E% University of
OPEN (") ACCESS d BRISTOL

This electronic thesis or dissertation has been
downloaded from Explore Bristol Research,
http://research-information.bristol.ac.uk

Author:
Bowen, James |

Title:
Synthetic and biosynthetic studies on the ambruticins

General rights

Access to the thesis is subject to the Creative Commons Attribution - NonCommercial-No Derivatives 4.0 International Public License. A
copy of this may be found at https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode This license sets out your rights and the
restrictions that apply to your access to the thesis so it is important you read this before proceeding.

Take down policy

Some pages of this thesis may have been removed for copyright restrictions prior to having it been deposited in Explore Bristol Research.
However, if you have discovered material within the thesis that you consider to be unlawful e.g. breaches of copyright (either yours or that of
a third party) or any other law, including but not limited to those relating to patent, trademark, confidentiality, data protection, obscenity,
defamation, libel, then please contact collections-metadata@bristol.ac.uk and include the following information in your message:

*Your contact details
Bibliographic details for the item, including a URL
*An outline nature of the complaint

Your claim will be investigated and, where appropriate, the item in question will be removed from public view as soon as possible.



Synthetic and Biosynthetic Studies on the
Ambruticins

University of
BRISTOL

James Ilvor Bowen

A thesis submitted to the University of Bristol as part of the requirements for
award of the degree of Doctor of Philosophy in the Faculty of Science

University of Bristol

School of Chemistry

Cantock’s Close

Bristol

BS8 1TS April 2023



Abstract

Antifungal resistance is an area of growing concern which poses a severe threat to public healthcare
and global food supplies. Research into novel acting antimycotics is urgently required to address the
issues associated with antifungal resistance. This thesis describes investigations into the synthesis and
biosynthesis of the ambruticins, a family of polyketide natural products which exhibit potent
antifungal activity. Chapter one introduces the current state of antimycotics, the development of

antifungal resistance, and a summary of synthetic and biosynthetic studies on the ambruticins.

Chapter two discusses the selectivity of intramolecular epoxide ring opening of 4,5-epoxy alcohols
and investigations into tetrahydropyran ring formation in ambruticin biosynthesis. Model
epoxidation-cyclisation studies are outlined and indicate that the 5-hydroxyl and 8,9-alkene of
ambruticin J (125) may be responsible for controlling selectivity during AmbJ-catalysed epoxidation to
form ambruticin F (2). A convergent total synthesis of the putative biosynthetic intermediate
ambruticin J is also discussed, where four key fragments are united by a thallium accelerated Suzuki-

Miyaura cross-coupling and two olefinations.
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Chapter three outlines investigations into dihydropyran ring formation in ambruticin biosynthesis. The
first total synthesis of the proposed biosynthetic intermediate 20,21-dihydroambruticin F (320) is
reported, which employs a bioinspired epoxidation-cyclisation cascade and a Prins cyclisation to
construct the two heterocyclic rings. The structure of 20,21-dihydroambruticin F (320) was confirmed
by comparison with an authentic sample obtained from gene-knockout experiments, providing
definitive proof of its existence as a biosynthetic intermediate. Finally, the modular route was adapted

to complete the first total synthesis of ambruticin F and a biomimetic total synthesis of ambruticin S.
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CHAPTER 1:
Antifungal Agents and the Ambruticins



Introduction

1.1. Introduction

1.1.1. Antifungal Agents

Antimycotic agents have widespread use in both medicine and agriculture in order to fight infections
and prevent fungal growth.>? Fungal pathogens have been shown to dramatically reduce the quality,
yield, and shelf life of crops by compromising the plants’ immune system.? Fungicides are therefore
utilised to protect plants from fungal infections.* The use of agricultural fungicides to improve crop
growth is documented as early as 1807, where metallic copper was used to inhibit spore germination
in Tilletia caries.’ In recent times, the increased demand for food, due to rising population, and the
reduced area of land used to grow crops has resulted in the further necessity to improve the yield and
quality of crops.®’ As a result, the fungicide market is valued at 13.41 billion USD and expected to rise

to 15.74 billion USD by 2025.2

Numerous classes of fungicides have been discovered and developed such as benzimidazoles, Qo
inhibitors, and azoles, each possessing a different mode of biological action.! For example, the broad-
spectrum fungicide Kresoxim-methyl, developed from the natural product strobilurin A by BASF, is a
Q, inhibitor which prevents mitochondrial respiration and subsequently blocks fungal energy
production (Figure 1).° Alternatively, the azole class of antifungals, such as the general use fungicide

Imazalil, act through suppression of ergosterol synthesis.!

N«
O
\/\o
X, .OMe
MeO,C N
Cl Cl
Kresoxim-methyl Imazalil
(BASF) (Janssen Pharmaceuticals)

Figure 1. Antifungal agents Kresoxim-methyl and Imazalil.

While fungal pathogens commonly infect plants, they can also affect humans. Although most fungal
species are harmless to humans, a few hundred have been shown to cause diseases including
Aspergillus fumigatus and Candida spp.® Human mycoses can range from superficial skin and nail
infections, to more serious, invasive systemic infections which occur inside the body. In healthy
humans, mycoses are generally limited to the skin as the immune system and raised body
temperatures prevent internal infection.! Superficial skin infections, which affect roughly 25% of the
world’s population, such as thrush and athlete’s foot, can be readily treated with local antifungals such

).12

as Clotrimazole and Terbinafine (Figure 2)."* However, humans with compromised immune systems

or those under increased physiological stress can suffer from invasive fungal infections which are more
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difficult to treat and can have mortality rates of greater than 50%.%'3'* For example, a leading cause

of death for HIV patients is by aspergillosis, an infection caused by Aspergillus fumigatus.*®

The development of antimycotic medicines has proven challenging due to the similarity between
human and fungal cells. Both cells are eukaryotic, resulting in potential issues with selectivity when
targeting mycoses within humans.’® Nevertheless, systemic antifungal agents that treat internal
infections have been developed. The first systemic antifungal agent, amphotericin B deoxycholate,
was initially isolated from Streptomyces nodosus and later developed in 1958 by Squibb Laboratories
(Figure 2).Y7 It is a potent, broad-spectrum antimycotic commonly used to treat aspergillosis,
candidiasis and coccidioidomycosis. Since then, alternative medications have been introduced to
combat invasive infections, such as the pyrimidine analogue Flucytosine and the azole Voriconazole
(Figure 2).Y Nevertheless, most antifungal medicines are only effective for topical infections.®
Furthermore, current systemic drugs show low efficacy and high toxicity, with no new antifungals

approved in the clinic since 2002, highlighting the need for new medications.'®2°

c NH,
5oy

Clotrimazole Terbinafine Flucytosine

Voriconazole Amphotericin B

Figure 2. Local and systemic antifungal medications.

1.1.2. Rise in Fungal Infections and Antifungal Resistance

Estimates show that over a billion people are affected by fungal infections worldwide.?! Of these cases,
around 150 million result in a major detriment to quality of life and approximately 1.5 million are fatal.
Moreover, reports suggest these figures are significantly underestimated due to poor diagnosis and
data collection in the developing world.*?! Various factors are suggested to have caused the rise in
fungal infections including the HIV epidemic, the use of antibiotics and immunosuppressive therapies,
and the increase in surgery and intravascular catheters.?? It is also predicted that the incidences of
serious infections will rise.!* Furthermore, the number of cases of emerging infectious diseases in

plants has already dramatically increased (Figure 3).%
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Figure 3. Alerts for pathogenic fungi in animals and plants from the ProMED database.?

Alongside the rise in fungal infections, there have been increased reports of antifungal resistance
including the multidrug-resistant fungal pathogen Candida auris.?*?>?% The cause of this resistance is
similar to that observed in antibiotic resistance: the overuse of a narrow selection of antifungals,
particularly in agriculture, and the ability for fungi to reproduce rapidly.! The broad use of azole
antifungal agents has resulted in selection pressure and a growing concern for antifungal resistance
in this class of drugs, both in agriculture and medicine.’*?” This is evident in aspergillosis, where
infections due to Aspergillus fumigatus have begun to show significant resistance to azole antifungal
drugs.’ Not only will the increase in antifungal resistance intensify the fungal medical problem, but
crop growth will suffer, creating concerns for world food supplies.?® The number of extinction events
due to fungal pathogens has dramatically increased, with fungi accounting for the vast majority of all

cases related to infectious diseases (Figure 4).23
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Figure 4. Relative proportions of extinction events due to infectious diseases (left) and their occurrence over
time (right).?3

Climate change is also predicted to exacerbate both healthcare and agricultural fungal issues.!! At

present, fungal infections in healthy humans are predominantly superficial due to the inability of fungi

4
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to survive the internal temperatures of the body. However, thermal tolerances of fungal pathogens
are expected to rise as a result of global warming, increasing the likelihood of invasive mycoses, even
in healthy humans.?® Experiments where frogs were infected with Batrachochytrium dendrobatidis
indicated that rising temperatures may increase host susceptibility.3* Moreover, global warming may
result in the spread of fungi around the globe, causing more infections in both mammalian and plant

species.?

Given the current limited arsenal of antifungal agents, alongside the ever-increasing prospect of
antifungal resistance, novel acting antimycotics are required. Nature is a continued source of
medicines through natural products, such as polyketides, which have evolved over millions of years to
fight pathogens.3132 As such, there are continued efforts to isolate natural products and develop them
into novel acting drugs.3*° Nevertheless, the complex architectures of natural product scaffolds has
limited their development as therapeutics due to poor pharmacokinetic properties, poor synthetic
tractability, and poor drug-likeness.3*3¢37 To develop truncated scaffolds of natural products which
maintain potency whilst achieving desired pharmacokinetic profiles, a greater understanding of the
structural features responsible for their observed bioactivities is required. Furthermore, it is vital to
conduct research into the mechanism of resistance, in order to overcome the threat which antifungal

resistance poses.®

1.1.3. Polyketides

Polyketide natural products are secondary metabolites produced by various microorganisms. The
family shows remarkable diversity, containing a plethora of functional groups and structural
frameworks, and have found wide use in medicine due to their potent biological activities.>® For
example, polyketides are used as antibiotic, anticancer, and cholesterol lowering drugs such as

tetracycline, epothilone B, and lovastatin respectively (Figure 5).404

N
NH, I H
HO , AN
OH O HO O O
Tetracycline Lovastatin Epothilone B
(antibiotic) (statin medication) (anticancer and antifungal)

Figure 5. Examples of polyketide natural product medications.

Due to their complex structures and promising biological properties, polyketides present challenging

targets for total synthesis.*? Indeed, total synthesis is often required to confirm stereochemistry in

]
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complex polyketides, provide larger quantities of compounds for biological testing, and facilitate the
formation of natural product analogues for structure activity relationship (SAR) studies.*® This can aid
the development of safer and more effective new medications. Furthermore, the biosynthesis of
polyketides has been extensively investigated over the past century.** A deeper understanding of
natures’ biological machinery aids the development of clean and efficient routes to bioactive

compounds and novel biocatalysts to perform challenging transformations.*

The fundamental mechanism for the biosynthesis of polyketides, initially proposed by Collie in 1893,
was outlined by Birch in 1953.% Feeding and degradation studies were conducted with radiolabelled
[**C]-acetic acid on the polyketide 3-methylsalycylic acid (Scheme 1). The labelling pattern observed
from these studies indicated that the acetate building blocks were arranged in a “head-to-tail” fashion.
Birch concluded that polyketides were assembled through iterative condensation of the common
starter unit. Since then, a detailed picture of polyketide biosynthesis has been developed, which is

closely related to that of fatty acid biosynthesis (Scheme 2).3°

(0]

4x e OH

OH
OH O

Q ="C label

A l CrO;
@/ ° 2
o Jol
OH
OH

75% 25% 25%

Scheme 1. Feeding and degradation studies of 3-methylsalycylic acid.*

While the biosynthesis of fatty acids is catalysed by fatty acid synthases (FASs), polyketide biosynthesis
is performed by polyketide synthases (PKSs).** However, both adopt a general chain extension
mechanism to generate their respective core molecular frameworks.*® The multifunctional enzymes
or multienzyme complexes (FASs and PKSs) conduct sequential catalytic steps, where each enzyme
domain is responsible for a single biotransformation.®® The catalytic domains which oversee a single

chain extension cycle can be grouped into modules.

Both processes begin with the loading of an acetyl unit from coenzyme A (CoA) onto an acyl carrier
protein (ACP), catalysed by an acetyltransferase (AT) domain (Scheme 2). The acetyl unit is then
transferred onto a ketosynthase (KS) domain where it is bound in the active site by a cysteine residue.
The KS domain then proceeds to catalyse the key decarboxylative Claisen condensation between the
KS-bound acyl unit and an ACP-bound extender unit, such as the ACP-bound malonyl unit depicted
(Scheme 2). Following this condensation, the extended chain, now residing on the ACP, can undergo

B-tailoring steps where the ACP acts to deliver the B-ketothioester to the relevant tailoring enzymes.
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Ketone reduction, dehydration, and alkene reduction are sequentially catalysed by ketoreductase
(KR), dehydratase (DH), and enoylreductase (ER) domains respectively, to afford the fully saturated
chain. In the case of fatty acid biosynthesis, all three domains are always present, and a full reductive
process occurs. In contrast, domains can be omitted in polyketide biosynthesis, allowing complexity
to be rapidly incorporated into the backbone. Upon completion of an extension cycle, the chain can
undergo further condensations, or be cleaved by a thioesterase (TE) through hydrolysis, lactonisation,
or cyclisation to liberate the free polyketide.*” In polyketides, post-PKS tailoring enzymes can further
elaborate the molecule through a plethora of transformations such as epoxidation, methylation and
transamination.3¥%%° Another source of the diversity seen in polyketide natural products is the
incorporation of alterative starter units such as chloroethylmalonyl-CoA, hydroxymalonyl-CoA and

methoxymalonyl-CoA.>°

...................................................

Extender unit : TE
o a AT Q '

o :
HOJJ\/U\SCOA —»H‘QMSN@ o o

HS RJﬁj\/u\ S@ KR
Loading unit '.'
)0]\ Claisen
. TE
R SCoA condensation
AT
o @SH
RJ\SACP

@ = Ketosynthase

AT = Acetyltransferase
DH = Dehydratase

KR = Ketoreductase
@ = Enoylreductase
TE = Thioesterase

@ = Acyl carrier protein

Fatty Acids

Scheme 2. General mechanism of chain extension in fatty acid and polyketide biosynthesis.

PKSs can be classified as type I, Il, or Il according to their domain structural organisation, mechanism
of action, and substrate specificity (Figure 6).°* Type | PKSs are large multifunctional proteins, which
contain numerous catalytic domains, and are formed from covalently linked enzymes.*® In contrast,
type Il PKSs are composed of non-covalently linked monofunctional enzymes which are able to
aggregate into a protein complex and subsequently fully dissociate.>? Finally, type Il PKSs are small
proteins which are readily distinguished from type | and Il by their ability to employ acyl-CoA as the

substrate for chain elongation as opposed to an ACP-bound substrate normally required.

7
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Type | PKSs can be further classified as either iterative or modular.>® Iterative systems are composed
of a limited set of domains, where each domain can be reused to facilitate polyketide chain extension
or reductive processing.>* In contrast, modular (non-iterative) systems are comparable to an assembly
line, where the growing polyketide chain is passed between single acting catalytic domains. Finally, in
modular type | PKSs the AT domains can be either non-covalently bound, free-standing enzymes
(trans-AT), or covalently bound enzymes embedded in the PKS (cis-AT).>> Whilst trans-AT domains can
intercept the growing polyketide chain to provide an extender unit multiple times, cis-AT domains are

only utilised once.

Polyketide Synthase

Type | Type Il Type llI

Iterative Modular

trans-AT cis-AT

Figure 6. Classification of polyketide synthases.

Although a great deal is known about the biosynthesis of polyketides, there is still much uncertainty
around the complex mechanisms involved in their formation. A greater understanding of these
biosynthetic mechanisms may facilitate the development of novel biocatalysts to perform challenging

chemical transformations.

1.1.4. The Ambruticins

The ambruticins are a family of polyketide natural products, originally isolated from the myxobacteria
Sorangium cellulosum (Table 1).5°7 Ambruticins S and F were isolated in 1977, followed by the VS
series in 1991.5%% Their structures and absolute configurations were elucidated through the
combination of spectroscopic analysis, degradation studies, and single-crystal X-ray analysis.5%®?
These studies revealed a unique and complex structure, containing 3 E-alkenes, 10 stereocentres, and
three distinct rings: a tetrahydropyran (THP), cyclopropane, and dihydropyran (DHP). Variation in the
structure of this family occurs primarily at the C-5 position. Ambruticins S and F are alcohol epimers,
whilst the VS series possess an amine at differing states of oxidation and methylation. Ambruticin VS-

2 is the only member to contain a methyl ester as opposed to the carboxylic acid observed in the other

molecules.
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R
R! R? Ambruticin

H OH S(1)

H OH (epimer) F(2)

H NH; VS-5 (3)

H NHMe VS-4 (4)

H NMe, VS-3 (5)

H NMes* VS-1 (6)

H NMe,0 VS-3 N-oxide (7)
Me NMes* VS-2 (8)

Table 1. Structure of the naturally occurring ambruticins.

Biological testing showed the ambruticins have potent and selective antifungal activity in vitro against
a range of common fungal pathogens, alongside minimal toxicity in mammals (Table 2).°%%® Rats
infected with Coccidioides immitis experienced a cure rate of 71-100% upon administration of
ambruticin S at 50-100 mg/kg of bodyweight.%* Furthermore, its activity against Histoplasma
capsulatum was comparative to that of the commonly employed antimycotic amphotericin B.5>% The
antimycotic activity of the ambruticins is proposed to originate from their interaction with the high-
osmolarity glycerol (HOG) protein kinase signalling pathway.®”%® This pathway is involved in
osmoregulation in fungal cells and over stimulation, caused by the ambruticins, leads to the
accumulation of glycerol and subsequent cell death. Given there is no direct human equivalent to the
HOG pathway, the ambruticins present an exciting opportunity as a potential antimycotic
medication.®® Due to these promising biological properties, and the family’s fascinating structure, the

ambruticins have been the focus of many synthetic and biosynthetic studies.

Organism M.I.C (ug/mL)
Coccidioides immitis <0.025
Histoplasma capsulatum 0.195
Blastomyces dermatitidis 0.04
Diplococcus pneumoniae 12.5

Table 2. Antifungal activity of ambruticins where M.I.C = Minimal inhibition concentration.®%3
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In efforts to identify the structural features of the ambruticins which are fundamental to the family’s
antifungal activity, numerous analogues have been generated through synthesis and derivatisation of
the natural products.”®”” Following the initial isolation of ambruticin S, researchers at Warner-
Lambert published the design and synthesis of a series of analogues targeting the central
divinylcyclopropane (DVC) ring, the carboxylic acid, and the THP diol.”*””® These studies indicated the
central DVC was essential for biological activity as the cycloheptadiene analogue 9, accessed through
a thermal DVC rearrangement, showed no activity (Scheme 3). It was suggested the DVC ring may
impart sufficient rigidity to facilitate desired target binding.®”’! It was also noted that significant
modification of the polar functional groups of the western THP resulted in loss of antimycotic activity,
although a slight increase in steric demand was tolerated. This was reinforced by reports from Shaw
et al., whereby modification of the carboxylic acid and C-5 amine of ambruticin VS-5 often resulted in
decreased antimycotic activity.”*”” In an attempt to simplify the complex structure of the ambruticins,
Hanessian et al. reported truncated analogues of ambruticin S which replaced the THP and
cyclopropane rings with aryl amides and aryl ethers (Scheme 3).7° All analogues reported by Hanessian
exhibited no biological activity, providing further evidence for the importance of the DVC ring and

polar functionalities on the dehydroxylated THP acid.

Ph,0, 240 °C
10 minutes

i) oxidation
||) amidation M|tsunobu
Ar'HN N — T Af0

11-13 14/15

F OMe
e d e 7 7~
Ar2 =
cl MeO,C
1 12 13

Scheme 3. Divinylcyclopropane rearrangement of ambruticin S (top) and synthesis of truncated analogues of
ambruticin S by Hanessian et al. (bottom).”%7*

Although limited in scope, these SAR studies have highlighted the importance of all polar
functionalities in the western portion of the ambruticins for biological activity, along with the potential
requirement for the DVC moiety (Figure 7). To date, no work has been published on the SAR of the
eastern portion of the ambruticins. The jerangolids, a family of structurally related polyketide derived
natural products isolated from Sorangium cellulosum, exhibit similar antifungal activity to the

ambruticins (Figure 7).>”78 The presence of the conserved eastern fragment in both the ambruticins
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and jerangolids may indicate its importance for interaction with the biological target. In order to fully
exploit the promising pharmacological properties of the ambruticins, more detailed studies to probe
their SAR are required. Towards this goal, many groups have reported approaches to the total

syntheses of ambruticin S.

- essential fragment

- configuration
F not varied

No SAR e
- essential fragment studies )
- polar groups vital conducted Jerangolid D (17)

Figure 7. Summary of SAR studies on the ambruticins (left) and structures of jerangolids A and D (right).>””®

1.1.4.1. Total Syntheses of Ambruticin S

Five total syntheses of ambruticin S have been published by the groups of Kende (1990),”° Martin
(2001),%° Jacobsen (2001),% Lee (2002),8? and finally Hanessian (2010)7° (Table 3). Both Kende and
Martin proceeded to report improvements to their originally published routes.®# Overviews of the
five syntheses, and their improvements, are discussed below. The synthesis of fragments towards the

ambruticins have been reported and will be briefly discussed.*®

Author Date Published Steps (LLS)/Yield  Total Steps/Yield

Kende’®83 1990 15/0.2% 35/0.1%
Martin80.84 2001 13/9.2% 28/0.7%
Jacobsen®! 2001 16/12.0% 21/6%
Lee?? 2002 17/4.8% 34/0.4%
Hanessian”® 2010 17/5.0% 37/0.1%

Table 3. Total syntheses of ambruticin S. LLS = longest linear sequence.®’

The first total synthesis of ambruticin S was reported by Kende et al. in 1990, inspired by previous
work from Sinay and co-workers.>®’° A convergent approach was adopted, whereby the three
constituent rings were synthesised and combined by a C-glycosylation and a Julia olefination (Scheme
4).85> THP 18 (ring A) was constructed in a total of 9 steps from protected D-glucose via a Barton

deoxygenation, Arndt-Eistert homologation, various protecting group manipulations, and finally
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fluorination. Yamamoto’s dianion procedure was utilised to construct the trisubstituted cyclopropane
in 19 (ring B).%5 Subsequent processing steps including selective hydrolysis, a Corey-Fuchs reaction,
and hydroalumination provided the desired vinyl aluminium species 19 Finally, DHP 20 (ring C) was
formed through a diastereoselective hetero-Diels-Alder (HDA), subsequent resolution, and a key
Ireland-Claisen rearrangement. Overall, Kende’s synthesis comprised 15 steps in the longest linear

sequence (LLS), achieving a yield of 0.1%.

Yamamoto
From D-glucose cyclopropanation ( Ireland-CIaisen)( HDA )

MeO O F z
T ok )
v,
o8n (tBu)zAl/\/L\ -0 T°'OZS/\/Y\O
OBn
18 19
Kendeﬂ
C-glycosylation = Julia olefination
Z‘LL’\ .A “ 4?\/\((];
1~
O
Modmed

Julia olefination

MartinU

MeO .0._CHO : 2
B 3
I %’A (Z‘«'\, c
“0TBS N, | PhO,S” Y " "0
OTBS S)—so2 OTBS H
22

21 23
—

%f_j %(_/
! o [

yclopropanantio rearrangement

Scheme 4. Retrosynthetic analyses of ambruticin S by Kende and Martin.”®%°

Martin adopted a similar convergent strategy to Kende, assembling the core structure of ambruticin S
from the three individual ring fragments (Scheme 4). However, in this instance, it was achieved
through two Julia olefinations. Ring A (21) was assembled from commercially available L-glucono-1,5-
lactone via an intramolecular oxa-Michael addition, followed by thermal equilibration of the resulting
adducts to generate the most thermodynamically stable THP. The key oxa-Michael addition was
similar to that previously reported in 1980 by Potvin et al. during studies to determine the absolute
stereochemistry of ambruticin S.5? For the synthesis of ring B (22), a rhodium-catalysed
enantioselective intramolecular cyclopropanation of allylic diazoacetates developed by Martin and
Doyle was employed.t>®” This approach generated a cyclopropyl lactone which was subsequently
opened, epimerised to achieve the desired cyclopropane stereochemistry, and transformed into
cyclopropane benzothiazole sulfone 22. Martin’s construction of the ring C fragment in 23 made use

of a selective epoxide ring opening and ring-closing metathesis (RCM). Further tailoring steps,
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including Grignard addition and a [2,3]-Wittig rearrangement, were used to generate 23, a similar
sulfone as that used in Kende’s synthesis (20). The use of a modified Julia olefination for the
construction of the 8,9-alkene in ambruticin S provided a moderate E/Z ratio of 2.6:1. Nevertheless,
the Julia olefination performed by Martin et al. for the construction of the 13,14-alkene achieved an
improved E/Z ratio of 10:1 compared with a 4:1 ratio obtained by Kende and co-workers. Martin’s
synthesis improved upon Kende’s in both yield and step count, with a yield of 9.2% over a LLS of 13

steps.

Shortly following Martin’s synthesis, Jacobsen published an elegant total synthesis that adopted a less
convergent, but higher yielding approach (Scheme 5).8! Both oxygen heterocycles were assembled
utilising the asymmetric Cr-catalysed hetero-Diels-Alder methodology developed in their
laboratories.®® Fragment 25 was then generated by sequential chain elongation steps, including alkyne
carbometallation, Kumada coupling, a key asymmetric hydroformylation, Takai olefination, and a Heck
cross-coupling. Cyclopropane Ring B was then synthesised through a highly selective asymmetric
Simmons-Smith cyclopropanation previously developed by Charette.®° Fragments 24 and 25 were
coupled via a Julia-Kocienski olefination (JKO), where excellent trans-selectivity (E/Z > 30:1) for the
8,9-alkene was achieved through the unprecedented use of LIHMDS in a mixture of polar solvents (4:1
ratio of DMF/HMPA).*® Finally, global deprotection and selective oxidation afforded the natural

product in an impressive yield of 12% over the 16 steps in the LLS.

° A K

Jul|a Kocienski
olefination

U Charette

cyclopropanation

(\/O?ﬁ CHO E
teoPso A A "’WC
“OTBS PTOS A, 2
OTBS
24
%_/ H_J —
HDA Alkyne carbometalation, HDA
Kumada,
asymmetric
hydroformylation,

Takai, Heck

Scheme 5. Jacobsen’s synthetic approach to ambruticin S.5!

In 2002, Lee reported a similar strategy for the synthesis of ambruticin S to that of Martin’s in the
previous year (Scheme 6).2% The core DVC unit was assembled through two JKOs, analogous to Martin’s
use of two Julia olefinations. Ring A in fragment 26 was constructed from L-arabinose by an oxa-

Michael addition and a radical cyclisation. Yamamoto’s dianion procedure was selected for the
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synthesis of cyclopropane ring B in the same fashion as Kende in 1990. The strategy adopted to
generate ring C incorporated an asymmetric a-alkylation of an Evans-auxiliary adduct, followed by
RCM. The ring was then elaborated by Grignard addition along with further transformations to form

sulfone 28. Lee’s synthesis was the longest to date, with 17 steps and a yield of 4.8% over the LLS.

From L-arabinose Yamamoto Roche ester
Radical cyclisation cyclopropanation derived Grignard |( RCM

—_— —_— —_—
MeO O_,CHO z X
W AY 5 c
“OBn PTO,8. A4, OTBDPS PTO,8” Y ¢  ~0
OBn =
26 27 28

Leeﬂ

OH JuIia-Kocignski
olefination

/
OBn O
29 30 31
— — —

From Roche ester 6-endo-trig
cyclisation

Scheme 6. Retrosynthetic analyses of ambruticin S by Lee and Hanessian.”%8?

The final published total synthesis was completed in 2010 by Hanessian and co-workers (Scheme 6).”°
Starting from a-methylated D-glucose, synthetic steps included a radical coupling and double bond
isomerisation with Grubbs’ catalyst to generate lactone 29. Ring B was constructed with excellent
stereoselectivity (dr = 99:1) by an asymmetric cyclopropanation with a chiral phosphonamide auxiliary
previously developed in their group.®* An olefination with a Roche ester-derived phosphonamide was
employed to generate fragment 30, which could then be used in a subsequent phosphonamide anion
olefination with ketone 31. Ring C in ketone 31 was assembled efficiently by a Lewis acid-catalysed 6-
endo-trig cyclisation. Utilising numerous phosphonamide anion olefinations, Hanessian achieved
excellent double bond stereoselectivity in the synthesis and obtained a yield of 5% over the 17 steps
LLS. Due to the modular nature of the route, various truncated analogues which maintained the
eastern sector of ambruticin S were synthesised and their biological activity tested. As previously
discussed in section 1.1.4, preliminary results showed no significant activity, indicating the importance

of the western portion of ambruticin towards its antifungal potency.”
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62,104 and Potvin® have also

Groups including Donaldson,®**° Genét,*%%%°” Marké,%®1% Sinay,® Procter,
reported the syntheses of fragments and advanced intermediates of ambruticin S, many of which
inspired the successful total syntheses. Genét and Michelet published a detailed review highlighting
the key synthetic strategies.”® In particular, the groups of Donaldson and Marké made significant
progress. Donaldson et al. successfully constructed all three ring systems of ambruticin S. The western
THP ring 32 was assembled from L-arabinose in 10% yield over 11 steps (Scheme 7).9>°> The C-9 to C-
16 segment of ambruticin S (1) containing the complex cyclopropane ring was constructed through

organoiron methodology.®® Finally, the dihydropyran ring 31 was synthesised in 23% yield over 8 steps

from ethyl (S)-lactate, employing a key Lewis acid-catalysed HDA.%*

HO. MeO. O.
OH 11 steps OH
. e 0 b mmmmmmemeas )
O/ ‘OH 10% ‘OBn E
OH '

OBn
L-arabinose 32 _
= H X
H HO C
o ) S s A S e . AN o
| - MeO,C " N"N50,8T : . E
MeO,C” “Fe(co), 7% ; "OH
33 34 : OH
. Ambruticin S (1)
% B
8 steps '
OEt ——  » 07N e 3
OH 23% o
ethyl (S)-lactate 31

Scheme 7. Partial synthesis of ambruticin S reported by Donaldson et a/.%27%°

Through a series of publications, Marko disseminated their progress towards the total synthesis of
ambruticin S, where three fragments (35, 36 and 31/37) were to be combined by a Suzuki-Miyaura
cross-coupling and a modified Julia olefination (Scheme 8). The construction of 40, model fragments
for THP 35, were demonstrated through the use of an intramolecular silyl-modified Sakurai (ISMS)
reaction developed in their group (Scheme 8B).1°® The challenging cyclopropane fragment 36 was
readily constructed from enyne 41 by hydroboration and subsequent palladium catalysed
cyclopropanation with diazoethane.% Essentially a single diastereoisomer of 36 was obtained in an
excellent yield of 67% from 41. Finally, two strategies were developed for the synthesis of the DHP
ring in the ambruticins. The first approach made use of the ISMS reaction previously applied to the
synthesis of the THP 35, forming sulfone 37 as a racemate in 21% yield over 7 steps from aldehyde
421 A mixture of epimers at C-2 was obtained, although this was of no consequence since the
stereochemical information would later be lost. In a second more elegant approach, ketone 31 was
constructed via a highly diastereoselective multicomponent silyl-modified Sakurai reaction between

aldehyde 44, silyl alcohol 45, and allyltrimethylsilane, catalysed by TMSOTf.*® Subsequent RCM and
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tailoring steps afforded the desired ketone 31, primed for Julia olefination. This strategy was applied

to the total synthesis of jerangolid D, which contains a common eastern segment to the ambruticins.®

Suzuki-Miyaura
cross-coupling

N
) AA
HO O NS
o] 3 z
‘OH
modified Julia
OH 1 olefination
MeO. 0. | g Y(\I/
T A,
“OBn pinB "N N0TBDPS 0
OBn H XY
37: X=H, Y =8S0,Ph
3% 36 31: X=Y=0
b)
RCHO R._O_R R._O_R
BF3°Et,0O 3 st
TMS/\”/\OTMS s, ] _osteps _ )
R = alkyl “OH "“OAc
OH
38 39 40
c) -
3 steps A
R OTBDPS —_— /A,
///\/k/ 67% pinB “ " 0TBDPS
dr > 98:2 H
a4 36
d)
o = SN
! 4 steps TMS 3 steps 1:1 mixture
> OH > > O of diastereoisomer
SPh 38% 57% at C-2
SPh SO,Ph
42 (£)-43 37
e)
TMSOTf
gTes allylTMS = A
DCM -78 °C 3 steps
TMSO 00/ © 83% o
0 0
dr > 95:1 oTBS 0
44 45 46 31

Scheme 8. (a) Synthetic strategy proposed by Marké. Syntheses of (b) THP 35, (c) cyclopropane 36, (d) sulfone
37, and (e) ketone 31.3698-103
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As outlined, a plethora of studies towards the synthesis of ambruticin S have been reported,
culminating in five total syntheses. Nevertheless, to date, no other members of the ambruticins have
been successfully synthesised. Routes to access these natural products may facilitate drug
development of the ambruticins as antifungal agents, a goal not yet realised. Alongside these synthetic
studies, research has been conducted in an attempt to elucidate the biosynthetic pathway to the
ambruticins. It is hoped that the knowledge gained from these studies will inspire novel synthetic

methods for the construction of complex molecules and aid in the development of biocatalysts.

1.1.4.2. Biosynthesis of the Ambruticins

Initial feeding studies with [2-13C]-acetate units to cultures of Sorangium cellulosum indicated the
ambruticins were polyketides in nature (Figure 8).1% Incorporation of both malonyl and methyl
malonyl units was observed, alongside methyl units from adenosyl methionine. Of significant interest
was the observed coupling between C-4 and C-5 3C labels, indicative of the excision of one carbon

unit during the biosynthesis of the ambruticins.

N Acetate
O Methyl of acetate

&~ Propionate

N O AdoMet

Figure 8. Feeding studies with 3C labelled precursors for ambruticin VS-3.1%

Through a combination of gene knockout experiments, gene cluster analysis, and in vitro enzymatic
studies, a biosynthetic pathway to the ambruticins has been proposed (Scheme 9).571% In particular,
the basis of the proposed biosynthetic pathway was established through an in-depth study conducted

by Reeves et al.1%

Modules 1 and 2 of the PKS conduct two elongations of the polyketide backbone in the canonical
fashion of a type | PKS. Initially, Reeves proposed that modules 3 and 4 further elongated the backbone
to generate dienoic acylthioester 47, which undergoes a vinylogous oxa-Michael addition and
subsequent C-methylation to generate the eastern heterocycle (Scheme 10). However, no tailoring
enzyme nor PKS domain could be identified to catalyse the proposed conjugate addition. Further

investigations by the Hahn group led to the proposal of an unusual, alternative mechanism (Scheme

10).106—109
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47 48 49
Module 3
8 3 3
S S N
o} (o} o)
AT (KR "'OH (AmbDH3 AmbDH3
W1OH wOH
50 51 52 53

AT (KR

Scheme 10. Eastern THP formation proposed by Reeves et al. (top) and revised proposal by Hahn et al.
(bottom).105-107

Initial chain elongation in module 3 generates a,B-unsaturated thioester 52 (Scheme 10). This
unsaturated system undergoes an intramolecular oxa-Michael addition, catalysed by the dehydratase
domain AmbDH3, to selectively form THP 53 as a single diastereoisomer.%1% This unusual
bifunctional activity of AmbDH3 was determined by incubating the N-acetylcysteamine (SNAC)
thioester of 51 with heterologously expressed and purified protein. Further computational studies by
Shi et al. provided further evidence for these transformations.’® Following THP formation, further
ketide elongation and reduction of the chain in module 4 affords B-hydroxythioester 54, where
concurrent C-4 epimerisation has occurred. Interestingly, a unique trifunctional activity of AmbDH4 as
a DH, an epimerase and an enoylisomerase has been established through a similar in vitro strategy as
that for AmbDH3. An equilibrium between 54-57 is set up, where the trans-acting methyl transferase
7

AmbM only acts upon 57 to form 49 in an overall thermodynamically unfavourable process.°

Although it is yet to be established when desaturation of the THP ring occurs, and which enzymes are
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responsible, gene knockout experiments indicate the process is likely to be catalysed by either AmbO

or AmbP. This is discussed further in chapter 3.

Following chain extension by modules 5 and 6, three consecutive alkenes are constructed by the
iteratively acting module 7, a process which is uncommon in bacterial type | PKSs.”11% Although
presently unproven, the mechanism of cyclopropane ring formation is proposed to proceed via a
Favorskii rearrangement and a polyene shift, catalysed by a hydrolase (H) domain and a pyridoxal
cofactor binding (Px) domain (Scheme 11).11%12 Bjoinformatic analysis suggested the Px domain
catalyses the intriguing Favorskii rearrangement, which is followed by the hydrolytic cleavage of
cyclopropanone 59 catalysed by the H domain.'! Carbon excision, which was initially predicted from
13C feeding studies, appears to be catalysed by the adenylation (A)-ACP didomain, AmbG, and the
flavin dependant monooxygenase, Ambl. Enzymatic in vitro studies conducted by Hahn et al.
confirmed the adenylate-forming domain (AFD) of AmbG to be a fatty acyl:adenylate ligase (FAAL).'*3
Nevertheless, further investigations to elucidate the intriguing steps in this part of the biosynthetic
pathway are required. Module 9 of the PKS encodes for a final chain extension and subsequent TE-
catalysed hydrolysis of the thioester, releasing ambruticin J (Scheme 9, page 18). The stereochemistry

of the 1,3-diol in ambruticin J was assigned via the Rychnovsky method by analysis of the acetonide

105,114

derived from the methyl ester of ambruticin J, although no spectral data were reported.

O R SR SR ¢

Scheme 11. Proposed mechanism of cyclopropane ring formation in ambruticin biosynthesis.1%

Following release from the PKS, various tailoring enzymes are involved in generating all the members
of the ambruticin family (Scheme 9, page 18). Formation of the THP ring is proposed to be catalysed
by the monooxygenase enzyme, AmbJ, through epoxidation of ambruticin J and subsequent

cyclisation to yield ambruticin F (Scheme 9, page 18). This process is discussed in greater detail in
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Chapter 2, section 2.1.5. Formation of ambruticin S is proposed to occur via selective oxidation of the
5-hydroxyl in ambruticin F and subsequent reduction of the resultant ketone, catalysed by AmbQ and
AmbN (Scheme 9, page 18). Cultures of the AambR mutant in Sorangium cellulosum resulted in ceased
production of the ambruticin VS series, implying the role of AmbR as a transaminase in the
biosynthetic pathway. This is consistent with sequencing of the protein showing similarities with other
aminotransferases.'® Finally, the methyltransferase (MT) homolog AmbS is responsible for sequential

methylations of the amino group in the VS series.

Overall, the ambruticin biosynthetic pathway is composed of many unusual processes and offers a
suite of potentially valuable biocatalysts to perform challenging synthetic transformations.
Biocatalysis has the capability to generate complex molecular scaffolds with exquisite selectivity in an
efficient and cost-effective manner, with benefits to worldwide sustainability.?*>'” Furthermore,
enzymatic transformations can supplement the already expansive library of reactions a synthetic
chemist can apply to the construction of natural products, and numerous chemoenzymatic total
syntheses have been reported.'®12° |ndeed, Hahn and co-workers have already demonstrated that
the AmbDH3 cyclase domain from the ambruticin biosynthetic pathway is capable of synthesising THP
rings on a gram scale.'®! This has been successfully applied to the chemoenzymatic total synthesis of

(-)-centrolobine (Scheme 12).

0 OH
AmbDH3 0 2 steps
= —_— —
NACS 33%  NACS 0 50% O 9 O
oMe o7 89:11 OMe HO
63 64 (-)-Centrolobine (65)

OMe

Scheme 12. Chemoenzymatic total synthesis of (-)-centrolobine.'?!

The application of enzymes in synthesis is often limited to molecules that closely resemble the
protein’s native substrates. However, recent developments in engineering of enzymes to improve
catalytic activity, substrate tolerance, and scalability may further facilitate the use of biocatalysts for
the synthesis of pharmaceuticals and fine chemicals on an industrial scale.!?122124 For example, Fasan
et al. reported a carbene transferase catalysed cyclopropanation reminiscent of the cyclopropane ring
formation employed by Martin et al. in their total synthesis of ambruticin S (Scheme 13).8087.125
Remodelling of the enzyme’s active site through protein engineering allowed for stereodivergent
selectivity and gram-scale assembly of trisubstituted cyclopropanes. This methodology was applied to

the formal total syntheses of chrysanthemic acid and permethrin.'?®
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Scheme 13. (a) Carbene transferase catalysed cyclopropanation reported by Fasan et al. and (b) synthesis of
cyclopropane 70 by Martin et al. Mb = myoglobin 807
Developing a greater understanding of the structure and function of the enzymes involved in the
biosynthesis of the ambruticins, and other polyketide natural products, may lay the foundations for
the development of novel biocatalysts and inspire synthetic methods for the construction of complex
molecules. Moreover, chemoenzymatic synthesis may provide rapid access to truncated scaffolds and
analogues of the ambruticins in an attempt to improve upon their antifungal properties, synthetic
tractability, and overall drug-like properties.3*3%37 Further investigations are required to fully elucidate

the biosynthetic pathway and take advantage of its biological machinery.
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Chapter 2 Introduction

2.1. Introduction

During the course of these studies, we published a review on the synthetic and biosynthetic methods
for controlling the cyclisation of 4,5-epoxy alcohols to generate THP rings.'?® The sections below

provide an overview of the key topics from this review.

2.1.1. Tetrahydropyran Rings

Both aromatic and aliphatic ring systems are common structural features found in a plethora of natural
products and small molecule drugs, with 96% of all marketed drugs containing a ring.’?’” The
importance of cyclic structures is well established due to their ability to affect key drug-like properties
such as potency, lipophilicity, and solubility through modulation of molecular properties including
scaffold rigidity, electronic distribution, and polarity.??® Fully saturated ring systems, such as THPs,
piperidines, and THFs, have the added benefit of increasing a molecule’s three-dimensional character.
Although not essential, evidence suggests that a greater degree of saturation in a drug molecule
results in an improved chance of it progressing through the drug discovery process.'?® An increase in
three-dimensionality of a drug can facilitate stronger and more specific binding to the desired
biological target, imparting improved potency and selectivity by preventing off-target interactions.*°
Of these saturated ring systems, THPs are regularly employed in medicinal chemistry programs and
indeed they are the sixth most prevalent ring system and fourth most common saturated ring system
amongst all FDA approved small molecule drugs (Figure 9).12831 Moreover, according to natural
product databases, THPs are by far the most abundant heterocyclic ring system found in natural

products, with many of these bioactive molecules having been developed into drugs (Figure 9).1%
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Figure 9. Frequency of ring systems in marketed drug molecules (top) and examples of THP-containing natural
products and drug molecules (bottom).128131

24



Chapter 2 Introduction

Due to the importance of THPs, numerous synthetic methods have been developed for their formation
as described in various informative reviews.?***% Common approaches include the Prins cyclisations,
hetero-Diels-Alder reactions, ring-closing metathesis, intramolecular epoxide ring opening,
intramolecular oxa-Michael addition, and reductive etherification.!?6137-13° These methodologies have
been applied to the construction of THPs in a plethora of complex natural products.??%140-143 |n
addition to these synthetic studies, recent investigations into the biosynthesis of THPs in natural
products has revealed three main processes for their formation in nature: oxa-Michael addition,

modification of hemiacetals, and intramolecular nucleophilic opening of epoxides (Scheme

14).126,144,145
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Scheme 14. Biosynthetic methods for THP formation: (a) oxa-Michael addition, (b) processing of hemiacetals
and (c) intramolecular epoxide ring opening of 5,6 and 4,5-epoxy alcohols.**
Indeed, intramolecular epoxide ring opening (IERO) is a well-established process for the formation of
THP rings. For example, in 1983, Cane, Celmer, and Westley proposed the polyether ionophore class
of natural products are formed via a cascade of IEROs.}® Furthermore, the marine polycyclic
polyethers such as brevetoxin B are proposed to be biosynthesised through a cascade of
intramolecular opening of polyepoxide intermediates in what later was coined the “Nakanishi
hypothesis” (Scheme 15).247714 Of particular interest is the IERO of 4,5-epoxy alcohols as it has been

extensively applied to the synthesis and biosynthesis of complex THP rings.?
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Scheme 15. Proposed biosynthesis of brevetoxin B via an intramolecular epoxide-opening cascade.*¥’
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2.1.2. THP Ring Formation by Intramolecular Epoxide Ring Opening of 4,5-Epoxy Alcohols
IERO of 4,5-epoxy alcohols is a common method for the formation of oxygen heterocycles, giving
either 5-membered THFs or 6-membered THPs depending on the site of alcohol attack onto the

epoxide (Figure 10).12

5-exo-tet ----- Baldwin ===-- 6-exo-tet Baldwin:
spiro ======= Jamison------- fused Ring size formed, location of bond broken
relative to newly formed ring and geometry

[ (j\o r of electrophilic centre

? ?
H H Jamison:
l l Ring system of the transition state
This thesis:
OH OH Ring size formed and location of the C-C
O—/ (j/ bond of the parent epoxide in the product
o ¢)
5-exo product 6-endo product

Figure 10. Intramolecular epoxide ring opening of 4,5-epoxy alcohols and corresponding nomenclature as
described by Baldwin (red), Jamison (blue), and in this thesis (green).14%-15
In the literature there has been significant confusion regarding the terminology utilised to describe
these two processes, resulting in the misunderstanding that IERO of 4,5-epoxy alcohols that generate
THPs are “anti-Baldwin” cyclisations. Historically, the formation of 5 and 6-membered rings by IERO
have been mistakenly referred to as 5-exo-tet and 6-endo-tet processes.’ This nomenclature
originated from Baldwin’s rules, a set of guidelines for predicting the outcome of ring-forming
reactions, which were borne from experimental observations. In these processes defined by Baldwin,
the numerical prefix defines the ring size formed, exo and endo refer to whether the bond broken
during cyclisation is inside or outside of the newly formed ring, and the suffix indicates the geometry
of the electrophile. It is evident from these rules that both cyclisations of 4,5-epoxy alcohols are exo
processes since the C-O bonds broken during cyclisation are outside of the newly formed rings.t5%152
This has important implications as according to Baldwin’s rules, both 5-exo-tet and 6-exo-tet are
favoured processes, whilst 6-endo-tet cyclisations are disfavoured. As such, THP formation by IERO of
4,5-epoxy alcohols is not an “anti-Baldwin” cyclisation. This is further confirmed by considering the
epoxide LUMO, generated through a combination of the relevant Walsh p-orbitals (Figure 11).1°1152 |t
is apparent that the trajectory of the nucleophile onto the epoxide’s ‘banana bonds’ resembles that
of the trajectories in 5-exo-tet and 6-endo-trig processes, both of which are favoured according to

Baldwin’s rules.
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Figure 11. Molecular orbitals and cyclisation trajectories of exo-tet, endo-trig, and epoxide cyclisations.?5:152

However, to avoid confusion, Jamison et al. have suggested an alternative nomenclature which refers
to the transition state of the cyclisation as either ‘spiro’ or ‘fused’ for THF and THP formation
respectively (Figure 10).1%8%° Gilmore argued that it was better to consider the epoxide as a single
functionality, where exo/endo can be used to indicate whether the C-C bond of the initial epoxide is
located outside or inside the newly formed ring respectively.®*1>2 As such, for the cyclisation of 4,5-
epoxy alcohols, the THF can be referred to as the 5-exo product while the corresponding THP is the 6-
endo product (Figure 10). It is important to note that this nomenclature does not relate to Baldwin’s

rules. For clarity, this nomenclature of 5-exo and 6-endo processes will be adopted herein.

Whilst both THF and THP rings can be generated from 4,5-epoxy alcohols, the THF is often the major
product as noted by Baldwin.' This selectivity originates from improved orbital overlap and a lower
overall energetic barrier for formation in a 5-exo process.'® Furthermore, formation of 5-membered
rings is often preferred kinetically over the corresponding 6-membered rings. Therefore, to form THP
rings through intramolecular epoxide ring opening of 4,5-epoxy alcohols, this inherent kinetic
preference to form the 5-membered ring needs to be overcome. Many synthetic methods have been
developed to favour THP formation using substrates and reaction conditions which either stabilise the
6-endo transition state or destabilise the 5-exo transition state. On the other hand, to achieve
selectivity in natural product biosynthesis, enzymes known as epoxide hydrolases (EHs) are often

employed.

2.1.3. Synthesis of THPs from 4,5-Epoxy Alcohols

Due to widespread interest in marine polycyclic polyether natural products, such as the ladder
polyether gambierol and the oxasqualenoid thyrsiferol, many groups have developed methods to
achieve selective 6-endo ring closure of 4,5-epoxy alcohols.* Selective cyclisation is often achieved

via stabilisation of the 6-endo transition state (TS) or destabilisation of the 5-exo TS through the use
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of directing groups or reaction conditions. In the case of directing groups, an electronic or steric bias
influences the site of nucleophilic attack on the epoxide. In 1985 Nicolaou reported studies towards
the total synthesis of brevetoxin B in which selective cyclisation could be achieved by stabilisation of
the incipient positive charge in the 6-endo transition state through the incorporation of a m-system
adjacent to the epoxide (Scheme 16).2%* Alkenyl epoxide 82 underwent acid-catalysed cyclisation to
afford the desired 6-endo product 84 with complete regioselectivity in 95% yield.'>® Although trans-
epoxides performed well under these conditions, poor regioselectivity was obtained with the
corresponding cis-epoxides. Nicolaou proposed this is due to the inability of cis-epoxides to adopt the
required planar geometry to achieve stabilisation in the transition state. This was supported by earlier
studies conducted by Coxon et al. which illustrated that the cyclisation of cis-4,5-epoxy alcohols had a
greater preference for 5-exo ring closure compared to the corresponding trans-epoxides.®® The 6-
endo transition state for cis-epoxides requires a group to be placed axially, resulting in steric clashes
and an overall increased barrier for THP formation (Figure 16C). The value of this methodology for the
construction of THP rings has been exemplified through numerous natural product syntheses including

preparation of amphidinol 3, meayamycin B, and mucocin.?>7-164
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Scheme 16. (a) Stabilisation of 6-endo transition state by conjugation (b) CSA catalysed cyclisation of alkenyl
epoxide 82 and (c) transition states of trans and cis-epoxides. CSA = camphorsulfonic acid.26:154-156

Since this pioneering work by Nicolaou, further methods of stabilising the 6-endo transition state have
been developed such as through the use of epoxysilanes and acetylenic epoxides (Scheme 17),165-170
Alternatively, a number of approaches have been reported where selectivity is achieved by
destabilisation of the 5-exo transition state through electronic influence or geometric constraints,

such as in the cases of a,B-epoxysulfones and methoxymethyl substituted epoxides (Scheme 17).17%

173
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Scheme 17. Examples of substrate-controlled selective 6-endo cyclisation of 4,5-epoxy alcohols.'?®

Although effective, the use of directing groups imposes substrate constraints. More recently, methods
for selective 6-endo ring closure have been achieved through reagent control. This approach was
elegantly demonstrated by Morimoto et al. where a judicious choice of reaction conditions facilitated
reagent-controlled switching between the 5-exo and 6-endo products (Scheme 18).Y4'75 This
methodology was applied to the construction of both 5 and 6-membered rings of (+)-enshuol.'’® Other
examples of reagent controlled selective 6-endo cyclisations include the use of chiral phosphoric acid

catalysis,”’

antibody catalysis,’®17° rt-anion catalysis,'®° and cyclisations in water.!8! Although not
comprehensive, we have published a more extensive review of how the cyclisation of 4,5-epoxy
alcohols can be controlled, and how these methods have been applied to the synthesis of natural

products.1?®

29



Chapter 2 Introduction

TIPSOTf
CSA, DCM 2,6-lutidine OTIPS
\ 0°C o ~ MeNO,, 0 °C /\)\
\ - _— .
053 86% OH 83% o7 Z
s OH endo:exo = 1:36 endo:exo = 15:1
99 98 100

CSA, DCM, rt
66%

5 steps

i) TIPSOTf, 2,6-lutidine

MeNO, 0 °C
/OH ii) TBAF, THF, reflux
\ 65%

2 steps

OH (+)-Enshuol
105

HOR 29/ 297

Scheme 18. Reagent-controlled selective cyclisation of 4,5-epoxy alcohols (top) and its application in the total
synthesis of (+)-enshuol (bottom).174-176

2.1.4. Biosynthesis of THPs from 4,5-Epoxy Alcohols

In natural product biosynthesis, a common method for THP formation is epoxidation of a 4,5-alkenyl
alcohol and subsequent 6-endo IERO (Scheme 19). The regioselective 6-endo cyclisation of the
intermediate 4,5-epoxy alcohol can be achieved through structural features present in the substrate
or via enzymatic control. However, in the absence of structural features which favour 6-endo
cyclisation, enzymes known as epoxide hydrolases can overcome inherent 5-exo selectivity.

e

O

- 6-endo product
)
Q) (P
OH OH)
I
(@)
5-exo product

Scheme 19. Biosynthesis of THFs and THPS by epoxidation and selective intramolecular epoxide ring opening.

Epoxide hydrolases (EHs) are an abundant class of enzyme which play a crucial role in processes such
as detoxification and blood pressure regulation.'®18 They are robust, co-factor independent enzymes
which catalyse the hydrolysis of epoxides with excellent regioselectivity and stereoselectivity.’®* Due
to this exquisite control, EHs have been widely employed as biocatalysts for the hydrolysis of epoxides
to generate chiral 1,2-diols, key building blocks in organic synthesis.’®> Indeed, a number of

chemoenzymatic total syntheses of natural products have been reported where EHs are employed to
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introduce chirality.® Furthermore, genetic engineering has been utilised to improve the substrate

scope of various epoxide hydrolases, further enhancing their value as biocatalysts.8%187

EHs play a key role in the biosynthesis of THP-containing natural products by controlling the
regioselectivity in intramolecular epoxide ring opening of 4,5-epoxy alcohols.'?® For example, the THP
ring of pseudomonic acid A, the major component of the antibiotic mupirocin, is formed through an
epoxidation-cyclisation cascade, catalysed by the Rieske non-haem oxygenase MupW and the EH
MupZ (Figure 12).28 Through the use of whole-cell biotransformations, Willis, Crump, and co-workers
demonstrated that MupW catalyses the intriguing selective oxidation of the non-activated 8,16-alkane
in 106 to form 8,16-epoxide 107, which in the presence of MupZ undergoes a selective 6-endo
cyclisation to form THP 108. In the absence of MupZ, the epoxide intermediate 107 underwent
spontaneous 5-exo cyclisation to afford THF 109. Furthermore, when the gene encoding for MupZ was
deleted in Pseudomonas fluorescens, the mupirocin producing strain, only THF metabolites were
isolated. Through a combination of molecular modelling, X-ray crystallography, and point mutation
studies, it was revealed that MupZ catalyses epoxide ring opening through an acid-base mechanism.
A glutamate residue (Glu54) acts as a general base to deprotonate the 5-hydroxyl group, while a

tyrosine residue (Tyr41) protonates the epoxide to stabilise the desired transition state.
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Figure 12. (a) MupW and MupZ catalysed THP ring formation in mupirocin biosynthesis (b) proposed general
acid-base catalysis of MupZ and (c) X-ray crystal structure of Mupz.126:188
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Epoxide hydrolase activity has been observed in the biosynthetic pathway of the xiamenmycins, a
family of anti-inflammatory benzopyran natural products (Scheme 20).2% Following epoxidation by
the flavin-dependant monooxygenase (FMO) XimD, pyran ring formation is controlled by XimE, a
Snoal-like cyclase. In vitro assays which incubated substrate 110 with XimD in the absence and
presence of XimE afforded the furan and pyran products respectively. Furthermore, site directed
mutagenesis, X-ray crystallography, and computational studies aided the identification of three
residues responsible for this regioselectivity through a general acid-base mechanism.'®1% The value
of XimD and XimE as biocatalysts was demonstrated by He et al. where 14 products comprising 6
different benzoheterocyclic scaffolds were synthesised. These enzymes were also employed to

generate structurally diverse benzoheterocyclic scaffolds through combinatorial biosynthesis. !
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Scheme 20. XimD and XimE catalysed THP ring formation in xiamenmycin biosynthesis.8°

The polyether natural product lasalocid A contains THF and THP moieties, both constructed via
intramolecular epoxide ring opening of 4,5-epoxy alcohols (Scheme 21). The groups of Minami and
Oikawa demonstrated that the FMO Lsd18 catalyses the bis-epoxidation of linear diene 114 which, in
the absence of an EH, undergoes two successive 5-exo cyclisations to afford isolasalocid A.19%19
However, in the presence of the EH Lsd19, lasalocid A is produced through an initial kinetically
favoured 5-exo cyclisation followed by a 6-endo cyclisation. These results highlight the ability of EH to
overcome the bias towards 5-exo ring closure in the cyclisation of 4,5-epoxy alcohols. Further studies
on Lsd19 by the groups of Leadlay and Hotta identified two catalytic domains, Lsd19A and Lsd198B,
which catalyse the 5-exo and 6-endo cyclisations respectively.’®*'%> Both domains are proposed to
operate under general acid-base catalysis, similar to that previously seen in the biosyntheses of
xiamenmycin and mupirocin. These findings provided early evidence to support the proposal that
nucleophilic epoxide ring opening cascades were employed in the biosynthesis of numerous polyether

natural products.'®
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Scheme 21. Heterocycle ring formation in lasalocid biosynthesis.'

While these examples illustrate the ability of EHs to control the regioselectivity in IERO of 4,5-epoxy
alcohols, there are numerous reported cases where their role is to solely catalyse cyclisations. In these
cases, structural features of the substrate govern the selectivity of cyclisation to generate either THF
or THP products. This is evident in the biosynthetic pathways of lasalocid, monensin, and aurachin,
where EHs promote 5-exo cyclisation to forms THFs (Scheme 21 and Scheme 22)19%197.1%8
Furthermore, itis also unclear whether EHs can stabilise intermediate epoxides, facilitating the desired

5-exo or 6-endo ring closure.

Aurachin B 117 " Aurachin A

Scheme 22. EH catalysed THF formation in the biosyntheses of aurachin (top) and monensin (bottom).197:1%8

EHs are potentially powerful biocatalysts for the formation of THP rings through IERO. Furthermore,
rational protein engineering may expand the substrate scope of this class of enzyme and improve their
catalytic activity and selectivity.? Xu et al. have used site-directed mutagenesis of the EH XimE to

improve selectivity for the 6-endo cyclisation of an unnatural substrate (Scheme 23).%°! The discovery
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of more EHs, alongside investigations to probe their structure and function, may provide further tools

for selective and sustainable THP ring formation.
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Scheme 23. Biocatalytic synthesis of pyranocoumarins by wild-type and engineered XimE.°?

2.1.5. Proposed THP Ring Formation in Ambruticin Biosynthesis

As discussed in section 1.1.4.2, gene-knockout experiments conducted by Reeves et al. indicate that
the formation of the THP ring in the ambruticins is catalysed by the flavin-dependent monooxygenase
(FMO) AmbJ.1® Cultures of Sorangium cellulosum where the ambJ gene was disrupted resulted in a
build-up of ambruticin J and no THP ring formation was observed. AmbJ shows homology to
epoxidases in polyether biosynthesis, suggesting it is responsible for selective epoxidation of
ambruticin J to form epoxide 126 (Scheme 24).1% |t is proposed the resultant 4,5-epoxy alcohol 126
undergoes selective 6-endo ring closure to generate the THP in ambruticin F. This epoxidation

cyclisation-cascade is analogous to those processes discussed in section 2.1.4.
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Scheme 24. Proposed AmbJ catalysed THP ring formation in ambruticin biosynthesis.1%

Interestingly, no THF products are observed in wild-type cultures of Sorangium cellulosum, indicating
the epoxide ring opening step is highly selective. However, to date no EH has been identified in the
ambruticin biosynthetic gene cluster. It is therefore unclear as to whether the apparent selectivity is

due to inherent reactivity of the substrate, a yet to be identified EH, or the potentially unique
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bifunctional role of AmbJ as both an epoxidase and EH. It is also not known whether the cyclisation
occurs spontaneously under biological conditions, and if stabilisation of ambruticin J and epoxide 126
is required to prevent undesired reactivity. Indeed, Reeves et al. reported that the putative
biosynthetic intermediate ambruticin J was prone to hydrolysis via opening of the cyclopropane ring

by water at C-12 (Scheme 25).
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Scheme 25. Proposed mechanism of ambruticin J hydrolysis.

Ambruticin J possesses structural features that may promote selective THP ring formation during
cyclisation through both stabilisation of the 6-endo transition state and destabilisation of the 5-exo
transition state (Scheme 26). As previously discussed in section 2.1.3, Nicolaou et al. demonstrated
that alkenic epoxides such as epoxy ambruticin J 126 often undergo selective 6-endo cyclisation due
to stabilisation of the transition state by the adjacent m-system (Scheme 26).1** Moreover, the 5-
hydroxyl group in epoxy-ambruticin J 126 may serve to further differentiate the energy of the two

transition states through electron withdrawing destabilisation of the 5-exo-tet transition state.

H ¥
1
Ho\’(\c)j;g%}‘ HO oA
© "0 m
OH OH
HO OH_X Ambruticin F (2)
“10 Stabilised
o) 5 6-endo TS

o
Epoxy-ambruticin J

H
(126) %
H “an, s
HO. O’\5+ — HO. oH —
0 N O
~ Oy . OH
OH OH

127
Destabilised
5-exo TS

Scheme 26. Proposed intramolecular epoxide ring opening of epoxy-ambruticin J 126.
Nevertheless, further investigations into this intriguing biosynthetic transformation are required to
determine whether AmbJ has a unique role as not only an epoxidase but also an epoxide hydrolase. It
is hoped that a greater understanding of these steps will provide clarity on whether AmbJ, or a yet to
be identified EH, plays a role in controlling regioselectivity of IERO, stabilising biosynthetic
intermediates, and accelerating the key cyclisation. Furthermore, studies into structure and function
of AmbJ may facilitate the exploitation of nature’s biosynthetic machinery for the development of a

novel biocatalyst for THP ring formation.
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2.2. Project Aims

The initial goal of this project was to confirm the function of AmbJ in formation of the THP in the
ambruticins (Scheme 27). Two steps are involved, epoxidation and ring formation. Hence a question
remains of whether AmbJ plays a role in the oxidation and as an epoxide hydrolase to control

cyclisation, or if a yet to be identified EH is required.

= H X
: A amn
HO , - HO O B ”I//\:/Y(Oj:/
- i "N o) o ] H
= = - .
O OH OH : ”"OH

Ambruticin J (125) OH Ambruticin F (2)

-

epoxidation O) A A 6-endo cyclisation
HOW,,,,/ X o

Scheme 27. Proposed THP formation in ambruticin biosynthesis.

To develop an understanding of the inherent selectivity for the cyclisation of epoxy ambruticin J 126,
we aimed to perform chemical epoxidation-cyclisation studies on model substrates of ambruticin J.
Substrates 129, 130, and 131 were to be synthesised, then epoxidised in order to test the hypothesis
that the 5-hydroxyl group and 8,9-alkene of ambruticin J play a role in controlling selectivity during
cyclisation (Figure 13). Although ambruticin J is a carboxylic acid, model studies were to be performed

on ethyl esters for ease of handling.

8

Eto\n/\/\f’/\/\&y EtO\[]/\W EtO\n/\(\/\/
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Figure 13. Model substrates of ambruticin J for chemical epoxidation-cyclisation studies.

To determine the function of AmblJ, simplified model substrates of ambruticin J were to be
synthesised, then fed to heterologously expressed protein in vivo and in vitro (Scheme 28). Initially,
3,5-dihydroxy acid 132 and the corresponding 6-endo cyclisation product 138 were to be prepared,
where THP 138 was to serve as a synthetic reference to aid the analysis of assays. If no turnover was
observed in assays of AmbJ with 132, substrates which more closely resemble ambruticin J (133 and
134) were to be synthesised. Although Reeves et al. determined a 3,5-syn relationship for the alcohols
in ambruticin J through Rychnovsky analysis, no spectral data for the acetonide was reported. As such,

we also aimed to conduct assays of AmbJ with 3,5-anti-diols 135, 136, and 137 (Scheme 28).

36



Chapter 2 Project Aims

Ho LR m/\v
O OH O6H T > o S uon
oH

1324137 138-143
R=- _Me _(CHy)sCHj A
; ¥ k % "(CHp)eCHs
' 132/138 133/139 134/140

135 = 5-epi-132 136 = 5-epi-133 137 = 5-pi-134

141 = 5-¢pi-138 142 = 5-¢pi-139 143 = 5-epi-140

Scheme 28. Proposed assays of AmbJ with 3,5-dihydroxy esters 132-137 to form THPs 138-143.

If assays with AmbJ and model substrates of ambruticin J were unsuccessful, the next aim was to
complete the total synthesis of the putative biosynthetic intermediate ambruticin J (125). A modular
approach was to be employed to facilitate the rapid synthesis of ambruticin J analogues for substrate
specificity studies with AmbJ. Additionally, it was hoped that AmbJ could be utilised as a biocatalyst
for THP ring formation and in the chemoenzymatic synthesis of ambruticin J analogues, with the aim

to improve antifungal activity and assess SAR.

37



Results and Discussion

2.3. Results and Discussion

2.3.1. Model Epoxidation-Cyclisation Studies

In order to probe the inherent chemical reactivity of the proposed intramolecular epoxide ring
opening in ambruticin biosynthesis, we aimed to prepare three epoxide substrates 144, 145, and 146
for use in model cyclisation studies (Scheme 29). These studies would provide insights into how the
structural features of ambruticin J (5-hydroxyl and 8,9-alkene) influence the outcome of cyclisation.
We proposed the epoxides could be readily accessed by epoxidation of the corresponding alkenes,
which in turn could be synthesised by aldol condensations with aldehydes 147, 148 and 149 (Scheme
29).

(0] EtO A Aldol
EtO\n/\/\AI/\/: \n/\/\c‘é\/\/\/ — O X
O OH OH O OH OH
144 129 147
o EtO S Aldol
EtO N
\[]/\E/Y<l/ f— \n/\:/\r‘é; p— O X
145 130 148
(0] EtO X Aldol
EtO
T = YT = oo
O OH O OH
146 131 149

Scheme 29. Retrosynthetic analysis of epoxides 144, 145, and 146.

