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Abstract

The total synthesis of natural products continues to be one of the most fascinating
and well-studied areas of organic chemistry. The importance of natural products,
their synthesis and the design of biologically relevant molecules continues to be the
greatest source of potential new pharmaceuticals. The discovery and application of
new and interesting methodologies of use in total synthesis is vital to the goals of
designing shorter, more elegant and ultimately more reliable syntheses of natural
products and analogues.

The asymmetric synthesis of all four diastereomers of β-methyl analogues
of the marine natural products (+)-tanikolide, which displays antifungal activity,
and (−)-malyngolide, which displays antimicrobial activity, has been successfully
completed. The final two diastereomers were synthesised in this Ph.D. project in a
9-step synthesis in 24.9 % and 10.8 % overall yields, respectively. Key steps in the
synthetic route included Sharpless asymmetric epoxidation and ZrCl4-catalysed
intramolecular acetalisation as the key steps. The β-methyl substituted analogues
were designed to probe the effect the β-methyl group change would have on the
bioactivity of these compounds. The biological testing of these compounds revealed
that these analogues showed no antifungal activity, however, one of the analogues
of malyngolide showed promising activity against MRSA with an MIC of
12.5 μg/mL.

The asymmetric synthesis of both enantiomers of the δ-lactone analogue of the
anti-tumoral natural product γ-lactone muricatacin has also been carried out in a
9-step sequence with overall yields of 17.8 % and 11.2 %, respectively. Initial
attempts to also synthesise the natural product proved unsuccessful due to the poor
reactivity of the Grignard reagent derived from 2-(bromomethyl)-1,3-dioxolane.
The designed synthetic route enabled us to increase the ring size to generate
the δ-lactone analogue employing Sharpless asymmetric epoxidation and
ZrCl4-catalysed intramolecular acetalisation as the key steps.

The development of new methods for the synthesis of enantioenriched molecules
is a key area of modern organic chemistry. Catalytic asymmetric synthesis is one
method by which enantioenriched compounds can be synthesised. A key class of
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compounds which are challenging to prepare in an enantioselective manner are
tertiary α-aryl ketones, present in isoflavanones and many other bioactive molecules.

A modular, 6-step asymmetric synthesis of 2 naturally occurring and 3
non-natural isoflavanones containing tertiary α-aryl carbonyls was developed. This
synthetic route, utilising a Pd-catalysed decarboxylative asymmetric protonation,
allows access to isoflavanones in excellent enantioselectivities from 76–97 % ee.
A switch in the sense of stereoinduction was observed when different H+ sources
were employed showing the first example of dual stereocontrol in an asymmetric
protonation reaction whereby the same chiral ligand is used with a different achiral
proton donor. The first enantioselective synthesis of the naturally occurring
isoflavanones sativanone and 3-O-methylviolanone also has been accomplished
using this methodology.

To test the substrate scope, the catalytic asymmetric synthesis of a series of
tertiary α-aryl cyclopentanones and cyclohexanones has also been achieved via a
Pd-catalysed decarboxylative protonation of the corresponding α-aryl-β-keto allyl
esters. Enantioselectivities of up to 92 % ee and 74 % ee were achieved for
cyclopentanone and cyclohexanone substrates, respectively. The route described
gives access to these important structural motifs in moderate to high levels of
enantioselectivity. In particular, this is only the second direct approach for the
preparation of tertiary α-aryl cyclopentanones. The synthetic approach allows for
simple modification of the aryl group and, significantly, substrates containing ste-
rically hindered aryl groups gave the highest levels of enantioselectivity and these
aryl groups were readily installed by a Pb-mediated arylation of a β-keto allyl ester.
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Symbols and Abbreviations

νmax Wavenumbers (IR)
δ Chemical shift in degrees downfield from TMS
[α]D

20 Specific rotation
° Degrees
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1H NMR Proton nuclear magnetic resonance spectroscopy
13C NMR Carbon nuclear magnetic resonance spectroscopy
Å Ångström (10−10 m)
Ac Acetyl
API Active pharmaceutical ingredient
app. t Apparent triplet (NMR)
app. d Apparent doublet (NMR)
app. dd Apparent doublet of doublets (NMR)
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br s Broad singlet (NMR)
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Chapter 1
Introduction to the Total Synthesis
of Lactone-Containing Natural Products
Using ZrCl4

1.1 Total Synthesis of Natural Products

There is excitement, adventure, and challenge, and there can be great art in organic
synthesis.

