
TABLE OF CONTENTS:

LIST OF COMPOUNDS:                                                                                                          4

CHAPTER I: INTRODUCTION                                                                                              7

•• TRICHOTHECENES: 7
1. ORIGIN 7
2. STRUCTURE 10
3. BIOLOGICAL ACTIVITY 13
•• FS-2 16
•• PREVIOUS SYNTHETIC APPROACHES: 18
1. GENERAL: 18
2. ALDOL APPROACH 19
3. BIOMIMETIC APPROACH: 21
4. OTHER APPROACHES: 23
5. OPTICALLY ACTIVE SYNTHESIS 27
6. QUATERNARY CENTERS: 28
7. INTERCONVERSION OF TRICHOTHECENES: 30
•• RETROSYNTHETIC ANALYSIS: 31
•• REVISED STRUCTURE: 34

CHAPTER II: SYNTHESIS OF THE TRICYCLO-UNDECANE COMMOM
INTERMEDIATE                                                                                                                      38

•• SYNTHESIS OF THE FIVE AND SIX-MEMBERED RING PRECURSORS 39
•• INTERMOLECULAR PHOTOADDITION 45
•• INTRAMOLECULAR PHOTOADDITION 46
1. ETHER TETHER STRATEGY: WILLIAMSON ETHER SYNTHESIS 47
2. ETHER TETHER STRATEGY: FAILED ALTERNATIVES 51
3. THE ESTER TETHER STRATEGY 57
4. SILICON TETHER STRATEGY 63
5. PHOTOADDITION 66
•• OLEFIN FORMATION 69
•• CONCLUSION 73

CHAPTER III: RADICAL FRAGMENTATION - MODEL SYSTEMS                                  75

•• INTRODUCTION 75
•• RADICAL FRAGMENTATION – BACKGROUND 76
1. FRAGMENTATION OF THIONOCARBONATES 78
2. BETA-OXYGEN EFFECT 91
3. FRAGMENTATION OF CYCLOBUTYLCARBINYL SYSTEMS 94



2

4. FRAGMENTATION OF OXIRANYLCARBINYL RADICALS 98
•• PREPARATION OF THE MODEL SYSTEMS 104
1. MODEL SYSTEM 1 104
2. MODEL SYSTEM 2 107
3. MODEL SYSTEM 3 111
4. MODEL SYSTEM 4 113
•• FRAGMENTATION OF THE MODEL SYSTEMS 115
1. MODEL SYSTEM 1 116
2. MODEL SYSTEM 2 121
•• CONCLUSION 122

CHAPTER IV: ELABORATION OF THE FRAGMENTATION INTERMEDIATE.             125

•• INTRODUCTION 125
•• FUNCTIONALIZATION ALPHA TO THE CARBONYL: 126
1. STRATEGY I: α-BROMINATION 126
2. STRATEGY II: α-OXIDATION 131
3. STRATEGY III: THE MORIARTY ROUTE 137
•• KETONE REDUCTION: 139
•• FUTURE DEVELOPMENTS: 142

CHAPTER V: EXPERIMENTAL PROCEDURES                                                                 144

•• GENERAL 144
•• SPECIFIC COMPOUNDS 147

ADDENDUM I: SELECTED 1H NMR SPECTRA                                                                 192

•• RESULTS OF  NOE EXPERIMENTS – CHAPTER 3 231
1. COMPOUND 91 231
2. COMPOUND 94 232
3. COMPOUND 96 233
4. COMPOUND 99 234
5. COMPOUND 100 235
•• RESULTS OF NOE EXPERIMENTS – CHAPTER 4 236
1. COMPOUND 112 236
2. COMPOUND 121 237
3. COMPOUND 122 238
4. COMPOUND 124 239
5. COMPOUND 126 240

ADDENDUM II: SELECTED 13C NMR SPECTRA                                                               241



3

ADDENDUM III: CONFORMATION ANALYSIS OF FS-2 - MONTE CARLO
SIMULATION                                                                                                                         277

