New Methods for the Construction of Novel

Heterocycles from 1,2-Dioxines

A thesis submitted for the
degree of Doctor of Philosophy

Ondrej John Zvarec, B.Sc. (Hons.)

Department of Chemistry
The University of Adelaide
South Australia
October 2009



Table of Contents

Abstract
Declaration
Acknowledgements
Abbreviations

Chapter 1: Introduction to 1,2-Dioxines.
1.1 1,2-dioxines.

1.2 Synthesis of 1,2-dioxines.

1.3 Chemistry of 1,2-dioxines.

1.3.1 Addition to the olefin.

1.3.2 Ring-opening of 1,2-dioxines.
1.3.2.a Metal catalysed ring-opening.
1.3.2.b Base catalysed ring-opening.
1.3.3 The chemistry of y-hydroxyenones.
1.3.3a Furan synthesis.

1.3.3b 1,4-Diketone, pyrroles and thiophene synthesis.
1.3.3c Tetrahydrofuran synthesis.

1.3.3d y-Lactone synthesis.

1.3.3e Tetrahydropyran synthesis.

1.3.3f Cyclopropanation.

1.4 Aims.

Chapter 2: Synthesis of Novel Heterocyclic Compounds from 1,2-Dioxines
Containing Tethered Hydroxyl and Carboxylic Acid Moieties.

2.1.1 Introduction.

2.1.2 Synthesis of tetrahydrofurans.

2.2 Synthesis of novel tetrahydrofurans from 1,2-dioxines containing tethered
hydroxyl groups.

2.2.1 Synthesis of 1,2-dioxines (93a-e).

2.2.2 Scope of acid catalyzed cyclisation.

2.2.3 Scope of halogen / phenylselenyl assisted cyclisation.

Vi
vii

viii

© ©O© N o o B~ DN -

S o i i
~N B W N R B O

18
18
21

24
25
26
29




2.2.4 Scope of free-radical reduction.

2.2 Synthesis of novel lactones from 1,2-dioxines containing tethered carboxylic
acid groups.

2.3.1 Synthesis of 1,2-dioxines (113).

2.3.2 Scope of halogen / phenylselenyl assisted cyclisation.

2.3.3 Scope of free-radical reduction.

2.3.4 Applications towards natural products: Model studies.

2.4 Summary.

Chapter 3: Formation and Cyclisation of Diazo-1,2-Dioxines to Afford Novel
Cyclic Compounds.

3.1.1 Introduction: Natural cyclopentanones.

3.1.2 Introduction: Natural cyclopropanes.

3.2 Synthesis of cyclopentanones and cyclopropanes.

3.3 Synthesis of novel polycyclic cyclopentanones / cyclopropanes from 1,2-
dioxines containing diazoketone tethers.

3.3.1 Synthesis of 1,2-dioxines (195a-c).

3.3.2 Scope of diazoketone tether formation

3.3.3 Scope of diazoketone intramolecular cyclisation.

3.4 Towards the synthesis of optically-enriched polycyclic cyclopropyl
hemiacetals (219a,b).

3.4.a Synthesis of 1,2-dioxines (225c,f).

3.4b Scope of bis-diazoketone intramolecular cyclisation.

3.5 Attempted cyclisation with a different diazoester tether.

3.6 Scope of diazoketone intramolecular cyclisation of bicyclic-1,2-dioxines.
3.7 Scope of diazoketone intermolecular insertion.

3.8 Summary.

Chapter 4: Synthesis of Novel Cyclopentyl Fused 1,2-Dioxanes.

4.1 Introduction.

4.2 Radical mediated synthesis of novel fused cyclopentyl 1,2-dioxines.
4.2.1 Synthesis of bromo-tethered 1,2-dioxines (273a-d).

4.2.2 Radical mediated cyclisation of 1,2-dioxines containing tethered bromo

groups.

33

35
38
38
41
42
46

48
48
51
53

60
60
63
65

72
73
74
75
77
79
80

82
82
87
88

89




4.2.3 Ring-opening of 1,2-dioxines (274a-d). 91

4.3 Summary. 92
Chapter 5: Experimental. 94
5.1 General methods. 94
5.2 Compounds described in Chapter 2. 95
5.3 Compounds described in Chapter 3. 117
5.4 Compounds described in Chapter 4. 142

Chapter 6: References. 150




Abstract

Cyclic peroxides are abundant in Nature and synthetic manipulation of the
peroxide linkage and alkene portion of 1,2-dioxines has established 1,2-dioxines as
important compounds as both chemical building blocks and bioactive compounds. Much
of the chemistry performed thus far utilizing 1,2-dioxines involves the initial
rearrangement of 1,2-dioxines to y-hydroxyenones allowing for the generation of
structural motifs such as cyclopropanes, THF’s, THP’s, 1,4-diketones and natural sugars.

Herein describes the synthesis of novel 1,2-dioxines with a variety of tethered
functionalities and their transformations to afford novel cyclic compounds whilst
maintaining the peroxide linkage intact. Chapter two outlines the intramolecular
cyclisations of tethered hydroxyl and carboxylic acid moieties onto the olefin of 1,2-
dioxines to generate both tetrahydrofurans and dihydrofuran-2(3H)-ones, whilst
maintaining the peroxide linkage. This work presents the first examples of syn fused
cyclic peroxide furans through intramolecular cyclisation of tethered hydroxyl groups.
Improved methods for the oxidation of hydroxyl tethered 1,2-dioxines to carboxylic acid

moieties are also reported.

In addition, improved methods for intramolecular cyclisation of carboxylic acid
moieties where developed to afford syn fused cyclic peroxide lactones. Furthermore,
reduction of the peroxide bond enabled generation of functionalized tetrahydrofurans and
dihydrofuran-2(3H)-ones which have previously been utilized as synthetic building
blocks for several natural products.

Chapter three reports the first examples of carbenoid insertion into the peroxide
linkage of 1,2-dioxines allowing for the generation of novel bicyclic hemiacetals.
Alternatively novel tricyclic cyclopropyl peroxides where generated through insertion
into the olefin whilst maintaining the peroxide linage intact. Additionally, the attempted
intramolecular cyclisation of diazoketone tethered bicyclic 1,2-dioxines was also probed.
Furthermore, the attempted intermolecular insertion of diazoketones onto 1,2-dioxines are

presented within this chapter.




Finally, Chapter four outlines the intramolecular cyclisations of bromo-alkyl
tethered 1,2-dioxines to furnish novel cyclic cyclopentyl peroxides whilst maintaining the
peroxide linkage intact. The work presented in this chapter represents the first examples

of the synthesis of syn fused cyclic cyclopentyl peroxides.

In summary, this thesis outlines methodology towards the synthesis of novel
cyclic peroxides from 1,2-dioxines containing tethered functional groups.
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