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GLOBAL TOP 50
Chemical companies saw strong growth in sales and operating profits again in 2011

CHEMICAL
PROFITS AS

CHEMICAL

CHEMICAL CHEMICAL CHEMICAL IDENTIFIABLE ASSETS OPERATING

SALES CHANGE SALESAS HEAD-  OPERATING CHANGE % OF TOTAL OPERAT- CHEMICAL AS % OF RETURN ON
& ($ MILLIONS) FROM 9% OF TOTAL QUARTERS PROFITS® FROM OPERATING ING PROFIT ASSETS TOTAL CHEMICAL
2011 2010 COMPANY 2011 2010 SALES COUNTRY ($ MILLIONS) 2010 PROFITS MARGIN® ($ MILLIONS) ASSETS ASSETS¢
1 1 BASF $85,603 158% 836% Germany $9,021 193% 754% 10.5% $70,971 83.3% 12.7%
2 2 Dow Chemical 59,985 11.8 100.0 u.S. 4522 247 100.0 75 69,224 100.0 6.5
3 3 Sinopec 57,068 29.1 15.0 China 3,915 71.3 24.8 6.9 22,095 126 17.7
4 4 ExxonMobild 41,942 18.1 9.0 U.S. 4,383 -10.8 10.7 10.5 27107 8.2 16.2
5 7 SABIC 41730 238 824 Saudi Arabia 14452 258 872 346 72,027 81.2 20.1
6 6 g?rmosa 37612 12 63.0 Taiwan 4120 -22.3 86.9 110 38914 64.9 106
astics®
7 8 DuPont! 34,763 156 916 U.S. 5,547 228 98.8 16.0 18,819 679 295
8 9 LyondellBasell 32214 164 63.1  Netherlands 3.301 238 826 10.2 na na na
Industries
9 10 Mitsubishi 29,687 36 738 Japan 806 -55.5 492 27 26,243 65.9 31
Chemical
10 12 Total 27134 114 10.5 France 917 -31.7 2.7 34 na na na
11 13 Bayer 25,198 6.5 495 Germany 1,665 148 28.8 6.6 25,057 341 6.6
12 11 Ineos Group 24,500 -6.0 100.0 Switzerland 2430 54 100.0 9.9 12,940 100.0 188

STRONG RESULTS Profit margins improved again, and spending held steady.

Profit margin, % Capital spending as % of chemical sales? R&D spending as % of chemical sales®
15 15 4
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NOTE: Based on C&EN's annual listing of the Global Top 50 chemical producers. a For companies reporting chemical capital spending. b For companies reporting chemical R&D.

WWW.CEN-ONLINE.ORG JULY 30. 2012
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Answer: Our growing ecological foot print
significantly exceeds the carrying capacity
of the earth.

Ecological footprint: a measure of the
amount of biologically productive space

needed on average to support a human
being.



Sustainability (Gk48)
( A system state that can endure
iIndefinitely)

Its Major Challenges
Population( A[X)

Energy(gEJR)
Global Change(£EREE)
Resource Depletion (& JEFEIE)

Food Supply (& &HLE)
Toxics in Environment(3&ig%

1) (All are closely related to
Chemistry )




Our growing ecological foot print significantly exceeds the carrying capacity of
the earth. Thus we are drifting toward a catastrophe beyond comparison. We
shall require a substantially new manner of thinking if mankind is to survive.

-Albert Einstein
Green chemistry: A tool to foster sustainable development.
Design of chemical products and processes that reduce or eliminate

the use and generation of hazardous substances.
Minimize waste, energy use, and resource use.

Principles and Commandments

* Twelve principles of green chemistry
(Anastas and Wamer. 1998)
* Twelve more green chemistry principles
(Winterton, 2001)
* Twelve principles of green engineering
(Anastas and Zimmerman. 2003)
 Twelve principles of green science and technology
(Manahan. 2005)
* Ten commandments of sustainability (Manahan. 2005)



Baran’s eight commandments of synthesis

1. Avoid redox reactions that don't form C-C bonds

2. Maximize the proportion of C-C bond-forming reactions
3. Make disconnections that maximize convergence

4. Gradually increase the oxidation state of successive
Intermediates

5. Maximize structural change in each step-use cascade
(tandem) reactions

6. Avoid protecting groups-exploit the reactivity of functional
groups

7. Incorporate biomimetic pathways

8. Seek new methodology and reactivity

The Baran Group http://www.barangroup.com/

Report http://www.barangroup.com/SiteFiles/File/Report_internet 2.pdf



http://www.barangroup.com/SiteFiles/File/Report_internet_2.pdf
http://www.barangroup.com/

4t {25 (Anastas and Warner)
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Anastas, P. T.; Warner, J. C. Green Chemistry: Theory and Practice, Oxford University Press: New York, 1998, p.30.
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7}4 Prevent waste: DeS|gn chemical syntheses to prevent waste, leaving no waste to
treat or clean up.
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SRS & ¥
jE % (yield): B2 E Moy g AR R X-F XL R0 ED e L,
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i® 24 = 5% . (Process Mass Intensity, PMI)

A key, high-level metric for evaluating and benchmarking progress
towards more sustainable manufacturing, has chosen by American
Chemical Society Green Chemistry Institute’s Pharmaceutical

