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Type them into questions box!

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

Contact ACS Webinars ® at acswebinars@acs.org 

Have Questions?

2

http://bit.ly/ACSnewmember

http://bit.ly/ACSnewmember
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http://bit.ly/ACSnewmember

Benefits of ACS Membership 

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

NEW! ACS SciFinder 
ACS Members receive 25 complimentary SciFinder® research 
activities per year. 

NEW! ACS Career Navigator 
Your source for leadership development, professional 
education, career services, and much more.
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Contact ACS Webinars ® at acswebinars@acs.org 

@AmericanChemicalSociety

@AmerChemSociety

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

@AmerChemSociety

http://bit.ly/ACSnewmember
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Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org 
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“This ACS Webinar was very 
informative! I'm more familiar 
with green chemistry than I 
am with developments in the 
pharmaceutical industry; 
hearing about real world 
applications was interesting.”

Charlotte Synder, MS 
Green and Environmental Chemistry, George Washington University 
and Student Trainee, TRI Program, Environmental Protection Agency

https://www.acs.org/content/acs/en/acs-
webinars/technology-innovation/waste-slimming.html
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www.acs.org/acswebinars

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 on  
Thursdays from 2-3pm ET!

®

https://www.acs.org/content/acs/en/acs-webinars/technology-innovation/waste-slimming.html
http://www.acs.org/acswebinars
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http://acsoncampus.acs.org

What is ACS on Campus?

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:
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www.acs.org/heroes

#HeroesofChemistry
ACS Heroes of Chemistry Award

The ACS Heroes of Chemistry Award is the Annual 
award sponsored by the American Chemical Society 
that recognizes talented industrial chemical scientists 
whose work has led to the development of successful 
commercialized products ingrained with chemistry for 
the benefit of humankind. 

2018 Winners:

http://acsoncampus.acs.org/
http://www.acs.org/heroes
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https://chemidp.acs.org

An individual development 
planning tool for you! 
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Upcoming Spanish Language Broadcast! 
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/spanish/maquinas-moleculares.html

https://chemidp.acs.org/
https://www.acs.org/content/acs/en/acs-webinars/spanish/maquinas-moleculares.html
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Upcoming ACS Webinar!
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/treating-diabetes.html
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https://www.gcande.org/call-for-symposia

24th Annual Green Chemistry & 
Engineering Conference

• Symposia due by October 4, 2019

• Abstracts open January 4, 2020

Theme: Systems-Inspired Design

2020

20212022

2023

https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/treating-diabetes.html
https://www.gcande.org/call-for-symposia
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T H I S    A C S   W E B I N A R   W I L L B E G I N   S H O R T L Y . . .

Presentation slides are available now! The recording will be edited and posted at a later date.

The Future of Organic Synthesis is in Water: From Chemo- to Bio-catalysis

14www.acs.org/acswebinars
This ACS Webinar is co-produced with the ACS Green Chemistry Institute

Joe Fortunak
Professor of Chemistry, 

Howard University

Bruce H. Lipshutz
Distinguished Professor of Chemistry,  

UC Santa Barbara

http://www.acs.org/acswebinars
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https://www.acs.org/content/acs/en/greenchemistry/industry-roundtables/pharmaceutical.html

Impact of Solvents and Water within the Pharmaceutical Industry

16

“The medium is the message.”

https://www.acs.org/content/acs/en/greenchemistry/industry-roundtables/pharmaceutical.html
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Making the switch to green chemistry...

Traditional, in organic solvents Nontraditional, in alternative media

ionic liquids
scCO2

fluorous 
enzymatic

multi-phase
water

borrow solubility borrow water

18

Two Three Worlds of Organic Chemistry
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Looking Towards Nature as the Perfect Model

bio-catalysis in water; why not chemo-catalysis?

20

“Directed Evolution” in Micellar Catalysis: Nanomicelles as “Nanoreactors” in Water

Benign by design “designer” surfactants (available from Aldrich)
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Chemistry in nanoreactors…in water @ room temperature
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45-60 nm
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Applications of Nanomicellar Technology

chemistry in water at rt

24

Three Key Reaction Parameters

solvent/medium reaction temperature catalyst

?

One left…



10/3/2019

13

25

The Periodic Table of the Elements

26

The Periodic Table of Endangered Elements
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Cost of Pd over time: At what point does it become too high?

https://periodictable.com/Elements/046/index.html

https://www.macrotrends.net/2542/palladium-prices-historical-chart-data

The current price of palladium as of October 01, 2019 is $1,630.70 per ounce.