ADDENDUM IV: AB INITIO CALCULATIONS ON THE CYCLIC THIOCARBONATE
SYSTEM                                                                                                                                 309

•• INTRODUCTION: 309
•• THE AB INITIO PROCEDURE: 311
•• SAMPLE CALCULATION: 314
1. CIS DIMETHYL CARBONATE GEOMETRY CALCULATION INPUT FILE: 315
2. GEOMETRY CALCULATION – RESULTS: 316
3. FREQUENCY CALCULATION – RESULTS: 316
4. GEOMETRY – PDB FILE: 317
5. CALCULATED OFFSET-FROM-THE-IDEAL-ANGLE: 317
6. GRAPHICAL REPRESENTATION: 318
•• RESULTS: SUBSTITUENT EFFECTS ON THE CARBONATE RING: 319
•• RESULTS: FRAGMENTATION REACTION - CIS: 323
•• RESULTS: FRAGMENTATION REACTION - TRANS: 329

ADDENDUM V: PERL SCRIPTS                                                                                          335

•• ANGLE_STRAIN.PL 335
•• GET_CHARGE.PL 337
•• GET_SPIN.PL 339
•• GAUSSIAN2PDB.PL 340
•• ZMATRIXEXTRACT 341
•• PDBCLEAN.PL 341
•• SUM_ANGLE_STRAIN.PL 342



4

LIST OF COMPOUNDS:

Compound 7:  4, 5, 6, 7-Tetrahydrocyclopenta-[a]-[1, 3]-dioxin-5-one 147

Compound 5:  2-(Hydroxymethyl)-3-methyl-2-cyclopenten-1-one 148

Compound 18:  2-(Chloromethyl)-3-methyl-2-cyclopenten-1-one 149

Compound 8:  3-Trimethylsilyloxy-1-methyl-1, 3-cyclohexadiene 150

Compound 9:  6-(Benzyloxymethyl)-3-methyl-2-cyclohexen-1-one 151

Compounds 6a and 6b:  (1R*, 6S*)-6-(Benzyloxymethyl)-3-methyl-2-cyclohex-2-ene-1-ol  and  (1R*,

6R*)-6-(Benzyloxymethyl)-3-methyl-2-cyclohex-2-ene-1-ol 153

Compound 10:  6-Hydroxymethyl-3-methyl-(1R*, 6S*)-2-cyclohexen-1-ol 154

Compound 11:  7-Methyl-(4aR*, 8aR*)-5H, 6H-benzo[a][1, 3]dioxin-2-one 155

Compound 12:  6-Hydroxymethyl-3-methyl-(1R*, 6R*)-2-cyclohexen-1-ol 156

Compound 13:  7-Methyl-(4aR*, 8aS*)-5H, 6H-benzo[a][1, 3]dioxin-2-one 157

Compound 4:  2-(6-Benzyloxymethyl-3-methyl-(1R*, 6S*)-2-cyclohexenyloxymethyl)-3-methyl-2-

cyclopenten-1-one 158

Compound 17:  3-[(Benzyloxy)-methyl]-5a, 5b-dimethyl-(2aR*, 3S*, 5aR*, 5bS*, 8aR*, 8bS*)-

perhydro-2-xacyclopenta[4, 1]cyclobuta[c, d]-inden-8-one 160

Compound 39:  3-Hydroxymethyl-5a, 5b-dimethyl-(2aR*, 3S*, 5aR*, 5bS*, 8aR*, 8bS*)-perhydro-