Crimmins’ auxiliaries are the thiazolidinethione variants of the Evans oxazolidinone auxiliaries which
have been widely used in diastereoselective aldol reactions and are readily cleaved under mild
conditions.'®® Acylated auxiliary 153 was synthesised on a multi-gram scale in 60% yield over 3 steps
from L-valine using a literature procedure (Scheme 30).2%° Titanium-catalysed asymmetric aldol
condensations with acylated auxiliary 153 and either aldehyde 148 or 147 afforded the corresponding
auxiliary adducts 155 and 156 in 76% and 84% yields respectively as single diastereoisomers.?®* In both
cases, a major diastereoisomer was formed as expected (dr = 6:1 for 155 and 8:1 for 156) with the
reaction proceeding via transition state 154, where strong coordination between titanium and sulfur
prevents free rotation of the auxiliary.2?? Steric interactions in the Zimmerman-Traxler TS are
minimised through orientation of the aldehyde side chain in an equatorial position to reduce 1,3-
diaxial interactions, and by the aldehyde approaching from the back face of the auxiliary adduct as

drawn.
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Scheme 30. Synthesis of acylated Crimmins’ auxiliary 153 and alkenes 129 and 130.

Unfortunately, commercially available sorbic aldehyde 147 comprised a 7:1 mixture of
trans,trans:cis,trans olefins which were inseparable by column chromatography, resulting in a mixture
of alkene isomers in auxiliary adduct 156. If required, this issue could be circumvented by freshly
preparing aldehyde 147 in quantitative yield by oxidation of geometrically pure trans,trans-2,4-
hexadien-1-ol 159 with activated MnO; in DCM, without the need for column chromatography
(Scheme 31). Due to the volatility of sorbic aldehyde 147, it was desirable to avoid column
chromatography to prevent product loss during solvent evaporation. Although Dess-Martin
Periodinane (DMP) oxidised alcohol 159 cleanly, separation from the by-products without column
chromatography was challenging. Swern oxidation afforded sorbic aldehyde 147 in a 95% yield,

however, 10% of the undesired E,Z isomer was observed.

MnO,, DCM

HOW _— OM\/\
quant.
159 147

Scheme 31. Oxidation of alcohol 159 to trans,trans-hexadienal 147.

Following the asymmetric aldol condensation, the auxiliary adducts 155 and 156 were cleaved in a
decarboxylative Claisen condensation to generate B-hydroxyketones 157 and 158 in 78% and 82%
yield respectively (Scheme 30).19%2%% |n both cases auxiliary 152 was readily recovered in greater than
95% vyield. Finally, diastereoselective Narasaka-Prasad reductions afforded 130 and 129 as exclusively
the 1,3-syn-diols.?®* Rychnovsky analysis of acetonide 165 revealed a characteristic 10.4 ppm
difference in 3C-NMR chemical shift for the acetonide methyl groups, confirming the syn-diol
relationship in 130 (Scheme 32).1142% The diastereoselectivity observed in this reduction is due to
intermolecular hydride delivery following the Fiirst-Plattner rule.?’® This rule states that a nucleophile
will approach a cyclohexene derivative from the face that will result in a chair-like TS (161) as opposed
to a twist boat TS (163). In the reduction of ketone 157, Et,BOMe chelates to the substrate, generating

a 6-membered ring, which is reduced by the intermolecular hydride from NaBH4 (Scheme 32).2%%
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Scheme 32. (a) Diastereoselectivity of the Narasaka-Prasad reduction and (b) Rychnovsky analysis of acetonide
165, where observed (blue) and average (red) 3C-NMR chemical shifts for acetonides are depicted.1#204205

Initial attempts to form the syn-diol 130 through reduction of ketone 157 were low yielding due to the
formation of the stable boronate 161 (Scheme 32). Attempts to cleave the boronate with both acetic
acid and aqueous 2 M HCl were unsuccessful. Nevertheless, successive azeotroping with methanol

afforded the desired diol 130 without the need for further purification.

Finally, racemic alkene 131 was readily synthesised from (E)-hex-4-en-1-ol (166) in a two-step
sequence of Swern oxidation and subsequent aldol condensation with EtOAc (Scheme 33). Although
the aldol reaction proceeded with a moderate yield of 56%, no optimisation was performed as the
desired alkene 131 was obtained in sufficient quantity for the proposed epoxidation-cyclisation

studies.

Oxalyl chloride

DMSO, TEA LDA, EtOAc
DCM, -78 °C THF, -78 °C EtO.
HO\/W —_—_— OW _ W
93% 56% O OH
166 149 131

Scheme 33. Synthesis of alkene 131.

With alkenes 129, 130 and 131 in hand, the planned epoxidation-cyclisation studies were conducted
(Scheme 34). Alcohol-directed epoxidation of allylic alcohol 129 was performed under standard
conditions developed by Sharpless, followed by an aqueous tartaric acid quench to afford THP 167 in
52% vyield with no evidence of the corresponding THF 168 in the 'H-NMR spectrum of the crude
product.?07:2%8 Attempts to isolate the assumed epoxide intermediate 144 by quenching the reaction
with either water or aqueous saturated Na,S;0; were unsuccessful. Moreover, no change in retention
factor (Rf) for the newly formed product was observed by thin layer chromatography (TLC) analysis of
the reaction mixture prior to and after quenching, indicating the cyclisation of the 4,5-epoxy alcohol
144 was spontaneous under the reaction conditions. It is known that such epoxy alcohols readily

cyclise under these conditions.?*®
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Scheme 34. Epoxidation-cyclisation studies on alkenes 129, 130 and 131.

Due to the similar connectivity of THF 168 and THP 167, in-depth NMR analysis was required to
confirm the structure of the product. The *H-NMR spectrum of 167 revealed peaks characteristic of a
6-membered ring (Figure 14). In particular, 2-H exhibits one large 3J.x.ax coupling (9.8 Hz) and one
smaller 3Jax.eq coupling (3.1 Hz). Furthermore, the signals assigned to the diastereotopic protons 4-H
and 5-H exhibit expected coupling constants alongside a characteristic difference in chemical shift
(0.38 ppm) for equatorial and axial protons in a 6-membered ring. This information, alongside the
observed nuclear Overhauser effect (nOe) between 2-H and 5-H as well as 1-H and 6-H indicated the
THP had formed preferentially over the THF. To conclusively assign the structure of the product,
acetylation of the free alcohols and subsequent NMR analysis was conducted (Figure 15). Upon
acetylation of the diol in THP 167, the signals assigned to 2-H and 3-H would shift downfield in the H-
NMR spectrum. On the other hand, acetylation of the alcohols in THF 168 would result in a downfield
shift of the signals assigned to 1-H and 3-H. Indeed, upon acetylation with acetic anhydride in pyridine
the signals for 2-H and 3-H shifted downfield, by 1.33 and 1.28 ppm respectively, whilst the signal
assigned to 1-H exhibited a small downfield shift of 0.16 ppm.

H'(3.98 ppm): dd, (J 9.8, 7.8)
H2(3.32 ppm): dd, (J 9.8, 3.1)

H4(1.99 ppm): ddd, (J 14.2, 3.6, 2.1)

H1
N H5(1.61 ppm): ddd, (J 14.2, 11.7, 2.8)
167 168
nOe H'-H® and HZ-H® nOe less predictable

expected and observed

Figure 14. Selected *H-NMR chemical shifts, coupling constants, and nOe enhancements of 167.
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Figure 15. Acetylation of 167 or 168. 'H-NMR spectra of starting material (red) and product (blue).

This observed selectivity for 6-endo ring closure of 4,5-epoxy alcohol 144 is likely to be due to
stabilisation of the 6-endo transition state by the adjacent alkene and destabilisation of the 5-exo
transition state by the 5-hydroxyl group. To test this hypothesis, alkene 130, which lacked the adjacent
alkene, was epoxidised under SAE conditions and after an aqueous tartaric acid work-up afforded a
mixture of THP and THF products 169 and 170 in 44% and 19% isolated yields respectively, with no
further products detected (Scheme 34). Finally, mCPBA epoxidation of alkene 31 (lacking the 5-
hydroxyl group and adjacent alkene) gave a mixture of epoxides which upon addition of CSA gave
solely THF products 172 and 173 (Scheme 34). The structures of products 169, 170, 172 and 173 were

confirmed by NMR spectroscopy and derivatisation as the diacetates.

These results are in accord with the hypothesis that both the 5-hydroxyl group and 8,9-alkene of
ambruticin J play a role in controlling regioselectivity in the IERO of epoxy-ambruticin J to form
ambruticin F. Nevertheless, these simple model studies do not provide information on whether Amb)
or an unidentified EH is required to accelerate cyclisation or stabilise epoxy-ambruticin J to hydrolysis.
Furthermore, since the selectivity of IERO is influenced by reaction conditions such as pH, the outcome
of cyclisation may differ in vivo.'?® As such, assays with AmbJ and ambruticin J (or simplified model
substrates of ambruticin J) are required to definitively confirm the function of AmbJ in ambruticin
biosynthesis. To perform these bioassays, we required access to both the substrates and protein. The
expression and isolation of AmbJ through heterologous expression in E. coli was conducted by Dr.

Luoyi Wang and will not be discussed in this thesis.
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2.3.2. Synthesis of Model Substrates for Ambruticin J

Next, we proceeded with the synthesis of 3,5-dihydroxy acid 132 as a model substrate of ambruticinJ
for use in bioassays with AmbJ (Scheme 28, page 37). Although Reeves et al. proposed that the
structure of ambruticin J contained a 1,3-syn-diol, no spectroscopic data are available in the
literature.’% As such, we also targeted the synthesis of the corresponding 1,3-anti-diol 135 in the

event that ambruticin J was incorrectly assigned.

While esters were employed in epoxidation-cyclisation studies for ease of handling, the corresponding
carboxylic acids were required for bioassays. Access to 3,5-dihydroxyacid 132 via KOH catalysed
hydrolysis of ethyl ester 129 (previously synthesised as outlined in Scheme 30, page 39) proved
problematic due to formation of polyene 177 and lactone 178 (Scheme 35). The formation of polyene
177 could be avoided by lowering the equivalents (eq.) of KOH from 10 to 0.5 eq. It became evident
that lactonisation occurred during the acidic work-up with 2 M HCl and column chromatography on
silica gel. As a result, a work-up procedure was developed which afforded the desired carboxylic acid
132, albeit in only 28% yield, without the need for column chromatography (see experimental).
However, if required, the potassium salt 176 could be isolated in 95% yield through use of 1 eq. of
KOH followed by concentration of the reaction mixture. Since lactonisation was observed over time in

CDCls, the NMR of 132 was run in acetone-De.

KOH, MeOH
THF, H,0
EtO. N 0°Ctort RO. N
z z —_—_— = z
O OH OH O OH OH
R = H: 132 (28%)
129 R = K: 176 (95%)
HO. XN
FHOL AR AR H
Y\/\/\/\/ &
o]
0
177 178

.........................................................

Scheme 35. Hydrolysis of ester 129 and observed side products 177 and 178.

To synthesise 3,5-anti-diol 135, the minor diastereoisomer obtained from the previous asymmetric
aldol condensation (Scheme 30, page 39) was cleaved with ethyl potassium malonate and
subsequently reduced under Evans-Saksena conditions (Scheme 36).21° In contrast to the Narasaka-
Prasad reduction, this reduction achieves diastereoselectivity through intramolecular hydride delivery
(Scheme 36). Finally, hydrolysis of the ethyl ester afforded carboxylic acid 135 in a 51% yield. With the
two desired substrates 132 and 135 in hand, we next performed bioassays with AmbJ, in collaboration

with Dr. Luoyi Wang.
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Scheme 36. Synthesis of anti-diol 135 (top) and mechanlsm of the Evans-Saksena reduction (bottom).?%?

Flavin-dependent monooxygenases, such as AmbJ, oxidise substrates through a catalytic cycle that
requires molecular oxygen and two cofactors: flavin adenine dinucleotide (FAD) and either reduced
nicotinamide adenine dinucleotide phosphate (NADPH) or reduced nicotinamide adenine dinucleotide
(NADH).2* The catalytic cycle for a flavin-dependent epoxidase begins with reduction of oxidised flavin
(FAD) by an external reducing agent, such as NADH, to generate FADH; (Scheme 37). Oxidation with
molecular oxygen forms peroxyflavin which subsequently epoxidises the substrate. Loss of water
regenerates FAD and closes the catalytic cycle. For assays of AmbJ with substrates 132 and 135, we
initially attempted whole cell biotransformations with heterologously expressed AmbJ in E. coli in the

hope that the cells would supply the required cofactors for catalytic activity.

pSe e Tves

_O O
reduced flavin (FADH,) peroxyflavin

o wkv
psee s oo

oxidised flavin (FAD) hydroxyflavin

Scheme 37. Simplified mechanism of FAD-catalysed epoxidation of alkenes.?!

Carboxylic acids 132 and 135 were separately incubated with E. coli cells overexpressing Amb)J in pH

7.2 phosphate buffer at 30 °C overnight. As negative controls, substrates were also incubated with
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blank E. coli cells. No new products were observed by HPLC-MS analysis of the assays. Next, assays
were conducted with purified AmbJ by Dr. Luoyi Wang. Disappointingly, no turnover was also
observed upon incubation of either 132 or 135 at 30 °C with purified AmbJ, FAD, and NADH or NADPH
in a pH 7.5 phosphate buffer. There are many factors that may have prevented substrate turnover,
such as the truncated substrate and cofactor concentrations. However, to avoid an extensive
optimisation of the assay conditions on a largely simplified model substrate of ambruticin J, we turned
attention to the synthesis of carboxylic acids 133 and 136 as the extended aliphatic chains would more

closely mimic the amphiphilic nature of ambruticin J and may facilitate substrate recognition by the

enzyme (Scheme 28, page 37).

N A
: : NN > (0] 5 .
“OH

O OH OH Y
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135 = 5-epi-132 141 = 5.¢pi-138

Scheme 38. Bioassays of diols 132 and 135 with AmbJ.

Starting from the commercially available aldehyde 183, both carboxylic acids were synthesised in 4
steps using the previously developed route (Scheme 39). Both the major (184) and minor (185)
diastereoisomers from the asymmetric aldol condensation were taken forward to generate the syn-

and anti-diols 133 and 136 respectively through decarboxylative Claisen condensation, reduction, and

ester hydrolysis.
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Scheme 39. Synthesis of carboxylic acids 133 and 136 from aldehyde 183.

To aid analysis of the enzyme assays by HPLC, THP 139 was synthesised as a reference of the proposed

product. Epoxidation of 188 via a SAE-cyclisation cascade and subsequent hydrolysis gave 139 in 15%
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yield (Figure 16). The structure and stereochemistry of 139 was confirmed by X-ray crystallography.
Unfortunately, no turnover was observed for either substrate 133 or 136 in whole cell or isolated Amb)
enzyme assays. As a result, we embarked on the synthesis of carboxylic acid 134, a more complex
model substrate containing the central trisubstituted cyclopropane of ambruticin J (Scheme 28, page

37).

i) ‘BUOOH, Ti(O'Pr),

(-)-DIPT, DCM
-20t0 -5 °C
ii) KOH, MeOH HO. (o) N (CH2)5CH3
N 2 THF, H,0 T(\ON
O > 0 “
O OH OH 15% Y~ “OH
OH
188 139

Figure 16. Synthesis and corresponding X-ray crystal structure of THP 139.

2.3.3. Synthesis of Cyclopropane-Containing Model Substrate 134 for Ambruticin J

We envisaged that carboxylic acid 134 would be prepared via a Suzuki-Miyaura cross-coupling of vinyl
iodide 189 and vinyl boronic ester 190 (Scheme 40). Building on our previous work, vinyl iodide 189
was to be generated through an asymmetric aldol condensation between acylated auxiliary 153 and
aldehyde 191, while the trisubstituted cyclopropane 190 was to be constructed from homoallylic
alcohol 192 using a cation rearrangement developed by Taylor et al.?*? It was hoped that this modular

approach could be adapted to the total synthesis of ambruticin J.

Suzuki-Miyaura =
HO\[‘I/\/\/\Z&"WA"U/\/\/\
O OM OH

134

\\ s OH

2 B
S/),]\l\n/ / TMS/\/\'/\(CHZ)GCW
S o) ©

153 191 192

Scheme 40. Retrosynthetic analysis of carboxylic acid 134.
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We began with the synthesis of homoallylic alcohol 192, the proposed substrate for the key
cyclopropane ring forming step (Scheme 41). We adapted a route developed by Hall et al. whereby
homoallylic alcohols such as 192 were constructed via an asymmetric allylation of aldehydes with
chiral allyl boronic ester 195.223 The required allyl boronic ester 195 was prepared as a single
diastereoisomer by a Matteson homologation of vinyl boronate 194 with in situ addition of
TMSCH,MgCl. The stereochemical outcome of the reaction is influenced by the use of chiral boronic
ester 194, which was readily derived from (-)-pinanediol and trans-propenylboronic acid 193 in a 98%
yield.?* Although boronic acid 193 was commercially available, we encountered supply issues.
Nevertheless, it could be accessed through hydrolysis of the corresponding potassium trifluoroborate
salt 197 or the MIDA boronate 198 (Scheme 41). If required, boronic acid 193 could also be synthesised

through hydroboration of propyne.?%®

THF i) DCM, THF ‘\@

NZN (-)-pinanediol \/\E;’Oo, n-BuLi, -100 °C "\

BOH), ————> O = N ANBo
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. Tf0 BF4+Et,0
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Scheme 41. Optimised synthesis of cyclopropane 196 (top) and vinyl boronic acid 193 (bottom).

Initially a modest 61% yield of the desired allyl boronic ester 195 was obtained from the Matteson
homologation, alongside 10% of the undesired side product 202 (Scheme 42). The formation of 202
was rationalised by the overreaction of 195 with the Grignard reagent. This may have occurred due to
an excess of the Grignard reagent, or through collapse of the intermediate boronate 201 prior to
complete consumption of the Grignard reagent. Therefore, we proposed that the formation of side
product 202 could be reduced by slow and accurate addition of no greater than 1 equivalent of
TMSCH;MgCl, alongside precise temperature control. Pleasingly, careful control of these reaction
parameters entirely eliminated the formation of 202 and increased the yield of the desired allyl

boronic ester to 84%.
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Scheme 42. Proposed mechanism for the formation of boronic ester 195 and side product 202.2%*

The Lewis acid-catalysed asymmetric allylation of 195 with octanal proceeded smoothly, affording
homoallylic alcohol 192 as a single diastereoisomer in 93% vyield. The stereochemical outcome of this
reaction can be rationalised by the 6-membered transition state 204, where steric interactions are
minimised (Scheme 43).2'2 The octanal side chain occupies an equatorial position, whilst the facial
approach of the aldehyde is dictated by the chirality of the boronate. Furthermore, the preestablished
stereochemistry of the starting material dictates the orientation of the silyl group in an equatorial

position, resulting in the observed E-olefin 192.

BF4+*Et,0
(')\“ octanal CI’R H ¥ o93% OH
\ THF, -78 °C B dr > 99:1 H
B ' RO R
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Scheme 43. Transition state responsible for observed stereoselectivity in the allylation of boronate 195.23

With homoallylic alcohol 192 in hand, we attempted the proposed cyclopropanation using triflic
anhydride and 2,6-lutidine, conditions previously developed by Taylor et al. (Scheme 44).2!2 |nitially
we achieved a modest 56% yield of 196, which was accompanied by silyl protected alcohol 205 isolated
in 24% yield. The silyl protected alcohol could be readily deprotected with acid to return starting
material in a quantitative yield. Nevertheless, it was desirable to prevent formation of silyl ether 205.
We proposed that TMSOTf, formed as a by-product in the reaction, reacts with alcohol 192 to generate
the undesired silyl ether 205 (Scheme 44). In particular, if activation of alcohol 192 with triflic
anhydride is slow relative to subsequent cyclisation, then silyl protection may compete with the
desired reaction pathway. Furthermore, the rate of triflic anhydride addition may influence the
reaction, where slow addition would exacerbate the issue due to gradual consumption of the starting
material. As such, the cyclopropanation was repeated with rapid injection of triflic anhydride, resulting
in animproved 88% yield of 196. However, fast addition of triflic anhydride was impractical on a larger
scale of 5 mmol and significant quantities of silyl ether 205 were still apparent. Moreover, exotherms

were observed upon addition causing a decrease in diastereoselectivity on scale. Although alternative
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activating agents such as SOCI; could be explored, no further optimisation was performed at this
stage.?!? Further improvements to the protocol are discussed in chapter 3. The observed
stereochemical outcome of the reaction is rationalised by TS 207. Steric interactions are minimised

and the reaction proceeds with stereochemical inversion of triflate 206 (Scheme 44).
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Scheme 44. Unoptimised synthesis (top) and proposed mechanism (bottom) for the formation of cyclopropane
196 and side product 205.

Two routes were developed to transform terminal olefin 196 into E-vinyl boronic ester 190 (Scheme
45). The first approach began with dihydroxylation of alkene 196 and subsequent cleavage with NalO4
to afford aldehyde 208 in 90% yield over the two steps (Scheme 45). Alkyne 210 was then obtained in
80% yield using a Seyferth-Gilbert homologation of aldehyde 208 with the Ohira-Bestmann reagent
209, which was readily synthesised in 74% yield over two steps from 4-toluenesulfonyl chloride.?®
Unfortunately, an attempt to perform the one pot homologation with in situ formation of the Ohira-
Bestmann reagent was unsuccessful due to competitive olefination forming enone 212 (Scheme 45).
Finally, hydroboration of the terminal alkyne with pinacolborane catalysed by the Schwartz reagent
afforded vinyl boronic ester 190 in 92% vyield solely as the E-olefin.?!” Overall, this route gave

trisubstituted cyclopropane 190 in a 66% yield over four steps.

In an alternative route, cross-metathesis facilitated the conversion of alkene 196 to boronic ester 190
in 63% yield in only one step (Scheme 45).2® An initial attempt to form vinyl boronic ester 190 using
Grubbs 1% generation catalyst in DCM at 40 °C gave a disappointing yield of 24%. This was attributed
to a combination of poor conversion to the desired product and difficulty in separating the product
from vinylboronic acid pinacol ester starting material. We found that performing the reaction with the
thermally more stable Grubbs-Hoveyda 2™ generation (GH-G2) catalyst in toluene at 80 °C gave an

improved yield of 63%.
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Scheme 45. Approach to the synthesis of vinyl boronic ester 190 (top) and formation of enone 212 (bottom).

Although we envisaged constructing vinyl iodide 189 via an asymmetric aldol condensation between

acylated auxiliary 153 and aldehyde 191, we initially attempted to synthesise 213 by cross-metathesis

of vinyl boronic ester 211 with the previously prepared dihydroxy ester 130 (Scheme 46). We proposed

vinyl boronic ester 213 could then be converted to vinyl iodide 189 using a variety of literature

methods.?*® Unfortunately, reaction of the unprotected diol 130 resulted in the formation of boronic

ester 214 with no evidence of product 213 formation. Moreover, no reaction was observed when the

corresponding dimethyl acetonide of 165 was subjected to the same conditions. Efforts to achieve

reactivity by employing boronic ester 215 were to no avail.

Grubbs-Hoveyda G2
DCM, 40 °C Eto\n/\/\/\/Bpi” EtOW
z z o} '\ /'
pinB\/ O OH OH o B
211 /
(3eq.) 213 (n.d) 214 (20%)

Grubbs-Hoveyda G2

DCM, 40 °C EtO\n/\/\/\/Bpin
o 0o 6.0
inB
pin \/\R 7<
(3ea) 216
211:R=H
215:R = Me

Scheme 46. Attempted cross-metathesis of alkenes 130 and 165.
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Nevertheless, vinyl iodide 189 was successfully prepared by employing an asymmetric aldol
condensation analogous to the route used in the syntheses of model substrates of ambruticin J
(Scheme 47). The Lewis acid-catalysed asymmetric aldol condensation of acylated Crimmins’ auxiliary
153 with aldehyde 191 afforded the desired adduct 217 in 53% isolated yield with 28% of the
undesired diastereoisomer 218. This poor diastereomeric ratio (dr) of 1.9:1 is attributed to the low
steric demand of alkyne 191, which results in a small energy difference between the transition states
leading to the two diastereoisomers.??° To confirm the stereochemistry of the two diastereoisomers,
both products were reduced with sodium borohydride to afford known diols 219 and 220, and their

optical rotations were compared with the literature (Scheme 47).2%

\5/ 0 TiCly, DIPEA \\ ™S \\ ™S
S | DCM, -78 °C N = N =
M —n T . N =Z N Z
N &7 r r
S © tms Z :
\ S O OH S O OH
153 191 217 218
53% 28%
NaBH, NaBH,
H,0, THF Z ™S H,0, THF = TS
217 —— > HO . 218 @ ———>
0, = )
5 94% & 5 77% OH
[a]p** = +39.0 (c 1, CHCI;3) [a]p?* = -47.0 (c 1, CHCI3)
219 1it.22! [a]p2® = -30.8 (c 1, CHCI); 220

Scheme 47. Aldol condensation of 153 and 191 (top) and synthesis of known diols 219 and 220 (bottom).

The auxiliary in 217 was cleaved by a decarboxylative Claisen condensation to give ketone 221, which
was reduced to afford 1,3-syn-diol 222 in 79% vyield over the two steps (Scheme 48). The syn-diol was
protected as the acetonide in quantitative yield with no need for purification by column
chromatography. Rychnovsky analysis of acetonide 223 confirmed the formation of the desired syn-
diol due to a characteristic 10.7 ppm difference in chemical shift for the acetonide methyl groups in
the 3C-NMR spectrum (Scheme 48).1142% Unfortunately, silyl deprotection with TBAF afforded the
desired product 224 in a 30% yield, which was separated from alkynes 225 and 226 by column
chromatography. We proposed the mild basicity of TBAF-facilitated an E1cB elimination and
subsequent further alcohol elimination. The synthesis of vinyl iodide 189 proved challenging, with
methods catalysed by Cp,ZrHCl resulting in acetonide deprotection, presumably due to the undesired
acidity of the reaction mixture. Nevertheless, radical hydrostannylation and in situ trapping of the

intermediate vinyl stannane with iodine afforded vinyl iodide 189 as a 7:1 mixture of E/Z isomers.??
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Scheme 48. (a) Synthesis of vinyl iodide 189 (b) Rychnovsky analysis of acetonide 223, where observed (blue)
and average (red) 3C-NMR chemical shifts for acetonides are depicted and (c) elimination side products 225
and 226.1142%

The proposed Suzuki-Miyaura cross-coupling to unite vinyl iodide 189 and vinyl boronic ester 190 was
unsuccessful (Scheme 49). Variation of base and palladium catalyst had no effect on the reaction in all
cases. Furthermore, vinyl iodide 189 was not detected in the *H-NMR of the crude product and
evidence of ester hydrolysis, acetonide deprotection, and alcohol elimination were observed. These
results highlighted the propensity for vinyl iodide 189 to undergo E1cB elimination, as previously
observed with alkyne 223 (Scheme 48). As such, we opted to circumvent this issue by reduction of the

problematic ester functional group to an alcohol then protection as the silyl ether (Scheme 50).

) PdCl,.(dppf), KsPO,
E‘O\n/\_/\_/\/' THF, H,0, 70 °C Eo
0 0.0 /\/A > NN UCH)oCH,
7( pinB” X “(CH5)sCHs 0 0.0

189 190 227

Scheme 49. Unsuccessful Suzuki-Miyaura cross-coupling between 189 and 190.

Vinyl iodide 230 was readily prepared from both the previously synthesised terminal alkyne 224 and
TMS alkyne 223. Although both routes were robust, by starting from silyl protected alkyne 223, the
problematic E1cB elimination associated with TBAF-mediated TMS-alkyne deprotection could be
avoided (Scheme 48). Surprisingly, hydrozirconation of terminal alkyne 229 and in situ trapping with
N-iodosuccinimide (NIS) afforded vinyl iodide 230 in only 20% yield. This was improved to 45% yield
by trapping with molecular iodine, although further optimisation of this step may further increase the

yield.
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Scheme 50. Synthesis of vinyl iodide 230.

To begin, performing the Suzuki-Miyaura cross-coupling with 230 and 190 under conditions of KsPO4
and PdCl,(dppf) in THF and water at 80 °C gave none of the desired diene 232 (Scheme 51). It is likely
that prolonged periods at elevated temperatures (18 hours at 80 °C) resulted in hydrolysis of the
product, in accordance with reports by Reeves et al. where ambruticin J underwent rapid solvolysis.!%
Pleasingly, the cross-coupled product 232 was obtained in 78% vyield by performing the reaction with
thallium carbonate and Pd(Phs)s at 50 °C for 2 hours. Thallium salts have been shown to promote
challenging Suzuki-Miyaura cross-coupling under mild conditions with short reaction times.??322* We
propose that by performing the reaction at a lower temperature for less time facilitated successful

cross-coupling whilst simultaneously preventing degradation of the starting materials and product.

Pd(PPhg)s, TI,CO3

TBSO AN H t A
2 2 A THF, H20, 50 °C TBSO\/\/\/\/\A"U
& 5 /\/A YN (CH,)6CH3
7< pinB” ™ “(CH2)6CH3 8% Oxo

230 190 232

Scheme 51. Thallium-accelerated Suzuki-Miyaura cross-coupling of vinyl iodide 230 and vinyl boronic ester
190.
With the carbon framework constructed, we envisaged the desired substrate 134 for enzyme assays
could be accessed from acetonide 232 by global deprotection, selective oxidation of the primary
alcohol to form lactone 234, and finally hydrolysis (Scheme 52). However, attempts at global
deprotection of 232 with either HCl in DCM or pTsOH in toluene were unsuccessful, returning either
unreacted starting material or a mixture of eliminated products. This prompted us to develop an

alternative route whereby triol 233 could be liberated by global TBAF-mediated silyl deprotection.
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Scheme 52. Proposed synthetic route from protected triol 232 to carboxylic acid 234.

Hence, syn-diol 222 was prepared through the asymmetric aldol previously outlined (page 51). Silyl

protection of 222 with TBSCI provided a mixture of mono-protected products after 72 hours. However,

using TBSOTf provided the desired product in 96% vyield (Scheme 53). Protected triol 238 was

synthesised from ester 235 in 85% yield over 3 steps without the need for column chromatography as

shown in scheme 53. Employing the conditions previously optimised for the synthesis of vinyl iodide

230, the desired E-vinyl iodide 239 was prepared in 81% vyield.
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Scheme 53. Synthesis of vinyl iodide 239.

Cross-coupling between vinyl iodide 239 and vinyl boronic ester 190 under thallium-mediated

conditions proceeded smoothly, however, purification of the protected triol from non-polar impurities

was problematic (Scheme 54). As such, global deprotection of the crude product with TBAF gave pure

diene 233 in 60% yield over two steps. Selective oxidation of the primary alcohol was achieved utilising
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a procedure developed by Forsyth et al. whereby 1,5-diols are converted to the corresponding 6-
lactones through the use of a TEMPO/bis-acetoxyiodobenzene (BAIB) oxidation system.??> To avoid
the issues that were previously encountered with potassium hydroxide mediated hydrolysis such as
undesired lactonisation, alcohol elimination, and cyclopropane ring opening, alternative conditions
were investigated. It has been reported that hydrolysis of substrates sensitive to elimination can
proceed in excellent yields through the use of TMSOK in THF.2%%2?" |ndeed, we found that the

hydrolysis of lactone 234 to carboxylic acid 134 proceeded in 84% yield under these conditions.

To aid the analysis of enzyme assays, a sample of the expected product 140 from
epoxidation/cyclisation of 134 by AmbJ was prepared in 14% vyield through a cross-metathesis
between alkenes 167 and 196 followed by hydrolysis of the ethyl ester (Scheme 54). Next, in vivo and
in vitro assays were undertaken by Luoyi Wang using 134, but no new products were detected by LC-
MS. Whilst modification of the assay conditions may have proved necessary to achieve the desired
reaction, it was deemed appropriate to prepare ambruticin J, the putative substrate for AmbJ, prior

to performing any optimisation of the enzyme assays.
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TBSO\/\/\/\/I /\/A 1) TBAF, THF HO\/\/\/\/\/A
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Scheme 54. Synthesis of carboxylic acid 134 (top) and THP 140 (bottom).

2.3.4. Total Synthesis of Ambruticin J

Our approach to the synthesis of ambruticin J built upon the routes developed for constructing
truncated compounds for assays with AmbJ. Ambruticin J was to be accessed from protected triol 240
through a sequence analogous to that used for the formation of 134, whereby the late-stage
introduction of the carboxylic acid would be essential to prevent reported conjugate addition and

cyclopropane ring opening (Scheme 55).1% The carbon framework of ambruticin J was to be
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constructed in a modular fashion, where four fragments were to be combined by two olefinations and
a Suzuki-Miyaura cross-coupling. We hoped that the modular route would facilitate the preparation
of analogues of ambruticin J for substrate specificity studies with AmblJ. As we reached our final stages
of our total synthesis of ambruticin J, Taylor et al. reported a synthesis which employed a similar
strategy to that which we developed.??® Nevertheless, the route described within this chapter was

conducted prior to the disclosures made by Taylor and co-workers.??®

WN/V\/\/\AN\((I/
OH OH
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U Julia-Kocienski

_ olefination
H X
TBSOV\:/\;/\/\/A"W/ 7" Yo
T8SO OTBS :
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TBSO OTBS 0 ph do :
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TBSO A~ /\A o~ A
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239 242 243 31
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Scheme 55. Retrosynthetic analysis of ambruticin J.

Significant progress had already been made towards our proposed strategy, with a robust route
developed to vinyl iodide 239, proof of concept for the end-game transformations, and a method for
constructing the vinyl cyclopropane in fragment B. Nevertheless, the poor diastereoselectivity of the
initial asymmetric aldol condensation in the construction of vinyl iodide 239 (Scheme 47, page 51)
prompted us to develop an alternative, more efficient synthesis of fragment A. An asymmetric aldol
condensation between aldehyde 245 and acylated auxiliary 153 was proposed to access vinyl silane

244, with many methods known to convert vinyl silanes into vinyl iodides (Scheme 56).%°

Jpr
TBSO\/\/\/\/l TBSO\/\/\/\/TMS )
o - — s/\,‘\‘ I(\/TMS
TBSO  OTBS TBSO  OTBS ryoé
S O
239 244 153 245

Scheme 56. Retrosynthetic analysis of vinyl iodide 239.

Asymmetric aldol condensation of acylated auxiliary 153 with aldehyde 245 gave 248 in 75% vyield.

Although aldehyde 245 is commercially available, it was readily synthesised from propargylic alcohol

56



Results and Discussion

246 in 82% vyield over two steps. The previously established sequence of auxiliary cleavage and
subsequent asymmetric reduction of 249 proceeded smoothly to afford diol 250 in 94% yield over the
two steps. Finally, reduction of ester 251 and protection with TBSOTf provided the desired vinyl silane
244, Disappointingly, a yield of only 4% was achieved for the reduction of ester 250 with DIBAL-H due
to the competing formation of lactol 252 as a mixture of diastereoisomers in a 25% yield, presumably
from Lewis acid-catalysed cyclisation of the intermediate aldehyde. Whilst alternative reducing agents
may have supressed this competing pathway, we opted to initially protect diol 250 prior to reduction
(Scheme 57). All three steps in this new route were facile to perform and only one purification by

column chromatography was required, resulting in a 73% yield of vinyl silane 244 from ester 250.
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Scheme 57. Synthesis of vinyl silane 244 (top) and optimised conversion ester 250 to vinyl silane 244 (bottom).

With vinyl silane 244 in hand, we moved on to the synthesis of vinyl iodide 239. Several reagents have
been shown to facilitate iododesilylation of vinyl silanes with varying levels of success for controlling
double bond geometry.?®® Furthermore, many reagents result in decomposition of more complex
substrates.?° However, it has been demonstrated that NIS is a mild reagent which can perform the
desired transformation with good selectivity in high yields. Hence, conversion of vinyl silane 244 to
vinyl iodide 239 with NIS was investigated using various conditions (Table 4). Initially, employing 2 eq.
of NIS in either DCM or MeCN resulted in no reaction, even on warming to room temperature (entries

1 and 2).
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lodinating reagent (2 eq.)
Solvent (0.1 M)

TBSO AN TMS Temperature TBSO NN
TBSé (i)TBS TBSé 5TBS
244 239

Entry Reagent Solvent Temp (°C) Variation Time (hrs)  Yield (%)¢ E/zd
1 NIS DCM 0-rt - 24 0 -
2 NIS MeCN 0-rt - 24 0 -
3 NIS HFIP® 0 - 0.25 55 2:1
4 NIS HFIPb 0 Reverse addition 0.25 - 2:1
5 NIS HFIPb 0 Anhydrous 0.25 - 1:1
6 NIS HFIPP 0 2,6-Lutidine 0.25 - 1.2:1
7 NIS 10:1 MeCN:HFIP 0-rt - 18 41 2.5:1
8 NIS 5:1 DCM:HFIP O-rt - 24 - 1.5:1
9 NIS 5:1 MeCN:HFIP -20—rt - 1 40 2.4:1
10 ICI2 MeCN rt - 0.5 - -

Table 4. Optimisation of vinyl iodide formation where standard procedure is to add iodinating reagent to
starting material. 21.2 eq. used. PReaction concentration of 0.3 M. “Isolated yields. YDetermined from *H-NMR
of the crude product.

Studies by Zakarian et al. illustrated the role of hexafluoroisopropanol (HFIP) in accelerating the rate
of reaction through activation of NIS, and providing improved stereoselectivity (Scheme 58).23° The
reaction can proceed with either stereoinversion or stereoretention of the double bond geometry,
depending on which mechanistic pathway is followed. Stereoretention (red, Scheme 58) occurs by
selective ring opening of iodonium ion 253 to generate the B-silyl stabilised carbocation 254, which
undergoes E1 elimination of the silyl group via the lowest energy conformer, affording the E-vinyl
iodide 239. Of the two conformers which provide the syn-periplanar alignment of the carbon 2p and
ocsi orbitals which is required for E1 elimination, conformer 255 is often lower in energy due to
reduced steric interactions. An alternative model which considers the principle of least rotation also

leads to 239, via formation of intermediate 255.

R._XZOTMS H I R I
H0 A Ll e
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[

(s i
| ™S
RUALTMS  Nis R L T™s
N — i R'@»H
TBSO TBSO \ Ny Raa?
244 253 T 256

Nu H TMS
\—> R\/‘sr\/TMS Rg:H e R\_/\l
8o I H 1" oH TBSO |
L Nu -
258 259 257
Scheme 58. Proposed mechanism for iododesilylation of vinyl silane 244. Only one iodonium diastereocisomer

(253) depicted for clarity. Nu = nucleophile.
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Alternatively, stereoinversion (blue) can occur by E1 elimination in 254 occurring via conformer 256,
or due to nucleophilic ring opening of iodonium 253 and subsequent E2 elimination via an anti-
periplanar conformation. With nucleophilic solvents such as acetonitrile, stereoinversion often
competes with stereoretention resulting in lower stereoselectivity. It is proposed that the poor
nucleophilicity of HFIP, as a result of the electron withdrawing effect of the CF; groups, decreases the
propensity of the reaction to follow the undesired pathway. However, we found that treatment of
vinyl silane 244 with NIS in HFIP at O °C afforded a 55% yield of vinyl iodide 239 as an inseparable 2:1
mixture of £ and Z isomers (Table 4, entry 3). The formation of ketone 262 was observed in the
reaction, accounting for the modest yield when compared to near quantitative literature yields for
similar substrates (Scheme 59).23! We propose ketone 262 is formed through deprotonation of
iodonium 260 to generate silyl enol ether 261, which in the presence of acid undergoes
protodesilylation. Alternatively, 262 could be formed via a semi-pinacol rearrangement of 260.

H*
(‘+ er

I j/\( TBSO |
R ™S
— >  Bu, f,yo ™S ———>

o oS N T8BSO O TMS
B: 260 Nu 261 262

Scheme 59. Proposed mechanism for the formation of ketone 262.

Alternative solvent systems, a reverse order of addition, use of anhydrous conditions, and the addition
of 2,6-lutidine were all unsuccessful at improving stereoselectivity and preventing the formation of
ketone 262 (entries 4 to 8). Zakarian proposed that buffering the reaction with 2,6-lutidine prevents
the deprotection of acid-sensitive functional groups and therefore we hoped this may stop the
formation of ketone 262.2%° Although not attempted, Vilarrasa and co-workers reported the
conversion of vinyl silanes which contained acid-sensitive functionalities to vinyl iodides through the

addition of silver carbonate.?*?

Various reasons may account for the poor stereoselectivity observed in the reaction: (i) slow ring
opening of iodonium ion 253 resulting in competing nucleophilic ring opening even with HFIP as the
solvent; (ii) E1 elimination of 254 proceeding via conformer 256 (Scheme 58); or (iii) the succinimide
anion acting as the nucleophile to open iodonium ion 253. In an attempt to improve the potential
selectivity issue for E1 elimination between conformers 255 and 256, the reaction was cooled to -20 °C
(Table 4, entry 9). We proposed that a lower temperature would limit access to the higher energy
conformer and therefore improve stereoselectivity. A 5:1 MeCN:HFIP solvent system was used to
prevent HFIP from freezing. Unfortunately, even at this dilution the reaction mixture froze at
temperatures below -5 °C and higher dilutions resulted in no reaction. Finally, we opted to change

iodinating reagent to ICl in the hope that this would prevent potential succinimide opening of
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iodonium ion 253 (entry 10). Nevertheless, complete degradation of the starting material was
observed in this case. At this stage we concluded that vinyl silane 244 may not be amenable to efficient

iododesilylation. As such, a two-step protocol developed by Kobayashi et al. was utilised for this

transformation (Scheme 60).%2%3
i) LDA, HSnBus
mCPBA, NaHCO, o) THF, 0°C
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Scheme 60. Optimised synthesis of vinyl iodide 239 from vinyl silane 244,233

Epoxidation of vinyl silane 244 afforded epoxide 263 as a mixture of diastereoisomers in a 73% yield.
Nucleophilic ring opening of the oxirane with tributyltin lithium and subsequent Peterson olefination
followed by in situ trapping of the vinyl stannane 265 with iodine gave vinyl iodide 239 in 89% yield as
exclusively the E-isomer, evident from a 3J coupling constant of 14.4 Hz for the vinyl protons. This
procedure offers a high yielding and stereoselective alternative to iododesilylation. This newly
developed route gave vinyl iodide 239 (fragment A) in 33% over 8 steps, an improvement from 28%

over 8 steps in the previous synthesis (Scheme 53, page 54).

Next, we turned our attention to the synthesis of vinyl boronic ester 242 (fragment B) which was to
be accessed through a route analogous to that previously employed for the formation of cyclopropane
196 (Scheme 41, page 47). Aldehyde 268, synthesised in 72% yield over two steps from ethylene glycol,
underwent clean allylation with boronic ester 195 to generate homoallylic alcohol 269 in 87% yield as
a single diastereoisomer (Scheme 61).%'* Cyclopropanation using Taylor’s cation rearrangement
methodology afforded the desired trisubstituted cyclopropane in 96% yield.?!? As previously
established, rapid addition of triflic anhydride was essential to prevent silyl protection of the starting
material. As a result, the reaction could not be performed on greater than 3 mmol scale without
detrimental silyl protection or loss of stereocontrol due to exotherms caused by the addition of triflic
anhydride. Dihydroxylation of alkene 270 followed by cleavage of the resultant diol with NalO, gave
aldehyde 271, which was converted to alkyne 272 by a Seyferth-Gilbert homologation with the Ohira-
Bestmann reagent.?!® Silyl deprotection with TBAF and finally hydroboration of the terminal alkyne
with pinacolborane catalysed by the Schwartz reagent provided vinyl boronic ester 242 in 88% yield
over the two steps. Overall, vinyl boronic ester 242 was accessed on a multi-gram scale in a yield of

51% over 8 steps.?!’
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Scheme 61. Synthesis of aldehyde 268 (top) and vinyl boronic ester 242 (bottom).

Following the synthesis of vinyl iodide 239 and vinyl boronic ester 242, the two fragments were united
by a thallium-accelerated Suzuki-Miyaura cross-coupling.??* The resultant primary alcohol was
oxidised with DMP in DCM to afford aldehyde 241 in 82% yield over the two steps. Next, we embarked

on the synthesis of sulfone 28 (Scheme 63).

i) Pd(PPhg),, TI,CO4 =
H THF, H,0, 30 °C :
TBSO AN A i \/\/\/\/\A
: = : /\/A OH ) DVR DeM 8BS0 XX O
pinB” X 1~

TBSO  OTBS 82% 8BS0  O6TBS

239 242 241

Scheme 62. Synthesis of aldehyde 241 from vinyl iodide 239 and vinyl boronic ester 242.

As discussed in chapter 1, various approaches for the formation of the trisubstituted double bond in
28 have been developed. In 2007, Marké reported the first total synthesis of jerangolid D, whereby
the trisubstituted olefin was constructed through a Julia coupling between ketone 31 and sulfone 274
(Scheme 63).1° Later, in 2010 Hanessian employed a phosphonamide-anion olefination in the total
syntheses of ambruticin S and jerangolid A to generate the same fragment.”®?3* |t was anticipated that
we would use one of these approaches to access the trisubstituted olefin 28, where either sulfone 274
or phosphorus diamide 275 were to be coupled with ketone 31. Hence both fragments were prepared

in order to determine which method was preferred.

61



Results and Discussion

Olefination
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Scheme 63. (a) Retrosynthetic analysis of sulfone 28 (b) synthesis of trisubstituted olefin 273 by Marké and (c)
synthesis of 273 by Hanessian.70100.234

Sulfone 274 was synthesised from S-Roche ester 276 following a literature route in 98% yield over 4
steps (Scheme 64).1%° Reaction of the alcohol in 276 with diphenyl disulfide and tributyl phosphine
afforded sulfide 277 which was reduced to form alcohol 278. Protection of the newly formed primary

alcohol and subsequent oxidation of the sulfide with mCPBA gave phenyl sulfone 274.

The alternative olefination reagent phosphorus diamide 275 was synthesised using a literature route
from R-Roche ester (Scheme 64).7° Silyl protection of the primary alcohol followed by ester reduction
and an Appel reaction afforded alkyl iodide 282 in 71% vyield over 3 steps. Alkylation of
diazaphospholidine 284, synthesised through condensation of phosphorus trichloride with diamine
283 in 51% yield, with alkyl iodide 282 proceeded in an excellent yield of 95% to afford the desired
phosphorus diamide 275 in 34% vyield over 5 total steps. During the synthesis of diazaphospholidine
284, significant polymerisation of PCl; with diamine 283 was observed. Increasing the scale of the
reaction exacerbated this problem, resulting in a decrease in isolated yield of 284. Although it was
found that vigorous stirring of the reaction mixture and addition of PCl; diluted in benzene supressed
this undesired reactivity, the reaction could not be performed on greater than 10 mmol scale without

a significant drop in yield.
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Scheme 64. Synthesis of sulfone 274 (top) and phosphorus diamide 275 (bottom).”%:10°

Our initial approach to dihydropyran 31 was centred around ring-closing metathesis and an
intermolecular epoxide ring opening (Scheme 65). A key feature of this proposed route was the
selective C-3 ring opening of epoxide 286. Indeed, various methods have been developed to direct the
intermolecular epoxide ring opening of 2,3-epoxy alcohols such as the pioneering work by Sharpless

involving coordination of the epoxy alcohol with titanium isopropoxide.?>

“,

%

Ring-closing
metathesis\
3 o
ﬁ((oJ:/ = o oi/ — Ho/\f>\/\ j\:/
o OH _ HO
Epoxide

31 285 ring opening 286 287
Fragment D

Scheme 65. Retrosynthetic analysis of dihydropyran 31.

Allylic alcohol 287 was synthesised from methacrolein in 34% yield via a Grignard addition with ethyl
magnesium bromide and a subsequent kinetic resolution of the two enantiomers by Sharpless
asymmetric epoxidation (SAE) (Scheme 66).2%8 The enantiomeric excess (ee) of allylic alcohol 287 was
determined as 88% by 'H-NMR analysis of the corresponding Mosher’s ester.?*® Epoxy alcohol 286 was
prepared via an organocuprate addition into epoxide 288 followed by Sharpless asymmetric

epoxidation of the resultant allylic alcohol. The enantiopurity of 286 was not determined at this stage.
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In 2014, Iwabuchi and co-workers reported the Eu(OTf)s-catalysed C-3 selective nucleophilic epoxide
ring opening of 2,3-epoxy alcohols with excess (5 eq.) alcohol.?*” We were disappointed to find that
reaction of epoxide 286 with 2 eq. of alcohol 287 under conditions described by Iwabuchi et al.
provided only 9% of the desired product 285 due to the competing reaction with a second molecule
of epoxy alcohol 286. While this may have been alleviated by increasing the equivalents of alcohol
287, it was deemed inefficient and was not tested. Further optimisation of the reaction conditions
may have improved the yield of this process however, in many literature examples a large excess of
nucleophilic alcohol is required to achieve the desired selectivity. Alternatively, protection of the
epoxy alcohol 286 would prevent this unwanted pathway.®® However, the increased number of
synthetic transformations this would require dissuaded us from exploring this avenue. Although the
apparent issues with this synthetic route may be overcome through further investigations, in the
essence of time we opted to access ketone 31 through a previously developed route by Marké et al

(Scheme 8E, page 16).%

2 MgBr (+)-DIPT
CuBr-SMe, Ti(OPr)4, BUOOH o
30° Z DCM, -20 °C
ol —THESC MO pomoce HO/M
90% 72%
288 289 286
(+)-DIPT
EtMgBr Ti(O'Pr),, ‘BUOOH DTBMP
J]\ Et,0, -20 °C HO DCM, -20 °C HO Eu(OTf);
Oa —_— —_—> Toluene, 60 °C
86% 40% 9%
ee = 88% °
290 291 287
NalO,
DR T e A
............ IR\
(o) HO” X O HO” X O
0 < OH < OH
31 292 285

Scheme 66. Synthesis of diol 285 and proposed conversion to ketone 31.

Markd synthesised dihydropyran 31 through a key RCM of 46, which was generated by a
diastereoselective multicomponent silyl-modified Sakurai reaction between silyl ether 45 and
aldehyde 44 (Scheme 67).” Aldehyde 44 was prepared in 83% yield from L-ethyl lactate by silyl
protection and subsequent reduction. Initial attempts to reduce ester 294 to aldehyde 44 with
DIBAL-H at -78 °C were unsuccessful due to over reduction to the corresponding alcohol. Nevertheless,
we found that initial quenching of the reaction mixture at -78 °C with methanol prior to the addition
of aqueous saturated potassium sodium tartrate supressed issues of over reduction. The required silyl

alcohol 45 for the silyl-modified Sakurai reaction was synthesised from allylic alcohol 287 in 97% yield.
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Scheme 67. Synthesis of ketone 31.1%

The proposed reaction mechanism for the multicomponent silyl-modified Sakurai reaction is depicted
in scheme 68. Following initial condensation of silyl ether 45 and activated aldehyde 297, a sequence
of silyl transfers generates oxocarbenium 301 which is trapped by allyltrimethylsilane in a manner
typical of a Hosomi-Sakurai reaction.?® The diastereoselectivity of the reaction is proposed to arise
from this final step, where the preferred approach of the nucleophile can be rationalised using a

Felkin-Anh model, such that steric interactions in transition state 302 are minimised.

TfO~
OTBS oTB TBSO TMS
/’\ TMSOTS : j\:/ __ /\{
Io TMSO
Ms©
44 297 45 298
TBSQ TBSQ TBSO
A0 __TMSOTf TMSOTf /'\{O
o)
TMS TMS ™S
301 300 299
l/\/TMS
'/‘ Nu
OTBS Meo M
R—0O —_—
* HO H
302 303

Scheme 68. Proposed mechanism for silyl-modified Sakurai reaction of 44 and 45.%°
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Although Markd reported an 80% yield for the multicomponent silyl-modified Sakurai reaction, in our
hands a disappointing 20% yield of 46 was achieved even after rigorous purification of the starting
materials and reagents (Scheme 67).2%° Analysis of the crude product by NMR spectroscopy indicated
silyl deprotection was occurring during the reaction. Furthermore, although readily separated by
column chromatography, a mixture of diastereoisomers of 46 were also formed. After unsuccessful
attempts to improve the yield of the reaction through alteration of the reaction procedure, we opted
to perform the reaction with the TBDPS ether 305 in the hope that the more sterically hindered silyl
group may prevent deprotection and the associated side products (Scheme 69). Pleasingly the silyl-
modified Sakurai reaction with aldehyde 305, synthesised in 83% over 2 steps from L-ethyl lactate,
gave ether 306 in 62% yield as a single diastereoisomer after purification by column chromatography.
Ring-closing metathesis of 306 followed by silyl deprotection and finally oxidation of the resultant
alcohol with DMP afforded ketone 31 in 47% over 6 steps from L-ethyl lactate. Ketone 31 was volatile

and required care upon drying under vacuum.

TBDPSCI
Imidazole DIBAL-H
oH , OTBDPS OTBDPS
P omt DMAP, DCM i ORt DCM, -78 °C H
- —
/\n/ quant. /\ﬂ/ 83% /\”
o) 0 0
293 304 305
™S
45 TMSOTF | 82%
i) TBAF, THF DCM, -78 °C
0°Ctort
N ii) DMP, NaHCO, N Grubbs G2 y
DCM, 0 °C to rt DCM, 40 °C
- < DCM.40°C
o 95% o 97% (¢
5 OTBDPS OTBDPS
31 307 306

Scheme 69. Synthesis of ketone 31.

Having synthesised ketone 31, sulfone 274 and phosphorus diamide 275, we focussed on the
olefination to assemble the trisubstituted alkene 273 (Scheme 70). Unfortunately, we were unable to
reproduce literature results reported by Marké et al. for the Julia coupling of sulfone 274 with ketone
31 and a complex mixture of inseparable products was formed. Hanessian and co-workers pioneered
the use of phosphorus diamides to perform challenging olefinations with ketones, generating trans-
alkenes with excellent control.2%2% |nitial attempts to replicate the work of Hanessian by coupling
phosphorus diamide 275 with ketone 31 resulted in a 27% yield of 273 in a 20:1 ratio of £/Z isomers
due to competing self-aldol condensation of ketone 31. Nevertheless, this undesired pathway was
avoided via the addition of neat ketone 31, resulting in a 55% yield of 273 as a 7:1 mixture of olefin
isomers. Unreacted ketone 31 was easily recovered by flash column chromatography. The olefin
isomers were readily separated by column chromatography after silyl deprotection, affording alcohol

308 as solely the E-isomer in 45% yield from ketone 31.
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Alcohol 308 was converted to sulfone 28 using a Mitsunobu reaction with phenyl tetrazole thiol
followed by oxidation of the resultant sulfide with molybdate and H,0; in ethanol (Scheme 70). Initially
a one-pot Mitsunobu-oxidation procedure was carried out, giving only 41% yield of the desired sulfone
due to competing epoxidation of the trisubstituted olefins. It proved necessary to isolate and purify
the intermediate sulfide, which upon oxidation provided an improved 61% yield of sulfone 28. Strict
monitoring of the reaction was required to maximise oxidation of the sulfide and intermediate

sulfoxide while minimising undesired epoxidation.
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Scheme 70. Attempted Julia coupling of sulfone 274 with ketone 31 (top) and synthesis of sulfone 28 (bottom).

A Julia-Kocienski olefination was used to unite sulfone 28 and aldehyde 241, completing the assembly
of the carbon skeleton of ambruticin J (Scheme 71).°%%4! Performing the reaction with equimolar
amounts of sulfone 28 and aldehyde 241 under standard conditions of KHMDS in DME afforded the
E-alkene 240, albeit in only 44% isolated yield. However, we found that the yield could be improved
to 61% by using 1.3 eq. of sulfone 28. The total synthesis of ambruticin J was completed via global
deprotection with TBAF to liberate triol 309, selective oxidation of the primary alcohol to lactone 310,
and mild hydrolysis with TMSOK in THF. Overall, ambruticin J had been prepared in 3% yield over 15

steps in the longest linear sequence and 44 total synthetic transformations.
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Scheme 71. Julia-Kocienski olefination of sulfone 28 and aldehyde 241 and final stage transformations to
ambruticin J.
Comparison of the NMR data for the synthetic sample of ambruticin J with the data reported by Reeves
et al. revealed discrepancies which prompted us to further interrogate the spectral data (Tables 5 and
6).1% Unfortunately, an authentic sample of ambruticin J from Sorangium cellulosum was not available

for us to use to compare the structure of the natural product and our synthetic sample.

The chemical shifts and coupling constants in the H-NMR spectrum of our synthetic sample of
ambruticin J were in excellent agreement with those reported by Reeves et al. with the exception of
the signals corresponding to 2-H,, where slight deviations were observed (Table 5). These differences
are rationalised by considering the exchange/protonation state of the carboxylic acid, where small
changes caused by differences in pH and/or concentration are expected to lead to conformational
changes in ambruticin J and concomitant changes in chemical shift. Similar chemical shift
discrepancies for the signals assigned as C-1 and C-2 in the **C-NMR spectra were observed (Table 6).
Attempts to reconcile the data with that reported by Reeves and co-workers by pH changes were

unsuccessful due to decomposition of the sample.

Further discrepancies were noted in the 3 C-NMR spectra (Table 6). We confirmed through HSQC
analysis that differences for the chemical shifts in the 33C-NMR for signals associated with C-3, C-4, C-
5, and C-16 arose due to misassignment of the original spectra by Reeves et al. Indeed, C-3 and C-5
assignments were interchanged as were the signals corresponding to C-4 and C-12. Comparison of the
C-12 chemical shift for our synthetic sample of ambruticin J with that reported for ambruticin S (30.6

ppm and 29.7 ppm respectively) provided further confirmation of our correct assighment (Table 7).2*
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= = 7 9 13 H 23
O OH OH

Synthetic Ambruticin J

Natural Ambruticin J

Position 500 MHz (CDsOD): 400 MHz (CDs;0OD):
Su (multiplet, J (Hz)) Su (multiplet, J (Hz))%°

1-H - -
2-H, 2.40 (dd, 15.4, 8.0) 2.35(dd, 15.2, 7.8)
2-Hp 2.47 (dd, 15.4, 4.9) 2.42 (dd, 15.2, 5.0)
3-H 4.08 4.07
4-H, 1.72 and 1.65 1.72
5-H 4.25 (ap. q,7.2) 4.25 (dd, 13.8, 7.0)
6-H 5.53 5.49
7-H 6.16 (dd, 15.2, 10.5) 6.15 (dd, 15.0, 10.5)
8-H 6.05 (dd, 14.8, 10.5) 6.05 (dd, 14.8, 10.5)
9-H 5.32(dd, 14.8, 8.9) 5.31(dd, 14.8, 8.5)
10-H 1.12 1.10
11-H 1.10 1.10
12-H 1.49 1.52
13-H 5.16 (dd, 15.2, 8.8) 5.15(dd, 15.2, 8.6)
14-H 5.46 5.45
15-H 3.09 3.10
16-H 5.25(d, 8.9) 5.25(d, 9)
18-H 3.82 3.82
19-H, 1.86 1.85
19-Hy 2.10 2.09
20-H 5.58 5.57 (dd, 3.8, 1.9)
22-H 4.08 4.08
23-H, 1.52 1.53
23-Hp 1.73 1.74
24-H; 0.88 (t, 7.3) 0.88 (t, 7.5)
25-H3 1.06 1.06, (d, 3.6)
26-Hs 1.04 (d, 7.1) 1.05
27-Hs 1.64 (d, 1.5) 1.63
28-H3 1.59 (s) 1.58

Table 5. Comparison of 'H-NMR data for synthetic and natural ambruticin J.10
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%511 B
NN /AA\(O/V
O OH OH z
Position Synthetic Ambruticin J Natural Ambruticin J
126 MHz (CD,0D): &, 100 MHz (CD,0D): 5 1%
C-1 175.4 177.0
C-2 43.3 44.0
C-3 67.5 71.7
C-4 45.0 30.5
C-5 71.6 67.8
C-6 133.1 133.2
c-7 132.4 1323
C-8 128.4 128.5
c9 138.6 138.4
C-10 32.1 32.1
C-11 22.8 22.8
C-12 30.6 45.0
C-13 126.9 126.9
C-14 136.3 136.3
C-15 36.3 36.3
C-16 130.9 124.3
c-17 136.2 136.2
C-18 79.54 79.5
C-19 31.1 31.1
C-20 122.1 122.1
c-21 136.1 136.1
C-22 79.48 79.5
C-23 26.6 26.6
C-24 8.7 8.7
C-25 134 134
C-26 21.6 21.6
C-27 12.7 12.6
C-28 19.1 19.0

Table 6. Comparison of *C-NMR data for synthetic and natural ambruticin J.1%
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Finally, a large difference in chemical shift (6.6 ppm) for the signal assigned as C-16 in the 3C-NMR
was observed (Table 6). Comparison of the C-16 chemical shifts for our synthetic sample of ambruticin
J and that of natural ambruticin S revealed a difference of 0.1 ppm, providing some support for our
assignment.?*? This encouraged us to interrogate the chemical shifts of signals assigned as C-16 for
other products reported by Reeves et al. (Table 7). In particular, we noted that the C-16 chemical shift
of 15-desmethylambruticin VS3 (311) exhibited no difference with that reported by Reeves for
ambruticin J. We expected that the lack of the C-15 methyl group in 15-desmethylambruticin VS3
would impart a significant change in chemical shift for the signal assigned as C-16. Indeed, comparison
of the chemical shifts of C-16 signals of ambruticin VS3 and 15-desmethylambruticin VS3 revealed an
expected significant difference of 6.4 ppm.>® Furthermore, a chemical shift of 130.7 ppm for the C-16
signal of ambruticin VS3 is in agreement with our reported chemical shift of 130.9 ppm for ambruticin
J. These points indicate an error was made in the original assignment of ambruticin J by Reeves et al.

either due to a transcription error or impurities present in their sample.

= H 1 A
A N . 15
HO 12 1508 HO 0N NN 0
=z =z XN uZ TN o (0] “, :
O OH OH : OH
PN

Ambruticin J (125) Ambruticin VS3 (5)
? N ? 1 X
Ho O '13’%\1_-5/16\((01/ HO. PG Ao
© “IOH : ° “'OH
OH NS
Ambruticin S (1) 15-Desmethylambruticin VS3 (311)
Compound 6.: C-12 (ppm) 6.: C-16 (ppm)
Synthesised ambruticin J (125) 30.6 130.9
Natural ambruticin J (125) 45.0 124.3
Ambruticin S (1) 29.7 130.8
15-Desmethylambruticin VS3 (311) 29.9 124.3
Ambruticin VS3 (5) 29.8 130.7

Table 7. Ambruticin C-12 and C-16 3C-NMR signals.>®105242

As discussed, Taylor reported the total synthesis of ambruticin J shortly after we completed our
route.?”® Comparison of the NMR data of our synthetic sample with that reported by Taylor shows
good agreement (see chapter 4). A similar analysis of discrepancies in the spectral data of ambruticin
J to that discussed above was made by Taylor, providing further evidence we have successfully

synthesised ambruticin J.
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2.4. Conclusions and Future Work

In conclusion, epoxidation-cyclisation studies on model substrates of ambruticin J (125) have been
conducted to probe the inherent reactivity of epoxy ambruticin J to cyclisation. These results indicate
the 5-hydroxyl and 8,9-alkene of ambruticin J may play a role in directing 6-endo intramolecular
epoxide ring opening, suggesting an epoxide hydrolase may not be required to achieve THP ring
formation in ambruticin biosynthesis. Nevertheless, it is unclear whether AmbJ, or a yet to be
determined epoxide hydrolase, is required to promote cyclisation, or stabilise the epoxide
intermediate.
BUOOH, Ti(O'Pr),

. (-)-DIPT, DCM EtO O
EtO 5 o 20t0-5°C
Y Y 0 "
OH

O OH OH 52% B

OH
129 167

Scheme 72. Epoxidation-cyclisation of dihydroxy ester 129 to THP 167.

Towards the goal of probing the structure and function of AmbJ in ambruticin biosynthesis, we have
completed the total synthesis of the protein’s putative substrate, ambruticin J. A convergent approach
was developed, where four fragments were combined by a thallium accelerated Suzuki-Miyaura cross-
coupling and two olefinations (Scheme 74). Two synthetic routes to fragment A (239) were developed
which employed a key asymmetric aldol condensation, decarboxylative Claisen condensation
sequence. The trisubstituted cyclopropane in fragment B (242) was constructed by employing a cation
rearrangement methodology developed by Taylor et al. Finally, ketone 31 was synthesised employing
a diastereoselective silyl-modified Sakurai reaction, while phosphorus diamide 275 was accessed from

R-Roche ester. A summary of the optimised synthetic route to ambruticin J is depicted in scheme 74.

Assays with the synthetic sample of ambruticin J and AmbJ are currently underway in collaboration
with Dr. Luoyi Wang at the Chinese Academy of Sciences in Beijing, China (Scheme 73). With a robust
route to ambruticin J realised, we plan to synthesise analogues of ambruticin J to probe the substrate
specificity of AmbJ. Furthermore, the biological activities of these ambruticin analogues will be tested

to study the SAR of the ambruticins.
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Scheme 73. Ongoing biosynthetic transformation of ambruticin J with AmbJ.
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Scheme 74. Summary of the total synthesis of ambruticin J.
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3.1. Introduction

The ambruticins contain three rings, two of which are oxygen heterocycles. Whilst chapter 2 outlined
our investigations into the synthesis and biosynthesis of the tetrahydropyran (THP) ring of the
ambruticins, this chapter discusses the formation of the dihydropyran (DHP) ring. DHPs are 6-
membered oxygen heterocycles which contain a double bond between C-5 and C-6 in the case of 3,4-

dihydropyrans, or C-3 and C-4 for 5,6-dihydropyrans (Figure 17).

4

S 0 0 0O

2H-pyran 3,4-dihydropyran 5,6-dihydropyran tetrahydropyran

Figure 17. Structures of pyrans, DHPs, and THPs.