Roundtable. B> wenx Lo
AstraZeneca Gobmmenafofsmen U, novaRTIS
Gl Tomeinetin. copEXIS &osm AMGEN http://www.acs.org/content/acs/en/gr
< b&i G o s Eir(;i;]glrg.lrs];[glhndustrlalnnovatlon/ro
SANOFI . » 3% Bristol-Myers Squibb
PMI=total mass in a process or process step (kg)/mass of product (kg)
—E+1

C. Jimenez-Gonzalez, C. S. Ponder, Q. B. Broxterman, and J. B. Manley, “Using the
Right Green Yardstick: Why Process Mass Intensity Is Used in the Pharmaceutical
Industry To Drive More Sustainable Processes”, Org. Process Res. Dev. 2011, 15, 912—-
917. (dx.doi.org/10.1021/0p200097d)

/5% 78 /Z (solvent intensity, SD
Sl =R B () EDEE =2 ()



http://www.acs.org/content/acs/en/greenchemistry/industriainnovation/roundtable.html
http://www.acs.org/content/acs/en/greenchemistry/industriainnovation/roundtable.html
http://www.acs.org/content/acs/en/greenchemistry/industriainnovation/roundtable.html

E*-Factor (Environmental factor) = #35:8 () = FUg4 9952 (2 7)/ E 4 692 (7))
(sum of waste)(severity factor)/(Wt. of product)(1-diluents)
Hazardous Waste to Land Disposal/Containment 10

Hazardous Waste to Incineration 4
Non-Hazardous Waste to Landfill 2
Waste Water (to Treatment Plant) 0.5

E: 0 (ideal), 0.4 (low), 6 (moderate), 50 (large), >200 (maximum)

16 Future Trends for Green Chemistry in the Pharmaceutical Industry

Table 16.1 Current and aspirational E factors for industry segments.

Roger Sheldon 1992 Aspiration target

Industry segment E-factor Industry segment E-factor
Bulk chemicals [=5 —\ Bulk chemicals Low
Fine chemicals 550 4 Fine chemicals [~5
Pharmaceuticals’ 25->100 Pharmaceuticals’ §->50

Roger A. Sheldon, Chem & Ind., 7-Dec-1992, pg. 903
a) Refers to small molecule pharmaceutical drugs not biologics, Roger - Sheldon, Chem. Commun., 2008, 3352-3365
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Maximize atom economy: DeS|gn syntheses so that the final product contains the
maximum proportion of the starting materials. There should be few, if any, wasted atoms.

Atom Economy (& 5 s 1) = ZEP/EFY)2 R Barry Trost

(Introduced by Barry Trost, Stanford University)
F: H,+ 0, > H,0, A.E.=34/(2+32)=100%

2007 US President Green Chemistry Challenge Award
US patent #: US6,630,118 B2
Process for the direct synthesis of hydrogen peroxide

0
! A
lee‘ o, —n

Synthesis of hydrogen peroxide from Anthraquinone Add itiOn

A.E.= 34/(210+32)=14% Rearrangement
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3. Design less hazardous chemical syntheses: Design syntheses to use and generate
substances with little or no toxicity to humans and the environment.

Risk Quotient (R) = predicted environmental concentration /
predicted no-effect environmental concentration

Cl O

1996 Designing Greener Chemicals Award
/ Rohm and Haas Company

N
Cl yd V\/\/\/
Antifoulant 4,5-dichloro-2-n-octyl-4-isothiazolin-3-one (Sea-Nine™) (R=0.024-0.36 )
replaces tributyltin oxide (R=15-430)

KE#H S EHEARIEE.8(8
W ".i CTRERE P A A
B Lt B 2 5D @l b

2013 12 18 FE R Hr =




2013 Small Business Award: Faraday Technology, Inc.
Functional Chrome Coatings Electrodeposited from a Trivalent
Chromium Plating Electrolyte

Faraday has developed a plating process that allows high-
performance chrome coatings to be made from the less toxic
trivalent chromium. This nearly drop-in replacement can reduce
millions of pounds of hexavalent chromium without comprising
performance.

A pilot-scale plating Cr*3 line




KREERIRE T EH BV EIAR0

1. 11. DDT

2. fift 12. 2 & 771260

3.k 13. =8.5%

4, LIGHRE 14, 26 & 771254

5. % 15. $&

6. 2 HEAREL 16. &

7.t 17. dibenz[a,h]anthracene

8. FRFELE 18. R&ET I

9. 815 19. p,p-dichlorodipheny! cichloroethane
10. benzo(b)fluoranthene 20. TR Az .

Ui AEVE RESE, 28 LaY FEE.

bR EEYI a0
http://www.pcc.vghtpe.gov.tw/index.asp



Relative Toxicities

Substance Approximate LD ¥ Toxicity rating
_10° 1. Practically nontoxic
- >1.5 x 10" mg/kg
gigldﬁ"ﬂ Hloride > -10 2. Slightly toxic, 5 x 10°
— 4
Malathion » _10° to 1.5 x 10" mg/kg
Chlord .- 3. Moderately toxic,
ordane —
Heptachlor » _10° Mo Sﬂﬂ.ﬂmgfkg
B 4. Very toxic, 50 to
Parathion = 10 500 mg/kg
— 5. Extremely toxic,
-1 5 to 50 mg/kg
Tetrodotox f = 10"
Inland taipan venom _
—10"2 6. Supertoxic,
_ < 5 mg/kg
~107°
-107
Botulinus toxin » 107

* LDs, values are in units of mg of toxicant per kg of body mass.

