Contents

Declaration of Academic INtEEIILY......cc.eeiviiieiiieeiieeeciie ettt e e ve e ereeesreeesaee s VII
German Title 0f this TheSIS.....ccuiiiuiiiiiiieie et e IX
AADSITACE ...ttt ettt h bt s h e bt et h e bt et sa e e bt et et e beenesaeens XI
KUrzzusammen asSUNG ..........cccviiiiiiieiiecieeee ettt e e e e e e esbeeesabeeesaseeesseeennns XIIT
COMEIES ..ttt ettt ettt e ettt e sttt e et e e sab b e e sabbeesabeeesabeeesabeeenaneeas XV
I INETOAUCTION ..ttt ettt ettt et sb ettt sbe et et e sae e b enees 1
L1 Steroidsi! oot 2
LI INErOAUCHION . c..eeiiieiieie ettt et ettt s e e e s aeeeeeas 2

L1.1.2 BIOSYNERESIS c.ueiiiiieiieeiiieiiecit ettt ettt be et ete e s eesbeessaeensaesnseenseenens 4

1.1.3  Importance for Nature and Medicine..........c..ccccvveeviiieiiieeiiee e 6

1.2 GOTZOSLEIOL. . ..eiiiiieieeiieeit ettt sttt et sb ettt be e 8
1.2.1 Introduction! 200 e 8

1.2.2  Previous SemiSYNtheses ........coouiriiiiiiiiiiiiinierieeieetcee et 11

1.2.3  Previous WOTK I OUE SIOUP....cc.evierieriirienieeienitenieete ettt 17

2 AIM OF thiS WOTK c..eeiiiiiiiiieee et e 20
3 Results and diSCUSSION ....c.eiiuieiiiieiieiie ettt ettt e e eneeas 22
3.1 Towards a new semisynthesis of demethylgorgosterol and gorgosterol................... 22
3.1.1  Synthesis of the steroidal alkene.............ccceevuieeiiiieiiiieieeeee e, 22
3.1.2  Stereoselective cyclopropanation®®) ... .............c.cocoiiiiiiiiie e 27
3.1.3  Formal semisynthesis of demethylgorgosterol®®).................ccocovieveviiieinn 32
3.1.4  Comparison to previous syntheses% ............c.ccocovvviviioiirieeeeeeeeeee e, 37
3.1.5  Further work on demethylgorgosterol and gorgosterol .............cceeeevvieiiiennnnnne 38

3.2 Synthesis of demethylgorgosterol analogs..........cccceeveeriiieniieniieiieeiieieeee e 44
3.2.1  Hydrocarbon analogs ..........ccceeeriieeiiieeiiieeiiie et et ere e eree e eveeeereeesreeeenaee s 44
3.2.2  Functionalized analogs............ccceeriiiiiieniieiieie et 55

XV



3.2.3  Double cyclopropanated analogs ...........cceeeevreereiieeiiieeiiee e 61

3.2.4  Fluorophore-steroid CONJUZALES .......ccueeruirerrierieeiieniiieieesieeieeeeeeseeseneeseesaneens 67

3.3 3-Cyclopropylacrylates by cyclopropanation using a vinylogous diazoester ........... 75
3301 INErOAUCHION ...ttt ettt e e s ens 75
3.3.2  Optimization of the reaction CONditioNS.............ccveriieriieriieeiienieeiie e eiee e 79
3.3.3  Scope and limitations of the cyclopropanation and a plausible mechanism...... 83
3.3.4  Follow-up chemistry of the cyclopropylacrylates..........ccccccovvvereiiencirenceeennen. 88
3.3.5 Unexpected selectivity with 9-vinylanthracene.............ccccceeevieviiieviiencieeniennnns 90
3.3.6  Synthesis of a new paracyclophane-based ligand.............c.ccccevviieviinciieniennnns 92

4 Summary and OUtIOOK .......coeiiiiiiiiii e 95

4.1 Development of a new semisynthesis of demethylgorgosterol and gorgosterol! .95

4.2 Synthesis of demethylgorgosterol analogs..........c.ccceevveeeiieriieiienieeieeie e 99
4.3  3-Cyclopropylacrylates by cyclopropanation using a vinylogous diazo ester ........ 102

S5 EXPEriMENtal.....cccuiiiiiiiiiiiiciiceiecie ettt e ene 106
5.1  General INfOrmMation ........oouiiiiiiiiiiiiieiee ettt 106
5.1.1  Solvents, reagents, and methods ............ccecoeeriiiiiiiiiiiiiie e, 106
5.1.2  Analytical devices and INSTIUMENTS ........eeevveeerieeeriieeieeeiee e e eiee e 108

5.2 Synthetic methods and characterization data ............cccceevveeeiiieeiieeeiieeeeeeee e 110
5.2.1  General ProCEAUIES ......cccueeruiieiiieriieeiie ettt ettt ettt et site et e siteesbeesneeeaseas 110
5.2.2  Synthetic Methods and Characterization Data for Chapter 3.1 ....................... 112
5.2.3  Synthetic Methods and Characterization Data for Chapter 3.2 ...........c........... 133
5.2.4  Synthetic Methods and Characterization Data for Chapter 3.2 ..........cc.c..c..... 189

5.3 Crystallographic data...........cccceiieiiiiiiiiiieeiie et 219
5.3.1  Crystallographic Data Solved by Dr. Olaf Fuhr ...........cccoooviviiiiiiieee, 219
5.3.2  Crystallographic Data Solved by Dr. Martin Nieger .........ccccceevvevieeruienneenen. 230

6 RETEIENCES ..ottt 256
A N o) o)1 T 1 SRS P 266



7.1

7.2

7.3

7.4

List of abbreviations and aCTONYIMS .........cc.eeevvireriiieeriieesieeerreeereee e e ereeeeaeeeeenes 266

CUITICUIUM VITAC. ...ttt sttt st 273
LiSt Of PUDIICALIONS......viiiiiiiiieiieeieete ettt et ae e e saeeseesaaeens 274
ACKNOWICAZMENTS .....eeiuiiieiiiieciie ettt e et e et e e e rae e sreeessseeees 275

XVII



