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ABSTRACT 

This thesis presents the synthesis and attempted functionalization of the 

unsaturated ring system of the naturally occurring pyranonaphthoquinone antibiotic 

griseusin A 88. Unsaturated spiroketals 333,334 were constructed via the addition of 2-

trimethylsilyloxyfuran 189 to quinone 328. Initial work using acetylenic quinone 321 

afforded a pentacyclic product 323, wherein an unanticipated third Michael reaction 

occurred due to the phenolic hydroxyl group cyclizing onto the <x,�-unsaturated ketone 

moiety. Altering the reaction conditions gave trimethylsilyl analogue 325, where the final 

Michael reaction abstracted not a proton (323) but a trimethylsilyl cation liberated from 

189. Naphthoquinone 328, bearing a 2-alkenyl side chain rather than an acetylene, was 

synthesized using similar methodology to 321 and subsequently converted to 

furonaphthofuran adduct 330. Ceric ammonium nitrate oxidative rearrangement of 330 

produced diol 332, which was then cyclized to spiroketals 333,334 under a variety of 

conditions. The isomer ratio 333:334 resulting from these conditions was determined by 

high field IH nmr spectroscopy. 

With the two spiroketals 333,334 in hand, efforts were directed towards the 

functionalization of the C3' -C4' double bond. -Osmium tetraoxide catalytic 

dihydroxylation of model olefin 345 gave diol 353, where approach of the reagent was 

from the opposite face to that required for griseusin A 88. Selective acetylation of the 

less hindered hydroxyl group was however achieved, giving 354. 

The Woodward-Prevost reaction of olefin 345 formed the iodoacetates 367-369. 

Attempts to displace the iodine from the major diaxial iodoacetate 368 gave a complex 

mixture. Iodoacetate 387 was then prepared wherein the iodine and acetate positions 

were reversed, treatment of which with silver acetate afforded the fragmentation products 

401 and 402. The minor diequatorial iodoacetate 367 gave, like its stereoisomer 368, a 

complex mixture when subjected to displacement conditions. Only iodoacetate 410, 

formed from 367, produced spiroketal hydroxyacetates as hoped for, however both of 

these had the opposite stereochemistry at C-4 and C-5 to that desired. One of these two 

hydroxyacetates (354) had also been isolated from the selective acetylation of dio1 353. 

Several attempts using a variety of reaction conditions were made in an effort to 

force 333,334 to react with osmium tetraoxide. It was found that the functional groups 

present in 333, 334, 336, 330 and 323 were incompatible with this reagent. Ketone 327 

was the only compound that successfully underwent syn-hydroxylation, affording diols 

419 and 420. Use of cetyltrimethylammonium permanganate as an hydroxylation reagent 

for 333,334 afforded 423 and 421 rather than 343 and 344, where reaction had occurred 

at the C5a-C l la double bond. 
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The difficulty in introducing the oxygenated substituents onto the 0 1 '  -C6' 

spiroketal ring was proposed to be overcome by synthesizing naphthoquinone 430. The 

protected hydroxyl groups at C-2' and C-3' in this compound would possess the correct 

stereochemistry for elaboration to the hydroxyl and acetate groups at C-3' and C-4' 

respectively in griseusin A 88. 

Towards this end, the synthesis of the required naphthalene precursor (432) was 

undertaken via an enantioselective aldol condensation of imide 435 with (R)-aldehyde 

437.435 was formed from (R)-phenylalanine and 2-(benzyloxy)acetyl chloride 439 and 

reacted with 437 using stannous triflate and tetramethylethylenediamine. The major 

product 452, possessing the desired 2',3' -anti stereochemistry, was protected and the 

auxiliary reductively removed to give alcohol 459. Oxidation of 459 using tetra-n­

propylammonium perruthenate gave aldehyde 434, ready to be coupled to the Grignard 

reagent (498) of trimethoxybromide 433. 

Trials using heptanal and various organometallic reagents found n-butyllithium to 

be the reagent of choice for generating the anion (in this case the lithiate, 500) of 433. 

With the optimum time determined, the coupling of 500 with 434 was undertaken but 

yielded only the debrominated compound 499. The basicity of 500 and the hindrance at 

the carbonyl group of 434 were cited as possible reasons for this result, and attempts 

were made to "soften" the anion. Unfortunately both magnesium bromide and ceric 

chloride failed to produce the desired products 503,504. 