Puffer CHHK) fish toxin

MR TR R RIS - ETR L R A EEIE -

taipan (IR §EHE)

botulinus (AEEE)



ARXRFRE2NCERfrd A X227 xaFERMET E
£ M et § A, Design safer chemicals and products: Design chemical products
to be fully effective, yet have little or no toxicity.

2013 Academic Award Winner: Richard P. Wool,U of Delaware
Sustainable Polymers and Composites: Optimal Design

high oleic soy oil - pressure sensitive
adhesives and elastomers, composite resins,
a hermoplastic polyurethane (TPU) substitute
plant oils - isocyanate-free foam.
“Eco-Leather” from chicken feather which
avoids the traditional leather tanning process.
Less energy, water, hazardous wastes

http://www.che.udel.edu/pdf/facultycv/471cv.pdf

Dixie Chemical Makes Bio-based Composite Resin Available

Dixie Chemical has launched a bio-based composite resin that offers a combination of bio-based content over
55% and physical and mechanical property performance comparable to standard unsaturated polyester resins.
According to Dixie, the product is a Maleinated Acrylated Epoxidized Soybean Oil (MAESO) and meets the
growing interest of composite manufacturers to use bio-based materials, without sacrificing performance.
Publication date: 12/05/2012

Link: http://www.dixiechemical.com/



http://www.che.udel.edu/pdf/facultycv/471cv.pdf
http://www.dixiechemical.com/

5. % E 2 A feF BiFE: BLRT AR A RMLSL v
B bk RS AR TPV EEL

Use safer solvent

s and reaction conditions: Avoid using solvents, separation agents, or

other auxiliary chemicals. If these chemicals are necessary, use innocuous chemicals.
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yield
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N GWP separation B
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Environmental Engineering
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B e

water

acetone

ethanol
2-propanol
1-propanol

ethyl acetate
isoprophyl acetate
methanol

methyl ethyl ketone
1-butanol
t-butanol

AH
cyclohexane
heptane
toluene
methylcyclohexane
methyl t-butyl ether
IS0-octane
2-methyltetrahydrofuran
tetrahydrofuran
xylenes
dimethyl sulfoxide
acetic acid
ethylene glycol

K. Alfonsi, et al., Green Chem. 2008, 10, 31-36

Pfizer/ s G{E &Y {LEL AT e F AV AR &

ANHETERY

pentane

hexane

di-isopropy| ether
diethyl ether
dichloromethane
dichloroethane
chloroform
dimethyl formamide
N-methylpyrrolidinone
pyridine
dimethylacetamide
dioxane
dimethoxyethane
benzene
carbontetrachloride



Table 2 Solvent replacement table

Undesirable solvents Alternative
Pentane Heptane
Hexane(s) Heptane

Di-isopropyl ether or diethyl ether
Dioxane or dimethoxyethane

Chloroform, dichloroethane or carbon tetrachloride

Dimethyl formamide, dimethyl acetamide or N-methylpyrrolidinone

Pyridine

Dichloromethane (extractions)
Dichloromethane (chromatography)
Benzene

2-MeTHF or rert-butyl methyl ether
2-MeTHF or tert-butyl methyl ether
Dichloromethane

Acetonitrile

Et;N (if pyridine used as base)
EtOAc, MTBE, toluene, 2-MeTHF
EtOAc/heptane

Toluene

K. Alfonsi, et al., Green Chem. 2008, 10, 31-36

\' | Pfizer Green Chemistry Results —
P Some Examples
e Pfizer Research Division Dichloromethane usage 2004 - 2007

120.4

ar in tonaes
o
o

o«
o

perye

o

DCM use
S
o

n
o

2004 2005 2006

Year

http://www.dbu.de/media/130508051211a525.pdf

Pfizer Solvent Switching Program

Isopropylether (IPE) Use/lbs/year

PGRD Global Diisopropylether Use

25000 4

15000

10000

20771

6243

666
— 108

Year



Searching for benign solvents (¥ & % ;3 %)
WA > K > B oaH > G T5R > FER LA BB (> BE )
Water (-k)

Non-volatile solvents (ionic)
(T p ) ()

Superecritical solvents Replace Volatile organic and
(A2 Tl 3 ) () hazardous solvents

(L fo5 T 5 A)
Other benign solvents

(Hi)

Solventless

(7% &)



Table 5.4 Advantages and disadvantages of using water as a solvent 7J<

Advantages Disadvantages

Non-toxic Distillation 1s energy intensive

Opportunity for replacing VOCs Contaminated waste streams may be difficult to
treat

Naturally occurring High specific heat capacity — difficult to heat or

cool rapidly
Inexpensive
Non-flammable
High specific heat capacity -
exothermic reactions can be more
safcly controlled Lancaster, p. 149

Odorless and colorless (contamination ~ Some compounds or catalysts react with

is easy to recognize) water in an adverse way.
) Water-soluble catalyst 1s difficult to recover.

Water in organic reaction | K

[mlgEEm~C (1) Li, C.-d., “Organic Reactions i in Aqueous Media with a Focus on Carbon- Carbon Bond Formation”, Chem. Rev., (1999),
93, 2023-2035; (2) Li, C.-J., “Organic Reactions in Aqueous Media with a Focus on Carbon-Carbon Bond Formations: A Decade
Update”, Chem Rev., (2005), 105, 3095-3165.

