on Campus presents seminars and workshops focused on how to:

A ACS

CAM PUS

¢ Publish in top journals .
¢ Write grant proposals
¢ Find a job o i
* Build industry partnerships
¢ Effectively use research tools like SciFinder® and ACS ChemWorx
¢ Prepare for a changing employment landscape
* Communicate your science

http://acsoncampus.acs.org
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CALL FOR ABSTRACTS OPENS NOV 19, 2018

#gcande | @ACSGCI | gcande.org

Save the Date
23" Annual Green Chemistry & Engineering Conference
—and —
9th International Conference on Green

and Sustainable Chemistry

RESTON, VA | JUNE 11-13, 2019

CLOSING THE LOOP j
G g =

DESIGN USE

HIGHLIGHT YOUR BRAND. POSITION YOURSELF AS A GREEN CHEMISTRY CHAMPION.
SPONSOR THE 23" ANNUAL GREEN CHEMISTRY & ENGINEERING CONFERENCE

www.gcande.org

Upcoming ACS Webinars ACS
www.acs.org/acswebinars W Chemistry for Life®

Thursday, September 20, 2018
A Novel Strategy for the Treatment of Chronic Pain: Antagonising PAR2 with a Monoclonal Antibody

Co-produced with ACS Division of Medicinal Chemistry and the American Association of Pharmaceutical Scientists

®nNwooo

Pete Thornton Nurulain Zaveri

AstraZeneca Astraea Therapeutics

Experts
Thursday, September 27, 2018
Who Will Win the #ChemNobel? Predicting the 2018 Nobel Laureate(s) in Chemistry
Co-produced with Chemical & Engineering News
Carmen Drahl Lauren wolf Nicole Gaudell Joseph Moran Nell Garg
C&EN C&EN Beam Therapeutics University of UCLA
Experts Strasbourg

Contact ACS Webinars ® at acswebinars@acs.org
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Bioprivileged Molecules: A New Paradigm for Biobased Chemical Development

Brent Shanks
Distinguished Profes: nd
Chair, Chemical and B\ologlcal Eng neering,
lowa State University
Director, NSF Engi rch Center for
Biorenewable chemicals, Iowa State University

Peter Keeling
Industrial Collaboration and Innovation Director,
NSF Engineering Research Center for Biorenewable
Chemicals (CBIRC), lowa State University

Joe Fortunak
Professor of Chemistry, Howard University

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

Co-produced with the ACS Green Chemistry Institute
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-
X Bioprivileged Molecules FCB H,C

A New Paradigm for Biobased Chemical Development

.

Peter Keeling & Brent Shanks
lowa State University

CENTER. FOR. BIORENEWABLE (CHEMICALS 12 %
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Carbon Sourcing @CBIRC

NSF Engineering Research
Cantar far Rinransws bl Chermicals

- ALKANES
Lubricants — Glycerides
/\/O\O/\/ s S —
E
L = A Y

—] Diesel R 5 §
= PR A o
= Kerosene |E Lo 4
” n lgnln
[t d /Y\/\ O/\ ‘j—— " y

Gasoline %w\ﬁ‘

ugar-based materials

O AN %

o
Intermediates for chemicals & materials

Adapted from: Deneyer etal., (2015)
cl CZ c3 C4 C5 Current Opinion in Chemical Biology 29, 40-48

¢

CENTER. FOR. BIORENEWABLE (CHEMICALS

Biobased Chemicals @CBIRC

WSF Engineering Resaarch
e for Biorenewable Chemicals

B Commercial stage Not yet commercial

Com /.2 PiscATON

- Bio-based
oo products

@-n-mu /
Mt Oy
P ticAmoer

circa 2013 Source: ICIS

CENTER. FOR. BIORENEWABLE (CHEMICALS




PROPYLENE

ETHYLENE propylene

maleic anhydride
ethanol
ethylene ™
ethylene dichloride
vinyl chloride
ethylene oxide
ethylene glycol
a-olefins

vinyl acetate
ethanolamines
diethylene glycol
butene-1
1,4-butanediol

METHANOL/GLYCERO
glycerol

methanol

methyl tert-butyl ether
formaldehyde

acetic acid

methyl chloride
Chloroform

RENEWABLE (CHEMICALS
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Petrochemicals @CBIRC