Although less abundant than THPs, DHPs are found in many classes of biologically active natural
products and drug molecules such as the antifungal agent monocillin VII, the antibiotic blasticidin S,
and the anticancer agent aspergillide C (Figure 18).24*2*> Numerous methods have been developed
for the synthesis of DHP rings with key methods including, but not limited to, hetero Diels-Alder

cycloadditions, Prins and silyl-Prins reactions, and ring closing metatheses.?* Nevertheless, additional

0s_0
z
Mo
HOW NF

methods for their efficient construction are desirable.?*®

OH O
o
HO
o7\

Monocillin VII Aspergillide C
Antifugnal Antineoplastic agent
OH
NH NH, 0 © Q
$ o N
H,N7 N N N\_>—NH2
| H\=/ \=
Blasticidin S
Antibiotic

Figure 18. DHP-containing biologically active natural product and drug molecules.?43-24>

The formation of DHPs in nature has been less well studied than formation of THPs, with dehydration
of saturated heterocycles being the most widely reported process.** As discussed in chapter 1, Hahn
and co-workers revealed that the DHP ring in the ambruticins is initially formed as THP 313 from linear
polyketide 312 via AmbDH3 catalysed dehydration and subsequent intramolecular oxa-Michael
addition (IMOMA) (Scheme 75).1% Gene knockout experiments conducted by Reeves et al. indicated
that oxidation of the THP to the DHP occurs later in the biosynthetic pathway, catalysed by the Rieske

oxygenase AmbP and the NAD(P)/FAD-dependent oxidoreductase AmbO, although the exact timing
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of this process is not known.1% Reeves observed by LC-MS that the 20,21-dihydro analogues of the
ambruticins were present in wild-type cultures of Sorangium cellulosum, although their structures

were not definitively assigned.'® They concluded that the desaturation event may occur at any point

in the biosynthetic pathway, even whilst the growing polyketide chain is still bound to the PKS.1%

- 20
: 21

N A
O OH OH 0 o further Ho
: : AmbDH3 steps SN " NN N0
ACP_SW ———— > ACP-S (o) ——>> H
Dehydration “IoH =
then IMOMA
312 313 OH  Ambruticin S (1)

ACP = acyl carrier protein
Scheme 75. Proposed DHP ring formation in the ambruticins from linear polyketide 312.%7

Whilst desaturation was proposed to be catalysed by AmbP, Reeves et al. suggested that AmbO played
a role in the regeneration of the Rieske oxygenase.'® Both enzymes exhibit significant homology to
JerP and JerO from the jerangolid biosynthetic gene cluster, which are proposed to perform an
analogous desaturation.>”1% Indeed, the THP, DHP, and hydroxylated THP rings are all present in the
jerangolid family of natural products (Figure 76). JerL, a close homolog to AmbP and lJerP, is
responsible for the late-stage C-18 hydroxylation in the jerangolid biosynthetic pathway. Taken
together, this information indicates that DHP ring formation in ambruticin biosynthesis may occur via
AmbP catalysed hydroxylation of the THP followed by elimination of the resultant alcohol. Similar
reactivity has been reported in mupirocin biosynthesis where the Rieske oxygenase MupW catalyses
epoxide formation from the unactivated alkane 106, presumably via the intermediate alkene (Scheme

76).188

R = OH: Jerangolid A (16)
R = H: Jerangolid D (17)

R= OH: Jerangolid H (315)

Jerangolid B (314) R = H: Jerangolid E (316)

OH

OH
. HO. N> OHCOZH m . HO SN O,H,COZH
H 8 8 z 8 8
W\\\\- ~ OH (0] RS o

OH

Mupirocin W4 317
106

OH OH
HO \\\\ 0Oy _yCO.H HO 5. 0y yCO,H
\b YU @@ | YN
: - — H
W\\\\OH o (0] Y\%\\\\O ‘/OH o
OH OH
Desepoxy
pseudomonic acid A 107

108

Scheme 76. Jerangolids A, B, D, E and H (top) and THP ring formation in mupirocin biosynthesis (bottom).>”/188
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As discussed previously, the presence of the ambruticins and their 20,21-dihydro analogues in cultures
of wild-type Sorangium cellulosum indicates the desaturation event to form the DHP may occur at
multiple points in the biosynthetic pathway.'® This suggests the enzymes responsible for this
intriguing desaturation may possess a degree of substrate tolerance. This apparent promiscuity,
alongside the challenge of performing such a transformation chemically, make these interesting
proteins for further study. Indeed, in recent years Rieske oxygenases have been shown to catalyse a
range of biosynthetic transformations and further investigations into this class of enzyme are required

to fully reveal their potential as biocatalysts.2*®
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3.2. Project Aims

Towards the goal of investigating DHP ring formation in ambruticin biosynthesis, we aimed to
synthesise substrates to be used in bioassays with AmbP and AmbO, the proteins proposed to catalyse
the key desaturation step. These proteins will be expressed by Dr. Luoyi Wang at the Chinese Academy

of Sciences in Beijing, China.

As it is hypothesised that desaturation may occur at multiple points in the biosynthetic pathway,®
our initial target was carboxylic acid 318, a proposed truncated analogue of the PKS-bound growing
polyketide chain (Figure 19). Furthermore, since carboxylic acid 318 would still be attached to the PKS,
the thioester derivative 319 was also required as the pantetheine unit will mimic the
phosphopantetheine arm of the PKS ACP and therefore facilitate substrate recognition with AmbP.
Although alternative thioester units could be incorporated, such as N-acetylcysteamine (SNAC), the
pantetheine moiety provides a close mimic to the phosphopantetheine arm whilst remaining

synthetically facile to incorporate.

<
]
zT
:§ZI
(/)3
g

318: R=0OH o O
319:R=X

|Phosphopantetheine |

|Pantetheine |

SNAC
HS™ N 0”170
L A

Figure 19. Carboxylic acid 318 and thioester 319 as substrates for bioassays (top) and structures of SNAC,
pantetheine, phosphopantetheine, and coenzyme A (bottom).
Next, in collaboration with Dr. Luoyi Wang, we aimed to isolate 20,21-dihydroambruticin F (320) from
culture extracts of a mutant strain of Sorangium cellulosum where the genes encoding for AmbP and
AmbO are disrupted, alongside the genes responsible for further tailoring of C-5 of the THP ring
(Scheme 77). An authentic sample of 20,21-dihydroambruticin F (320) was required to confirm the
structure of the proposed biosynthetic intermediate and to provide a further substrate for bioassays

with AmbP and AmbO (Scheme 77).

To provide standards to aid the analysis of bioassays with 20,21-dihydroambruticin F and

AmbP/AmbO, a further goal was to complete the first total synthesis of ambruticin F (2) by adapting
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the synthetic route previously developed to ambruticin J. Furthermore, ambruticin F will also act as a

synthetic reference for the assays with AmbJ and ambruticin J described in chapter 2.
Y\(J/\/A /\/\H\/j\/ Ame’ Y\(J/\A /\/\r(j:/
>
“OH am “"OH

20,21-Dihydroambruticin F (320) Ambruticin F (2)

C-5
oxidation

A A
HO "N o C-5 reduction HO N NN o
“/OH ) “/OH )
OH (0]
Ambruticin S (1) 5-Ketoambruticin (321)

Scheme 77. Proposed bioassays of 20,21-dihydroambruticin F (320) with AmbP and AmbO, and proposed
biomimetic synthesis of ambruticin S from ambruticin F.
Finally, as only partial spectral data for ambruticin F have been reported in the literature,® we wished
to prepare ambruticin S from ambruticin F via a biomimetic oxidation/reduction sequence to
epimerise the 5-hydroxyl group (Scheme 77). Spectral data for the synthetic sample of ambruticin S
would then be compared with the literature. Isolation of ambruticin F via gene knockout experiments

was also to be undertaken to provide further confirmation of the proposed structure.
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3.3. Results and Discussion

3.3.1. Synthesis of Proposed Biosynthetic Intermediates 318 and 319

Our initial goal was to synthesise carboxylic acid 318, which could be readily converted to the
corresponding thioester 319 via coupling with the acetonide protected pantetheine 322. We
envisaged a key olefination between ketone 323 and phosphorus diamide 275 would generate the
trisubstituted alkene in 318. Hanessian et al. previously illustrated an analogous olefination in the total
synthesis of jerangolid A which we employed in our total synthesis of ambruticin J.22%23* While we had

previously accessed phosphorus diamide 275, a route towards ketone 323 was required.

Thioester coupling

\“\

319

U Olefination

oXo | " 0 X
%rN \/\n, N ~"sH H OJJ\E/: s o
0 0 :
322

318
Stereoselective U
Hydrogenation W
O y g 1 R (PI /
C TBSO/\./\P’N
° ° f A
OH (0] 7/
296 323 275

Scheme 78. Retrosynthetic analysis of thioester 319.

Hahn and co-workers previously synthesised ketone 323 in 30% yield over 13 steps by employing a
intramolecular oxa-Michael addition to construct the THP ring.?*” However, we wished to explore the
conversion of the previously accessed DHP 296 (see chapter 2) to THP 323 through a stereoselective
hydrogenation. Conformational analysis of DHP 323 revealed that in both half-chair cyclohexene
conformers the alcohol is positioned on the top face of the alkene as drawn (Figure 20). Therefore, it
was anticipated that the alcohol would direct hydrogenation to the top face of the alkene to generate

the desired THP.

HO,,,
Et< 50\ OH \b,

o/

Figure 20. Conformational analysis of DHP 323.
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We found that hydrogenation of alkene 296 with palladium on carbon in methanol under an
atmospheric pressure of hydrogen yielded an inseparable mixture of THPs 324 and 325 in a 2:1 ratio
in favour of the desired product (Scheme 79). The structures of the products were confirmed by
analysis of the coupling constants in the *H-NMR spectra. In particular, a characteristic */.x.ax coupling
of 9.4 Hz was apparent for 7-H in the major product 324, whilst a 3/,c.eq coupling constant of 5.8 Hz

was observed for 7-H in the minor product 325.

5

X 4 6.
Pd/C, H, atm. . s ; 0
MeOH, rt 2
O —_— O y O
OH OH OH

70%

324:325=2:1
296 324 325
Maijor (324): Minor (325):
7-H: 2.87 ppm (ddd, J9.4,8.2,2.7)  7-H:3.32 ppm (ddd, J 8.0, 5.8, 2.1)
37 = 94 Hz (Jax.ax) 3hg-n7 = 5.8 HZ (*Jaxeq)
H® Me
Ft OH Ft OH
Me ° HE °
H7 H7
324 325

Scheme 79. Hydrogenation of DHP 296 (top) and NMR analysis used to confirm relative stereochemistry
(bottom).
In 1986, Crabtree et al. reported the substrate directed hydrogenation of alkenes with iridium catalyst
326, later referred to as Crabtree’s catalyst (Scheme 80).2*8 Employing Crabtree’s catalyst for the
hydrogenation of DHP 296 gave THP 324 in 37% yield along with a side product which could not be
characterised. Alcohol 324 was subsequently oxidised to THP 323 in 96% yield, where comparison of
the NMR data with that reported by Hahn et al. provided further confirmation that the desired

diastereoisomer had been formed.?*’

DMP, DCM Crabtree's Catalyst B
NaHCO3 Hz atm., DCM
7% 37% 0
OH
324

dr > 95:5

89% Crabtree's Catalyst DMP, DCM 96%
dr > 95:5 H, atm., DCM NaHCO, ’
P |
o s \I / ’j - o
R i+ o R
e \y
o] Y : 0
o} 326 o
323 Crabtree's Catalyst 323

Scheme 80. Synthesis of THP ketone 323 via hydrogenation with Crabtree’s catalyst.
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Crabtree et al. reported that ketones may also direct hydrogenation through coordination with the
catalyst.?*” Gratifyingly, hydrogenation of DHP ketone 31 under Crabtree’s conditions resulted in an
89% yield of THP 323 whilst maintaining an excellent diastereoselectivity of greater than 95:5 for the
desired diastereoisomer (Scheme 80). Scaling the reaction from 0.5 mmol to 5 mmol resulted in a
dramatic drop in yield to 25% for THP 323 which was isolated alongside unreacted starting material.
Nevertheless, after significant optimisation, a yield of 81% was achieved on a 6.5 mmol scale by
increasing catalyst loading from 2.5 to 5 mol% and increasing the time hydrogen was bubbled through

the reaction mixture from 5 minutes to 20 minutes.

Ketone 323 was reacted with phosphorus diamide 275 as previously discussed in chapter 2 (Scheme
70, page 67), providing the trisubstituted alkene 327 in 49% yield as a 15:1 mixture of E/Z isomers
(Scheme 81). Deprotection of the silyl ether with TBAF afforded 328 as solely the E-alkene after
purification in 80% yield. Finally, carboxylic acid 318 was generated in 60% yield by oxidation of the
primary alcohol in 328 with catalytic TEMPO and stoichiometric BAIB as a co-oxidant in a mixture of
DCM and water. The corresponding thioester 319 was readily synthesised from 318 via an EDCI
mediated coupling with thiol 322, accessed in two steps from D-pantothenic acid hemicalcium salt,

and subsequent acid-catalysed acetonide deprotection.

. o | i) nBuLi, THF
) n_N 78 °C : TBAF, THF :
8807 Y P ii) ACOH, rt 0°C'tort
o EN 850" Y XY 0 ELEALENGNT 0 "
3 s 49% i 80% i
EIZ=15:1
323 275 327 328

TEMPO, BAIB
DCM:H,0 (2:1) J 60%

i) EDCI-HCI, DMAP, 322

OH OH | H o o 0°Ctort o wt
N N ii) HCI, THF
NS Y Y o HO” Y XY o
0 o) E 80% H
318

i) pTsOH, 4 A MS, Acetone
ii) CDI, cysteamine*HCI, THF

Ca?* HO\[]/\/NN - H H 2
HS
(0] O
2 O O
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Scheme 81. Synthesis of carboxylic acid 318 and thioester 319 (top) and synthesis of thiol 322 (bottom).

Investigations into DHP ring formation using substrates 318 and 319 with AmbP and AmbO are
currently underway in the laboratories of Dr. Luoyi Wang. Next, we investigated the total synthesis of
20,21-dihydroambruticin F (320), a proposed post-PKS substrate for DHP ring formation in the

ambruticin biosynthetic pathway.
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3.3.2. Total Synthesis of 20,21-Dihydroambruticin F

We envisaged that our previous route to ambruticin J could be adapted for the synthesis of 20,21-
dihydroambruticin F, where a key Julia-Kocienski olefination between aldehyde 330 and sulfone 331
would generate the carbon skeleton (Scheme 82). A second Julia-Kocienski olefination between
aldehyde 332 and sulfone 27 would construct the alkene in 330, and the THP in aldehyde 332 would
be generated via a biomimetic epoxidation-cyclisation cascade as discussed in chapter 2. Finally,
sulfone 331 could be readily accessed from ketone 323 and phosphorus diamide 275 by a route

analogous to that previously discussed in section 2.3.4.

Julia-Kocienski
Olefination

HO\'(\LOJ/\/A,,,, 2 :\-/\Hfoj\/
© v "'OH B
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20,21-Dihydroambruticin F
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Eto\[(\fj/\\ ~/A»,l,éo \ o
0 Y “'opPG PTOZS/\E/§~ O
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330 331

U U

Eto\n/\ij/ﬁj : " oA
1_N

) ) TBSO” NP
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OPG OTBDPS ¢ 4
332 27 323 275

Scheme 82. Retrosynthetic analysis of 20,21-dihydroambruticin F.

Although we have previously prepared THP ketone 323 through asymmetric hydrogenation of the
corresponding DHP 31, we wished to develop a more concise route prior to embarking on the total
synthesis of 20,21-dihydroambruticin F. The Prins cyclisation has been widely applied to the
construction of THP rings in natural product synthesis.’3” A typical Prins cyclisation proceeds via an
acid-catalysed condensation of a homoallylic alcohol with an aldehyde to form oxocarbenium 335,
which undergoes stereoselective cyclisation (Scheme 83). In most cases a 2,6-syn relationship in
carbocation 337 is achieved as the substituents prefer adopting a pseudoequatorial position in 336 to
minimise 1,3-diaxial interactions.?*® Following cyclisation, the resultant carbocation is trapped with a
nucleophile which will preferentially attack carbocation 337 from an equatorial position as this
approach minimises undesired steric interactions whilst providing improved orbital overlap between

the empty p-orbital and the HOMO of the incoming nucleophile.?*
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Scheme 83. Mechanism for the Prins cyclisation of homoallylic alcohol 333 and aldehyde 334.24°

We proposed the THP in 340 could be synthesised by reductive dehalogenation of alkyl halide 341,
which in turn could be constructed via two different Prins cyclisation approaches (Scheme 84). Various
alkyl chains could be incorporated into aldehyde 344 or homoallylic alcohol 343, however
preinstallation of the trisubstituted alkene would be particularly attractive to circumvent the
moderately yielding olefination. In both instances, crotylations could be employed to generate the

required homoallylic alcohols.
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Scheme 84. Retrosynthetic analysis of THP 340 via Prins cyclisation.

We initially opted to synthesise THP 341 via the condensation of propanal with various homoallylic
alcohols, which were to be prepared through a Nokami crotylation (orange in scheme 84).%° The
reaction of aldehydes with allylic metals to form a-adducts of the homoallylic alcohols such as 343 can
be challenging due to the propensity of these reactions to form almost exclusively the y-adducts
(Scheme 85).%! However, In 2001, Nokami et al. reported the enantioselective crotylation of
aldehydes to generate homoallylic alcohols as the a-adducts (Scheme 85).%°° The reaction proceeds
via condensation of an aldehyde with homoallylic alcohol 351, derived from y-crotylation of (+)-
menthone, where the resultant oxocarbenium ion 352 undergoes an oxonia-Cope rearrangement to

generate the thermodynamically more stable ion 353. Hydrolysis of 353 under the reaction conditions
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then generates homoallylic alcohol 343, where a net allyl transfer from homoallylic alcohol 351 to
aldehyde 344 has occurred. Importantly, the E-olefin is obtained exclusively and the optical purity of
the starting homoallylic alcohol 351 maintained. Furthermore, both enantiomers of crotyl transfer
reagent 351 are readily available from either (+) or (-)-menthol in excellent levels of enantiopurity.
The key to the success of the reaction is the relative stabilities of the two oxocarbenium ions 352 and
353, with 353 lower in energy due to a more thermodynamically stable internal alkene alongside a

more stable and less sterically hindered oxocarbenium ion.2%0251

//—\« OH OH OH
M R Yy ——> R/'\:/\ R/'\r\ R)\/\/

346 347

348 349 350
y-Threo y-Erythro o

HO RwO% X
N
A —
BN I R”OH
351 353 343

Oxonia-Cope Rearrangement

Scheme 85. Crotylation to form a- and y-adducts (top) and Nokami crotylation (bottom).2*°

The required Nokami reagent 351 was synthesised on a multi-gram scale in two steps from
(+)-menthol by oxidation with DMP and subsequent reaction with crotyl magnesium chloride (Scheme
86).2° The Nokami crotylation was initially investigated with aldehyde 356, which was readily
synthesised from L-ethyl lactate in two steps by benzyl protection and reduction of the ester with
DIBAL-H. Unfortunately, treatment of aldehyde 356 and homoallylic alcohol 351 with pTsOH.H,0 in
DCM returned only starting material. Although it was unclear why no reactivity was observed, a survey
of the literature returned no instances of where an a-disubstituted aldehyde such as 356 underwent
successful crotylation under these conditions. We hypothesised that the steric bulk around aldehyde
356 may prevent the condensation with homoallylic alcohol 351, or the desired oxonia-Cope
rearrangement from occurring. Hence, alternative aldehydes 268 and 362 were used in the reaction

(Scheme 87).
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Scheme 86. Synthesis of Nokami reagent 351 and proposed synthesis of THP 358.

Aldehydes 268 and 362 were synthesised from ethylene glycol and propane-1,3,-diol respectively by
mono-protection as the TBDPS ether and subsequent oxidation with DMP (Scheme 87). In both cases,
excess of the diol (> 2 eq. with respect to TBDPSCI) was required to prevent bis-protection. The Nokami
crotylation of aldehydes 268 and 362 with homoallylic alcohol 351 provided the desired homoallylic
alcohols 363 and 364 in 65% and 67% yields respectively as solely the E-alkenes. *H-NMR analysis of
the Mosher’s esters of 363 and 364 indicated both were formed as essentially single enantiomers,

consistent with results reported for similar aldehydes by Nokami et al.?*°

Numerous catalysts have been employed in the literature to facilitate the Prins cyclisation.'® Since we
intended to remove the trapping nucleophile at the 4-position on the newly formed THP ring by
reductive dehalogenation, we opted to use SnCl, as the Lewis acid to promote cyclisation. Treatment
of either homoallylic alcohol 363 or 364 with SnCl, and propanal in DCM gave the corresponding THPs
365 and 366 in 67% and 80% yield respectively (Scheme 87). Importantly, excellent stereocontrol was

achieved in both cases. No further optimisation of reaction conditions was performed.
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Scheme 87. Synthesis of aldehydes 268 and 362 (top) and synthesis of THPs 365 and 366 (bottom).
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Although in both cases the THP rings were constructed in excellent yield and stereoselectivity, the
number of synthetic transformations required to access the desired ketone fragment 323 from silyl
ethers 365 and 366 prompted us to consider alternative routes. As previously discussed, the
preinstallation of the trisubstituted olefin would be advantageous, thus we aimed to develop a route

with this in mind.

Our new strategy centred on the crotylation of aldehyde 368 followed by a Prins cyclisation analogous
to those previously performed (Scheme 88). This route would rapidly construct silyl ether 327,
however both the a-crotylation of a,B-unsaturated aldehydes such as 368 and the Prins cyclisation
with allylic homoallylic alcohols such as 369 were unprecedented in the literature. Due to these
uncertainties, and the relative complexity of aldehyde 368 (to be prepared in 4 steps from R-Roche

ester), we opted to investigate the feasibility of the route on the simplified racemic alcohol 371

(Scheme 88).
A
i) HWE
N ii) Reduction B Crotylation
TBSO™ Y 70 ...y Reduction » T1BSO” Ny o relyEmen > TBSO” Y Y"oH
367 368 369
2 steps from . :
R-Roche ester Prins

371 372
Scheme 88. Proposed synthesis of silyl ether 327 (top) and model system for Prins cyclisation (bottom).

Initial attempts to synthesise alcohol 371 from carboxylic acid 373 were unsuccessful (Scheme 89).
We anticipated that addition of propenyl magnesium bromide to aldehyde 375 would afford alcohol
371 as a racemate. Whilst reduction of carboxylic acid 373 afforded the primary alcohol 374 in 64%
yield, we were unable to isolate aldehyde 375 after oxidation due to both degradation and volatility
of the product. After attempting various oxidation conditions including DMP, Swern, and Ley-Griffith,

we opted to explore alternative routes to alcohol 371.

o DIBAL-H, DCM OH dati o ~
-78°Ctort oxiaation THF, 0 °C
Ao L T B U M08 -
: 64% _AUMgBr X"NoH
373 374 375 371

Scheme 89. Unsuccessful synthesis of alcohol 371.
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In 1983, Yamamoto and co-workers reported the synthesis of alcohol 371 as a mixture with the two
y-adducts 376 and 377 in 90% yield by addition of crotylmagnesium chloride to crotonaldehyde in the
presence of aluminium trichloride (Scheme 90).%°2 To our surprise, when we conducted the reaction
under the Yamamoto conditions, alcohol 371 was isolated in only 29% yield alongside an inseparable
mixture of alcohols 376 and 377 in 15% yield. Most striking was the apparent preferential formation
of the Z-alkene in 371, with only 12% of the desired E-alkene observed. The alkene geometry of the
major isomer of 371 was determined by analysis of the *H-NMR, where a 3/7164 coupling of 10.9 Hz
was consistent with a Z-geometry. In the research reported by Yamamoto et al., the product ratio was
determined by gas-liquid chromatography (GLC) with no discussion of how double bond configuration
was established. It is possible that the configuration of the alkene was assumed to be retained from

E-crotylmagnesium chloride when in fact isomerisation occurs under the reaction conditions.

NMQ(N
THF, AICI5 /\/E\r“ /vf\ /\I\
-78 °Ctort.
R Yy —— X"oH X 0oH X oH
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148 90% 371 376 377
83 : 9.5 : 7.5
E/Z = 85:15
/\/\MgCI .
THF, AICI, Y N(\ /\I\
-78°Ctort
Mo —_— S OH S OH A OH
148 371 376 377
29% 15%
E/Z=12:88 (56:44)

Scheme 90. Selective crotylation of crotonaldehyde 148 reported by Yamamoto et al. (top) and by us (bottom).

Nevertheless, alcohol 371 was taken forward to the Prins cyclisation with propanal and afforded a
mixture of THPs 378 and 372 in 79% yield (Scheme 91). The structure of the major product 378 was
confirmed by analysis of the *H-NMR spectrum, where only one large 3/s.ax coupling constant of
12.0 Hz was observed for 6-H. It is expected that 372, the corresponding C-7 epimer of 378, would
exhibit two 3/acax coupling constants for 6-H. This provided further support for our structural
assignment of the major product in the crotylation of 148 as Z-371. At this stage we were confident
that the Prins cyclisation of homoallylic alcohol 369 with propanal would provide the desired THP 370
(Scheme 88, page 87). We therefore turned our attention to investigating whether alcohol 369 could

be prepared by crotylation of a,-unsaturated aldehyde 368.
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Scheme 91. Prins cyclisation of homoallylic alcohol 371 (top) and analysis of coupling constants for 6-H in the
'H-NMR of the major product (bottom).

Although we were able to successfully access homoallylic alcohols 363 and 364 by employing the
Nokami crotylation (Scheme 87, page 86), it was unclear as to whether these conditions would be
amenable to a,B-unsaturated aldehydes such as 368, as a literature search returned no examples of
the Nokami crotylation with such molecules. Indeed, attempts to perform the Nokami crotylation with
both crotonaldehyde and tiglic aldehyde were unsuccessful, returning unreacted starting materials.
We hypothesised that in both cases, the corresponding oxocarbenium ion 352 does not undergo the
required oxonia-Cope rearrangement due to increased stabilisation by the adjacent alkene (Scheme

85, page 85).

In 2009, Kocovsky et al. reported the asymmetric allyl transfer of a variety of aliphatic and aromatic
aldehydes (Scheme 92).2°3%2* Although this methodology was not applied to o,B-unsaturated
aldehydes, we were encouraged by the impressive results achieved for aromatic aldehydes. In a similar
manner to the Nokami crotylation, this methodology relies on the relative stability of the two
oxocarbenium ions 380 and 381 to induce a net allyl transfer to generate the desired homoallylic
alcohols. We found that reaction of aldehyde 384 with homoallylic alcohol 379, synthesised via Brown
allylation of p-tolualdehyde 383, afforded homoallylic alcohol 385 (Scheme 92).°° However, the
reaction proved unsuccessful with both crotonaldehyde and tiglic aldehyde. At this stage due to the
apparent issues with accessing homoallylic alcohol 369 via crotylation of a,B-unsaturated aldehyde

368, this route towards the THP ring in 327 was not explored further.

R R
OH Sn(0Tf), +O/) % ~ 0
N CHCly || oxonia-Cope | _ /E\/ + I
R 380 381 382 383

379
72-85%
>93% ee

trans-But-2-ene o
tBuOK, nBuLi /@/\
? (-)-lpc,-BOMe OH O,N
BF5°Et,0, THF 384 2
/@2 78 °C to -45 °C T sn(OTi), DCM S
—_— = —_—
81% 59% (lit. 75%) O.N

78% ee 80% ee (lit. 98%) 2
383 threo:erythro = 84:16 379 EIZ=93:7 385

Scheme 92. Lewis acid-catalysed allyl transfer methodology developed by Kocovsky et al. (top) and synthesis of
homoallylic alcohol 385 (bottom).2>3

89



Results and Discussion

Having explored the synthesis of THP 340 through the Prins cyclisation of propanal with homoallylic
alcohols, next the alternative Prins cyclisation was investigated (Scheme 84, page 84). As previously
discussed, we proposed that the THP ring in sulfone 331 could be constructed via cyclisation of
homoallylic alcohol 345 with various aldehydes. The required homoallylic alcohol 345 for the
envisaged Prins cyclisation was synthesised in 44% vyield (dr > 95:5) by Brown crotylation of propanal
(Scheme 93).2%° Derivatisation of the primary alcohol as the Mosher’s ester and subsequent analysis

of the *H-NMR data indicated homoallylic alcohol 345 was formed in > 95% ee.

trans-But-2-ene

tBuOK, nBuLi P
(-)lpc,-BOMe 0PN cl
BF4Et,0, THF SnCl,, DCM o~
_~O 78 °C o -45 °C z 78 °C P
44% HO 21% O
dr =95:5
342 o o 345 386

Scheme 93. Synthesis of homoallylic alcohol 345 and subsequent Prins cyclisation with crotonaldehyde.

Reaction of homoallylic alcohol 345, crotonaldehyde and SnCl, in DCM at -78 °C gave a complex
mixture from which THP 386 was isolated in 21% yield by column chromatography (Scheme 93).
Although we had deemed it preferable to preinstall the trisubstituted olefin into the side chain of the
aldehyde, this initial study indicated the Prins cyclisation may not be amenable to the required

substrates. As a result, alternative aldehydes were investigated to access THP 340.

Homoallylic alcohol 345 underwent Prins cyclisation with aldehyde 268 to give THP 365 albeit in only
37% vyield (Scheme 94). The low yield was attributed to a competing oxonia-Cope rearrangement to
generate the more stable internal alkene.”® This undesired pathway has been reported to be

detrimental to both the yield and selectivity of the Prins cyclisation and has been widely studied by

the groups of Willis and Rychnovsky.2772°
AP
TBDPSO
268 Cl
W SnCl,, DCM - o
ZY _7?3 °C 5 steps
tBDPSO_ A A .25 -
HO 37% 0o o
o
345 365 323

Scheme 94. Prins cyclisation of homoallylic alcohol 345 and aldehyde 268.

As previously discussed, conversion of silyl ether 365 to the desired ketone 323 would require several
synthetic steps. Hence, the Prins cyclisation between homoallylic alcohol 345 and aldehyde 44 was
investigated to shorten the synthetic route to ketone 323 (Scheme 95). Pleasingly, the proposed Prins
cyclisation of homoallylic alcohol 345 with aldehyde 44 afforded THP 387 in 33% yield as a single
diastereoisomer after purification. Due to concerns about the lability of the TBS group, the reaction
was repeated with aldehyde 305 containing a TBDPS protected alcohol. This modification resulted in

an improved yield of 41%. In both cases, analysis of the crude products by *H-NMR spectroscopy
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provided evidence for the formation of side-products resulting from the oxonia-Cope rearrangement,
however, these side-products were not isolated and characterised.? Further optimisation of the
protecting group or reaction conditions may result in improved yields for the Prins cyclisation.
Nevertheless, as the desired THP ring was constructed rapidly and with excellent stereocontrol, a yield

of 41% was deemed acceptable at this stage.

O
1
HO ¢l
345 o AIBN, HSnBu, o
Y§o SnCly, DCM, -78 °C Toluene, 80 °C
. _Toluene, 80 °C
OR 44: 33%, dr > 95:5 o 387: 85% o

305: 41%, dr > 95:5 OR 388: 93% OR
44: R = TBS 387: R = TBS 389: R = TBS
305: R = TBDPS 388: R = TBDPS 390: R = TBDPS

TBAF, THF | 389: 91%

o DMP, NaHCO; o 0°Ctort | 390:90%
DCM, 0 °C to rt
-
o 96% ©
o}

OH
323 324

Scheme 95. Synthesis of ketone 323 via Prins cyclisation of aldehydes 44 and 305.

Both alkyl chlorides 387 and 388 were converted to the desired ketone 323 through a sequence of
reductive dehalogenation, silyl deprotection, and finally oxidation of the secondary alcohol with DMP.
Overall, this new route provided ketone 323 in 27% yield over 6 steps in the LLS (7 steps total) from L-
ethyl lactate. This was a significant improvement from the previous route discussed in section 3.3.1
which employed an asymmetric hydrogenation to access ketone 323 in 18% yield over 8 steps in the
LLS (10 steps total). With a robust route to ketone 323 developed, we turned our attention to

completing the synthesis of 20,21-dihydroambruticin F.

As previously outlined in section 3.3.1, ketone 323 was reacted with the lithium anion of phosphorus
diamide 275 to give alcohol 328 in 39% yield following silyl deprotection (Scheme 96). Finally, the
alcohol in 328 was converted to the corresponding phenyl tetrazole sulfone in 90% vyield by a
Mitsunobu reaction and subsequent oxidation of the intermediate sulfide. A greatly improved yield
was achieved for this transformation when compared with the same sequence performed for the
conversion of the corresponding DHP of 328 in the total synthesis of ambruticin J, where undesired
alkene epoxidation proved problematic (Chapter 2, Section 2.3.4, Scheme 70, page 67). With the
sulfone fragment 331 synthesised, the construction of aldehyde 330 required for the proposed Julia-

Kocienski olefination was investigated (Scheme 82, page 83).
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Scheme 96. Synthesis of phenyl tetrazole sulfone 331.

In 2001, Jacobsen et al. published a total synthesis of ambruticin S in which the 8,9-alkene was
assembled via a Julia-Kocienski olefination between sulfone 25 and aldehyde 24 (Scheme 97). We
proposed that aldehyde 330 could be accessed by a similar olefination between aldehyde 332 and
sulfone 27. Aldehyde 332 would be synthesised from dihydroxy ester 129 through the bioinspired
epoxidation-cyclisation cascade previously developed in section 2.3.1 of chapter 2 (Scheme 97). While
a number of protecting groups could be employed for the diol in THP 332, it was essential they would
be stable to conditions that would later be used to deprotect the primary TBDPS ether. Finally, we
planned to explore whether a Charette cyclopropanation of allylic alcohol 392 could be utilised to

access sulfone 27.

O _,CHO
TBDP .,
SO ‘0OTBS
OTBS
24
B LiIHMDS, DMF
A A HMPA, -35°C  TBDPSO.
_—
YN o 92%
SO,PT : ElZ>30:1
25
Epoxidation
EtO 0} X cyclisation
Julia-Kocienski ) cascade EtO. A
olefination “"oPG

§ oPG O OH OH
/\ 332 129
0. N "'140

OPG H Charette
330 A cyclopropanation
PTOZS\A,,, OH
I — ~_oTBDPS
OTBDPS
27 392

Scheme 97. Julia-Kocienski olefination by Jacobsen (top) and our retrosynthetic analysis of aldehyde 330
(bottom).8?
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As outlined in section 2.3.1 of chapter 2, dihydroxy ester 129 was synthesised in 69% yield over 3 steps
from acylated thiazolidinethione auxiliary 153 and aldehyde 147 (Scheme 98). Previously we found
that Sharpless asymmetric epoxidation of 129 with in situ 6-endo cyclisation afforded THP 167 in 52%
yield on a 0.25 mmol scale. Further optimisation of the conditions led to an increased 81% yield of the
desired THP 167 on a 0.44 mmol scale. Important changes included increasing the loading of titanium
isopropoxide and (-)-DIPT from both 0.12 eq. to 0.2 and 0.3 eq. respectively, alongside performing the
reaction at -20 °C overnight as opposed to -5 °C for 5 hours. Furthermore, on a 0.44 mmol scale we
noted that the order of addition for the reagents did not significantly impact the outcome of the
reaction. Finally, quenching the reaction with an aqueous solution of FeSO, and citric acid instead of

a 10% aqueous tartaric acid solution resulted in less emulsion during the work-up.

‘BUOOH,
N~ Ti(O'Pr),
F (-)-DIPT, DCM EtO SN
|/\N—< (\/\/ 3 steps EtOW/ -200r-5°C o ,
_— z : _ i
X ©° o O OH OH Y~ “OH
L 69% 52.81% e
153 147 129 > 23 mmol 167
i) K20s04.2H,0, NMO NaH, BnBr,
EtO o) Acetone/H,0 DMF
Wo ii) NalOy, THF/H,0 Etoj(\ﬁoj/\/ 20100 °C
o 3 - .
Y~ “OBn 88% ° v~ “OBn 56%
OBn OBn
394 393

Scheme 98. Bioinspired synthesis of THP 394.

However, when the reaction was conducted on a > 10 mmol scale, poor conversion of the starting
material to the desired product was observed, resulting in a 48% yield of 167. A 76% yield (89% based
on recovered starting material (BORSM)) was achieved on 23.22 mmol scale by further increasing the
equivalents of titanium isopropoxide and (-)-DIPT to 0.5 and 0.6 respectively. While on a < 1 mmol
scale the timing and order of reagent addition did not significantly impact the yield of the reaction,
upon scale up it was necessary to control these factors to achieve maximum conversion to the
product. It proved essential to pre-mix both titanium isopropoxide and (-)-DIPT prior to the addition
of dihydroxy ester 129. The resultant solution also required stirring for 30 minutes before the addition

of peroxide (see chapter 4 for detailed procedure).

Initially, the hydroxyl groups in 167 were protected as benzyl ethers as these would be stable to silyl
deprotection conditions which would be employed for the liberation of the primary alcohol after the
proposed Julia-Kocienski olefination (Scheme 98). Deprotonation of the diol with 3 eq. of NaH in DMF
at -20 °C followed by addition of 2.5 eq. of benzyl bromide afforded only a 56% vyield of the bis-

protected product 393. Increasing the equivalents of both benzyl bromide and NaH to 5 eq. or
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increasing the reaction temperature to 0 °C resulted in a decrease in yield. Triflic acid-catalysed
protection with benzyl trichloroacetimidate was also unsuccessful, returning starting diol 167
alongside a mixture of mono-protected products. Although the desired product 393 was readily
converted to aldehyde 394 by dihydroxylation of the alkene and cleavage of the resultant diol, the
yield for the protection encouraged us to investigate alternative protecting groups. Treatment of 167
with TBSOTf, gave 395 in 90% yield, which underwent dihydroxylation followed by reductive cleavage
to afford aldehyde 396 in 45% yield over 7 steps from acylated auxiliary 153. This bioinspired THP
synthesis allowed rapid access to > 11 mmol of the desired aldehyde 396 from commercially available

starting materials and reagents.

TBSOTf i) K,0504.2H,0, NMO

EtO SNPFSN 2,6-Lutidine EtO O LA Acetone/H,0 EtO. O~
Y\()/\/ DCM, 0 °C \H/\(J/\/ i) NalO,, THFH,0 Wo
° v "'OH 20% © v~ "0TBS 89% © ~” 0TBS
OH OTBS OTBS
167 395 396

Scheme 99. Synthesis of aldehyde 396 from diol 167.

For the synthesis of sulfone 27, an enantioselective Simmons-Smith cyclopropanation of allylic alcohol
392 was investigated (Scheme 100C).2%° Charette and co-workers demonstrated that using
dioxaborolane ligands in the Simmons-Smith reaction resulted in excellent levels of enantioselectivity
during the cyclopropanation of allylic alcohols to generate disubstituted cyclopropanes (Scheme
100A).%° It was later reported that trisubstituted cyclopropanes could be accessed with exquisite

stereocontrol by employing 1,1-diiodoethane in place of 1,1-diiodomethane (Scheme 100B).25°

Although available commercially, allylic alcohol 392 was synthesised in 47% yield from 1,4-butynediol
401 by selective alkyne reduction to form E-alkene 402 which was mono-protected as the TBDPS ether
(Scheme 100C). However, no reaction was observed when allylic alcohol 392 was subjected to
Charette cyclopropanation conditions where diethyl zinc was added as a 1 M solution in hexane. A
survey of the literature revealed that it was commonplace to add diethyl zinc as a neat reagent, with
only a handful of examples employing a diluted solution of the reagent. As attempts to source diethyl
zinc as a neat solution were unsuccessful, sulfone 27 was prepared from the previously accessed
aldehyde 271 (Scheme 101). In the future, we wish to conduct further investigations into the

cyclopropanation of allylic alcohol 392 as this route would provide rapid access to sulfone 27.
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Scheme 100. (a) Charette asymmetric cyclopropanation to disubstituted and (b) trisubstituted cyclopropanes.
(c) Proposed synthesis of sulfone 27.8%:260
In section 2.3.4 of chapter 2, the synthesis of aldehyde 271 was described using Taylor’s cation
rearrangement methodology to construct the cyclopropane ring (Scheme 61, page 61).2% During the
course of those studies, it was found that scaling up the cyclopropanation of homoallylic alcohol 269
was accompanied with decreases in either yield or diastereoselectivity. In the total synthesis of
ambruticin J reported by Taylor et al., this issue was circumvented through the addition of sub-
stoichiometric triethyl silane.??® Repeating the reaction under these conditions with homoallylic
alcohol 269 gave 270 in 89% yield on a > 5 mmol scale whilst maintaining excellent stereocontrol
(Scheme 101). Although Taylor did not indicate the role of triethyl silane in the reaction, it may act as

a scavenger to prevent the formation of TMSOTf and therefore the undesired silyl protection of

alcohol 269.
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synthesised
Scheme 101. Synthesis of sulfone 27 from homoallylic alcohol 269.
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Following oxidative cleavage of the alkene, aldehyde 271 was converted to sulfone 27 by reduction to
the alcohol, a Mitsunobu reaction, and finally oxidation of the sulfide with mCPBA (Scheme 101).
Although oxidation of the intermediate sulfide 404 with molybdate and H,0; in ethanol gave similar
yields of sulfone 27, the reaction was less amenable to scale due to the large quantities of solvent
required.?®! Overall sulfone 27 was prepared in 47% yield over 8 steps in the LLS (10 steps total).
Although this route required numerous synthetic transformations, all were high-yielding and excellent
stereocontrol was achieved in the cyclopropanation step, allowing us to synthesise > 13 mmol of the

desired sulfone 27.

The Julia-Kocienski olefination conditions developed by Jacobsen et al. during their total synthesis of
ambruticin S were used to unite aldehyde 396 and sulfone 27 (Scheme 102).8! While Jacobsen and co-
workers reported a 92% vyield for the olefination of aldehyde 24 with sulfone 25 with LIHMDS in
DMF/HMPA at -35 °C (Scheme 97, page 92), we found replicating these conditions resulted in no
product formation and a complex *H-NMR spectrum was observed for the crude material after work-
up. A possible competing reaction is the deprotonation of THP 396 at -35 °C, resulting in unwanted
reactivity. Pleasingly, by performing the reaction at -60 °C a 70 % vyield of solely the E-alkene 405 was
obtained on a multi-gram scale (Scheme 102). Furthermore, while Jacobsen indicated the reaction was
to be warmed to room temperature immediately after aldehyde addition, we found that it was vital
to maintain the reaction at -60 °C for a minimum of one hour to achieve full conversion to the desired
product. Alternative bases and solvents were investigated but, in all cases, the desired product was

obtained in a lower yield or as a mixture of alkene isomers.

Selective deprotection of the primary silyl ether 405 with acetic acid buffered TBAF afforded alcohol
406 which was readily oxidised with DMP to provide aldehyde 407 in 73% yield over the two steps
(Scheme 102). The next goal was formation of the 13-14-alkene of 20,21-dihydroambruticin F which
would set the stage for the end-game transformations towards the proposed biosynthetic

intermediate.
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Scheme 102. Synthesis of aldehyde 407.
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A screen of Julia-Kocienski olefination conditions was conducted to unite aldehyde 407 and sulfone
331, and selected results are summarised in table 8. With greater quantities of aldehyde 407 than
sulfone 331 available, most tests were performed with excess aldehyde. Using KHMDS in DME to
effect the desired coupling, a set of conditions we had previously utilised in our total synthesis of
ambruticin J, the desired product 408 was obtained in a 36% vyield as a 10:1 mixture of E/Z alkene
isomers (entry 1).2° The use of both sodium and lithium bases in a variety of solvents was investigated.
NaHMDS in a mixture of THF/HMPA gave a significant increase in yield to 78%, however, it was
accompanied by a decrease in selectivity for the E-alkene (entry 2). Based on the previous Julia-
Kocienski olefination with aldehyde 396 and sulfone 27 (Scheme 102, page 96), LIHMDS in DMF/HMPA
was used but the conditions gave only a 57% yield of 408 as a 3:1 mixture of isomers (entry 3). Finally,
when sulfone 331 was used in excess (1.5 eq. relative to aldehyde 407), no improvement in either

yield or selectivity was observed (entry 4).

From this optimisation, conditions were identified to synthesise alkene 408 in either low yield with
excellent stereocontrol (entry 1), or in high yield with poor control of the alkene geometry (entry 2).
As the two alkene isomers were inseparable by column chromatography, and it was unclear whether
they could be separated later in the synthesis, we proceeded with the conditions that provided alkene
408 as a 10:1 mixture of E/Z isomers. In an attempt to improve the efficiency of the reaction upon
scale up, the equivalents of aldehyde 407 were lowered to 1.2 (entry 5). Pleasingly, a 40% yield was

achieved under these conditions, generating 0.34 mmol of alkene 408.

, Base
Solvent (O 1 M)
‘y PTO,S
OTBS “0TBS

OTBS

67BS
407
Entry Base (eq.) Solvent Temperature Eq.of407 Eq.of331 Yield (%)? E/2b
1 KHMDS (1.2) DME -60 °Cto rt 1.3 1.0 36% 10:1
1 NaHMDS (1.2) THF/HMPA (4:1) -78°Ctort 1.3 1.0 78% 3:1
3 LIHMDS (1.2) DMF/HMPA (4:1) -78 °Cto rt 1.3 1.0 57% 3:1
4 KHMDS (1.5) DME -60 °Ctort 1.0 1.5 34% 10:1
5¢ KHMDS (1.2) DME -60 °Cto rt 1.2 1.0 40% 10:1

Table 8. Optimisation of the Julia-Kocienski olefination between aldehyde 407 and sulfone 331. All reactions
performed with 0.05 mmol of the limiting reagent unless otherwise noted. ?lsolated yields. ®°Determined by *H-
NMR analysis of the product. ©0.84 mmol of sulfone 331 used.

Having assembled the complete carbon skeleton of 20,21-dihydroambruticin F, the total synthesis was

completed by silyl deprotection with TBAF followed by basic hydrolysis of the ethyl ester (Scheme
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103). Overall, 20,21-dihydroambruticin F (320) was prepared using a modular approach in 8% yield in
14 steps over the LLS (37 steps in total). This provided us access to the proposed biosynthetic
intermediate 320 for use in bioassays with AmbP and AmbO to investigate DHP ring formation in

ambruticin biosynthesis. These studies are currently ongoing in the laboratories of Dr. Luoyi Wang.
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20 21-Dihydroambruticin F
(320)

Scheme 103. Final transformations for the synthesis of 20,21-dihydroambruticin F.
To confirm the structure of 20,21-dihydroambruticin F and provide definitive proof of its existence as
an intermediate in the biosynthesis of the ambruticins, it was desirable to the compare spectral data
obtained from our synthetic sample with an authentic sample produced by Sorangium cellulosum.
Isolation and characterisation of 20,21-dihydroambruticin F from cultures of wild-type Sorangium
cellulosum would be extremely challenging as the intermediate is proposed to undergo further
biotransformations (Scheme 104).1% Nevertheless, disruption of the genes in the biosynthetic gene
cluster (BGC) of the ambruticins responsible for downstream transformations of 20,21-
dihydroambruticin F may result in accumulation of the intermediate and therefore facilitate its

isolation.

Indeed, when Xiaotong Zhong and Kaining Gao (researchers in the Wang laboratories) cultured
hygromycin (Hyg) resistant Sorangium cellulosum So cel0 cells where the genes ambP-S had been
deleted, HPLC-MS analysis of the culture extracts revealed a new peak with m/z of 476, consistent
with the production of 20,21-dihydroambruticin F (Figure 21). Furthermore, the retention time of this
new compound matched that of our synthetic reference of 20,21-dihydroambruticin F. Purification of
the new product afforded 20,21-dihydroambruticin F and the spectral data matched that obtained
from our synthetic sample, confirming the structure of the biosynthetic intermediate (see chapter 4,
page 223 for detailed comparison). Studies in collaboration with Dr. Luoyi Wang are ongoing to

determine the timing and mechanism of DHP ring formation in ambruticin biosynthesis.
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Scheme 104. Proposed tailoring of 20,21-dihydroambruticin F in ambruticin biosynthesis.
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Figure 21. Disruption of genes ambP-S in the ambruticin BGC (top) and HPLC traces of 20,21-dihydroambruticin
F (bottom).
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3.3.3. Total Synthesis of Ambruticin Fand S

To aid in the analysis of bioassays of AmbP and AmbO with 20,21-dihydroambruticin F (320), a
reference of the proposed assay product ambruticin F (2) was required. Comparing HPLC traces of the
crude assay extracts with the synthetic reference would help identify whether ambruticin F is being
formed in bioassays with 20,21-dihydroambruticin F. Furthermore, since full NMR data of ambruticin
F have not been reported in the literature, a sample of the natural product will be useful for confirming
the structure of the product from bioassays by NMR analysis. In addition, ambruticin F (2) is the
proposed product of the AmbJ catalysed epoxidation-cyclisation of ambruticin J described in chapter
2, hence 2 will therefore also serve as a synthetic reference to aid the analysis of bioassays being

performed with AmbJ and ambruticin J.

Our synthetic route to 20,21-dihydroambruticin F was to be adapted to prepare ambruticin F,
demonstrating the flexibility of the modular approach (Scheme 105). A Julia-Kocienski olefination
between the previously synthesised aldehyde 407 and sulfone 28 would construct the carbon skeleton
of ambruticins F and S. To definitively confirm the structure of synthetic ambruticin F, the spectral
data obtained would be compared with those obtained from a sample of the natural product isolated
from cultures of Sorangium cellulosum where the relevant genes in the BGC had been disrupted.

Furthermore, the biomimetic total synthesis of ambruticin S from F was to be investigated and the

obtained spectral data compared with that reported in the literature for ambruticin S.
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Scheme 105. Retrosynthetic analysis of ambruticins S and F.
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Using the optimised conditions established previously, Julia-Kocienski olefination between aldehyde
407 and sulfone 28 using KHMDS in DME afforded alkene 410 in 38% yield as a 10:1 mixture of E/Z
isomers (Scheme 106). As previously established, the yield of the reaction could be significantly
improved to 80% at the cost of selectivity (E/Z = 3:1) through the use of NaHMDS in a mixture of THF
and HMPA. This represents an attractive alternative to the lower yielding conditions if control of the
alkene geometry is not essential. Deprotection of silyl ether 410 with TBAF in THF followed by

saponification of the ethyl ester with LiOH completed the first total synthesis of ambruticin F.

Next, in collaboration with Dr. Luoyi Wang we isolated ambruticin F through engineering the
biosynthetic pathway in Sorangium cellulosum. Previous studies by Reeves and co-workers
demonstrated that disrupting ambQ from the ambruticin biosynthetic gene cluster led to
accumulation of ambruticin F alongside ambruticin S and the VS series of compounds found in the
wild-type strain, potentially due to the function of AmbQ being complemented by AmbN.% Wang and
co-workers found that fermentation of a AambN-S mutant strain of S. cellulosum So ce10, which was
constructed by replacing the continuous region of ambN, ambQ, ambR and ambS genes with a
hygromycin selection marker, afforded ambruticin F as the major metabolite. The NMR data obtained
from purified natural ambruticin F were in excellent agreement with those from the synthetic sample,
confirming the structure of the natural product (see chapter 4, page 230 for detailed comparison).
Nevertheless, to provide definitive proof for the structure of our synthetic sample of ambruticin F, the

biomimetic conversion of ambruticin F to ambruticin S was investigated.

X
‘ KHMDS DME
"y, PTO,S , H
OTBS 8°/ o " ""0TBS

OTBS EIZ=10:1 z
407 OTBS 410
TBAF, THF o
0°Ctort l 82%

H XN
LiOH, MeOH
\H/\(J/\A /\/\((x THF, Hzo towl,,,/\__/\((oﬁ
87% 0 v "10H :
OH

H
Ambruticin F (2)

Scheme 106. Synthesis of ambruticin F.

Attempts to oxidise the 5-hydroxyl of diol 411 with DMP were problematic, with yields varying
dramatically and never exceeding 33% (Scheme 107). The low yield for the desired product alongside
the inability to recover starting material may be due to undesired oxidative cleavage of the vicinal diol,
a process which is known to be promoted by DMP.%2? Nevertheless, diol 411 underwent selective

oxidation with Fetizon’s reagent (Ag>COs on celite) to generate 5-ketoambruticin ethyl ester (412) in
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54% yield.?*? Reduction of ketone 412 with sodium borohydride in methanol gave a separable mixture
of alcohol epimers 413 and 411 in 47% and 35% vyield respectively. Finally, hydrolysis of ethyl ester
413 gave ambruticin S (1), with spectral data consistent with those reported for the natural product
in the literature (see chapter 4, page 237 for detailed comparison). As a result, since we accessed
ambruticin S from the ethyl ester of ambruticin F, we can be confident of the assignment of the

structure of ambruticin F.

R AN
Fetizon's reagent
EtO. O A 1y P X o toluene, 110 °C EtO 0y P X7 o
H —_— Y
(o} . O = 54% =
OH
411 412
NaBH,4, MeOH 47%
0°Ctort dr = 4:3 (413:411)
: SN H N
LiOH, MeOH
N7 o THF, H,0 Eto "N N0
: 81% :
H -
Ambruticin S (1) 413

Scheme 107. Biomimetic synthesis of ambruticin S from the ethyl ester of ambruticin F.
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3.4. Conclusions and Future Work

Towards the goal of understanding DHP ring formation in ambruticin biosynthesis, two synthetic
routes to the THP ring in 20,21-dihydroambruticin F (320) have been developed. The first strategy
employs an asymmetric hydrogenation of DHP 31 with Crabtree’s catalyst, whilst the second approach
rapidly assembles the desired ring with excellent stereocontrol through a Prins cyclisation between
homoallylic alcohol 345 and aldehyde 305 (Scheme 108). Alternative Prins cyclisations for the
construction of the THP were also investigated and in the future will be explored in more detail to

further improve the synthesis of THP 323.

O Crabtree's Catalyst o
j\:/ ~N o 4 steps H, atm., DCM
—_— —_—
TMSO OTBDPS 57% © 89% T 0
0 dr> 95:5 323
45 305 31 L 18%over _J
8 steps LLS
Cl 0
SnCl,, DCM
= o Y§O -78 °C 3 steps
HO OTBDPS 41% o 80% 0
dr > 95:5 OTBDPS e} 323
345 305 388 \__ 26%over _J
6 steps LLS

Scheme 108. Synthesis of THP 323 via asymmetric hydrogenation (top) and Prins cyclisation (bottom).

In collaboration with Dr. Luoyi Wang, 20,21-dihydroambruticin F (320) was isolated through gene-
knockout experiments with Sorangium cellulosum. The first total synthesis of 20,21-dihydroambruticin
F (320) was completed to confirm its structure and provide further quantities of the biosynthetic
intermediate for subsequent bioassays (Scheme 109). Overall, 20,21-dihydroambruticin F (320) was
synthesised in 8% yield over 14 steps in the LLS where a key component of the route was a bioinspired
epoxidation-cyclisation cascade to generate the THP ring of the ambruticins. In future, in an attempt
to optimise our synthetic route to the ambruticins, the Charette cyclopropanation for the formation

of the trisubstituted cyclopropane ring 27 will be investigated further (Scheme 109).

To aid the analysis of bioassays of 20,21-dihydroambruticin F with AmbP and AmbO, our modular
route was adapted to complete the first total synthesis of ambruticin F (2), the proposed assay
product. These bioassays are underway in collaboration with Dr. Luoyi Wang. Furthermore, ambruticin
F and 20,21-dihydroambruticin F were isolated from cultures of the AambN-S and AambP-S mutant
strains of S. cellulosum respectively. Finally, the total synthesis of ambruticin S was completed through
a biomimetic epimerisation of the 5-hydroxyl of ambruticin F. Having developed a robust and modular
route, in future, analogues of the ambruticins could be prepared to study SAR in an effort to improve

antifungal activity and other biological properties.

103



Conclusions and Future Work

HZN\)J\ A B(OH)2 ~_-CH ~ OEt
Y~ OH N HO /\ﬂ/ P~
iPr [0}
193 266
150 293 342
1. Boronic ester i
1. Reduction formation 1. TBDPS protection
2. Cyclisation 2. Matteson 2. Reduction .
3. Acetylation homologation 1. Crotylation
1. TBDPS protection
2. DMP oxidation y
A
o) o OTBDPS o
s NN B G : Z N
)fN‘n/ P S g i oF~-OTBDPS HO™ ™Y ~OMe /ﬁ HO
S TMS = (0]
153 147 195 269 280 305 345
60% (3 steps) 82% (2 steps) 72% (2 steps) 83% (2 steps) 44% (1 step)
I — | L 1 |

1. Aldol

2. Decarboxylative Claisen

3. Narasaka-Prasad reduction
4. Epoxidation-cyclisation
5. TBS protection

6. Dihydroxylation

7. NalO4 cleavage

EtO (@)
Y\(JAO
© “0TBS

3. Asymmetric allylation
4. Cyclopropanation

5. Dihydroxylation

6. NalO,4 cleavage

7. Reduction

8. Mitsunobu/oxidation

1. TBS protection

2. DIBAL-H reduction
3. Appel reaction

4. Alkylation

3. Prins cyclisation

4. Dehalogenation

5. Silyl deprotection
6. DMP oxidation

w

o/
1]
850" NN
Y PTO,S ~,, ~OTBDPS H r{l\) O
OTBS s o}
396 27 275 323
Fragment A Fragment B Fragment C Fragment D

45% (7 steps LLS from 153)

9. Julia-Kocienski olefination
10. Silyl deprotection
11. DMP oxidation

~” 0TBS
OTBS
407

24% (11 steps LLS)

47% (8 steps LLS from 266)

68% (4 steps LLS)

27% (6 steps LLS from 293)

7. Olefination

8. Silyl deprotection
9. Mitsunobu
10. Oxidation

331
10% (10 steps LLS)

12. Julia-Kocienski olefination |

EtO

HO. 0]

10% (12 steps LLS)

13. Silyl deprotection
14. Hydrolysis

“/OH

OH
20,21-Dihydroambruticin F (320)

8% (14 steps LLS)
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4.1 General Experimental

All reactions were carried out using standard Schlenk syringe-septa techniques in flame dried
glassware under a positive pressure of nitrogen in anhydrous solvents unless otherwise stated.
Reagents and solvents were purchased from commercial suppliers and used without further
purification unless reported. Anhydrous THF, Et,0, hexane, DCM, toluene and MeCN were dried by
passing through a modified Grubbs system of alumina columns and stored under nitrogen. MeOH,
EtOH, EtOAc, DIPEA and TEA were dried by distillation from calcium hydride and stored under nitrogen
and over 3 A molecular sieves. Degassed solvents were prepared by freeze-pump-thaw cycling under

nitrogen or by sparging with nitrogen.

Analytical thin layer chromatography (TLC) was carried out on Merck silica gel 60 F,s4 analytical plates
and were developed using UV fluorescence (254 nm) or KMnO, / A. Flash column chromatography

was carried out on Sigma Aldrich silica gel 60 A (43-63 um) and an organic solvent system as stated.

Infrared spectra were recorded on a Perkin-Elmer FT-IR spectrometer spectrum 2 with selected peaks
of interested reported as absorption maxima (cm™). Mass spectrometry (MS) and High-resolution
mass spectrometry (HRMS) were performed by the University of Bristol mass spectrometry service
using electrospray ionisation (ESI) on a Bruker microOTOF Il (TOF) or atmospheric pressure chemical
ionisation (APCl) on a Thermo Scientific Orbitrap Elite (LC-Orbitrap). Optical rotation was measured
on a Bellingham and Stanley Ltd. ADP220 polarimeter and is quoted in (° ml)(g dm)™. Melting points

of solid products were recorded on a Stuart MP20.

NMR spectra were recorded on Varian 400-MR (400 MHz), Jeol ECS400 (400 MHz), Jeol ECZ400 (400
MHz), JeolVAR ECZ400 (400 MHz), BrukerNano400 (400 MHz), Bruker Avance Il HD 500 Cryo (500
MHz), Bruker Neo 600 Cryo (600 MHz), and Bruker Avance Il HD Cryo700 (700 MHz) spectrometers at
ambient temperature. Spectra were recorded in deuterochloroform referenced to residual CHCls (1H,
7.26 ppm; 3C, 77.2 ppm), deuterated methanol referenced to residual CD,HOD (*H, 3.30 ppm; C,
49.0 ppm) or deuterated acetone referenced to residual (CD3)(CD,H)CO (*H, 2.09 ppm; 3C, 30.6 ppm).
Chemical shifts (6) are reported in parts per million (ppm) and coupling constants (J) are reported in
Hertz (Hz). The following abbreviations are used to describe multiplicity: s (singlet), d (doublet), t
(triplet), g (quartet), br. (broad), ap. (apparent). COSY, HMBC, and HSQC NMR spectra were routinely
used to definitively assign the signals of *H and 3C NMR spectra. For clarity, the numbering of atoms
does not correspond to the compound names. X-ray diffraction experiments were performed and

structure solved by Dr. H. A. Sparks and Dr. N. E. Pridmore at the University of Bristol.
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4.2 Protein Expression, Enzymatic Assays, and Gene-Knockout Experiments

4.2.1. General Experimental Procedures

Size exclusion column chromatographic separations were carried out by using Sephadex LH-20 (Cytiva)
as packing materials. LC-MS data were obtained on a SHIMADZU LCMS system comprising SHIMADZU
SIL-20A autosampler, SHIMADZU LC-20AD HPLC pump, SHIMADZU SPD-M40 Diode Array detector and
SHIMADZU LCMS-2010 mass spectrometer. HPLC grade H,O and MeCN were added with 0.1% formic
acid as solvent system. Analytical LC-MS data were obtained using a Phenomenex Kinetex column
(C18, 150 x 4.60 mm, 5 um) at a flow rate of 1 mL/min. Preparative HPLC purification were carried out
using a SilGreen column (C18, 250 x 10 mm, 5 um) at a flow rate of 4 mL/min. The work described in

sections 4.2.2 - 4.2.7 was performed by Dr. Luoyi Wang.

4.2.2. AmbJ Protein Expression and Purification:

A plasmid encoding for AmbJ was transformed into E. coli BL21 (DE3) cells and these cells were gown
overnight on an agar plate at 37 °C. One colony was picked and added to 20 mL of LB medium
inoculated with kanamycin. The pre-culture was incubated at 37 °C/200 rpm overnight. The pre-
culture was added to 1 L of auto induction medium and shaken at 37 °C/200 rpm until the optical
density at 600 nm reached 0.6 (roughly 3 hours). The culture was then shaken at 18 °C/200 rpm

overnight (for whole cell biotransformation, see section 4.2.3).

The cells were harvested by centrifugation (4 °C/6000 rpm for 15 min) and resuspended in buffer A
(50 mM Tris/HCI pH 7.5, 150 mM NacCl). The cells were lysed by sonication (6 x 10 s pulsed cycle) on
ice, and the debris was removed by centrifugation (4 °C/15000 rpm for 30 min). The clarified
supernatant was loaded onto a pre-equilibrated Ni-NTA agarose column, which was then washed with
a gradient of buffer B (50 mM Tris/HCI pH 7.5, 150 mM NaCl, 1 M imidazole). Fractions containing the
target protein of interest, as established by monitoring the absorbance of the column eluent at 280
nm followed by SDS-PAGE analysis, were pooled and concentrated. Concentrated protein samples
were subjected to Superdex 75 or 200 size exclusion column for further purification, eluted with Buffer

A to yield final protein samples with > 95% purity.

4.2.3. Whole-Cell Biotransformations with AmbJ:

50 mL of overnight culture of E. coli BL21 (DE3) cells overexpressing AmbJ were centrifuged at 6000
rpm for 5 min. Cell pellets were resuspended in 2 mL of 100 mM potassium phosphate buffer pH 7.2
supplemented with 20 mM glucose. Substrates dissolved in 50 uL of MeOH were then added and the
reactions were incubated at 30 °C, 200 rpm for overnight. As negative controls, substrates were

incubated with blank E. coli BL21 (DE3) cells.
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Reactions were quenched by adding equal volume of acetonitrile, vortexed and centrifuged. The
acetonitrile layer was injected for HPLC-MS analysis. The aqueous layer was dried in vacuo,

resuspended in acetonitrile, and injected for HPLC-MS analysis.

4.2.4. In Vitro Enzymatic Assays with AmbJ:

Reaction mixture contains 0.5 mg/mL AmbJ, 100 pM FAD, 5 mM NADH, 100 uM substrates at the final
volume of 200 plL in buffer A. The mixture was incubated at 30 °C in water for 12 hours in the plastic
tube with the lid open for air supplementation. To analyse the products, the reaction mixture was
extracted with EtOAc (3 x 300 pL). The combined extracts were dried by a sample concentrator and

then dissolved in 200 plL of methanol for HPLC-MS analysis.

4.2.5. Gene Disruption in Sorangium cellulosum So cel0:

A plasmid containing the hygromycin selection marker flanked by the upstream and downstream
fragments of the target gene or region was constructed and introduced into Sorangium cells via
electroporation. Double crossover clones with the target gene or region replaced by the antibiotic
selection marker were screened by PCR on HS agar (0.15% Casitone, 0.1% KNOs, 0.1% MgS0,-7H,0,
0.008% Fe-EDTA, 0.4% glucose, 0.0075% CacCl,-2H,0, 0.00625% K,HPO,4, 1.5% agar) containing 100

pg/mL of hygromycin.

4.2.6. Fermentation Procedure for Mutant Strains of Sorangium cellulosum So ce10:

Mutant strains of Sorangium cellulosum So cel0 were inoculated on HS agar plates and incubated 3
days at 30 °C. Seed medium was inoculated in a 500 mL flask with 100 mL of liquid HS medium by
scrape colonies from the HS agar plate and incubated 2-3 days at 220 rpm at 30 °C. Production
fermentation was inoculated with 20% of seed culture in SF1-P medium (0.3% soy peptone, 0.6%
fructose, 0.1% MgS0,-7H,0, 0.1% CaCl,-2H,0, 0.008% ferric citrate and 0.05 M HEPES, pH 7.6). Ferric
citrate and HEPES were filter sterilized and added after autoclaving. The culture was incubated at 30°C
at 220 rpm for 7 days and supplemented with 0.5 g/L of fructose every 48 hours, and then extracted
with EtOAc for three times. The combined EtOAc extracts were evaporated in vacuo to give a crude

extract, which was subjected to LC-MS analysis or further purification.