£ (1) Li, C.-J., “Organic Reactions in Aqueous Solution”, John Wiley, 1997. (2) Li, C.-J., Chan, T.-H., “Comprehensive Organic
Reactions in Aqueous Media”, 2nd ed., Wiley- Interscience, 2007.



Supercritical Fluid (8 K 5Lk )

B ARGUME KRS R E R o SRR SR A E]
WAE &0 R—1a 5 H o Za i PERANY - Em EA o2 oy B 0 B i A (o
AL JRE A E R A 2 AR (ERAE o B S EE SR
J& K bE SRR ST S Ry a bR SR Ui A ©

HE—FF R E T Az VVE AVEESREL - P EA RS ~ BRIJHIEE
EU?‘%U%%%EQ@%E HYEESRE (TC) ~ EESRER TI(PCO)MIEE R &
(p") -

=

low




Advantages and disadvantages of using ('O: as a

solvent
Advantages Disadvantages
Non-toxic Relatively high pressure equipment

Easily removed

Potentially recyclable
Non-flammable

High gas solubility

Weak solvation

High diffusion rates

Ease of control over properties
Good mass transfer

Readily available

Equipment can be capital intensive
Relatively poor solvent

Reactive with powerful nucleophiles
Possible heat-transfer problems

(Lancaster, Table 5.3)




lonic liquid
Cations Anions

- » M~ . s
=\ +) +) FyC-S=N=8=CF; FiC-S=0 RSO/

R-NEN-cH, N a-Negie 6 o o
R 3 bis(trifluoromethylsuf do trifl th Ifonat Ikylsulfat
1-alkyl-3-methylimidazolium  1-alkylpyridimium  1-alkyl-1-methylpyrrolidinium o\ uo" [rmyz ]s“ o ”“3:::‘93{'(;’;‘; —— a[cy s‘(’)j"
NC.-.CN F £ F' &
R‘N. R‘p. R;,S' N F':’\F FB‘;
tetraalkylammonium tetraalkylphosphonium trialkylsulfonium d-;:;‘ag:r'n;m hexanm[):;pf;osphale zwa%:o]t_’maw
2 8 4

* air stable

* N0 measurable vapor pressure (non volatile)

* lack of flammability

* high conductivity

* high thermal and chemical stability for wide temperature range by fine tuning the
variation of cations or anions

» recycling of ionic liquids for re-use was possible without decrease in yield--

environmentally friendly

http-/ilthermo.boulder.nist. gov/ILThermo/

(1) Olivier-Bourbigou, H.; Magna, L.; Morvan, D. Appl. Catal., A (2010), 373, 1. (2) Parvulescu, V. |_; Hardacre, C. Chem. Rev. (2007), 107, 2615. (3) Welton, T.
Coord. Chem. Rev. (2004), 248, 2459. (4) Dupont, J.; de Souza, R. F.; Suarez, P. A. Z. Chem. Rev. (2002), 102, 3667, and (5) Wasserscheid, P.; Keim, W.
Angew. Chem., Int. Ed. 2000, 39, 3772, (6) Jason P. Hallett and Tom Welton, Chem Rev. (2011), 11, 3508-3576




lonic solvents (&1 A H)

2005 Academic Award, Professor Robin D. Rogers  The University of Alabama

A Platform Strategy Using lonic Liquids to Dissolve and Process Cellulose for Advanced
New Materials

Innovation and Benefits: Professor Rogers developed methods that allow cellulose from
wood, cloth, or even paper to be chemically modified to make new biorenewable or
biocompatible materials. His methods also allow cellulose to be mixed with other
substances, such as dyes, or simply to be processed directly from solution into a formed
shape. Together, these methods can potentially save resources, time, and energy.

1-butyl-3-methylimidazolium chloride ([C4mim]ClI),

FALL- T BE-3-HH AR J. Am Chem Soc. 2002 May 8:124(18):4974-5.
recyclable
VL A R R 1805 R

1-butyl-3-methyl-4,5-dihydroimidazolinium iodide and

1 butyl -3-methyl-4,5-dihydroimidazolinium hexafluorophosphate
BB M3 803 & 4edimethyl formamide, 1,3-dimethyl-

2 |m|dazoI|d|none f= dimethyl sulphoxide % & & ™ ~ J&.

AL FHicE4 1,
Gok, Ozdemis, Cetinkaya, Chinese Journal of Catalysis, vol. 28, 489-491 (2007).



Solventless synthesis (A Bl & FX)
2009 Greener Synthetic Pathways Award

Eastman Chemical Company
A Solvent-Free Biocatalytic Process for Cosmetic and
Personal Care Ingredients
Innovation and Benefits: Esters are an important class
of ingredients in cosmetics and personal care products.
Usually, they are manufactured by harsh chemical
methods that use strong acids and potentially
hazardous solvents; these methods also require a
great deal of energy. Eastman's new method uses
Immobilized enzymes to make esters, saving energy
and avoiding both strong acids and organic solvents.
This method is so gentle that Eastman can use
delicate, natural raw materials to make esters never
before available.



Organic Process Research & Development 2011 IF: 2.391; Citation: 3.609

Editor-in-Chief: Trevor Laire

http://pubs.acs.org/journal/oprdfk

Published: January 5, 2012 by Trevor Laire

“The journal encourages researchers to consider the environmental consequences of the way in
which they perform their experiments and to minimize waste.” and

“From 2012 the policy on use of organic solvents has been changed to discourage scientists from
using particular solvents and to encourage them to seek alternatives wherever possible; papers
containing strongly undesirable solvents (e.g., benzene, carbon tetrachloride, chloroform, HMPA,
carbon disulfide, etc.) will only be considered if accompanied by an analysis of alternatives or if a
convincing justification for such use is presented.”