Record Highs

28

Environmentally responsible, sustainable synthetic chemistry, in route towards “zero waste”

NO organic solvent reaction temperature

room

practically no catalyst

https://periodictable.com/Elements/046/index.html
https://www.macrotrends.net/2542/palladium-prices-historical-chart-data
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Buchwald-Hartwig aminations: From the green chemistry perspective

X N
R

H
N
R

+
“cat. Pd”

sp2

30

Applications of Palladium-Catalyzed C–N Cross-Coupling Reactions

Pd-catalyzed cross-coupling reactions that form C–N bonds have become 
useful methods to synthesize anilines and aniline derivatives, an 
important class of compounds throughout chemical research. A key factor 
in the widespread adoption of these methods has been the continued 
development of reliable and versatile catalysts that function under 
operationally simple, user-friendly conditions. This review provides an 
overview of Pd-catalyzed N-arylation reactions found in both basic and 
applied chemical research from 2008 to the present. Selected examples of 
C–N cross-coupling reactions between nine classes of nitrogen-based 
coupling partners and (pseudo)aryl halides are described for the synthesis 
of heterocycles, medicinally relevant compounds, natural products, 
organic materials, and catalysts.

Abstract

https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.6b00512

https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.6b00512
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Buchwald-Hartwig aminations: From the green chemistry perspective

X N
R

H
N
R

+
“cat. Pd”

sp2

32

The 25th Anniversary of the Buchwald–Hartwig Amination: Development, Applications, and Outlook

The palladium-catalyzed cross-coupling of amines and aryl 
(pseudo)halides, now commonly known as the Buchwald–Hartwig
amination, was first reported 25 years ago. Since the simultaneous 
breakthrough reports of Buchwald and Hartwig in 1995, this reaction has 
transformed the way synthetic chemists think about synthesizing 
aromatic amines. In this highlight article, a short showcasing discussion 
about the genesis of this reaction is provided, along with selected 
examples showing the impact of this transformation in synthetic 
chemistry in both academic and industrial settings.

Abstract

https://pubs.acs.org/doi/10.1021/acs.oprd.9b00161

https://pubs.acs.org/doi/10.1021/acs.oprd.9b00161
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Cost of Pd over time: At what point does it become too high?

https://periodictable.com/Elements/046/index.html

https://www.macrotrends.net/2542/palladium-prices-historical-chart-data

The current price of palladium as of October 01, 2019 is $1,630.70 per ounce.

Record Highs

34

1000 ppm Pd-Catalyzed aminations in water: New catalyst
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Chem. Sci. 2019

https://periodictable.com/Elements/046/index.html
https://www.macrotrends.net/2542/palladium-prices-historical-chart-data
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1000 ppm Pd-Catalyzed aminations in water: New catalyst

Colacot, T. J. et. al., J. Org. Chem. 2015, 80, 6794.

36

1000 ppm Pd-Catalyzed aminations in water

Representative examples
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1000 ppm Pd-Catalyzed aminations in water

At gram scale

Although this amination forms the desired C-N bond virtually quantitatively 
using only 1000 ppm of a Pd catalyst, from the standpoint of the student taking 
introductory organic chemistry, what’s confusing about this reaction shown?

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

• The yield is too high

• The amine is an aniline and so, it’s an unfair choice

• There is a carbonyl group in one of the reaction partners

• Additional Pd must have been added at some point along the reaction coordinate

• The cataylst formed is not the expected species and is far more active than that anticipated

38

* If your answer differs greatly from the choices above tell us in the chat! 
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1000 ppm Pd-Catalyzed aminations in water

Still prefer organic solvents?  Tenga cuidado

40

Applications to targets in pharma
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Residual Pd in the products of amination

N
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F

O

O

O N
H

CF3
N

F Cl

N
H

3 ppm 4 ppm 4 ppm

Allowance:  10 ppm Pd / dose

42

1000 ppm Pd-Catalyzed aminations in water

Tandem reactions

H
N

O2N

O CIP (5 equiv)
NH4Cl (3 equiv)

2 wt % TPGS-750M/H2O
20% THF, 45 oC

Ar, 5 h

F3C Br

(amination)

77%

simple filtration
through Celite

H
N

N
H

O

F3C

CF3

CF3

CIP
carbonyl iron powder
(Org. Lett. 2017, 19, 6518)
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Chemo-catalysis meets bio-catalysis in water

Tandem chemo- / bio-catalyzed reactions

44

Looking Towards Nature as the Perfect Model

Bio-catalysis: enzymes … in water
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Selection of an enzyme

Attractive Features:

low toxicity

usually performed in H2O

mild and safe conditions

catalytic processes

reduction of waste

atom economy

Types of Enzymes:

oxidoreductases

transferases

hydrolases

lyases

isomerases

ligases, etc.

alcohol dehydrogenase 
(ADH)

(from Johnson Matthey;
enzyme kit)

o ADH101 
o ADH105
o ADH110
o ADH112

Nat. Comm. 2019, 10, 2169.