4.2.7. Isolation and Purification of Ambruticin F and 20,21-Dihydroambruticin F

A 2.0 L scale fermentation of AambP-S mutant of Sorangium cellulosum So ce10 was carried out as per
the general procedure described above. The crude extract was purified by Sephadex LH-20 column
chromatography eluting with MeOH to give a crude 20,21-dihydroambruticin F fraction, which was
further purified by HPLC eluting with a gradient of 70 to 95% MeCN in water over 20 min to yield
20,21-dihydroambruticin F (7 mg). Ambruticin F was isolated from the fermentation of AambN-S

mutant of Sorangium cellulosum So ce10 using a similar purification protocol at a yield of 2 mg/L.
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4.3 Synthetic Procedures

(S)-4-Isopropylthiazolidine-2-thioneacid (152)

i) NaBH,, I, s
o THF A
0°Ctort S
HO NHp — =20 » NH
i) CSy, KOH 3 {4
EtOH, H,0 o

6
152

L-Valine (8.03 g, 68.3 mmol) was dissolved in THF (180 mL) under nitrogen and cooled to 0 °C then
NaBH, (6.20 g, 163.9 mmol) was added in one portion. After stirring for 5 minutes, iodine (17.30 g,
68.3 mmol) in THF (20 mL) was added dropwise over 20 minutes. The reaction mixture was warmed
slowly to room temperature and then refluxed for 24 hours. The reaction mixture was cooled to room
temperature and methanol was added until the solution became clear and the solvent was removed
in vacuo. The crude material was dissolved in 1 M aqueous KOH solution (200 mL) and stirred for 4
hours then the solution was extracted with EtOAc (3 x 200 mL). The combined organic layers were
washed with brine (100 mL), dried over MgS0O, and the solvent removed in vacuo to afford L-valinol
(5.31 g, 75%) as a colourless oil. The crude product was dissolved in ethanol (17 mL) then CS, (7.85
mL) was added. KOH (7.64 g, 136.1 mmol) in water/MeOH 1:1 (50 mL) was added by an addition funnel
over 20 minutes. The reaction mixture was refluxed for 3 days before being cooled to room
temperature and the solvent removed in vacuo. The solution was dissolved in 2 M HCI (30 mL) and
extracted with DCM (3 x 100 mL). The combined organic layers were dried over MgS0O, and the solvent
removed in vacuo to afford 152 (6.50 g, 80%) as a yellow solid; [a]43 = -41.0 (c 1, CHCl3), lit.2% [a]2° =
-35.9 (c 1, CHCI3); vmax (UATR) 3176, 2960, 2869, 1661, 1482, 1268, 1029, 977; &4 (400 MHz, CDCls)
0.99 (3H, d, /6.8, 6-H3), 1.03 (3H, d, J 6.8, 6'-H3), 1.92 — 2.02 (1H, m, 5-H), 3.31 (1H, dd, J 11.1, 8.4, 3-
HH), 3.50 (1H, dd, J 11.1, 8.2, 3-HH), 4.01 — 4.08 (1H, m, 4-H), 8.22 (1H, s, NH); &¢ (101 MHz, CDCls)
18.4 (C-6), 19.0 (C-6"), 32.2 (C-5), 36.2 (C-3), 70.2 (C-4), 201.3 (C-1); m/z (ESI): [M+H]* = 175.1. Data

consistent with the literature.?%3

(S)-1-(4-1sopropyl-2-thioxothiazolidin-3-yl)ethan-1-one (153)

S . S
AcCl, Pyridine

s/« DCM s/«&
_—

5 4

o]
NH —2/<
1
g 9
9
152 153

Auxiliary 152 (1.40 g, 8.70 mmol) was dissolved in DCM (35 mL) under nitrogen then AcCl (0.92 mL,
13.0 mmol) was added. Pyridine (1.05 mL, 13.0 mmol) was added dropwise and the reaction mixture

was stirred for 2 hours. The reaction mixture was filtered, and the solvent removed in vacuo. The
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crude material was purified by flash column chromatography (10% EtOAc in petroleum ether 60:40)
to afford acylated auxiliary 153 (1.77 g, quant.) as a yellow oil; [a]3 = +412.0 (c 1, CHCl3), lit.2%* [a]4°
=+442.1 (c 1, CHCIs); 64 (400 MHz, CDCl5) 0.97 (3H, d, J 6.9, 9-Hs), 1.05 (3H, d, J 6.8, 9'-H3), 2.29 - 2.43
(1H, m, 8-H), 2.76 (3H, s, 1-Hs), 3.02 (1H, dd, J 11.5, 1.1, 5-HH), 3.50 (1H, dd, J 11.5, 8.0, 5-HH), 5.11 —
5.17 (1H, m, 4-H); 8¢ (101 MHz, CDCls) 17.9 (C-9), 19.2 (C-9’), 27.1 (C-1), 30.6 (C-8), 30.9 (C-5), 71.4
(C-4), 170.9 (C-2), 203.4 (C-7); m/z (ESI): [M+H]* = 204.05. Data consistent with the literature.?®3

(2E,4E)-Hexa-2,4-dienal (147)

OH

MnO, DCM o| 3 5
I\M\ —_ = 1W\

2E,4E-Hexa-2,4-dienol (0.34 g, 4.40 mmol) was dissolved in DCM (20 mL) under nitrogen then
activated Mn0O, (11.54 g, 133 mmol) was added and the reaction mixture was stirred for 24 hours. The
mixture was filtered over Celite, washed with DCM (50 mL) and the solvent removed in vacuo to afford
volatile aldehyde 147 (0.42 g, quant.) as a yellow oil; 6,4 (400 MHz, CDCl3) 1.87 (3H, d, /5.7, 6-H3), 6.01
(1H, dd, J 15.5, 8.0, 2-H), 6.17 — 6.36 (2H, m, 4-H and 5-H), 6.96 — 7.09 (1H, ddd, J 15.5, 9.1, 1.1 3-H),
9.49 (1H, dd, J 8.0, 1.1, 1-H); 6¢ (101 MHz, CDCls) 19.0 (C-6), 130.0 (C-2), 130.2 (C-4), 142.1 (C-5), 152.8
(C-3), 194.1 (C-1); m/z (ESI): [M+H]* = 97.06. Data consistent with the literature.?

(R,4E,6E)-3-Hydroxy-1-((S)-4-isopropyl-2-thioxothiazolidin-3-yl)octa-4,6-dien-1-one (156)
s TiCly s

DIPEA
SJ{N 9 DCM,-78°C )\\NJJ\)Q,\/\/\ 1°NJ11\/\/\/\

—_—
13
0] 3
| \ " \/S/
P P 14

153 147 156

Acylated auxiliary 153 (2.00 g, 9.84 mmol) was dissolved in DCM (100 mL) under nitrogen and cooled
to -78 °C then TiCl; (1 M in DCM, 9.84 mL, 9.84 mmol) was added dropwise over 15 minutes. The
reaction mixture was stirred for 20 minutes then DIPEA (2.10 mL, 11.8 mmol) was added dropwise.
The reaction mixture was stirred for 1 hour then aldehyde 147 (1.10 mL, 9.84 mmol) was added
dropwise. After stirring at -78 °C for 1 hour, aqueous saturated NH4Cl (25 mL) was added and the
reaction mixture was stirred for a further hour at room temperature. The solution was extracted with
DCM (3 x 50 mL), dried over MgS0, and the solvent removed in vacuo. The crude material was purified
by flash column chromatography (18% EtOAc in petroleum ether 60:40) to afford aldol products 156
(2.48 g, 84%) and 179 (0.32 g, 11%) as yellow oils.

156: [a]%° = +182.0 (c 1, Acetone); vmax (film) 3430, 2962, 1689, 1468, 1162, 725; &1 (400 MHz, CDCls)
0.97 (3H, d,J 6.9, 15-Hs), 1.05 (3H, d, J 6.8, 15'-Hs), 1.75 (3H, d, J 6.5, 8-Hs), 2.30 — 2.41 (1H, m, 14-H),
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3.02 (1H, d, J 11.5, 12-HH), 3.33 (1H, dd, J 17.5, 8.8, 2-HH), 3.51 (1H, dd, J 11.5, 7.5, 12-HH), 3.61 (1H,
dd, J 17.5, 3.0, 2-HH), 4.64 — 4.78 (1H, m, OH), 5.14 (1H, ap. t, J 7.5, 13-H), 5.60 (1H, dd, J 15.3, 6.2, 4-
H), 5.67 — 5.78 (1H, m, 7-H), 5.98 — 6.09 (1H, m, 6-H), 6.24 (1H, dd, J 15.3, 10.5, 5-H); 8¢ (101 MHz,
CDCls) 18.0 (C-15), 18.3 (C-8), 19.3 (C-15'), 30.8 (C-12), 31.0 (C-14), 45.5 (C-2), 68.7 (C-3), 71.6 (C-13),
130.7 (C-4), 130.8 (C-6 and C-7), 131.3 (C-5), 172.6 (C-1), 203.2 (C-10); HRMS (ESI) calc. for
[C14H21NO,S;Na] 322.0906 Found 322.0898.

179: [a]%° = +105.0 (c 1, Acetone); vimax (film) 3430, 2963, 1688, 1468, 1157, 729; &1 (400 MHz, CDCls)
0.97 (3H, d, J 6.9, 15-H3), 1.05 (3H, d, J 6.8, 15’-Hs), 1.74 (3H, d, J 6.3, 8-H3), 2.28 — 2.41 (1H, m, 14-H),
3.03 (1H, d, J 11.5, 12-HH), 3.38 (1H, dd, J 17.3, 3.4, 2-HH), 3.51 (1H, dd, J 11.5, 7.5, 12-HH), 3.60 (1H,
dd, J 17.3, 8.8, 2-HH), 4.54 — 4.72 (1H, m, OH), 5.16 (1H, ap. t, J 7.5, 13-H), 5.59 (1H, dd, J 15.3, 6.2, 4-
H), 5.65 — 5.77 (1H, m, 7-H), 6.03 (1H, dd, J 15.2, 10.5, 6-H), 6.23 (1H, dd, J 15.3, 10.5, 5-H); &¢ (101
MHz, CDCls) 18.0 (CHs), 18.3 (C-8), 19.3 (CHs), 30.7 (C-12), 30.9 (C-14), 45.3 (C-2), 69.1 (C-3), 71.5 (C-
13), 130.7 (C-4), 130.8 (C-7), 130.9 (C-6), 131.4 (C-5), 173.0 (C-1), 203.2 (C-10); HRMS (ESI) calc. for
[C14H21NO,S;Na] 322.0906 Found 322.0898.

Ethyl (R,6E,8E)-5-hydroxy-3-oxodeca-6,8-dienoate (158)
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Potassium-3-ethoxy-2-methyl-3-oxopropanoate (5.19 g, 30.49 mmol) and MgCl, (1.45 g, 15.24 mmol)
were added to a solution of aldol product 156 (4.15 g, 13.86 mmol) in THF (50 mL) under nitrogen and
stirred for 45 minutes. Imidazole (1.04 g, 15.24 mmol) was added and the reaction mixture was stirred
for 72 hours. The mixture was diluted with EtOAc (100 mL) and washed with 1 M HCI (50 mL). The
aqueous layer was extracted with EtOAc (3 x 50 mL). The combined organic layers were washed with
aqueous saturated NaHCO; (100 mL), dried over Na,SO, and the solvent removed in vacuo. The crude
product was purified by flash column chromatography (5% Et,0 in DCM) to afford 158 (2.58 g, 82%)
as a yellow oil and auxiliary 152 (2.16 g, 97%) as a white solid; [a]3? = +6.0 (c 1, Acetone); Vmax (film)
3443, 2981, 2914, 1737, 1709, 988; 61 (400 MHz, CDCl5) 1.27 (3H, t, J 7.2, OCH,CHs), 1.73 — 1.76 (3H,
m, 10-Hs), 2.68 — 2.74 (1H, br. s, OH), 2.74 — 2.80 (2H, m, 4-Ha), 3.47 (2H, s, 2-H2), 4.19 (2H, q, J 7.2,
OCH,CHs), 4.61 (1H, ap. g,/ 6.5, 5-H), 5.53 (1H, ddq, J 15.2, 6.4, 0.7, 9-H), 5.71 (1H, dd, J 15.0, 6.5, 6-H),
5.97 — 6.04 (1H, m, 8-H), 6.17 — 6.26 (1H, m, 7-H); 8¢ (101 MHz, CDCl5) 14.2 (OCH,CHs), 18.3 (C-10),
49.8 (C-4), 50.2 (C-2), 61.7 (OCH,CHs), 68.4 (C-5), 130.6 (C-9), 130.7 (C-6), 130.9 (C-8), 131.4 (C-7),
167.1 (C-1), 203.0 (C-3); HRMS (ESI) calc. for [C1,H1804Na] 249.1097 Found 249.1093.
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Ethyl (3S,5R,6E,8E)-3,5-dihydroxydeca-6,8-dienoate (129)

NaBH,
Et,BOMe
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Ketone 158 (1.01 g, 4.42 mmol) was dissolved in THF (25 mL) and MeOH (7 mL) under nitrogen and
cooled to -78 °C then Et,BOMe (0.70 mL, 5.30 mmol) was added dropwise and the reaction mixture
was stirred for 15 minutes. NaBH4 (0.19 g, 5.08 mmol) was added in one portion and the reaction
mixture was stirred for 3 hours then AcOH (3 mL) was added and the mixture was warmed to room
temperature. The reaction mixture was diluted with EtOAc (30 mL) and the resulting solution was
washed with aqueous saturated NaHCOs (20 mL). The organic layer was dried over MgSO, and the
solvent removed in vacuo. The crude product was dissolved in methanol (20 mL) and the solvent
removed in vacuo to afford diol 129 (1.02 g, quant., dr >99:1) as a yellow oil; [«]3? =-8.0 (c 1, Acetone);
vmax (film) 3396, 2981, 2914, 1716, 1164, 987; &4 (400 MHz, CDCls) 1.27 (3H, t, J 7.1, OCH,CH;), 1.57 —
1.72 (2H, m, 4-H,), 1.73 = 1.77 (3H, m, 10-Hs), 2.42 — 2.52 (2H, m, 2-H,), 3.07 (1H, br. s, OH), 3.74 (1H,
br.s, OH), 4.16 (2H, q, J 7.1, OCH,CHs), 4.22 —4.31 (1H, m, 3-H), 4.42 (1H, m, 5-H), 5.54 (1H, dd, J 15.2,
6.6, 6-H), 5.71 (1H, dd, J 15.0, 6.8, 9-H), 5.97 — 6.08 (1H, m, 8-H), 6.20 (1H, dd, J 15.2, 10.4, 7-H); &¢
(101 MHz, CDCls) 14.3 (OCH,CHs), 18.3 (C-10), 41.8 (C-2), 42.9 (C-4), 61.0 (OCH,CHs), 68.5 (C-3), 72.6
(C-5),130.5(C-9), 130.85 (C-8), 130.93 (C-7), 132.4 (C-6), 172.7 (C-1); HRMS (ESI) calc. for [C12H2004Na]
251.1254 Found 251.1252.

Ethyl 2-((2S,4R,5R,6S)-4,5-dihydroxy-6-((E)-prop-1-en-1-yl)tetrahydro-2H-pyran-2-yl)acetate (167)

‘BUOOH,
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O OH OH T 0 PN
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129 167

In a flame dried flask at -20 °C under nitrogen was added 4 A molecular sieves (20 mg) and DCM (2 mL)
followed by Ti(O'Pr)s (0.01 mL, 0.03 mmol) and (—)-DIPT (0.01 mL, 0.03 mmol). The reaction mixture
was stirred for 5 minutes then allyl alcohol 129 (57 mg, 0.25 mmol) in DCM (1 mL) was added and the
solution was stirred for 30 minutes. ‘BuOOH (5.5 M in decane, 0.09 mL, 0.50 mmol) was added
dropwise and the reaction mixture was stirred at -5 °C for 5 hours. The reaction mixture was quenched
with 10 wt.% aqueous tartaric acid (3 mL) and warmed to room temperature. The organic layer was
separated and the aqueous extracted with DCM (3 x 15 mL). The combined organic layers were

washed with aqueous saturated Na,S,03 (10 mL), dried over Na,SO4 and the solvent removed in vacuo.
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The crude product was purified by flash column chromatography (65% EtOAc in petroleum ether
60:40) to afford tetrahydropyran 167 (32 mg, 52%) as a colourless oil; [oc]f)z =-34.0 (c 1, CHCl3); Vmax
(film) 3431, 2984, 2920, 1729, 1373, 1071; &4 (400 MHz, CDCls) 1.24 (3H, t, J 7.1, OCH,CH), 1.61 (1H,
ddd, J 14.2,11.7, 2.8, 3-Hx), 1.74 (3H, dd, J 6.5, 1.7, 9-H3), 1.99 (1H, ddd, J 14.2, 3.6, 2.1, 3-Heg), 2.16
(1H, br.'s, OH), 2.38 (1H, dd, J 15.2, 5.9, 10-HH), 2.54 (1H, dd, J 15.2, 7.3, 10-HH), 2.63 (1H, br. s, OH),
3.32 (1H, dd, J 9.8, 3.1, 5-H), 3.98 (1H, dd, J 9.8, 7.8, 6-H), 4.07 — 4.18 (3H, m, OCHCH; and 4-H), 4.20
—4.30 (1H, m, 2-H), 5.45 (1H, ddq, J 15.4, 7.8, 1.7, 7-H), 5.79 — 5.91 (1H, dq, J 15.4, 6.5, 8-H); &¢ (101
MHz, CDCls) 14.3 (OCH,CHs), 18.1 (C-9), 37.1 (C-3), 40.8 (C-10), 60.6 (OCH,CHs), 66.6 (C-4), 68.0 (C-2),
71.0 (C-5), 76.9 (C-6), 128.9 (C-7), 132.0 (C-8), 171.0 (C-11); HRMS (ESI) calc. for [C12H2105] 245.1384
Found 245.1379.

(2S,3R,4R,6S5)-6-(2-Ethoxy-2-oxoethyl)-2-((E)-prop-1-en-1-yl)tetrahydro-2H-pyran-3,4-diyl
diacetate (174)

Ly 10 7
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Diol 167 (30 mg, 0.12 mmol) was dissolved in pyridine (0.25 mL, 3.01 mmol) and Ac,0 (0.11 mL, 1.2
mmol) and stirred under nitrogen for 16 hours. The reaction mixture was diluted with water (10 mL)
and extracted with DCM (2 x 15 mL). The combined organic layers were washed sequentially with 2 M
HCI (2 x 5 mL), aqueous saturated NaHCOs (2 x 10 mL) and brine (25 mL). The combined organic layers
were dried over MgS0, and the solvent removed in vacuo. The crude product was purified by flash
column chromatography (40% EtOAc in petroleum ether 60:40) to afford diacetate 174 (32 mg, 82%)
as a colourless oil; [oc],l)8 =-20.0 (¢ 1, CHCIls); vmax (film) 2981, 2938, 1736, 1370, 1243, 1055; 64 (400
MHz, CDCls) 1.24 (3H, t, J 7.1, OCH,CHs), 1.67 (3H, dd, J 6.6, 1.7, 9-H3), 1.70 — 1.77 (1H, m, 3-HH), 1.91
—1.95 (1H, m, 3-HH), 1.96 (3H, s, OAc), 2.13 (3H, s, OAc), 2.38 (1H, dd, J 15.5, 5.8, 10-HH), 2.58 (1H,
dd, J 15.5, 7.3, 10-HH), 4.11 — 4.17 (3H, m, OCH.CHs and 6-H), 4.18 —4.25 (1H, m, 2-H), 4.66 (1H, dd, J
10.1, 3.1, 5-H), 5.34 (1H, ddq, J 15.3, 7.2, 1.7, 7-H), 5.40 (1H, ap. q, J 3.1, 4-H), 5.72 — 5.82 (1H, m, 8-
H); 6¢ (101 MHz, CDCl3) 14.3 (OCH,CH3), 18.1 (C-9), 21.0 (OAc), 21.3 (OAc), 35.6 (C-3), 40.6 (C-10), 60.8
(OCH,CH3), 67.4 (C-4), 68.8 (C-2), 70.9 (C-5), 75.0 (C-6), 127.8 (C-7), 131.1 (C-8), 170.1 (OAc), 170.4
(OAc), 170.9 (C-11); HRMS (ESI) calc. for [Ci6H2407Na)] 315.1414 Found 315.1402.
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(R,E)-3-Hydroxy-1-((S)-4-isopropyl-2-thioxothiazolidin-3-yl)hex-4-en-1-one (155)

TiCl,
] DIPEA S O OH s S o] CE)H s
s/« O DCM,-78°C s L AL s L _AAL
N IS N™1 3 6 s N™1 3 6
E— w2 4 w24
o) 13 13
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13 13'
153 155 414

Acylated auxiliary 153 (1.69 g, 8.37 mmol) was dissolved in DCM (85 mL) under nitrogen and cooled
to -78 °C then TiCl; (1 M in DCM, 8.37 mL, 8.37 mmol) was added dropwise over 15 minutes. The
reaction mixture was stirred for 20 minutes then DIPEA (1.75 mL, 10.04 mmol) was added dropwise.
The reaction mixture was stirred for 1 hour then crotonaldehyde (0.69 mL, 8.37 mmol) was added
dropwise. After stirring at -78 °C for 1 hour, aqueous saturated NH4Cl (25 mL) was added and the
reaction mixture was stirred for a further hour at room temperature. The solution was extracted with
DCM (3 x 50 mL), dried over MgS0Q, and the solvent removed in vacuo. The crude material was purified
by flash column chromatography (30% EtOAc in petroleum ether 60:40) to afford aldol products 155
(1.73 g, 76%) and 414 (0.29 g, 13%) as yellow oils.

155: [a]2 = +251.0 (c 1, CHCl3); vimax (film) 3419, 2962, 1688, 1156; &y (400 MHz, CDCls) 0.98 (3H, d, J
7.0,13-Hs), 1.06 (3H, d, J 6.8, 13"-H3), 1.71 (3H, dd, J 6.5, 1.5, 6-H3), 2.30 — 2.43 (1H, m, 12-H), 2.76 (1H,
d, /4.0, OH), 3.03 (1H, dd, J 11.5, 1.1, 10-HH), 3.29 (1H, dd, J 17.5, 9.0, 2-HH), 3.52 (1H, dd, J 11.5, 8.0,
10-HH), 3.61 (1H, dd, J 17.5, 2.9, 2-HH), 4.61 (1H, m, 3-H), 5.16 (1H, ddd, J 8.0, 6.2, 1.1, 11-H), 5.51 -
5.60 (1H, ddq, J 15.4, 6.4, 1.5, 4-H), 5.69 - 5.83 (1H, dqd, J 15.4, 6.5, 1.1, 5-H); 8¢ (101 MHz, CDCl3) 17.9
(C-6), 18.0 (C-13), 19.3 (C-13’), 30.8 (C-10), 31.0 (C-12), 45.6 (C-2), 68.9 (C-3), 71.6 (C-11), 127.6 (C-5),
131.9 (C-4), 172.8 (C-8), 203.16 (C-1); HRMS (ESI) calc. for [C12H1sNO,S,Na] 296.0749 Found 296.0743.

414: [a]3? = +177.0 (c 1, CHCls); vmax (film) 3418, 2962, 2875, 1689, 1156; &4 (400 MHz, CDCls) 0.98
(3H, d, J 6.9, 13-Hs), 1.06 (3H, d, J 6.9, 13'-Hs), 1.70 (3H, dd, J 6.5, 1.5, 6-H), 2.27 — 2.43 (1H, m, 12-H),
3.04 (1H, dd, J 11.5, 1.2, 10-HH), 3.18 (1H, d, J 4.2, OH), 3.36 (1H, dd, J 17.5, 3.2, 2-HH), 3.52 (1H, dd, J
11.5, 8.0, 10-HH), 3.59 (1H, dd, J 17.5, 9.1, 2-HH), 4.45 — 4.57 (1H, br. m, 3-H), 5.18 (1H, ddd, J 8.0, 6.3,
1.2,11-H), 5.55 (1H, ddq, J 14.8, 6.5, 1.5, 4-H), 5.75 (1H, dqd, J 14.8, 6.5, 1.2, 5-H); 8¢ (101 MHz, CDCls)
17.9 (C-6), 18.0 (C-13), 19.3 (C-13), 30.8 (C-10), 30.9 (C-12), 45.4 (C-2), 69.3 (C-3), 71.5 (C-11), 127.7
(C-5), 132.0 (C-4), 173.28 (C-8), 203.2 (C-1); HRMS (ESI) calc. for [C12H1sNO,S;Na] 296.0749 Found
296.0756.
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Ethyl (R,E)-5-hydroxy-3-oxooct-6-enoate (157)
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Potassium-3-ethoxy-2-methyl-3-oxopropanoate (1.89 g, 11.10 mmol) and MgCl, (0.53 g, 5.60 mmol)
were added to a solution of aldol product 155 (1.38 g, 5.05 mmol) in THF (20 mL) under nitrogen and
stirred for 45 minutes. Imidazole (0.38 g, 5.55 mmol) was added and the reaction mixture was stirred
for 72 hours. The mixture was diluted with EtOAc (50 mL) and washed with 1 M HCI (20 mL). The
aqueous layer was extracted with EtOAc (3 x 50 mL). The combined organic layers were washed with
aqueous saturated NaHCO; (50 mL) and the aqueous layer extracted with EtOAc (3 x 50 mL). The
combined organic layers were dried over Na,SO,4 and the solvent removed in vacuo. The crude product
was purified by flash column chromatography (30% EtOAc in petroleum ether 60:40) to afford 157
(0.79 g, 78%) as a yellow oil; [oc]%,3 =-4.0 (c 1, Acetone); vmax (film) 3427, 2982, 2920, 1737, 1709, 1027;
6n (400 MHz, CDCl3) 1.27 (3H, t, J 7.2, OCH,CHs), 1.69 (3H, dd, J 6.5, 1.7, 8-H3), 2.65 (1H, br. s, OH), 2.75
(2H, d, J 6.5, 4-H,), 3.47 (1H, s, 2-H2), 4.19 (2H, q, J 7.2, OCHCHs), 4.54 (1H, ap. br. q, J 6.5, 5-H), 5.48
(1H, ddq, J 15.3, 6.5, 1.7, 6-H), 5.73 (1H, dqd, J 15.3, 6.5, 1.0, 7-H); 8¢ (101 MHz, CDCls) 14.3 (OCH,CHs),
17.8 (C-8), 49.8 (C-4), 50.2 (C-2), 61.7 (OCH,CHs), 68.7 (C-5), 127.7 (C-7), 131.9 (C-6), 167.1 (C-1), 203.2
(C-3); HRMS (ESI) calc. for [CioH1604Na)] 223.0941 Found 223.0948.

Ethyl (3S,5R,E)-3,5-dihydroxyoct-6-enoate (130)
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_—
EtO Et07 135 e
2 4 6
157 130

Ketone 157 (750 mg, 3.75 mmol) was dissolved in THF (25 mL) and MeOH (7 mL) under nitrogen and
cooled to -78 °C then Et,BOMe (0.59 mL, 4.49 mmol) was added dropwise and the reaction mixture
was stirred for 15 minutes. NaBH, (163 mg, 4.30 mmol) was added in one portion and the reaction
mixture was stirred for 3 hours then AcOH (4 mL) was added and the mixture was warmed to room
temperature. The reaction mixture was diluted with EtOAc (25 mL) and the resulting solution was
washed with aqueous saturated NaHCOs (20 mL). The organic layer was dried over MgSO, and the
solvent removed in vacuo. The crude product was dissolved in methanol (20 mL) and the solvent
removed in vacuo. The crude product was purified by flash column chromatography (45% EtOAc in
petroleum ether 60:40) to afford diol 130 (561 mg, 74%, dr > 99:1) as a yellow oil; [a]43 = +56.0 (c 1,
CHCls); vmax (film) 3406, 2938, 1731, 1160, 966; 61 (400 MHz, CDCls) 1.27 (3H, t, J 7.1, OCH,CH3), 1.59
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(1H, ap. dt, J 14.3, 3.2, 4-HH), 1.64 — 1.75 (4H, m, 4-HH and 8-Hs), 2.39 — 2.56 (2H, m, 2-H,), 2.98 (1H,
d, J 2.1, 5-OH), 3.72 (1H, d, J 2.8, 3-OH), 4.17 (2H, g, J 7.1, OCH,CHs), 4.20 — 4.31 (1H, m, 3-H), 4.31 -
4.38 (1H, m, 5-H), 5.48 (1H, ddq, J 15.3, 7.0, 1.6, 6-H), 5.70 (1H, dqd, J 15.3, 6.6, 0.9, 7-H); & (101 MHz,
CDCls) 14.3 (OCH,CHs), 17.8 (C-8), 41.8 (C-2), 42.9 (C-4), 61.0 (OCH,CHs), 68.5 (C-3), 73.0 (C-5), 127.1
(C-7), 133.6 (C-6), 172.7 (C-1); HRMS (ESI) calc. for [C1oH1504] 203.1278 Found 203.1281.

Ethyl 2-((4S,6R)-2,2-dimethyl-6-((E)-prop-1-en-1-yl)-1,3-dioxan-4-yl)acetate (165)
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Diol 130 (100 mg, 0.49 mmol) was dissolved in DCM (5 mL) under nitrogen then 2,2-dimethoxypropane
(1.50 mL, 12.00 mmol) and CSA (57 mg, 0.25 mmol) were added and the reaction mixture was stirred
at room temperature for 1 hour. The solution was diluted with aqueous saturated NaHCOs (10 mL),
the organic layer separated and the aqueous extracted with DCM (2 x 10 mL). The combined organic
layers were washed with brine (10 mL), dried over MgSQO, and the solvent removed in vacuo to afford
acetonide 165 (116 mg, 99%) as a yellow oil; [a]f)3 =+15.0 (c 1, CHCIl3); vmax (film) 2997, 1735, 1198,
1164, 965, 949; 64 (400 MHz, CDCl3) 1.26 (3H, t, J 7.1, OCH,CHs), 1.29 — 1.36 (1H, m, 4-HH), 1.40 (3H,
s, OCCHs), 1.49 (3H, s, OCCHs), 1.60 (1H, ap. dt, J 12.8, 2.5, 4-HH), 1.69 (3H, dd, J 6.5, 1.6, 8-H3), 2.38
(1H, dd, J 15.5, 6.1, 2-HH), 2.54 (1H, dd, J 15.5, 7.0, 2-HH), 4.08 — 4.22 (2H, m, OCH,CHs), 4.28 — 4.38
(2H, m, 3-H and 5-H), 5.40 — 5.50 (1H, m, 6-H), 5.72 (1H, dq, J 15.5, 6.5, 7-H); 6¢ (101 MHz, CDCls) 14.4
(OCH,CHs), 18.0 (C-8), 19.9 (CH3), 30.3 (CH3), 36.9 (C-4), 41.6 (C-2), 60.7 (OCH,CHs), 65.9 (C-3), 70.2 (C-
5), 99.0 (OCO), 128.2 (C-7), 131.7 (C-6), 171.1 (C-1); HRMS (ESI) calc. for [C13H22,04Na] 265.1410 Found
265.1401.

Ethyl 2-((2S,4R,5R,6S)-4,5-dihydroxy-6-methyltetrahydro-2H-pyran-2-yl)acetate (169) and ethyl 2-
((2S,4R,5R)-4-hydroxy-5-((R)-1-hydroxyethyl)tetrahydrofuran-2-yl)acetate (170)

‘BUOOH,
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In a flame dried flask at -20 °C under nitrogen was added 4 A molecular sieves (30 mg) and DCM
(2.5 mL) followed by Ti(OPr); (0.03 mL, 0.10 mmol) and (-)-DIPT (0.03 mL, 0.12 mmol). The reaction
mixture was stirred for 5 minutes then allyl alcohol 130 (100 mg, 0.49 mmol) in DCM (0.5 mL) was
added and the solution was stirred for 30 minutes. ‘BuOOH (5.5 M in decane, 0.18 mL, 0.99 mmol)
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was added dropwise and the reaction mixture was stirred at -5 °C for 5 hours. The reaction mixture
was quenched with 10 wt.% aqueous tartaric acid (5 mL) and warmed to room temperature. The
organic layer was separated and the aqueous extracted with DCM (3 x 15 mL). The combined organic
layers were washed with aqueous saturated Na;S;03 (10 mL), dried over Na,;SO4 and the solvent
removed in vacuo. The crude product was purified by flash column chromatography (70% EtOAc in
petroleum ether 60:40) to afford tetrahydropyran 169 (47 mg, 44%) and tetrahydrofuran 170 (20 mg,

19%) as colourless oils.

169: [a]3? = -85.0 (c 1, CHCls); vmax (film) 3436, 2983, 2923, 1731, 1372, 1180, 1061; &4 (400 MHz,
CDCls) 1.21 (3H, d, J 6.2, 7-H3), 1.23 (3H, t, J 7.1, OCH,CHs). 1.58 (1H, ddd, J 14.0, 11.6, 2.6, 3-Hay), 1.94
(1H, ddd, J 14.0, 3.5, 2.0, 3-Heq), 2.34 (1H, dd, J 15.2, 5.6, 8-HH), 2.49 (1H, dd, J 15.2, 7.7, 8-HH), 2.82
(1H, br. s, 5-OH), 3.00 (1H, br. s, 4-OH), 3.20 (1H, m, 5-H), 3.64 (1H, dq, J 9.5, 6.2, 6-H), 4.07 (1H, m, 4-
H), 4.12 (2H, g, J 7.1, OCH,CHs), 4.18 (1H, ddd, J 7.7, 5.6, 2.0, 2-H); 8¢ (101 MHz, CDCl;) 14.3 (C-7), 18.4
(OCH,CHs), 38.0 (C-3), 40.9 (C-8), 60.8 (OCH,CHs), 67.4 (C-4), 68.1 (C-2), 71.8 (C-6), 73.4 (C-5), 171.6
(C-9); HRMS (ES) calc. for [C1oH160s] 219.1227 Found 219.1223.

170: []23 = +3.0 (c 0.67, CHCl3); Vmax (film) 3419, 2981, 2925, 1732, 1062; &u (400 MHz, CDCl3) 1.26
(3H, t, J 7.1, OCH,CHs), 1.34 (3H, d, J 6.6, 7-Hs), 1.71 — 1.81 (1H, m, 3-HH), 2.21 (1H, ddd, J 13.2, 5.6,
1.1, 3-HH), 2.53 (1H, dd, J 15.5, 5.5, 8-HH), 2.61 (1H, dd, J 15.5, 7.3, 8-HH), 3.08 (1H, s, 6-OH), 3.68 (1H,
dd, J 4.9, 3.3, 5-H), 4.00 (1H, s, 4-OH), 4.12 — 4.20 (3H, m, OCHCHs and 6-H), 4.48 — 4.61 (1H, m, 4-H),
4.62 — 4.76 (1H, m, 2-H); 8¢ (101 MHz, CDCls) 14.4 (OCH,CHs), 18.9 (C-7), 40.9 (C-8), 41.8 (C-3), 60.8
(OCH,CHs), 67.9 (C-6), 73.3 (C-4), 74.8 (C-2), 84.4 (C-5), 171.5 (C-9); HRMS (ESI) calc. for [CioH190s]
219.1227 Found 219.1230.

(2S,3R,45,6S5)-2-(2-Ethoxy-2-oxoethyl)-6-methyltetrahydro-2H-pyran-4,5-diyl diacetate (415)
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Diol 169 (40 mg, 0.18 mmol) was dissolved in pyridine (0.37 mL, 4.57 mmol) and Ac,0 (0.17 mL, 1.8
mmol) and stirred under nitrogen for 16 hours. The reaction mixture was diluted with water (10 mL)
and extracted with DCM (2 x 15 mL). The combined organic layers were washed with 2 M HCI (2 x 5
mL), NaHCOs (2 x 10 mL) and brine (25 mL). The combined organics were dried over MgS0,4 and the
solvent removed in vacuo to afford diacetate 415 (51 mg, 94%) as a yellow oil; [a]33 = -115.0 (c 1,

CHCls); Vmax (film) 2988, 2928, 1736, 1370, 1245, 1053; &4 (400 MHz, CDCls) 1.13 (3H, d, J 6.2, 7-Ha),
1.25 (3H, t, J 7.1, OCH,CHs), 1.71 (1H, ddd, J 14.4, 11.6, 2.6, 3-Hxy), 1.92 (1H, ddd, J 14.4, 3.7, 2.2, 3-
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Heq), 1.99 (3H, s, OAc), 2.10 (3H, s, OAc), 2.35 (1H, dd, J 15.4, 5.3, 8-HH), 2.52 (1H, dd, J 15.4, 7.8, 8-
HH), 3.87 (1H, dq, J 10.0, 6.2, 6-H), 4.15 (2H, q, J 7.1, OCHCHs), 4.18 — 4.22 (1H, m, 2-H), 4.52 (1H, dd,
J10.0, 3.0, 5-H), 5.39 (1H, m, 4-H); ¢ (101 MHz, CDCls) 14.4 (OCH,CHs), 18.1 (C-7), 21.0 (OAc), 21.20
(OAc), 35.8 (C-3), 40.7 (C-8), 60.8 (OCH,CHs), 67.3 (C-4), 69.0 (C-2), 70.2 (C-6), 73.1 (C-5), 170.2 (OAc),
170.3 (OAc), 171.0 (C-9); HRMS (ESI) calc. for [C14H,307] 303.1438 Found 303.1427.

(E)-Hex-4-enal (149)

Oxalyl chloride

DMSO, NEt, 2
HO_~_-X~  DCM,-78°C O~
1 3 5
166 149

Oxalyl chloride (1.69 mL, 20.0 mmol) was dissolved in DCM (50 mL) and cooled to -78 °C under nitrogen
then DMSO (2.13 mL, 30.0 mmol) was added dropwise. The reaction mixture was stirred for 30
minutes then alcohol 166 (1.18 mL, 10.0 mmol) was added dropwise and the mixture was stirred for
an additional hour. Triethylamine (6.27 mL, 45.0 mmol) was added and the reaction mixture was
warmed to room temperature. Water (40 mL) was added and the organic layer separated. The
aqueous was extracted with further DCM (2 x 50 mL). The combined organic layers were washed
sequentially with 2 M HCI (2 x 30 mL), aqueous saturated NaHCOs (2 x 30 mL) and brine (30 mL). The
organic layer was dried over MgS0, and the solvent removed in vacuo at 0 °C to afford volatile
aldehyde 149 (912 mg, 93%) as an orange oil; vmax (film) 2919, 2856, 2721, 1724, 966; &4 (400 MHz,
CDCl5) 1.63 — 1.66 (3H, m, 6-H3), 2.28 — 2.36 (2H, m, 3-H,), 2.45 — 2.53 (2H, m, 2-H;), 5.37 — 5.55 (2H,
m, 4-H and 5-H), 9.76 (1H, t, J 1.7, 1-H); &¢ (101 MHz, CDCls) 18.0 (C-6), 25.3 (C-3), 43.7 (C-2), 126.6 (C-
5), 129.1 (C-4), 202.7 (C-1); m/z (ESI): [M+H]* = 99.08. Data consistent with the literature.?®®

(+)-Ethyl (E)-3-hydroxyoct-6-enoate (131)

nBuLi, DIPA
EtOAc, THF 2 4 6
-78°C EtO~G P
o —— T Y YY
O OH
149 131

DIPA (1.41 mL, 10.09 mmol) was dissolved in THF (40 mL) under nitrogen and cooled to 0 °Cthen 1.5 M
nBuli in hexanes (6.11 mL, 9.17 mmol) was added dropwise. The reaction mixture was stirred at 0 °C
for 20 minutes and then cooled to -78 °C. EtOAc (2.69 mL, 27.51 mmol) was added dropwise and the
reaction mixture was stirred for 20 minutes. Aldehyde 149 (601 mg, 6.11 mmol) in THF (5 mL) was
added dropwise and the reaction mixture was stirred at -78 °C for 2 hours then quenched with
aqueous saturated NHiCl (10 mL). The reaction mixture was warmed to room temperature and

extracted with Et,0 (3 x 75 mL). The combined organic layers were washed with brine (50 mL), dried
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over MgS04 and the solvent removed in vacuo. The crude product was purified by flash column
chromatography (30% Et,0 in petroleum ether 60:40) to afford alcohol 131 (640 mg, 56%) as a yellow
oil; vmax (film) 3450, 2920, 1732, 1717, 1157; 64 (400 MHz, CDCls) 1.27 (3H, t, J 7.1, OCH,CH3), 1.38 —
1.52 (1H, m, 4-HH), 1.52 — 1.62 (1H, m, 4-HH), 1.62-1.66 (3H, m, 8-H3) 1.98 — 2.20 (2H, m, 5-H,), 2.40
(1H, dd, J 16.4, 8.9, 2-HH), 2.49 (1H, dd, J 16.4, 3.3, 2-HH), 2.93 (1H, d, J 4.0, OH), 3.89 — 4.08 (1H, m,
3-H), 4.17 (1H, g,J 7.1, OCH:CHs), 5.35 = 5.54 (2H, m, 6-H and 7-H); 8¢ (101 MHz, CDCls) 14.4 (OCH,CHs),
18.1 (C-8), 28.7 (C-5), 36.4 (C-4), 41.4 (C-2), 60.9 (OCH,CHs), 67.7 (C-3), 125.8 (C-7), 130.7 (C-6), 173.2
(C-1); HRMS (ESI) calc. for [C10H1903] 187.1329 Found 187.1329.

(x)-Ethyl 2-(5-(1-hydroxyethyl)tetrahydrofuran-2-yl)acetate (172 and 173)

Eto_1 2 H

W{OH
mCPBA
gty CSA o , / 67 )
EtO ™ 0°C EtO DCM 17
\n/\|/\/\/—> \n/\|/\/é>/ .
O OH O OH
Eto1 2 H

5 H
131 146 N O, SOH
O 4 67

5
172

Alkene 131 (300 mg, 1.61 mmol) was dissolved in DCM (10 mL) under nitrogen and cooled to 0 °C then
mCPBA (70 wt.%, 596 mg, 2.42 mmol) was added and the reaction mixture was stirred for 3 hours.
The reaction mixture was diluted with aqueous saturated Na,S;0s; solution (15 mL) and DCM (10 mL).
The organic layer was separated and the aqueous extracted with further DCM (2 x 50 mL). The
combined organic layers were dried over Na,SO,4 and the solvent removed in vacuo. The crude material
was purified by flash column chromatography (70% Et,0 in petroleum ether 60:40) to afford a complex
mixture. The crude mixture was dissolved in DCM (10 mL) and CSA (32 mg, 0.14 mmol) was added.
The reaction mixture was stirred for 18 hours at room temperature then quenched with aqueous
saturated NaHCOs (5 mL). The organic layer was separated and the aqueous extracted with DCM (2 x
10 mL). The combined organic layers were dried over MgS04 and the solvent removed in vacuo. The
crude product was purified by flash column chromatography (50% EtOAc in petroleum ether 60:40) to
afford tetrahydrofuran 173 (112 mg, 34%) and tetrahydrofuran 172 (98 mg, 30%) as colourless oils.
The diastereoisomers were determined by nOe analysis showing enhancements between 3-H and 6-

H for 173.

173: vimax (film) 3453, 2977, 2880, 1733, 1067; &1 (400 MHz, CDCl3) 1.09 (3H, d, J 6.6, 8-Hs), 1.26 (3H, t,
J 7.2, OCH,CHs), 1.61 — 1.71 (1H, m, 4-HH), 1.71 - 1.83 (1H, m, 5-HH), 1.94 1H, (ap. dq, J 12.4, 8.0, 5-
HH), 2.06 (1H, ap. dtd, J 12.0, 8.0, 7.0, 4-HH), 2.45 — 2.57 (2H, m, 2-H,), 2.67 — 2.75 (1H, m, OH), 3.85
(1H, ddd, 8.0, 7.0, 3.0, 6-H), 3.93 —4.04 (1H, m, 7-H), 4.07 — 4.26 (2H, m, OCH.CHs), 4.33 (1H, ap. tt, J
7.0, 5.6, 3-H); 6¢ (101 MHz, CDCls) 14.3 (OCH,CH3), 18.0 (C-8), 23.3 (C-5), 31.2 (C-4), 41.0 (C-2), 60.9
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(OCH2CHs), 67.3 (C-7), 75.7 (C-3), 84.0 (C-6), 171.7 (C-1); HRMS (ESI) calc. for [CioH1sNaO4] 225.1097
Found 225.1100.

172: vimax (film) 3453, 2976, 2876, 1733, 1064; &4 (400 MHz, CDCls) 1.10 (3H, d, J 6.5, 8-Hs), 1.26 (3H, t,
J 7.1, OCH,CHs), 1.57 = 1.70 (1H, m, 4-HH), 1.83 — 1.96 (2H, m, 5-H;), 2.08 — 2.20 (2H, m, OH and 4-
HH), 2.45 (1H, dd, J 15.2, 6.0, 2-HH), 2.59 (1H, dd, J 15.2, 7.5, 2-HH), 3.84 — 4.02 (2H, m, 6-H and 7-H),
4.15 (2H, q,J 7.1, OCH:CHs), 4.40 (1H, ap. tt, J 7.5, 6.0, 3-H); &¢ (101 MHz, CDCls) 14.4 (OCH.CHs), 18.1
(C-8), 24.9 (C-5), 32.2 (C-4), 41.0 (C-2), 60.7 (OCH,CHs), 68.0 (C-7), 76.3 (C-3), 82.9 (C-6), 171.4 (C-1);
HRMS (ESI) calc. for [C1oH1sNaO4] 225.1097 Found 225.1105.

(+)-Ethyl 2-((2R,5S)-5-((R)-1-acetoxyethyl)tetrahydrofuran-2-yl)acetate (416)

Pyridine

H 2 H
o O . 67
5 8
173 416

Alcohol 173 (50 mg, 0.25 mmol) was dissolved in pyridine (0.34 mL, 4.20 mmol) and Ac,0 (0.24 mL,
2.50 mmol) and stirred under nitrogen for 16 hours. The reaction mixture was diluted with water (10
mL) and extracted with DCM (2 x 15 mL). The combined organic layers were washed with 2 M HCI (2
x 5 mL), agueous saturated NaHCOs (2 x 10 mL) and brine (25 mL). The combined organics were dried
over MgS0, and the solvent removed in vacuo to afford acetate 416 (63 mg, quant.) as a yellow oil;
Vmax (film) 2981, 2878, 1732, 1238, 1033; 64 (400 MHz, CDCl5) 1.19 (3H, d, J 6.4, 8-Hs), 1.24 (3H, t,J 7.1,
OCH,CHs), 1.60 (1H, ap. ddt, J 11.9, 8.5, 6.7, 4-HH), 1.77 (1H, ap. ddt, J 12.5, 8.5, 7.0, 5-HH), 1.94 (1H,
ap.dq, J12.5, 7.0, 5-HH), 2.00 — 2.11 (4H, m, 4-HH and OAc), 2.41 (1H, dd, J 15.1, 6.6, 2-HH), 2.60 (1H,
dd, J15.1, 6.7, 2-HH), 3.91 (1H, ap. td, J 7.0, 4.7, 6-H), 4.07 — 4.19 (2H, m, OCH,CHs), 4.30 (1H, m, 3-H),
4.90 (1H, ap. qd, J 6.4, 4.7, 7-H); 6¢ (101 MHz, CDCl;) 14.7 (OCH,CHs), 16.5 (C-8), 21.9 (OAc), 27.3 (C-
5), 31.3 (C-4), 41.5 (C-2), 61.0 (OCH,CH3), 72.2 (C-7), 76.6 (C-3), 81.6 (C-6), 171.0 (OAc), 171.7 (C-1);
HRMS (ESI) calc. for [C12H20NaOs] 267.1203 Found 267.1192.

(+)-Ethyl 2-((25,55)-5-((R)-1-acetoxyethyl)tetrahydrofuran-2-yl)acetate (417)

H Pyridine 2 H
o] o, 67
5 8
172 417

Alcohol 172 (25 mg, 0.13 mmol) was dissolved in pyridine (0.17 mL, 2.10 mmol) and Ac,0 (0.12 mL,
1.25 mmol) and stirred under nitrogen for 16 hours. The reaction mixture was diluted with water (10
mL) and extracted with DCM (2 x 15 mL). The combined organic layers were washed with 2 M HCI (2

x 5 mL), aqueous saturated NaHCOs3 (2 x 10 mL) and brine (25 mL). The combined organics were dried
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over MgS0O, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (20% EtOAc in petroleum ether 60:40) to afford acetate 417 (26 mg, 83%) as a
colourless oil; vmax (film) 2981, 2939, 1731, 1371, 1238; 64 (400 MHz, CDCl3) 1.19 (3H, d, J 6.5, 8-H3),
1.24 (3H, t,J 7.1, OCH,CHs), 1.49 — 1.67 (1H, m, 4-HH), 1.67 — 1.86 (1H, m, 5-HH), 1.94 — 2.08 (4H, m,
5-HH and OAc), 2.08 — 2.21 (1H, m, 4-HH), 2.41 (1H, dd, J 15.2, 6.8, 2-HH), 2.62 (1H, dd, J 15.2, 6.5, 2-
HH), 4.00 (1H, ap. td, J 7.2, 4.8, 6-H), 4.13 (2H, q, J 7.1, OCH.CHs), 4.26 — 4.38 (1H, m, 3-H), 4.90 (1H,
ap. qd, J 6.5, 4.8, 7-H); 8¢ (101 MHz, CDCls) 14.3 (OCH,CHs), 15.9 (C-8), 21.5 (OAc), 27.5 (C-5), 31.8 (C-
4), 40.8 (C-2), 60.6 (OCH,CHs), 72.3 (C-7), 76.3 (C-3), 80.7 (C-6), 170.7 (OAc), 171.2 (C-1); HRMS (ESI)
calc. for [C12H20NaOs] 267.1203 Found 267.1196.

(3S,5R,6E,8E)-3,5-Dihydroxydeca-6,8-dienoic acid (132)

O OH OH TEI?HI—’{'\(A)e(())t‘C O OH OH 5 .
B 2
EtO \F — > HO™1 3 5 \F 10
2 4 8
129 132

Ester 129 (50 mg, 0.22 mmol) was dissolved in THF (0.7 mL), MeOH (0.3 mL) and water (0.3 mL) and
cooled to 0 °C then 25% aqueous KOH solution (0.06 mL) was added and the reaction mixture was
stirred for 4 hours. The reaction mixture was quenched with aqueous saturated NH4Cl (2 mL) and solid
NH,Cl was added until saturation. The mixture was washed with EtOAc (5 mL) and the organic layer
discarded. The aqueous phase was acidified with 3 drops of 2 M HCl and extracted with EtOAc (5 x 50
mL). The combined organic layers were washed with brine (5 mL), dried over Na,SO, and the solvent
removed in vacuo to afford carboxylic acid 132 (12 mg, 28%) as a colourless oil; [a]3® = -20.0 (c 1,
Acetone); vmax (film) 3392, 3021, 2973, 1708, 1246, 987; &6+ (400 MHz, (CD3),CO) 1.68 — 1.79 (5H, m,
10-Hs and 4-H,), 2.43 — 2.57 (2H, m, 2-H;), 2.78 — 3.08 (2H, m, 3-OH and 5-0H), 4.23 (1H, ap. p, / 5.9,
3-H), 4.39 (1H, ap. q,J 6.5, 5-H), 5.62 (1H, dd, J 15.1, 6.5, 6-H), 5.70 (1H, dqg, J 14.8, 6.9, 9-H), 6.09 (1H,
ddg, J 14.8, 10.5, 1.8, 8-H), 6.23 (1H, dd, J 15.1, 10.5, 7-H); 6¢ (126 MHz, (CD3),CO) 18.2 (C-10), 42.8 (C-
2),44.6 (C-4),68.1(C-3),71.7 (C-5), 129.4 (C-9), 130.6 (C-8), 132.3 (C-7), 135.1 (C-6), 173.4 (C-1); HRMS
(ESI) calc. for [C10H1504] 199.0970 Found 199.0976.

Ethyl (S,6E,8E)-5-hydroxy-3-oxodeca-6,8-dienoate (180)

s O OH MgCl,

)L E Imidazole 0 o OH

<N THF oH
—_— A

Et07 135 N
o 0o 2 4 6 8 10
EtO)J\/u\OK
179 180

Potassium-3-ethoxy-2-methyl-3-oxopropanoate (374 mg, 2.20 mmol) and MgCl, (105 mg, 1.10 mmol)

were added to a solution of aldol product 179 (290 mg, 1.00 mmol) in THF (5 mL) under nitrogen and
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stirred for 45 minutes. Imidazole (175 mg, 1.10 mmol) was added and the reaction mixture was stirred
for 72 hours. The mixture was diluted with EtOAc (20 mL) and washed with 1 M HCI (10 mL). The
aqueous layer was extracted with EtOAc (3 x 25 mL). The combined organic layers were washed with
aqueous saturated NaHCO; (10 mL) and the aqueous layer extracted with EtOAc (3 x 25 mL). The
combined organic layers were dried over Na,SO,4 and the solvent removed in vacuo. The crude product
was purified by flash column chromatography (20% EtOAc in petroleum ether 60:40) to afford 180
(129 mg, 57%) as a yellow oil; [oc]%,4 =-13.0 (c 1, Acetone); vmax (film) 3439, 2980, 2912, 1740, 1709,
980; &1 (400 MHz, CDCls) 1.28 (3H, t,J 7.1, OCH»CH3s), 1.75 (3H, d, J 7.0, 10-Hs), 2.65 (1H, br. s, OH) 2.78
(2H, m, 4-H,), 3.48 (2H, s, 2-H,), 4.20 (2H, q, J 7.1, OCH>CHs), 4.62 (1H, ap. q, J 6.5, 5-H), 5.54 (1H, dd,
J15.3, 6.5, 6-H), 5.73 (1H, dq, J 15.0, 7.0, 9-H), 6.02 (1H, dd, J 15.0, 10.4, 8-H), 6.23 (1H, dd, J 15.3,
10.4, 7-H); 6¢ (101 MHz, CDCls) 14.3 (OCH,CHs), 18.3 (C-10), 49.8 (C-4), 50.2 (C-2), 61.7 (OCH,CHs), 68.4
(C-5), 130.6 (C-6), 130.7 (C-9), 131.0 (C-8), 131.5 (C-7), 167.1 (C-1), 203.1 (C-3); HRMS (ESI) calc. for
[C12H1504Na] 249.1097 Found 249.1091.

Ethyl (3S,5S,6E,8E)-3,5-dihydroxydeca-6,8-dienoate (181)

Me4NHB(OACc);

O O OH MeCN, AcOH O OH OH , .
: —>_40°C )J\/'\/-\/\/\
Eto)k/u\/\/\%\ EtO"1 3 5 A 10
2 4 8 8
180 181

MesNHB(OAC)3 (1390 mg, 5.28 mmol) was dissolved in MeCN (4 mL) and AcOH (3 mL) and stirred for
30 minutes at room temperature under nitrogen. The solution was cooled to -40 °C then ketone 180
(150 mg, 0.66 mmol) in MeCN (4 mL) was added dropwise. The reaction mixture was stirred for 5
hours then aqueous saturated sodium potassium tartrate (10 mL) was added and the mixture was
warmed to room temperature and stirred for 1 hour. Aqueous saturated NaHCO; (15 mL) was added
and the solution was extracted with DCM (3 x 50 mL). The combined organic layers were dried over
MgS0O, and the solvent removed in vacuo to afford diol 181 (134 mg, 89%, dr > 99:1) as a yellow oil;
[a]3* = -30.0 (c 1, Acetone); vmax (film) 3416, 2960, 2934, 2914, 1716, 987; &4 (400 MHz, CDCls) 1.26
(3H, t,J 7.2, OCH,CHs), 1.64 (1H, ddd, J 14.4, 7.8, 3.1, 4-HH), 1.71 — 1.84 (4H, m, 4-HH and 10-Hs), 2.41
—2.56 (2H, m, 2-CH>), 2.68 (1H, br. s, OH), 3.50 (1H, br. s, OH), 4.16 (2H, q, J 7.2, OCH,CH3), 4.29 — 4.39
(1H, m, 3-H), 4.42 = 4.50 (1H, m, 5-H), 5.60 (1H, dd, J 15.3, 6.3, 6-H), 5.70 (1H, dq, J 14.8, 7.1, 9-H), 6.04
(1H, ddd, J 14.8, 10.3, 1.7, 8-H), 6.23 (1H, dd, J 15.3, 10.3, 7-H); 6¢ (101 MHz, CDCls) & 14.3 (OCH,CHj3),
18.3 (C-10),41.5(C-2),42.3 (C-4), 61.0 (OCH,CH3), 65.7 (C-3), 69.9 (C-5), 130.2 (C-9), 130.7 (C-7), 130.9
(C-8), 132.7 (C-6), 173.0 (C-1); HRMS (ESI) calc. for [C12H2004Na] 251.1254 Found 251.1253.
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(3s,58,6E,8E)-3,5-Dihydroxydeca-6,8-dienoic acid (135)

O OH OH KOH, MeOH O OH OH
o THF, H,0, 0 °C PP
_ =
EtO HO 1 3 5 10
2 4 6 8
181 135

Ester 181 (40 mg, 0.18 mmol) was dissolved in THF (0.7 mL), MeOH (0.3 mL) and water (0.3 mL) and
cooled to 0 °C then 25% aqueous KOH solution (0.06 mL) was added and the reaction mixture was
stirred for 4 hours. The reaction mixture was quenched with aqueous saturated NH4Cl (2 mL) and solid
NH.Cl was added until saturation. The mixture was washed with EtOAc (5 mL) and the organic layer
discarded. The aqueous phase was acidified with 3 drops of 2 M HCl and extracted with EtOAc (5 x 50
mL). The combined organic layers were washed with brine (5 mL), dried over Na,SO, and the solvent
removed in vacuo to afford carboxylic acid 135 (18 mg, 51%) as a yellow oil; [a]3? = +13.0 (c 1,
Acetone); Vmax (film) 3376, 3019, 2915, 1704, 1255, 987; &y (400 MHz, (CD3),CO) 1.61 — 1.66 (2H, m, 4-
H,), 1.70 — 1.75 (3H, m, 10-Hs), 2.40 — 2.54 (2H, m, 2-H,), 4.26 — 4.35 (1H, m, 3-H), 4.41 (1H, ap. q, J
6.0, 5-H), 5.59 — 5.70 (2H, m, 6-H and 9-H), 6.06 (1H, ddd, J 15.0, 10.4, 1.7, 8-H), 6.17 - 6.25 (1H, m, 7-
H); 8¢ (101 MHz, (CDs),CO) 18.2 (C-10), 42.9 (C-2), 44.8 (C-4), 66.1 (C-3), 69.3 (C-5), 129.1 (C-9), 130.0
(C-8), 132.4 (C-7), 135.7 (C-6), 173.5 (C-1); HRMS (ESI) calc. for [C10H1504] 199.0970 Found 199.0974.

(R,AE,6E)-3-Hydroxy-1-((S)-4-isopropyl-2-thioxothiazolidin-3-yl)trideca-4,6-dien-1-one (184)

S (¢} S O OH

il DIPEA § J]\/k/\/\ { )j\/\/S\/?\
_/< DCM, -78 °C )\\N i R O O

18 2
I 17 -

153 185
183

Acylated auxiliary 153 (1.0 g, 4.92 mmol) was dissolved in DCM (50 mL) under nitrogen and cooled
to -78 °Cthen TiCls (1 M in DCM, 5 mL, 4.92 mmol) was added dropwise over 15 minutes. The reaction
mixture was stirred for 20 minutes then DIPEA (1.05 mL, 5.90 mmol) was added dropwise. The reaction
mixture was stirred for 1 hour then aldehyde 183 (0.55 mL, 4.92 mmol) was added dropwise. After
stirring at -78 °C for 1 hour, aqueous saturated NH4Cl (25 mL) was added and the reaction mixture was
stirred for a further hour at room temperature. The solution was extracted with DCM (3 x 50 mL),
dried over MgS0, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (17% EtOAc in petroleum ether 60:40) to afford aldol products 184 (1.26 g, 69%) and
185 (0.28 g, 15%) as yellow oils.

184: [a]3? = +154.0 (c 1, Acetone); Vmax (film) 3429, 2958, 2925, 2871, 2854, 1694, 1466, 1159; &4 (400
MHz, CDCl5) 0.87 (3H, t, J 6.5, 13-Hs), 0.98 (3H, d, J 7.0, 19-CHs), 1.06 (3H, d, J 7.0, 19-CHs), 1.19 — 1.34
(8H, m, 9-H,, 10-H,, 11-H, and 12-H,), 2.02 - 2.12 (2H, m, 8-H,), 2.36 (1H, ap. h, J 7.0, 19-H), 3.03 (1H,
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d,J11.5,17-HH), 3.33 (1H, dd, J 17.6, 8.8, 2-HH), 3.52 (1H, dd, J 11.5, 7.9, 17-HH), 3.62 (1H, dd, J 17.6,
3.0, 2-HH), 4.63 — 4.76 (1H, m, 3-H), 5.14 (1H, dd, J 7.9, 7.0, 18-H), 5.62 (1H, dd, J 15.3, 6.2, 4-H), 5.65
—5.78 (1H, m, 7-H), 6.01 (1H, dd, J 15.2, 10.4, 6-H), 6.25 (1H, dd, J 15.3, 10.4, 5-H); 8¢ (101 MHz, CDCls)
14.2 (C-13), 17.9 (CHs), 19.2 (CHs), 22.7 (CH,), 28.9 (CH,), 29.3 (CH,), 30.8 (C-17), 30.9 (C-19), 31.8
(CHa), 32.7 (C-8), 45.4 (C-2), 68.6 (C-3), 71.5 (C-18), 129.3 (C-6), 130.9 (C-4), 131.4 (C-5), 136.3 (C-7),
172.6 (C-1), 203.1 (C-15); HRMS (ESI) calc. for [C1oH3:NO,S,Na] 392.1688 Found 392.1688.

185: [o(] 2% = +132.0 (¢ 1, Acetone); Vmax (film) 3425, 2959, 2924, 2871, 2854, 1693, 1466, 1157; &4 (400
MHz, CDCl) 0.87 (3H, t, J 6.8, 13-Hs), 0.98 (3H, d, J 6.9, 19-CHs), 1.06 (3H, d, J 6.9, 19-CHs), 1.22 — 1.32
(8H, m, 9-Ha, 10-H,, 11-H, and 12-H,), 2.03 — 2.10 (2H, m, 8-H,), 2.35 (1H, ap. h, J 6.9, 19-H), 3.03 (1H,
dd, J11.5, 1.2, 17-HH), 3.39 (1H, dd, J 17.3, 3.4, 2-HH), 3.51 (1H, dd, J 11.5, 8.0, 17-HH), 3.62 (1H, dd,
J17.3, 8.9, 2-HH), 4.57 — 4.64 (1H, m, 3-H), 5.17 (1H, ddd, J 8.0, 6.9, 1.2, 18-H), 5.62 (1H, dd, J 15.3,
6.2, 4-H), 5.71 (1H, dt, J 15.0, 7.0, 7-H), 6.01 (1H, dd, J 15.0, 10.5, 6-H), 6.25 (1H, dd, J 15.3, 10.5, 5-H);
8¢ (101 MHz, CDCls) 14.3 (C-13), 18.0 (CHs), 19.3 (CH3), 22.8 (CH,), 29.0 (CH,), 29.3 (CH,), 30.8 (C-17),
30.9 (C-19), 31.9 (CH,), 32.8 (C-8), 45.3 (C-2), 69.2 (C-3), 71.5 (C-18), 129.4 (C-6), 131.6 (C-4), 131.6 (C-
5), 136.4 (C-7), 173.1 (C-1), 203.2 (C-15); HRMS (ESI) calc. for [CisH31NO,S;Na] 392.1688 Found
392.1683.

Ethyl (R,6E,8E)-5-hydroxy-3-oxopentadeca-6,8-dienoate (186)

s O OH MgCl,
Imidazole
S)\\NJJ\W\(CHz)scHa THE o 0 OH/7 s
—_— >
\/S/ o o Et0717 7375 (CH2)sCH3
EtOJI\/U\OK
184 186

Potassium-3-ethoxy-2-methyl-3-oxopropanoate (1226 mg, 7.20 mmol) and MgCl, (343 mg, 3.60
mmol) were added to a solution of aldol product 184 (1200 mg, 3.25 mmol) in THF (20 mL) under
nitrogen and stirred for 45 minutes. Imidazole (245 mg, 3.60 mmol) was added and the reaction
mixture was stirred for 72 hours. The mixture was diluted with EtOAc (30 mL) and washed with 1 M
HCI (10 mL). The aqueous layer was extracted with EtOAc (3 x 30 mL). The combined organic layers
were washed with aqueous saturated NaHCOs (15 mL) and the aqueous layer extracted with EtOAc (3
x 25 mL). The combined organic layers were dried over Na,SO4 and the solvent removed in vacuo. The
crude product was purified by flash column chromatography (20% EtOAc in petroleum ether 60:40) to
afford 186 (709 mg, 75%) as a yellow oil; [a]f)z = +417.0 (c 1, Acetone); vmax (film) 3410, 2962, 2925,
2859, 1745, 1710, 1031, 988; &4 (400 MHz, CDCls) 0.87 (3H, t, J 6.6, 15-Hs), 1.20 — 1.34 (11H, m,
OCH,CH3, 11-H,, 12-H,, 13-H, and 14-H,), 2.07 (2H, ap. q, J 7.0, 10-H), 2.78 (2H, d, J 6.0, 4-H,), 3.48
(2H, s, 2-H,), 4.20 (2H, q, J 7.2, OCH,CHs), 4.55 — 4.68 (1H, m, 5-H), 5.55 (1H, dd, J 15.2, 6.4, 6-H), 5.71
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(1H, dt, J15.0, 7.0, 9-H), 5.99 (1H, dd, J 15.0, 10.2, 8-H), 6.23 (1H dd, J 15.2, 10.2, 7-H); 6¢ (101 MHz,
CDCl3) 14.23 (OCHzCH3 and C-15), 22.8 (CHz), 29.0 (CH3), 29.3 (CH3), 31.9 (CH>), 32.8 (C-10), 49.8 (C-4),
50.2 (C-2), 61.7 (OCH:CH3), 68.4 (C-5), 129.2 (C-8), 130.8 (C-6), 131.7 (C-7), 136.6 (C-9), 167.1 (C-1),
203.0 (C-3); HRMS (ESI) calc. for [C17H2804Na] 319.1880 Found 319.1879.

Ethyl (3S,5R,6E,8E)-3,5-dihydroxypentadeca-6,8-dienoate (188)

NaBH,
Et,BOMe
O O OH MeOH, THF O OH OH
NP NN _me A ALAA
EtO (CH3)sCH3 EtO™ 1 5 3 ; 5 . 5 (CH3)sCH3
186 188

Ketone 186 (650 mg, 2.20 mmol) was dissolved in THF (16 mL) and MeOH (5 mL) under nitrogen and
cooled to -78 °C then Et,BOMe (0.38 mL, 2.91 mmol) was added dropwise and the reaction mixture
was stirred for 15 minutes. NaBH, (105 mg, 2.78 mmol) was added in one portion and the reaction
mixture was stirred for 3 hours then AcOH (2 mL) was added and the mixture was warmed to room
temperature. The reaction mixture was diluted with EtOAc (25 mL) and the resulting solution was
washed with aqueous saturated NaHCOs (20 mL). The organic layer was dried over MgSO, and the
solvent removed in vacuo. The crude product was dissolved in methanol (20 mL) and the solvent
removed in vacuo. The crude product was purified by flash column chromatography (30% EtOAc in
petroleum ether 60:40) to afford diol 188 (415 mg, 63%, dr > 99:1) as a yellow oil; [a]3? = -7.0 (c 1,
Acetone); vmax (film) 3389, 2956, 2925, 2855, 1717, 987; 64 (400 MHz, CDCl;) 6 0.87 (3H, t, J 6.6, 15-
Hs), 1.19 — 1.40 (11H, m, OCH,CH3, 11-H,, 12-H,, 13-H; and 14-H,), 1.58 — 1.76 (2H, m, 4-H,), 2.02 -
2.10 (2H, m, 10-H,), 2.48 (2H, dd, J 6.2, 2.6, 2-H,), 3.03 (1H, s, OH), 3.73 (1H, s, OH), 4.17 (2H, q, J 7.1,
OCH,CH3), 4.22 —4.31 (1H, m, 3-H), 4.38 — 4.47 (1H, m, 5-H), 5.56 (1H, dd, J 15.3, 6.7, 6-H), 5.70 (dt, J
=15.0, 7.0 Hz, 9-H), 6.00 (1H, dd, J 15.0, 10.4, 8-H), 6.21 (1H, dd, J 15.3, 10.4, 7-H); 6¢ (101 MHz, CDCls)
14.27 (C-15), 14.34 (OCH,CHs), 22.8 (CH3), 29.0 (CH2), 29.3 (CH,), 31.9 (CH>), 32.8 (C-10), 41.8 (C-2),
42.9 (C-4), 61.0 (OCH,CHs), 68.5 (C-3), 72.7 (C-5), 129.4 (C-8), 131.2 (C-7), 132.6 (C-6), 136.2 (C-9),
172.7 (C-1); HRMS (ESI) calc. for [C17H3004Na] 321.2036 Found 321.2029.