2-oxacyclopenta[4, 1]cyclobuta[c, d]-inden-8-one 161

Compound 3:  5a, 5b-Dimethyl-3-methylene-(2aR*, 5aR*, 5bS*, 8aR*, 8bS*) perhydro-2-

oxacyclopenta[4, 1]cyclobuta[c, d]inden-8-one 162

Compound 91:   5a, 5b-Dimethyl-3-methylene-(2aR*, 5aR*, 5bS*, 8S*, 8aR*, 8bS*) perhydro-2-

oxacyclopenta [4, 1] cyclobuta [c, d] inden-8-ol 163

Compound 92:   7b-(Hydroxymethyl)-3a, 3b, 6-trimethyl-(1R*, 3aR*, 3bS*, 7aR*, 7bS*)-2, 3, 3a,

3b, 4, 5, 7a, 7b-octahydro-1H-cyclopenta[3, 4]cyclobuta[a]benzen-1-ol 164

Compound 94:   6a, 6b, 9-Trimethyl-(4aR*, 6aR*, 6bS*, 10aR*, 10bS*)-4a, 5, 6, 6a, 6b, 7, 8, 10a-

octahydrobenzo[3', 4']cyclobuta[2, 3]cyclopenta[d][1, 3]dioxin-3-thione 165

Compound 95:   6a, 6b, 9-Trimethyl-(4aR*, 6aR*, 6bS*, 10aR*, 10bS*)-4a, 5, 6, 6a, 6b, 7, 8, 10a-

octahydrobenzo[3', 4']-cyclobuta[2, 3]cyclopenta[d][1, 3]-dioxin-3-one 166

Compound 96:   1a, 3a, 3b-Trimethyl-(1aR*, 3aS*, 3bR*, 5aR*, 9aS*, 9bS*, 9cR*)-

perhydrooxireno[2''', 3''':3'', 4'']benzo[3', 4']cyclobuta[2, 3]cyclopenta[d][1, 3] dioxin-7-one

167

Compounds 97 and 98:   6a-Hydroxymethyl-1a, 3a, 3b-trimethyl-(1aR*, 3aR*, 3bS*, 6S*, 6aR*,

6bS*, 6cS*)perhydrocyclopenta[3’, 4’]cyclobuta[3, 4]benzo[b]oxiren-6-ol  and  3, 5a, 5b-



5

Trimethyl-(2aR*, 3R*, 5aR*, 5bS*, 8S*, 8aR*, 8bS*)-perhydro-2-oxacyclopenta[4,

1]cyclobuta[c, d]indene-3, 8-diol 168

Compound 99:  1a, 3a, 3b-Trimethyl-(1aR*, 3aS*, 3bR*, 5aR*, 9aS*, 9bS*, 9cR*)-perhydrooxireno

[2''', 3''':3'', 4''] benzo [3', 4'] cyclobuta [2, 3] cyclopenta[d][1, 3] dioxin-7-thione 170

Compound 100:   5a, 5b-Dimethyl-3-methylene-(2aR*, 5aR*, 5bS*, 8R*, 8aR*, 8bS*) perhydro-2-

oxacyclopenta[4, 1]cyclobuta[c, d]inden-8-ol 171

Compound 101:   7b-(Hydroxymethyl)-3a, 3b, 6-trimethyl-(1R*, 3aS*, 3bR*, 7aS*, 7bR*)-2, 3, 3a,

3b, 4, 5, 7a, 7b-octahydro-1H-cyclopenta [3, 4] cyclobuta [a] benzen-1-ol 173

Compound 102:   6a, 6b, 9-Trimethyl-(4aR*, 6aS*, 6bR*, 10aS*, 10bR*)-4a, 5, 6, 6a, 6b, 7, 8, 10a-

octahydrobenzo[3', 4']-cyclobuta[2, 3]cyclopenta[d][1, 3]-dioxin-3-thione 174

Compound 103:  5a, 5b-dimethyl-3-methylene-(2aR*, 5aR*, 5bS*, 8aR*, 8bS*)-[(2a, 3, 4, 5, 5a, 5b, 6,

8b-octahydro-2-oxacyclopenta[4, 1]cyclobuta[c, d]inden-8-yl)oxy](triisopropyl)silane 175

