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Science:

Knowledge about the world, especially based on examining,
testing and proving facts.

Chemistry:

The science that is concerned with studying the
structure of substances and the way that they
change or combine with each other.

Longman Dictionary
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World Population

2062 10 billion

e 712011 7hbilion
O |

S 641999  6bilion
S ] 1987 sbiion
C

S 4] . 1974 4bilion

O T
3 5] 1860 sbilon
n_ -

1 1804 1 billion Industrial revolution 0.77 billion

0 ,
T ; T ' | T 1 T 1 T | - 1
10000BC  8000BC 6000 BC 4000BC 2000BC o 2000

Year

B Food/water
enough when
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Data before 1940: http://www.census.gov/population/international/data/worldpop/table_history.php
Data after 1940: http://esa.un.org/unpd/wpp/Excel-Data/population.htm Graph prepared by Hung-Yu Huang
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http://globalgoals.org/

Future of Chemistry Special Issue 150 Years of BASF

Reinventing Chemistry
George M. Whitesides*

The End of One Era and the Beginning of Another

Nothing goes on forever.

Abstract

“Chemistry may now be the most
important of the sciences in its
potential to impact society.”

CHANGE

Chemistry is in a period of change, from an era focused on molecules and reactions, to one in which
manipulations of systems of molecules and reactions will be essential parts of controlling larger
systems. This Essay traces paths from the past to possible futures.



FIULARIVE DL EeE ? PET vs. Wool

Land-Use Intensification in Manufacturing Fiber

PET

B A 4-hectare plant produces 0.5 million
tonnes per year

Wool

B To obtain 0.5 million tonnes per
year; 25 sheep/hectare . Need
4x10° ha of pasture. (Size of the
Netherlands)

Figure 2.11 Fleece made from recycled synthetic PET fibre. Image copyright
0. Akhagj.

Land use ratio!! =4 x 10%/4 = 106 !!

If 39 million tonnes of wool needed per year. Size of India!!

Chemistry for Sustainable Technologies: A Foundation (Neil Winterton; RSC) Chap. 2, section 2.7, Box 2.1









Success Story about Ibuprofen

SCST-2016

B UK market for ibuprofen is about 3,000,000 kg per year
B Old synthetic route (6 steps; atom economy = 40%)

0 O—CHCO,C,Hs
(CH,C0),0 CICH,CO,C,H;
AICI, NaOC,H;

CHO CH=NOH

12



In Organic Chemistry textbook
Friedel-Crafts Acylation

Friedel-Crafts acylation @)
: i
[ AICI, SR
+  B—t—xl — + HCI
benzene acyl halide an acylbenzene

(a phenyl ketone)

O
Example I
O C
I AlCI, N CH.
+ CHy—C—Cl — >+ HC]
benzene acetyl chloride acetylbenzene (95%)
(acetophenone)

© 2013 Pearson Education, Inc

* Acyl chloride is used in place of alkyl chloride.

* The product is a phenyl ketone that is less reactive than
benzene.



Green Synthesis of Ibuprofen

SCST-2016
HSCJL )kczH3 % H,, Raney Ni Y\Q/
8 OH
éj ] _

hydrogenation

Friedel-Crafts acetylation co

palladium-catalyzed J[Pd]

carbonylation
\]AG\FC'P
B Greater overall yield (3 steps vs. 6 steps) o

B Greater atom economy (77% vs. 40% atom economy)

B Fewer auxiliary substances (products and solvents separation agents)

M Less waste: greater atom economy, catalytic vs. stoichiometric
reagents, recovery of byproducts and reagents, recycling, and reuse,
lower disposal costs.

Presidential Green Chemistry Challenge Awards
Greener Synthetic Pathways Award in 1997 14



The Sildenafil Citrate Process:
Reduction of Solvent Usage

SCST-2016

o]
- ) OsOH
N N
l\fj;\ P HN™ N HO
& N HO OH
o~ A B CcHCL
U Acetone
Sold as Viagra oo
Methanol
B Ether
I Ethyl Acetate
B 2-Butanocne
Toluene
Pyridine
t-Butanol
| B New solvent
1300 L/kg 100 L/kg 22 Likg 7 Likg 4 L/kg
Medicinal Chemistry Optimised Commercial Route Comme.rclal Route  Future
1990 Med. Chemistry (1997) Following solvent Target
1994 Recovery
Before 2004

2003 CRTSTAL Faraday Award
Green Chem. 2004, 6, 43; Org. Proc. Res. Dev. 2005, 9, 88.

15



Green Synthesis of Sitagliptin: Biocatalysis

SCST-2016

F

F
F
. Nz\t Active ingredient in Januvia

/@A/\I(N =N for treating of type 2 diabetes
NH, O
. .

F

B Enzymatic process affording chiral amine

B Eliminate the use of a rare metal catalyst

B Remove the use of high pressure condition

B Increase yield

M Less waste: compared to original catalytic synthesis, the enzymatic

B process creates 99.8 kg less waste for each kg of sitagliptin produced.