(35,5R,6E,8E)-3,5-Dihydroxypentadeca-6,8-dienoic acid (133)

KOH, MeOH

O OH OH THF, H,0, 0 °C o OH OH/7 s
= —_—
EtO Z (CH3)sCH3 HO™ 1 5 3 . 5 5 5 (CH3)5CH3
188 133

Ester 188 (100 mg, 0.34 mmol) was dissolved in THF (1.4 mL), MeOH (0.6 mL) and water (0.6 mL) and
cooled to 0 °C when 25% aqueous KOH solution (0.12 mL) was added and the reaction mixture was

stirred for 4 hours. The reaction mixture was quenched with aqueous saturated NH4Cl (2 mL) and solid
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NH.Cl was added until saturation. Two drops of 2 M HCl were added and the aqueous phase extracted
with EtOAc (5 x 30 mL). The combined organic layers were washed with brine (5 mL), dried over Na;SO4
and the solvent removed in vacuo to afford carboxylic acid 133 (67 mg, 73%) as a colourless oil; [a]3?
=-16.0 (c 1, Acetone); vmax (film) 3443, 3285, 2921, 2852, 1703, 990; 64 (400 MHz, (CD3),CO) 0.85 (3H,
d, J6.4,15-Hs), 1.22 — 1.38 (8H, m, 11-H,, 12-H,, 13-H, and 14-H,), 1.64 (2H, m, 4-H,), 2.01 — 2.08 (2H,
m, 10-H,), 2.36 — 2.49 (2H, m, 2-H,), 4.11 — 4.20 (1H, m, 3-H), 4.34 (1H, m, 5-H), 5.57 (1H, dd, J 15.2,
6.5, 6-H), 5.65 (1H, dt, J 15.0, 7.0, 9-H), 6.01 (1H, dd, J 15.0, 10.5, 8-H), 6.16 (1H, dd, J 15.2, 10.5, 7-H);
6¢ (126 MHz, (CDs),CO) 14.3 (C-15), 23.2 (C-13), 29.6 (C-14), 30.0 (C-11), 32.4 (C-12), 33.2 (C-10), 42.7
(C-2), 44.5 (C-4), 68.0 (C-3), 71.7 (C-5), 130.6 (C-7), 130.9 (C-8), 135.0 (C-9), 135.2 (C-6), 173.3 (C-1);
HRMS (ESI) calc. for [C15H2604] 269.1753 Found 269.1754.

2-((2S,4R,5R,6S5)-4,5-Dihydroxy-6-((E)-oct-1-en-1-yl)tetrahydro-2H-pyran-2-yl)acetic acid (139)

i) 'BUOOH, Ti(O'Pr),

(-)-DIPT, DCM e .
EtO - (CH2)sCHs 20°Cto-5°c O O ~(CH2)sCH;
z H . o 3 5 8
O OH OH ] o

ii) KOH, THF :
H,O, MeOH OH
188 139

In a flame dried flask at -20 °C under nitrogen was added 4 A molecular sieves (30 mg) and DCM (2 mL)
followed by Ti(O'Pr), (0.02 mL, 0.07 mmol) and (-)-DIPT (0.02 mL, 0.08 mmol). The reaction mixture
was stirred for 5 minutes then allylic alcohol 188 (100 mg, 0.34 mmol) in DCM (1 mL) was added and
the solution was stirred for 30 minutes. ‘BUOOH (5.5 M in decane, 0.13 mL, 0.68 mmol) was added
dropwise and the reaction mixture was stirred at -5 °C for 5 hours. The reaction mixture was quenched
with 10 wt.% aqueous tartaric acid (5 mL) and warmed to room temperature. The organic layer was
separated and the aqueous extracted with DCM (3 x 15 mL). The combined organic layers were
washed with aqueous saturated Na,S;05 (10 mL), dried over Na,SO4 and the solvent removed in vacuo.
The crude product was purified by flash column chromatography (50% EtOAc in petroleum ether
60:40) to afford crude tetrahydropyran (30 mg, 28%) as a colourless oil. The crude material was
dissolved in THF (1 mL), MeOH (0.5 mL) and water (0.5 mL) then 25% aqueous KOH solution (0.1 mL)
was added and the reaction mixture was stirred at room temperature for 2 hours. The reaction was
guenched with aqueous saturated NH4Cl (3 mL) and the aqueous phase was extracted with Et,O (10
mL). The organic layer was discarded and the aqueous phase was acidified with 2 M HCI (2 mL). The
aqueous phase was extracted with Et,0 (3 x 15 mL) and the combined organic layers dried over MgSO,
and the solvent removed in vacuo to afford acid 139 (15 mg, 52%) as a white solid; m.p. 94-98 °C
(Et;0/hexane); [a]33 = -48.0 (c 0.5, CHCl3); vmax (UATR) 3506, 3179, 2925, 1713, 1191, 1071; &4 (400
MHz, CDCl3) 0.88 (3H, t, J 6.6, 14-H3), 1.16 — 1.42 (8H, m, 4 x CH,), 1.62 (1H, ap. t, J 12.9, 3-H,), 1.99 -
2.10 (3H, m, 3-Heq and 9-Hy), 2.46 (1H, dd, J 15.8, 5.6, 15-HH), 2.60 (1H, dd, J 15.8, 7.2, 15-HH), 3.34
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(1H, m, 5-H), 4.02 (1H, ap. t,J 7.7, 6-H), 4.15-4.23 (1H, m, 4-H), 4.22 - 4.29 (1H, m, 2-H), 5.42 (1H, dd,
J14.7,7.7,7-H), 5.85 (1H, dt, J 14.7, 6.6, 8-H); 6¢ (101 MHz, CDCl3) 14.2 (C-14), 22.7 (CH3), 28.95 (CH,),
29.01 (CH), 31.7 (CH.), 32.6 (9-CH>), 36.9 (C-3), 40.3 (C-15), 66.4 (C-4), 67.8 (C-2), 70.9 (C-5), 77.4 (C-
6), 126.9 (C-7), 137.8 (C-8), 175.0 (C-16); HRMS (ESI) calc. for [CisH270s] 287.1853 Found 287.1847.

Crystal obtained by recrystallisation from Et,0/hexane

AKX 7
fwy'ﬁ’ Space group: P2; (monoclinic)

Ethyl (S,6E,8E)-5-hydroxy-3-oxopentadeca-6,8-dienoate (187)

s O OH MgCl,
< Imidazole
/U\/\M
S)\\N (CH3)sCH3 THF Q 9 ?H/7 P
(0] (6] EtO123456 8 10 12 14
EtoJ\/U\OK
185 187

Potassium-3-ethoxy-2-methyl-3-oxopropanoate (255 mg, 1.50 mmol) and MgCl; (71 mg, 0.75 mmol)
were added to a solution of aldol product 185 (250 mg, 0.68 mmol) in THF (20 mL) under nitrogen and
stirred for 45 minutes. Imidazole (51 mg, 0.75 mmol) was added and the reaction mixture was stirred
for 72 hours. The mixture was diluted with EtOAc (20 mL) and washed with 1 M HCI (5 mL). The
aqueous layer was extracted with EtOAc (3 x 15 mL). The combined organic layers were washed with
aqueous saturated NaHCO; (10 mL) and the aqueous layer extracted with EtOAc (3 x 20 mL). The
combined organic layers were dried over Na,SO,4 and the solvent removed in vacuo. The crude product
was purified by flash column chromatography (20% EtOAc in petroleum ether 60:40) to afford 187
(170 mg, 85%) as a yellow oil; [a]3* = -23.0 (c 1, Acetone); vmax (film) 3401, 2963, 2920, 2845, 1745,
1711, 1033, 987; 64 (400 MHz, CDCls) 0.88 (3H, t, J 6.5, 15-H3), 1.28 (11H, m, OCH,CH3 11-H,, 12-H,,
13-H; and 14-H,), 2.07 (2H, ap. g, J 7.0, 10-H,), 2.78 (2H, d, J 6.0, 4-H,), 3.48 (2H, s, 2-H,), 4.20 (2H, q,
J7.2, OCH,CHs), 4.56 — 4.73 (1H, m, 5-H), 5.55 (1H, dd, J 15.2, 6.4, 6-H), 5.72 (1H, dt, J 15.0, 7.0, 9-H),
5.99 (1H, dd, J 15.0, 10.3, 8-H), 6.23 (1H, dd, J 15.2, 10.3, 7-H); 6¢ (101 MHz, CDCls) 14.2 (OCH>CH3 and
C-15), 22.7 (CH>), 28.9 (CH>), 29.2 (CH,), 31.8 (CH,), 32.7 (C-10), 49.7 (C-4), 50.1 (C-2), 61.6 (OCH,CHs),
68.4 (C-5), 129.2 (C-8), 130.7 (C-6), 131.6 (C-7), 136.6 (C-9), 167.0 (C-1), 202.9 (C-3); HRMS (ESI) calc.
for [C17H2804Na] 319.1880 Found 319.1877.

Ethyl (3S,5S,6E,8E)-3,5-dihydroxypentadeca-6,8-dienoate (418)

NMe4HB(OAc)3

0O O OH MeCN, AcOH O OH OH
/U\/U\/W\ __Hwe A AAA
EtO (CHy)sCH3 EtO71 35N N N (CHy)sCH;
187 418
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MesNHB(OACc)s (1.18 g, 4.47 mmol) was dissolved in MeCN (6 mL) and AcOH (2 mL) and stirred for 30
minutes at room temperature under nitrogen. The solution was cooled to -40 °C then ketone 187 (150
mg, 0.51 mmol) in MeCN (4 mL) was added dropwise. The reaction mixture was stirred for 5 hours
then aqueous saturated sodium potassium tartrate (5 mL) was added and the mixture was warmed to
room temperature and stirred for 1 hour. Aqueous saturated NaHCOs; (15 mL) was added and the
solution was extracted with DCM (3 x 40 mL). The combined organic layers were dried over MgSO,
and the solvent removed in vacuo. The crude product was purified by flash column chromatography
(30% EtOAc in petroleum ether 60:40) to afford diol 418 (93 mg, 61%, dr > 99:1) as a yellow oil; [a]3?
=+9.0 (c 1, Acetone); vmax (film) 3416, 2956, 2924, 2855, 1717, 988; 64 (400 MHz, CDCls) 0.85 — 0.90
(3H, m, 15-Hs), 1.23 — 1.29 (11H, m, OCH,CH3, 11-H,, 12-H,, 13-H; and 14-H,), 1.66 (1H, ddd, J 14.4,
7.8,3.2,4-HH), 1.78 (1H, ddd, J 14.4, 9.0, 3.4, 4-HH), 2.07 (2H, ap. q, / 7.0, 10-H,), 2.48 — 2.51 (2H, m,
2-H,), 2.59 (1H, d, /4.3, OH), 3.46 (1H, d, J 3.7, OH), 4.17 (2H, q, J 7.1, OCH,CH3), 4.28 —4.39 (1H, m, 3-
H), 4.47 (1H, s, 5-H), 5.62 (1H, dd, J 15.3, 6.3, 6-H), 5.70 (1H, dt, J 15.0, 7.0, 9-H), 6.02 (1H, dd, J 15.0,
10.3, 8-H), 6.24 (1H, dd, J 15.3, 10.3, 7-H); 6¢ (101 MHz, CDCls) 14.27 (C-15), 14.34 (OCHxCH3), 22.8
(CH3), 29.1 (CH.), 29.4 (CH.), 31.9 (CH.), 32.8 (C-10), 41.4 (C-2), 42.2 (C-4), 61.0 (OCH,CHs), 65.6 (C-3),
70.0 (C-5), 129.4 (C-8), 131.0 (C-7), 132.8 (C-6), 136.0 (C-9), 173.0 (C-1); HRMS (ESI) calc. for
[C17H3004Na] 321.2036 Found 321.2028.

(3S,5S,6E,8E)-3,5-Dihydroxypentadeca-6,8-dienoic acid (136)

O OH OH KOH, MeOH O OH OH
P THF, H,0, 0°C PP
EtO (CH)sCHy — > HO Y a5 2 2 (CHy)sCHy
418 136

Ester 418 (50 mg, 0.17 mmol) was dissolved in THF (0.7 mL), MeOH (0.3 mL) and water (0.3 mL) and
cooled to 0 °C then 25% aqueous KOH solution (0.06 mL) was added and the reaction mixture was
stirred for 4 hours. The reaction mixture was quenched with aqueous saturated NH4Cl (2 mL) and solid
NH,Cl was added until saturation. Two drops of 2 M HCl were added and the aqueous phase extracted
with EtOAc (5 x 30 mL). The combined organic layers were washed with brine (5 mL), dried over Na;SO4
and the solvent removed in vacuo to afford carboxylic acid 136 (38 mg, 83%) as a colourless oil; [a]3?
=+6.0 (c 1, Acetone); vmax (film) 3445, 3361, 2921, 2850, 1687, 991; 61 (400 MHz, (CD3),C0O) 0.87 —0.96
(3H, m, 15-Hs), 1.26 — 1.44 (8H, m, 11-H,, 12-H;, 13-H; and 14-H,), 1.64 — 1.70 (2H, m, 4-H,), 2.10 -
2.15(2H, m, 10-H), 2.50 (2H, dd, J 9.0, 6.4, 2-H,), 4.28 — 4.39 (1H, m, 3-H), 4.44 (1H, ap. q, J 6.0, 5-H),
5.64 —5.73 (2H, m, 6-H and 9-H), 6.09 (1H, dd, J 15.1, 10.5, 8-H), 6.25 (1H, dd, J 15.0, 10.5, 7-H); &¢
(126 MHz, (CD3),C0) 14.3 (C-15), 23.2 (C-13), 29.6 (C-14), 30.0 (C-11), 32.4 (C-12), 33.2 (C-10), 42.9 (C-
2), 44.6 (C-4), 66.0 (C-3), 69.23 (C-5), 130.0 (C-7), 131.0 (C-8), 134.7 (C-9), 135.9 (C-6), 173.4 (C-1);
HRMS (ESI) calc. for [C1sH2604] 269.1753 Found 269.1762.
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(E)-Prop-1-en-1-ylboronic acid (193)
Method 1:

S0y, H,0 s 1
y
N gk ——> N pon)

197 193

To a solution of potassium trifluoroborate salt 197 (4.50 g, 30.41 mmol) in water (100 mL) under
nitrogen was added silica gel (1.83 g, 30.41 mmol). The reaction mixture was stirred for 3 hours at
room temperature, filtered and the residue washed with EtOAc (200 mL). The layers were separated
and the aqueous phase extracted with further EtOAc (2 x 100 mL). The combined organic layers were
dried over MgS0, and the solvent removed in vacuo to afford boronic acid 193 (2.62 g, quant.) as a
white solid which was used directly in the next step; 6x (400 MHz, CDCl5) 1.91 (3H, dd, J 6.4, 1.7, 3-Hs),
5.55 (1H, dt, J 17.5, 1.7, 1-H), 6.98 (1H, dq, J 17.5, 6.5, 2-H); 8¢ (101 MHz, CDCls) 21.8 (C-3), 152.9 (C-

2). Data consistent with the literature.®

Method 2:

NaOH, H,0

_— THF s 2
\/\BMIDA — \Z/\B(OH)Q

198 193
Boronate 198 (9.67 g, 49.12 mmol) was dissolved in THF (250 mL) and 1 M NaOH (147 mL, 147 mmol)
then stirred for 30 minutes. The reaction mixture was diluted with aqueous saturated NH4Cl (100 mL)
and the resulting solution was extracted with Et,0 (3 x 300 mL). The combined organic layers were
dried over MgS0, and the solvent removed in vacuo to afford boronic acid 193 (4.25 g, quant.) as a

white solid which was used directly in the next step. Data consistent with previously reported.

(-)-Pinanediol (E)-1-propen-1-ylboronate (194)

—)-Di i 3
_ ( )pm;edlm \2/\3’0@
\/\B(OH)Z —ar \

193 194

Boronic acid 193 (922 mg, 10.7 mmol) and (-)-pinanediol (1830 mg, 10.7 mmol) were dissolved in THF
(22 mL) and stirred for 30 minutes. The solvent was removed in vacuo and the crude product purified
by flash column chromatography (8% Et,0 in petroleum ether 60:40) to afford boronate 194 (2316
mg, 98%) as a white crystalline solid; [a]4® = -24.0 (c 1, CHCl3) lit. enantiomer?®® [a]33 = +24.2 (¢ 1.3,
CHCls); vmax (UATR) 2942, 2912, 1636, 1358, 986; 64 (400 MHz, CDCl5) 0.84 (3H, s, pinanyl CHs), 1.14
(1H, d, J10.9, pinanyl H), 1.28 (3H, s, pinanyl CHs), 1.39 (3H, s, pinanyl CHs), 1.85 (3H, dd, /6.4, 1.7, 3-
CHs), 1.87 — 1.93 (2H, m, CH,), 2.05 (1H, dd, J 6.0, 4.9, pinanyl CH), 2.16 — 2.24 (1H, m, pinanyl CH),

129



Experimental

2.34 (1H, ddt, J 14.0, 8.7, 2.2, pinanyl CH), 4.29 (1H, dd, J 8.7, 1.9, CHOB), 5.47 (1H, dq, / 17.9, 1.7, 1-
H), 6.64 (1H, dq, J 17.9, 6.4, 2-H); &6¢ (101 MHz, CDCls) 21.9, 24.2, 26.6, 27.3, 28.8, 35.7, 38.3, 39.7,
51.5, 77.8 (OCH), 85.6 (OC), 120.1 (br, C-1), 149.7 (C-2). Data consistent with the literature.?*?

Trimethyl (S,E)-2-((-)-pinanediol boronate)-pent-3-en-1-yl)silane (195)

i) DCM, THF 2
\\54k‘§’oz mBuLi,-100°C o 3 P\
O > ~ALE0
ii) TMSCH,MgCl i i
-78°C >Tvs
194 195

DCM (2.86 mL) and THF (80 mL) were cooled to -100 °C under nitrogen then 2.45 M nBuliin THF (11.68
mL, 28.62 mmol) was added dropwise over 10 minutes. The reaction mixture was stirred for 20
minutes then boronic ester 194 (6.30 g, 28.62 mmol) in THF (15 mL) was added dropwise over 10
minutes. The reaction mixture was stirred for 2 minutes then warmed to O °C. After 40 minutes the
reaction mixture was cooled to -78 °C then 1.3 M TMSCH,MgCl in THF (22.0 mL, 28.62 mmol) was
added dropwise over 20 minutes. The reaction mixture was stirred at -78 °C for 3 hours, room
temperature for 18 hours then quenched with aqueous saturated NH4Cl (25 mL). The resulting solution
was diluted with Et,0 (250 mL) and water (150 mL). The organic layer was separated and the aqueous
extracted with Et,0 (2 x 200 mL). The combined organic layers were washed with brine (200 mL), dried
over Na,;SO, and the solvent removed in vacuo. The crude product was purified by flash column
chromatography (3% Et,0 in petroleum ether 60:40) to afford boronic ester 195 (7.66 g, 84%, dr >
99:1) as a colourless oil; [a]3° =-22.0 (c 1, CHCIs) lit.2"3 [a] 3 = -11.75 (c 0.45, CHCl3); Vmax (film) 2916,
1367, 1246, 1031, 857, 834; 6, (400 MHz, CDCls) -0.03 (9H, s, Si(CHs)s), 0.63 (1H, dd, J 14.5, 7.6, 1-HH),
0.82 (1H, dd, J 14.5, 7.6, 1-HH), 0.83 (3H, s, CH3), 1.11 (1H, d, J 10.9, CHH), 1.27 (3H, s, CHs), 1.37 (3H,
s, CHs), 1.61 — 1.65 (3H, m, 5-Hs), 1.78 — 1.85 (1H, m, CHH), 1.85 — 1.91 (2H, m, 2-H and CH), 2.04 (1H,
t, J 5.6, CH), 2.13 — 2.22 (1H, m, CHH), 2.32 (1H, ddt, J 14.4, 8.7, 2.4, CHH), 4.25 (1H, dd, J 8.7, 2.0,
BOCH), 5.33 —5.47 (2H, m, 3-H and 4-H); 8¢ (101 MHz, CDCls) -0.8 (Si(CHs)s), 17.9 (C-1), 18.2 (C-5), 24.2
(CHs), 26.3 (CHy), 27.3 (CHs), 28.7 (CH3), 35.7 (CH3), 38.4 (C), 39.6 (CH), 51.6 (CH), 77.9 (CH), 85.6 (OC),
123.1 (C-4), 134.6 (C-3); HRMS (ESI) calc. for [C1gH34B0,Si] 321.2419 Found 321.2404. Data consistent

with the literature.?

(4S,5R,E)-4-Methyl-1-(trimethylsilyl)dodec-2-en-5-ol (192)

O“\'@ BF3+Et,0, octanal 3 OH
b DCM, -78 °C o

BiSY ~
A0 — > TMS/\z/Ys\(CHz)GCHa
STMs
195 192
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Boronic ester 195 (3.00 g, 9.36 mmol) and octanal (1.46 mL, 9.36 mmol) were dissolved in DCM (47 mL)
under nitrogen and cooled to -78 °C. BFs.Et;0 (1.16 mL, 9.36 mmol) was added dropwise and the
reaction mixture was stirred at -78 °C for 4 hours. Aqueous saturated NaHCOs (30 mL) was added and
the reaction mixture was warmed to room temperature. The organic layer was separated and the
aqueous extracted with Et,0 (3 x 50 mL). The combined organic layers were washed with brine (50
mL), dried over MgS0O, and the solvent removed in vacuo. The crude product was purified by flash
column chromatography (petroleum ether 60:40) to afford alcohol 192 (2.36 g, 93%, dr > 99:1) as a
colourless oil; [a]%? = -10.0 (c 1, CHCls); Vmax (film) 3367, 2955, 2925, 2855, 1247, 839; &1 (400 MHz,
CDCls) 0.00 (1H, s, TMS), 0.86 —0.90 (3H, m, 12-Hs), 0.99 (3H, d, J 6.8, 4-CHs), 1.20 — 1.37 (11H, m, 6-
HHand 7,8,9,10,11-H,), 1.46 (2H, dd, J 8.1, 1.3, 1-H,), 1.47 — 1.53 (1H, m, 6-HH), 1.61 (1H, d, J 3.5, OH),
2.05 —2.16 (1H, m, 4-H), 3.28 (1H, ddd, J 7.9, 6.4, 3.5, 5-H), 5.13 (1H, ddt, J 15.2, 8.6, 1.3, 3-H), 5.50
(1H, dtd, J 15.2, 8.1, 0.9, 2-H); 8¢ (101 MHz, CDCls) -1.8 (TMS), 14.3 (C-12), 17.4 (CH3-4), 22.9 (CH,),
23.2 (C-1), 26.0 (C-7), 29.5 (CH,), 30.0 (CH,), 32.1 (CH,), 34.4 (C-6), 43.8 (C-4), 75.2 (C-5), 129.2 (C-2),
130.4 (C-3); HRMS (ESI) calc. for [C16H340SiNa] 293.2271 Found 293.2279.

(1S,2R,35)-1-Heptyl-2-methyl-3-vinylcyclopropane (196)

Method 1:
_ oH Tf,0, 2,6-Lutidine Hy o AS
DCM, -78°C !
TMS (CH2)60H3 4’» )VA"//
/\/\r\ Ho 8 (CH2)sCH3
192 196

Alcohol 192 (700 mg, 2.59 mmol) was dissolved in DCM (30 ml) and cooled to -78 °C under nitrogen
then 2,6-lutidine (0.39 mL, 3.37 mmol) was added and the reaction mixture was stirred for 5 minutes.
Tf,0 (0.52 mL, 3.11 mmol) was added within 5 seconds then the reaction mixture was stirred for 3
minutes before quenching with DIPEA (5.5 mL, 30.0 mmol). The mixture was warmed to room
temperature and the solvent removed in vacuo. The crude product was purified by flash column
chromatography (petroleum ether 60:40) to afford alcohol 196 (412 mg, 88%, dr >99:1) as a colourless
oil; [a]4? = -11.0 (c 1, CHCl3); vmax (film) 2956, 2924, 2855, 1636, 1465, 1248, 888, 839; &4 (400 MHz,
CDCl5) 0.73 —0.80 (1H, m, 3-H), 0.83 —0.92 (5H, m, 12-H3, 4-H and 5-H), 1.06 (3H, d, J 6.2, 4-CHs), 1.23
—-1.39 (12H, m, 6,7,8,9,10 and 11-H,), 4.78 (1H, dd, J 10.3, 1.8, 1-H,), 4.95 (1H, dd, J 17.1, 1.8, 1-Hy),
5.42 (1H, ddd, J 17.1, 10.3, 8.3, 2-H); 8¢ (101 MHz, CDCls) 12.6 (CHs-4), 14.3 (C-12), 19.7 (C-4), 22.9 (C-
5), 26.1 (C-3), 27.9 (CH,), 29.5 (CH,), 29.7 (CH,), 30.1 (CH,), 30.5 (CH>), 32.1 (CH>), 110.5 (C-2), 142.9
(C-1); HRMS (ESI) calc. for [Ci3H24] 181.1951 Found 181.1947.
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Method 2:
THO :
OH 2 : ™
P 2,6-Lutidine }u5 " 4? s
TMSTNTT TN (CHascHy _DOMLTEC - AN o, TMST Y Y P (CHaCHy
2
192 196 205

Alcohol 192 (2.60 g, 9.61 mmol) was dissolved in DCM (96 ml) and cooled to -78 °C under nitrogen
then 2,6-lutidine (1.45 mL, 12.49 mmol) was added and the reaction mixture was stirred for 5 minutes.
Tf,0 (1.94 mL, 11.53 mmol) was added within 1 minute and the reaction mixture was stirred for 3
minutes before quenching with DIPEA (15.0 mL, 96.10 mmol). The mixture was warmed to room
temperature and the solvent removed in vacuo. The crude product was purified by flash column
chromatography (petroleum ether 60:40) to afford alcohol 196 (964 mg, 56%) and silyl ether 205 (803

mg, 24%) as colourless oils.
196: Data as previously reported.

205: 5y (400 MHz, CDCls) -0.01 (9H, s, Si(CHs)s), 0.10 (9H, s, Si(CHs)s), 0.84 —0.91 (3H, m, 12-Hs), 0.95
(3H, d, J 6.9, 4-CHs), 1.20 — 1.38 (12H, m, 6 x CH,), 1.39 — 1.45 (2H, m, 1-H,), 2.10 — 2.25 (1H, m, 4-H),
3.48 (1H, ap. dt, J 8.3, 4.0, 5-H), 5.19 (1H, m, 3-H), 5.31 — 5.40 (1H, m, 2-H); &¢ (101 MHz, CDCls) 6 -1.8
(Si(CHs)s), 0.7 (Si(CHs)s), 14.3 (C-12), 16.5 (CHs-4), 22.86 (CH,), 22.93 (C-1), 26.4 (CH,), 29.6 (CH,), 30.0
(CH2), 32.1 (CHa), 33.8 (CH,), 42.9 (C-4), 77.0 (C-5), 126.3 (C-2), 131.1 (C-3); HRMS (ESI) calc. for
[C1oH430Si,] 343.2847 Found 343.2837.

(4S,5R,E)-4-Methyl-1-(trimethylsilyl)dodec-2-en-5-ol (192)

oTMS OH
: HCI, THF :
TMS/\/\'/\(CHZ)GCH3 —_— TMS/\/\l/\(CHZ)GCH3
205 192

Silyl ether 205 (800 mg, 2.33 mmol) was dissolved in THF (12 mL) and 2 M HCI (12 mL) and stirred for
3 hours. The reaction mixture was diluted with water (30 mL) and extracted with DCM (3 x 50 mL).
The combined organic layers were washed with brine (50 mL), dried over MgSQO, and the solvent
removed in vacuo to afford alcohol 192 (634 mg, quant.) as a colourless oil. Data consistent with

previously reported.
(2S,3R,45)-4-Heptyl-3-methylcyclopropane-2-carbaldehyde (208)

B i) K20s04.2H,0, NMO B
H Acetone/H,0 23

\/A ii) NalO,, THF/H,0 OVA?’,
‘(CH2)sCH3 2 "(CHy)6CHs

1

196 208
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Alkene 196 (50 mg, 0.28 mmol) was dissolved in acetone (1.2 mL) and water (0.2 mL) then a spatula
tip of potassium osmate dihydrate and NMO (49 mg, 0.42 mmol) were added sequentially and the
reaction mixture was stirred at room temperature. After 18 hours the reaction mixture was diluted
with EtOAc (10 mL) and water (10 mL). The organic layer was separated and the aqueous was extracted
with further EtOAc (2 x 10 mL). The combined organics were dried over MgSO4 and the solvent
removed in vacuo. The crude diol was dissolved in THF (1 mL) and water (0.7 mL) and NalO4 (84 mg,
0.39 mmol) was added. The reaction mixture was stirred at room temperature for 2 hours. The
solution was filtered through a pad of Celite and washed with DCM (30 mL). The organic phase was
washed with aqueous saturated Na,S;03 (15 mL) and the aqueous extracted with DCM (2 x 20 mL).
The combined organic layers were dried over MgSO4 and the solvent removed in vacuo to afford
aldehyde 208 (46 mg, 90%) as a colourless oil; [a]43 = +41.0 (c 1, CHCls); vimax (film) 2956, 2925, 2855,
1705, 1465, 1065; &4 (400 MHz, CDCl3) 0.86 (3H, t, J 6.6, 11-H3), 1.14 (3H, d, J 6.3, 3-CH3), 1.21-1.34
(10H, m, 5 x CH,), 1.38 (3H, m, 2-H and 5-H), 1.53 (1H, m, 4-H), 1.64 (1H, m, 3-H), 9.05 (1H, d, /5.4, 1-
H); 6¢ (101 MHz, CDCls) 12.0 (CHs-3), 14.2 (C-11), 22.3 (C-3), 22.8 (CH,), 27.0 (C-5), 28.5 (C-4), 29.4
(CH3), 29.5 (CH,), 29.6 (CH>), 32.0 (CH,), 38.9 (C-2), 201.5 (C-1); HRMS (ESI) calc. for [C1,H2,0] 183.1743
Found 183.1737.

(E)-4-((5S,6S,7R)-2-Heptyl-3-methylcyclopropyl)but-3-en-2-one (212)

o
M _ro)ome), i
- i) p-TsN 3, K,CO4 . 26
R MeCN, r.t. 12 ,7,,
o%,,, ii) 208, MeOH, rt X775 "(CHa)eCH,
“(CH32)sCH3 o
208 212

Dimethyl 2-oxopropylphosphonate (33 mg, 0.20 mmol) was added to a suspension of K,CO; (66 mg,
0.48 mmol) and TsN3 (39 mg, 0.20 mmol) in MeCN (1.6 mL) under nitrogen. The reaction mixture was
stirred for 2 hours then aldehyde 208 (30 mg, 0.16 mmol) in MeOH (0.4 ml) was added. The reaction
mixture was stirred for 16 hours and the solvent was removed in vacuo. The crude material was
dissolved in Et;0 (10 mL) and washed sequentially with water (10 mL) and brine (10 mL). The organic
layer was dried over MgS0O,4 and the solvent removed in vacuo. The crude material was purified by
flash column chromatography (8% EtOAc in petroleum ether 60:40) to afford enone 212 (7 mg, 20%)
as a colourless oil; [a]33 = +21.0 (¢ 1, CHCl3); Vimax (film) 2925, 2855, 1667, 1612, 1257; 6y (400 MHz,
CDCls) 0.80 — 0.91 (3H, m, 14-Hs), 0.92 — 0.98 (1H, m, 5-H), 1.03 — 1.09 (1H, m, 7-H), 1.09 — 1.14 (4H,
m, 6-H and 6-CHs), 1.21 — 1.43 (12H, m, 6 x CHa), 2.18 (3H, s, 1-Hs), 6.08 (1H, d, J 15.6, 3-H), 6.39 (1H,
dd, J 15.6, 9.8, 4-H); &c (101 MHz, CDCls) 12.5 (CHs-6), 14.3 (C-14), 22.8 (C-6), 23.1 (CH,), 27.1 (C-1),
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27.7 (CH,), 29.3 (C-7), 29.4 (CH>), 29.6 (CH.), 29.8 (CH,), 30.50 (C-5), 32.0 (CH,), 127.4 (C-3), 154.1 (C-
4), 198.0 (C-2); HRMS (ESI) calc. for [C15H270] 223.2056 Found 223.2065.

4-Methylbenzenesulfonyl azide (419)

NaNj
Q\S//O Acetone:water O\‘S//O
/©/ ~cl (1:1),0°C /@/ “N;
—_ >
419

To a stirred solution of 4-toluenesufonyl chloride (5.01 g, 26.28 mmol) in acetone (75 mL) and water
(75 mL) at 0 °C was added sodium azide (1.74 g, 26.78 mmol) and the reaction mixture was stirred at
0 °C for 3 hours. The solvent volume was reduced by half in vacuo and the resulting solution was
extracted with Et,0 (3 x 100 mL). The combined organic layers were dried over MgSO, and the solvent
removed in vacuo to afford azide 419 (5.09 g, 99%) as a colourless oil; vmax (film) 2123, 1596, 1368,
1164, 1086; &4 (400 MHz, CDCls) 2.48 (3H, s, CHs), 7.35 — 7.48 (2H, m, ArH), 7.67 — 7.96 (2H, m, ArH);
6¢ (101 MHz, CDCls) 21.9 (CHs), 127.7 (ArCH), 130.5 (ArCH), 135.7 (ArC), 146.4 (ArC); m/z (ESI): [M+Na]*

= 220.01. Data consistent with the literature.?!®

Dimethyl (1-diazo-2-oxopropyl)phosphonate (209)

0O ©0 TsN 3, K,CO Q 9
i MeCN, 0 °C. 1 _R-OMe
)J\/P—OMe eCn, 2 \
\OM —_— 3 OMG
e N2
209

K2COs3 (274 mg, 1.98 mmol) and TsN3 (392 mg, 1.98 mmol) were added to a stirred solution of dimethyl
2-oxopropylphosphonate (300 mg, 1.80 mmol) in MeCN (4 mL) at 0 °C under nitrogen. After stirring
for 4 hours the solvent was removed in vacuo. The crude residue was dissolved in DCM (30 mL) and
washed with water (15 mL) and brine (15 mL). The organic layer was dried over MgSQO, and the solvent
removed in vacuo. The crude material was purified by flash column chromatography (90% EtOAc in
petroleum ether 60:40) to afford phosphonate 209 (259 mg, 75%) as a yellow oil; 64 (400 MHz, CDCls)
2.26 (3H, s, 3-H3), 3.83 (6H, d, J 12.0, 2 x OMe); &¢ (101 MHz, CDCls) 27.3 (C-3), 53.7 (d, J 5.4, OMe),
190.1 (d, J 13.0, C-2); m/z (ESI): [M+H]* = 193.04. Data consistent with the literature.?®”

(35,4R,55)-1-Ethynyl-2-heptyl-3-methylcyclopropane (210)

fo
/Jl\",P(O)«)Mek
N, )
H 209 E
OQ;/ZX‘ MeOH, K,COs4 2 5
“(CH3)6CH3 > 1// 3 (CH,)6CH3
208 210
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To a stirred solution of aldehyde 208 (254 mg, 1.39 mmol) in MeOH (12 mL) under nitrogen was added
K2COs (384 mg, 2.78 mmol) followed by phosphonate 209 (321 mg, 1.67 mmol) in MeOH (2 mL). After
16 hours the reaction mixture was diluted with Et;O (25 mL) and washed sequentially with aqueous
saturated NaHCOs; (15 mL) and brine (15 mL). The organic layer was dried over Na,SO4 and the solvent
removed in vacuo. The crude material was purified by flash column chromatography (5% Et;O in
petroleum ether 60:40) to afford alkyne 210 (198 mg, 80%) as a colourless oil; [a]33 = +6.0 (c 1, CHC5);
Vmax (film) 3317, 2956, 2925, 2855, 2119, 1465, 638; &4 (400 MHz, CDCl5) 0.53 —0.61 (1H, m, 3-H), 0.88
(3H, t, J 6.8, 12-Hs), 1.00 — 1.11 (4H, m, 4-H and 4-CHs), 1.11 — 1.20 (1H, m, 5-H), 1.22 — 1.35 (10H, m,
5 x CH,), 1.36 — 1.43 (2H, m, 6-Ha), 1.81 (1H, d, J 2.1, 1-H); &c (101 MHz, CDCls) 12.4 (CHs-4), 13.5 (C-
3), 14.3 (C-12), 21.3 (C-5), 22.9 (CHy), 27.4 (C-4), 27.7 (CH3), 29.5 (CH,), 29.6 (CH>), 29.7 (CH>), 32.0
(CH>), 63.9 (C-1), 88.0 (C-2); HRMS (ESI) calc. for [C13H22] 179.1794 Found 179.1788.

2-((E)-2-((15,25,3R)-2-Heptyl-3-methylcyclopropyl)vinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(190)

Method 1:
z CpyZrHCI z
A HBpin 1A
TEA, 40 °C _ /\A
A (CHp)CH; ———— >  pinB” X3 "(CH,)sCH,
2
210 190

HBpin (0.04 mL, 0.28 mmol), triethylamine (0.01 mL, 0.03 mmol) and Cp2ZrHCl (2 mg, 0.01 mmol)
were added sequentially to alkyne 210 (47 mg, 0.26 mmol) stirring under nitrogen and the reaction
mixture was heated at 40 °C for 18 hours. The reaction mixture was cooled to room temperature,
guenched with water (10 mL) and diluted with DCM (15 mL). The organic layer was separated and the
aqueous extracted with further DCM (2 x 15 mL). The combined organic layers were dried over MgS0O4
and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(5% Et,0 in petroleum ether 60:40) to afford vinyl boronic ester 190 (72 mg, 92%, E/Z > 99:1) as a
colourless oil; [a]3* = -9.0 (¢ 1, CHCl3); vimax (film) 2977, 2956, 2925, 2855, 1630, 1352, 1139; &y (400
MHz, CDCl5) 0.83 — 0.97 (5H, m, 3-H, 5-H and 12-Hs), 0.98 — 1.09 (4H, m, 4-H and 4-CHs), 1.19 — 1.41
(24H, m, 6 x CH, and Bpin), 5.36 (1H, d, J 17.8, 1-H), 6.19 (1H, dd, J 17.8, 8.9, 2-H); 8¢ (101 MHz, CDCls)
12.6 (CHs-4), 14.3 (C-12), 21.4 (C-3/4/5), 22.9 (CH,), 24.93 (Bpin CHs), 24.94 (Bpin CHs), 27.7 (C-3/4/5),
27.8 (CHy), 29.5 (CH>), 29.6 (CH3), 29.9 (CH,), 32.1 (CH,), 33.1 (C-3/4/5), 83.0 (Bpin C), 114.0(C-1), 159.0
(C-2); HRMS (ESI) calc. for [C19H36B0O,] 307.2806 Found 307.2794.
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Method 2:

Grubbs-Hoveyda G2

\A' toluene, 80 °C )\;A5
“(CH,)sCH3 pinB \2 3 "(CH,)sCHs

pinB ~

196 190

Alkene 196 (54 mg, 0.30 mmol) was dissolved in degassed toluene (3 mL) under nitrogen then vinyl
boronic pinacol ester (0.10 mL, 0.60 mmol) followed by Hoveyda-Grubbs Catalyst G2 (19 mg, 0.03
mmol) were added. The reaction mixture was heated at 80 °C for 20 hours. The solvent was removed
in vacuo and the crude material was purified by flash column chromatography (4% Et,0 in petroleum
ether 60:40) to afford alkene 190 (58 mg, 63%, E/Z > 99:1) as a yellow oil. Data consistent with

previously reported.

Ethyl 2-((3R,5S)-6-((E)-prop-1-en-1-yl)-2-vinyl-1,3,2-dioxaborinan-4-yl)acetate (214)

2 4 ¢ 8
o ~ Grubbs-Hoveyda G2 Eto\ﬁ/\_M/
o = = 7
; ; DCM, 40 °C 0o O‘B’O
O OH OH inB
pinB~ 10/9
130 214

Hoveyda-Grubbs Catalyst G2 (7.5 mg, 0.01 mmol) was dissolved in DCM (1 mL) under nitrogen then
alkene 130 (50 mg, 0.25 mmol) in DCM (1 mL) and vinyl boronic pinacol ester (0.13 mL, 0.74 mmol)
were added. The reaction mixture was heated at 40 °C for 16 hours. The solvent was removed in vacuo
and the crude material was purified by flash column chromatography (18% EtOAc in petroleum ether
60:40) to afford alkene 214 (12 mg, 20%) as a yellow oil; vmax (film) 2974, 2920, 1736, 1399, 1300; 6x
(400 MHz, CDCl5) 1.27 (3H, t,J 7.1, OCH,CHs), 1.51 (1H, ap. dt, J 13.8, 11.4, 4-HH), 1.71 (3H, d, J 6.7, 8-
Hs), 2.05 (1H, ap. dt, J 13.8, 2.8, 4-HH), 2.46 (1H, dd, J 15.4, 6.3, 2-HH), 2.64 (1H, dd, J 15.4, 7.0, 2-HH),
4.17 (2H, ap. qd, J 7.1, 1.3, OCH;CH3), 4.41 — 4.54 (2H, m, 3-H and 5-H), 5.47 (1H, ddq, J 15.3, 6.5, 1.6,
6-H), 5.70 - 5.83 (2H, m, 7-H and 9-H), 5.87 (1H, dd, J 13.4, 4.6, 10-H), 6.06 (1H, dd, J 19.1, 4.6, 10-H);
6¢ (101 MHz, CDCls) 14.4 (OCH,CHs), 17.8 (C-8), 38.9 (C-4), 42.3 (C-2), 60.8 (OCH,CHs), 68.3 (C-3), 72.1
(C-5), 127.6 (C-6), 131.7 (C-7), 134.8 (C-10), 170.9 (C-1).

(E)-4,4,5,5-Tetramethyl-2-(prop-1-en-1-yl)-1,3,2-dioxaborolane (215)

4
3V/\B/O
Pinacol, Et,0
\/\B(OH)Z _ Pinacol BO _ 2 6\?

193 215

Boronic acid 193 (100 mg, 1.16 mmol), pinacol (137 mg, 1.16 mmol) and anhydrous MgS0O, (100 mg)
were dissolved in Et;0 (4 mL) and stirred for 4 hours. The reaction mixture was filtered over a pad of

silica, eluting with 10% EtOAc in petroleum ether 60:40 to afford boronate 215 (170 mg, 87%) as a
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colourless oil; 64 (400 MHz, CDCls) 1.26 (12H, s, 4 x CHs), 1.84 (3H, dd, /6.4, 1.7, 3-Hs), 5.45 (1H, dq, J
17.8,1.7,1-H), 6.65 (1H, dqg, J 17.8, 6.4, 2-H); 6¢ (101 MHz, CDCl5) 21.9 (C-3), 24.9 (4 x CH3), 83.2 (COB),
149.9 (C-2); m/z (ESI): [M+H]* = 169.14. Data consistent with the literature.?®

(R)-3-Hydroxy-1-((S)-10-isopropyl-7-thioxothiazolidin-8-yl)-5-(trimethylsilyl)pent-4-yn-1-one (217)

s O OH s O OH
TiCl,, DIPEA )\7\ . )\l P,
_bom,-78°C
_/< s N)1]\2/3\ S N)1k/3\
0 ", 5TTMS 0 ", 5°TMS

° 11 o 1
% 12 12

153 ™S 217 218

191

Acylated auxiliary 153 (2.01 g, 9.84 mmol) was dissolved in DCM (100 mL) under nitrogen and cooled
to -78 °C then TiCl; (1 M in DCM, 9.85 mL, 9.85 mmol) was added dropwise over 15 minutes. The
reaction mixture was stirred for 20 minutes then DIPEA (2.05 mL, 11.8 mmol) was added dropwise.
The reaction mixture was stirred for 1 hour then aldehyde 191 (1.45 mL, 9.83 mmol) was added
dropwise. After stirring at -78 °C for 1 hour, aqueous saturated NH4Cl (25 mL) was added and the
reaction mixture was stirred for a further hour at room temperature. The solution was washed with
DCM (3 x 50 mL) dried over MgSO, and the solvent removed in vacuo. The crude material was purified
by flash column chromatography (17% EtOAc in petroleum ether 60:40) to afford aldol products 217
(1.72 g, 53%) and 217 (0.90 g, 28%) as yellow oils.

217: [a]32 = +533.0 (c 1, CHCIs); vimax (film) 3428, 2962, 2174, 1693, 1249, 1167, 843; &4 (400 MHz,
CDCl3) 0.17 (9H, s, Si(CHs)s), 0.98 (3H, d, J 7.0, 12-Hs), 1.06 (3H, d, J 6.8, 12'-Hs), 2.28 — 2.44 (1H, m, 11-
H), 2.96 (1H, d, J 6.2, OH), 3.05 (1H, dd, J 11.5, 1.0, 9-HH), 3.54 (1H, dd, J 11.5, 7.9, 9-HH), 3.59 — 3.72
(2H, m, 2-H), 4.81 — 4.91 (1H, m, 3-H), 5.14 (1H, ddd, J 7.9, 6.3, 1.0, 10-H); ¢ (101 MHz, CDCls) 0.0
(Si(CHs)s), 18.0 (C-12), 19.3 (C-12), 30.97 (C-9), 31.05 (C-11), 45.9 (C-2), 59.3 (C-3), 71.5 (C-10), 90.1 (C-
5), 104.7 (C-4), 172.0 (C-1), 203.0 (C-7); HRMS (ESI) calc. for [C14H23NO2S,Si] 330.1012 Found 330.1005.

218: [«]%? = +425.0 (¢ 1, CHCl3); Vmax (cm™) 3439, 2962, 2178, 1690, 1248, 839; &y (400 MHz, CDCls)
0.16 (9H, s, Si(CHs)s), 0.98 (3H, d, J 6.9, 12-Hs), 1.06 (3H, d, J 6.7, 12"-Hs), 2.27 — 2.42 (1H, m, 11-H),
3.05 (1H, dd, J 11.5, 1.2, 9-HH), 3.24 (1H, d, J 6.5, OH), 3.46 (1H, dd, J 17.6, 3.8, 2-HH), 3.53 (1H, dd, J
11.5, 8.0, 9-HH), 3.96 (1H, dd, J 17.6, 7.9, 2-HH), 4.80 (1H, ddd, J 7.9, 6.5, 3.8, 3-H), 5.19 (1H, ddd, J 8.0,
6.4, 1.2, 10-H); 8¢ (101 MHz, CDCl3) 0.0 (Si(CHs)s), 18.0 (C-12), 19.3 (C-12), 30.8 (C-9), 30.9 (C-11), 45.7
(C-2), 59.6 (C-3), 71.5 (C-10), 90.0 (C-5), 104.7 (C-4), 172.0 (C-1), 203.0 (C-7); HRMS (ESI) calc. for
[C14H23NO2S,Si] 330.1012 Found 330.1002.
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(S)-5-(Trimethylsilyl)pent-4-yne-1,3-diol (220)

s O OH
J : NaBH,
™S
N/U\/\ THF, H,0 :
S A —_ 2
™S HOUAS s
OH

218 220

Alcohol 218 (200 mg, 0.61 mmol) was dissolved in THF (8 mL) under nitrogen then NaBH, (69 mg, 1.82
mmol) was added followed by water (10 drops). The reaction mixture was stirred at room temperature
for 30 minutes and quenched with 2 M HCI (2 mL). The resulting solution was extracted with DCM (3
x 10 mL). The combined organic layers were washed sequentially with aqueous saturated NaHCO;
solution (10 mL) and brine (10 mL), dried over MgSO, and the solvent removed in vacuo. The crude
product was purified by flash column chromatography (40% EtOAc in petroleum ether 60:40) to afford
diol 220 (81 mg, 77%) as a colourless oil; [a]3* = -47.0 (c 1, CHCl3), lit.?2* [a]%3 = -30.8 (c 1, CHCl3); Vimax
(film) 3334, 2957, 2897, 2172, 1249; 64 (400 MHz, CDCl3) 0.17 (9H, s, Si(CHs)s), 1.83 — 2.08 (2H, m, 2-
H,), 2.18 (1H, s, 1-0OH), 2.69 (1H, s, 3-OH), 3.81 — 3.92 (1H, m, 1-HH), 3.92 — 4.07 (1H, m, 1-HH), 4.63
(1H, ap. t, J 5.5, 3-H); 6¢ (101 MHz, CDCls) 0.0 (Si(CHs)s), 39.1 (C-2), 60.6 (C-1), 62.3 (C-3), 90.3 (C-5),
106.1 (C-4); HRMS (ESI) calc. for [CsH160,SiNa] 195.0812 Found 195.0806. Data consistent with the

literature.??*

(R)-5-(Trimethylsilyl)pent-4-yne-1,3-diol (219)

3 i " NaBH
S\)\;NS)/K/\TMS LH:O' HO A~ : {/5TMS

OH

217 219
Alcohol 217 (100 mg, 0.30 mmol) was dissolved in THF (4 mL) under nitrogen then NaBH,4 (35 mg, 0.91
mmol) was added followed by water (5 drops). The reaction mixture was stirred at room temperature
for 30 minutes and quenched with 2 M HCI (2 mL). The resulting solution was extracted with DCM (3
x 10 mL). The combined organic layers were washed sequentially with aqueous saturated NaHCO3
solution (10 mL) and brine (10 mL), dried over MgSO,4 and the solvent removed in vacuo. The crude
product was purified by flash column chromatography (40% EtOAc in petroleum ether 60:40) to afford
diol 219 (49 mg, 94%) as a colourless oil; [a]4! = +39.0 (c 1, CHCls). All other spectral data consistent

with previous synthesised enantiomer (220).
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Ethyl (R)-5-hydroxy-3-oxo-7-(trimethylsilyl)hept-6-ynoate (221)

s O OH MgCl,
Imidazole
)\\ O O OH
s NJ\/'\TMS _mHr 6
\/S/ 0 o) EtO™ 1 2 3 2 5 \\7TMS
EtOJI\/U\OK
217 221

Potassium-3-ethoxy-2-methyl-3-oxopropanoate (1719 mg, 10.10 mmol) and MgCl, (481 mg, 5.05
mmol) were added to a solution of aldol product 217 (1510 mg, 4.59 mmol) in THF (15 mL) under
nitrogen and stirred for 45 minutes. Imidazole (344 mg, 5.05 mmol) was added and the reaction
mixture was stirred for 72 hours. The mixture was diluted with EtOAc (75 mL) and washed with 1 M
HCI (30 mL). The aqueous layer was extracted with EtOAc (3 x 40 mL). The combined organic layers
were washed with aqueous saturated NaHCO3 (30 mL) and the aqueous layer extracted with EtOAc (2
x 30 mL). The combined organic layers were dried over Na,SO4 and the solvent removed in vacuo. The
crude product was purified by flash column chromatography (4% Et,0 in DCM) to afford 221 (929 mg,
79%) as a colourless oil; [0(]%4 =+13.0 (c 1, CHCls); vmax (film) 3475, 2962, 2174, 1740, 1716, 1250, 844;
84 (400 MHz, CDCl3) 0.16 (9H, s, Si(CHs)s), 1.29 (3H, t, J 7.1, OCH,CHs), 2.77 (1H, d, J 4.0, OH), 2.94 (1H,
dd, J 17.5, 4.0, 4-HH), 3.03 (1H, dd, J 17.5, 8.1, 4-HH), 3.49 (2H, s, 2-Ha), 4.21 (2H, q, J 7.1, OCHCHs),
4.83 (1H, ap. dt, J 8.1, 4.0, 5-H); 8¢ (101 MHz, CDCls) -0.1 (Si(CHs)s), 14.3 (OCH,CHs), 49.9 (C-4), 50.0 (C-
2), 58.8 (C-5), 61.8 (OCH,CHs), 90.4 (C-7), 104.4 (C-6), 166.83 (C-1), 201.7 (C-3); HRMS (ESI) calc. for
[C12H2004SiNa] 279.1023 Found 279.1018.

Ethyl (3S,5R)-3,5-dihydroxy-7-(trimethylsilyl)hept-6-ynoate (222)

NaBH,
O O OH Et,BOMe O OH OH
MeOH, THF 6
EtO \\ -78 °C EtO” 1 3 3 ; 5 \\7
TMS T™MS
221 222

Ketone 221 (1010 mg, 3.94 mmol) was dissolved in THF (26 mL) and MeOH (8 mL) under nitrogen and
cooled to -78 °C then Et,BOMe (0.62 mL, 4.73 mmol) was added dropwise and the reaction mixture
was stirred for 15 minutes. NaBH4 (171 mg, 4.53 mmol) was added in one portion and the reaction
mixture was stirred for 3 hours then AcOH (4 mL) was added and the mixture was warmed to room
temperature. The reaction mixture was diluted with EtOAc (75 mL) and the resulting solution was
washed with aqueous saturated NaHCOs (50 mL). The organic layer was dried over MgSO, and the
solvent removed in vacuo. The crude product was dissolved in methanol (20 mL) and the solvent
removed in vacuo to afford diol 222 (1023 mg, quant., dr > 99:1) as a yellow oil; [a]3? = -24.0 (c 1,
CHCls); vmax (film) 3416, 2960, 2173, 1718, 1250, 843; &4 (400 MHz, CDCls) 0.17 (9H, s, Si(CH3)s), 1.28
(3H,t,J7.1, OCH,CHs), 1.85 (1H, ddd, J 14.2, 4.8, 3.0, 4-HH), 1.96 (1H, ddd, J 14.2, 9.6, 8.2, 4-HH), 2.48
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—2.56 (2H, m, 2-H), 4.18 (2H, q, J 7.1, OCHCHs), 4.29 (1H, ap. dtd, J 9.6, 6.2, 3.0, 3-H), 4.66 (1H, dd, J
8.2, 4.8, 5-H); 6¢ (101 MHz, CDCls) 0.0 (Si(CHs)s), 14.3 (OCH,CHs), 41.4 (C-2), 43.4 (C-4), 61.1 (OCH,CH3),
67.7 (C-5), 62.3 (C-3), 89.9 (C-7), 105.9 (C-6), 172.7 (C-1); HRMS (ESI) calc. for [C12H2204SiNa] 281.1180
Found 281.1167.

Ethyl 2-((4S,6R)-2,2-dimethyl-6-((trimethylsilyl)ethynyl)-1,3-dioxan-4-yl)acetate (223)

O OH OH X
)K)\/\ DCM, CSA 179 6
EtO N - .
X 7
TMS ~ MeO_ OMe E‘OM
X ™S
222 223

Diol 222 (982 mg, 3.80 mmol) was dissolved in DCM (40 mL) under nitrogen then 2,2-
dimethoxypropane (10 mL, 81 mmol) and CSA (441 mg, 1.90 mmol) were added and the reaction
mixture was stirred at room temperature for 1 hour. The solution was diluted with aqueous saturated
NaHCO; (40 mL), the organic layer separated and the aqueous extracted with DCM (2 x 50 mL). The
combined organic layers were washed with brine (25 mL), dried over MgS0O, and the solvent removed
in vacuo to afford acetonide 223 (1170 mg, quant.) as a yellow oil; [0(],%2 =-13.0 (c 1, CHCIl3); Vmax (film)
2961,2178,1737, 843; 64 (400 MHz, CDCl3) 0.16 (9H, s, Si(CH3)s), 1.26 (3H, t,J 7.2, OCH,CH3), 1.42 (3H,
s, OCCHs), 1.46 (3H, s, OCCH3), 1.53 — 1.71 (1H, m, 4-HH), 1.84 (1H, ap. dt, J 13.0, 2.6, 4-HH), 2.38 (1H,
dd, J 15.7, 6.0, 2-HH), 2.53 (1H, dd, J 15.7, 7.0, 2-HH), 4.07 — 4.22 (2H, m, OCH,CHs), 4.22 — 4.36 (1H,
m, 3-H), 4.70 (1H, dd, J 11.8, 2.6, 5-H); 6¢ (101 MHz, CDCls) -0.0 (Si(CHs)s), 14.4 (OCH,CH,), 19.5
(OCCHs), 30.2 (OCCHs), 37.1(C-4),41.2 (C-2), 60.8 (C-5 and OCH,CHs), 65.7 (C-3), 89.6 (C-7), 99.7 (OCO),
103.8 (C-6), 170.8 (C-1); HRMS (ESI) calc. for [CisH2604SiNa] 321.1493 Found 312.1485.

Ethyl 2-((4S,6R)-6-ethynyl-2,2-dimethyl-1,3-dioxan-4-yl)acetate (224)

o OXO o OXO o o
TBAF, THF T N AL
—_—
EtO X B0, BT YN,
T™MS
223 224 225

TMS alkyne 223 (1100 mg, 3.69 mmol) was dissolved in THF (18 mL) under nitrogen then 1 M TBAF in
THF (5.54 mL, 5.54 mmol) was added dropwise. The reaction mixture was stirred for 1 hour, diluted
with water (20 mL) and extracted with Et,0 (3 x 50 mL). The combined organic layers were washed
with brine (50 mL), dried over MgS0O,4 and the solvent removed in vacuo. The crude material was
purified by flash column chromatography (25% Et,0 in petroleum ether 60:40) to afford alkynes 224
(250 mg, 30%) and 225 (212 mg, 34%) as orange oils.

224: [a]4® = +15.0 (c 1, CHCl3); vimax (film) 3271, 2992, 2114, 1731, 1160; 6y (400 MHz, CDCls) 1.26 (3H,
t,J 7.1, OCH,CHs), 1.42 (3H, s, OCCH3s), 1.47 (3H, s, OCCH3s), 1.56 —1.73 (1H, m, 4-HH), 1.84 (1H, ap. dt,
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J13.0, 2.5, 4-HH), 2.39 (1H, dd, J 15.7, 6.0, 2-HH), 2.46 (1H, d, J 2.2, 7-H), 2.54 (1H, dd, J 15.7, 7.0, 2-
HH), 4.07 — 4.22 (2H, m, OCH:CH3), 4.31 (1H, dddd, J 11.6, 7.0, 6.0, 2.5, 3-H), 4.69 (1H, dt, J 11.7, 2.5,
5-H); 6¢ (101 MHz, CDCls) 14.4 (OCH.CHs), 19.4 (OCCHs), 30.1 (OCCHs), 36.9 (C-4), 41.2 (C-2), 60.2 (C-
5), 60.8 (OCHCHs), 65.6 (C-3), 73.04 (C-7), 82.4 (C-6), 99.7 (OCO), 170.8 (C-1); HRMS (ESI) calc. for
[C12H1904] 227.1278 Found 227.1278.

225: [a]3° = +71.0 (c 1, CHCls); Vmax (film) 3418, 3291, 2940, 2117, 1699, 1037; &4 (400 MHz, CDCl5)
1.28 (3H, t,J 7.2, OCH,CHs), 2.23 (1H, d, J 6.0, 7-H), 2.52 (1H, d, J 2.1, OH), 2.62 (2H, ddd, J 7.5, 6.0, 1.5,
4-H,), 4.19 (2H, q, J 7.2, OCH5CHs), 4.51 (1H, ap. qd, J 6.0, 2.1, 5-H), 5.96 (1H, ap. dt, J 15.7, 1.5, 2-H),
6.98 (1H, ap. dt, J 15.7, 7.5, 3-H); 8¢ (101 MHz, CDCls) 14.4 (OCH,CHs), 40.3 (C-4), 60.6 (OCH,CHs), 61.0
(C-5), 74.2 (C-7), 83.7 (C-6), 125.0 (C-2), 142.9 (C-3), 166.4 (C-1); HRMS (ESI) calc. for [CoH130s]
169.0859 Found 169.0857.

Ethyl 2-((4S,6R)-6-((E)-2-iodovinyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (189)

Method 1:
X CpoZnHCI ><
o o0 o NIS o o"No O OH OH
DCM W\ J\W\
—_—
EtO)l\/k)\\\ BOTY Y SN BT Y 5
224 189 420

Cp2ZrHCI (85 mg, 0.33 mmol) was added to a stirred solution of alkyne 224 (47 mg, 0.21 mmol) in DCM
(2.5 mL) under nitrogen and the reaction mixture was stirred for 30 mins. NIS (99 mg, 0.44 mmol) was
added and the reaction mixture was stirred for an additional 30 minutes. Aqueous saturated NaHCO;
(5 mL) was added and the reaction mixture was extracted with DCM (3 x 10 mL). The combined organic
layers were dried over MgS0, and the solvent removed in vacuo. The crude material was purified by
flash column chromatography (5-20% Et,0 in petroleum ether 60:40) to afford vinyl iodides 189 (9 mg,
12%, E/Z > 95:5) and 420 (22 mg, 33%, E/Z > 95:5) as yellow oils.

189: [(] 2% = +25.0 (c 1, CHCls); Vimax (film) 2992, 2924, 1735, 1380, 1164; 54 (500 MHz, CDCls) 1.26 (3H,
t,J 7.2, OCH,CHs), 1.28 — 1.36 (1H, m, 4-HH), 1.39 (3H, s, OCCHs), 1.47 (3H, s, OCCH3), 1.67 (1H, ap. dt,
112.8,2.5, 4-HH), 2.38 (1H, dd, J 15.6, 6.1, 2-HH), 2.54 (1H, dd, J 15.6, 6.9, 2-HH), 4.00 — 4.27 (2H, m,
OCH;CHs), 4.26 — 4.44 (2H, m, 3-H and 5-H), 6.41 (1H, dd, J 14.5, 1.2, 7-H), 6.52 (1H, dd, J 14.5, 5.5, 6-
H); 8¢ (126 MHz, CDCls) 14.4 (OCH,CHs), 19.8 (OCCHs), 30.1 (OCCHs), 36.0 (C-4), 41.4 (C-2), 60.8
(OCH,CHs), 65.7 (C-3), 71.5 (C-5), 78.5 (C-7), 99.3 (OCO), 145.6 (C-6), 170.9 (C-1); HRMS (ESI) calc. for
[C12H10INaO4] 377.0220 Found 377.0202.
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420: [a]22 = +9.0 (c 1, CHCls); Vmax (film) 3419, 2983, 2923, 1718, 1183; &4 (400 MHz, CDCls) 1.27 (3H,
t,J7.2, OCH,CHs), 1.59 — 1.78 (2H, m, 4-H,), 2.40 — 2.59 (2H, m, 2-H,), 3.66 (1H, s, OH), 3.70 — 3.82 (1H,
m, OH), 4.17 (2H, q, J 7.2, OCH5CHs), 4.22 — 4.35 (1H, m, 3-H), 4.35 — 4.43 (1H, m, 5-H), 6.41 (1H, dd, J
14.4,1.2, 7-H), 6.55 (1H, dd, J 14.4, 5.8, 6-H); 6 (101 MHz, CDCls) 14.3 (OCH,CHs), 41.5 (C-2), 41.8 (C-
4), 61.2 (OCH,CHs), 68.3 (C-3), 74.4 (C-5), 77.8 (C-7), 147.57 (C-6), 172.7 (C-1); HRMS (ESI) calc. for
[CoH15INaO4] 336.9907 Found 336.9915.

Method 2:

X X

o o >0 i) HSnBus, AIBN o o0 >0
J\)\)\ Benzene. 89 ¢ J\)\/‘\/\
B —
EtO N " EtO [
224 2 189

Alkyne 224 (50 mg, 0.22 mmol) was dissolved in benzene (2.2 mL) then AIBN (11 mg, 0.07 mmol) and
HSnBu3(0.12 mL, 0.44 mmol) were added sequentially. The reaction vessel was sealed and heated at
80 °C for 2 hours. The reaction mixture was cooled to room temperature and a solution of iodine (1 M
in Et,0) was added until a red colour persisted. A further 0.25 mL of the iodine solution was added
and the reaction mixture was stirred for 15 minutes. The reaction mixture was quenched with aqueous
saturated Na,S;0; (5 mL) and diluted with Et,O (10 mL). The organic layer was separated and the
organic phase washed with 1 M aqueous KF solution (3 x 15 mL). The organic phase was washed with
brine (10 mL), dried over MgSQ, and the solvent removed in vacuo. The crude material was purified
by flash column chromatography (8% EtOAc in petroleum ether 60:40) to afford vinyl iodide 189 (54
mg, 69%) as a colourless oil in a 7:1 £/Z ratio determined by *H-NMR analysis. Data consistent with

previously reported.