ChemSusChem IF: 6.827

Editorial by G. M. Kemeling (Editor-in-chief), ChemSusChem 2012, 5, 2291 — 2292
Specifically, we ask of our authors the following:

* to avoid, if possible, the use of harmful solvents and replace these with less-harmful
alternatives;

* to rationalize the choice of solvent in manuscripts.

We ask of referees:

* to closely scrutinize the use of solvents as described in the Results and Discussion and
Experimental paragraphs;

* to ask for clarification and justification in case the choice of solvent is not commented on.



C.Ef 4t haeF: VA AFRIRTREFCFF .
Increase energy efficiency: Run chemical reactions at ambient
temperature and pressure whenever possible.

TLRL: A B R IR R B B8 A ARE(E = U B B N R i i .

Temperature Ranges ('C) Temperature Factor (f;)
<-20 5
-20 to 0 (technical cooling) 3
0 to 10 (ice cooling) 2
10 to 20 (water cooling) 1
20 to 30 (room temperature) 0
30 to 90 (hot water heating) 1
90 to 160 (steam heating) 2
160 to 280 (hot oil or electrical heating) 3
> 280 5
(f;+11-Pressure(atm)|) *time (hrs) *Weight *Heat Capacity (Jgm-°K)

Step EE (Energy Efficiency) = Wt Desired Product



Alternative organic synthetic methods

mechnochemistry Electrochemistry

Microwave
polar or ionic
materials
Microflow
solution
Sonochemistry
solution
Mechanochemistry
solid
Electrochemistry
conductive media
Photochemistry
chromophore

S. K. Sharma, A. Chaudhary,
and R. V. Singh, “Gray
Chemistry vs. Green Chemistry:
Challenges & Opportunities,
RASAYAN JOURNAL OF
CHEMISTRY (RJC), (2008), 1,
68-92.

http://gc.chem.sinica.edu.tw/workshop/notes.php



http://www.sineomicrowave.com/Upload/产品图片/xiaojie/IMG_1104_副本_副本-02264953497.jpg
http://gc.chem.sinica.edu.tw/workshop/notes.php

. @RFF L AchRpl: B F Ui 4 a2 EE s
FORAMRREF kp Riep R E v R EELARE A ERR
BRIk p 2R (FR, TRF XYL d HF 4,

Use renewable feedstocks: Use raw materials and feedstocks that are renewable rather
than depleting. Renewable feedstocks are often made from agricultural products or are

the wastes of other processes; depleting feedstocks are made from fossil fuels
(petroleum, natural gas, or coal) or are mined.

H i (glycerol)dEisE B N I&ES (acrolein)  hitp:/en.wikipedia.org/wiki/Acrolein

o)
3 CH,OH )‘\
RO OR > 3R o/ + HO OH
a el
OR OH
TR @Y IRERT ARG B4 Hol


http://en.wikipedia.org/wiki/Acrolein

16— SR b s Ry L

CO, emissions in 2006 were 29 billion metric tons, an increase of 35% from 1990
atmospheric levels of CO, have increased by ~25% over the past 150 years

A bR R AT AR R = R A B A ER BT AT S [RE 51 B 2R S F MRS 2R A
SR TR S8 RS R OVR A LA B2 [FORE T B EEAR Ot & E ) IR F ik
LSRN GRS - KR » Z3R RN 2755422 R) S ERL AR TR A E
600{= 0 (§1525% 2 730 5k 1T LLZZ FR500 H HME — A bhk, 18 B 78 F i & = —F
AL E 2 8.3%. -~
20104847 5k AL ELPREREE(PY) —E2flgBEfS T James C. Liao#%
Nature Biotechnology 27, 1177 - 1180 (2009)

SERAE st BB FHHA. (http://www.bioeng.ttu.edu.tw/issues/issuesindex.html)
Presidential Green Chemistry Challenge Award: http://www.epa.gov/gcc/pubs/pgcc/presgcc.html

Synechococcus elongatus PCC7942 O OH

CO2 - /

photosynthesis

isobutyraldehyde Isobutanol

http://www.chemeng.ucla.edu/people/faculty/james-c-liao


http://www.bioeng.ttu.edu.tw/issues/issuesindex.html
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Decomposition of cellulose using cellulase

Cellotetraose

Cellohexaose

Drawn by Chao, A-L
from Chang, C-J et al.,

Insect Biochemistry and Molecular Biology 42 (2012) 629-636.
35



A novel exo-cellulase fromwhite spotted longhorn beetle (Anoplophora malasiaca)
Cloning, expression and purification of AmCel-45A and AmCel-5B from recombinant
baculovirus-infected silkworm

§ ¥

The optimal condition of enzymatic activity
f f was found to be 50 C and pH 4.0.