Engineering Research
Contar o Bios asvec b it

BENZENE

benzene
nitrobenzene
cyclohexane
adipic acid
caprolactam

linear alkylbenzene
cumene

methyl diphenyl diisocyanate
aniline

ethylbenzene

styrene

rg l

XYLENE
toluenediisocyanate
phthalic anhydride
o-xylene
terephthalic acid
p-xylene

butadiene

methylmetheeryiste - Alkanes/Cycloalkanes/Aromatics

Integrating Biology/Chemistry @©CBIRC

ER. FOR. BIORENEWABLE (CHEMICALS

ngineering Research
Cantarfor or ommvsa bl Chens et

Schwartz et al. ACS Catal. 4:2060-2069 (2014)
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E% Biobased Chemicals ©CBIRC

NSF Engineering Research
nter for Biorenewabla Chermicals

lBiology XChemistry

Biology Branches

Chemistry Leaves

How can this address so many
chemical targets?

One Branch at a Time One Leaf at a Time

CENTER. FOR. BIORENEWABLE (CHEMICALS

Risks, Costs and Return ©CB|RC

Risks: Transition from lab to pilot to semi-works and

full scale is frequently difficult.

* Need to focus on fewer biological systems &
combine with chemical catalysis for diversification.

Costs: Capital costs are very significant and not fully

derisked.

* Need to find ways to move step-wise through scale
levels for commercialization.

Return: Competing with commodity chemicals is
challenging
* Need to identify higher value opportunities

CENTER. FOR. BIORENEWABLE (CHEMICALS
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NSF Engineering Research
Canter for Biorenewabla Chermicals

E% Bioprivileged Molecules @©CBIR

o5 e

Green
Chemistry

Bioprivileged molecules are
defined as biology-derived
chemical species that can be
efficiently converted to a
diversity of chemical products
including both novel molecules
and drop-in replacements.

Shanks, Keeling Green Chem. 19:3177-3185 (2017)

CENTER. FOR. BIORENEWABLE (CHEMICALS

Audience Challenge Question/\,%

ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

When was the last new petrochemical compound commercialized?

* 1-5years

* 6-10 years
e 11-15 years
* 16-20 years

* Greater than 20 years

20

10



Value

Nutraceuticals
Flavors

Performance Materials
Performance Polymers
Functional Materials
Functional Polymers

High-Performance Chemicals
Functional Chemicals
Specialty Chemicals
Commodity Chemicals

Fuel Additives

FOR. BIOREN

Carboxylic

Acids i
0 %OH

w B i
OH 0 ic Aci

Lactic Acid Ethanol

Long-chain
fatty acids @ /\/\)J\OH AN oH
n-butanol
OH
[0}
OH O
\/\/\)OJ\ HONOH HONOH
OH 0 o
Succinic Acid Malic Acid

HOMOH OH HO \)\/OH

Long-chain
Muconic Acid © m hydroiy e Glycerol
OH 0O H
o M A
Citric Acid OH

Start with Higher Value MVP

13/09/2018

@©CBIRC

Engineering Research
Contar o Bios asvec b it

Volume

Health
Wellness

Materials
Pelymers

Chemicals
Meterials

Biology-Derived Molecules

Alcohols

OH
2,3-butanediol

@CBIRC

NSF Engineering Resaarch
Centar for Biorenewabla Chemicals

Polyketide
Products
OH
L O
Z
Sugar OH
Anthrocyanms
Pyrones

/
HO. OH
OH

OH O
oy Chalcones OH
OH O \HA\/O/
Flavones
Benzalacetones
Blphenyls

Schwartz et al. Curr. Opin. Biotechnol. 38:54-62 (2016)

CENTER. FOR. BIORENEWABLE (CHEMICALS

11
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Audience Challenge Question \%

ANSWERTHE QUESTION ON BLUE SCREEN IN ONE MOMENT

What are the number of possible C;H,0, chemical compounds?

