
Table of Contents

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

1.1 Amidinates...............................................................................................................................................1

1.2 Iminophosphonamide............................................................................  3

1.2.1 s-Block metal complexes of iminophosphonamides...................................................................5

1.2.2 p-Block: group 13 and 14 compounds of the iminophosphonamides......................................8

1.2.3 Transition metal complexes of the iminophosphonamide ligands........................................10

1.2.4 Rare earth metal complexes based on iminophosphonamides............................................12

1.3 Enantiopure analogues of the amidinate and iminophosphonamide ligands..............................14

1.4 Hydroboration.......................................................................................................................................16

1.4.1 General...........................................................................................................................................16

1.4.2 Hydroboration of carbonyl compounds.....................................................................................17

1.5 Photoluminescence..............................................................................................................................18

1.5.1 General........................................................................................................................................... 18

1.5.2 Thermally activated delayed fluorescence (TADF)...................................................................19

2 Aim of the Project........................................................................................................................................21

3 Results and Discussion................................................................................................................................ 23

3.1 Introduction..........................................................................................................................................23

3.1.1 Synthesis of PzP-diphenyl-A/-((/?)-l-phenylethyl),A/'-(2,,6'-diisopropylphenyl)phosphinimidic
amine, ((R)-HPEDippPIA)...........................................................................................................................24

3.1.2 Synthesis of P,P-diphenyl-A/,A/-bis((R)-l-naphthylethyl)phosphinimidic amine ((R)-HNEPIA) 
 25

3.1.3 Synthesis of the enantiopure alkali metal complexes of iminophosphonamide.................. 27

3.2 Alkaline earth metal and ytterbium (II) complexes of chiral iminophosphonamines.................46

3.2.1 Introduction..................................................................................................................................46

3.2.2 Catalysis.........................................................................................................................................55

3.2.3 Photoluminescence studies.........................................................................................................56

3.3 Copper and zinc complexes of iminophosphonamides...................................................................60

3.3.1 Introduction..................................................................................................................................60

3.3.2 Synthesis of Cu(l) and Zn(ll) iminophosphonamide complexes..............................................61

3.3.3 Photoluminescence study............................................................................................................68

3.4 Group 13 metal complexes of enantiopure iminophosphonamide.............................................. 73

3.4.1 Introduction.................................................................................................................................. 73

3.4.2 Synthesis of organo-aluminium complex of enantiopure iminophosphonamide and its
reactivity.................................................................................................................................................73

3.4.3 Synthesis of enantiopure iminophosphonamide group 13 halide complexes..................... 76

http://d-nb.info/122371909X


3.4.4 Synthesis of enantiopure iminophosphonamide group 13 cationic complexes...................81

3.4.5 Synthesis of an enantiopure iminophosphonamide aluminium hydride complex.............. 83

3.5 Group 4 metal complexes of enantiopure iminophosphonamides...............................................86

3.5.1 Introduction..................................................................................................................................86

3.5.2 Synthesis of enantiopure group 4 iminophosphonamide complexes................................... 86

3.6 Enantiopure homoleptic lanthanide complexes of iminophosphonamides.................................90

3.6.1 Introduction..................................................................................................................................90

3.6.2 Synthesis of chiral homoleptic lanthanide complexes.............................................................90

3.7 Enantiopure group 14 compounds....................................................................................................94

3.7.1 Introduction..................................................................................................................................94

3.7.2 Synthesis of chiral tetrylenes......................................................................................................94

4 Experimental Section............................................................................................................................101

4.1 General consideration.......................................................................................................................101

4.2 Synthesis of Starting Materials........................................................................................................ 102

4.3 Synthesis and analytical data for chiral iminophosphonamines and its alkali metal complexes 
102

4.3.1 Synthesis of (R)-HPEDippPIA....................................................................................................... 102

4.3.2 Synthesis of (/?)-H N EPI A............................................................................................................103

4.3.3 Synthesis of [{(R)-PEPIA}2K2] (1)...............................................................................................104

4.3.4 Synthesis of [{(/?)-PEPIA}2Rb2] (2).............................................................................................105

4.3.5 Synthesis of [{(R)-PEPIA}2Cs2]/[{(/?)-PEPIA}Cs]n (3)................................................................. 106

4.3.6 Synthesis of [{(R)-PEDippPIA}2Li2] (4)..........................................................................................107

4.3.7 Synthesis of [{(/?)-PEDippPIA}2Na2] (5)....................................................................................... 108

4.3.8 Synthesis of [{(R)-NEPIA}Li(thf)2] (6)....................................................................................... 109