2-((4R,6R)-6-Ethynyl-2,2-dimethyl-1,3-dioxan-4-yl)ethan-1-ol (228)

X X

o o 0 DIBAL-H, DCM , 90
78 °Ctort 6
_
EtOJ\)\)\\\ HOO 707

224 228

Ester 224 (149 mg, 0.66 mmol) was dissolved in DCM (7 mL) under nitrogen and cooled to -78 °C then
1 M DIBAL-H in hexane (1.45 mL, 1.45 mmol) was added dropwise. The reaction mixture was warmed
to room temperature and stirred for 1 hour. The reaction mixture was cooled to 0 °C, aqueous
saturated potassium sodium tartrate solution (10 mL) was added and the mixture was stirred for 30
minutes at room temperature. The layers were separated and the aqueous layer extracted with DCM
(2 x 20 mL). The combined organic layers were washed with brine (20 mL), dried over MgS0O, and the

solvent removed in vacuo. The crude product was purified by flash column chromatography (40%
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EtOAc in petroleum ether 60:40) to afford alcohol 228 (110 mg, 95%) as a yellow oil; [0(]12)3 =+24.0 (c
1, CHCI3); vmax (film) 3416, 3288, 2994, 2926, 2883, 2125, 1381; 64 (400 MHz, CDCl3) 1.43 (3H, s, CH3),
1.47 (3H, s, CH3), 1.67 — 1.80 (4H, m, 2-H; and 4-H,), 2.31 (1H, br. s, OH), 2.46 (1H, d, J 2.1, 7-H), 3.64
—3.84 (2H, m, 1-H,), 4.04 —4.17 (1H, m, 3-H), 4.63 —4.72 (1H, m, 5-H); &¢ (101 MHz, CDCls) 19.6 (CHs),
30.3 (CHs), 37.1 (C-4), 38.0 (C-2), 60.3 (C-5), 60.4 (C-1), 68.4 (C-3), 73.0 (C-7) , 82.5 (C-6), 99.5 (OCO);
HRMS (ESI) calc. for [C10H16Na03] 207.0992 Found 207.0996.

tert-Butyl(2-((4R,6R)-6-ethynyl-2,2-dimethyl-1,3-dioxan-4-yl)ethoxy)dimethylsilane (229)

X TBSCI, DCM X
0”0 Imidazole 1 0" 0
DMAP 6
HO/\/K)\\\ TBSO s 3 ; 5 \\7
228 229

To a solution of alcohol 228 (80 mg, 0.43 mmol) in DCM (5 mL) was added imidazole (59 mg, 0.87
mmol), TBSCI (149 mg, 0.99 mmol) and a spatula tip of DMAP and the reaction mixture was stirred at
room temperature for 24 hours. Water (5 mL) was added and the solution was acidified with 2 M HCI
(2 mL). The organic layer was separated and the aqueous extracted with Et;0 (4 x 20 mL). The
combined organic layers were dried over MgS0O,4 and the solvent removed in vacuo. The crude product
was purified by flash column chromatography (10% EtOAc in petroleum ether 60:40) to afford alkyne
229 (124 mg, 97%) as a colourless oil; [0(],2)5 = +21.0 (¢ 1, CHCl3); vmax (film) 3319, 2957, 2928, 2857,
1380, 1095; & (400 MHz, CDCls) 0.04 (6H, s, Si(CHs),), 0.89 (9H, s, SiC(CHs)s), 1.43 (3H, s, OCCH3), 1.45
(3H, s, OCCHs), 1.61 — 1.72 (3H, m, 2-H, and 4-HH), 1.75 (1H, ap. dt, J 13.1, 2.5, 4-HH), 2.45 (1H, d, J
2.5, 7-H), 3.64 (1H, ap. dt, J 10.2, 5.3, 1-HH), 3.72 (1H, ddd, J 10.2, 7.9, 5.3, 1-HH), 4.05 (1H, dddd, J
11.9, 7.5, 4.9, 2.5, 3-H), 4.67 (1H, ap. dt, J 11.7, 2.5, 5-H); 6¢ (101 MHz, CDCls) -5.2 (Si(CHs),), 19.6
(OCCH3), 26.1 (SiC(CHs3)s), 30.3 (OCCH3), 37.6 (C-4), 39.2 (C-2), 58.7 (C-1), 60.5 (C-5), 65.3 (C-3), 72.8 (C-
7), 82.9 (C-6), 99.4 (OCO); HRMS (ESI) calc. for [C16H31Si03] 299.2037 Found 299.2035.

tert-Butyl(2-((4R,6R)-6-((E)-2-iodovinyl)-2,2-dimethyl-1,3-dioxan-4-yl)ethoxy)dimethylsilane (230)

Method 1:
o~ O Cp,ZnHClI , 909
/\/k)\ NIS, DCM /\)\)\/\|
—_—
TBSO A TBSO™ a5
229 230

Cp2ZrHCI (136 mg, 0.53 mmol) was added to a stirred solution of alkyne 229 (105 mg, 0.35 mmol) in
DCM (4 mL) under nitrogen and the reaction mixture was stirred for 1 hour. NIS (157 mg, 0.70 mmol)
was added and the reaction mixture was stirred for an additional 45 minutes. Aqueous saturated

NaHCO; (5 mL) was added and the reaction mixture was extracted with DCM (3 x 10 mL). The
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combined organic layers were dried over MgSO, and the solvent removed in vacuo. The crude material
was purified by flash column chromatography (4% Et,0 in petroleum ether 60:40) to afford vinyl iodide
230 (30 mg, 20%, E/Z > 95:5) as a colourless oil; [o&]f)1 =+33.0 (c 1, CHCIs); vimax (film) 2952, 2928, 2856,
1381, 1256, 1094; &y (400 MHz, CDCls) 0.04 (6H, s, Si(CHs)), 0.88 (9H, s, SiC(CHs)s), 1.29 (1H, ap. q, J
12.0, 4-HH), 1.40 (3H, s, OCCHs), 1.44 (3H, s, OCCHs), 1.51 — 1.73 (3H, m, 2-H, and 4-HH), 3.64 (1H, ap.
dt, J 10.2, 5.3, 1-HH), 3.72 (1H, ddd, J 10.2, 7.9, 5.3, 1-HH), 4.06 (1H, dddd, J 12.0, 7.5, 5.0, 2.4, 3-H),
4.34 (1H, dddd, J 12.0, 5.5, 2.6, 1.1, 5-H), 6.38 (1H, dd, J 14.5, 1.1, 7-H), 6.53 (1H, dd, J 14.5, 5.5, 6-H);
6¢ (101 MHz, CDCls) -5.3 (Si(CHs3),), 18.4 (SiC(CHs)s), 19.8 (OCCHs), 26.0 (SiC(CHs)s), 30.2 (OCCHs), 36.6
(C-4), 39.3 (C-2), 58.7 (C-1), 65.2 (C-3), 71.7 (C-5), 78.2 (C-7), 98.9 (OCO), 146.0 (C-6); HRMS (ESI) calc.
for [Cy6H31Sil03] 449.0985 Found 449.0979.

Method 2:
o” o CpyZnHCl, I, , 99
DCM, °C PP PN
—_—
TBso/\/'\/'\ BSOS
229 230

Cp2ZrHCl (67 mg, 0.26 mmol) was added to a stirred solution of alkyne 229 (50 mg, 0.17 mmol) in DCM
(2 mL) under nitrogen at 0 °C and the reaction mixture was stirred at room temperature for 1 hour.
The reaction mixture was cooled to 0 °C and a solution of iodine in DCM (0.5 M) was added until the
red colour remained (ca. 1 mL) and the mixture was stirred for a further 15 minutes. Aqueous
saturated NaHCOs (5 mL) and aqueous saturated Na,S;05 (2 mL) were added and the organic layer
was separated. The aqueous phase was extracted with DCM (2 x 10 mL), the combined organic layers
dried over MgS0, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (4% Et,0 in petroleum ether 60:40) to afford vinyl iodide 230 (32 mg, 45%, E/Z > 95:5)

as a colourless oil. Data consistent with previously reported.

2-((4R,6R)-2,2-Dimethyl-6-((trimethylsilyl)ethynyl)-1,3-dioxan-4-yl)ethan-1-ol (231)

0 0770 DIBAL-H, DCM , 90

-78°Ctort 6
- s 7
EtOM HO™ o5 ™
™S

223 231

Ester 223 (1110 mg, 3.69 mmol) was dissolved in DCM (37 mL) under nitrogen and cooled to -78 °C
then 1 M DIBAL-H in hexane (8.11 mL, 8.11 mmol) was added dropwise. The reaction mixture was
warmed to room temperature and stirred for 1 hour. The reaction mixture was cooled to 0 °C, aqueous
saturated potassium sodium tartrate solution (20 mL) was added and the mixture was stirred for 30

minutes at room temperature. The layers were separated and the aqueous layer extracted with DCM
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(2 x 30 mL). The combined organic layers were washed with brine (20 mL), dried over MgSO, and the
solvent removed in vacuo to afford alcohol 231 (998 mg, quant.) as a yellow oil; [0(]%2 =+45.0 (c 1,
CHCls); Vmax (film) 3426, 2993, 2958, 2182, 1379, 840; &y (400 MHz, CDCls) 0.17 (9H, s, Si(CHs)3), 1.44
(3H, s, OCCHs), 1.47 (3H, s, OCCHs), 1.67 — 1.79 (4H, m, 2-H, and 4-H,), 2.27 (1H, dd, J 6.4, 4.2, OH),
3.68 —3.85 (2H, m, 1-H,), 4.04 — 4.18 (1H, m, 3-H), 4.65 — 4.75 (1H, m, 5-H); &c (101 MHz, CDCls) -0.1
(Si(CHs)3), 19.5 (OCCHs), 30.2 (OCCHs), 37.3 (C-4), 37.9 (C-2), 60.6 (C-1), 60.8 (C-5), 68.7 (C-3), 89.5 (C-
7), 99.4 (OCO), 103.7 (C-6); HRMS (ESI) calc. for [C13H24Na0sSi] 279.1387 Found 279.1375.

2-((4R,6R)-6-Ethynyl-2,2-dimethyl-1,3-dioxan-4-yl)ethan-1-ol (228)

ozyio oiyio

K,CO; 1
/\)\)\ MeOH, 0 °C P
_—

HO N HO, YN,

T™MS
231 228

TMS alkyne 231 (1100 mg, 4.29 mmol) was dissolved in MeOH (43 mL) and cooled to 0 °C then K,COs;
(178 mg, 1.29 mmol) was added. The reaction mixture was stirred at 0 °C for 5 hours then the solvent
was removed in vacuo. The resulting material was dissolved in water (20 mL) and EtOAc (30 mL). The
organic layer was separated and the aqueous extracted with further EtOAc (2 x 30 mL). The combined
organic layers were washed with brine (20 mL), dried over MgS0,4 and the solvent removed in vacuo

to afford terminal alkyne 228 (690 mg, 87%) as a yellow oil. Data consistent with previously reported.

tert-Butyl(2-((4R,6R)-6-((1E,3E)-4-((15,2S,3R)-2-heptyl-3-methylcyclopropyl)buta-1,3-dien-1-yl)-2,2-
dimethyl-1,3-dioxan-4-yl)ethoxy)dimethylsilane (232)

TBSO T Pd(PPhs),, T,COg 2 46 8 A
E- A THF, H20,50°C  _ TBSON IS0 “(CHy)sCH
OO . /\/A U S S 2o
X pinB” X “(CH,)sCH3 oxo
230 190 232

To a stirred solution of Boronic ester 190 (22 mg, 0.07 mmol) in degassed THF (0.25 mL) and water
(0.25 mL) under nitrogen was added vinyl iodide 230 (30 mg, 0.07 mmol) in degassed THF (0.5 mL)
followed by Pd(PPhs)s (12 mg, 0.01 mmol) and the reaction mixture was stirred at room temperature
for 5 minutes. TI,COs (66 mg, 0.14 mmol) was added and the reaction mixture was heated at 50 °C for
2 hours. The reaction mixture was filtered over Celite, eluting with ether (20 mL) and water (20 mL).
The layers were separated and the aqueous phase extracted with Et,0 (2 x 20 mL). The combined
organic layers were washed with brine (20 mL), dried over MgSQO, and the solvent removed in vacuo.
The crude material was purified by flash column chromatography (4% Et,0 in petroleum ether 60:40)
to afford diene 232 (26 mg, 78%) as a colourless oil; [a]3! = +4.0 (c 1, CHCl3); Vmax (film) 2927, 2856,
1379, 1256, 1214, 745; &, (400 MHz, CDCl3) 0.04 (6H, s, Si(CHs)2), 0.71 —0.81 (1H, m, 10-H), 0.83 - 0.95
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(14H, m, SiC(CHs)s, 11-H, 12-H and 19-Hs), 1.05 (3H, d, J 6.1, 11-CHs), 1.22 — 1.38 (13H, m, 4-HH and 6
x CH,), 1.40 (3H, s, OCCHs), 1.46 (3H, s, OCCHs), 1.52 (1H, ap. dt, J 13.0, 2.5, 4-HH), 1.57 — 1.71 (2H, m,
2-H,), 3.61—3.67 (1H, ap. dt, J 10.1, 5.5, 1-HH), 3.73 (1H, ddd, J 10.1, 7.9, 5.3, 1-HH), 4.06 (1H, dddd,
J11.8,7.4,4.8,2.5,3-H), 4.31 - 4.39 (1H, m, 5-H), 5.31 (1H, dd, J 15.0, 8.8, 9-H), 5.47 (1H, dd, J 15.2,
6.6, 6-H), 5.99 (1H, dd, J 15.0, 10.5, 8-H), 6.15 (1H, dd, J 15.2, 10.5, 7-H); &¢ (101 MHz, CDCls) -5.2
(Si(CHs)2), 12.7 (CHs-11), 14.3 (C-19), 18.5 (SiC(CHs)s), 20.1 (OCCHs), 20.6 (C-12), 22.9 (CH,), 26.1
(SiC(CH3)s), 26.9 (C-11), 27.9 (CH,), 29.5 (CH,), 29.6 (CH,), 29.9 (CH,), 30.0 (C-10), 30.5 (OCCH3), 32.1
(CHa), 37.5 (C-4), 39.6 (C-2), 59.0 (C-1), 65.5 (C-3), 70.3 (C-5), 98.7 (OCO), 126.3 (C-8), 129.7 (C-6), 131.7
(C-7), 140.0 (C-9); HRMS (ESI) calc. for [CaoHs405SiNa] 501.3734 Found 501.3746.

Ethyl (3S,5R)-3,5-bis((tert-butyldimethylsilyloxy)-7-(trimethylsilyl)hept-6-ynoate (235)

TBSOTf

O OH OH 2.6-Lutidine TBSO OTBS
DCM, 0 °C EtOOC 6
—_— 7
EtO \\ ! 2 8 4 8 \\
™S ™S
222 235

Diol 222 (900 mg, 3.48 mmol) was dissolved in DCM (35 mL) under nitrogen and cooled to 0 °C then
2,6-lutidine (2.03 mL, 17.42 mmol) was added and the reaction mixture was stirred for 5 minutes.
TBSOTf (4.00 mL, 17.42 mmol) was added and the reaction mixture was stirred for 30 minutes before
the addition of aqueous saturated NaHCOs solution (20 mL). The organic layer was separated and the
aqueous extracted with DCM (2 x 30 mL). The combined organic layers were washed sequentially with
2 M HCI (20 mL) and brine (20 mL), dried over MgS0O, and the solvent removed in vacuo. The crude
material was purified by flash column chromatography (4% Et,0 in petroleum ether 60:40) to afford
silyl ether 235 (1632 mg, 96%) as a colourless oil; [a]3! = +25.0 (¢ 1, CHCl3); vimax (film) 2957, 2930,
2858, 2176, 1740, 1251; &4 (400 MHz, CDCls) 0.05 (3H, s, Si(CHs)), 0.10 (3H, s, Si(CHs)), 0.11 (3H, s,
Si(CHs)), 0.13 (3H, s, Si(CHs)), 0.16 (9H, s, Si(CHs)s), 0.86 (9H, s, SiC(CHs)s), 0.90 (9H, s, SiC(CHs)s), 1.25
(3H,t,J 7.1, OCH,CH3), 1.81 (1H, ddd, J 13.5, 7.5, 5.5, 4-HH), 1.92 (1H, ap. dt, J 13.5, 7.0, 4-HH), 2.45
(1H, dd, J 14.6, 7.0, 2-HH), 2.53 (1H, dd, J 14.6, 5.5, 2-HH), 4.03 — 4.18 (2H, m, OCH,CHs), 4.34 (1H, ap.
tt, /7.0, 5.5, 3-H), 4.47 (1H, dd, J 7.5, 7.0, 5-H); 6¢ (101 MHz, CDCl3) -4.8 (Si(CH3)), -4.6 (Si(CHs)), -4.5
(Si(CHs)), -4.4 (Si(CH3)), -0.0 (Si(CHs)s), 14.4 (OCH,CHs), 18.1 (SiC(CHs)s), 18.4 (SiC(CHs)s), 25.95
(SiC(CHs)3), 25.99 (SiC(CHs)s), 43.3 (C-2), 46.0 (C-4), 60.5 (OCH2CH3), 61.2 (C-5), 67.0 (C-3), 89.8 (C-7),
107.1 (C-6), 171.5 (C-1); HRMS (ESI) calc. for [C24Hs104Si3] 487.3090 Found 487.3089.

(3R,5R)-3,5-Bis((tert-butyldimethylsilyloxy)-7-(trimethylsilyl)hept-6-yn-1-ol (236)

TBSO OTBS DIBAL-H, DCM 1TBSO OTBS
EtOOC S -78°Ctort HO 6
—_—
A 2 0 N
TMS TMS
235 236
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Ester 235 (1600 mg, 3.29 mmol) was dissolved in DCM (33 mL) under nitrogen and cooled to -78 °C
then 1 M DIBAL-H in hexane (7.23 mL, 7.23 mmol) was added dropwise. The reaction mixture was
warmed to room temperature and stirred for 1 hour. The reaction mixture was cooled to 0 °C, aqueous
saturated potassium sodium tartrate solution (20 mL) was added and the mixture was stirred for 30
minutes at room temperature. The layers were separated and the aqueous layer extracted with DCM
(2 x 30 mL). The combined organic layers were washed with brine (20 mL), dried over MgS0O, and the
solvent removed in vacuo to afford alcohol 236 (1358 mg, 93%) as a colourless oil; [a]3® = +29.0 (c 1,
CHCls); vmax (film) 3360, 2956, 2930, 2887, 2858, 2173, 1251; &4 (400 MHz, CDCls) 0.10 (3H, s, SiCHs),
0.11 — 0.11 (6H, m, 2 x SiCHs), 0.13 (3H, s, SiCHs), 0.16 (9H, s, Si(CHs)s), 0.86 — 0.94 (18H, m, 2 x
SiC(CHs)s), 1.65 —1.74 (1H, m, 2-HH), 1.80 — 1.99 (3H, m, 2-HH and 4-H>), 2.36 (1H, dd, J 6.2, 4.3, OH),
3.67-3.78 (1H, m, 1-HH), 3.81 - 3.92 (1H, m, 1-HH), 4.12 — 4.20 (1H, m, 3-H), 4.44 (1H, ap. t, J 6.8, 5-
H); 6¢ (101 MHz, CDCls) -4.8 (SiCHs), -4.5 (SiCHs), -4.4 (SiCH3), -4.3 (SiCHs), -0.1 (Si(CHs)s), 18.1 (SiC(CH.-
3)3), 18.4 (SiC(CH3)s), 25.96 (SiC(CHs)s), 26.01 (SiC(CHs)s), 38.2 (C-2), 45.0 (C-4), 60.2 (C-1), 61.3 (C-5),
69.1 (C-3), 89.8 (C-7), 107.2 (C-6); HRMS (ESI) calc. for [C2H903Sis] 445.2984 Found 445.2999.

(5R,7R)-7-(tert-Butyldimethylsiloxy)-2,2,3,3,11,11,12,12-octamethyl-5-((trimethylsilyl)ethynyl)-
4,10-dioxa-3,11-disilatridecane (237)

TBSCI

DMAP
TBSO OTBS Imidazole 1TBSO OTBS
DCM 6
—_—
HO \\ TBSO > 3 " 5 \\7
T™MS ™S
236 237

Alcohol 236 (1300 mg, 2.92 mmol) was dissolved in DCM (30 mL) then imidazole (380 mg, 5.84 mmol)
was added. The reaction mixture was cooled to 0 °C then TBSCI (880 mg, 5.84 mmol) and a spatula tip
of DMAP were added. The reaction mixture was stirred at room temperature for 2 hours then water
(10 mL) was added and the solution acidified to pH 2 with 2 M HCIl. The organic layer was separated
and the aqueous extracted with further DCM (2 x 50 mL). The combined organic layers were washed
with brine (50 mL), dried over MgS0O, and the solvent removed in vacuo. The crude product was
dissolved in toluene (50 mL) and the solvent removed in vacuo to afford TBS protected triol 237 (1650
mg, quant.) as a colourless oil; [a]3% = +15.0 (c 1, CHCl3); vmax (film) 2956, 2930, 2887, 2858, 2173,
1719, 1251; &4 (400 MHz, CDCls) 0.04 (6H, s, 2 x Si(CHs)2), 0.06 (3H, s, Si(CHs),), 0.08 (3H, s, Si(CH3),),
0.11 (3H, s, Si(CHs).), 0.13 (3H, s, Si(CHs)2), 0.15 (9H, s, Si(CHs)s), 0.89 (9H, s, SiC(CHs)s), 0.89 (9H, s,
SiC(CHs)s), 0.90 (9H, s, SiC(CHs)s), 1.66 — 1.74 (2H, m, 2-H,), 1.74 — 1.87 (2H, m, 4-H,), 3.61 - 3.72 (2H,
m, 1-H,), 4.01 (1H, dqg, J 7.7, 5.6, 3-H), 4.49 (1H, dd, J 7.9, 6.5, 5-H); 6¢ (101 MHz, CDCls) -5.13 (SiCHs),
-5.08 (SiCH3), -4.7 (SiCH3), -4.43 (SiCHs), -4.36 (SiCHs), -4.3 (SiCH3), 0.00 (SiCHs)s), 18.2 (SiC(CHs)s), 18.5
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(2 x SiC(CHs)s3), 26.0 (SiC(CHs)s3), 26.1 (SiC(CHs)s), 26.2 (SiC(CHs)s), 40.9 (C-2), 46.2 (C-4), 59.7 (C-1), 61.7
(C-5), 66.9 (C-3), 89.5 (C-7), 107.6 (C-6); HRMS (ESI) calc. for [C2sHs2NaO3Sis] 581.3668 Found 581.3670.

(5R,7R)-7-(tert-Butyldimethylsiloxy)-5-ethynyl-2,2,3,3,11,11,12,12-octamethyl-4,10-dioxa-3,11-

disilatridecane (238)

TBSO OTBS K,COs, MeOH TBSO  OTBS
THF, 0 °C P
TBSO 3 ———— TBSO” Y 5%7
T™S
237 238

TMS alkyne 237 (1650 mg, 2.95 mmol) was dissolved in MeOH (20 mL) and THF (10 mL) and cooled to
0 °C then K;COs; (408 mg, 0.89 mmol) was added. The reaction mixture was stirred at room
temperature for 5 hours and the solvent was removed in vacuo. The resulting material was dissolved
in water (20 mL) and EtOAc (30 mL). The organic layer was separated and the aqueous extracted with
further EtOAc (2 x 30 mL). The combined organic layers were washed with brine (20 mL), dried over
MgSO, and the solvent removed in vacuo to afford terminal alkyne 238 (1306 mg, 91%) as a yellow
oil; [a]3? = +26.0 (c 1, CHCl3); vmax (film) 3313, 2955, 2929, 2887, 2858, 1252; &4 (400 MHz, CDCls) 0.04
(6H, s, 2 x SiCHs), 0.06 (3H, s, SiCHs), 0.08 (3H, s, SiCHs), 0.11 (3H, s, SiCHs), 0.13 (3H, s, SiCHs), 0.89
(18H, s, 2 x SiC(CHs)3), 0.90 (9H, s, SiC(CHs)3), 1.67 — 1.74 (2H, m, 2-H,), 1.82 — 1.86 (2H, m, 4-H,), 2.39
(1H,d,J 2.1, 7-H), 3.62 - 3.69 (2H, m, 1-H,), 3.98 — 4.07 (1H, m, 3-H), 4.49 (1H, ddd, J 7.6, 6.7, 2.1, 5-
H); 6¢ (101 MHz, CDCls) -5.2 (2 x SiCH3), -4.9 (SiCH3), -4.5 (2 x SiCH3), -4.2 (SiCH3), 18.2 (SiC(CHs)s), 18.40
(SiC(CHs)3), 18.43 (SiC(CHs3)s), 26.0 (SiC(CH3)s), 26.06 (SiC(CHs)s), 26.14 (SiC(CHs)s), 40.8 (C-2), 46.4 (C-
4), 59.6 (C-1), 61.0 (C-5), 66.8 (C-3), 72.9 (C-7), 85.6 (C-6); HRMS (ESI) calc. for [C2sHss03Sis] 487.3453
Found 487.3455.

tert-Butyl(2-((4R,6R)-6-((E)-2-iodovinyl)-2,2-dimethyl-1,3-dioxan-4-yl)ethoxy)dimethylsilane (239)

TBSO OTBS CpoZnHCl, I, TBSO  OTBS
DCM, 0 °C P
B ————
TBSO I TBSO 234567|
238 239

Cp2ZrHCI (108 mg, 0.42 mmol) was added to a stirred solution of alkyne 238 (100 mg, 0.21 mmol) in
DCM (3 mL) under nitrogen at 0 °C and the reaction mixture was stirred at room temperature for
1 hour. The reaction mixture was cooled to 0 °C and a solution of iodine in DCM (0.5 M) was added
until the red colour remained (ca. 1 mL) and the mixture was stirred for a further 30 minutes. Aqueous
saturated Na,S;0s (5 mL) was added and the organic layer was separated. The aqueous phase was
extracted with DCM (2 x 10 mL) and the combined organic layers were dried over Na;SO4 and the
solvent removed in vacuo. The crude material was purified by flash column chromatography (1.5%

Et,0 in petroleum ether 60:40) to afford vinyl iodide 239 (105 mg, 81%, E/Z > 95:5) as a colourless oil;
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[a]3! = +10.0 (c 1, CHCl3); Vmax (film) 2954, 2929, 2886, 2857, 1472, 1255, 1093, 835; &4 (400 MHz,
CDCls) -0.01 — 0.10 (18H, m, 3 x Si(CHs),), 0.86 — 0.96 (27H, m, 3 x SiC(CHs)s), 1.48 — 1.75 (4H, m, 2-H,
and 4-H,), 3.66 (2H, m, 1-H,), 3.89 (1H, ap. p, J 6.1, 3-H), 4.21 (1H, ap. qd, J 6.5, 1.1, 5-H), 6.23 (1H, dd,
J14.4,1.1,7-H), 6.54 (1H, dd, J 14.4, 6.5, 6-H); 6¢ (101 MHz, CDCl3) -5.1 (2 x SiCHs), -4.6 (SiCHs), -4.23
(SiCHs), -4.22 (SiCHs), -4.1 (SiCHs), 18.2 (SiC(CHs)s), 18.3 (SiC(CHs)s), 18.5 (SiC(CHs)s), 26.0 (SiC(CHs)s),
26.1 (SiC(CHs)s), 26.2 (SiC(CHs)s), 40.4 (C-2), 45.9 (C-4), 59.8 (C-1), 66.5 (C-3), 72.7 (C-5), 76.3 (C-7),
149.2 (C-6); HRMS (ESI) calc. for [CasHss03Sisl] 615.2550 Found 615.2568.

(3R,5R,6E,8E)-9-((15,25,3R)-2-Heptyl-3-methylcyclopropyl)nona-6,8-diene-1,3,5-triol (233)

E i) Pd(PPhg)s, T1,CO4 i

TBSO AN /\A THF, R;0,50 "¢ HO S E A b
5 6 , Y X710 “(CHy)sCH
TBSO OTBS  pinB” X “(CHy)sCHs i) TBAF, THF A R (CHz)CH3

239 190 233

To a stirred solution of boronic ester 190 (196 mg, 0.64 mmol) in degassed THF (5 mL) and water (2.5
mL) under nitrogen was added vinyl iodide 239 (393 mg, 0.64 mmol) in degassed THF (2.5 mL) followed
by Pd(PPhs)s (74 mg, 0.06 mmol) and the reaction mixture was stirred at room temperature for 5
minutes. TI,COs3 (600 mg, 1.28 mmol) was added and the reaction mixture was heated at 50 °C for 16
hours. The reaction mixture was filtered over Celite, eluting with ether (50 mL) and water (20 mL). The
layers were separated, and the aqueous phase extracted with further Et,0 (2 x 20 mL). The combined
organic layers were washed with brine (20 mL), dried over MgS0O, and the solvent removed in vacuo.
The crude material was purified by flash column chromatography (1.6% Et,0 in petroleum ether 60:40)
to afford the crude cross-coupled product. The crude material was dissolved in THF (2.5 mL) under
nitrogen then 1 M TBAF in THF (5.10 mL, 5.10 mmol) was added dropwise. The reaction mixture was
stirred for 16 hours, diluted with aqueous saturated NH4Cl (20 mL) and extracted with Et,0 (3 x 50
mL). The combined organic layers were washed with brine (50 mL), dried over MgS0O, and the solvent
removed in vacuo. The crude material was purified by flash column chromatography (100% EtOAc) to
afford triol 233 (125 mg, 60%) as a colourless oil; [a]3* = -10.0 (c 0.5, CHCls); vimax (film) 3342, 2924,
2854, 1654, 1457, 1062, 985; 64 (400 MHz, CDCl;) 0.73 —0.82 (2H, m, 10-H and 12-H), 0.84 —0.90 (4H,
m, 11-H and 19-Hs), 1.06 (3H, d, J 6.2, 11-CH3), 1.22 — 1.39 (12H, m, 6 x CH>), 1.59 (1H, m, 4-HH), 1.66
—1.79 (3H, m, 2-H, and 4-HH), 2.68 — 2.83 (2H, m, OH), 3.79 — 3.92 (2H, m, 1-H,), 3.99 (1H, m, OH),
4.10 - 4.19 (1H, m, 3-H), 4.36 — 4.44 (1H, m, 5-H), 5.33 (1H, dd, J 15.0, 8.6, 9-H), 5.52 (1H, dd, J 15.1,
7.0, 6-H), 6.00 (1H, dd, J 15.0, 10.5, 8-H), 6.15 (1H, dd, J 15.1, 10.5, 7-H); ¢ (101 MHz, CDCl3) 12.6 (CHs-
11), 14.3 (C-19), 20.7 (C-11), 22.9 (CH3), 27.0 (C-12), 27.9 (CH,), 29.5 (CH;), 29.7 (CH>), 29.9 (C-10), 30.0
(CH2), 32.1(CH,), 38.9 (C-2), 43.5 (C-4), 61.6 (C-1), 72.6 (C-3), 73.9 (C-5), 125.9 (C-8), 131.2 (C-7), 131.3
(C-6), 140.5 (C-9); HRMS (ESI) calc. for [C2oH3s03Na] 347.2557 Found 347.2568.
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(4S,6R)-6-((1E,3E)-4-((1S,25,3R)-2-Heptyl-3-methylcyclopropyl)buta-1,3-dien-1-yl)-4-
hydroxytetrahydro-2H-pyran-2-one (234)

B 1

A TEMPO, BAIB  HO B~
Ho\/\/\/\/\A,ﬁ NaHCO3, DCM T Y T 10 Y(CHa)eCHs
T A (CH)eCHy —————— > L1 0
OH OH
233 0 234

Triol 233 (13 mg, 0.04 mmol) was dissolved in DCM (1 mL) under nitrogen then BAIB (41 mg, 0.13
mmol), NaHCOs (13 mg, 0.16 mmol) and TEMPO (0.01 mmol, 2 mg) were added sequentially. The
reaction mixture was stirred at room temperature for 6 hours and then quenched with aqueous
saturated Na,S,0s (1 mL) and water (5 mL). The solution was extracted with Et,0 (2 x 10 mL) and the
combined organic layers washed sequentially with agueous saturated NaHCO3 (10 mL) and water (10
mL). The combined aqueous layers were extracted with Et,0 (2 x 20 mL). The combined organic layers
were washed with brine (10 ml), dried over Na,SO, and the solvent was removed in vacuo. The crude
material was purified by flash column chromatography (50% EtOAc in petroleum ether 60:40) to afford
lactone 234 (11 mg, 86%) as a colourless oil; [01]12)4 =-36.0 (c 0.5, CHCIl3); vmax (film) 3427, 2957, 2925,
2855, 1730, 1655, 1247; 64 (500 MHz, CDCls) 0.75 — 0.85 (2H, m, 10-H and 12-H), 0.85 — 0.94 (4H, m,
11-H and 19-H3s), 1.07 (3H,d, J 6.2, 11-CH3), 1.21 - 1.39 (12H, m, 6 x CH>), 1.80 — 1.91 (2H, m, OH and
4-HH), 1.97 — 2.04 (1H, m, 4-HH), 2.61 (1H, ddd, J 17.7, 4.1, 1.6, 2-HH), 2.76 (1H, dd, J 17.7, 5.0, 2-HH),
4.35-4.43 (1H, m, 3-H), 5.18 (1H, ddd, J 10.4, 6.7, 3.4, 5-H), 5.38 (1H, dd, J 15.1, 8.8, 9-H), 5.51 (1H,
dd, J15.2,6.7, 6-H), 6.02 (1H, dd, J 15.1, 10.5, 8-H), 6.24 (1H, dd, J 15.2, 10.5, 7-H); 6¢ (126 MHz, CDCls)
12.6 (CHs-11), 14.3 (C-19), 20.9 (C-11), 22.9 (CH,), 27.2 (C-12), 27.9 (CH>), 29.5 (CH,), 29.7 (CH,), 30.0
(10-H and CH,), 32.1 (CH,), 36.7 (C-4), 38.9 (C-2), 63.0 (C-3), 76.3 (C-5), 125.5 (C-8), 125.8 (C-6), 133.5
(C-7), 141.9 (C-9), 170.0 (C-1); HRMS (ESI) calc. for [CoH3303] 321.2424 Found 321.2409.

(3S,5R,6E,8E)-9-((1S,25,3R)-2-Heptyl-3-methylcyclopropyl)-3,5-dihydroxynona-6,8-dienoic acid
(134)

HO NN CHy)eCH;  TMSOK, THE

O

0 234 134

Lactone 234 (17 mg, 0.05 mmol) was dissolved in THF (0.5 mL) under nitrogen then TMSOK (34 mg,
0.27 mmol) was added. The reaction mixture was stirred for 4 hours then quenched with aqueous
saturated NH4Cl (5 mL) and EtOAc (10 mL). The organic layer was separated and the aqueous extracted
with EtOAc (3 x 10 mL). The combined organic layers were dried over Na,SO4 and the solvent removed

in vacuo to afford carboxylic acid 134 (15 mg, 84%) as a yellow oil; [0(],232 =-24.0 (c 0.5, CHCIl3); Vmax
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(film) 3399, 2953, 2925, 2854, 1713, 987; &4 (500 MHz, CDCl3) 0.74 — 0.83 (2H, m, 10-H and 12-H), 0.85
—0.91 (4-H, m, 11-H and 19-Hs), 1.07 (3H, d, J 6.3, 11-CHs), 1.23 — 1.38 (12H, m, 6 x CH,), 1.57 — 1.81
(2H, m, 4-H,), 2.41 — 2.63 (2H, m, 2-H,), 4.23 — 4.36 (1H, m, 3-H), 4.37 — 4.47 (1H, m, 5-H), 5.34 (1H,
dd, J 15.0, 8.6, 9-H), 5.50 (1H, dd, J 15.2, 6.8, 6-H), 5.99 (1H, dd, J 15.0, 11.0, 8-H), 6.15 (1H, dd, J 15.2,
11.0, 7-H); 8¢ (126 MHz, CDCls) 12.7 (CHs-11), 14.3 (C-19), 20.7 (C-11), 22.9 (CH,), 27.1 (C-12), 27.9
(CHa), 29.5 (CHs), 29.7 (C-10), 29.9 (CH,), 30.0 (CH,), 32.1 (CH,), 41.7 (C-2), 42.6 (C-4), 63.0 (C-5), 73.3
(C-3), 125.9 (C-8), 130.7 (C-6), 131.6 (C-7), 140.7 (C-9), 170.0 (C-1); HRMS (ESI) calc. for [CaoH3404Na]
361.2349 Found 361.2352.

NMR data in (CD3),CO: 84 (500 MHz, (CD3),CO) 0.78 — 0.84 (2H, m, 10-H and 12-H), 0.88 (4H, m, 11-H
and 19-Hs), 1.07 (3H, d, J 6.2, 11-CHs), 1.24 — 1.44 (12H, m, 6 x CH,), 1.61 — 1.68 (2H, m, 4-H,), 2.42
(1H, dd, J 15.6, 7.7, 2-HH), 2.48 (1H, dd, J 15.6, 5.0, 2-HH), 4.15 - 4.21 (1H, m, 3-H), 4.31-4.37 (1H, m,
5-H), 5.31 (1H, dd, J 15.0, 8.5, 9-H), 5.53 (1H, dd, J 15.1, 6.6, 6-H), 6.03 (1H, dd, J 15.0, 10.5, 8-H), 6.15
(1H, dd, J 15.1, 10.5, 7-H); 8¢ (126 MHz, (CD3),CO) 12.4 (CHs-11), 14.1 (C-19), 20.37 (C-11), 20.42 (CH,),
23.02 (CH,), 26.8 (C-12), 28.1 (CH,), 29.8 (CH), 30.1 (C-10), 30.3 (CH,), 32.3 (CH,), 42.4 (C-2), 44.3 (C-
4),67.7 (C-5), 71.5 (C-3), 127.3 (C-8), 130.5 (C-6), 133.4 (C-7), 138.9 (C-9), 172.9 (C-1).

Ethyl 2-((2S,4R,5R,6S)-6-((E)-2-((1S,2S,3R)-2-heptyl-3-methylcyclopropyl)vinyl)-4,5-
dihydroxytetrahydro-2H-pyran-2-yl)acetate (421)

1
EtO O LA = Grubbs-Hoveyda G2 1 2 7 2 12
W : toluene, 80 °C EtO. 3.0 \g 10 (CHy)eCHs
. o 6
Y~ "“OH %/A',, O 4 ",
H CH,)CH Y5 OH
& (CHz)6CH3 :5

OH
167 196 421

Alkene 167 (85 mg, 0.35 mmol) and alkene 196 (77 mg, 0.42 mmol) were dissolved in toluene (4 mL)
under nitrogen, then Hoveyda-Grubbs Catalyst G2 (22 mg, 0.04 mmol) was added and the reaction
mixture was heated at 80 °C for 24 hours. The solvent was removed in vacuo and the crude material
was purified by flash column chromatography (75% Et,0 in petroleum ether 60:40) to afford alkene
421 (29 mg, 22%, E/Z > 95:5) as an orange oil; [a]%? = -23.0 (c 1, CHCs); vmax (film) 3441, 2923, 2855,
1951, 1735, 1036; 64 (500 MHz, CDCls) 0.73 — 0.82 (2H, m, 10-H and 12-H), 0.83 — 0.92 (4H, m, 11-H
and 19-Hs), 1.05 (3H, d, /6.2, 11-CH3), 1.17 — 1.37 (15H, m, OCH,CH; and 6 x CH,), 1.60 (1H, m, 4-HH),
1.98 (1H, m, 4-HH), 2.31 —2.41 (2H, m, OH and 2-HH), 2.49 — 2.58 (2H, m, OH and 2-HH), 3.30 (1H, dd,
J9.5,2.9,6-H),3.93 (1H, dd, 9.5, 7.2, 7-H), 4.07 — 4.18 (4H, m, OCH,CHs and 5-H), 4.19 - 4.26 (1H, m,
3-H), 5.36 (1H, dd, J 15.6, 7.2, 8-H), 5.41 (1H, dd, J 15.6, 7.6, 9-H); 8¢ (101 MHz, CDCls) 12.4 (CHs-11),
14.1 (OCH,CHs), 14.2 (C-19), 20.0 (C-11), 22.7 (CH,), 26.3 (C-12), 27.7 (CH,), 29.2 (C-10), 29.3 (CH>),
29.5 (CH,), 29.8 (CH,), 31.9 (CH,), 37.0 (C-4), 40.7 (C-2), 60.5 (OCH,CHs), 66.4 (C-6), 68.1 (C-7), 71.1 (C-
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5), 77.0 (C-3), 123.4 (C-8), 141.3 (C-9), 170.9 (C-1); HRMS (ESI) calc. for [C22H3s0sNa] 405.2611 Found
405.2610.

2-((2S,4R,5R,65)-6-((E)-2-((1S,2S,3R)-2-Heptyl-3-methylcyclopropyl)vinyl)-4,5-dihydroxytetrahydro-
2H-pyran-2-yl)acetic acid (140)

11 A
TMSOK p 8 12
EtO o HO! o
~ “(CHp)CHz ~ THF ? \9 10 “(CH,)6CHs
—_— 6
o " 0 »
“OH Y oH

OH OH
421 140

Ester 421 (29 mg, 0.08 mmol) was dissolved in THF (1 mL) under nitrogen then TMSOK (49 mg, 0.38
mmol) was added. The reaction mixture was stirred for 4 hours and quenched with aqueous saturated
NH4CI (5 mL) and EtOAc (10 mL). The organic layer was separated and the aqueous extracted with
EtOAc (3 x 10 mL). The combined organic layers were dried over Na,SO,4 and the solvent removed in
vacuo. The crude material was purified by flash column chromatography (6% MeOH in DCM) to afford
carboxylic acid 140 (18 mg, 63%) as a yellow oil; [oc]f)2 = +22.0 (c 0.5, CHCIs); vmax (film) 3406, 2924,
2855, 1714, 1072; 64 (500 MHz, CDCls) 0.70 — 0.85 (2H, m, 10-H and 12-H), 0.84 — 0.93 (4H, m, 11-H
and 19-Hs), 1.06 (3H, d, J 6.2, 11-CH3), 1.19 — 1.43 (12H, m, 6 x CH>), 1.57 — 1.66 (1H, m, 4-HH), 1.98 —
2.06 (1H, m, 4-HH), 2.47 (1H, dd, J 15.7, 5.6, 2-HH), 2.59 (1H, dd, J 15.7, 7.4, 2-HH), 3.33 (1H, dd, J 9.5,
3.0, 6-H), 3.98 (1H, dd, J 9.5, 7.8, 7-H), 4.16 — 4.27 (2H, m, 3-H and 5-H), 5.36 (1H, dd, J 15.3, 7.8, 8-H),
5.45 (1H, dd, J 15.3, 8.3, 9-H); 8¢ (126 MHz, CDCls) 12.5 (CHs-11), 14.3 (C-19), 20.3 (C-11), 22.9 (CH,),
26.6 (C-12), 27.9 (CH,), 29.3 (C-10), 29.5 (CH>), 29.7 (CH,), 30.0 (CH,), 32.1 (CH,), 36.9 (C-4), 40.3 (C-2),
66.4 (C-6), 68.0 (C-7), 71.1 (C-5), 77.4 (C-3), 123.0 (C-8), 142.3 (C-9), 174.3 (C-1); HRMS (ESI) calc. for
[C20H330s] 353.2328 Found 353.2337.

(E)-3-(Trimethylsilyl)prop-2-en-1-ol (247)

Red-Al

3 1
OH  Et0
T™MS——/ — TMS/\Q/\OH
246 247

A 70% solution of Red-Al in toluene (3.48 mL, 14.04 mmol) was dissolved in Et,0 (40 mL) under
nitrogen and cooled to 0 °C then propargylic alcohol 246 (1.01 g, 7.80 mmol) was added dropwise. The
reaction mixture was stirred at room temperature for 1 hour then quenched with 1 M H,S04 (20 mL).
The layers were separated and the organic layer washed with water (2 x 20 mL) and brine (20 mL).
The combined aqueous phases were extracted with Et,0 (2 x 60 mL). The combined organic layers
were dried over MgSQO, and the solvent removed in vacuo. The crude material was purified by flash

column chromatography (40% Et,0 in pentane) to afford the volatile allylic alcohol 247 (0.84 g, 82%,
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E/Z >99:1) as a colourless oil; vmax (film) 3314, 2955, 2899, 1622, 1247, 861, 832; 6 (400 MHz, CDCls)
0.07 (9H, s, Si(CHs)3), 1.52 (1H, t, /6.0, OH), 4.18 (2H, ddd, J 6.0, 4.4, 1.8, 1-H,), 5.92 (1H, dt, J 18.8, 1.8,
3-H), 6.18 (1H, dt, J 18.8, 4.4, 2-H); & (101 MHz, CDCls) -1.2 (Si(CHs)s), 65.7 (C-1), 129.7 (C-3), 145.0 (C-

2). Data consistent with the literature.?®®
(E)-3-(Trimethylsilyl)acrylaldehyde (245)

MnOz

3 1
DCM
™Moy ——— > TMS/\2/§0

247 245

Alcohol 247 (0.98 g, 7.52 mmol) was dissolved in DCM (38 mL) under nitrogen then activated MnO;
(13.02 g, 150.01 mmol) was added. The reaction mixture was stirred for 1 hour, filtered over Celite,
washed with DCM (100 mL) and the solvent removed in vacuo to afford the volatile aldehyde 245
(0.97 g, quant.) as a colourless oil; vmax (film) 2957, 2799, 1692, 1250, 837; &4 (400 MHz, CDCls) 0.17
(9H, s, Si(CHs)s), 6.50 (1H, dd, J 18.7, 7.6, 2-H), 7.18 (1H, d, J 18.7, 3-H), 9.49 (1H, d, J 7.6, 1-H); & (101
MHz, CDCl3) -1.8 (Si(CHs)s), 144.3 (C-2), 159.0 (C-3), 195.0 (C-1); m/z (APCI): [M+H]* = 129.10. Data

consistent with the literature.?®®

(R,E)-3-Hydroxy-1-((S)-4-isopropyl-2-thioxothiazolidin-3-yl)-5-(trimethylsilyl)pent-4-en-1-one (248)

TiCly
s DIPEA

A o DCM, -78 °C s 0 M
S )\l J\/k/\
—/< N3N N TMs
10 12
"
2 248

N
o S
K/\TMS °
245

153

Acylated auxiliary 153 (1.45 g, 7.14 mmol) was dissolved in DCM (70 mL) under nitrogen and cooled
to -78 °C then TiCl; (1 M in DCM, 7.14 mL, 7.14 mmol) was added dropwise over 15 minutes. The
reaction mixture was stirred for 20 minutes then DIPEA (1.49 mL, 8.57 mmol) was added dropwise.
The reaction mixture was stirred for 1 hour then aldehyde 245 (0.92 g, 7.14 mmol) in DCM (5 mL) was
added dropwise. After stirring at -78 °C for 1 hour, aqueous saturated NH4Cl (25 mL) was added and
the reaction mixture was stirred for a further hour at room temperature. The solution was washed
with DCM (3 x 50 mL), the combined organic layers dried over MgS0O,4 and the solvent removed in
vacuo. The crude material was purified by flash column chromatography (22% EtOAc in petroleum
ether 60:40) to afford aldol product 248 (1.768 g, 75%) as a single diastereoisomer and as a yellow oil;
[a]%% = +308.0 (c 1, CHCl3); vmax (film) 3436, 2958, 1688, 1246, 1156, 835; &4 (400 MHz, CDCl3) 0.07
(9H, s, Si(CHs)s), 0.98 (3H, d, J 6.8, 12-H3), 1.07 (3H, d, J 6.8, 12-H3), 2.19 - 2.48 (1H, m, 11-H), 2.82 (1H,
s, br.s, OH), 3.04 (1H, dd, J 11.5, 1.1, 9-HH), 3.29 (1H, dd, J 17.6, 9.0, 2-HH), 3.41 — 3.55 (1H, dd, J 11.5,
7.7, 9-HH), 3.55 — 3.73 (1H, dd, J 17.6, 8.0, 2-HH), 4.54 — 4.77 (1H, m, 3-H), 5.15 (1H, ddd, J 7.7, 6.3,
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1.1, 10-H), 5.96 (1H, dd, J 18.8, 1.4, 5-H), 6.08 (1H, dd, J 18.8, 4.6, 4-H); 6¢ (101 MHz, CDCls) -1.2
(Si(CHs)s), 18.0 (C-12), 19.3 (C-12'), 30.9 (C-9), 31.0 (C-11), 45.1 (C-2), 70.4 (C-3), 71.6 (C-10), 130.5 (C-
5),145.8 (C-4), 172.7 (C-1), 203.1 (C-7); HRMS (ESI) calc. for [C1aH26NO>S2Si] 332.1169 Found 332.1162.

Ethyl (R,E)-5-hydroxy-3-oxo-7-(trimethylsilyl)hept-6-enoate (249)

s O OH MgCl,
Imidazole
S)\NJW\TMS THF j\/ﬁ\ji/,\
_—
o o B0 1NN N s
2 4 6
EtOJ\/U\OK
248 249

Potassium-3-ethoxy-2-methyl-3-oxopropanoate (1243 mg, 7.30 mmol) and MgCl, (348 mg, 3.65
mmol) were added to a solution of aldol product 248 (1100 mg, 3.32 mmol) in THF (11 mL) under
nitrogen and stirred for 45 minutes. Imidazole (248 mg, 3.65 mmol) was added and the reaction
mixture was stirred for 72 hours. The mixture was diluted with EtOAc (50 mL) and washed with 1 M
HCI (20 mL). The aqueous layer was extracted with EtOAc (3 x 30 mL). The combined organic layers
were washed with aqueous saturated NaHCOs3 (30 mL) and the aqueous layer extracted with EtOAc (2
x 30 mL). The combined organic layers were dried over Na,SO4 and the solvent removed in vacuo. The
crude product was purified by flash column chromatography (5% Et.0 in DCM) to afford alcohol 249
(810 mg, 94%) as a yellow oil; [a]3" = +14.0 (c 1, CHCls); Vimax (film) 3464, 2957, 1742, 1714, 1248, 1215,
750; &y (400 MHz, CDCls) 0.06 (9H, s, Si(CHs)s), 1.28 (3H, t, J 7.1, OCH,CHs), 2.68 — 2.77 (2H, m, OH and
4-HH), 2.80 (1H, dd, J 17.3, 4.0, 4-HH), 3.48 (2H, s, 2-H2), 4.20 (2H, q,J 7.1, OCH2CHs), 4.59 (1H, ap. dtd,
J8.6,4.0,1.1,5-H),5.93 (1H, dd, J 18.7, 1.1, 7-H), 6.02 (1H, dd, J 18.7, 4.0, 6-H); & (101 MHz, CDCls) -
1.2 (Si(CHs)3), 14.3 (OCH»CHs), 49.4 (C-4), 50.2 (C-2), 61.7 (OCH,CH3), 70.0 (C-5), 130.5 (C-7), 145.8 (C-
6), 167.1 (C-1), 203.1 (C-3); HRMS (ESI) calc. for [C1,H2,04SiNa] 281.1180 Found 281.1191.

Ethyl (3S,5R,E)-3,5-dihydroxy-7-(trimethylsilyl)hept-6-enoate (250)

NaBH,

Et,BOMe
(e} (0] OH MeOH, THF (e} OH OH
)J\/U\)\/\ 78°C W
EtO T™S ——» EtO™1 5 3 Y 5 . ™S
249 250

Ketone 249 (680 mg, 2.63 mmol) was dissolved in THF (18 mL) and MeOH (5 mL) under nitrogen and
cooled to -78 °C then Et,BOMe (0.42 mL, 3.16 mmol) was added dropwise and the reaction mixture
was stirred for 15 minutes. NaBH, (114 mg, 3.02 mmol) was added in one portion and the reaction
mixture was stirred for 3 hours then AcOH (4 mL) was added and the mixture was warmed to room
temperature. The reaction mixture was diluted with EtOAc (25 mL) and the resulting solution was
washed with aqueous saturated NaHCOs (20 mL). The organic layer was dried over MgSQO, and the

solvent removed in vacuo. The crude product was dissolved in methanol (20 mL) and the solvent
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removed in vacuo to afford diol 250 (689 mg, quant., dr > 99:1) as a yellow oil; [o&]f)1 =+12.0(c 1,
CHCls); vmax (film) 3412, 2955, 1733, 1248, 866, 838; 64 (400 MHz, CDCls) 0.06 (9H, s, Si(CHs)s), 1.28
(3H,t,J7.1, OCH,CHs), 1.62 — 1.70 (2H, m, 4-H,), 2.48 = 2.51 (2H, m, 2-H,), 4.18 (2H, q, J 7.1, OCH.CHs),
4.26 — 4.33 (1H, m, 4-H), 4.35 — 4.41 (1H, m, 5-H), 5.90 (1H, dd, J 18.7, 0.9, 7-H), 6.03 (1H, dd, J 18.7,
5.0, 6-H); 8¢ (101 MHz, CDCls) -1.2 (Si(CHs)s), 14.3 (OCH,CHs), 41.8 (C-2), 42.4 (C-4), 61.0 (OCH,CHs),
68.8 (C-3), 74.6 (C-5), 129.6 (C-7), 147.6 (C-6), 172.7 (C-1); HRMS (ESI) calc. for [C12H2404SiNa] 283.1336
Found 283.1334.

(3R,5R,E)-7-(Trimethylsilyl)hept-6-ene-1,3,5-triol (251)

4 6
DIBAL-H, DCM 2 4 6 HO3 5 X TMS
EtOMTMS 78 °Ctort HO A ASE R -TMS H 7
H H > 1 H H 7 2.0
O OH OH OH OH
OH
250 251 252

Ester 250 (670 mg, 2.57 mmol) was dissolved in DCM (26 mL) under nitrogen and cooled to -78 °C then
1 M DIBAL-H in hexane (2.57 mL, 2.57 mmol) was added dropwise. The reaction mixture was warmed
to room temperature and stirred for 3 hours. TLC analysis showed the presence of starting material
so the reaction mixture was cooled to -78 °C and further 1 M DIBAL-H in hexane (2.57 mL, 2.57 mmol)
was added. The reaction mixture was warmed to room temperature and stirred for 2 hours. The
reaction mixture was cooled to 0 °C, aqueous saturated potassium sodium tartrate solution (30 mL)
was added and the mixture was stirred for 3 hours at room temperature. The layers were separated
and the aqueous layer extracted with DCM (3 x 30 mL). The combined organic layers were washed
with brine (20 mL), dried over MgS0O, and the solvent removed in vacuo. The crude product was
purified by flash column chromatography (60-100% EtOAc in petroleum ether 60:40) to afford triol
251 (24 mg, 4%) and lactol 252 (141mg, 25%) as yellow oils.

251: [a]2? = +7.0 (c 1, CHCl3); vmax (film) 3326, 2952, 1423, 1247, 864, 836; 64 (400 MHz, CDCls) 0.04
(9H, s, Si(CHs)3), 1.55 —1.78 (4H, m, 2-H; and 4-H,), 3.49 (1H, br. s, OH), 3.71 — 3.87 (3H, m, OH and 1-
H,), 4.07 —4.17 (1H, m, 3-H), 4.33 (1H, ap. qd, J 5.0, 1.0, 5-H), 4.40 (1H, s, OH), 5.85 (1H, dd, J 18.7, 1.0,
7-H), 6.01 (1H, dd, J 18.7, 5.0, 6-H); 6¢ (101 MHz, CDCls) -1.2 (Si(CHs)s), 38.9 (C-2), 43.0 (C-4), 60.9 (C-
1), 72.0 (C-3), 75.0 (C-5), 129.3 (C-7), 147.9 (C-6); HRMS (ESI) calc. for [C10H2,03SiNa] 241.1230 Found
241.1231.

252 (2:1 ratio of unknown diastereoisomers) where NMR data is reported for the major
diastereoisomer: vmax (film) 3369, 2954, 1247, 861, 834; 64 (400 MHz, CDCls) 0.07 (9H, s, Si(CHs)s), 1.58
—1.63 (1H, m, 4-HH), 1.78 — 1.85 (1H, m, 2-HH), 1.85 — 1.92 (1H, m, 4-HH), 1.94 — 1.98 (1H, m, 2-HH),
3.19 (1H, m, OH), 4.09 (1H, m, OH), 4.21 —4.29 (1H, m, 3-H), 4.69 — 4.80 (1H, m, 5-H), 5.39 (1H, ap. t,
J 4.7, 1-H), 5.94 (1H, dd, J 18.8, 1.1, 7-H), 6.04 (1H, dd, J 18.8, 4.8, 6-H); &¢ (101 MHz, CDCls) -1.2
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(Si(CHs)s), 35.1 (C-2), 38.1 (C-4), 65.0 (C-3), 65.5 (C-5), 93.3 (C-1), 130.8 (C-7), 145.6 (C-6); HRMS (ESI)
calc. for [C10H,03SiNa] 239.1074 Found 239.1069.

(3R,5R,E)-7-(Trimethylsilyl)hept-6-ene-1,3,5-(tert-butyldimethylsilyloxy)-triol (244)

TBSOTH,

2 4 6
HO\/\/WTMS 2,6-Lutidine TBSO\N/WTMS
H H DCM, 0 °C 1 z z 7
OH OH - TBSO OTBS
251 244

Triol 251 (20 mg, 0.09 mmol) was dissolved in DCM (2 mL) under nitrogen and cooled to 0 °C then 2,6-
|utidine (0.05 mL, 0.40 mmol) was added and the reaction mixture was stirred for 5 minutes. TBSOTf
(0.11 mL, 0.50 mmol) was added and the reaction mixture was stirred for 5 minutes before the
addition of aqueous saturated NaHCOs solution (2 mL). The organic layer was separated and the
aqueous extracted with DCM (2 x 10 mL). The combined organic layers were dried over MgSO, and
the solvent removed in vacuo. The crude material was purified by flash column chromatography (1%
Et,0 in petroleum ether 60:40) to afford silyl ether 244 (50 mg, quant.) as a colourless oil; [a]3! =
+14.0 (¢ 1, CHCI3); vmax (film) 1955, 2930, 2887, 1472, 1250, 833; 64 (400 MHz, CDCls) 0.00 —0.06 (27H,
m, Si(CHs); and 3 x Si(CHs),), 0.86 — 0.90 (27H, m, 3 x SiC(CHs)s), 1.53 — 1.80 (4H, m, 2-H; and 4-H,),
3.67 (2H, m, 1-H>), 3.89 (1H, ap. tt, J 6.8, 5.1, 3-H), 4.17 (1H, ap. dtd, J 7.2, 6.0, 1.1, 5-H), 5.76 (1H, dd,
J 18.6, 1.1, 7-H), 5.95 (1H, dd, J 18.6, 6.0, 6-H); 6¢ (101 MHz, CDCls) -5.1 (Si(CHs), -4.5 (Si(CHs), -4.2
(Si(CHs), -4.2 (Si(CHs3), -3.9 (Si(CHs3), -2.8 (Si(CHs), -1.2 (Si(CHs), 18.2 (SiC(CHs)s), 18.4 (SiC(CHs)s), 18.5
(SiC(CHs)s3), 25.9 (SiC(CHs)s3), 26.1 (SiC(CHs)s), 26.2 (SiC(CHs)s), 40.4 (C-2), 46.1 (C-4), 60.1 (C-1), 66.9 (C-
3), 73.4 (C-5), 129.2 (C-7), 149.2 (C-6); HRMS (ESI) calc. for [C2sHeaNaO3Sia] 583.3825 Found 583.3831.

(3R,5R,E)-7-(Trimethylsilyl)hept-6-ene-1,3,5-(tert-butyldimethylsilyloxy)-triol (244)

i) TBSOTf, DCM

.. 2 4 6
EtO Xx_-TMS i) DIBAL-H, DCM TBSOUA~EA~ETMS
= = —_— = =
O OH OH iii) TBSCI, DMAP 78BSO OTBS

imidazole, DCM

250 244

Diol 250 (0.85 g, 3.26 mmol) was dissolved in DCM (33 mL) under nitrogen and cooled to 0 °C then
TBSOTf (4.50 mL, 19.58 mmol) was added dropwise. The reaction mixture was stirred for 20 minutes
and quenched with a solution of aqueous saturated NaHCOs (15 mL). The organic layer was separated
and the aqueous extracted with DCM (2 x 20 mL). The combined organic layers were washed
sequentially with 2 M HCI (20 mL) and brine (30 mL), dried over MgS0O4 and the solvent removed in
vacuo. The crude material was dissolved in DCM (33 mL) under nitrogen and cooled to -78 °C then 1
M DIBAL-H in hexane (7.17 mL, 7.17 mmol) was added dropwise. The reaction mixture was warmed
to room temperature and stirred for 2 hours. The reaction mixture was cooled to 0 °C, aqueous

saturated potassium sodium tartrate solution (40 mL) was added and the mixture was stirred for 5
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hours at room temperature. The layers were separated and the aqueous layer extracted with DCM (3
x 50 mL). The combined organic layers were washed with brine (50 mL), dried over MgSQO, and the
solvent removed in vacuo. The material was dissolved in DCM (33 mL) and imidazole (424 mg, 6.52
mmol), TBSCI (0.98 g, 6.52 mmol) and a spatula tip of DMAP were added. The reaction mixture was
stirred for 3 hours then water (20 mL) was added and the solution was acidified with 2 M HCI (15 mL).
The organic layer was separated and the aqueous extracted with DCM (2 x 50 mL). The combined
organic layers were washed with brine (50 mL), dried over MgS0O, and the solvent removed in vacuo.
The crude material was purified by flash column chromatography (0-1% Et,O in petroleum ether
60:40) to afford TBS alcohol 244 (1.34 g, 73%) as a colourless oil. Data consistent with previously

reported.
(3R,5R,E)-7-lodo-hept-6-ene-1,3,5-(tert-butyldimethylsilyloxy)-triol (239)

Method 1:

2 4 6
TBSO X TMS NIS, HFIP TBSO_AIAE!
: oz 0°Cc 1 : : 7

TBSO OTBS - TBSO OTBS

244 239

Vinyl silane 244 (50 mg, 0.09 mmol) was dissolved in HFIP (0.3 mL) and cooled to 0 °C then NIS (30 mg,
0.18 mmol) was added. The reaction mixture was stirred for 15 minutes and then quenched with water
(1 mL). The solution was diluted with DCM (10 mL) and the organic layer was washed sequentially with
aqueous saturated solutions of Na,S;03 (5 mL) and NaHCOs (5 mL). The organic layer was dried over
Na,SO, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (1% Et,0 in petroleum ether 60:40) to afford vinyl iodide 239 (31 mg, 55%, E/Z = 2:1)
as a colourless oil; [0(]%1 =+10.0 (c 1, CHCIs); vmax (film) 2954, 2929, 2886, 2857, 1472, 1255, 1093, 835;
6y (400 MHz, CDCl3) -0.01 —0.10 (18H, m, 3 x Si(CHs),), 0.86 —0.96 (27H, m, 3 x SiC(CHs)s), 1.48 — 1.75
(4H, m, 2-H, and 4-H,), 3.66 (2H, m, 1-H,), 3.89 (1H, ap. p, J 6.1, 3-H), 4.21 (1H, ap. qd, J 6.5, 1.1, 5-H),
6.23 (1H, dd, J 14.4, 1.1, 7-H), 6.54 (1H, dd, J 14.4, 6.5, 6-H); 8¢ (101 MHz, CDCl3) -5.1 (2 x SiCH3), -4.6
(SiCHs), -4.23 (SiCH3), -4.22 (SiCHs), -4.1 (SiCHs), 18.2 (SiC(CHs)s), 18.3 (SiC(CHs)s), 18.5 (SiC(CHs)s), 26.0
(SiC(CH3)3), 26.1 (SiC(CH3)s), 26.2 (SiC(CHs)s), 40.4 (C-2), 45.9 (C-4), 59.8 (C-1), 66.5 (C-3), 72.7 (C-5),
76.3 (C-7), 149.2 (C-6) HRMS (ESI) calc. for [CosHs503Sisl] 615.2550 Found 615.2568.

Method 2:

) mCPBA, NaHCO;, DCM
TBSO A TMs 1) LDA HSnBug, THE, 0°C 1550 2 5 2 5 N
™ il Ip, Et,0, 0°C YT

T8SO  OTBS T8SO  OTBS

244 239
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Vinyl silane 244 (542 mg, 0.97 mmol) was dissolved in DCM (10 mL) under nitrogen and cooled to 0 °C
then NaHCO; (180 mg, 2.13 mmol) and mCPBA (70 wt.%, 476 mg, 1.93 mmol) were added sequentially
and the reaction mixture was stirred for 16 hours at room temperature. The reaction mixture was
diluted with aqueous saturated Na;S,0s solution (30 mL) and DCM (50 mL). The organic layer was
separated and the aqueous extracted with further DCM (2 x 30 mL). The combined organic layers were
dried over Na,SO4 and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (2% Et,0 in petroleum ether 60:40) to afford crude epoxide 263 (410 mg, 73%) as a

colourless oil and a 3:1 mixture of diastereoisomers.