Compound 105:  7b-(Hydroxymethyl)-3a, 3b, 6-trimethyl-(3aR*, 3bS*, 7aR*, 7bS*)-2, 3, 3a, 3b, 4,

5, 7a, 7b-octahydro-1H-cyclopenta[3, 4]cyclobuta[a]benzen-1-one 176

Compound 106:   1a, 3a, 3b-trimethyl-6a-{[(1, 1, 1-trimethylsilyl)oxy]methyl}-(1aR*, 3aR*, 3bS*,

6aR*, 6bS*, 6cS*)-perhydrocyclopenta[3’, 4’]cyclobuta[3, 4] benzo[b]oxiren-6-one 177

Compounds 107 and 108:  3a, 3b, 6-Trimethyl-(1R*, 3aS*, 3bS*, 7aR*, 8aS*)-1, 2, 3, 3a, 3b, 4, 5,

7a, 8, 8a-decahydrocyclopenta[a]inden-1-ol  and  3(1, 4-Dimethyl-(1R*)-2-cyclohexenyl)-3-

methyl-2-methylene-(1R*, 3R*)-cyclopentan-1-ol 179

Fragmentation of compound 99 180

Compound 112:   7-Bromo-5a, 5b-dimethyl-3-methylene-(2aR*, 5aR*, 5bS*, 7R*, 8aR*,

8bS*)perhydro-2-oxacyclopenta[4, 1]cyclobuta[c, d]inden-8-one 181

Compound 116:   7-Bromo-5a, 5b-dimethyl-3-methylene-(2aR*, 5aR*, 5bS*, 7S*, 8S*, 8aR*,

8bS*)perhydro-2-oxacyclopenta[4, 1]cyclobuta[c, d]inden-8-ol 182

Compound 118:  7b-(Hydroxymethyl)-3a, 3b, 6-trimethyl-(1R*, 2R*, 3aR*, 3bS*, 7aR*, 7bS*)-2, 3,

3a, 3b, 4, 5, 7a, 7b-octahydro-1H-2-bromo-cyclopenta[3, 4] cyclobuta[a]benzen-1-ol 183

Compound 114:   7-Hydroxy-5a, 5b-dimethyl-3-methylene-(2aR*, 5aR*, 5bS*, 8aR*, 8bS*)-2a, 3, 4,

5, 5a, 5b, 8, 8b-octahydro-2-oxacyclopenta[4, 1]cyclobuta[c, d]inden-8-one 184

Compound 124:  5a, 5b-dimethyl-3-methylene-(2aR*, 5aR*, 5bS*, 7S*, 8aR*, 8bS*)-perhydro-2-

oxacyclopenta[4, 1]cyclobuta[c, d]inden-7-ol-8-one 185

Compound 121:  5a, 5b-Dimethyl-3-methylene-(2aR*, 5aR*, 5bS*, 7S*, 8S*, 8aR*, 8bS*)-

perhydro-2-oxacyclopenta[4, 1]cyclobuta[c, d]inden-7, 8-diol 187

Compound 122:  5a, 5b-dimethyl-methylene-(2aR*, 5aR*, 5bS*, 6aS*, 9aR*, 9bR*, 9cS*)-

perhydro[1]benzoxolo[3'', 4'':2', 3', 4']cyclobuta[4, 5] cyclopenta[d][1,3]dioxole-8-thione 188

Compound 123:   7b-(Hydroxymethyl)-3a, 3b, 6-trimethyl-(1R*, 2S*, 3aR*, 3bS*, 7aR*, 7bS*)- 2, 3,

3a, 3b, 4, 5, 7a, 7b-octahydro-1H-cyclopenta[3, 4] cyclobuta[a]benzen-1, 2-diol 189



6

Compound 126:  5a, 5b-Dimethyl-3-methylene-(2aR*, 5aR*, 5bS*, 7S*, 8R*, 8aR*, 8bS*)-

perhydro-2-oxacyclopenta[4, 1]cyclobuta[c, d]inden-7, 8-diol 190