IV 



CONTENTS 

Page 

ACKNOWLEDGEMENTS ii 

ABSTRACT III 

ABBREVIA TIONS x 

CHAPTER 1 Introduction 

1.1 Pyranonaphthoquinone Antibiotics - Isolation, 

1 

Structure and Biological Activity ................................... 1 
1 . 1 .1 Simple and Fusarium Derived Quinones ................ 3 
1 . 12 Monomeric Quinones ............................. . ............. 1 1  
1 .1 3  Dimeric Quinones ................................................. 27 

1.2 Pyranonaphthoquinone Biosynthesis .. . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
1 .2 .1 Simple Monomers ................................. ................. 44 

1 .2 2 Carbohydrate Modified M onomers ...................... . 48 
1 .23 Dimers ................................................................... 5 1  

1.3 Related Syntheses of Pyranonaphthoquinones . ........... 62 

1 .3.1 Conjugate Addition to Quinones ........................... 62 
1 .3 2 1 ,7 -Dioxaspiro[ 5 51undecane Conformations ...... 72 
1 .33 Cyclization of 3-(2-hydroxyalkyl)naphthalenes .... 73 

CHAPTER 2 Synthesis of Pyranonaphthoquinone Spiroketals 

333 and 334 80 

2.1 Conjugate Addition of Enol Ethers to a,�-Unsaturated 

Carbonyl Compounds. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 
2 .1 .1 Quinones as Michael Acceptors .......... .............. .. .  80 
2 .12 The Michael Reaction ........................................... 81 



2.1 .3 Silyl Enol Ethers as the Nucleophilic 

Component ............................................................ 81  

2.1 .4 Silyl Ketene Acetals as the Nucleophilic 

Component ............................................................ 83 
2.15 I-Silyloxybutadienes as the Nucleophilic 

Component . ......................... ........ .... ......... ........... .. 85 

2.1 .6 Other Cyclic and Acyclic Acetals as the 

Nucleophilic Component ........... ...... ........... ......... .  87 

2.2 Furofuran Annulation: a Mechanistic Discussion ....... 87 
2 .2.1 Via Michael Addition. ........................................... 87 
2.2 .2 Via Diels-Alder Fragmentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 

2.3 The use of eeric Ammonium Nitrate in the 

Formation of Quinones ................................................... 99 

2.4 Synthesis of Unsaturated Spiroketals 333, 334 ............ 101 

2 .4.1 Retrosynthetic Analysis ....................................... 101 

2 .4 .2 Synthesis of Pentacycle 323 . .......... . . .... . . . . .... ..... . .  101 

2.4.3 Synthesis of Furofuran Adduct 330 ....... ........ . . . . .  106 

2.4.4 Synthesis of N aphthopyran Diol 332 . ...... . . . . .... . . .  109 

2 .45 Synthesis of the Spiroketal Ring System of 

333,334 . . . ... . . . .. . . . . . . . . ...... ........ . . . . .. . ..... ........ . ......... 1 10 

2 .4 .6 Equilibration of Spiroketals 333,334 .................. 1 15 

CHAPTER 3 Hydroxylation of 1,7-Dioxaspiro[S.S]undec 

-4-enes 

3.1 syn-Hydroxylation of Spiroketal 345 using Osmium 

1 1 8 

Tetraoxide ...................................................................... 1 1 8 

3 .1 .1 Choice of Model System ...................................... 1 1 8 
3.1 .2 Osmium Tetraoxide . ... . . ... .. . ... . . .. . ... . ... . . . . ........... ... 1 19 

3 .1 .3 Formation of Diol 353 and Acetates 354 and 355 

using Osmium Tetraoxide ................ .. .. . . . . .. ... ... . . .  121  
3.1 .4 Kishi's Allylic Oxidation Rule ......... . . . . .............. . 124 
3.15 SUl1'lJrlary ............... .... ............ ................ ...... ........ 128 



3.2 syn-Hydroxylation of Spiroketal 345 using Iodine 

and Silver Acetate in Aqueous Acetic Acid ................ 129 
3.2.1 The Woodward-Prevost Reaction ....................... 129 
3.2.2 Preparation of lodoacetates 367, 368 

and 369 ........................... . . .................................. 130 
3.2 .3 Addition of Electrophiles to Related 

Compounds ........ ............... .... .......... ....... ............. 137 
3.2.4 Attempted Acetoxonium Ion Formation 

from 368 . ............. .................................... .. . ......... 1 38 
3.2 5 Synthesis of lodoacetate 387 .......................... ..... 141 
3.2.6 Attempted Displacement of Iodine from 

lodoacetate 387 ......... .......... ...... .............. .. . ......... 146 
3.2.7 Synthesis and Reaction of lodoacetate 410: 

Production of Hydroxyacetates 354 and 356 ...... 151  
3.2 .8 Summary ...... ........ .......... . ...... ........ ........ ...... ........ 155 

3.3 syn-Hydroxylation Attempts with Naphthalene and 

Quinone Olefins. .............................. .............................. 157 
3.3.1 Attempts to Hydroxylate Synthetic 

Pyranonaphthoquinones .... . . ...... . . . ......... .. . . .. .. ..... 157 
3.3.2 Preparation of Naphthalene Diols 419 

and 420 ............................................................... 159 
3.3.3 Use of Mn04-: Synthesis of Spiroketal Diols 

421 and 423 . ... . . .......... ............ ............ .... ...... ...... 163 
3.3.4 Summary . .... . . .... .. .......... ..... . .. .............. . ............... 167 

CHAPTER 4 Stereoselective Aldol Approach to Naphthalene 

432 168 

4.1 New Strategy and Retrosynthesis ............... ................. 168 
4.1 .1 Previous Wor k.  .................................... ................ 168 
4.12 Alternative Retrosynthesis based on an Aldol 