46

Tandem reactions in water

Pd

Pd
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Tandem reactions in water @ rt

1,4-addition, then ADH

48

Tandem reactions in water @ rt

1st stereocenter:   ligand-controlled
2nd stereocenter:  enzyme-controlled

implication:  access to all 4 enantiomers

1,4-addition, then ADH
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Tandem reactions in water @ rt

Alkyne hydration, then ADH

R
R

O ADH101, NAD+, NADP+, i-PrOH

2 wt % TPGS-750-M/buffer

MgSO4, 37 °C,  pH = 7
R

OH
(HandaPhos)AuCl (1000 ppm)

AgSbF6 (2000 ppm)

TFA (2.0 equiv)
3 wt % TPGS-750-M/H2O

O

(R)

OH

(R)

OH

92%
>99.9% ee

99%
>99.9% ee

90%
>99.0% ee

(R)

OH

(R)

50
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Stability of enzymes in the presence of TPGS-750-M

NAD/NADP

MgSO4
iPrOH

TPGS-750-M/Buffer

ADH101

substrate added
@ t=0h or t=24h

37 °C

O

O

O

3

52

Comparisons: Surfactants

Reaction with TPGS-750-M present is fastest.
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How can just the presence of a surfactant and its derived nanomicelles in the 
aqueous reaction medium lead to higher levels of enzymatic conversion and 
hence, greater yields of the desired product?

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

• By widening the entrance of the enzymatic cavity

• By inhibiting re-entry of the initial product

• By providing alternative housing for educts and products

• Via non-covalent bonding to enzyme, thereby changing its size and shape

• None of the above, explaination remains a mystery

53

* If your answer differs greatly from the choices above tell us in the chat! 

54

It’s in the water: Just add TPGS

nonracemic
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product
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b
s
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substrate

product

substrate

substrate

substrate

substrate

“reservoir” effect of micelles in water

controlled release 
of substrates into 

surrounding water, 
finding enzymatic 

pocket

H2O

H2O
H2O

H2O

H2O

H2O

H2O

H2O

H2O

H2O

H2O

Minimizing Enzymatic Inhibition

substrate & product are housed within micelles 
and away from enyzymatic pocket

H2O
H2O

H2O
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Tandem bio-/chemo-catalysis

O
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MeO

lipase

2 wt % TPGS-750-M/buffer
+

Pd(OAc)2 (0.1 mol %)
N2Phos (0.2 mol %), base

 45 °C, overnight

82%

MeO

B(OH)2

1000 ppm Pd
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Tandem bio-/bio-catalysis
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Summary, Conclusions, and a look forward…

Traditional, 
in organic solvents

Nontraditional, 
in alternative media

new world with
new rules for 

doing synthesis, 
faster, better, cheaper

&
environmentally 

responsibly

58
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Upcoming Spanish Language Broadcast! 
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/spanish/maquinas-moleculares.html

60

Upcoming ACS Webinar!
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/treating-diabetes.html

https://www.acs.org/content/acs/en/acs-webinars/spanish/maquinas-moleculares.html
https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/treating-diabetes.html
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Presentation slides are available now! The recording will be edited and posted at a later date.

The Future of Organic Synthesis is in Water: From Chemo- to Bio-catalysis

61www.acs.org/acswebinars
This ACS Webinar is co-produced with the ACS Green Chemistry Institute

Joe Fortunak
Professor of Chemistry, 

Howard University

Bruce H. Lipshutz
Distinguished Professor of Chemistry,  

UC Santa Barbara

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org 
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“This ACS Webinar was very 
informative! I'm more familiar 
with green chemistry than I 
am with developments in the 
pharmaceutical industry; 
hearing about real world 
applications was interesting.”

Charlotte Synder, MS 
Green and Environmental Chemistry, George Washington University 
and Student Trainee, TRI Program, Environmental Protection Agency

https://www.acs.org/content/acs/en/acs-
webinars/technology-innovation/waste-slimming.html

http://www.acs.org/acswebinars
https://www.acs.org/content/acs/en/acs-webinars/technology-innovation/waste-slimming.html
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https://www.gcande.org/call-for-symposia
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Contact ACS Webinars ® at acswebinars@acs.org 

@AmericanChemicalSociety

@AmerChemSociety

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

@AmerChemSociety

https://www.gcande.org/call-for-symposia
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http://bit.ly/ACSnewmember
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ACS Webinars  does not endorse any products or services. The views 
expressed in this presentation are those of the presenter and do not 
necessarily reflect the views or policies of the American Chemical Society.

®

Contact ACS Webinars ® at acswebinars@acs.org 

http://bit.ly/ACSnewmember
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Upcoming Spanish Language Broadcast! 
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/spanish/maquinas-moleculares.html
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Upcoming ACS Webinar!
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/treating-diabetes.html

https://www.acs.org/content/acs/en/acs-webinars/spanish/maquinas-moleculares.html
https://www.acs.org/content/acs/en/acs-webinars/drug-discovery/treating-diabetes.html

