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Abstract

The present thesis deals with the interaction of CO2 and amines as molecular control factor

to influence different kinds of selectivities in various catalytic processes. The reversibility of

the Lewis acid-base reaction between CO2 and amines has been applied in numerous reaction

and separation processes and chapter I gives a short overview of the different areas.

Up to date this interaction has not been used to steer the selectivity of a reaction and in this

context, switchable solvents are applied in the selective homogeneous hydrogenation to steer

the chemoselectivity in chapter II. The interaction between CO2 and amine was ensured by

using the switchable solvent system of DBU and 1-hexanol. This switchable solvent system

was characterised in detail in order to obtain a deeper insight on its effects in the reaction.

Different homogeneous rhodium-complexes were evaluated as catalysts in the selective hy-

drogenation of 1,3-cyclohexadiene and 1,4-cyclohexadiene and the presence of various bases

on the selectivity towards cyclohexene was investigated. As a result, the rhodium-complex

[Rh(cod)(dppp)]BF4 was selected for further studies including concentration profiles, mecha-

nistic considerations and catalyst recycling in the switchable solvent system.

In chapter III, switchable ligands for the control of coordination geometries in catalysis are

discussed. These ligands are guanidine substituted triphenylphosphines, which can interact

with CO2 in presence of an alcohol. The synthesis of these ligands is described and the in-

teraction between the ligands, 1-hexanol and CO2 is investigated using high-pressure NMR

spectroscopy. The largest interaction was found between the meta-substituted ligand. The

influence of the switchable ligands on the regioselectivity in the rhodium-catalysed hydro-

formylation of 1-octene was tested, where the influence of the substituted position (ortho,

meta or para) and different alcohols on the selectivity were evaluated.

In chapter IV, switchable catalysts were used for the synthesis of cyclic carbonates derived

from styrene oxide and epoxy derivatives from oleo origin. The reaction of styrene oxide

with CO2 in presence of switchable catalysts based on DBU and 1-hexanol was tested and

an optimisation of the reaction conditions was performed. To investigate the influence of

the catalysts on the stereoselectivity, the conversion of different epoxy oleo chemicals into

cyclic carbonates with simple halide catalysts and switchable catalysts was tested. A clear

switch in the product distribution of cis- and trans-cyclic carbonates could be observed with

the different catalysts. A detailed evaluation - including mechanistic and stereochemical

considerations - was done.





Contents

List of Abbreviations xiii

List of Figures xvii

List of Schemes xix

List of Tables xxi

I The interaction of carbon dioxide with amines 1

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 Properties of CO2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

3 CO2 capture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

4 CO2 as protecting group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

5 Switchable systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

5.1 Switchable-polarity solvents . . . . . . . . . . . . . . . . . . . . . . . . . . 7

5.2 Switchable-hydrophilicity solvents . . . . . . . . . . . . . . . . . . . . . . 9

5.3 Switchable water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

5.4 Switchable surfactants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.5 Switchable ligands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

5.6 Other switchable systems . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

6 Aim of the present thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

II Switchable solvents for the selective homogeneous hydrogenation 21

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

1.1 Historic background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

1.2 Selective hydrogenation of α,β-unsaturated carbonyl functions . . . . . 22

1.3 Selective hydrogenation of dienes . . . . . . . . . . . . . . . . . . . . . . . 24

2 Interest and motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

3 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

3.1 Characterization of the switchable solvent system . . . . . . . . . . . . . 28

3.2 Ruthenium-catalysed hydrogenation . . . . . . . . . . . . . . . . . . . . . 33

3.3 Rhodium-catalysed hydrogenation of cyclohexadienes . . . . . . . . . . 37

4 Summary and conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

5 Experimental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51



Contents

5.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

5.2 Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

5.3 Working with compressed gases . . . . . . . . . . . . . . . . . . . . . . . . 53

5.4 Synthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

5.5 Catalysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

5.6 In situ mid-infrared spectroscopy (ATR-mIR) . . . . . . . . . . . . . . . 62

5.7 High pressure NMR spectroscopy (HP-NMR) . . . . . . . . . . . . . . . 63

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

III Switchable ligands for the control of coordination geometries in catalysis 71

1 Background and introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

2 Control of coordination made by ligand–ligand interactions . . . . . . . . . . . 73

2.1 General concept . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

2.2 Interaction via hydrogen bonding . . . . . . . . . . . . . . . . . . . . . . 73

2.3 Interaction via ionic interactions . . . . . . . . . . . . . . . . . . . . . . . 76

2.4 Interaction via coordinative bonding . . . . . . . . . . . . . . . . . . . . . 76

3 Interest and motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

4 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

4.1 Ligand synthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

4.2 High pressure NMR analysis . . . . . . . . . . . . . . . . . . . . . . . . . . 83

4.3 Hydroformylation reactions . . . . . . . . . . . . . . . . . . . . . . . . . . 87

5 Summary and outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

6 Experimental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

6.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

6.2 Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

6.3 Working with compressed gases . . . . . . . . . . . . . . . . . . . . . . . . 96

6.4 Synthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

6.5 Catalysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

6.6 High pressure NMR spectroscopy . . . . . . . . . . . . . . . . . . . . . . . 100

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

IV Switchable catalysts for the synthesis of cyclic carbonates 107

1 Background and introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

1.1 CO2 as an alternative carbon source . . . . . . . . . . . . . . . . . . . . . 107

1.2 Catalytic synthesis of cyclic carbonates . . . . . . . . . . . . . . . . . . . 109

1.3 Application and utilization of cyclic carbonates . . . . . . . . . . . . . . 111

2 Interest and motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

3 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

3.1 Styrene carbonate from CO2 and styrene oxide . . . . . . . . . . . . . . 115

3.2 Cyclic carbonates from CO2 and oleo-chemicals . . . . . . . . . . . . . . 121

4 Summary and outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

x



Contents

5 Experimental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

5.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

5.2 Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136

5.3 Working with compressed gases . . . . . . . . . . . . . . . . . . . . . . . . 138

5.4 Synthesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139

5.5 Catalysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156

Appendix 157

A NMR spectra of ligand–CO2 interactions . . . . . . . . . . . . . . . . . . . . . . 157

A.1 Interaction with ortho-substituted guanidine phosphine 68 . . . . . . . 157

A.2 Interaction with meta-substituted guanidine phosphine 62 . . . . . . . 159

A.3 Interaction with para-substituted guanidine phosphine 63 . . . . . . . . 160

B NMR spectra of attempted new switchable solvent systems . . . . . . . . . . . 162

B.1 1-Phenylethanol with DBU . . . . . . . . . . . . . . . . . . . . . . . . . . 162

B.2 tert-Butanol with DBU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163

B.3 Phenol with DBU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164

B.4 Binol with DBU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165

C Analysis of relative configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . 166

Acknowledgment 167

Curriculum vitae 169

xi