(1)
O g [$) é&
kDa ™ f N ; Q 100?
55 —w—" 2 804
40 1 . e
Land g - /!
35 e o 1 &
o 40
25 2 1
% 20 | Optimal temperature I
f 2 3 4 5 & |
0 . . . . . .
Coomassie blue staining Western analysis 10 20 30 40 50 60 70
100
H,OH H,OH H,OH HyOH H,OH HOH Z 80 \{\!
H H OH OH OH OH g ool 2 \!\!
£ |
OH OH OH OH H H ]
; 40
H,OH H,OH = .
Avicel Con 9 Kom S
OH OH OH 2 4 6 B 10

0. 0. H
OH OH H )
OH OH H H cellobiose

cellotetraose

C.-J. Chang, C. P. Wu, S.-C. Lu, A.-L. Chao, T.-H. David Ho, S.-M. Yu, Y.-C. Chao
Insect Biochemistry and Molecular Biology 42 (2012) 629-636




Isolation of microbes from various sources

ER KBRS L P
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Rumen of Nubian Goat

2005.09.19 (AVRDC)
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Institute of Molecular Biology
Academia Sinica

FRERFEE T T AV ST AT
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Academia Sinica Biotechnology Experimental Center
in Southern Taiwan ( AS-BEST )




8L Fird 3~ ﬁ THBLE REAREHER TR R
AR, A PR SRS T A4 B, Avoid chemical
derivatives: Avoid using blocking or protecting groups or any temporary
modifications if possible. Derivatives use additional reagents and generate
waste.

f5: Synthesis of penicillins from penicillin G without blocking group by enzyme

Ph /\]/Nj;'rf

COR

|
()/ Penicillin G (i)
H H .e
N (1) H H
Ph/\|/ —r"s — H, ”\_r/S semi-synthetic
/—N\)< 4—NJ< penicilins
1 CO:H . ’EZO-,H
6-APA -

(i) TMSCI then PCI;, PhNMe,, CH,CI,, -40°C
(i) n-BuOH, -40°C, then H,0, 0°C '
(i) Pen-acylase, water Use enzymes:



AN PRI &5 X FE RN F-Bay E15-¥ 5 ,;‘-:k 5
.wﬁi**ifﬂ RS E - F R g B E &R LR
A "—4]{319 TEHEE., D Hae®F - =,
Use catalysts, not st0|ch|ometr|c reagents: Minimize waste by using catalytic
reactions. Catalysts are used in small amounts and can carry out a single

reaction many times. They are preferable to stoichiometric reagents, which are
used in excess and work only once.

EALRIRRE T RIERTRHVSEE (ELAE) S I T RIBRVEERE ARG AIE - Brld
ELRIA HBRAEK BT EAT - KFER] - RE{LRRIEER - EEF A& -

e LR FER Y R

WA AR E TS .

P H R A MR 7 EAE « Homogeneous cataIyS|§

¥ : A » Heterogeneous catalysis
= e
eI EE fﬁﬁ’ﬁ%xﬁb « Organo-catalysis

ISR EE. - Bio-catalysis Bronsted Acid-Base Catalysis
- Photo-catalysis Lewis Acid-Base Catalysis
Transition-metal catalysis
Organocatalysis
Asymmetric Catalysis
Biocatalysis
Photocatalysis



Synthesis of Caprolactam (raw material for the nylon 6)

0 r NOH vapour NH
H,0,/ NH, phase
- - O
TS-1
High S1MFI
Ammoximation Beckmann rearrangement

Current process:

C.H,,0 + 0.5(NH,0H),SO, + 1.5H,S0, + 4 NH,—» C,H,,NO + 2 (NH,), SO,

Atom efficiency =29% : E =45

New process Sumitomo Chemicals (35 {EE /= &1t)

C¢H,,0 + H,0, + NH, » C;H,\NO + 2H,0
Atom efficiency = 75% ; E =0.32 (<0.1)



N

Propylene oxide, polyurethane (/5 PU)RYERLPURRIEH] ~ g | (Ratifnfs ~ B
EERNE TR~ SRR GaRNEs st -

B

1. Chlorohydrin route

OH
0]
Ch+H0 + SN\ — AN_C s pol — + Hy0

2. Hydroperoxide (coproduct) processes

0
RO H + X - /<] + ROH

R =t-Bu, PACH(CH3)- , PhC(CH3),- _
Headwaters Technology Innovation

Direct Synthesis of Hydrogen Peroxide

by Selective Nanocatalyst Technology
3. Direct hydrogen peroxide process

Pd-Pt (4nm) -
H + O ™ Hy0, o )

Synthesis of hydrogen peroxide from Anthraquinone

TS-1

O 2
Enichem H,0, + X — > /<| + H,O 2007@@){%2&?25
MeOH FE R a PR B DR



Oxidations

Classification of oxidizing agents

» Dangerous: CrO3/H2S04, (pyH)CICrO3 , KMnO4, Pb(OAc)4, etc.
* Dirty: MnO2, Ag2CQO3, etc.

» Clean: H202/catalyst, H202/Ti-MS, O2/Pt, etc.

“Green” oxidation agents

Oxygen Active oxygen Product derived
donors content (%) from the oxidant
H»0, 47.0 (14.1%) H,0

N-,O 364 N>

0, 333 0,

AcO;H 21.1 AcOH

Bu'O;H 17.8 Bu'OH

HNO; 25.4 NO, (?)
NaOCl 21.6 NaCl

NaO,Cl 35.6 NaCl

NaOBr 13.4 NaBr
n-C_anNO: 13.7 n-CsHuNO
KHSOs 10.5 KHSO4

NalO4 7.5 NalO;

PhIO 7.3 Phl

*For a 30% aqueous solution. R E et



The formation of C-C bond

Hoechst-Celanese process for ibuprofen Olefin metathesis

Cross metathesis

N 3

PdBr, (0.25mol%) 12 + R2 _CM _ R ya
R,CHO + HNYRS + CO - - HOOC\[/NYRa AN v — RV '
Ry O©

LiBr (35m%)/ H* (1m%)
o) NMP, 80°C,10 bar,12 h - . _ ‘ _
TON = 25000 Ring opening / ring closing metathesis
TOF =400 h -1 .