Presidential Green Chemistry Challenge Award
Greener Reaction Conditions Award in 2010
Science 2010, 329, 305. iy



Prospects of Chemists

The I . .
World politics Business & finance Economics Science & technology Culture Bn I'Ig on the personal. tra] ners

Probability that computerisation will lead to job
The future of jobs losses within the next two decades, 2013

. (1=certain)
The onrushing wave 0 T
Recreational therapists 0.003

Previous technological innovation has always delivered more long-run employment,
not less. But things can change

Jan 18th 2014 | From the print edition ( -:'! Timekecper LQ,K,‘

A bright future ahead for chemists Rearsanclnne o L o 002

. : . Accountantsandauditors  0.94
and chemical engineers in a world  Teiemarketers 0.99
of computerisation! Tobs 1 Comptarsationt i C ey s M. Ochorte (3013)

17
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Structural design of ruthenium sensitizer compatible with cobalt electrolyte for a
dye-sensitized solar cellt+

Chia Li, Shi-Jhang Wu and Chun-Guey Wu *

Department of Chemistry and Research Center for New Generation Photovoltaics, National Central University,

Jhong-Li, 32001, Taiwan.
COOH

DOI: 10.1039/C4TA01750A

J. Mater. Chem. A, 2014, 2, 17551-17560
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http://pubs.rsc.org/en/content/articlehtml/2014/ta/c4ta01750a?page=search#fn1
http://dx.doi.org/10.1039/C4TA01750A
http://dx.doi.org/10.1039/2050-7496/2013

-A-SJW-B18
-= CYC-B11H

00 02

04 06 08

Voc (V)

-A-SJW-B18
-m CYC-B11H

400

600 800
Wavelength (nm)

Fig. 6 Photocurrent density—voltage (I-V) and IPCE curves
for device E and F sensitized with SJW-B18 and CYC-B11H,
respectively, measured under AM 1.5G simulated sunlight
illumination (100 mW cm2). Thickness of TiO, film: 4 + 4
pm.



CyHg

/ \
s
3-nBT C4Hq
(BrnBT) CsHy (1) n-Buli,
d NS
Mg + BrCsHs CiHy (2) Me3SnCl / Caft
ether NiCly(dppp). ether Bk THF. -78°C
C4Hq
CsHg \
/ (1) n-BuLi, THF, -78°C /s / \
1 - /Sn s CsHg
Pd(PPh:,,),,. DVE C.H, (2) MesSnCI, THF, -78°C \ /
reflux, 72h DnBBT TMe$n-DnBB T
B B C4Hq CaHog
7\ ® C4Ho C4Hy
=\ N

Pd(PPh,)s, DMF, reflux, 72h



In Organic Chemistry textbook....

e 2
:C—H 1S
e e
cyclopentadienyl thiophene
anion

six pi electrons six pi electrons six pi electrons six pi electrons
© 2013 Pearson Education, Inc.



Non-immunosuppressive triazole-based small molecule induces anticancer

activity against human hormone-refractory prostate cancers: the role in
inhibition of PI3K/AKT/mTOR and c-Myc signaling pathways

NH, Ny HC
Ho\j(cuz)m[ N;N

HO R

n R PC-3 (IC,, uM) DU-145 (IC_, uM)
SPS-1 1 CH,, >10 =10
SPS-2 I CH,. >10 =10
SPS-3 ! C,H,, >10 9.7
SPS-4 1 C,.H,, >10 >10
SPS-5 ! C,H, 49 47
SPS-6 ! CH,, 33 53
SPS-7 [ CH,, 3.0 4.6
SPS-8 I CH, 38 6.2
SPS-9 2 CH,, 6.2 nd
SPS-10 2 C,H, >10 nd
SPS-11 3 C, H, 4.2 54
SPS-12 4 Cl.‘H,. 9.0 6.6
j\ :
N

SPS-13 rB:g\;i)Ih‘rN HeS >10 >10

HO blﬂHSY

NH, | N.N "HCI

SPS-14 £0,C— N 7.9 > 10

Eto2 t:18H37

N7 NN "HCI

SPS-15 Ho\j\/[” > 10 > 10

HO C1aHyr

OJ\NH N
SPS-16 o L h‘rN > 10 > 10

DOI: 10.18632/oncotarget.12765
Metrics:PDF 127 views | HTML 27
views?

Wohn-Jenn Leu®’, Sharada
Prasanna Swain®", She-Hung Chan?,
Jui-Ling Hsu?, Shih-Ping Liu?, Mei-
Ling Chan', Chia-Chun Yu?, Lih-Ching
Hsu?, Yen-Lin Chou?, Wei-Ling
Chang!, Duen-Ren Hou?, Jih-Hwa
Guh?

