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Overview

 Pragmatic approach to sustainable chemistry for chemists

GSK solvent selection guide
– Challenge – a world without chlorinated solvents

GSK reagent grids
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The need for changeg

 Public image of industry….
Gulf of Mexico oil leak ‘worst US 

environment disaster‘
BBC News – 30th May 2010

 Dependence of the present world economy on a dwindling stream of non-renewable 
natural resources, e.g. Palladium catalysts

 Health and safety of chemists and public



Challenge : What do we embed in our labs?g

 Hypothesis : Try to play our part to reduce the burden on manufacturing byHypothesis : Try to play our part to reduce the burden on manufacturing by 
optimising our synthetic routes

 Ensuring most efficient and benign route is found 



Route with multiple environmental challenges!p g

 Target molecule

 First synthetic route

N

N

i) LiAlH4, THF
ii) MsCl, DCM
iii) KCN, DMSO

 9 steps

 Overall yield = 2 2%

ClNC

22%

 Overall yield = 2.2% 

 Delivery – 6 weeks (1 chemist)



Multi-component reaction - overcomes efficiency challenge N

N

ClHO C ClHO2C

 3 steps

Overall yield 6-22%

 Average delivery time : 2 days (1 chemist)

 No use of Sn or KCN 



Change in route shows improved efficiency g p y

Old New Aspiration
# Steps 9 3 1
# Columns 9 2 0
A erage deli er time 6 eeks 2 da sAverage delivery time 6 weeks 2 days
Typical yield 2% 20% 100 %

E-Factor  = Σ mass of waste (g)
------------------------------

f d t ( )mass of product (g)

Efficiency measure Old New Aspirationy p
E-factor 177000 845 0
E-factor (including 

l t )
775000 34575

Sheldon, R.A. Chem. Ind. (London). 1992, 903

solvents)



90% of all reaction material is discarded! 

WaterReactants Other

Composition by mass of types of 
material used to manufacture an API

American Chemical Society Green Chemistry Institute

32%Reactants
7% 5%

American Chemical Society Green Chemistry Institute 
Pharmaceutical Roundtable Benchmarking 2006 & 2008

Org. Process Res. Dev., 2007, 11, 133–137
Solvents

56%

Green Chem., 2011, 13, 854-856



Improving the greenness of the reaction by using green solvents

Medicinal chemistry routey

TBME /
Reverse phase

LiOH, THF
N

N

HO2C

Cl Selected
Solvents

Typical 
yield

Ratio

78% THF 0 – 5% N/A
MeTHF 0 – 5% N/A
DCM 15 – 35% Up to 2 : 1
CHCl3 10 – 35% Up to 3 : 1



Challenge : Can we go chlorinated free?g g

Ch ll 6 k ith t i ANY hl i t d l t Challenge – 6 weeks without using ANY chlorinated solvent
– Reaction solvents

– Work up

– Purification

– CDCl3 for NMRCDCl3 for NMR



Challenge : Can we go chlorinated free?g g

 Reaction solvents

 Reaction / work - ups 

MeTHFDCM



It is possible to find alternatives to chlorinated solvents!

 Purification
– Loading

DCM
MeTHF

– Eluting

DCM
Florisil™

g

DCM / MeOH TBME:MeOH; or 
EtOH:EtOAc; or reverse 

h

 NMR

phase

CDCl3
d6-DMSO

d6-Acetone

Green Chem., 2012, 14, 3016



What’s the next logical step? Reagent gridsg p g g

Functional 
group 

interconversion

Functional 
group addition 

S D Roughley and A M Jordan J Med Chem 2011 54 3451–3479

AcylationReduction 
Oxidation 
interconversion 

Composition of different classes of over 7000 
reactions carried out across a number of 

pharmaceutical companies

S. D. Roughley and A. M. Jordan, J. Med. Chem., 2011, 54, 3451 3479

C–C bond 
forming 

Aromatic 
heterocycle 
formation 

H.Sneddon et. al. Green Chemistry in press  DOI: 10.1039/C3GC40225H



Factors to determine sustainabilityy

 Reagent & by-products – safety, R/S phrases, work up procedures etcg y y

Name Structure Overall
Score Health Safety En’ment Atom 

efficiency Workup Other Work-up 
score Other

HATU 3 10 1 10 1
Urea and counterion difficult 

to remove by Expensive for 
scale up 2 1y

chromatography, scale up

EDC 7 4 7 10 4
Resulting urea is soluble in 

water making it easier to 
extract

By -products 
soluble in 

water
4 3

N
C

N

extract water

CDI 8 7 10 7 7 Water soluble and gaseous 
Examples of 

use on greater 3 3

HCl N

CDI 8 7 10 7 7 by-products than 100 g 
scale

3 3

H. Sneddon et. al. Green Chemistry in press  DOI: 10.1039/C3GC40225H



Encouraging greener reagent use by first intent

N

O
CF3

HOBt, EDC, CH2Cl2
N

O

CF3N

N

CO2H

S

F

H
N

Et2N

, , 2 2
N

N

O

Et2N

CF3S

F

+
crystallisation from
isopropyl acetate

64%

N

O
CF3

CDI, MIBK
N

N

O

CF3S
N

CO2H

S

F

H
N

Et2N

N

N

O

Et2N

3S

F

+

85%

crystallisation from
methanol

 If we can ensure we use the best route first time, it will help downstream



Summaryy

 Pragmatic approach to sustainable chemistry for chemists

GSK solvent selection guide

 Survived going chlorinated solvent free

Ethyl acetate

GSK reagent grids

DCM
Ethyl acetate

Isopropyl acetate 
MeTHF

GSK reagent grids

HATU
EDC/HOBt

CDI
T3P®EDC/HOBt T3P
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And I will leave you with…

Manufacturing have the footprint but it originated in researchManufacturing have the footprint but it originated in research





Back up slide – synthesis of THF vs 2MeTHFp y

 Synthesis of THFy

Alcohol and Sand
CHH C

O

Cl

Cl
CH2

Cl2

Group IA
or IIA Base

Group IA
or IIA Chloride

CH2H3C
H H

O Cl O

OH
OH

H2

Heavy Metal Catalyst

 Synthesis of 2MeTHF