100% atom efficient

NMP = N-methylpyrollid R ROM R
= N-methylpyrollidone Q . R2
v
- RCM 2
7 AR

Synthesis of a—amino acid derivatives from
an aldehyde, CO, and an amide.

Ring opening metathesis polymerization

R R
n

Acvyclic diene metathesis

ADMET

//\ R/\ - — ‘ER/\% + /

/

Catalysts : Mo, W, Re and Ru complexes

Robert H. Yves Chauvin  Richard R. Chauvin, Grubbs, and Schrock, Nobel
Grubbs Schrock  Prize of Chemistry, 2005



Hydrogenation:

H
catalyst
+ H, Y - 100% atom efficient

Carbonylation:
H OOH
talyst
+ CO i,.. 100% atom efficient
Hydroformylation:
HO
= catalyst )
+ CO/Hy ——— 100% atom efficient
Oxidation:
H
catalyst
+ Oy » + H,O  87% atom efficient



Table 2

CaICium Catalyzed hyd roalkoxylation Cyc“zanon of different alcohols
Anastasie Kena Diba, Jeanne-Marie Begouin, Entry’  Alcohol s t Yield® (%)
Meike Niggemann 1 \\\T./\VZ\OH \ﬁ)<4 e
Tetrahedron Letters 53 (2012) 6629-6632 0
: : Ph Ph Ph
A calcium catalyzed intramolecular X _OH ph_-\L./\ . -
. . . 2 ~NF ” | 1 ~
hydroalkoxylation reaction is presented, as a [ 5 o\
transition metal free, inexpensive, and very P P 3 i’h
. . . . //’/ ~ \_\(__.OH - \
mild process for the highly atom economic 3 . < { NS/ 24h 82
. . 0
formation of cyclic ethers from v,0- — -
unsaturated alcohols. In contrast to most of " AN OH Ph< 0 - A—
. 9 - -
the previously reported procedures, room ~0
temperature conditions are fully sufficient in P ">¢"0oH O ~pp O_Ph
. . . RR \ ." - f
most cases for a high yielding R-g—A RR,LV» 5
cycloisomerization in the presence of a ¢ R=Ph (11) A(12) ok BE
combination of 5 mol-% Ca(NTf,), and 5 mol- & R=Me(13) B(14) 20h 97
. o - . 7 R=H(15) B(16) 20h 81
% Bu,NPF,. Full regioselectivity is observed in R R R r R r
all transformations. S ot ik }/IS . /\J/g
& V0 0
Calcium-Catalyzed Cyclopropanation 8 R=Ph(17) cis:trans 98:2(18)  2h 80
. . 9° R=Me (19) cis:trans 98:2 (20) 20h 9
Tobias Haven, Grzegorz Kubik, Stefan 10 R=H(21) 24 h
. . . /”‘\_ NS Ph
Haubenreisser, and Meike Niggemann | ﬂ/PhXPhOH <oy
C e 11 " 22 /N 1.5h 82
Angewandte Communications /% 23
DOI: 10.1002/anie.201209053 MeO,C_COMe  ~_/ \_CO:Me
Tetrabutylammonium Calcium(ll) 5 mol-% Bu,NPF./Ca(NTf,),, 0.25 mmol of alcohol, in

hexafluorophosphate bis(trifluoromethanesulfonimide) CH,Cl, (2 mL) stirred at rt for the time indicated
2-h :



Green Catalysts
Green catalysts are eco-friendly
catalysts which
are highly efficient;
are recyclable;
are biodegradable;
are non-toxic;
can be made from renewable
SOUrcCes;
can convert toxic substances into
less or non-toxic ones.



Bio-catalysis
»Fast reaction due to correct catalyst orientation (4c -5 &)
»High degree of selectlwty possible for asymmetric synthesis
%ﬁ T#sfa‘% 1% )
> Water soluble (7}<,p , T OACRIRRET)
»Naturally occurring; non-toxic, low hazard (p X% 4, & £ 1)
» Energy-efficient reactions under moderate conditions of pH, temperature
(F &R, 4 i)
» Possibility for carrying out sequential one-pot synthesis (7 &7 - #F &)

2000 Presidential Green Chemistry Challenge Award: Academic
Professor Chi-Huey Wong

The Scripps Research Institute

Enzymes in Large-Scale Organic Synthesis

Innovation and Benefits: Professor Wong developed methods to replace tradltlonal
reactions requiring toxic metals and hazardous solvents. His methods use enzymes,
environmentally acceptable solvents, and mild reaction conditions. His methods also
enable novel reactions that were otherwise impossible or impractical on an industrial
scale. Professor Wong's methods hold promise for applications in a wide variety of
chemical industries.




10. KRR AFRNCFERrES: KPR T B rLrfEs 8T
Penit B AP U TP g e p RIBEB AL R ff. Design chemicals and
products to degrade after use: Design chemical products to break down to innocuous
substances after use so that they do not accumulate in the environment.