R.B. Woodward

The construction of the molecules of nature in the laboratory from simple
molecules or atoms is known as total synthesis [1]. The total synthesis of natural
products continues to be one of the most fascinating and well-studied areas of
organic chemistry. Natural products and designed analogues continues to be the
greatest source of potential new pharmaceuticals. The discovery and application of
new and interesting methodologies of use in total synthesis is vital to the goals of
designing shorter, more elegant and ultimately more reliable syntheses of natural
products and analogues.

The total synthesis of complex natural products and designed analogues is still a
huge challenge in synthetic chemistry. The ease at which nature can use enzymes to
control the orientation and reactivity of organic molecules is astounding and
incredibly complex. The ultimate goal in organic synthesis is to someday possess a
similar level of control in a synthetic laboratory as nature can already do now.
Although this might seem like an unrealistic goal, huge strides have been made over
the last century and will continue to be made over the coming ones. The discovery
and development of new synthetic reactions, reagents and catalysts is known as
synthetic methodology and this is fundamental to increasing the power and effi-
ciency of organic synthesis.

The history of organic synthesis is a fascinating one. The first rational synthesis
of an organic compound, urea, was carried out by Wöhler in 1828 (Fig. 1.1). This
was followed by a number of other landmark syntheses: acetic acid (Kolbe 1845),
glucose (Fischer 1890), α-terpinol (Perkin 1904), camphor (Komppa 1903; Perkin
1904), tropinone (Robinson 1917), haemin (Fischer 1929), equilenin (Bachmann
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1939), pyridoxine hydrochloride (Folkers 1939) and quinine (Woodward and
Doering 1944).[1]

After this time, rapid advancements were made in the total synthesis of complex
natural products. In particular the work of Woodward deserves special mention, his
vision and foresight and ability to understand the subtle reactivity of complex
systems and ultimately to design and carry out synthetic routes was inspirational.
His report on the synthesis of strychnine in 1954 was a remarkable achievement
given the beautiful simplicity of the transformations carried out and the difficulties
of the characterisation of complex intermediates at that time (Fig. 1.2). Woodward
followed this up with the similarly remarkable syntheses of reserpine in 1958 and
vitamin B12 with Eschenmoser in 1973.[1]

The contribution to the field by Corey also deserves special mention as someone
who systematically developed the idea of retrosynthetic analysis as a tool to design
organic synthesis, not to mention a raft of new synthetic methodologies and
extraordinary total synthesis including ginkgolide B (Fig. 1.2). One of Corey’s
former students, Nicolaou also deserves huge recognition for the sheer number of
incredibly complex natural products which have been synthesised by his research
group, most notably brevetoxin B, containing 11 trans-fused rings and 23 stereo-
centres, and the key antibiotic vancomycin (Fig. 1.2).
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1.2 Natural Products as Pharmaceuticals

Natural products have been used as therapeutic agents or medicinal products for
millennia in one form or another and a huge number of these, especially prior to the
last 50 years, are derived from plants [2]. Today, natural products derived from
plant sources continue to play a vital role in the treatment of diseases. There are
many examples where the active compound in plant-derived traditional medicines
has been used as a pharmaceutical agent. A particularly important example is the
discovery and development of anti-malarial drugs such as quinine and artemisinin
(Fig. 1.3). Quinine was isolated as early as 1820 and was used extensively until the
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