
Tetrahedron report 1129

Applying green processes and techniques to simplify reaction
work-ups

Carlos Kleber Z. Andrade *, Abdul Rouf Dar
Universidade de Brasília, Instituto de Química, Laborat�orio de Química Metodol�ogica e Orgânica Sint�etica (LaQMOS), C.P. 4478, 70904-970, Brasília,
Brazil

a r t i c l e i n f o

Article history:
Received 16 April 2016
Available online 28 September 2016

Keywords:
Green Chemistry
Reaction work-ups
Alternative solvents
Biocatalysis
Flow chemistry
Microwave and ultrasound

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7375
2. Use of alternative solvents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7377

2.1. Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7377
2.2. Ionic liquids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7379
2.3. Switchable solvents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7380
2.4. Deep eutectic solvents (DES) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7382
2.5. Supercritical fluids (SCFs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7383

3. Solvent-free reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7384
4. Use of microwave and ultrasound . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7385
5. Flow chemistry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7386
6. Miscellaneous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7388
7. Concluding remarks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7388

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7389
References and notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7389
Biographical sketch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7391

1. Introduction

When planning a reaction, not only its set up but also the way in
which the product will be isolated and purified must be carefully
taken into consideration. The work-up of a reaction is a very im-
portant process once products of high purity are desirable and

some modern separation techniques have been developed to in-
crease its efficiency.1 It generally involves quenching a reaction and
isolating the product from the reaction mixture, followed by a pu-
rification step. In some cases, the procedure is so tedious and la-
borious that takes longer than the reaction itself. The work-up
procedures for many reactions apply the time-consuming sequence
of: extraction of the product from the aqueous phase with an or-
ganic solvent (liquid-liquid extraction), washing the combined or-
ganic phases with some aqueous solution, drying of the organic
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phase with a suitable drying agent, filtration and evaporation of the
solvent (Scheme 1). After all these steps, the crude product usually
has to be purified by distillation, recrystallization, chromatography,
etc. In each of these steps, waste is continuously generated.

Although simple, some aspects of this strategy deserve com-
ment. First of all, the extraction step usually uses a toxic and/or
volatile organic solvent (e.g., CH2Cl2, CHCl3, EtOAc, Et2O), which
poses several environmental and health problems. Secondly, the
formation of emulsions is common during this stage, contributing
to decrease the efficiency of the process. Furthermore, the amount
of waste generated can be appreciable and depends upon each
specific reaction and its scale. Last, but not least, the purification
step tends to be troublesome and in most cases requires the use of
more organic solvents.

The advent of Green Chemistry in the 1990’s has been grad-
ually changing the way chemistry is thought and also taught.2

Since then, several efforts have been taken to spread the ideas
of sustainable and environmentally benign ways to do chemistry3

and one of the main issues is how to apply these ideas to simplify
reaction work-ups. It is very much clear that the 12 principles
addressed by Green Chemistry were designed aiming a higher
synthetic efficiency in better chemical processes with less envi-
ronmental impact (Fig. 1).2a Most of these principles are strictly
related to the work-up process. Usually, everything that

generates toxic or non-toxic wastes (first principle) can poten-
tially turn the work-up process more difficult and if a reaction
has a big atom economy (second principle), potentially less waste
will be generated. Much care should be taken when working-up

a reaction in which hazardous chemicals are employed or if the
products are toxic (third and fourth principles), increasing the
time and complexity of the process. The use of safer solvents or
no solvent at all in a reaction (fifth principle) carried out at room
temperature and pressure (sixth principle), under catalysis (ninth
principle) and without the need for reagent derivatization
(eighth principle) greatly simplifies the work-up and leads to
a greener and safer approach (12th principle). Ultimately, these
principles are able to deliver both economic and environmental
benefits4 and the important thing to consider is that they are
driving the need not only to perform reactions in a green and
safer manner, but also to work-up these reactions in a similar
fashion.

Perhaps the major contribution from the concepts of Green
Chemistry is the search for alternative reaction media.5 These re-
action media are usually associated with a method or strategy
which enables performing a reaction under a greener fashion.6

Fig. 2 summarizes this approach. For instance, a reaction can be
carried out in an ionic liquid under microwave irradiation or be
a solvent-free reaction using grindstone chemistry.

Scheme 1. The usual organic reactions work-up scenario.
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