To optimize the commercial function of a chemical while minimizing its hazard and risk.
Biodegradation, hydrolysis, and photolysis can be designed into chemical products.

Biodegradation Half-Life Ultimate Biodeg.
Hours 5.0
Hours — Days (% biodegradation > 50% in 28 days) 4.5
Days 4.0
Days - Weeks 3.5
Weeks (% biodegradation ~ 20-30% in 28 days) 3.0
Weeks - Months 2.5
Months (slow to very slow biodegradation) 2.0
Longer (biodegradation issue — toxic, persistent) 1.0

Expected range: 1 (Minimum), 2 (Low), 3.5 (Moderate), 5 (Large & Maximum)

U.S. EPA BIOWIN program Expert Survey Biodegradation model

LA HIGR C- &

http://russia-ic.com/search/link/2/8804/
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Analyze in real time to prevent pollution: Include in-process real-time monitoring and
control during syntheses to minimize or eliminate the formation of byproducts.

7] : Nitroglycerin & i 4 & 2. & =

OH NO,

J\ *  HNO, ___ l
HO OH O,N NO

b4 101 RAEEE kAR A &
RERAA AR 2B CEFIIF RGN ER B 1A LA
F & - #%;4fgmﬁ4iﬁ1x
}@J}&;&;ﬁt.‘? «i};)@,",& .}/\E' 2

S &t 1)

—

10 m
NWRUGLYCERM

5 mo/n.

/Nitroglycerin 50mg

| W

T .
FTerd F)@ngkrl“\?—’}\mvgﬁd- fr;,’(@%“r’vﬁ,,,é_ B T EH R~ RS 2R
—kj

FREE-ZE85 R, *%TFB;:,_??K%TE‘;,T* Bk ERH
& a3 BNk l}iﬁ"\‘ Sk

Center for Process Analysis & Control



http://cpac.apl.washington.edu/

128 F 2P F PR RPMEF2 7 PR E(RAE. R
B, 8FRE)UBFELI L EL P SR E K, ¢ 2 RYF ALz
BE R lﬁ & B . Minimize the potential for accidents: Design chemicals and their

forms (solid, liquid, or gas) to minimize the potential for chemical accidents including
explosions, fires, and releases to the environment.

CRERGTR? BNET ERARAfrhom LT BT Fhdr v ME R

(/'}‘Q"Jfﬁ, £ ‘7?)
Erhe3

NP TERE R S B TAcE R R T F AR T s MR S R
BhidrF @ ’

Nty
§)

e W o ,

MPETEAE2 PRI 2 X 2EITAP | Green | Hierarchy
s g . o ' ' ! : Eliminates the !
v % & "é ATF % ?a 1 Chemistr exposure before ! of Safety
% _,% 2 ﬁ ’Tz‘”' éﬁ i ;l:nhdlon: it can oceur | Controls

2 ; 3 1 I . o n u o |
i j— *ﬁ % , ;é:;f Requires a
=5 },% %J}dﬁ 5 Engineering physical change to

1 TR 5 4y = Controls the workplace
1 TR B 2 a3 p

Requires
worker to
WEAR
something

(4ﬂd‘ﬁﬁéié&~€ﬁﬁ%$@ﬁ
1 1 H : : Requires worker
Designing and operating safe chemical reaction processes s el
& DO something
~
[
<
o~
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http://www.cendigital.org/cendigital/20120102_sub?sub_id=IKob10pGIFLP&folio=7#pg9
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Letter from a friend in UCLA: “Thank you for the articles.
So far as | know, Patrick Harran not only is still employed,
he also won the Hanson-Dow award for excellence in
teaching. Whether he'll be prosecuted remains to be
seen.”
http://scienceblogs.com/usasciencefestival/2012/10/18/ne
w-feature-chemistry-in-the-spotlight-submitted-by-joe-
schwarcz-usa-science-engineering-festival-nifty-fifty-
speaker/

My response: | did some research and found a dramatic
twist of the case, to Dr. Harran’s favor in result. Dr.
Harran was arrested and a trial date was set. However,
Dr. Harran’s attorney introduced the OSHA investigator
who was involved a crime case when he was a juvenile.
http://www.chemistry.ucla.edu/news/2013-departmental-
awards-ceremony
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“Delicate motion should reside in all ordinary things around us,
revealing itself only to him who looks for it”, E. M. Purcell
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Water Desalination across Nanoporous Graphene
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David Cohen-Tanugi and Jeffrey C. Grossman
dx.doi.org/10.1021/n13012853 | Nano Lett. 2012, 12, 3602—3608
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Highly Effective Bacterial Removal System Using Carbon Nanotube Clusters
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Figure 1. Schematic of overall process of the MWNT cluster-based microbial

removal process.
Jin-Woo Kim, Hyung-Mo Moon, Steve Tung, and Hyun-Ho Lee
Proceedings of the 2009 41 IEEE International Conference on Nano/micro Engineered and Molecular Systems
January 5-8, 2009, Shenzhen, China
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Sustainable Chemical Science and Technology




A 2012 survey by Independent Chemical Information Services
(ICIS) shows 54% of 700+ respondents say their company has a
sustainability strategy and /or policy already in place, and a further
17% indicate a policy is currently in development and 17% that
Initiatives are likely within the next 2-3 years. Only 12% reported
that there is little interest. nttp://img.en25.com/Web/ICIS/IFC0126 _Chem_201301.pdf

Evolution of $1 invested in the stock market in value-weighted portfolios
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