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What do the Reagent Guides Hope to Achieve? Visual Selection using a Venn diagram

Each circle of the Venn diagram

In line with the GCIPR core values, these guides aim to assist chemists in making represents a criteria — those

informed decisions regarding the most sustainable reagent f_or the transformgtion to " : being ‘Scalability’, ‘Greenness’
hand. They follow on from the concept of the Reagent guides introduced by Pfizer.2 ; . and ‘Wide utility’

The guides are compiled by enthusiastic industrial multidisciplinary chemists who i / N ! The ideal reagent will have all
have scaled many of the methods. ! | Scalibtity three characteristics and so

Whilst the guides are designed to promote green chemistry, they also aim to be a
convenient reference and, as such, are not limited to only those reagents considered
‘green’.

Good green chemistry requires the chemist to look across a range of factors before
making the best choice. With the inclusion of information such as atom efficiency,
ecotoxicology / toxicology profiles, safety issues, waste products, sustainable
feedstocks etc — we hope these guides give obvious promotion of some reagents
compared to others. However a holistic approach is encouraged — i.e if a ‘greener’
reagent gives a much lower yield or requires multiple steps the overall benefit may be
limited (i.e higher footprint in the wider context) in contrast to an initially less green
reagent.

appear in the middle (green
area), whereas some reagents
have one of the traits but none
of the others and some are a
mix of two but not the third.

Placement within the Venn
diagram can change with many
variables  (solvent, catalyst,
treatment of wastes, etc). As
outlined they are a good
estimate but not final with
discussion actively encouraged.

2 peter J Dunn et al. Green Chem., 2008, 10, 31-36

Oxidation to Aldehyde and Ketone example TEMPO-Bleach oxidation
Mechanism + Description
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NiO, oxidation of alcohols As previous for TEMPO -
MnO, oxidations in organic chemistry . NaOCl is often used as a co-oxidant which >
Hypervalent lodine reagents — general overview Wide Utility ; Scalability generates NaCl as a by-product.

IBX 2-lodoxybenzenesulfonic Acid Phesphines lodacyciohuxns NaBr or borates are often added as a
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NalCl, A simple system for the oxidation of alcohols DMSOITFAA, promoter.
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DMSO - Pyridine-SO, (Parikh-Doering) ) { TGl A common terminal oxidant is bleach

DMSO activation in Pseudo-Swern reaction TCCA|  oppenauer (NaOCl) which is often employed

MC;S/:\ﬁS C‘uruy I Kim oxidation TEMPOMybervalent I, NaGCI ko with a Bromide or borate co-catalyst. o,
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TPAP/NMO (tetrapropylammonium perruthenate) TEMPOIO; FAMs0C] reactions are often helped by the i
TEMPO (General overview) NIG{OH]); addition of a phase transfer catalyst RRy
TEMPO-Bleach Blocat

TEMPO —air —c: PIPO .
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Air-Metal catalyst transition-metal catalyzed reactions using molecular oxygen AZIDO rg.Pr v . 577-582 - Production of Aldehydes by Continuous Bleach Oxidation of Alcohols
Activated H,0, hydrogen peroxide Discussion of optimisation to prevent racemisation (50 L scale)
Biocatalysis biocatalytic methods for oxidation HiOs DOE and robusiness Studioe om TEMPO stage et ondim (2000 L scale)
Light touch overview Use of Nal to prevent chlorination of heteroaromatic (S0 L scale)
BaMnO, oxidation of primary and secondary alcohols
Potassium Ferrate A Novel Oxidizing Reagent Based on Potassium Ferrate(V1
Oxidation with Chlorine /Pyridine complexes Relevant Scale up examples
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Nitro reduction N-Alkylatian BOC deprotection lodination Green Review
Meta|s Removal 1.Atom efficiency (by-products Mwt)
R . Generally good —the removal of H, generates NaCl (58) as a by-product
Chiral Hydrogenation 2.Safety Concerns
B H H All TEMPO oxidations are exothermic and may present delayed exotherms. Compatibility of NaOCI with other
c I - ad _® - OXIdat_Ion to Acids reaction components needs to be considered.
- AR = iy e o Suzuki Rxn 3.Toxicity and environmental/aquatic impact
h -- . Generally low when used catalytically, the major concerns arising from the co-oxidant. Nitroxyl radicals like
Buchwald-HartW|g Rxn TEMPO and the hydroxylamine intermediates in the oxidation cycle give positive structural alerts as potential
genotoxic impurities (PGI)
O dealloytation Ester Deprotection Epanidation At tedaction / 4.Cost, availability & sustainable feedstocks
\ / The cost of TEMPO has fallen over time and is now available in bulk. Other analogs are less commercially
\ / available and much more expensive — but sometimes display far greater activity. The skeleton of TEMPO comes
S~ _— from acetone and ammonia.
5.Sustainable implications
With good optimisation of catalyst loading, and a low molecular weight terminal oxidant like NaOClI, this oxidation
is a good choice. The major concern would be the solvent used. Many initial publications used dichloromethane,
but later work has shown more sustainable solvents can be used — see references.
/ The American Society of Chemistry Green Chemistry Institute Pharmaceutical Roundtable (ACS GCIPR) \
The roundtable was formed in 2005. Its mission is to catalyze the implementation of green chemistry and 2016 Members

green engineering in the global pharmaceutical industry. BOUNDTABLE MEMBER COMPANIES
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The activities of the ACS GCIPR reflect the joint belief that the pursuit of green chemistry and green v ﬁ,.cé,l_..,_;,- ANGEH AstraZeneca = l Ingelheim
engineering is imperative for a sustainable business and world environment. The ACS GCIPR aims to
achieve its mission through 4 strategic priorities:
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