DIPA (0.30 mL, 2.13 mmol) was dissolved in THF (10 mL) under nitrogen and cooled to 0 °Cthen 2.45 M
nBuli in hexanes (0.72 mL, 1.78 mmol) was added dropwise and the reaction mixture was stirred at 0
°C for 30 minutes. HSnBus (0.38 mL, 1.42 mmol) was added, and the reaction mixture was stirred for
a further 30 minutes. Epoxide 263 (410 mg, 0.71 mmol) in THF (3 mL) was added dropwise and the
reaction mixture was stirred at 0 °C for 3 hours then aqueous saturated NH4Cl (10 mL) was added. The
resulting solution was extracted with hexane (3 x 40 mL) and the combined organic layers were dried
over MgS0, and the solvent removed in vacuo. The crude material was dissolved in Et,O (7 mL) and
cooled to 0 °C then I, (198 mg, 0.78 mmol) in Et,0 (4 mL) was added dropwise. The reaction mixture
was stirred for 30 minutes then quenched with aqueous saturated Na,S;03; (10 mL). The organic layer
was separated and the aqueous extracted with hexane (3 x 20 mL). The combined organic layers were
washed with 3 M NaOH (20 mL), dried over MgS0O, and the solvent removed in vacuo. The crude
material was purified by flash column chromatography (20% DCM in petroleum ether 60:40) to afford
vinyl iodide 239 (389 mg, 65% over two steps, E/Z > 95:5) as a colourless oil. Data consistent with

previously reported.
2-(tert-Butyldiphenylsilyloxy)ethan-1-ol (267)

TBDPSCI, DMAP

HO/\/OH Imidizaole, DCM HO/\/OTBDPS

267

To a solution of ethylene glycol (22.30 mL, 400 mmol) in DCM (100 mL) under nitrogen was added
imidazole (3.00 g, 44 mmol) and a spatula tip of DMAP. TBDPSCI (10.50 mL, 40 mmol) was added
dropwise and the reaction mixture was stirred for 24 hours. Water (50 mL) was added and the solution
was acidified with 2 M HCI (10 mL). The organic layer was separated and the aqueous extracted with
DCM (2 x 100 mL). The combined organic layers were washed with brine (50 mL), dried over MgS04
and the solvent removed in vacuo. The crude product was purified by flash column chromatography

(20% EtOAc in petroleum ether 60:40) to afford alcohol 267 (8.66 g, 76%) as a yellow oil; Vmax (film)
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3385, 2930, 2857, 1427, 1110, 699; 64 (400 MHz, CDCls) 1.07 (9H, s, SiC(CHs)s), 2.13 (1H, t, J 6.2, OH),
3.65 — 3.71 (2H, m, CH,), 3.74 — 3.79 (2H, m, CH,0H), 7.36 — 7.45 (5H, m, ArH), 7.65 — 7.70 (3H, m,
ArH); 6¢ (101 MHz, CDCls) 19.4 (SiC(CHs)s), 27.0 (SiC(CHs)s3), 63.9 (CH,), 65.2 (CH,0H), 128.0 (ArC), 130.0
(ArC), 133.5 (ArC), 135.7 (ArC). Data consistent with the literature.?”°

2-(tert-Butyldiphenylsilyloxy)ethan-1-al (268)

DMP, DCM
o\ OTBDPS  —————  ~_OTBOPS

267 268

Alcohol 267 (4.00 g, 14.1 mmol) was dissolved in DCM (70 mL) under nitrogen then DMP (7.17 g, 16.9
mmol) was added and the reaction mixture was stirred for 1 hour. Aqueous saturated NaHCOs (50 mL)
was added and the organic phase separated. The aqueous phase was extracted with DCM (3 x 50 mL).
The combined organic layers were washed with brine (50 mL) dried over MgS0, and the solvent
removed in vacuo. The crude material was filtered through a pad of silica and washed with Et,0 (200
mL) and the solvent removed in vacuo to afford aldehyde 268 (3.77 g, 95%) as a colourless oil which
was used directly in the next step without further purification; vmax (film) 2931, 2857, 1738, 1427,
1111, 699; 6+ (400 MHz, CDCl3) 1.10 (9H, s, SiC(CHs)s), 4.22 (2H, d, J 1.0, CHy), 7.35 - 7.47 (6H, m, ArH),
7.63-7.68 (4H, m, ArH), 9.73 (1H, t, J 1.0, HCO); &¢ (101 MHz, CDCl3) 19.4 (SiC(CHs)s), 26.9 (SiC(CHs3)s),
70.2 (CH,), 128.1 (ArCH), 130.3 (ArC), 132.7 (ArC), 135.7 (ArCH), 201.9 (CO). Data consistent with the

literature.?”°

(2S,3S,E)-1-(tert-Butyldiphenylsilyloxy)-3-methyl-6-(trimethylsilyl) hex-4-en-2-ol (269)

ue
9\@ BF3.Et,0, DCM 6 4 M

S 3 A
\/\_/B\O _— ™S 5/ ) - OTBDPS
H 0,
N
NTMs OTBDPS
195 268 269

Boronic ester 195 (9.40 g, 29.34 mmol) and aldehyde 268 (9.12 g, 32.27 mmol) were dissolved in DCM
(150 mL) under nitrogen and cooled to -78 °C. BFs.Et,0 (3.62 mL, 29.34 mmol) was added dropwise
and the reaction mixture was stirred at -78 °C for 4 hours. Aqueous saturated NaHCO; (50 mL) was
added and the reaction mixture was warmed to room temperature. Et,0 (50 mL) was added, the
organic layer was separated, and the aqueous layer was extracted with Et;0 (3 x 100 mL). The
combined organic layers were washed with brine (100 mL), dried over MgSO, and the solvent removed
in vacuo. The crude product was purified by flash column chromatography (8% Et,O in petroleum
ether 60:40) to afford alcohol 269 (11.26 g, 87%, dr > 99:1) as a colourless oil; [a]4% = -8.0 (c 1, CHCl3);
vmax (film) 3583, 3473, 2956, 2858, 1428, 1111, 699; 64 (400 MHz, CDCls) -0.05 (9H, s, TMS), 0.96 (3H,
d, J 7.0, 3-CHs), 1.06 (9H, s, SiC(CHs)s), 1.41 (2H, dd, J 8.0, 1.3, 6-H,), 2.28 (1H, m, 3-H), 2.36 (1H, d, J
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3.2, OH), 3.48 —3.56 (1H, m, 2-H), 3.59 (1H, dd, J 10.0, 7.2, 1-HH), 3.67 (1H, dd, J 10.0, 3.6, 1-HH), 5.20
(1H, ap. ddt, J 15.5, 8.3, 1.3, 4-H), 5.40 (1H, ap. dt, J 15.5, 8.0, 5-H), 7.34 — 7.46 (6H, m, ArH), 7.64 —
7.69 (4H, m, ArH); 8¢ (101 MHz, CDCls) -1.8 (TMS), 17.4 (CHs-3), 19.4 (SiC(CHs)s), 23.0 (C-6), 27.0
(SiC(CHs)s), 39.8 (C-3), 66.4 (C-1), 75.6 (C-2), 127.8 (C-5), 127.9 (ArCH), 129.9 (ArCH), 130.0 (C-4), 133.5
(ArC), 135.8 (ArCH); HRMS (ESI) calc. for [C2sHa00,Si:Na] 463.2459 Found 463.2459.

tert-Butyl(((1S,2S,35)-2-methyl-3-vinylcyclopropyl)methoxy)diphenylsilane (270)

OH Tf,0, 2,6-Lutidine H, 3:

b
TMS/\/Y\/OTBDPS DCM, -78°C y M?’/’/OTBDPS

a 5 1
269 270
Alcohol 269 (1.158 g, 2.63 mmol) was dissolved in DCM (26 ml) and cooled to -78 °C under nitrogen
then 2,6-lutidine (0.40 mL, 3.42 mmol) was added and the reaction mixture was stirred for 5 minutes.
Tf,0 (0.53 mL, 3.16 mmol) was added within 5 seconds and the reaction mixture was stirred for 3
minutes before quenching with DIPEA (4.5 mL, 24.5 mmol). The mixture was warmed to room
temperature and the solvent removed in vacuo. The crude product was purified by flash column
chromatography (2% Et,0 in petroleum ether 60:40) to afford alcohol 270 (0.882 g, 96%, dr > 99:1) as
a colourless oil; [a]4% = -45.0 (c 1, CHCl3); vmax (film) 2959, 2935, 2858, 1428, 1111, 1086, 699; &+ (500
MHz, CDCls) 0.92 — 1.00 (2H, m, 3-H and 4-H), 1.07 (9H, s, SiC(CHs)s), 1.09 (3H, d, J 6.1, 3-CH3), 1.16 —
1.22 (1H, m, 2-H), 3.61 (1H, dd, J 11.1, 8.3, 1-HH), 3.85 (1H, dd, J 11.1, 6.1, 1-HH), 4.82 (1H, dd, J 10.3,
1.8, 6-H.), 4.97 (1H, ddd, J 17.1, 1.8, 0.6, 6-Hy), 5.42 (1H, ddd, J 17.1, 10.3, 8.4, 5-H), 7.35 — 7.44 (6H,
m, ArH), 7.66 — 7.73 (4H, m, ArH); 6¢ (101 MHz, CDCls) 12.7 (CHs), 19.4 (SiC(CHs)s), 19.6 (C-2/3), 27.0
(SiC(CHs)s, 27.6 (C-2/3), 28.6 (C-4), 63.2 (C-1), 111.5 (C-6), 127.8 (ArCH), 129.7 (ArCH), 134.2 (ArC),
135.8 (ArCH), 141.7 (C-5); HRMS (ESI) calc. for [C23H3:0Si] 351.2139 Found 351.2142.

(2S,3R,45)-2-((tert-Butyldiphenylsilyloxy)methyl)-3-methylcyclopropane-1-carbaldehyde (271)

- i) K,080,4.2H,0, NMO

Acetone/H,0 SE

ii) NalOy, THF/H,0
@.,,, _OTBDPS 4 2 OQ/“A?,” _OTBDPS

5 1
270 271

Alkene 270 (500 mg, 1.43 mmol) was dissolved in acetone (6 mL) and water (1 mL) then potassium
osmate dihydrate (5 mg, 0.02 mmol) and NMO (251 mg, 2.15 mmol) were added sequentially and the
reaction mixture was stirred at room temperature. After 18 hours the reaction mixture was diluted
with EtOAc (75 mL) and water (50 mL). The organic layer was separated and the aqueous was extracted
with further EtOAc (2 x 50 mL). The combined organics were dried over MgS0O, and the solvent

removed in vacuo. The crude diol was dissolved in THF (5 mL) and water (3.5 mL) then NalO4 (428 mg,
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2.00 mmol) was added. The reaction mixture was stirred at room temperature for 2 hours. The
solution was filtered through a pad of Celite and washed with DCM (50 mL). The organic phase was
washed with aqueous saturated Na,S;03 (20 mL) and the aqueous extracted with DCM (2 x 50 mL).
The combined organic layers were dried over MgSO,4 and the solvent removed in vacuo to afford
aldehyde 271 (448 mg, 89%) as a light brown oil; [a]3> = +7.0 (c 0.7, CHCl3); vmax (film) 2930, 2857,
1710, 1428, 1111, 702; &4 (400 MHz, CDCls) 0.91 (9H, s, SiC(CHs)s), 0.99 (3H, d, J 6.3, 3-CH3), 1.31 (1H,
ap.td,J9.5, 5.0, 4-H), 1.53 (1H, dqd, J 9.5, 6.3, 4.5, 3-H), 1.72 (1H, dddd, J 9.5, 7.5, 6.3, 4.5, 2-H), 3.55
(1H, dd, J 11.2, 7.5, 1-HH), 3.65 (1H, dd, J 11.2, 6.3, 1-HH), 7.18 — 7.33 (6H, m, ArH), 7.46 — 7.58 (4H,
m, ArH), 8.93 (1H, d, J 5.0, 5-H); 6¢ (101 MHz, CDCls) 12.1 (CHs-3), 19.4 (SiC(CHs)s), 21.5 (C-3), 27.0
(SiC(CHs)3), 29.3 (C-2), 36.4 (C-4), 61.6 (C-1), 127.9 (ArCH), 129.9 (ArCH), 130.0 (ArCH), 133.7 (ArC),
135.8 (ArCH), 135.8 (ArCH), 200.6 (C-5); HRMS (ESI) calc. for [C22H230,SiNa] 375.1751 Found 375.1764.

tert-Butyl(((1S,2S,35)-2-ethynyl-3-methylcyclopropyl)methoxy)diphenylsilane (272)

o

)HrP(O)(OMe)z

N2
209

4
MeOH, K,CO 2 5
ovA,l,,/OTBDPS 2003 % v, -OTBDPS

6

271 272

To a stirred solution of aldehyde 271 (4.70 g, 13.33 mmol) in MeOH (123 mL) under nitrogen was
added K;COs (3.68 g, 26.66 mmol) followed by phosphonate 209 (3.84 g, 20.00 mmol) in MeOH (10
mL). After 16 hours the reaction mixture was diluted with Et,0 (500 mL) and washed sequentially with
aqueous saturated NaHCOs (250 mL) and brine (250 mL). The organic layer was dried over Na;SO4 and
the solvent removed in vacuo. The crude material was purified by flash column chromatography (3%
Et,0 in petroleum ether 60:40) to afford alkyne 272 (4.24 g, 91%) as a colourless oil; [a]3? = +68.0 (c
1, CHCl3); Vimax (film) 3313, 2931, 2858, 2120, 1428, 1112, 1084; &, (400 MHz, CDCl3) 0.77 (1H, ap. td, J
5.0,2.1, 3-H), 1.06 (9H, s, SiC(CHs)3), 1.08 (3H, d, J 6.4, 4-CHs), 1.27 (1H, dqd, J 9.0, 6.4, 5.0, 4-H), 1.47
(1H, dddd, J 9.0, 8.1, 6.0, 5.0, 5-H), 1.82 (1H, d, J 2.1, 1-H), 3.53 (1H, dd, J 11.2, 8.1, 6-HH), 3.81 (1H,
dd, J 11.2, 6.0, 6-HH), 7.34 — 7.45 (6H, m, ArH), 7.66 — 7.71 (4H, m, ArH); 8¢ (101 MHz, CDCls) 12.0 (C-
3), 12.5 (CH3-4), 19.4 (SiC(CHs)s), 21.2 (C-4), 27.0 (SiC(CHs)s), 28.6 (C-5), 62.5 (C-6), 64.4 (C-1), 87.0 (C-
2), 127.9 (ArCH), 129.8 (ArCH), 133.89 (ArC), 133.91 (ArC), 135.78 (ArCH), 135.80 (ArCH); HRMS (ESI)
calc. for [C23H2s0SiNa] 371.1802 Found 371.1808.

((1S,25,35)-2-Ethynyl-3-methylcyclopropyl)methanol (422)

//A TBAF, THF ¢
v, LOTBDPS 0°C z/A OH
(2 R . 3 (2
Z Z e

272 422
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Silyl ether 272 (4.23 g, 12.14 mmol) was dissolved in THF (100 mL) under nitrogen and cooled to 0 °C
then 1 M TBAF in THF (36.4 mL, 36.4 mmol) was added dropwise. The reaction mixture was stirred
under nitrogen at room temperature for 18 hours and then quenched with aqueous saturated NH4Cl
(100 mL) and diluted with Et,0 (300 mL). The organic layer was separated and the aqueous extracted
with Et,0 (2 x 200 mL). The combined organic layers were dried over MgSO, and the solvent removed
in vacuo. The crude material was purified by flash column chromatography (40% Et,0 in petroleum
ether 60:40) to afford alcohol 422 (1.26 g, 94%) as a colourless oil; [a]3? = +57.0 (¢ 1, CHCl3); Vimax (film)
3291, 3017, 2960, 2932, 2877, 2116, 1071, 1024; 64 (400 MHz, CDCls) 0.88 (1H, ap. td, J 4.9, 2.1, 3-H),
1.15(3H, d, J 6.4, 4-CHs), 1.26 — 1.38 (1H, m, 4-H), 1.39 — 1.52 (2H, m, OH and 5-H), 1.85 (1H, d, J 2.1,
1-H), 3.54 (1H, dd, J 11.6, 8.2, 6-HH), 3.76 (1H, dd, J 11.6, 6.7, 6-HH); 6¢ (101 MHz, CDCls) 12.3 (C-3),
12.4 (CHs-4), 21.0 (C-4), 28.7 (C-5), 61.6 (C-6), 64.9 (C-1), 86.4 (C-2); HRMS (APCI) calc. for [C7H100]
111.0804 Found 111.0807.

((1S,25,35)-2-Methyl-3-((E)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)vinyl)cyclopropyl)methanol (242)

Cp,ZrHCI H
23

H HBpin /S\/AZ
///A',,,/OH TEA, 40 °C pinB” X" «,, ~OH
5
422

1
242

HBpin (0.73 mL, 5.06 mmol), triethylamine (0.04 mL, 0.25 mmol) and Cp,ZrHCl (16 mg, 0.06 mmol)
were added sequentially to alkyne 422 (279 mg, 2.53 mmol) stirring under nitrogen and the reaction
mixture was heated at 40 °C for 18 hours. The reaction mixture was cooled to 0 °C, quenched with
water (30 mL) and diluted with DCM (50 mL). The organic layer was separated and the aqueous
extracted with further DCM (2 x 30 mL). The combined organic layers were dried over Na,SO, and the
solvent removed in vacuo. The crude material was purified by flash column chromatography (55% Et,0
in petroleum ether 60:40 + 0.1% TEA) to afford vinyl boronic ester 242 (587 mg, 97%, E/Z > 99:1) as a
colourless oil; [a]%* = +6.0 (c 1, CHCl3); vmax (film) 3419, 2977, 2930, 2877, 1630, 1353, 1139; &4 (400
MHz, CDCl3) 1.13 - 1.20 (5H, m, 3-H, 4-H and 3-CHs), 1.25 (12H, s, Bpin), 1.31 — 1.39 (1H, m, 2-H), 3.58
(1H, ddd, J 11.7, 8.2, 4.5, 1-HH), 3.78 (1H, ddd, J 11.7, 6.7, 5.3, 1-HH), 5.43 (1H, d, J 17.8, 6-H), 6.17
(1H, dd, J 17.8, 8.8, 5-H); 6 (101 MHz, CDCls) 12.5 (3-CHs), 20.8 (C-3), 24.9 (Bpin CHs), 29.0 (C-2), 31.0
(C-4), 62.0 (Bpin C), 83.2 (C-1), 156.8 (C-5); HRMS (ESI) calc. for [Ci3H,3BO3Na] 261.1635 Found
261.1646.
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((1S,2S,3S)-2-Methyl-3-((1E,3E,5R,7R)-5,7,9-tris((tert-butyldimethylsilyl)oxy)nona-1,3-dien-1-

yl)cyclopropyl)methanol (423)

_ Pd(PPh;), H
: TI,CO :
TBSO A A/ : 23 "
- :
TBSO  OTBS S S Y Y Y Y
TBSO  OTBS
239 242 423

To a stirred solution of boronic ester 242 (54 mg, 0.23 mmol) in degassed THF (2 mL) and water (1 mL)
under nitrogen was added vinyl iodide 239 (141 mg, 0.23 mmol) in degassed THF (1 mL) followed by
Pd(PPhs)s (26 mg, 0.02 mmol) and the reaction mixture was stirred at room temperature for 5 minutes.
TI,CO3 (216 mg, 0.46 mmol) was added and the reaction mixture was heated at 30 °C for 3 hours. The
reaction mixture was filtered over Celite, eluting with ether (50 mL) and water (20 mL). The layers
were separated, and the aqueous phase extracted with further Et,0 (2 x 20 mL). The combined organic
layers were washed with brine (20 mL), dried over MgSO4 and the solvent removed in vacuo. The crude
material was purified by flash column chromatography (30 % Et,0 in petroleum ether 60:40) to afford
diene 423 (117 mg, 85%) as a colourless oil; [a]4* = +12.0 (c 1, CHCl3); vimax (film) 3348, 2954, 2929,
2885, 1655, 1252, 1074, 933, 773; 64 (400 MHz, CDCls) 0.00 (3H, s, SiCH3), 0.02 — 0.04 (15H, m, 5 x
SiCHs), 0.86 — 0.89 (27H, m, 3 x SiC(CHs)3), 0.99 — 1.08 (2H, m, 11-H and 12-H), 1.15 (3H, d, /5.8, 11-
CHs), 1.18 — 1.27 (1H, m, 10-H), 1.29 — 1.33 (1H, m, OH), 1.50 — 1.78 (4H, m, 2-CH, and 4-CH,), 3.58
(1H, dd, J 11.3, 8.6, 13-HH), 3.61 — 3.73 (2H, m, 1-CH>), 3.79 (1H, dd, J 11.3, 6.6, 13-HH), 3.82 — 3.92
(1H, m, 3-H), 4.20 (1H, ap. g, J 6.7, 5-H), 5.19 — 5.29 (1H, m, 9-H), 5.43 - 5.53 (1H, m, 6-H), 5.97 — 6.07
(2H, m, 7-H and 8-H); 6¢ (101 MHz, CDCls) -5.14 (SiCHs), -5.12 (SiCH3), -4.6 (SiCH3), -4.2 (2 x SiCH3), -3.9
(SiCHs), 12.7 (CHs-11), 18.2 (SiC(CHs)2), 18.3 (SiC(CHs)2), 18.5 (SiC(CHs),), 20.0 (12-H), 26.1 (SiC(CHs)s3),
26.2 (SiC(CHs)s), 28.1 (11-H), 28.3 (10-H), 40.4 (C-2), 46.8 (C-4), 60.1 (C-1), 62.3 (C-13), 66.9 (C-3), 70.9
(C-5), 127.9 (C-7/8), 129.6 (C-7/8), 134.1 (C-6), 136.5 (C-9); HRMS (ESI) calc. for [C32HesO4SisNa]
621.4162 Found 621.4158.

(1S,2S,35)-2-Methyl-3-((1E,3E,5R,7R)-5,7,9-tris(tert-butyldimethylsiloxy)nona-1,3-dien-1-
yl)cyclopropane-1-carbaldehyde (241)

H i
2 4 6 8 12
TBSO\/\/\/\/\/A"'//OH —>DMP’ bcM TBSO\"/W\/\AOA"’/7O

H H z H 7 9 13
TBSO OTBS TBSO OTBS
423 241

Alcohol 423 (30 mg, 0.05 mmol) was dissolved in DCM (0.5 mL) under nitrogen and cooled to 0 °C,
then DMP (25 mg, 0.06 mmol) was added. The reaction mixture was stirred for 2 hours at room

temperature then quenched with aqueous saturated Na,S;0; (2 mL) and aqueous saturated NaHCOs
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(2 mL) and stirred for 10 minutes. The aqueous phase was extracted with DCM (3 x 10 mL) and the
combined organic layers were washed with brine (10 mL), dried over MgS0O, and the solvent removed
in vacuo. The crude material was purified by flash column chromatography (10% Et,0 in petroleum
ether 60:40) to afford aldehyde 241 (29 mg, 97%) as a colourless oil; [0(]%2 =+427.0 (c 1, CHCI3); Vmax
(film) 2954, 2928, 2856, 1704, 1472, 1214, 835, 751; &4 (400 MHz, CDCls) 0.00 (3H, s, SiCHs), 0.02 —
0.04 (15H, m, 5 x SiCHs), 0.84 —0.91 (27H, m, 3 x SiC(CHs)), 1.31 (3H, d, J 6.4, 11-CH3), 1.51 — 1.77 (5H,
m, 2-Hz, 4-H, and 11-H), 1.97 (1H, ap. dt, J 9.1, 4.5, 12-H), 2.17 (1H, ddd, J 8.6, 6.3, 4.5, 10-H), 3.60 —
3.71 (2H, m, 1-Hy), 3.86 (1H, ap. p, J 6.2, 3-H), 4.22 (1H, ap. q, J 6.6, 5-H), 5.22 (1H, dd, J 14.8, 8.6, 9-
H), 5.57 (1H, dd, J 14.9, 6.6, 6-H), 6.04 (1H, dd, J 14.9, 10.5, 7-H), 6.13 (1H, dd, J 14.8, 10.5, 8-H), 9.48
(1H, d, J 4.5, 13-H); 6¢ (101 MHz, CDCls) -5.14 (SiCH3), -5.12 (SiCHs), -4.6 (SiCHs), -4.2 (2 x SiCH3), -4.0
(SiCHs), 12.8 (CH3-11), 18.2 (SiC(CHs)s), 18.3 (SiC(CHs)s), 18.5 (SiC(CHs)3), 26.1 (2 x SiC(CHs)s), 26.2
(SiC(CHs)3), 27.0 (C-11), 33.3 (C-10), 37.6 (C-12), 40.4 (C-2), 46.6 (C-4), 60.0 (C-1), 66.8 (C-3), 70.6 (C-
5), 128.9 (C-7), 130.4 (C-8), 132.5 (C-9), 136.0 (C-6), 199.9 (C-13); HRMS (ESI) calc. for [C32He404SizNa]
619.4005 Found 619.3999.

Methyl (S)-3-(tert-butyldimethylsilyloxy)-2-methylpropanoate (277)

0 thSz, PBU3 0 s
THF, 0°Ctort
? 2
\OJ\:/\OH E— e SO YT
276 277

Alcohol 276 (2.81 ml, 25.40 mmol) was dissolved in THF (50 mL) under nitrogen and cooled to 0 °C
then diphenyl disulfide (8.32 g, 38.09 mmol) and tributylphosphine (9.83 mL, 39.37 mmol) were added
sequentially. The reaction was stirred at room temperature for 18 hours and the solvent was removed
in vacuo. The crude material was purified by flash column chromatography (10% Et,O in petroleum
ether 60:40) to afford sulfide 277 (5.26 g, 98%) as a colourless oil; [a]4 = +87.0 (c 1, CHCs), lit.1® [a]4°
=+74.6 (¢ 1.20, CH,Cl,); vmax (film) 3059, 2976, 2951, 2878, 1733, 1437, 1162, 738; 64 (400 MHz, CDCls)
1.27 (3H, d, J 7.0, 2-CHs), 2.70 (1H, ap. h, J 7.0, 2-H), 2.93 (1H, dd, J 13.4, 7.0, 3-HH), 3.27 (1H, dd, J
13.4, 7.0, 3-HH), 3.66 (3H, s, OCHs), 7.17 — 7.23 (1H, m, ArH), 7.25 — 7.32 (2H, m, ArH), 7.34 — 7.41 (2H,
m, ArH); 6¢ (101 MHz, CDCls) 16.9 (CHs-2), 37.5 (C-3), 39.8 (C-2), 52.0 (OCHs), 126.6 (ArCH), 129.1
(ArCH), 130.2 (ArCH), 135.8 (ArC), 175.5 (C-1); HRMS (ESI) calc. for [C1:H140,SNa] 233.0607 Found

233.0600. Data consistent with the literature.'®
(R)-2-Methyl-3-(phenylthio)propan-1-ol (278)

Q DIBAL-H, DCM
’ 1 3
-78°Ctort 2
\O)j\:/\sph —0> Ho/\:/\sph

277 278
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Ester 277 (5.24 g, 24.92 mmol) was dissolved in DCM (125 mL) under nitrogen and cooled to -78 °C
then 1 M DIBAL-H in hexane (57.3 mL, 57.3 mmol) was added dropwise. The reaction mixture was
warmed to room temperature and stirred for 1 hour. The reaction mixture was cooled to -78 °C then
guenched with 2 M HCI (50 mL). The resulting solution was stirred vigorously for 30 minutes at room
temperature. The organic layer was separated and the aqueous extracted with DCM (2 x 100 mL). The
combined organic layers were washed with brine (100 mL), dried over MgSO, and the solvent removed
in vacuo to afford alcohol 278 (4.53 g, quant.) as a yellow oil; [a]4? = -17.0 (c 1, CHCls), lit.® [a]3°
=-20.9 (c 1.05, CH,Cl,); vmax (film) 3345, 2958, 2924, 2872, 1583, 1480, 1438, 1025; &4 (400 MHz, CDCls)
1.05 (3H, d, J 6.8, 2-CHs), 1.57 (1H, s, OH), 1.87 — 2.03 (1H, m, 2-H), 2.84 (1H, dd, J 12.9, 6.9, 3-HH),
3.07 (1H, dd, J 12.9, 6.5, 3-HH), 3.56 — 3.69 (2H, m, 1-H), 7.09 — 7.22 (1H, m, ArH), 7.24 — 7.33 (2H, m,
ArH), 7.33 -7.41 (2H, m, ArH); 6¢ (101 MHz, CDCls) 16.7 (CHs-2), 35.7 (C-2), 37.6 (C-3), 67.0 (C-1), 126.1
(ArCH), 129.1 (ArCH), 129.2 (ArCH), 136.9 (ArC); HRMS (ESI) calc. for [C10H140SNa] 205.0658 Found

205.0657. Data consistent with the literature.'°

(R)-tert-Butyldimethyl(2-methyl-3-(phenylthio)propoxy)silane (279)

TBSCI
Imidazole, , s
DMAP, DCM )

HO Y "sPh ——— > TBSO” > sPh

278 279

To a solution of alcohol 278 (4.46 g, 24.47 mmol) in DCM (80 mL) was added imidazole (3.33 g, 48.94
mmol), TBSCI (5.53 g, 36.70 mmol) and a spatula tip of DMAP and the reaction mixture was stirred for
24 hours. The reaction was quenched with 2 M HCI (20 mL) and water (50 mL). The organic layer was
separated and the aqueous extracted with DCM (2 x 60 mL). The combined organic layers were
washed with brine (100 mL), dried over MgS0,4 and the solvent removed in vacuo. The crude product
was purified by flash column chromatography (10% Et,0 in petroleum ether 60:40) to afford silyl ether
279 (7.26 g, quant.) as a colourless oil; [a]3? = -9.0 (c 1, CHCl3); vmax (film) 2955, 2928, 2885, 2856,
1585, 1471, 1250, 1086, 834; 64 (400 MHz, CDCls) 0.04 (6H, s, Si(CHs).), 0.89 (9H, s, SiC(CHs)s), 1.00
(3H, d, J 6.5, 2-CH3), 1.90 (1H, ap. dtt, J 7.7, 6.5, 5.5, 2-H), 2.68 (1H, dd, J 13.0, 7.7, 3-HH), 3.16 (1H, dd,
J13.0, 5.5, 3-HH), 3.49 (1H, dd, J 9.9, 6.5, 1-HH), 3.59 (1H, dd, J 9.9, 5.5, 1-HH), 7.08 — 7.17 (1H, m,
ArH), 7.20—7.29 (2H, m, ArH), 7.29 — 7.40 (2H, m, ArH); 8¢ (101 MHz, CDCls) -5.26 (SiCHs), -5.23 (SiCHs),
16.5 (2-CHs), 18.5 (SiC(CH3)s), 26.1 (SiC(CHs)s), 36.0 (C-2), 37.0 (C-3), 66.8 (C-1), 125.6 (ArCH), 128.6
(ArCH), 129.0 (ArCH), 137.6 (ArC); HRMS (ESI) calc. for [C1¢H2sNaSSiO] 319.1522 Found 319.1537. Data

consistent with the literature.'°
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(R)-tert-Butyldimethyl(2-methyl-3-(phenylsulfonyl)propoxy)silane (274)

mCPBA,
NaHCO3;, DCM 1 3
AN 0°Ctort A2
TBSO H SPh ——— > TBSO Y SO,Ph
279 274

Sulfide 279 (1.00 g, 3.37 mmol) was dissolved in DCM (35 mL) and cooled to 0 °C, then NaHCOs (2.26g,
26.96 mmol) and 70 wt.% mCPBA (1.83g, 7.41 mmol) were added sequentially. The reaction mixture
was stirred at room temperature for 4 hours, then quenched with water (30 mL) and aqueous
saturated Na;S;03 (10 mL). The organic layer was separated and the aqueous extracted with further
DCM (2 x 50 mL). The combined organic layers were washed with aqueous saturated NaHCO3 (3 x 50
mL), dried over MgS0O, and the solvent removed in vacuo. The crude material was purified by flash
column chromatography (20% Et,0 in petroleum ether 60:40) to afford sulfone 274 (1.14 g, quant.) as
a white oil; [a]3? =-7.0 (¢ 1, CHCl3); vmax (film) 2955, 2929, 2889, 2857, 1305, 1147, 1084, 836; 5 (400
MHz, CDCls) -0.03 (3H, s, SiCHs), -0.02 (3H, s, SiCHs), 0.83 (9H, s, SiC(CHs)s), 1.06 (3H, d, J 6.8, 2-CHj3),
1.93 -2.37 (1H, m, 2-H), 2.86 (1H, dd, J 14.2, 8.0, 3-HH), 3.35 (1H, dd, J 9.9, 6.5 1-HH, 1H), 3.41 (1H,
dd, J 14.2, 4.3, 3-HH), 3.54 (1H, dd, J 9.9, 4.8, 1-HH), 7.50 — 7.58 (2H, m, ArH), 7.59 — 7.68 (1H, m, ArH),
7.87 — 7.96 (2H, m, ArH); 8¢ (101 MHz, CDCls) -5.4 (SiCHs), -5.3 (SiCHs), 16.9 (CHs-2), 18.3 (SiC(CHs)s),
26.0 (SiC(CHs)s3), 31.8 (C-2),59.1 (C-3), 66.6 (C-2), 128.0 (ArCH), 129.4 (ArCH), 133.7 (ArCH), 140.2 (ArC);
HRMS (ESI) calc. for [C16H2sSi03SNa] 351.1421 Found 351.1436. Data consistent with the literature.’®

Methyl (R)-3-(tert-butyldimethylsilyloxy)-2-methylpropanoate (424)

o TBSCI, DMAP o
Imidizaole, DCM 3
2
HO/\.)LOMe — = TBso/\:)J\OMe
280 424

Alcohol 280 (5.00 g, 42.00 mmol) was dissolved in DCM (150 mL) then imidazole (5.76 g, 85.00 mmol)
was added. The reaction mixture was cooled to 0 °C then TBSCI (14.60 g, 97.00 mmol) and a spatula
tip of DMAP were added. The reaction mixture was stirred at room temperature for 24 hours then
water (100 mL) was added and the solution acidified to pH 2 with 2 M HCI. The organic layer was
separated and the aqueous extracted with further DCM (2 x 100 mL). The combined organic layers
were washed with brine (100 mL), dried over MgS0O4 and the solvent removed in vacuo to afford TBS
protected alcohol 424 (9.70 g, 99%) as a colourless oil; [a]4? = -16.0 (c 1, CHCls), lit.?”* [a]4® = -19.0 (c
1, CHCl3); vmax (film) 2951, 2928, 2850, 1740, 838; 64 (400 MHz,CDCl3) 0.03 (3H, s, SiCHs), 0.04 (3H, s,
SiCHs), 0.87 (9H, s, SiC(CHs)s), 1.13 (3H, d, J 7.0, 2-CHs), 2.65 (1H, ap. h, /7.0, 2-H), 3.65 (1H, dd, /9.7,
6.0, 3-HH), 3.67 (3H, s, OCHs), 3.77 (1H, dd, J 9.7, 7.0, 3-HH); &¢ (101 MHz, CDCls) -5.3 (Si(CHs)2), 13.6
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(SiC(CHs)3), 18.4 (CHs-2), 26.0 (SiC(CHs)s), 42.7 (C-2), 51.7 (OCHs), 65.4 (C-3), 175.7 (C-1). Data

consistent with the literature.?’*

(S)-3-(tert-Butyldimethylsilyloxy)-2-methylpropan-1-ol (281)

0 DIBAL-H, DCM

-78°Ctort 3,0
TBSO/\:)LOMe > T1Bs0” Y OH
424 281

Ester 424 (9.70 g, 41.74 mmol) was dissolved in DCM (150 mL) under nitrogen and cooled to -78 °C
then 1 M DIBAL-H in hexane (94.00 mL, 94.00 mmol) was added slowly. The reaction mixture was
stirred for 1 hour at room temperature and poured onto a solution of 1 M HCI (100 mL) at 0 °C. The
resulting solution was stirred for 30 minutes. The organic layer was separated and the aqueous
extracted with EtOAc (3 x 100 mL). The combined organic layers were washed with brine (100 mL),
dried over MgS0O, and the solvent removed in vacuo to afford alcohol 281 (6.86 g, 80%) as a colourless
oil; [a]3* =-9.0 (¢ 1, CHC3), lit.77* [a]3* = -11.0 (c 1, CHCl3); Vmax (film) 3350, 2934, 2854, 770; &4 (400
MHz, CDCl3) 0.06 (6H, s, Si(CH3),), 0.82 (3H, d, /6.9, 2-CH3), 0.88 (9H, s, SiC(CH3)s), 1.86 — 1.99 (1H, m,
2-H), 2.84 (1H, br. s, OH), 3.53 (1H, dd, J 10.0, 8.0, 1-HH), 3.57 — 3.67 (2H, m, 3-H;), 3.72 (1H, ddd, J
10.0, 4.4, 0.8, 1-HH); 6¢ (101 MHz, CDCls) -5.43 (SiCH3), -5.37 (SiCH3), 13.3 (CHs), 18.4 (SiC(CHs)s), 26.0
(SIC(CHs)s, 37.2 (C-2), 68.6 (CH.), 69.0 (CH>). Data consistent with the literature.?”*

(R)-tert-Butyl(3-iodo-2-methylpropoxy)dimethylsilane (282)

PPhg, I,
Imidazole, DCM " 3
AN, O0°Ctort A2
TBSO Y OH ——— > TBSO Y |
281 282

Alcohol 281 (7.20 g, 35.23 mmol), PPh; (12.01 g, 45.79 mmol) and imidazole (3.60 g, 52.88 mmol) were
dissolved in DCM (150 mL) under nitrogen and cooled to 0 °C, then I, (12.07 g, 47.56 mmol) was added
portionwise. The reaction mixture was warmed to room temperature and stirred in the dark for 16
hours. The reaction mixture was diluted with Et,0 (350 mL) and filtered over Celite. The organic layer
was washed sequentially with aqueous saturated Na,S;05 (150 mL), aqueous saturated NaHCO; (150
mL) and brine (150 mL). The organic layer was dried over MgS0O, and the solvent removed in vacuo.
The crude product was purified by flash column chromatography (10% DCM in petroleum ether 60:40)
to afford iodide 282 (9.99 g, 90%) as a colourless oil; [a]3° = -13.0 (c 1, CHCl3), lit.** [a]3° = -9.5 (c
4.03, CHCl3); vmax (film) 2955, 2929, 2895, 1471, 1098, 834, 774; 6 (400 MHz, CDCl3) 0.06 (3H, s, SiCH3),
0.06 (3H, s, SiCHs), 0.89 (9H, s, SiC(CHs)s), 0.95 (3H, d, J 6.7, 2-CHs), 1.56 — 1.71 (1H, m, 2H), 3.25 (1H,
dd, 9.5, 5.6, 3-HH), 3.30 (1H, dd, J 9.5, 5.2, 3-HH), 3.39 (1H, dd, / 10.0, 6.9, 1-HH), 3.52 (1H, dd, J 10.0,
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5.0, 1-HH); 6¢ (101 MHz, CDCl3) -5.2 (SiCHs), 14.1 (C-3), 17.4 (CHs-2), 18.5 (SiC(CH3)3), 26.1 (SiC(CHs)s),
37.6 (C-2), 66.9 (C-1); m/z (APCI): [M+H]* = 314.10. Data consistent with the literature.?®

(R)-2-(3-(tert-Butyldimethylsiloxy)-2-methylpropyl)-1,3-dimethyl-1,3,2-diazaphospholidine 2-oxide
(275)

i) PCl;, TEA
H e QH D,\;‘Fa% Ry s, 10

- O I 1]
N, ————— R TBSO/\_/\FT\N7

H i) H,O AN = N

0°Ctort TBSO H I
283 284 : 275
282

To a vigorously stirred solution of amine 283 (1.00 mL, 9.29 mmol) and degassed triethylamine (5.18
mL, 37.16 mmol) in degassed THF (11 mL) and degassed benzene (7.45 mL) at 0 °C under nitrogen was
added PCl;(0.81 mL, 9.29 mmol) in degassed benzene (3.7 mL) dropwise. The reaction mixture was
stirred for 1 hour at room temperature then cooled to 0 °C. A solution of water (0.17 mL, 9.29 mmol)
in THF (2 mL) was added dropwise and the reaction mixture was stirred at room temperature for 4
hours. The reaction mixture was filtered over MgS0, and the solvent removed in vacuo. The crude
product was dissolved in a mixture of benzene (5 mL) and THF (5 mL) and filtered over Celite, eluting
with a solution of benzene (5 mL) and THF (5 mL). The solvent was removed in vacuo to afford
phosphorus acid diamide 284** (629 mg, 51%) as an orange oil which was used in the next step

without further purification.

Alkyl iodide 282 (499 mg, 1.59 mmol) and phosphorus acid diamide 284 (490 mg, 3.65 mmol) were
dissolved in THF (6.5 mL) and DMF (1.5 mL) under nitrogen and cooled to 0 °C. NaH (127 mg, 3.18
mmol) was added in one portion and the reaction mixture was stirred at room temperature for 16
hours. The reaction mixture was quenched with aqueous saturated NH4Cl (5 mL) and diluted with
EtOAc (20 mL). The organic layer was separated and the aqueous extracted with EtOAc (3 x 20 mL).
The combined organic phases were washed with water (3 x 15 mL), brine (20 mL), dried over MgSQ4
and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(10% EtOH in EtOAc) to afford phosphorus diamide 275 (482 mg, 95%) as a colourless oil; [a]%° = -3.2
(c 1, CHCl3), lit.%* [a]2° = -6.3 (c 3.6, CHCl3); vimax (film) 2954, 2927, 2885, 2855, 1471, 1225, 1083, 834,
774; 64 (400 MHz, CDCl3) 0.03 (6H, s, Si(CHs).), 0.88 (9H, s, SiC(CHs)s), 0.97 (3H, d, J 6.7, 2-CH3), 1.54
(1H, ap. td, J 15.7, 8.8, 1-HH), 1.68 — 1.85 (1H, m, 2-H), 2.12 (1H, ddd, J 17.3, 15.7, 3.7, 1-HH), 2.64 (3H,
d, /3.1, NCHs), 2.66 (3H, d, J 3.2, NCH;3), 3.03 —3.12 (2H, m, NCH,), 3.16 — 3.25 (2H, m, NCH,), 3.33 (1H,
dd, J 9.6, 6.8, 3-HH), 3.42 (1H, ddd, J 9.6, 5.7, 2.4, 3-HH); &¢ (101 MHz, CDCls) -5.24 (SiCHs), -5.21
(SiCHs), 18.0(d, J 4.7, CH3-2), 18.5 (SiC(CH3)s), 26.1 (SiC(CHs)s), 30.0 (d, J 116.9, C-1)), 31.8 (d, J 3.9, C-
2),32.0(d, J5.3, NCHs), 32.2 (d, /5.3, NCHs), 48.3 (d, J 7.8, NCH>), 48.5 (d, J 7.8, NCH>), 68.6 (d, J 14.9,
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C-3); 6p (162 MHz, CDCl3) 42.03; [C14H33N20,PSiNa] 343.1941 Found 343.1931. Data consistent with

the literature.?3*

2-Methylpent-1-en-3-ol (291)

1

EtMgBr
Et,0, -20 °C HO3 2
Odk
¢ 5
290 291

Aldehyde 290 (1.18 mL, 14.28 mmol) was dissolved in Et,0 (30 mL) under nitrogen and cooled to -20 °C
then 1 M EtMgBrin THF (18.56 mL, 18.56 mmol) was added dropwise. The reaction mixture was stirred
for 20 minutes then quenched with aqueous saturated NH4Cl (30 mL). The layers were separated, and
the aqueous phase extracted with further Et,0 (2 x 30 mL). The combined organic layers were dried
over MgS0O, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (DCM) to afford alcohol 291 (1.23 g, 86%) as a colourless oil; vmax (film) 3367, 2964,
2936, 2877, 1651, 1455, 896; 64 (400 MHz, CDCls) 0.89 (3H, t, J 7.5, 5-H3), 1.48 — 1.64 (2H, m, 4-H,),
1.67-1.74 (3H, m, 2-CHs), 3.99 (1H, t, J 6.7, 3-H), 4.79 — 4.86 (1H, m, 1-HH), 4.89 — 4.95 (1H, m, 1-HH);
6¢ (101 MHz, CDCls) 10.0 (C-5), 17.6 (C-4), 27.9 (CHs-2), 77.5 (C-3), 111.31 (C-1), 147.5 (C-2); HRMS
(APCI) calc. for [CeH11] 83.0855 Found 83.0850. Data consistent with the literature.?’2

(R)-2-Methylpent-1-en-3-ol (287)

(+)-DIPT
Ti(O'Pr),, '‘BUOOH
HO DCM, -20 °C HO
—_—
291 287

To a mixture of alcohol 291 (3.13 g, 31.25 mmol) and 4 A molecular sieves (0.94 g) in DCM (156 mL)
under nitrogen at -20 °C was added (+)-DIPT (0.98 mL, 4.69 mmol) and Ti(O'Pr)4 (0.93 mL, 3.13 mmol).
The reaction mixture was stirred for 30 minutes then ‘BuOOH (3.13 mL, 17.19 mmol) was added
dropwise and the reaction mixture was stirred at -20 °C for 48 hours. The reaction mixture was
guenched with an aqueous solution of FeSQO/citric acid (16.5 g of FeSO4 and 5.5 g of citric acid in 50
mL of H,0). The solution was stirred vigorously for 30 minutes at room temperature then extracted
with DCM (3 x 100 mL). The combined organic layers were dried over MgSQO, and the solvent removed
in vacuo. The crude material was purified by flash column chromatography (DCM) to afford resolved
alcohol 287 (1.25 g, 40%) as a colourless oil. 'H-NMR analysis of the Mosher’s ester indicated an 88%
ee. [a]4? = +4.0 (c 1, CHCl3) lit.?7? [a]3? = +4.1 (c 1, CHCls). Data consistent with alcohol 291 as

previously reported.?”?
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(R)-2-Methylpent-1-en-3-yl (R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (425)

1

(+)-MTPA, DCC Ph OMe
HO DCM, DMAP O3
EE—— 2 OU A | 1S 2
& 0,
287 425

Alcohol 287 (20 mg, 0.20 mmol) and (+)-MTPA (145 mg, 0.62 mmol) were dissolved in DCM (2 mL)
under nitrogen, then DCC (128 mg, 0.62 mmol) and DMAP (76 mg, 0.62 mmol) were added
sequentially and the reaction mixture was stirred at room temperature for 5 hours. The reaction
mixture was filtered, and the solvent removed in vacuo. *H-NMR analysis of the crude material

indicated an 88% de.

(E)-2-Methylhexa-2,5-dien-1-ol (289)

/\MgBr
CuBr-SMe2 .
W THF, -30 °C HO™ 277 7 Y6
e
288 289

Epoxide 288 (2.33 mL, 23.78 mmol) was dissolved in THF (120 mL) under nitrogen and cooled to -30
°C then CuBr.SMe; (244 mg, 1.19 mmol) was added. A solution of 1 M Vinyl magnesium bromide in
THF (40.00 mL, 40.00 mmol) was added dropwise over an hour and the reaction mixture was stirred
for a further 2 hours at -30 °C. The reaction mixture was warmed to -20 °C and quenched with aqueous
saturated NH4Cl (30 mL) and brine (20 mL). The solution was extracted with Et,0O (3 x 50 mL) and the
combined organic layers were dried over MgS0, and the solvent removed in vacuo. The crude material
was purified by flash column chromatography (35% Et,0 in petroleum ether 60:40) to afford alcohol
289 (2.39 g, 90%) as a colourless oil; vmax (film) 3310, 3080, 2978, 2916, 1634, 993, 908; 6 (400 MHz,
CDCls) 1.43 — 1.52 (1H, m, OH), 1.67 (3H, br. s, 2-CHs), 2.77 — 2.84 (2H, m, 4-H,), 4.02 (2H, d, J 4.7, 1-
H.), 4.97 (1H, ap. dq, J 10.1, 1.7, 6-H®), 5.03 (1H, ap. dqg, J 17.0, 1.7, 6-H?), 5.45 (1H, ap. ddq, J 7.3, 5.8,
1.4, 3-H), 5.80 (1H, ddt, J 17.0, 10.1, 6.3, 5-H); 6¢ (101 MHz, CDCls) 13.8 (CHs-2), 32.1 (C-4), 68.9 (C-1),
114.9 (C-6), 123.3 (C-3), 136.2 (C-2), 136.8 (C-5); HRMS (APCI) calc. for [C;H120] 95.0855 Found

95.0857. Data consistent with the literature.?’?

((2S,3S5)-2-Methyl-3-(3-methylbut-2-en-1-yl)oxiran-2-yl)methanol (286)

(+)-DIPT
Ti(O'Pr),, ‘BUOOH 103 5 b
HOW DCM,-20°C_— HO™ Y Y N6
—_—
e
289 286
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(+)-DIPT (0.09 mL, 0.45 mmol) and 4 A molecular sieves (250 mg) were dissolved in DCM (17 mL) under
nitrogen and cooled to -20 °C, then Ti(‘OPr)4 (0.11 mL, 0.36 mmol) and 5.5 M ‘BuOOH in decane (1.62
mL, 8.92 mmol) were added sequentially. The reaction mixture was stirred for 20 minutes, then allylic
alcohol 289 (500 mg, 4.46 mmol) in DCM (5 mL) was added dropwise. The reaction mixture was stirred
for 4 hours, then quenched with an aqueous solution of FeSO,/citric acid (3.3 g of FeSO4 and 1.1 g of
citric acid in 10 mL of H,0). The solution was stirred vigorously for 30 minutes at room temperature
then extracted with DCM (3 x 30 mL). The combined organic layers were dried over MgS0O, and the
solvent removed in vacuo. The crude material was purified by flash column chromatography (50% Et,0
in petroleum ether 60:40) to afford epoxide 286 (410 mg, 72%) as a colourless oil; [a]3® = -20.0 (c 1,
CHCls); vmax (film) 3420, 3081, 2978, 2930, 1642, 1429, 1035, 915; 64 (400 MHz, CDCls) 1.31 (3H, s, 2-
CHs), 1.84 (1H, dd, J 8.5, 4.5, OH), 2.28 (1H, dtt, J 15.0, 6.5, 1.5, 4-HH), 2.41 (1H, dtt, J 15.0, 6.5, 1.5, 4-
HH), 3.13 (1H, ap. t, J 6.5, 3-H), 3.59 (1H, dd, / 12.2, 8.5, 1-HH), 3.69 (1H, dd, J 12.2, 4.5, 1-HH), 5.09 —
5.18 (2H, m, 6-H,), 5.85 (1H, ddt, J 16.9, 10.3, 6.5, 5-H); &¢ (101 MHz, CDCls) 14.3 (CHs-2), 32.9 (C-4),
58.9 (C-3), 61.0 (C-2), 65.4 (C-1), 117.4 (C-6), 133.5 (C-5); HRMS (ESI) calc. for [C;H1.NaO,] 151.0730
Found 151.0725.

(2S,3R)-2-Methyl-3-(((R)-2-methylpent-1-en-3-yl)oxy)hex-5-ene-1,2-diol (285)

DTBMP
Eu(OTf);

HO. o Toluene, 60 °C
+ Ho/\‘}\& —_—
287 286

285

Alcohol 287 (68 mg, 0.68 mmol) and epoxide 286 (44 mg, 0.34 mmol) were dissolved in toluene (0.5
mL) under nitrogen, then DTBMP (14 mg, 0.07 mmol) and Eu(OTf); (41 mg, 0.07 mmol) were added
sequentially and the reaction mixture was stirred at 60 °C for 24 hours. The solvent was removed in
vacuo. The crude material was purified by flash column chromatography (60% Et,0 in petroleum ether
60:40) to afford diol 285 (7 mg, 9%) as a colourless oil; [a]2® = -8.0 (c 0.25, CHCl3); Vmax (film) 3420,
3075, 2971, 2937, 2877, 1732, 1641, 1456, 1377, 1078; 64 (400 MHz, CDCl3) 0.82 (3H, t, J 7.5, 11-H3),
1.11 (3H, s, 2-CHs), 1.47 — 1.55 (1H, m, 10-HH), 1.65 (3H, s, 8-CH3), 1.66 — 1.71 (1H, m, 10-HH), 2.18 -
2.32 (1H, m, 4-HH), 2.30 — 2.40 (1H, m, 4-HH), 2.62 — 2.74 (1H, m, 1-OH), 2.85 (1H, s, 2-OH), 3.37 (1H,
dd, J11.2, 7.5, 1-HH), 3.50 (1H, t, J 5.8, 3-H), 3.71 — 3.85 (2H, m, 1-HH and 9-H), 4.79 — 4.95 (2H, m, 7-
H,), 5.01 (1H, ap. dq, J 10.2, 1.5, 6-H?), 5.07 (1H, ap. dq, J 17.1, 1.5, 6-H®), 5.85 (1H, ddt, J 17.1, 10.2,
7.0, 5-H); &¢ (101 MHz, CDCls) 10.0 (C-11), 17.0 (CHs-8), 21.3 (CH3-2), 25.8 (C-10), 36.3 (C-4), 68.0 (C-
1), 75.0 (C-2), 84.3 (C-3), 87.5 (C-9), 114.5 (C-7), 116.8 (C-6), 135.9 (C-5), 144.3 (C-8); HRMS (ESI) calc.
for [C13H24Na0s] 251.1618 Found 251.1616.
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(R)-Trimethyl((2-methylpent-1-en-3-yl)oxy)silane (45)

1

TMSCI, NEts
Hoﬁj\ DCM. 0 °C TMSO\%J\
_— >
4

5
287 45

Alcohol 287 (1.20 g, 11.98 mmol) was dissolved in DCM (60 mL) and cooled to 0 °C then NEt; (6.68 mL,
47.92 mmol) and TMSCI (3.04 mL, 23.96 mmol) were added sequentially. The reaction mixture was
stirred at 0 °C for 30 minutes then quenched with water (30 mL). The organic layer was separated and
the aqueous extracted with further DCM (40 mL). The combined organic layers were washed
sequentially with ice cold 1 M HCI (25 mL) and aqueous saturated NaHCOs3 (25 mL), dried over MgSO4
and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(1% Et,0 in pentane) to afford to afford volatile silyl ether 45 (2.01 g, 97%) as a yellow oil; [a]3? =
+14.0 (c 1, CHCl3); vmax (film) 2960, 2928, 2873, 1250, 841; 64 (400 MHz, CDCls) 0.09 (9H, s, Si(CHs)s),
0.84 (3H,t,J7.4,5-Hs), 1.50 (2H, qd, J 7.4, 6.5, 4-H), 1.67 (3H, dd, J 1.5, 0.9, 2-CHs), 3.88 —3.97 (1H, m,
3-H), 4.73 - 4.78 (1H, m, 1-HH), 4.80 — 4.88 (1H, m, 1-HH); 6¢ (101 MHz, CDCls) 0.3 (Si(CHs)s) , 10.4 (C-
5),17.4(C-4),29.1 (CHs-2), 78.3 (C-3), 110.8 (C-1), 147.8 (C-2); HRMS (ESI) calc. for [CsH200Si] 173.1356
Found 173.1352.

Ethyl (S)-2-((tert-butyldimethylsilyl)oxy)propanoate (294)

TBSCI
OH Imidazole, oTBS
__OEt DMAP, DCM 3 _A1_OEt

D G ¢

o] o]
293 294

To a solution of alcohol 293 (5.91 g, 50.00 mmol) in DCM (150 mL) was added imidazole (4.08 g, 68.08
mmol), TBSCI (8.29 g, 55 mmol) and a spatula tip of DMAP and the reaction mixture was stirred for 24
hours. The reaction was quenched with 2 M HCI (20 mL) and water (50 mL). The organic layer was
separated and the aqueous extracted with DCM (2 x 60 mL). The combined organic layers were
washed with brine (100 mL), dried over MgSQO, and the solvent removed in vacuo to afford silyl alcohol
294 (11.64 g, quant.) as a colourless oil; [0(],23‘L =-40.0 (c 1, CHCIs); vmax (film) 2983, 2955, 2931, 2888,
2858, 1754, 1736, 1252, 1142, 829; & (400 MHz, CDCl3) 0.06 (3H, s, Si(CHs)), 0.09 (3H, s, Si(CHs)), 0.89
(9H, s, SiC(CHs)s), 1.27 (3H, t, J 7.1, OCH,CHs), 1.38 (3H, d, J 6.7, 3-H3), 4.12 — 4.22 (2H, m, OCH,CHj3),
4.30 (1H, g, J 6.7, 2-H); 8¢ (101 MHz, CDCl5) -5.1 (SiCHs), -4.8 (SiCHs), 14.4 (OCH,CHs), 18.5 (SiC(CHs)3),
21.5(C-3), 25.9 (SiC(CHs)s), 60.9 (OCH,CH3), 68.6 (C-2), 174.3 (C-1); HRMS (ESI) calc. for [C11H24NaSiO3]
255.1387 Found 255.1396. Data consistent with the literature.?”*
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(S)-2-(tert-Butyldimethylsilyloxy)propanal (44)

oTBS DIBAL-H OTBS
~_OEt  DCM,-78°C 3 A4
—_—
/\n/ /2\”
o) o)
294 44

Ester 294 (1.00 g, 4.30 mmol) was dissolved in DCM (15 mL) under nitrogen and cooled to -78 °C then
1 M DIBAL-H in hexanes (4.73 mL, 4.73 mmol) was added dropwise. The reaction mixture was stirred
at -78 °C for 1 hour, then quenched with dropwise addition of MeOH (1 mL) followed by aqueous
saturated sodium potassium tartrate solution (50 mL). The reaction mixture was warmed to room
temperature and stirred vigorously for 1 hour. The organic layer was separated and the aqueous
extracted with DCM (2 x 50 mL). The combined organic layers were washed with brine (100 mL), dried
over MgS0O, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (5% Et,0 in petroleum ether 60:40) to afford aldehyde 44 (673 mg, 83%) as a
colourless oil; [a]3® = -19.0 (¢ 1, CHCl3); vimax (film) 2955, 2930, 2857, 2886, 1739, 1253, 832, 776; 6u
(400 MHz, CDCl3) 0.09 (3H, s, SiCHs), 0.10 (3H, s, SiCHs), 0.92 (9H, s, SiC(CHs)s), 1.28 (3H, d, J 6.8, 3-H3),
4.09 (1H, qd, J 6.8, 1.3, 2-H), 9.61 (1H, d, J 1.3, 1-H); &¢ (101 MHz, CDCls) -4.63 (SiCHs), -4.57 (SiCH3),
18.4 (SiC(CHs)s), 18.7 (C-3), 25.9 (SiC(CHs)s), 74.0 (C-2), 204.4 (C-1); HRMS (ESI) calc. for [CoH200,Si]
189.1305 Found 189.1304. Data consistent with the literature.?’*

tert-Butyldimethyl(((2S,3R)-3-(((R)-2-methylpent-1-en-3-yl)oxy)hex-5-en-2-yl)oxy)silane (46)

A~V s 7

6 4 Q8
OTBS TMSOTf =
//iﬁ DCM,-78°C 1.2 30 g M
| TMSO 10
o OTBS
44 45 46

Aldehyde 44 (188 mg, 1.00 mmol) and silyl ether 45 (184 mg, 1.07 mmol) were dissolved in DCM (2
mL, ethanol free) under nitrogen and cooled to -78 °C, then freshly distilled allyltrimethylsilane (0.18
mL, 1.1 mmol) followed by freshly distilled TMSOTf (0.02 mL, 0.1 mmol) were added sequentially. The
reaction mixture was stirred at -78 °C for 48 hours. The reaction mixture was warmed to 0 °C over 2
hours, then quenched with DIPEA (0.04 mL, 0.2 mmol). The reaction mixture was warmed to room
temperature and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (90% petroleum ether 60:40 in DCM) to afford ether 46 (63 mg, 20%) as a single
diastereoisomer and as a colourless oil; [a]4% = +16.0 (c 2, CHC3) lit.*®° [a]3° = +10.6 (c 3.33, CHCs);
vmax (film) 2957, 1930, 2885, 2857, 1472, 1463, 1091, 833, 774; &4 (400 MHz, CDCls) 0.03 — 0.06 (6H,
m, Si(CHs),), 0.87 — 0.90 (12H, m, 11-H and SiC(CHs)s), 1.14 (3H, d, J 6.3 Hz, 1-H), 1.42 — 1.55 (2H, m,
10-Hy), 1.63 — 1.65 (3H, m, 8-CHs), 2.12 (1H, m, 4-HH), 2.22 (1H, m, 4-HH), 3.34 (1H, ap. td, J 6.3, 3.1,
3-H), 3.76 — 3.87 (1H, m, 2-H), 3.88 —3.98 (1H, m, 9-H), 4.81 — 4.88 (1H, m, 7-HH), 4.85 —4.92 (1H, m,
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7-HH), 4.93 —5.09 (2H, m, 6-H,), 5.70 — 5.87 (1H, m, 5-H); ¢ (101 MHz, CDCls) -4.6 (SiCHs), -4.3 (SiCHs),
10.4 (C-11), 16.7 (CHs-8), 18.2 (SiC(CHs)3), 18.5 (C-1), 26.0 (SiC(CHs)s), 26.1 (C-10), 36.8 (C-4), 70.7 (C-
2), 80.5 (C-9), 85.6 (C-3), 114.0 (C-7), 116.5 (C-6), 136.1 (C-5), 145.2 (C-8); HRMS (ESI) calc. for
[C18H3602SiNa] 335.2377 Found 335.2384. Data consistent with the literature.'®

tert-Butyl((S)-1-((2R,6R)-6-ethyl-5-methyl-3,6-dihydro-2H-pyran-2-yl)ethoxy)dimethylsilane (295)

Grubbs G2 4 6
DCM, 40 °C N
> TGN ®
(0] O

8
OTBS OTBS
46 295

3}

Ether 46 (50 mg, 0.16 mmol) was dissolved in DCM (4 mL) under nitrogen and heated at 40 °C, then
Grubbs Catalyst G2 (3 mg, 0.01 mmol) in DCM (1 mL) was added. The reaction mixture was heated at
40 °C for 16 hours. The solvent was removed in vacuo and the crude material was purified by flash
column chromatography (1% Et,0 in petroleum ether 60:40) to afford pyran 295 (40 mg, 88%) as a
colourless oil; [a]3* = +52.0 (c 1, CHCl3) Iit.*®° [a]4? = +34.8 (c 1.36, CHCl3); Vimax (film) 2958, 2930, 2886,
2857, 1119, 1092, 832, 774; &4 (400 MHz, CDCls) 0.05 (3H, s, SiCH3), 0.06 (3H, s, SiCH3), 0.88 (9H, s,
SiC(CHs)3), 0.91 (3H, t, J 7.3, 9-H3), 1.18 (3H, d, J 6.1, 1-H3), 1.37 — 1.53 (1H, m, 8-HH), 1.56 — 1.60 (3H,
m, 6-CHs), 1.68 — 1.80 (1H, m, 8-HH), 1.92 — 2.10 (2H, m, 4-H>), 3.14 —3.23 (1H, m, 3-H), 3.71 (1H, ap.
p,J 6.1, 2-H), 3.91 — 4.00 (1H, m, 7-H), 5.52 — 5.57 (1H, m, 5-H); 8¢ (101 MHz, CDCls) -4.5 (SiCHs), -4.2
(SiCHs), 9.2 (C-9), 18.3 (SiC(CHs)3), 19.1 (CHs-6), 21.1 (C-1), 25.97 (C-8), 26.04 (SiC(CHs)3), 27.5 (C-4),
71.4 (C-2),78.3 (C-3), 78.7 (C-7), 121.0 (C-5), 135.5 (C-6). HRMS (ESI) calc. for [C16H3,0,SiNa] 307.2064
Found 307.2063. Data consistent with the literature.'®

(S)-1-((2R,6R)-6-Ethyl-5-methyl-3,6-dihydro-2H-pyran-2-yl)ethan-1-ol (296)

5

N TBAF, THF Y
0°Ctort TN 2 ®
(6] —_— O 5
OTBS OH

295 296
Silyl ether 295 (30 mg, 0.11 mmol) was dissolved in THF (1 mL) under nitrogen and cooled to 0 °C then
1 M TBAF in THF (0.21 mL, 0.21 mmol) was added dropwise. The reaction mixture was stirred under
nitrogen at room temperature for 5 hours and then quenched with water (10 mL) and Et,0 (10 mL).
The organic layer was separated and the aqueous extracted with Et;0 (2 x 20 mL). The combined
organic layers were washed with brine (20 mL), dried over MgSQO, and the solvent removed in vacuo.
The crude material was purified by flash column chromatography (20% Et,0 in petroleum ether 60:40)

to afford alcohol 296 (12 mg, 67%) as a colourless oil; [a]3* = +6.0 (c 1, CHCI5) lit.*® [a]2° = +4.2 (c
1.04, CHCls); vmax (film) 3405, 2966, 2935, 1454, 1265, 1116, 1057, 906, 729; 64 (400 MHz, CDCl5) 0.88
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(3H,t,J7.2,9-Hs), 1.14 (3H, d, J 6.7, 1-H3), 1.51 (1H, m, 8-HH), 1.57 — 1.61 (3H, m, 6-CHs), 1.75 (1H, ap.
dtd,J14.3,7.2, 3.0, 8-HH), 1.78 — 1.85 (1H, m, 4-HH), 2.09 — 2.19 (1H, m, 4-HH), 2.22 (1H, d, J 3.5, OH),
3.42 (1H, ap. dt, J 10.8, 3.5, 3-H), 3.91 (1H, ap. qt, J 6.7, 3.5, 2-H), 4.02 — 4.11 (1H, m, 7-H), 5.53 — 5.60
(1H, m, 5-H); & (101 MHz, CDCls) 8.6 (C-9), 17.6 (C-1), 19.1 (CHs-6), 24.4 (C-4), 25.8 (C-8), 69.3 (C-2),
76.2 (C-3), 78.3 (C-7), 120.6 (C-5), 135.2 (C-6); HRMS (ESI) calc. for [CioH1s0.Na] 193.1199 Found

193.1198. Data consistent with the literature.'®

1-((2R,6R)-6-Ethyl-5-methyl-3,6-dihydro-2H-pyran-2-yl)ethan-1-one (31)

5

4 6
= DMP, NaHCOs, DCM =
0°Ctort TN L 9
(0] > (0) 5

OH 0
296 31

Alcohol 296 (1.20 g, 7.05 mmol) was dissolved in DCM (70 mL) under nitrogen and cooled to 0 °C, then
NaHCOs (2.37 g, 28.20 mmol) and DMP (3.59 g, 8.46 mmol) were added sequentially. The reaction
mixture was stirred for 2 hours at room temperature, filtered over Celite eluting with Et,O (100 mL),
and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(7% Et,0 in pentane) to afford the volatile ketone 31 (1.15 g, 97%) as a colourless oil; [a]° = +166 (c
0.25, CHCI3) lit.2% [a]2° = +181 (¢ 0.257, CHC5); Vmax (film) 2966, 2936, 1720, 1353, 1115, 1057; &+ (400
MHz, CDCls) 0.94 (3H, t, J 7.3, 9-H3), 1.44 — 1.58 (1H, m, 8-HH), 1.56 — 1.62 (3H, m, 6-CH3), 1.81 (1H,
dqd, J 14.8, 7.3, 3.5, 8-HH), 1.98 — 2.20 (2H, m, 4-Ha), 2.24 (3H, s, 1-Hs), 3.91 (1H, dd, J 10.5, 4.2, 3-H),
4.06 —4.12 (1H, m, 7-H), 5.46 — 5.64 (1H, m, 5-H); 6¢ (101 MHz, CDCls) 8.8 (C-9), 19.1 (CHs-6), 25.8 (C-
8), 25.9 (C-1), 27.5 (C-4), 78.5 (C-7), 78.9 (C-3), 119.7 (C-5), 135.8 (C-6), 210.2 (C-2); HRMS (ESI) calc.
for [C1oH1602Na] 191.1043 Found 191.1045. Data consistent with the literature.

Ethyl (S)-2-(tert-butyldiphenylsiloxy)propanoate (304)

TBDPSCI
OH Imidazole, OTBDPS
/:\n/OEt DMAP, DCM 3/;\I1rOEt
—_—
(@) O
293 304

To a solution of alcohol 293 (2.36 g, 20.00 mmol) in DCM (70 mL) under nitrogen was added imidazole
(1.63 g, 24 mmol), TBDPSCI (5.72 mL, 24 mmol) and a spatula tip of DMAP and the reaction mixture
was stirred for 24 hours. The reaction was quenched with 2 M HCI (20 mL) and water (50 mL). The
organic layer was separated and the aqueous extracted with DCM (2 x 60 mL). The combined organic
layers were washed with brine (100 mL), dried over MgS0O,4 and the solvent removed in vacuo to afford
silyl alcohol 304 (7.42 g, quant.) as a colourless oil; [a]33 = -69.0 (c 1, CHCl3); vmax (film) 3072, 2933,
2894, 2858, 1752, 1733, 1428, 1133, 1106; 64 (400 MHz, CDCls) 1.10 (9H, s, SiC(CHs)s), 1.15 (3H, t, J
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7.0, OCH,CHs), 1.37 (3H, d, J 6.8, 3-Hs), 4.02 (2H, q,J 7.0, OCH:CHs), 4.27 (1H, q,J 6.8, 2-H), 7.31 - 7.48
(6H, m, ArH), 7.62 — 7.73 (4H, m, ArH); &¢ (101 MHz, CDCls) 14.2 (OCH2CHs), 19.4 (SiC(CHs)s), 21.4 (C-
3), 27.0 (SiC(CH3)3), 66.0 (OCH2CHs), 69.1 (C-2), 127.7 (ArCH), 127.8 (ArCH), 129.9 (ArCH), 133.4 (ArC),
133.8 (ArC), 135.9 (ArCH), 136.1 (ArCH), 173.9 (C-1); HRMS (ESI) calc. for [Cz1H2sNaSiOs] 379.1700
Found 379.1689.

