A Set of Shape-Persistent Macrocycles
with Terpyridine Units

INAUGURAL - DISSERTATION

zur Erlangung des akademischen Grades
Doktor der Naturwissenschaften

Dr. rer. nat

des Fachbereichs
Biologie, Chemie und Pharmazie
der Freien Universitéat Berlin

von
Christian Grave

aus Dortmund

im Juni 2002



Die vorliegende Arbeit wurde in der Zeit von Januar 1998 bis Juni 2002 am Institut fur
Chemie / Organische Chemie der Freien Universitdt Berlin unter der Anleitung von Herrn
Prof. Dr. A. Dieter Schltter durchgefihrt.

1. Gutachter: Prof. Dr. A. D. Schliter
2. Gutachter: Prof. Dr. J.-H. Fuhrhop
Tag der Disputation: 26.07.2002



Contents

Contents
IO [ g1 00 1o 1 oo PP PRP 1
2. ATM OF TN WOTK.....eeei ettt e e ereesre et 3
3. LITEIEIUINE SUINVEY......eiiieeeeitieieeiee sttt et e e st e st et e s s e beeseesbeenbesseesbeebeeneesbeensesseesbeanne e e nbeas 4
T RS Y 011 (Lo (= =0 1 =S 4
3.2 Shape-persistent macrocycles with heteroatoms............cccovcveverieneeresce s 8
I T 0T = 7= SRS 15
R T o1 o S 1 [ o VSRR 15
4.1.1 Coupling CREMISIIY......ccieiiieeeceese e re e 16
4.1.2 RetroSynthetiC CONCEPL.........eieerieeie et ne e 19
4.2 Synthesis of the building BIOCKS...........cooiiiii e 21
4.2.1 SynthesiS Of the MNG COMMEY ..o e 21
4.2.2 Synthesis of the terpyriding UNit..........ccccceveeeiieesie e 26
4.2.3 Synthesis of the mHterphenyl UNit...........ccoooviieieece s 32
4.3 Synthesis of the 46-membered CYCIES..........ooiiiiiiiereeeee s 35
4.3.1 Attempt to close a ring from a dibromo functionalized precursor.................... 35
Synthesis of the NG PreCUrSOIS........ove e 35
(@Yo [ 7= (o] o 1 40
4.3.2 Cycles containing one terpyriding UNit..........cccoooeveenenienense e 42
Synthesis of the NG PreCUrSOIS.........eo i 43
(@Yo 7= (o] o 1 47
4.3.3 A cycle with two terpyriding UNitS..........cccevveereenecee e 50
4.4 Synthesis of the 58-membered CYCIES..........oooiiiiiiiiee s 52
4.4.1 A cycle with one terpyriding Unit...........ccccoveeiiiinneese e 53
4.4.2 Cycles with two terpyriding UNitS..........cocveveeiesieesece e 55
Synthesis of the NG PreCUrSOrS........oveiieecec e 55
CYCHIZALION. ...ttt et 57
4.5 A 50-membered cycle with two terpyriding UnNitS..........occoveererinneeneneeneee e 61
4.6 Characterization and properties of the CYCles..........ocvveeiiiinini e 64
3N o U o ] 1 /TSRS 64
4.6.2 MESS SPECITOMELIY.......eiiueeeiieierteeestee e siee et e s e e et s be e e sbe e e sbe e e sbeeenareas 66
4.6.3 NMR MEBSUIEIMENLS.......coiuieiieiiieeee ettt e e se e sae e nneesneas 69

4.6.4 X-ray analysis 0N SINGIE CrystalS........cooeeiiierinie e 73



Contents

IMACTOCYCIE O58.....c..ecieeieecieeie et te et st e e beeaesneesneenne e 73

MACrOCYCIE O5D......c.eeeeeeeiceceee e 76

MACIOCYCI® O50........eeieeieeiiee ettt sre e 79

4.6.5 STM measurements Of MONOIGYENS.........ccoreerierierrieie e 8l

4.6.6 Liquid Crystalling Phases.........cccveieieeieeiesieesesee e e et ae et sneene e 83

4.6.7 Higher CyCliC fraCtionS.........cccueveiieiiee et e et 84

4.7 Outlook: Metal COMPIEXES. ..o i e e e see e DL

O SUMIMIBIY ...ttt ettt e e et £t eateebeeeaeeenbeeesse e seesaee e e n e e et £t saneenbeee s s saneesnneenns 97
AN S 0] 1 1 =SS U o S 99
7. EXPErimental Part..........ccooueiiiiiiesece et e sttt sneenne e e neenne s 101
A R T o1 PSPPSR L0 X |
T 1= = TS 101

7.1.2 ChromatographiC Methods............ccceieieiiieiecereee e 101

7.2 SYNENESES.....ctiieeieteieee sttt s e et s e sttt s e e se st et e s e s be st eneebeneenenneneas 106
7.2.1 Compounds Of Chapter 4.3.......c.ooie e 106

7.2.2 Compounds Of Chapter 4.4..........ooeeeeeeee e 1 e 120

7.2.3 Compounds of Chapter 4.5........coooiee e 160

7.2.4 Compounds of Chapter 4.6 and 4.8..........cccocoveveeer e v v 173

7.3 CrystallOgraphiC QalaL.........cceeviririiiiesierie e ne s 177

REFEIENCES ANA TEMAIKS.....cceeeeeeeeeeeeeeeeeeeeeeeeeeeee e 178