* About 30,000
* About 20,000
* About 15,000
* About 10,000
e About 5,000

23

% Triacetic Acid Lactone @©CBIRC

NSF Engineering Resaarch
Centar for Biorenewabla Chemicals

-
0o 0
_ o PPN NN
H |g h va | ue o Acetyl acetone .
An inorganic ligand Commodity
HO" Used in metal extraction
Chirally-hydrogenated TAL  2Nd dye production oo
A precursor to statin drugs U
&-hexalactone
B Precursor to a-olefins

o
‘ /0 — = /\/‘\\)J\OH
TAL Sorbic acid

Pogostone

A natural antimicrobial
o o0

Dehydroacetic acid
A fungicide and bactericide

A preservative
Pogostemon cablin P

Katsumadain A, a naturally occurring influenza
virus neuraminidase inhibitor

CENTER. FOR. BIORENEWABLE (CHEMICALS

12
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Synthesis of Pogostone and Analogues  ©CBIRC

SF Engineering Research
Centar for Biorenewabla Chemicals

o o o Dce = O’N:C:N@
o R-COOH R o
| | Cat. DMAP = - /
= DCC/DMAP o~ ~F A

CENTER. FOR. BIORENEWABLE (CHEMICALS

S Antimicrobial Activity @©CBIRC

= N NSF Engineering Research
. Centar for Biorenewabla Chemicals
4. ol Organisms C o o
Cryptococcus neoformans + +

Geotrichum capitatum + + + O

Candida kefyr + + | P
Candida geochares + o HO

Candida krusei + + + A
Yarrowia lipolytica + + +

Trichosporon mucoides & + +

Protohteca wickehamii + + + + + + +

Ogataea polymorpha + + +

Candida intermedia + +

Candida dubliniensis + +
Cyberlindnera fabianii + + + C
Candida tropicalis + + +
Rhodotorula mucilaginosa +

Candida glabrata + +

Candida parapsilosis

Saccharomyces bayanus + + +
Hanseniaspora guilliermondii + + + G

Cornebacterium glutamicum +

Staphylococcus saprophyticus + US D A

Staphylococcus haemolyticus + ﬁ @ RT

Enterobacter cloacae + United States Department of Agriculture
h by Agricultural Research Service
+

Q
3
P
8
S
]
2
3
3
S
3
5|
a
=
S
]
S
3
3

13
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s Insecticidal & Repellency @©CBIRC

NSF Engineering Research
Centar for Biorenewabla Chemicals

Insecticidal

[e] o
Compound
R o P 0.025% | 0.05% 0.15% | 0.25%
/ 0 10 55+5 77.1+10.4
HO

Pogostone Analog 2 0 30 55+ 25 80
Pogostone Analogs Pogostone Analog 3 0 5 0

Pogostone Analog 4 10
Natural Pyrethrins 0 0 0 20 10

Spatial Repellency

Repellent 15mins  90mins 150 mins
Control (acetone treated & evaporated) -7.5 5 -5

20 50 56.7
7.5 45 25
KD KD KD
35 67.5 62.5
@ 30 15 225

75 15 5

Norris and Coats, Pesticide Toxicology Lab

CENTER. FOR. BIORENEWABLE (CHEMICALS

s Muconic Acid Platform ©CBIRC

NSF Engineering Resaarch
Centar for Biorenewabla Chemicals

- "
. ca\® % NO;,
e e/ s
AN c\\e‘“ "o €l (0] Peci €s
L ENGENENG L I
=8 adipic acid HO = OH

1,6-hexanediol

0]
\ T / trans-3-hexenedioic acid
NH "oy o 1
HzN/W\/ e Ie) ~ o —_ HO\H/\MOH
(@]

1,6-hexamethylenediamine L L
cis,cis-muconic acid

trans,trans-muconic acid
O
/ ®) l \ i
HO

HO
OH HO o OH
O

1,4-cyclohexanedicarboxylic acid O
terephthalic acid

o
1,4-cyclohex-2-enedicarboxylic acid

CENTER. FOR. BIORENEWABLE (CHEMICALS
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o Bioadvantaged Nylon ©CBIRC

ngineering Research
Contar o Bios asvec b it

Car Diagram

o oty Lacoted Wisden Arssona
i et Dpiar
- ] o
- ’ - |
£ < S
\

= Polymer: Nylon 6,6 Bioadvantaged Nylon 6,6
- e Syem " (5 wt% HDA)
The mechanical properties of ° o o
conventional Nylon 6,6 drop by 40% Structure: \Hl/\/\)\ /\/\/\/H]\ \h(\/\)'\ /\/\/\/HM
’ . N N
with the absorption of 2% moisture. o A ! o " O/J/S
b
Application — Automotive Parts Water
Absorption: 4.12 wt% increase 0.69 wt% increase

CENTER. FOR. BIORENEWABLE (CHEMICALS

% Physical Properties @CBIRC

Engineering Resaarch
m T, (°C) AH,, (J/8) Crystallinity (%) | T, Maxima AH_(J/g) Ten