1School of Pharmacy, National
Taiwan University, Taipei, Taiwan
’Department of Chemistry, National
Central University, Jhong-li, Taoyuan,
Taiwan

3Department of Urology, National
Taiwan University Hospital, Taipei,
Taiwan
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Br

N EtO,C o— / EtO,G_NHBoc
NH; M >7NHBoc t C= 0»
1 2
LiBH; HOH,C NHBoc Boc N
—4> 2 C18H37N3, Cul NH O HCI
9 : \ ~ HO N
72%  HOH,C — DMF, 88% N 86%
3 HO 4 C1gH37
NH; 1 Ny “HC!
HO N
HO b18H37

SPS-9



IZEOHYE R (target oriented synthesis)
I\

Brevipolides

-— e

http://taibnet.sinica.edu.tw/chi/taibnet_addpicture3.php?name_code=203489&id=9919
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H
HO TBSCI,

imidazoi|e

thyl vinyl ket , Cul
TBSO etnyl vinyl ketone u -
\l 76% \l
2 3

-IIIIIO

Grubbs cat. Il, Et,0, 78%

||IIO

R

-llllllo

\(\/\”/ or CICH,OFt

TBSO Et
/
DIPEA > N O
5a, R = CH20CH3, 95%
5b, R = CH,OFEt, 95%
RO
TBSOL
Et TBSOTf, LHMDS
Me;S(O)!
3 - O
NaH, DMF/THF

-78 °C, 1 h, 86%
10a, R = CH20CH3, 54%
10b, R = CH,OEt, 79%

14 Z > 99%



?CHZOEt oH 4-methoxy-
. oH 3 cinnamic acid

\ -
DIC, DMAP, 86%
O

15 dr=2:1

AD-mix B, CH3802N H2

t-BuOH/H,0, 0 °C,16 h, 84%

O

J\/\ 1) TBAF, THF 0
Ar >

2) 3-butenoic acid,
DIAD, PPhs, 65%

@) 16 17 Ar = p-(MeO)CgH,

TBS  QCH,OF!

-ullllo




© Grubbs cat. Il ©
»>
Cul, Et,0, 88%
17 18 Ar = p-(MeO)CgH,
O Diastereomers separated here.
OR
0" N
O ; 5
DBU, CH,Cl, oMo
>
0°C, 97% @)
19, R = CH,OEt HCI(aq)
20, R = H, ent-brevipolide H THF, 95%

ent-Brevipolide H showed a comparable bioactivity (ICs,: 7.7 versus 13.5
UM of natural analogue, against the cell proliferation of human hormone-

refractory prostate cancer cell line (PC-3).
Org. Lett. 2014, 16, 5328
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What we know? Why we know it?
Why should we care?

What? So what? Now what?



“Research universities: in principle, the organizations
with the greatest flexibility. Universities should, ideally,
lead in changing the structure of chemistry, not
because they are more competent than industry or
government, but because they are less constrained,
and because one of their jobs is education, and
education is the future.”

“Many useful types of change would be (in principle)
easily accomplished: combining different departments
(chemistry, biochemistry, chemical engineering,
materials science), broadening education, and changing
the criteria for tenure to give credit for collaborative

research are among them.”
Angew. Chem. Int. Ed. 2015, 54, 3196.



Context-Based Learning

What we know?
Why we know it?

Why should we care?




Context-Based Learning

3 Visualizingithe Chemistry of Climatg

- : il" o ' . . 4

Welcome to the Visualizing the Chemistry of Climate Change (VC3) portal. Here you will find

resources for teaching and learning 15t year chemistry through the rich context of climate
science.

The—fmo-

Isotope Gases Acid/Base chemistry
Do, f“" -
8 6D v

http://www.kcvs.ca/vc3/Lessons/



Context-Based Learning

Extraction and Antibacterial Properties of Thyme Leaf Extracts:
Authentic Practice of Green Chemistry

Sean C. Purcell, Prithvi Pande, Yingxin Lin, Ernesto J. Rivera, Latisha Paw U, Luisa M. Smallwood,
Geri A. Kerstiens, Laura B. Armstrong, MaryAnn T. Robak, Anne M. Baranger, and Michelle C. Douskey*

Department of Chemistry, University of California, Berkeley, Berkeley, California 94720, United States
© Supporting Information

ABSTRACT: In this undergraduate analytical chemistry experiment, Thymeleaves @~ [--------
students quantitatively assess the antibacterial activity of essential oils . ) -
found in thyme leaves (Thymus vulgaris) in an authentic, research-like % -
environment. This multiweek experiment aims to instill green chemistry
principles as intrinsic to chemical problem solving. Students progress
through various techniques including extraction, chromatography (TLC and
HPLC), culturing bacteria, and disk diffusion via a process of guided
exploration that emphasizes green experimental design. Approximately 600
undergraduate students carried out the experiment and self-reported
substantial learning gains.

KEYWORDS: First-Year Undergraduate/General, Green Chemistry, HPLC, Biochemistry, Laboratory Instruction,

Inquiry-Based/Discovery Learning, Problem Solving/Decision Making, Natural Products, Quantitative Analysis,
Thin Layer Chromatography

J. Chem. Educ. 2016, 93, 1422



"Today, most students who want to
change the world end up being activists.
How many 18-year-olds who care about
the planet say, 'I'm going to go be a
chemist'? But now they

can go to the lab and
invent something that
can save the world. "

by John Warner



