Contents

1 Introduction

1.1 Biocatalysis - using enzymes as catalysts . . . . ... ....... .
1.2 Enzymes - naturally occurring biocatalysts . . . . .. ... ... ..
1.3 Enzymeclasses . . ... ........ . ... ... . ... . ...,
1.4 Lipases for enzymatic ester synthesis . . . . ... ... ... ... .
1.5 Deep eutecticsolvents . . . .. . ... ... ... ...

1.5.1 Origin and definition of deep eutectic solvents . . . ... ..

1.5.2 Applicationof DESs . . . ... .. .. ... .. ... .. ..

1.5.3 DESs and biocatalysis . . .. ... ... .. ... ... ...
1.6 The concept of 2-in-1 reaction media . . . ... ... ... .....

2 Objective of the study

3 Physicochemical properties of different DESs
3.1 Introductory words . . . . ... . ... ... ... .. ... .. ...
3.2 Density . .. ...,
33 DESpH . ... ..
3.4 Water content and water activity . . . . ... ... ... .. ... .
3.5 Rheological characterisation and DES viscosity . . . . .. ... ...
3.6 Summary . ...

4 Lipase catalysed reactions in DESs
4.1 Introductory words . . . . . ... ... ... ...
42 Aminolysis. . . .. ... L
4.3 Aldolreaction . . . .. ... ... . ... ...
4.4 Transesterification in hydrophobic DESs . . .. ... ... ... ..
4.5 Transesterification of terpenes in terpene-based DESs . . . . . . . .
4.6 Summary . ... ...

5 DESs as 2-in-1 reaction media
5.1 Introductory words . . . . . . . . ... ...
5.2 Preparation of different 2-in-1 DESs . . . . . ... ... .. ... ..
5.3 DES and lipase screening . . . . . . . ... ... ... ...
5.3.1 Esterification of (-)-menthol:benzoic acid DES . . . . . . . .
5.3.2 Esterification of (-)-menthol:acetic and lactic acid DESs . .
5.3.3 Esterication of (-)-menthol:fatty acid DESs . . . ... ...
5.4 Esterification of (-)-menthol:fatty acid DESs with CRL . . . . . . .
5.4.1 Biphasic DES-water reaction systems . . . . . .. ... ...

Bibliografische Informationen
http://d-nb.info/1216719683 digitalisiert durch


http://d-nb.info/1216719683

T Q" | g Q

5.5

5.4.2 DES esterification at controlled water activity . . . . . . ..
5.4.3 Comparison of reaction systems . . . . . .. ... ... ...
5.4.4 Reaction optimisation by response surface methodology . . .
5.4.5 Variation of DES molar ratio . . . . ... ... ... ....
54.6 CRLselectivity . . . ... .. ... ... ...
Summary . .. ...

Product purification

6.1
6.2
6.3
6.4
6.5
6.6
6.7

Introductory words . . . . .. .. L. L
CRL catalysed synthesis of (-)-menthyl laurate . . . ... ... ..
Separation of (-)-menthyl laurate . . . . . ... .. ... ... ...
Re-use of recovered (-)-menthol . . . . .. ... .. ... ......
Process outline . . . . .. ... ... o 0oL
Summary on DES reaction systems and benchmark . . . ... . ..
Summary . ...

Discussion and outlook

7.1 Biotransformation of menthol with 2-in-1 DESs . . . . ... .. ..
7.2 Evaluation of DESs for enzymatic reactions . . . . . ... ... ..
Summary

Supplementary information

A1 Rheological characterisation of ChCLU . . . ... ... ... .. ..
A.2 Lipase characterisation . . . . . . . .. ... ... ... .. ... .
A.3 Identification of menthyl esters by LC-MS . . . ... ... ... ..
A.4 Esterification at controlled water activity . . . . . . .. . ... ...
A.5 Reaction optimisation - CCD experimental plan . . . . . .. .. ..

Materials and methods

B.1 Materials . . . .. ... .
B.2 Enzymatic syntheses and product purification . . . . . ... .. ..
B.3 Analytical Methods . . . . . . .. ... ... o000

Abbreviations

Symbols

List of Figures

List of Schemes

List of Tables

References

108

111
111
113
116
117
119

122
122
127
134

142
144
146
149
150
152