LH"IHMUr B\ursnuwuhla Chemicals
BAN 0 254.92+1.98 76.285+1.68 51.9 226.16+1.79 75.19%+2.34 431

m 249.47+0.75 62.06+0.80 53.6 224.06+0.02 64.06+4.56 430
229.27+0.94  43.55+1.50 44.0 196.8610.93 47.98+0.53 437
194.80+1.60  26.94+3.03 31.6 156.85+0.45 34.55+4.13 444
170.02£0.04  23.26+0.30 234 114.29+1.69 21.78+2.27 447

CENTER. FOR. BIORENEWABLE (CHEMICALS

15
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Halide Resistance Test ©CBIRC

Canter for Biorenewabla Chermicals

2

Conventional Nylon Bioadvantaged Nylon

CENTER. FOR. BIORENEWABLE

oy Coumalate Platform @©CBIRC

NSF Engineering Resaarch
Centar for Biorenewabla Chemicals

— Dimethyl terephthalate
Monomer for PET
95* %
MeO.__O
Dimethyl isophthalate
Polymer plasticizer
83* % p%
Me
<83*% 9 o

?LQ

4-alkyl methyl benzoates

Svnthethic surfactanats / \ MeO.
Y@ / ° oe \©\“/°Me
l Methyl anisate
Cosmetics and
Methyl benzoate O preservatives
Flavors and fragrances CL
i y OH 73* %
89*% o
o
OMe O p-toluic acid
Methyl 3-choro-4-methoxybenzoate Precursor of terephthalic acid

Precursor to complex aromatics 85* % 7 6 % ‘y
72* % 0”7 ome °

Methyl [1,1'-biphenyl]-carboxylate
Access to biphenyl systems

*Isolated yield

CENTER. FOR. BIORENEWABLE (CHEMICALS
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@CBIRC

ngineering Research
Contar o Bios asvec b it

Y. MIC Testing

Pyrone Derivatives
* < 0.5 wt% MIC (minimum inhibitory concentration)

Phenoxyethan
ol (PhE)

Contaminating
bacteria

Escherichia coli

- 2-Phenoxy ethaniol

\ Methyl paraben Aspergillus braciliennsis

Pseudomonas aeroginosa

Staphylococcus aureus

Compounds were tested against a Salmonella typhimurium

wild type strain of Escherichia coli K-
12 expressing a purple chromogenic
protein to improve visualization.

Salmonella abony

Clostridium sporogenes

Candida albicans

* Salmonella Typhimurium ATCC 14028, Salmonella Abony NCTC 6017,
Escherichia coli ATCC 8739, Pseudomonas aeruginosa ATCC 9027,
Staphylococcus aureus ATCC 6538, Clostridium sporogenes ATCC 11437,
Candida albicans ATCC 10231 and Candida albicans ATCC 90028

CENTER. FOR. BIORENEWABLE (CHEMICALS

@CBIRC

Engineering Research
Cantarfor or ommvsa bl Chens et

B s Novel Molecules

Petrochemicals

* Shifting consumer demand

’5@ “a®ls

[ Fesonalcae

¢ Lack of alternatives

Consumer Goods,
Materials, Chemicals

Car Diagram

Biobased Chemicals

* Consumer opportunity
* Novel alternatives

CENTER. FOR. BIOR ENEWABLE

17
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- Thank You

CENTER. FOR. BIORENEWABLE CHEMICALS

($)ACS Webinars ACS
CUCK + WATCH + LEARN + DISCUSS v Chemistry for Life

Bioprivileged Molecules: A New Paradigm for Biobased Chemical Development

Brent Shanks
Distinguished Professor, Engineering and
Chair, Chemical and Biological Engineering,
lowa State University

Peter Keeling
Industrial Collaboration and Innovation Director,
NSF Engineering Research Center for Biorenewable
Chemicals (CBiRC), lowa State University

Joe Fortunak
Professor of Chemistry, Howard University

Director, NSF Engineering Research Center for
Biorenewable Chemicals, lowa State University

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

Co-produced with the ACS Green Chemistry Institute

36
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CALL FOR ABSTRACTS OPENS NOV 19, 2018

#gcande | @ACSGCI | gcande.org

Save the Date
23" Annual Green Chemistry & Engineering Conference
—and —
9th International Conference on Green

and Sustainable Chemistry

RESTON, VA | JUNE 11-13, 2019
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G g =

