Table of contents

Objetives of the thesis 8
Chapter 1 — INErOdUCTION.....cccieerseecirecssenssancssncsssecssesssancsseessnssssssssassssssssassssssssssssasssssssasssssssssasssses 9
CRITALIEY et ettt e ettt e st e e ettt e s bt e e e bt e e eabteesabeeesabeesnbeesabeeenaneesnneesnnee 11
Asymmetric Synthesis and Catalysis ......cooueeiriiiiiiiiiiieeiieeieeeeee et 12
CRITAL AMINES.....eiiiiiiiiiiieet ettt st e st e sbe e s et esaee e ne e s e e e 14
The C=N double bond — isomerisation and other phenomena...........cccccceceeveenieniienenenseeeene 16
Asymmetric Imine Hydrogenation ............ccccuevveiiiiiiiiniiinienieeeceeceeee e 20
Other catalytic protocols for the preparation of chiral amines...........cceevveeriiiiriiieiniieenieeeiee e, 32
Mechanistic studies of iridium-catalysed imine hydrogenations ..........cc.cccceeeeeenieernieenieeenneennne 35
Cyclometalation in imine hydrogenation .............cc.eeeriieriieeniiieeniie et e s 49
Chapter 2 — A Summary of Previous Results by F. Barrios-Landeros 57
Dihydride Iridium INtermediates ...........coouiiriiriiiiiiiiiieeiiceeeeeeee e e 59
Characterization of cyclometalated INtermediates ...........coovervieeriiriiiiieeniieeeeecne e 62
Cyclometalated complexes as CatalySTS......cocueereiriiiiiiiiiiiiieieeie e 68
Catal ytiC DEULETATION ... ..eiiiiiieiiieeitee ettt ettt ettt e et e e et e st esbt e e sabeeesabeeeeaneesanee 70
REACT-TR STUAIES ...ttt st ettt 75
Asymmetric Hydrogenation of Dialkyl IMines ...........coccooiiiiiiiiiiiiiiiiiieeceeeeeee e 76
SUMMATY / CONCIUSIONS. ....vtiieiiieeiiie ettt e et e et e e st e e esbeeeenseeesnseeesseeensaeesnnseesnnes 77
Chapter 3 — Mechanistic Investigations 79
Imines as possible in situ additives for improved aliphatic imine hydrogenation ...........c.ccccu.ee... 80
Cyclometalation of different IMINES..........ccocvevviiiiiiiiiiniienieeeee e 84
Other ligands for cyclometalation ...........c.coouieiiiiiiiiiiiniieeeeeeceee e 97
Improving iridacycle synthesis by counterion metathesis.........c.ccceveerieeriiniiiniienieeieneeeeeee, 103
Chiral ligands as cyclometalating TEAZENLS .....c..veervieeruieeriiieeerieerieeeeeeesreeesreeesreeeeaeeesseeensseeens 110
Effects of chiral Binol-phosphoric acids on imine hydrogenation...........ccceeeeveeeeveeeceeencneeennnenn. 118
Deuterium [abelling STUAIES ......c.veeeviiiiiieeiee ettt ettt sae e e eeesaae e s beeesabeeesnseesnseeens 121
Stochiometric Hydride Transfer StUAIES.......cccvieeiiiiriiieiiieciceeteeee e 127
The role of imine-enamine tautomerism in the hydrogenation of imines ..........cc.ccceeecveevcueeennnen. 131
Chapter 4 — Ligand SYNNESIS ......ccoceirviiininsnicssnissnnssnisssicsnisssnssssssssssssssssssssssesssssssssssssssssessss 133
Synthesis of i1SOqUINOINE lZAN..........cooiuiiiiiiiiiiieii et 135
Synthesis of tetrahydropyridine ligand............c.coeeiiiriuiieriiiieiiie e see e 147
Synthesis of benzoXazine lHZANd .........c..covcuiiiriiiiiiie e e eeaaeeea 150
Preparation of chiral BINOL-based phosphoric acids ..........ccceeeriieriieeniiieeniieeieeeiie e 154

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fiir den personlichen Gebrauch.



Chapter 5 — Synthetic Investigations 157

Asymmetric Hydrogenation of acyclic aliphatic imines ............cceecueevviieniieeniiiennieeeieesiee e 159
Asymmetric Hydrogenation of cyclic aliphatic imines............ccceevveeriiieiniienniienieeeeeesiee e 178
Chapter 6 — Experimental Part 185
Working Techniques, SOlvents and r€AZENLS ........cceuveeruieiriieriiie et eeieeeiree et seee s 186
TIMINES ..ttt sttt ettt e et aees 188
CYCHC IMINES ...ttt ettt e s e e sane s eeneeneenanees 204
METAl COMPIEXES.....cnvieiieiiieiieiee ettt ettt ettt et st s e e be e s ane et e smeeeneesanees 206
HYATOZENAtIONS ..ottt ettt e st e st e e st e e sabeesbbeeeeaneeeas 228
QUINOIITIES ..ttt e ettt e ettt e e e e e e ettt e e e e e e e e eeeatraaeaeeaeeeesanssaaasaaeeeeaaasssssaseeesaeeesaannnrrnns 234
BONZOXAZINES ..c.uvieiiiieiiteeet ettt ettt ettt ettt s e e e e aae e s eareeea 244
TetrahYdTOPYTIAINES ...ceouviieiiiieiiie ettt ettt e sb e et e st e e st e e sabeesabeeenaneeeas 250
PhOSPROTIC QCTAS ...eiitiiiiiie ittt ettt e st e sabe e et esaeeeea 254
Imine precursors and LZANAS.........cocueiiiiriiiiiiieee e 257
LiSt Of ADDIeVIAtIONS ....ccceeciicinicisnicsnncsnnssnncsnisssnsssnssssisssnssssisssssssssssssssssssssssssssssssssssssssssssssssns 265
SUNMMATY c.cuviiiuiiissicsnisssnsssnesssesssnsssssssssosssssssssssssssssssssessssssssessssssssssssssssssssssssssssssesssssssssssssssssssssss 269
RETEIEINCES .cueeeuuiiuiinniiiiiitinsnisniisnnistisseiisnisssnsssnissstssssssssssssssssssssssssssssssssssssssssssssessssssssssssssss 273

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fiir den personlichen Gebrauch.