4.3.9 Synthesis of [{(/?)-NEPIA}2Na2] (7)............................................................................................ 109

4.3.10 Synthesis of [{(/?)-NEPIA}2K2] (8).............................................................................................110

4.4 Synthesis and analytical data for alkaline earth metal complexes of chiral
iminophosphonamide..............................................................................................................................Ill

4.4.1 Synthesis of [{(R)-PEPIA}2Ca] (9)..............................................................................................Ill

4.4.2 Synthesis of [{(/?)-PED,ppPIA}{N(SiMe3)2}Mg(thf)] (10)...........................................................112

4.4.3 Synthesis of [{(R)-PEDippPIA}2Mg] (11).....................................................................................113

4.4.4 Synthesis of [{(R)-PEDippPIA}2Ca] (12).......................................................................................113

4.4.5 Synthesis of [{(/?)-PEDippPIA}2Yb] (13).......................................................................................114

4.4.6 Synthesis of [{(R)-NEPIA}2Ca] (14)...........................................................................................115

4.5 Synthesis of copper and zinc complexes of iminophosphonamides...........................................116

4.5.1 Synthesis of [{(R)-PEDippPIA}Cu]2 (15)...................................................................................116



4.5.2 Synthesis of [{(R)-PEDippPIA}2Zn] (16)........................................................................................117

4.5.3 Synthesis of [{(K)-NEPIA}2Cu2] (17)..........................................................................................118

4.5.4 Synthesis of [{DippPIA}2Cu2] (18).............................................................................................118

4.5.5 Synthesis of [{DippPlAJZnPh] (19)............................................................................................119

4.6 Synthesis and analytical data of group 13 metal complexes of chiral iminophosphonamides 120

4.6.1 Synthesis of [{(/?)-PEDippPIA}AIMe2] (20)...................................................................................120

4.6.2 Synthesis of [{(/?)-PEDippPIA}AIMe(C6F5)] (21).......................................................................... 121

4.6.3 Synthesis of [{(R)-PEDippPIA}AICI2] (22).....................................................................................122

4.6.4 Synthesis of [{(/?)-PE PI A}2AICI] (23).......................................................................................... 122

4.6.5 Synthesis of [{(/?)-PEPIA}2GaCI] (24)......................................................................................... 123

4.6.6 Synthesis of [{(/?)-PE PI A}2AI]+[GaCh]' (25)...............................................................................124

4.6.7 Synthesis of [{(R)-PEPIA}2Ga]+[AICI4] (26)...............................................................................124

4.6.8 Synthesis of [{(/?)-PEPIA}2AIH] (27)........................................................................................... 125

4.7 Synthesis of group 4 metal complexes of chiral iminophosphonamide:.................................... 126

4.7.1 Synthesis of [{(R)-PEPIA}Hf(NMe2)3] (28)................................................................................126

4.7.2 Synthesis of [{(/?)-PEDippPIA}Zr(NMe2)3] (29)............................................................................127

4.7.3 Synthesis of [{(R)-PEDippPIA}Hf(NMe2)3] (30).......................................................................... 128

4.8 Synthesis of chiral homoleptic lanthanide complexes [{(R)-PEPIA}3Ln] (Ln = Y (31), La (32), Tb
(33), Yb (34) and Lu (35))........................................................................................................................128

4.8.1 Synthesis of [{(/?)-PEPIA}3Y] (31).............................................................................................. 129

4.8.2 Synthesis of [{(/?)-PEPIA}3La] (32)............................................................................................. 129

4.8.3 Synthesis of [{(/?)-PEPIA}3Tb] (33)............................................................................................130

4.8.4 Synthesis of [{(/?)-PEPIA}3Yb] (34)............................................................................................130

4.8.5 Synthesis of [{(/?)-PEPIA}3Lu] (35).............................................................................................130

4.9 Synthesis and analytical data of chiral group 14 compounds.......................................................131

4.9.1 Synthesis of [{PhC(NfBu)2}Si{N(/?)(CH)MePh(PPh2)}{=NDipp}] (36).......................................131

4.9.2 Synthesis of [{(/?)-PEDippPIA}GeCI] (37).....................................................................................132

4.9.3 Synthesis of [{PhC(NfBu)2}{(5)-PEBA}Si] (38)........................................................................... 132

4.9.4 Synthesis of [{(5)-PEBA}GeCI] (39)........................................................................................... 133

4.10 Experimental for hydroboration reactions...................................................................................134

5 Crystal Structure Measurements........................................................................................................ 137

5.1 Data Collection and Refinement......................................................................................................137

5.2 Crystal Data.........................................................................................................................................138