Condensation ........ . ... . ....... .................... .... .......... 168 

4.2 Synthesis of Reactants for the Aldol 
Condensation ................................................................. 171  
4.2 .1 Synthesis of Imide 435 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  171  
4.2.2 Stannous Tr ijluoro methanesulphonate ............... 173 



4.2.3 Aldehyde 437 .. ... . . . . . . ........ .. ................ . . . ..... . . . . . . . . . .  173 

4.3 The Aldol Coupling ....................................................... 175 
4.3.1 Formation of the Three Aldol Diastereomers 

451,452,453 . . ..... . . . . . . ....... ........ . ..... .... . ... . . ... . . ..... .. 175 
4.3.2 Structure Elucidation of the Major Aldol 

Product 452 . ..... . ...... ... ..... .. . . . . . . ..... .. . ............. . . . ... . 176 
4.3 .3 Structural Assignment of451 and 453 . . .............. 18 1  

4.4 The Outcome of the Sn(ll)ffMEDA Mediated 

Aldol Reaction ........................................ ....................... 1 82 
4.4.1 Origin of the Anti Aldol Reaction Employed in 

the Synthesis of 452 ............. ... . .......... . ... . . . .. ...... ... 182 
4.4.2 The Aldol Reaction - an Overview ..... . .. ....... .... . . .  183 
4.4.3 (Z)-Enolate Anti Aldol Transition States .......... 1 85 
4.4.4 The Anti Aldol Reaction of 435 with 437 using 

Sn(OTfj2ITMEDA. . .... .... . . . . . .... . ...... ........ . ... . .... . .... 190 

4.5 Formation of Highly Functionalized 

Aldehyde 434 .................................. ............................... 193 
4.5.1 Choice of an Hydroxyl Protecting Group 

for 452 . . . .. . . . . .. . ..... . . . ..... . . . . ........ . .. .. . ...... . . . . . . . . . . .. .... 193 
4.5 .2 Reductive Removal of the Chiral Auxiliary . . ... ... 194 
4.5.3 Oxidation Methods Forming 434 . ......... ..... . . . ... . . .  195 
4.5.4 Mosher Ester Analysis of Aldehyde 434 . . . . . . .. .. . . .  196 

4.6 The Grignard Addition of Aldehyde 434 and 

Bromide 433 ................................................................... 197 
4.6.1 Formation of433 .............................. .................. 197 
4.6.2 Developing Grignard Methodology using 

Heptanal. ..... ........ . . .. . . . .... . . . . . .... ..... .... . .... ..... . . ..... . . 198 
4.6.3 Attempted Coupling of Aldehyde 434 and 

Bromide 433 . . . . .. . . .. . . . . . . . . . ... . . . ... . . . . .. . .... . . ..... . . ... ..... 202 

4.7 Future Work .................................................................. 204 
4.7.1 Transmetallation with Differing Metals . .. ....... . . . . 204 
4.7 .2 Alternatives to Aldehyde 434 .. . . ... . .. . . . .. . . ...... . ... . . . 204 
4.7.3 Asymmetric D ihydroxylat ion ... . . . ......... .. . . . . .. . . . .. . .  205 
4.7.4 Protectin g Grou p Chan ges ........ .. . . . . . . . . . . . ........ .... 207 



4.75 Making the Michael Addition 

Enantioselective .... .................. . . . . ... . . . . . . . . . . . . . . . . . .... 207 

CHAPTER 5 Experimental 208 

REFERENCES 

5.1 General Details .............................................................. 208 

5.2 Compound Data 

Quinone Work (chapter 2) .............. ..................... 2 1 1  
Bicyclic Work (chapter 3) . . . . . . ........ ..... ............ .. ... 225 
Aldol Work (chapter 4) . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .  242 

256 



ABBREVIA TIONS 

2D = two dimensional 
aq. = aqueous 
amu = atomic mass units 
av = average 
ax = axial 
BINAP = 2,2' -bis( dipheny lphosphino )- 1 , 1 '  -binaphthyl 
b.p. = boiling point 
n-Bu, Bun = n-butyl 
But = tert-butyl 
Bz = benzyl 
CAN = ceric ammonium nitrate 
cat. = catalytic 
CD = circular dichroism 
cm3 = cubic centimetres (rnl) 
CoA = coenzyme A 
conc. = concentrated 
COSY = correlation spectroscopy 
CSA = camphor sulphonic acid 
crAP = cetyltrimethylarnrnonium perrnanganate 
D = deuterium 
DBN = 1 ,5-diazabicyclo[4.3.0]non-5-ene 
DBU = 1 ,8-diazabicyclo[5.4.0]undec-7 -ene 
decomp. = decomposed 
deg = degree 
DEPT = distortionless enhancement by polarization 

transfer 
DIBAL = diisobutylaluminium hydride 
dil. = dilute 
DMAP = 4-dimethylarninopyridine 
DME = dimethoxyethane/ethylene glycol dimethyl 

ether 
DMF = N ,N-dirnethylforrnarnide 
DMSO = dimethyl sulphoxide 
ds = diastereoselection 
ee = enantiomeric excess 

x 
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