DESIGN USE

HIGHLIGHT YOUR BRAND. POSITION YOURSELF AS A GREEN CHEMISTRY CHAMPION.
SPONSOR THE 23" ANNUAL GREEN CHEMISTRY & ENGINEERING CONFERENCE
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Upcoming ACS Webinars ACS
www.acs.org/acswebinars W Chemistry for Life®

Thursday, September 20, 2018
A Novel Strategy for the Treatment of Chronic Pain: Antagonising PAR2 with a Monoclonal Antibody

Co-produced with ACS Division of Medicinal Chemistry and the American Association of Pharmaceutical Scientists

®nNwooo

Pete Thornton Nurulain Zaveri

AstraZeneca Astraea Therapeutics

Experts
Thursday, September 27, 2018
Who Will Win the #ChemNobel? Predicting the 2018 Nobel Laureate(s) in Chemistry
Co-produced with Chemical & Engineering News
Carmen Drahl Lauren wolf Nicole Gaudell Joseph Moran Nell Garg
C&EN C&EN Beam Therapeutics University of UCLA
Experts Strasbourg

Contact ACS Webinars ® at acswebinars@acs.org
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Peter Keeling
Industrial Collaboration and Innovation Director,
NSF Engineering Research Center for Biorenewable
Chemicals (CBIRC), lowa State University

Brent Shanks
Distinguished Professor, Engineering and
Chair, Chemical and Biological Engineering,
lowa State University

Director, NSF Engineering Research Center for
Biorenewable Chemicals, lowa State University

13/09/2018

ACS
v Chemistry for Life®

Bioprivileged Molecules: A New Paradigm for Biobased Chemical Development

Joe Fortunak

Professor of Chemistry, Howard University

Slides available now and an invitation to view the edited recording will be sent when available.

www.acs.org/acswebinars

Co-produced with the ACS Green Chemistry Institute

How has ACS Webinars benefited you?

“Sustainable Chemistry is Safer
Chemistry is another great ACS
Webinar that educates us
chemists all around the world
that it is our duty and
responsibility to design the
proper chem routes and
processes to ensure, first and

foremost, human and
environmental safety.”

http://bit.ly/GCisSustainabiltyVideo

f
San of the Weekt
Virginia Castro Ventura

Professor of Chemistry and Biochemistry,
ACS member 1 year strong!

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

@AmericanChemicalSociety @AmericanChemicalSociety

o
Llnkedm https://www.linkedin.com/company/american-chemical-society
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Contact ACS Webinars ® at acswebinars@acs.org

(§)ACS Webinars ACS
CUCK + WATCH + LEARN + DISCUSS W Chemistry for Life

Benefits of ACS Membership

Chemical & Engineering News (C&EN)
CHEMICALS ENGINEERING NEWS The preeminent weekly digital and print news source.

— NEW! ACS SciFinder

- p— SCl FlNDER ACS Members receive 25 complimentary SciFinder® research
Mg cas soLTION activities per year.

&
t% NEW! ACS Career Navigator
gﬂ - Your source for leadership development, professional
\ ;j! education, career services, and much more.

http://bit.ly/ACSmembership

-Koq"'
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(§)ACS Webinars ACS
CUCK + WATCH » LEARN - DISCUSS v Chemistry for Life

ACS Webinars“does not endorse any products or services. The views
expressed in this presentation are those of the presenter and do not
necessarily reflect the views or policies of the American Chemical Society.
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Contact ACS Webinars ® at acswebinars@acs.org

Upcoming ACS Webinars ACS
www.acs.org/acswebinars W Chemistry for Life®

Thursday, September 20, 2018
A Novel Strategy for the Treatment of Chronic Pain: Antagonising PAR2 with a Monoclonal Antibody

Co-produced with ACS Division of Medicinal Chemistry and the American Association of Pharmaceutical Scientists
Pete Thornton Nurulain Zaveri
Experts AstraZeneca Astraea Therapeutics

Thursday, September 27, 2018

Who Will Win the #ChemNobel? Predicting the 2018 Nobel Laureate(s) in Chemistry
Co-produced with Chemical & Engineering News

) Carmen Drahl Lauren Wolf Nicole Gaudell Joseph Maran Neil Garg
: B\ ceev C&EN Beam Therapeutics University of UCLA
{ Strasbourg
4
m

Contact ACS Webinars ® at acswebinars@acs.org
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Experts
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