5.2.1 [(R)-HPEDippPIA]...........................................................................................................................138

5.2.2 [(R)-HNEPIA]................................................................................................................................139

5.2.3 [{(/?)-PEPIA}2K2] (1).....................................................................................................................140



5.2.4 [{(R)-PEPIA)2Rb2] (2)...................................................................................................................141

5.2.5 ({(R)-PEPIA}2Cs2]/[{(«)-PEPIA}Cs]„ (3).......................................................................................142

5.2.6 [{(R)-PE0lppPIA}2Li2J (4)................................................................................................................143

5.2.7 [{(R)-PEOippPIA}2Na2] (5)..............................................................................................................144

5.2.8 [{(R)-NEPIA}Li(thf)2) (6)...............................................................................................................145

5.2.9 [{(R)-NEPIA)2Na2) (7)..................................................................................................................146

5.2.10 [{(R)-NEPIA}2K2) (8)...................................................................................................................147

5.2.11 [{(R)-PEPIA)2Ca] (9)...................................................................................................................148

5.2.12 [{(R)-PED'ppPIA}Mg{N(SiMe3)2}(thf)] (10)................................................................................149

5.2.13 [{(R)-PEDippPIA}2Mg) (11)...........................................................................................................150

5.2.14 [{(R)-PEDippPIA}2Ca) (12)...........................................................................................................151

5.2.15 [{(R)-PEDlppPIA)2Yb) (13)........................................................................................................... 152

5.2.16 [{(R)-NEPIAhCa] (14)................................................................................................................153

5.2.17 [{(R)-PEDippPIA)2Cu2) (15).........................................................................................................154

5.2.18 [{(R)-PEDippPIA)2ZnJ (16)........................................................................................................... 155

5.2.19 [{(R)-NEPIA)2Cu2] (17)...............................................................................................................156

5.2.20 [{DippPIA)2Cu2] (18).................................................................................................................157

5.2.21 [{DippPlAJZnPhJ (19)................................................................................................................158

5.2.22 [{(R)-PEDippPIA)AIMe2] (20)......................................................................................................159

5.2.23 [((R)-PEDippPIA}AIMe(C6F5)] (21)...............................................................................................160

5.2.24 [{(R)-PEDippPIA}AICI2] (22)......................................................................................................... 161

5.2.25 [{(R)-PEPIA)2AICI] (23)..............................................................................................................162

5.2.26 [{(R)-PEPIA)2GaCI) (24).............................................................................................................163

5.2.27 [{(R)-PEPIA}2AI]*[GaCh] (25)...................................................................................................164

5.2.28 [{(R)-PEPIA}2GaHAICl4]' (26)................................................................................................... 165

5.2.29 [{(R)-PEPIAhAIH] (27)...............................................................................................................166

5.2.30 [{(R)-PEPIA)Hf(NMe2)3) (28)....................................................................................................167

5.2.31 [{(R)-PEDlppPIA)Zr(NMe2)3] (29)................................................................................................168

5.2.32 [{(R)-PEDippPIA)Hf(NMe2)3] (30)................................................................................................ 169

5.2.33 [{(R)-PEPIA}3Y] (31)...................................................................................................................170

5.2.34 [{(R)-PE PI A)3La] (32).................................................................................................................171

5.2.35 [{(R)-PEPIA)3Tbj (33)................................................................................................................. 172

5.2.36 [{(R)-PEPIA}3Yb] (34)................................................................................................................. 173

5.2.37 [{(R)-PEPIA}3Lu] (35).................................................................................................................174

5.2.38 [{PhC(N'Bu)2)Si{N(R)(CH)MePh}{(=NDipp)PPh2}] (36)...........................................................175

5.2.39 [{(R)-PEDippPIA}GeCI) (37)..........................................................................................................176



5.2.40 [{PhC(NtBu)2}{(S)-PEBA}Si] (38).............................................................................................. 177

5.2.41 [{(S)-PEBA}GeCI] (39)................................................................................................................178

6 Summary (Zusammenfassung).................................................................................................................179

6.1 Summary.............................................................................................................................................179

6.2 Zusammenfassung.............................................................................................................................187

7 References................................................................................................................................................. 195

8 Appendix....................................................................................................................................................203

8.1 Directory of Abbreviations................................................................................................................203

8.2 NMR Abbreviations...........................................................................................................................204

8.3 IR Abbreviations.................................................................................................................................204

8.4 Directory of Compounds...................................................................................................................205

9 Curriculum Vitae.......................................................................................................................................207

10 Acknowledgements.................................................................................................................................209