(S)-2-(tert-Butyldiphenylsiloxy)propanal (305)

OTBDPS DIBAL-H OTBDPS
A __OEt DCM,-78°C_ 3 2,
Bl AN
/\n/ /2\”

0 o
304 305

Ester 304 (2.00 g, 5.60 mmol) was dissolved in DCM (20 mL) under nitrogen and cooled to -78 °C then
1 M DIBAL-H in hexanes (6.20 mL, 6.20 mmol) was added dropwise. The reaction mixture was stirred
at -78 °C for 1 hour, then quenched with dropwise addition of MeOH (1 mL) followed by aqueous
saturated sodium potassium tartrate solution (50 mL). The reaction mixture was warmed to room
temperature and stirred vigorously for 1 hour. The organic layer was separated and the aqueous
extracted with DCM (2 x 50 mL). The combined organic layers were washed with brine (100 mL), dried
over MgS0O, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (3% Et,O in petroleum ether 60:40) to afford aldehyde 305 (1.45 g, 83%) as a
colourless oil; [a]33 =-26.0 (c 1, CHCl3); vimax (film) 3072, 2959, 2932, 2858, 1738, 1428, 1110, 699; 6
(400 MHz, CDCls) 1.11 (9H, s, SiC(CHs)s), 1.22 (3H, d, J 6.8, 3-H3), 4.09 (1H, qd, J 6.8, 1.2, 2-H), 7.34 -
7.47 (6H, m, ArH), 7.62 — 7.68 (4H, m, ArH), 9.64 (1H, d, J 1.2, C-1); 6¢ (101 MHz, CDCl;) 18.6 (C-3), 19.4
(SiC(CHs)3), 27.0 (SiC(CHs)s), 74.6 (C-2), 127.95 (ArCH), 128.03 (ArCH), 130.16 (ArCH), 130.23 (ArCH),
133.1 (ArC), 133.5 (ArC), 135.89 (ArCH), 135.92 (ArCH), 204.0 (C-1); HRMS (ESI) calc. for [C19H22Na0,Si]
335.1438 Found 335.1436.

tert-Butyl(((2S,3R)-3-(((R)-2-methylpent-1-en-3-yl)oxy)hex-5-en-2-yl)oxy)diphenylsilane (306)

A~TMS
OTBDPS TMSOTf 0
H _bem,-78°C
| 10
o MO OTBDPS
305 45 306

Aldehyde 305 (10.34 g, 33.08 mmol) and silyl ether 45 (6.10 g, 35.40 mmol) were dissolved in DCM
(65 mL, ethanol free) under nitrogen and cooled to -78 °C, then a precooled (-78 °C) mixture of freshly
distilled allyltrimethylsilane (5.78 mL, 36.39 mmol) and freshly distilled TMSOTf (0.60 mL, 3.31 mmol)
in DCM (1 mL) was added. The reaction mixture was stirred at -78 °C for 5 hours. The reaction mixture

was warmed to 0 °C over 1 hour, then quenched with freshly distilled DIPEA (1.15 mL, 6.62 mmol).
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The reaction mixture was warmed to room temperature and the solvent removed in vacuo. The crude
material was purified by flash column chromatography (75% petroleum ether 60:40 in DCM) to afford
ether 306 (8.90 g, 62%) as a single diastereoisomer and as a colourless oil; [o&]f,3 =+20.0 (c 1, CHCIl5);
Vmax (film) 3072, 2962, 2932, 2858, 1642, 1590, 1428, 1104,700; &4 (400 MHz, CDCl3) 0.83 (3H, t, J 7.5,
11-Hs), 1.01 (3H, d, J 6.3, 1-Hs), 1.08 (9H, s, SiC(CH3)s), 1.45 — 1.56 (1H, m, 10-HH), 1.63 (3H, s, 8-CHs),
1.65 — 1.74 (1H, m, 10-HH), 1.98 — 2.11 (1H, m, 4-HH), 2.16 — 2.27 (1H, m, 4-HH), 3.44 (1H, td, J 6.6,
2.3, 3-H), 3.88 (1H, qd, J 6.3, 2.3, 2-H), 3.97 (1H, dd, J 8.1, 6.1, 9-H), 4.76 — 4.78 (1H, m, 7-HH), 4.86 —
4.97 (3H, m, 6-H, and 7-HH), 5.56 — 5.69 (1H, m, 5-H), 7.31 — 7.47 (6H, m, ArH), 7.69 (4H, m, ArH); &¢
(101 MHz, CDCls) 10.4 (C-11), 16.6 (CH3-8), 18.0 (C-1), 19.4 (SiC(CHs)s), 26.3 (C-10), 27.2 (SiC(CHs)s),
36.8 (C-4), 71.7 (C-2), 80.2 (C-3), 85.4 (C-9), 114.2 (C-7), 116.4 (C-5), 127.6 (ArCH), 127.7 (ArCH), 129.7
(ArCH), 129.8 (ArCH), 134.1 (ArC), 134.8 (ArC), 136.0 (C-5), 136.2 (ArCH), 145.0 (C-8); HRMS (ESI) calc.
for [C2sH400,SiNa] 459.2690 Found 459.2703.

tert-Butyl((S)-1-((2R,6R)-6-ethyl-5-methyl-3,6-dihydro-2H-pyran-2-yl)ethoxy)diphenylsilane (307)

| 5

4 \\6
Grubbs-G2 123 7 9
(@) DCM, 40 °C (®)
R

8
OTBDPS OTBDPS
306 307

Ether 306 (150 mg, 0.34 mmol) was dissolved in DCM (6 mL) under nitrogen and heated at 40 °C, then
Grubbs Catalyst G2 (6 mg, 0.01 mmol) in DCM (1 mL) was added. The reaction mixture was heated at
40 °C for 16 hours. The solvent was removed in vacuo and the crude material was purified by flash
column chromatography (15% DCM in petroleum ether 60:40) to afford pyran 307 (135 mg, 97%) as a
colourless oil; [a]3! = +23.0 (c 1, CHCls); vmax (film) 3071, 2962, 2931, 2856, 1427, 1111, 700; &4 (400
MHz, CDCls) 0.90 (3H, t, J 7.3, 9-Hs), 1.03 (3H, d, J 6.3, 1-H3), 1.05 (3H, s, 6-CH3), 1.44 (1H, m, 8-HH),
1.52 = 1.66 (9H, m, SiC(CHs)3), 1.75 (1H, dqd, J 14.7, 7.3, 3.2, 8-HH), 1.94 — 2.06 (1H, m, 4-HH), 2.06 —
2.17 (1H, m, 4-HH), 3.31 (1H, ddd, J 10.3, 5.0, 3.4, 3-H), 3.87 (1H, dq, J 6.3, 5.0, 2-H), 3.92 — 4.02 (1H,
m, 7-H), 5.50 — 5.59 (1H, m, 5-H), 7.31 — 7.44 (6H, m, ArH), 7.65 — 7.80 (4H, m, ArH); &¢ (101 MHz,
CDCl3) 9.1 (OCH2CHs), 19.1 (CH3-6), 19.6 (SiC(CHs)3), 20.3 (C-1), 26.0 (C-8), 27.0 (C-4), 27.2 (SiC(CHs)s),
72.3(C-2),78.2 (C-3), 78.7 (C-7), 120.9 (C-5), 127.6 (ArCH), 129.56 (ArCH), 129.61 (ArCH), 134.3 (ArC),
135.2 (ArC), 135.6 (C-6), 136.2 (ArCH), 136.3 (ArCH); HRMS (ESI) calc. for [Ca6H360,SiNa] 431.2377
Found 431.2378.
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(S)-1-((2R,6R)-6-Ethyl-5-methyl-3,6-dihydro-2H-pyran-2-yl)ethan-1-ol (296)

5

Y(\/(/ TBAF, THF ﬁ/“(\/e(/

0°Ctort T 238 7 9
(o} —_— (o)
OTBDPS OH 8

307 296

Silyl ether 307 (200 mg, 0.5 mmol) was cooled to 0 °C under nitrogen then 1 M TBAF in THF (1.0 mL,
1.0 mmol) was added dropwise. The reaction mixture was stirred under nitrogen at room temperature
for 24 hours and then quenched with water (10 mL) and Et,O (10 mL). The organic layer was separated
and the aqueous extracted with Et,0 (2 x 20 mL). The combined organic layers were washed with
brine (20 mL), dried over MgSQO, and the solvent removed in vacuo. The crude material was purified

by flash column chromatography (25% Et,0 in petroleum ether 60:40) to afford alcohol 296 (83 mg,

98%) as a colourless oil. Data consistent with previously reported.

tert-Butyl((S, E)-4-((2R, 6R)-6-ethyl-5-methyl-3,6-dihydro-2H-pyran-2-yl)-2-methylpent-3-

enyloxy)dimethylsilane (273)

7
B ol . . . 8
i_N i) nBuli, THF, -78 °C &
\H/('I/ TBSO/\E/\F"J ii) ACOH, rt SO RE
=N TBSO Nr” o

0 / H 10

31 275 273

Phosphorus diamide 275 (3.98 g, 12.42 mmol) was dissolved in THF (38 mL) under nitrogen and cooled
to -78 °C then 2.5 M nBuli in hexane (4.29 mL, 10.74 mmol) was added dropwise and the reaction
mixture was stirred for 2 hours. Neat ketone 31 (0.95 g, 5.65 mmol) was added dropwise, and the
reaction mixture was stirred at -78 °C for 1 hour. The reaction mixture was warmed to room
temperature then quenched with AcOH (3.23 mL, 56.5 mmol) and stirred for an additional 20 minutes
at room temperature. Aqueous saturated NaHCOs (50 mL) was added and the resulting solution was
extracted with DCM (3 x 150 mL). The combined organic layers were dried over MgS0,4 and the solvent
removed in vacuo. The crude material was purified by flash column chromatography (3% Et,O in
petroleum ether 60:40) to afford alkene 273 (1.06 g, 55%, E/Z = 7:1) as a colourless oil and ketone 31
(209 mg, 22%); [a]%® = +38.0 (¢ 0.5, CHCl3), lit.** [a]4® = +47.7 (c 1.37, CHCl3); vmax (film) 2957, 2929,
2857, 1463, 1255, 1090, 836; 64 (400 MHz, CDCls) 0.03 (3H, s, SiCHs), 0.03 (3H, s, SiCHs), 0.89 (12H, m,
SiC(CHs)s and 11-Hs), 0.96 (3H, d, J 6.7, 2-CHs), 1.47 — 1.57 (1H, m, 10-HH), 1.53 — 1.62 (3H, m, CHs-8),
1.67 (3H, d, J 1.5, CH3-4), 1.77 (1H, m, 10-HH), 1.83 — 1.90 (1H, m, 6-HH), 2.06 — 2.16 (1H, m, 6-HH),
2.50 — 2.63 (1H, m, 2-H), 3.35 (1H, dd, J 9.7, 7.4, 1-HH), 3.45 (1H, dd, J 9.7, 5.9, 1-HH), 3.83 (1H, dd, J
10.6, 3.0, 5-H), 4.03 — 4.15 (1H, m, 9-H), 5.21 (1H, dq, J 9.3, 1.5, 3-H), 5.52 — 5.58 (1H, m, 7-H); &¢ (101
MHz, CDCls) -5.2 (SiCHs), -5.1 (SiCH3), 8.4 (C-11), 12.8 (CHs-4), 17.4 (SiC(CH3)s), 18.5 (CH3-8), 19.2 (CHs-
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2), 25.8 (C-10), 26.1 (SiC(CHs)), 30.4 (C-6), 35.2 (C-2), 68.1 (C-1), 78.1 (C-5), 78.2 (C-9), 121.2 (C-7),
128.3 (C-3), 135.3 (C-8), 136.5 (C-4); HRMS (ESI) calc. for [C20H380:SiNa] 361.2533 Found 361.2549.

Data consistent with the literature.?*

(S,E)-4-((2R,6R)-6-Ethyl-5-methyl-3,6-dihydro-2H-pyran-2-yl)-2-methylpent-3-en-1-ol (308)

7

6 8
A TBAF, THF T
o 2 4
850N Mo LI 0 e

273 308

Silyl ether 273 (998 mg, 2.95 mmol, E/Z = 7:1) was dissolved in THF (30 mL) under nitrogen and cooled
to 0 °C then 1 M TBAF in THF (4.43 mL, 4.43 mmol) was added dropwise. The reaction mixture was
stirred under nitrogen at room temperature for 3 hours and then quenched with aqueous saturated
NH4CI (50 mL) and the organic solvents removed in vacuo. The aqueous layer was extracted with EtOAc
(3 x 150 mL) and the combined organic layers were dried over Na,SO4 and the solvent removed in
vacuo. The crude material was purified by flash column chromatography (17% EtOAc in petroleum
ether 60:40) to afford alcohol 308 (542 mg, 82%, E/Z > 95:5) as a colourless oil; [OL]%1 =+41.0 (c 1,
CHCls) 1it.2* [a]3° = +57.1 (c 1.52, CHCls); vimax (film) 3377, 2962, 2930, 2871, 1453, 1028, 733; &4 (400
MHz, CDCl5) 0.90 (3H, t, J 7.5, 11-Hs), 0.96 (3H, d, J 6.5, 2-CHs), 1.46 — 1.57 (1H, m, 10-HH), 1.59 (3H,
dd, J 2.6, 1.3, 8-CHs), 1.70 (3H, d, J 1.5, 4-CHs), 1.73 — 1.84 (1H, m, 10-HH), 1.87 — 1.98 (1H, m, 6-HH),
2.05—2.21 (1H, m, 6-HH), 2.58 — 2.74 (1H, m, 2-H), 3.36 (1H, m, 1-HH), 3.47 (1H, m, 1-HH), 3.85 (1H,
dd,J10.7,3.1, 5-H), 4.02 - 4.13 (1H, m, 9-H), 5.21 (1H, m, 3-H), 5.50 — 5.61 (1H, m, 7-H); 6¢ (101 MHz,
CDCl5) 8.5 (C-11), 13.3 (CHs-4), 17.1 (CHs-2), 19.1 (CHs-8), 25.8 (C-10), 30.5 (C-6), 35.2 (C-2), 68.0 (C-1),
77.7 (C-5), 78.2 (C-9), 120.9 (C-7), 127.2 (C-3), 135.3 (C-8), 138.6 (C-4); HRMS (ESI) calc. for
[C14H240:Na] 247.1669 Found 247.1679. Data consistent with the literature.?3*

5-(((S,E)-4-((2R,6R)-6-Ethyl-5-methyl-3,6-dihydro-2H-pyran-2-yl)-2-methylpent-3-en1-yl)sulfonyl)-
1-phenyl-1H-tetrazole (28)

7
X i) PT-SH, DIAD, PPh, P
THF, 0°Ctort 1,3 s ol
HO YN Y Yo T PTO,sT YY" o
: ii) EtOH, Hy0, H 10
(NH4)sMo7054
308 0°Ctort 28

One-pot synthesis:

Alcohol 308 (23 mg, 0.11 mmol), PT-SH (23 mg, 0.13 mmol) and PPh; (34 mg, 0.12 mmol) were
dissolved in THF (1.5 mL) under nitrogen and cooled the 0 °C then DIAD (0.03 mL, 0.13 mmol) was
added dropwise. The reaction mixture was stirred for 3 hours at room temperature then cooled to 0

°C and EtOH (4 mL) was added followed by a premixed solution of molybdate (27 mg, 0.02 mmol) in a

179



Experimental

30% aqueous solution of H,0, (0.11 mL, 1.1 mmol). The reaction mixture was stirred at room
temperature for 16 hours. EtOAc (20 mL) and water (20 mL) were added, and the organic layer was
separated. The aqueous layer was extracted with EtOAc (2 x 20 mL) and the combined organic layers
were washed sequentially with water (20 mL) then brine (20 mL), dried over MgS0O4 and the solvent
removed in vacuo. The crude material was purified by flash column chromatography (10% EtOAc in
petroleum ether 60:40) to afford sulfone 28 (10 mg, 22%) as a colourless oil which contained small
amounts of sulfoxide and epoxide impurities; [a]33 = +8.0 (c 1, CHC3) lit.?** [a]3° = +12.6 (c 1.04,
CHCls); vmax (film) 2965, 2929, 1775, 1728, 1489, 1345, 1151, 761; 64 (400 MHz, CDCls) 0.89 (3H, t, J
7.4, 11-Hs), 1.17 (3H, d, J 6.7, 2-CHs), 1.49 — 1.60 (4H, m, 8-CHs and 10-HH), 1.62 (3H, d, J 1.4, 4-CHs),
1.72 -1.98 (3H, m, 6-H; and 10-HH), 3.21 — 3.37 (1H, m, 2-H), 3.59 (1H, dd, J 14.6, 6.1, 1-HH), 3.67 —
3.73 (1H, m, 5-H), 3.77 (1H, dd, J 14.6, 7.6, 1-HH), 4.02 — 4.13 (1H, m, 9-H), 5.19 (1H, dt, / 9.8, 1.4, 3-
H), 5.45—-5.58 (1H, m, 7-H), 7.54 — 7.73 (5H, m, 5 x ArH); 6¢ (101 MHz, CDCl3) 8.4 (C-11), 13.1 (CH3-4),
19.1 (CHs-8), 21.0 (CHs-2), 25.7 (C-10), 27.8 (C-2), 30.2 (C-6), 61.9 (C-1), 77.0 (C-5), 78.2 (C-9), 120.8 (C-
7), 125.4 (C-3), 125.6 (ArCH), 129.8 (ArCH), 131.7 (ArCH), 133.3 (ArC), 135.3 (C-8), 138.5 (C-4), 154.2
(ArNCN); HRMS (ESI) calc. for [C21H28N2s03SNa] 439.1774 Found 439.1789. Data consistent with the

literature.?3

Two-pot synthesis:

Alcohol 308 (270 mg, 1.20 mmol), PT-SH (278 mg, 1.56 mmol) and PPhs (409 mg, 1.56 mmol) were
dissolved in THF (12 mL) under nitrogen and cooled the 0 °C then DIAD (0.31 mL, 1.56 mmol) was
added dropwise. The reaction mixture was stirred for 3 hours at room temperature then quenched
with aqueous saturated NHCls (20 mL). The resulting solution was extracted with EtOAc (3 x 50 mL)
and the combined organic layers were washed with brine (30 mL), dried over Na,SO,4 and the solvent
removed in vacuo. The crude material was filtered over a small plug of silica eluting with 20% EtOAc
in petroleum ether 60:40 and the solvent removed in vacuo. The crude material was dissolved in EtOH
(40 mL) and cooled to 0 °C then a premixed solution of molybdate (297 mg, 0.24 mmol) in a 30%
aqueous solution of H,0; (1.23 mL, 12.0 mmol) was added dropwise. The reaction mixture was stirred
at room temperature for 17 hours then quenched with water (50 mL) and brine (30 mL). The resulting
solution was extracted with DCM (3 x 100 mL) and the combined organic layers dried over Na,SO, and
the solvent removed in vacuo. The crude material was purified by flash column chromatography (20%
Et,0 in petroleum ether 60:40) to afford sulfone 28 (303 mg, 61%) as a colourless oil. Data consistent

with previously reported.
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(5R,7R)-7-(tert-Butyldimethylsiloxy)-5-((1E,3E)-4-((1S,2S,3S)-2-((R,1E,AE)-5-((2R,6R)-6-ethyl-5-
methyl-3,6-dihydro-2H-pyran-2-yl)-3-methylhexa-1,4-dien-1-yl)-3-methylcyclopropyl)buta-1,3-
dien-1-yl)-2,2,3,3,11,11,12,12-octamethyl-4,10-dioxa-3,11-disilatridecane (240)

TBSO\/\/\/\/\A%¢O

TBSO OTBS

KHMDS, DME 2 4 s s A om 1o N
241 ' \/\/\/\/\/Au 18 2
60 °C to rt TBSO. 3 5 A\ 0 0, N8 N 0%
A —_— 1 z H 7 9 13 H 17 23
TBSO OTBS =
PTO,S S O

20

240
28

Sulfone 28 (76 mg, 0.18 mmol) was dissolved in DME (0.5 mL) under nitrogen and cooled to -60 °C
then 1 M KHMDS in THF (0.2 mL, 0.2 mmol) was added dropwise. The reaction mixture was stirred for
15 minutes, then aldehyde 241 (85 mg, 0.14 mmol) in DME (0.5 mL) was added dropwise. The reaction
mixture was stirred for 1 hour at -60 °C then 7 hours at room temperature. Water (10 mL) and Et,0
(10 mL) were added and the organic layer separated. The aqueous was further extracted with Et,0 (3
x 15 mL) and the combined organic layers were dried over MgSO, and the solvent removed in vacuo.
The crude material was purified by flash column chromatography (1% Et,0 in petroleum ether 60:40)
to afford alkene 240 (67 mg, 61%, E£/Z > 95:5) as a yellow oil; [a]3? = +8.0 (c 0.5, CHCl3); Vmax (film)
3019, 2958, 2927, 1214, 1080, 746; 64 (400 MHz, CDCls) -0.04 — 0.11 (18H, m, 6 x SiCHs), 0.79 — 0.97
(30H, m, 24-Hs and 3 x SiC(CHs)s), 1.05 (3H, d, J 7.0, 15-CH3), 1.06 — 1.08 (3H, m, 11-CHs), 1.09 — 1.14
(2H, m, 10-H and 11-H), 1.47 — 1.54 (3H, m, 4-HH, 12-H and 23-HH), 1.57 — 1.60 (3H, m, 21-CHs), 1.62
—1.67 (3H, m, 17-CHs), 1.67 — 1.81 (4H, m, 2-H,, 4-HH and 23-HH), 1.82 —1.90 (1H, m, 19-HH), 2.07 -
2.16 (1H, m, 19-HH), 3.07 (1H, dqd, J 8.4, 7.0, 1.5, 15-H), 3.60 — 3.71 (2H, m, 1-H), 3.79 —3.90 (2H, m,
3-H and 18-H), 4.05 - 4.14 (1H, m, 22-H), 4.19 (1H, ap. q, J 6.6, 5-H), 5.10 (1H, ddd, J 15.3, 8.9, 1.4, 13-
H), 5.20 — 5.36 (2H, m, 9-H and 16-H), 5.42 — 5.52 (2H, m, 6-H and 14-H), 5.52 — 5.58 (1H, m, 20-H),
5.93 - 6.08 (2H, m, 7-H and 8-H); &¢ (101 MHz, CDCl;) -5.11 (SiCH3), -5.10 (SiCH3), -4.5 (SiCHs), -4.18
(SiCHs), -4.16 (SiCHs), -3.9 (SiCHs), 8.4 (C-24), 12.5 (CHs-17), 13.3 (CHs-11), 18.2 (SiC(CHs)s), 18.4
(SiC(CHs)3), 18.5 (SiC(CHs)s), 19.2 (CHs-21), 21.3 (CHs-15), 22.1 (C-11), 25.8 (C-23), 26.10 (SiC(CHs)s),
26.11 (SiC(CHs)s), 26.2 (SiC(CH3)s), 29.7 (C-12), 30.3 (C-19), 31.3 (C-10), 34.4 (C-15), 40.4 (C-2), 46.8 (C-
4), 60.1 (C-1), 66.9 (C-3), 71.0 (C-5), 78.1 (C-22), 78.2 (C-18), 121.1 (C-20), 125.6 (C-13), 127.5 (C-7/8),
129.7 (C-9/16), 129.9 (C-7/8), 133.7 (C-6/14), 135.31 (C-21), 135.54 (C-6/14), 135.95 (C-17), 137.0 (C-
9/16); HRMS (ESI) calc. for [CasHss04SisNa] 809.5726 Found 809.5700.
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(3R,5R,6E,8E)-9-((1S,2S,3S)-2-((R,1E,4E)-5-((2R,6R)-6-Ethyl-5-methyl-3,6-dihydro-2H-pyran-2-yl)-3-
methylhexa-1,4-dien-1-yl)-3-methylcyclopropyl)nona-6,8-diene-1,3,5-triol (309)

20
21
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Silyl ether 240 (120 mg, 0.15 mmol) was dissolved in THF (1 mL) under nitrogen and cooled to 0 °C
then 1 M TBAF in THF (1.35 mL, 1.35 mmol) was added dropwise and the reaction mixture was stirred
at room temperature for 16 hours. Aqueous saturated NH4Cl (10 mL) was added and the resulting
solution was extracted with EtOAc (3 x 30 mL). The combined organic layers were dried over MgSO,
and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(100% EtOAc) to afford triol 309 (64 mg, 95%) as a yellow oil; [a]33 = +48.0 (c 1, CHCl3); Vmax (film)
3361, 2962, 2931, 1655, 1451, 1368, 1115, 1050, 987; &4 (500 MHz, CDCl3) 0.89 (3H, t, J 7.3, 24-H3),
1.05 (3H, d, J 6.5, 15-CHs), 1.06 — 1.09 (4H, m, 11-H and 11-CHs), 1.12 (1H, ap. dt, J 8.8, 4.0, 10-H), 1.46
—1.57 (2H, m, 12-H and 23-HH), 1.57 — 1.61 (3H, m, 21-CHs), 1.64 (4H, m, 4-HH and 17-CHs), 1.67 —
1.81 (4H, m, 2-H,, 4-HH and 23-HH ), 1.82 —1.90 (1H, m, 19-HH), 2.06 —2.17 (1H, m, 19-HH), 2.67 (2H,
s, 2 x OH), 3.07 (1H, ap. dq, J 8.5, 6.5, 15-H), 3.72 —3.90 (3H, m, 1-H, and 18-H), 3.92 (1H, s, OH), 4.09
(1H, s, 22-H), 4.14 (1H, ap. tdt, J 6.9, 4.2, 2.2, 3-H), 4.40 (1H, ddd, J 9.9, 6.8, 3.1, 5-H), 5.09 (1H, dd, J
15.2, 8.8, 13-H), 5.25 (1H, dt, J 8.5, 1.4, 16-H), 5.33 (1H, dd, J 15.0, 8.8, 9-H), 5.48 (1H, dd, J 15.2, 6.5,
14-H), 5.52 — 5.58 (2H, m, 6-H and 20-H), 6.03 (1H, dd, J 15.0, 10.5, 8-H), 6.15 (1H, dd, J 15.1, 10.5, 7-
H); 6¢ (126 MHz, CDCls) 8.4 (C-24), 12.5 (CHs-17), 13.3 (CHs-11), 19.2 (CHs-21), 21.3 (CHs-15), 22.2 (C-
11), 25.8 (C-23), 29.8 (C-12), 30.4 (C-19), 31.2 (C-10), 35.2 (C-15), 38.9 (C-2), 43.5 (C-4), 61.7 (C-1), 72.7
(C-3), 73.8 (C-5), 78.06 (C-22), 78.12 (C-18), 121.1 (C-20), 125.4 (C-13), 126.9 (C-8), 129.7 (C-16), 130.9
(C-7), 132.0 (C-6), 135.30 (C-17/21), 135.31 (C-17/21), 135.7 (C-14), 138.7 (C-9); HRMS (ESI) calc. for
[C2sHas04Na] 467.3132 Found 467.3121.

(4S,6R)-6-((1E,3E)-4-((1S,25,3S)-2-((R,1E,4E)-5-((2R,6R)-6-Ethyl-5-methyl-3,6-dihydro-2H-pyran-2-
yl)-3-methylhexa-1,4-dien-1-yl)-3-methylcyclopropyl)buta-1,3-dien-1-yl)-4-hydroxytetrahydro-2H-
pyran-2-one (310)

TEMPO, BAIB
\/\/\/\/\/A b NaH003 e N /14 A
17
» U

OH OH
309

Triol 309 (50 mg, 0.11 mmol) was dissolved in DCM (1 mL) under nitrogen then BAIB (116 mg, 0.36
mmol), NaHCOs (37 mg, 0.44 mmol) and TEMPO (4 mg, 0.02 mmol) were added sequentially. The
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reaction mixture was stirred at room temperature for 6 hours and then quenched with aqueous
saturated Na,S,03 (2 mL) and water (10 mL). The solution was extracted with Et,0 (2 x 30 mL) and the
combined organic layers washed sequentially with aqueous saturated NaHCOs3 (20 mL) and water (20
mL). The combined aqueous layers were extracted with Et,0 (3 x 40 mL). The combined organic layers
were washed with brine (30 ml), dried over Na,SO, and the solvent was removed in vacuo. The crude
material was purified by flash column chromatography (60% EtOAc in petroleum ether 60:40) to afford
lactone 310 (39 mg, 80%) as a yellow oil; [a]33 = +24.0 (c 1, CHCl3); vmax (film) 3416, 2962, 2928, 1727,
1215, 908, 753, 731; 64 (500 MHz, CDCls) 0.92 (3H, t, J 7.4, 24-Hs), 1.07 (3H, d, J 6.9, 15-CHs), 1.09 —
1.12 (4H, m, 11-H and 11-CHs), 1.13 — 1.18 (1H, m, 10-H), 1.51 — 1.59 (2H, m, 12-H and 23-HH), 1.61
(3H,d,J1.3,21-CHs), 1.67 (3H, d, J 1.4, 17-CHs), 1.76 — 1.82 (1H, m, 23-HH), 1.84 — 1.93 (2H, m, 4-HH
and 19-HH), 1.99 - 2.05 (1H, m, 4-HH), 2.11-2.17 (1H, m, 19-HH), 2.63 (1H, dd, J 17.7, 4.0, 2-HH), 2.77
(1H, dd, J 17.7, 5.0, 2-HH), 3.06 — 3.14 (1H, m, 15-H), 3.86 (1H, dd, J 10.7, 3.1, 18-H), 4.08 — 4.15 (1H,
m, 22-H), 4.37 — 4.43 (1H, m, 3-H), 5.12 (1H, dd, J 15.3, 8.8, 13-H), 5.18 — 5.24 (1H, m, 5-H), 5.28 (1H,
dqg, J 8.8, 1.4, 16-H), 5.40 (1H, dd, J 15.1, 8.9, 9-H), 5.51 (1H, dd, J 15.3, 6.2, 14-H), 5.54 — 5.60 (2H, m,
6-H and 20-H), 6.07 (1H, dd, J 15.1, 10.5, 8-H), 6.26 (1H, dd, J 15.2, 10.5, 7-H); 6¢ (126 MHz, CDCls) 8.4
(C-24), 12.5 (CHs-17), 13.3 (CHs-11), 19.1 (CHs-21), 21.3 (CHs-15), 22.3 (C-11), 25.8 (C-23), 30.0 (C-12),
30.3 (C-19), 31.3 (C-10), 35.2 (C-15), 36.6 (C-4), 38.9 (C-2), 62.9 (C-3), 76.2 (C-5), 78.05 (C-22), 78.12
(C-18), 121.1 (C-20), 125.2 (C-13), 126.4 (C-6), 126.5 (C-8), 129.6 (C-16), 133.1 (C-7), 135.3 (C-17/21),
135.3 (C-17/21), 135.8 (C-14), 140.0 (C-9), 170.1 (C-1); HRMS (ESI) calc. for [C2sHa04Na] 463.2819
Found 463.2819.

Ambruticin J (125)

TMSOK, THF H 0ENY
. 4 16
HO . X 11, P X o 0°C tort 18 o 22 24
é s 17 23
o) 310

Lactone 310 (7.7 mg, 0.02 mmol) was dissolved in THF (0.2 mL) under nitrogen and cooled to 0 °C then
TMSOK (11.0 mg, 0.09 mmol) was added. The reaction mixture was stirred for 3 hours at room
temperature then quenched with aqueous saturated NH4Cl (10 mL) and EtOAc (20 mL). The organic
layer was separated and the aqueous extracted with EtOAc (3 x 30 mL). The combined organic layers
were dried over Na,SO, and the solvent removed in vacuo. The crude material was purified by flash
column chromatography (10% MeOH in DCM + 0.25% AcOH). The combined column fractions
containing product were washed with water (100 mL), dried over Na,SO, and the solvent removed in
vacuo to afford ambruticin J (8 mg, quant.) as a yellow oil; [a]3> = +52.0 (c 1, CHCls); Vimax (film) 3383,

2962, 2926, 2875, 2857, 1714, 1049; 64 (500 MHz, CDCls) 6 0.89 (3H, t, J 7.4, 24-Hs), 1.05 (3H, d, J 6.8,
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15-CH3s), 1.06 — 1.09 (4H, m, 11-H and 11-CHs), 1.10 — 1.15 (1H, m, 10-H), 1.46 — 1.57 (2H, m, 12-H and
23-HH), 1.52 — 1.61 (3H, m, 21-CHs), 1.63 — 1.68 (4H, m, 4-HH and 17-CHs), 1.70 — 1.80 (2H, m, 4-HH
and 23-HH), 1.81 — 1.88 (1H, m, 19-HH), 2.06 — 2.17 (1H, m, 19-HH), 2.47 — 2.57 (2H, m, 2-H,), 3.00 —
3.13 (1H, m, 15-H), 3.84 (1H, dd,  10.7, 3.1, 18-H), 4.03 — 4.12 (1H, m, 22-H), 4.25 - 4.34 (1H, m, 3-H),
4.38 — 4.45 (1H, m, 5-H), 5.09 (1H, ddd, J 15.1, 8.9, 1.4, 13-H), 5.25 (1H, d, J 8.9, 16-H), 5.34 (1H, dd, J
14.9, 8.8, 9-H), 5.45 — 5.58 (3H, m, 6-H, 14-H and 20-H), 6.03 (1H, dd, J 14.9, 10.5, 8-H), 6.16 (1H, dd, J
15.1, 10.5, 7-H); 8¢ (126 MHz, CDCls) 8.4 (C-24), 12.5 (CHs-17), 13.3 (CHs-11), 19.2 (CH3-21), 21.3 (CHs-
15), 22.2 (C-11), 25.8 (C-23), 29.9 (C-12), 30.4 (C-19), 31.3 (C-10), 35.2 (C-15), 41.4 (C-2), 42.5 (C-4),
68.4 (C-3), 73.2 (C-5), 78.07 (C-22), 78.13 (C-18), 121.1 (C-20), 125.3 (C-13), 126.8 (C-8), 129.7 (C-16),
131.2 (C-6) , 131.4 (C-7), 135.30 (C-17/21), 135.31 (C-17/21), 135.8 (C-14), 139.0 (C-9), 175.1 (C-1);
HRMS (ESI) calc. for [C2sH4,0sNa] 481.2924 Found 481.2939.

84 (500 MHz, (CD;0D)) 0.88 (3H, t, J 7.3, 24-H3), 1.04 (3H, d, J 7.1, 15-CH3), 1.05 — 1.10 (4H, m, 11-H
and 11-CHs), 1.09 — 1.14 (1H, m, 10-H), 1.45 — 1.56 (2H, m, 12-H and 23-HH), 1.59 (3H, s, 21-CHs), 1.64
(3H, d,J 1.5, 17-CHs), 1.64 — 1.79 (3H, m, 4-H, and 23-HH), 1.81 — 1.91 (1H, m, 19-HH), 2.03 — 2.16 (1H,
m, 19-HH), 2.40 (1H, dd, J 15.4, 8.0, 2-HH), 2.47 (1H, dd, J 15.4, 4.9, 2-HH), 3.04 — 3.14 (1H, m, 15-H),
3.79 - 3.85 (1H, m, 18-H), 4.03 — 4.13 (2H, m, 3-H and 22-H), 4.25 (1H, ap. q, J 7.1, 5-H), 5.16 (1H, dd,
J15.2, 8.8, 13-H), 5.25 (1H, d, J 8.9, 16-H), 5.32 (1H, dd, J 14.8, 8.9, 9-H), 5.42 — 5.52 (1H, m, 14-H),
5.53 — 5.62 (2H, m, 6-H and 20-H), 6.05 (1H, dd, J 14.8, 10.5, 8-H), 6.16 (1H, dd, J 15.2, 10.5, 7-H); &c
(126 MHz, (CDs0D)) 8.7 (C-24), 12.7 (CHs-17), 13.4 (CHs-11), 19.1 (CHs-21), 21.6 (CHs-15), 22.8 (C-11),
26.6 (C-23), 30.6 (C-12), 31.1 (C-19), 32.1 (C-10), 36.3 (C-15), 43.3 (C-2), 45.0 (C-4), 67.5 (C-3), 71.6 (C-
5), 79.48 (C-22), 79.54 (C-18), 122.1 (C-20), 126.9 (C-13), 128.4 (C-8), 130.9 (C-16), 132.4 (C-7), 133.1
(C-6), 136.1 (C-21), 136.2 (C-17), 136.3 (C-14), 138.6 (C-9), 175.4 (C-1). *H and 3C NMR spectra are

consistent with those reported in the literature (see Tables 9 and 10).10>228
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125

Our Synthetic Ambruticin J

Taylor’s Synthetic

Position 500 MHz (CD;0D): 8 so:llatlrzu;clgzcio)z
(multiplet,  (Hz)) &4 (multiplet, J (Hz))2®
1-H - -
2-H, 2.40 (dd, 15.4, 8.0) 2.38 (dd, 15.3, 8.0)
2-Hp 2.47 (dd, 15.4, 4.9) 2.42 (dd, 15.3, 4.5)
3H 4.08 4.08
4-H, 1.72 and 1.65 1.72 and 1.62
5-H 4.25 (ap. g, 7.2) 4.26 (ddd, 7.5, 6.5, 6.5)
6-H 5.53 5.50 (dd, 15.0, 7.5)
7-H 6.16 (dd, 15.2, 10.5) 6.17 (dd, 15.0, 10.5)
8-H 6.05 (dd, 14.8, 10.5) 6.06 (dd, 15.0, 10.5)
9-H 5.32 (dd, 14.8, 8.9) 5.33 (dd, 15.0, 9.0)
10-H 1.12 1.12
11-H 1.10 1.12
12-H 1.49 1.48
13-H 5.16 (dd, 15.2, 8.8) 5.16 (ddd, 15.0, 9.0, 1.0)
14-H 5.46 5.46 (dd, 15.0, 6.5)
15-H 3.09 3.10
16-H 5.25 (d, 8.9) 5.26 (dt, 9.0, 1.0)
18-H 3.82 3.83 (dd, 10.5, 2.5)
19-H, 1.86 1.88
19-Hs 2.10 2.11
20-H 5.58 5.58 (dd, 5.5, 1.0)
22-H 4.08 4.08
23-H, 1.52 1.53
23-H, 1.73 1.75
24-H; 0.88 (t, 7.3) 0.89 (t, 7.0)
25-H; 1.06 1.07, (d, 1.0)
26-H; 1.04 (d, 7.1) 1.04 (d, 6.5)
27-H; 1.64 (d, 1.5) 1.65 (d, 1.5)
28-H; 1.59 (s) 1.59 (d, 1)

Table 9. Comparison of 'H-NMR of our synthetic ambruticin J with that reported by Taylor.228
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Our Synthetic Ambruticin J

Taylor’s Synthetic

Position 126 MHz (CDsOD): &¢ 125 ,\,‘.‘.TZ'TE‘SQSE;; 8228
o1 175.4 177.1
- 133 44.0
c3 67.5 67.9
ca 45.0 44.9
e 71.6 17
c6 133.1 133.2
c7 132.4 132.3
ca 128.4 128.4
co 138.6 138.5
Cc-10 321 32.0
11 22.8 228
12 30.6 30.5
Cc-13 126.9 126.5
c1a 136.3 1363
C-15 36.3 36.3
C-16 130.9 130.5
17 136.2 136.2
c-18 79.54 795
c-19 31.1 311
C-20 122.1 122.1
o1 136.1 136.0
C-22 79.48 793
C-23 26.6 26.6
c-24 8.7 ¥
C-25 13.4 13.3
C-26 216 216
C.27 12.7 12.7
c-28 19.1 19.0

Table 10. Comparison of 13C-NMR of our synthetic ambruticin J and that report by Taylor.228
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(S)-1-((2R,5S,6R)-6-Ethyl-5-methyltetrahydro-2H-pyran-2-yl)ethan-1-ol (324)
Method 1:

AN 4 G
[Ir(cod)(PCy3)(py)IPF4 s
DCM, H, atm. g Y °
(o} <

OH OH
296 324

Alcohol 296 (85 mg, 0.5 mmol) was dissolved in degassed DCM (1 mL) under nitrogen at room
temperature then Crabtree’s catalyst (10 mg, 0.013 mmol) was added. Using a balloon, H, was bubbled
through the reaction mixture for 2 minutes then the reaction mixture was stirred under H; at
atmospheric pressure for 30 minutes. The solvent was removed in vacuo and the resulting material
dissolved in Et,0 (5 mL), filtered over Celite and the solvent removed in vacuo. The crude material was
purified by flash column chromatography (20% Et,0 in petroleum ether 60:40) to afford alcohol 324
(32 mg, 37%) as a single diastereoisomer and a colourless oil; [a]3? = +36.0 (c 1, CHCl3); Vmax (film)
3398, 2929, 2875, 1457, 1379, 1214, 747; 64 (500 MHz, CDCl3) 0.80 (3H, d, J 6.6, 6-CH3), 0.92 (3H, t, J
7.5,9-Hs), 1.13 (3H, d, J 6.5, 1-H3), 1.14 — 1.19 (1H, m, 5-HH), 1.26 — 1.33 (1H, m, 6-H), 1.33 — 1.43 (2H,
m, 4-HH and 8-HH), 1.55 (1H, ap. ddt, J 13.1, 5.1, 2.5, 4-HH), 1.68 (1H, dqd, J 14.9, 7.5, 2.7, 8-HH), 1.79
(1H, ap. dq, J 13.2, 3.6, 5-HH), 2.20 — 2.28 (1H, m, OH), 2.87 (1H, ddd, J 9.4, 8.2, 2.7, 7-H), 3.19 (1H,
ddd, J 11.4, 4.0, 2.5, 3-H), 3.73 — 3.83 (m, 1H); & (101 MHz, CDCls) 9.9 (C-9), 17.9 (CH3-6), 18.0 (C-1),
25.6 (C-4), 26.1 (C-8), 32.7 (C-5), 35.0 (C-6), 69.8 (C-2), 80.7 (C-3), 84.7 (C-7); HRMS (ESI) calc. for
[C10H2002Na] 195.1356 Found 195.1363.

Method 2:
5 5
4 S 4 (5
N Pd/C, Hy atm.
MeOH TN 9 TGN 9
(o) = oY oYy
OH OH OH
296 324 325

Alcohol 296 (85 mg, 0.5 mmol) was dissolved in MeOH (5 mL) under nitrogen at room temperature
then 10 wt.% Pd/C (50 mg, 0.05 mmol) was added. Using a balloon, H, was bubbled through the
reaction mixture for 2 minutes then the reaction mixture was stirred under H, at atmospheric pressure
for 1 hour. The reaction mixture was filtered over Celite, eluting with MeOH (30 mL), and the solvent
removed in vacuo. The crude material was purified by flash column chromatography (20% Et,0 in
petroleum ether 60:40) to afford an inseparable 2:1 mixture of alcohol 324 and alcohol 325 (60 mg,
70%) as a colourless oil. Data for 324 consistent with previously reported. Data for 325 not reported

due to overlapping signals.
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1-((2R,5S,6R)-6-Ethyl-5-methyltetrahydro-2H-pyran-2-yl)ethan-1-one (323)

.\“\ 4 6.
DMP, NaHCO4 X
o DCM, 0 °Ctort 128 07 9

OH 8

Method 1:

324 323

Alcohol 324 (88 mg, 0.51 mmol) was dissolved in DCM (5 mL) under nitrogen and cooled to 0 °C, then
NaHCOs (171 mg, 2.04 mmol) and DMP (260 mg, 0.61 mmol) were added sequentially. The reaction
mixture was stirred for 2 hours at room temperature, filtered over Celite eluting with Et,0 (100 mL)
and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(8% Et,0 in pentane) to afford ketone 323 (83 mg, 96%) as a colourless oil; [a]3? = +172 (c 1, CHCl3);
vmax (film) 2961, 2930, 2877, 1721, 1215, 1103, 746; 64 (400 MHz, CDCls) 0.82 (3H, d, J 6.5, 6-CH3), 0.97
(3H,t,J7.5,9-Hs), 1.17 - 1.27 (1H, m, 5-HH), 1.30 — 1.49 (3H, m, 4-HH, 6-H and 8-HH), 1.73 (1H, dqd,
J14.0,7.5, 2.8, 8-HH), 1.79 — 1.89 (2H, m, 4-HH and 5-HH), 2.20 (3H, s, 1-Hs), 2.89 (1H, ddd, /9.5, 8.4,
2.8, 7-H), 3.70 (1H, dd, J 11.6, 2.5, 3-H); 6¢ (101 MHz, CDCls) 9.9 (C-9), 17.8 (CH3-6), 26.02 (C-8), 26.04
(C-1), 28.5 (C-4), 32.7 (C-5), 34.5 (C-6), 83.2 (C-3), 84.8 (C-7), 210.6 (C-2); HRMS (ESI) calc. for
[C10H1802Na] 193.1199 Found 193.1199. Data consistent with the literature.?*’

N 4 6
[Ir(cod)(PCys)(py)IPF4 ] 3 0
DCM, H, atm. 2 7
(@) > O 5

(0] 0]
31 323

Method 2:

Ketone 31 (73 mg, 0.45 mmol) was dissolved in degassed DCM (2 mL) under nitrogen at room
temperature then Crabtree’s catalyst (17 mg, 0.02 mmol) was added. Using a balloon, H, was bubbled
through the reaction mixture for 5 minutes then the reaction mixture was stirred under H, at
atmospheric pressure for 3 hours. The solvent was removed in vacuo and the resulting material
dissolved in Et,0 (5 mL), filtered over Celite eluting with Et,O (10 mL) and the solvent removed in
vacuo. The crude material was purified by flash column chromatography (8% Et,O in pentane) to
afford ketone 323 (65 mg, 89%) as a single diastereoisomer and a colourless oil; [0(],232 =+4172 (c 1,
CHCls); vmax (film) 2961, 2930, 2877, 1721, 1215, 1103, 746; 64 (400 MHz, CDCl3) 0.82 (3H, d, J 6.5, 6-
CHs), 0.97 (3H, t,J 7.5, 9-H3), 1.17 — 1.27 (1H, m, 5-HH), 1.30 — 1.49 (3H, m, 4-HH, 6-H and 8-HH), 1.73
(1H, dqd, J 14.0, 7.5, 2.8, 8-HH), 1.79 — 1.89 (2H, m, 4-HH and 5-HH), 2.20 (3H, s, 1-Hs), 2.89 (1H, ddd,
J9.5,8.4,2.8,7-H),3.70 (1H, dd, J 11.6, 2.5, 3-H); &¢ (101 MHz, CDCls) 9.9 (C-9), 17.8 (CHs-6), 26.02 (C-
8), 26.04 (C-1), 28.5 (C-4), 32.7 (C-5), 34.5 (C-6), 83.2 (C-3), 84.8 (C-7), 210.6 (C-2); HRMS (ESI) calc. for
[C10H1802Na] 193.1199 Found 193.1199. Data consistent with previously reported.
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Method 2 scale-up procedure:

Ketone 31 (1100 mg, 6.45 mmol) was dissolved in degassed DCM (26 mL) under nitrogen at room
temperature. Using a balloon, H, was bubbled through the solution for 1 minute then Crabtree’s
catalyst (264 mg, 0.33 mmol) was added. Using a balloon, H, was bubbled through the reaction
mixture for 20 minutes then the reaction mixture was stirred under H, at atmospheric pressure for 3
hours. The solvent was removed in vacuo and the resulting material dissolved in Et,O (25 mL), filtered
over Celite eluting with Et,0 (25 mL) and the solvent removed in vacuo. The crude material was
purified by flash column chromatography (8% Et,0 in pentane) to afford ketone 323 (889 mg, 81%) as

a single diastereoisomer and a colourless oil. Data consistent with previously reported.

tert-Butyl(((S,E)-4-((2R,5S,6R)-6-ethyl-5-methyltetrahydro-2H-pyran-2-yl)-2-methylpent-3-en-1-
yl)oxy)dimethylsilane (327)

o I iynBuLi, THF, -78 °C
1] ’ )
TBS0” Y N ii) ACOH, rt
(o) z /N > TBSO

(0]

323 275 327

Phosphorus diamide 275 (3.15 g, 9.82 mmol) was dissolved in THF (30 mL) under nitrogen and cooled
to -78 °C, then 2.5 M nBuli in hexane (3.39 mL, 8.47 mmol) was added dropwise and the reaction
mixture was stirred for 2 hours. Neat ketone 323 (0.76 g, 4.46 mmol) was added dropwise and the
reaction mixture was stirred at -78 °C for 1 hour. The reaction mixture was warmed to room
temperature and quenched with AcOH (2.55 mL, 44.6 mmol) then stirred for an additional 20 minutes
at room temperature. Aqueous saturated NaHCOs (50 mL) was added and the resulting solution was
extracted with DCM (3 x 100 mL). The combined organic layers were dried over MgS0,4 and the solvent
removed in vacuo. The crude material was purified by flash column chromatography (3% Et,O in
petroleum ether 60:40) to afford alkene 327 (0.75 g, 49%, E/Z = 15:1) as a colourless oil and ketone
323 (212 mg, 28%); [a]3* = +22.0 (c 1, CHCIs); Vimax (film) 2956, 2929, 2856, 1215, 753; &y (400 MHz,
CDCl5) 0.81 (3H, d, J 6.6, 8-CH3), 0.88 (9H, s, SiC(CHs)s), 0.95 (3H, d, J 1.1, 2-CH3), 0.95 — 0.98 (3H, m,
11-Hs), 1.17 - 1.25 (1H, m, 7-HH), 1.30 — 1.38 (1H, m, 8-H), 1.38 — 1.48 (2H, m, 6-HH and 10-HH), 1.56
—1.72 (5H, m, 4-CHs, 6-HH and 10-HH), 1.74 — 1.82 (1H, m, 7-HH), 2.51 — 2.60 (1H, m, 2-H), 2.90 (1H,
ddd, J9.5, 7.5, 3.0, 9-H), 3.26 — 3.36 (1H, m, 1-HH), 3.42 —3.52 (1H, m, 1-HH), 3.54 — 3.62 (1H, m, 5-H),
5.14 -5.18 (1H, m, 3-H); 6¢ (101 MHz, CDCls) -6.16 (SiCHs), -6.09 (SiCHs), 8.6 (C-11), 12.6 (CHs-4), 16.5
(CHs-2), 17.0 (CH3-8), 17.5 (SiC(CHs)s), 25.08 (C-10), 25.14 (SiC(CHs)s), 30.0 (C-6), 32.4 (C-7), 33.4 (C-8),
34.2(C-2),67.1(C-1),81.2 (C-5), 83.5 (C-9), 126.3 (C-3), 136.1 (C-4); HRMS (ESI) calc. for [C2oH200,SiNa]
363.2701 Found 363.2690.
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(S,E)-4-((2R,5S,6R)-6-Ethyl-5-methyltetrahydro-2H-pyran-2-yl)-2-methylpent-3-en-1-ol (328)

w
) TBAF, THF
TBSO™ Y (o) %

327 328

Silyl ether 327 (737 mg, 2.16 mmol, E/Z=15:1) was dissolved in THF (20 mL) under nitrogen and cooled
to 0 °C then 1 M TBAF in THF (3.25 mL, 3.25 mmol) was added dropwise. The reaction mixture was
stirred under nitrogen at room temperature for 3 hours and then quenched with aqueous saturated
NH.CI (30 mL) and the organic solvent removed in vacuo. The aqueous layer was extracted with EtOAc
(3 x 50 mL) and the combined organic layers were dried over Na,SO, and the solvent removed in
vacuo. The crude material was purified by flash column chromatography (35% Et,0 in petroleum ether
60:40) to afford alcohol 328 (391 mg, 80%, E/Z > 95:5) as a colourless oil; [a]33 = +20.0 (c 1, CHCls);
vmax (film) 3403, 2956, 2928, 2873, 2850, 1457, 1380, 1084, 1031; &4 (500 MHz, CDCl3) 0.81 (3H, d, J
6.5, 8-CHs), 0.92 — 0.98 (6H, m, 2-CHs and 11-Hs), 1.15 — 1.26 (1H, m, 7-HH), 1.30 — 1.46 (3H, m, 6-HH,
8-H and 10-HH), 1.52 (1H, s, OH), 1.62 — 1.74 (5H, m, 4-CHs, 6-HH and 10-HH), 1.80 (1H, ap. dg, J 13.0,
3.6, 7-HH), 2.60 — 2.70 (1H, m, 2-H), 2.90 (1H, ddd, J 9.5, 7.6, 3.0, 9-H), 3.36 (1H, dd, J 10.5, 7.8, 1-HH),
3.43 - 3.49 (1H, m, 1-HH), 3.61 (1H, m, 5-H), 5.13 — 5.20 (1H, m, 3-H); 6¢ (126 MHz, CDCl5) 9.7 (C-11),
13.9 (CHs-4), 17.1 (CHs-2), 17.9 (CH3-8), 26.1 (C-10), 31.1 (C-6), 33.4 (C-7), 34.5 (C-8), 35.2 (C-2), 68.0
(C-1), 81.9 (C-5), 84.6 (C-9), 126.6 (C-3), 139.3 (C-4); HRMS (ESI) calc. for [C1aH260,Na] 249.1825 Found
249.1820.

(S,E)-4-((2R,5S,6R)-6-Ethyl-5-methyltetrahydro-2H-pyran-2-yl)-2-methylpent-3-enoic acid (318)

o TEMPO, BAIB
DCM:H,0 (2:1)
HO” Y Xy S0 —————————> HO™
328 318

Alcohol 328 (56 mg, 0.25 mmol) was dissolved in DCM (2 mL) and water (1 mL) then TEMPO (20 mg,
0.13 mmol) and BAIB (199 mg, 0.62 mmol) were added, and the reaction mixture was stirred
vigorously for 3 hours. Aqueous saturated Na,S;0s3 (5 mL) and DCM (5 mL) were added, and the
reaction mixture was stirred vigorously for 10 minutes. The organic layer was separated and the
aqueous extracted with further DCM (4 x 15 mL). The combined organic layers were dried over Na;SO4
and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(40% Et,0 in petroleum ether 60:40) to afford alcohol 318 (36 mg, 60%) as a yellow oil; [a]33 = +94.0
(¢ 1, CHCls); Vmax (film) 3074 (broad), 2932, 2875, 2850, 1707, 1457; &4 (500 MHz, CDCls) 0.81 (3H, d, J
6.6, 8-CHs), 0.95 (3H, t, J 7.4, 11-H3), 1.15 - 1.22 (1H, m, 7-HH), 1.26 (3H, d, J 7.0, 2-CHs), 1.30 — 1.46
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(3H, m, 6-HH, 8-H and 10-HH), 1.62 — 1.73 (5H, m, 4-CHs, 6-HH and 10-HH), 1.75 - 1.84 (1H, m, 7-HH),
2.91(1H, ddd, J10.1, 7.5, 2.9, 9-H), 3.38 (1H, dq, /9.0, 7.0, 2-H), 3.53 —3.73 (1H, m, 5-H), 5.45 (1H, d,
J9.0, 3-H); 6¢ (126 MHz, CDCls) 9.6 (C-11), 13.4 (CH3-4), 17.9 (CHs-8), 18.0 (CH3-2), 26.0 (C-10), 30.8 (C-
6), 33.6 (C-7), 34.3 (C-8), 38.5 (C-2), 81.7 (C-5), 84.5 (C-9), 123.1 (C-3), 139.5 (C-4), 181.2 (C-1); HRMS
(ESI) calc. for [C14H2303] 239.1647 Found 239.1655.

0,0’-Isopropylidene-D-pantetheine (322)

i) pTsOH, 4 AMS, Acetone X
H 9H O ii) CDI, cysteaminesHCI, THF i H a4 n QMO
Ca2?*| HO N A ~NE N A8 I
0 o) o o
2
329 322

To a suspension of calcium D-pantothenate 329 (5.00 g, 10.5 mmol) and 4 A MS (5.00 g) in acetone
(100 mL) under nitrogen was added pTsOH.H,0 (4.79 g, 25.2 mmol) and the reaction mixture was
stirred for 20 hours. The reaction mixture was filtered, washed with EtOAc (100 mL) and the solvent
removed in vacuo. The crude material was dissolved in EtOAc (50 mL), and hexane (25 mL) and the
resulting solution decanted. The solvent was removed in vacuo to afford crude O,0’-isopropylidene D-

pantothenic acid as a white solid.

The crude material was dissolved in THF (100 mL) then CDI (5.11 g, 31.5 mmol) was added, and the
reaction mixture was stirred for 1 hour under nitrogen. Cysteamine hydrochloride was added and the
reaction mixture was stirred for a further 20 hours. The solvent was removed in vacuo then the crude
material was dissolved in DCM (100 mL). The solution was washed with aqueous saturated NH4Cl (2 x
100 mL), brine (100 mL), dried over MgS0O, and the solvent removed in vacuo. The crude material was
recrystallised from EtOAc/hexane to afford thiol 322 (4.80 g, 72%) as a white crystalline solid; &4 (400
MHz, CDCls) 0.97 (3H, s, 8-CHs), 1.04 (3H, s, 8-CH5’), 1.36 (1H, t, J 8.5, SH), 1.42 (3H, s, 10-CHs), 1.46
(3H, s, 10-CH5'), 2.42 — 2.53 (2H, m, 4-H,), 2.61 — 2.74 (2H, m, 1-H,), 3.28 (1H, d, J 11.7, 9-HH), 3.34 —
3.64 (4H, m, 2-H, and 5-H,), 3.68 (1H, d, J 11.7, 9-HH), 4.08 (1H, s, 7-H), 6.16 — 6.29 (1H, m, NH), 6.91
—7.07 (1H, m, NH); 8¢ (101 MHz, CDCls) 18.9 (CHs-10), 19.1 (CHs-8), 22.3 (CH5'-8), 24.8 (C-1), 29.7 (CH5'-
10), 33.2 (C-8), 35.0 (C-5), 36.4 (C-4), 42.6 (C-2), 71.6 (C-9), 77.4 (C-7), 99.3 (C-10), 170.5 (C-3), 171.2

(C-6); m/z (ESI): [M+H]* = 319.17. Data consistent with the literature.?””
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S-(2-(3-((R)-2,2,5,5-Tetramethyl-1,3-dioxane-4-carboxamido)propanamido)ethyl) (S,E)-4-
((2R,5S5,6R)-6-ethyl-5-methyltetrahydro-2H-pyran-2-yl)-2-methylpent-3-enethioate (426)

HSTNT T N
(0] (0]
322 s
W >< W
0 R EDCI-HCI, DMAP 07210 5 H 12 0 B
0°Ctort 200 19 X 17 14 !
318 426

Carboxylic acid 318 (25 mg, 0.10 mmol) was dissolved in DCM (1 mL) under nitrogen and cooled to
0 °C then EDCI.HCI (29 mg, 0.15 mmol) was added, and the reaction mixture was stirred for 5 minutes.
Thiol 322 (33 mg, 0.11 mmol) and DMAP (37 mg, 0.30 mmol) were added, and the reaction mixture
was stirred at room temperature for 18 hours. Aqueous saturated NH4Cl (10 mL) was added and the
resulting solution was extracted with EtOAc (3 x 15 mL). The combined organic layers were dried over
Na,SO, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (85% EtOAc in petroleum ether 60:40) to afford thioester 426 (45 mg, 82%) as a
colourless oil; [a]3? = +90.0 (c 1, CHCl3); vmax (film) 3429, 3313, 2933, 2873, 1660, 1526, 1098; &4 (500
MHz, CDCl3) 0.81 (3H, d, J 6.6, 4-CH3), 0.93 (3H, t,J 7.4, 1-H3), 0.96 (3H, s, 19-CH3), 1.03 (3H, s, 19-CH3’),
1.15-1.22 (1H, m, 5-HH), 1.24 (3H, d, J 6.9, 10-CH3), 1.30 — 1.43 (6H, m, 2-HH, 4-H, 6-HH and 21-CHj),
1.45 (3H, s, 21-CH3'), 1.62 — 1.72 (5H, m, 2-HH, 6-HH and 8-CH3), 1.75 — 1.82 (1H, m, 5-HH), 2.30 — 2.44
(2H, m, 15-H5), 2.87 - 2.93 (1H, m, 3-H), 2.93 — 2.98 (2H, m, 12-H,), 3.27 (1H, d, J 11.7, 20-HH), 3.32 —
3.59 (5H, m, 10-H, 13-H, and 16-H,), 3.61—3.70 (2H, m, 7-H and 20-HH), 4.06 (1H, s, 18-H), 5.34 - 5.44
(1H, m, 9-H), 6.05 — 6.15 (1H, m, NH), 6.97 — 7.06 (1H, m, NH); 8¢ (126 MHz, CDCls) 9.4 (C-1), 13.3 (CHs-
8), 17.7 (CHs-4), 18.1 (CH5-10), 18.7 (CH3-21), 18.9 (CHs-19), 22.2 (CH3"-19), 25.9 (C-2), 28.4 (C-12), 29.5
(CHs'-21), 30.6 (C-6), 32.98 (C-5), 33.04 (C-19), 34.1 (C-4), 34.8 (C-16), 35.9 (C-15), 39.6 (C-13), 47.4 (C-
10), 71.5 (C-20), 77.2 (C-18), 81.6 (C-7), 84.2 (C-3), 99.1 (C-21), 122.7 (C-9), 140.7 (C-8), 170.1 (C-17),
171.1 (C-14), 202.3 (C-11); HRMS (ESI) calc. for [C2sHasN,0sSNa] 563.3125 Found 563.3111.

S-(2-(3-((R)-2,4-Dihydroxy-3,3-dimethylbutanamido)propanamido)ethyl) (S,E)-4-((2R,5S,6R)-6-
ethyl-5-methyltetrahydro-2H-pyran-2-yl)-2-methylpent-3-enethioate (319)

6 o
HCI, THF OH OH H 15 H 12 9 9
, 20 19 L 17 N 14N A~ 1
—_— 18 \/\n/ SN
o 16 o 13 H

426 319

Acetonide 426 (20.5 mg, 0.038 mmol) was dissolved in THF (4 mL) and 1 M HCI (2 mL) then stirred for

3 hours at room temperature. Aqueous saturated NaHCO3 (10 mL) and EtOAc (20 mL) were added and
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the organic layer was separated. The aqueous layer was extracted with EtOAc (4 x 20 mL) and the
combined organic layers dried over MgSQO, and the solvent removed in vacuo. The crude material was
purified by flash column chromatography (5% MeOH in EtOAc) to afford thioester 319 (18.6 mg, 98%)
as a colourless oil; [0(]%2 =+462.0 (c 1, CHCI3); vmax (film) 3315, 2971, 2932, 2874, 1649, 1532, 1214, 744;
84 (500 MHz, CDCls) 0.81 (3H, d, J 6.4, 4-CHs), 0.91 (3H, s, 19-CHs), 0.94 (3H, tJ 7.5, 1-Hs), 1.01 (3H, s,
19-CH3'), 1.15 — 1.27 (4H, m, 5-HH and 10-CHs), 1.29 — 1.46 (3H, m, 2-HH, 4-H and 6-HH), 1.62 — 1.72
(5H, m, 2-HH, 6-HH and 8-CHs), 1.76 — 1.82 (1H, m, 5-HH), 1.91 (1H, br. s, OH), 2.39 (2H, t, J 5.9, 15-
H,), 2.91 (1H, ddd, J 10.0, 7.6, 2.8, 3-H), 2.93 —3.05 (2H, m, 12-H,), 3.39 (2H, m, 13-H>), 3.48 (2H, m,
20-H), 3.52 — 3.58 (3H, m, 10-H and 16-H,), 3.64 (1H, m, 7-H), 3.99 (1H, d, J 5.0, 18-H), 4.07 (1H, d, J
5.0, OH), 5.39 (1H, d, J 9.5, 9-H), 6.30 (1H, t, J 5.7, NH), 7.39 (1H, t, J 6.0, NH); &¢ (126 MHz, CDCls) 9.6
(C-1), 13.7 (CHs-8), 17.9 (CHs-4), 18.3 (CHs-10), 20.6 (CHs-19), 21.8 (CH5'-19), 26.0 (C-2), 28.4 (C-12),
30.7 (C-6), 33.2 (C-5), 34.4 (C-4), 35.3 (C-16), 35.8 (C-15), 39.5 (C-13), 39.8 (C-19), 47.6 (C-10), 71.1 (C-
20), 77.8 (C-18), 81.7 (C-7), 84.6 (C-3), 122.7 (C-9), 140.8 (C-8), 171.8 (C-14), 173.7 (C-17), 203.0 (C-
11); HRMS (ESI) calc. for [CasHaaN,06SNa] 523.2812 Found 523.2804.

Benzyl 2,2,2-trichloroacetimidate (354)

Cl3C(CN)
["BugN][HSO4]

©/\0H KOHaq), DCM )Nll*
BnO” “CCly

354

Benzyl alcohol (0.96 mL, 9.25 mmol) was dissolved in DCM (10 mL) and cooled to -15 °C then
tetrabutylammonium hydrogensulfate (15 mg, 0.04 mmol) and a 50% aqueous KOH solution (10 mL)
were added. The reaction mixture was stirred for 5 minutes then trichloroacetonitrile (1.11 mL, 11.1
mmol) was added dropwise. The reaction mixture was stirred for 30 minutes at -15 °C then 30 minutes
at room temperature. The layers were separated, and the aqueous layer extracted with DCM (2 x 20
mL). The combined organic layers were dried over MgS0, and the solvent removed in vacuo to afford
354 (2.33 g, quant.) as a yellow oil; &4 (400 MHz, CDCls) 5.35 (2H, s, CH,), 7.32 —7.48 (5H, m, ArH), 8.40
(1H, s, NH); 8¢ (101 MHz, CDCls) 70.9 (CH,), 91.6 (CCls), 127.9 (ArC), 128.5 (ArC), 128.7 (ArC), 135.6
(ArC), 162.8 (CNH). Data consistent with the literature.?’®

(S)-2-(Benzyloxy)propanal (356)

OH TfOH OBn DIBAL-H, OBn
H OEt DCM, hexane H OEt DCM, -78 °C 3 ; ;
—_— —_—
Y — Y )
O J\ O o
293 BnO CCl, 355 356
354
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To a solution of alcohol 293 (0.70 mL, 6.15 mmol) in DCM (2 mL) and hexane (4 mL) under nitrogen
was added 354 (2.33 g, 9.23 mmol) followed by dropwise addition of TfOH (0.016 mL, 0.18 mmol). The
reaction mixture was stirred at room temperature for 18 hours and filtered, washing with hexane (10
mL). The filtrate was washed sequentially with water (20 mL) then aqueous saturated NaHCO; (10 mL),
dried over MgS0O, and the solvent removed in vacuo to afford benzyl ether 355 (0.88 g, 69%) as a

yellow oil which was used directly in the next step without purification.

Ester 355 (0.88 g, 4.23 mmol) was dissolved in DCM (20 mL) under nitrogen and cooled to -78 °C then
1 M DIBAL-H in hexanes (4.65 mL, 4.65 mmol) was added dropwise. The reaction mixture was stirred
at -78 °C for 1 hour, then quenched by dropwise addition of MeOH (0.5 mL) followed by aqueous
saturated sodium potassium tartrate solution (30 mL). The reaction mixture was warmed to room
temperature and stirred vigorously for 1 hour. The organic layer was separated and the aqueous
extracted with DCM (2 x 50 mL). The combined organic layers were washed with brine (100 mL), dried
over MgS0O, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (30% Et;0 in petroleum ether 60:40) to afford aldehyde 356 (500 mg, 72%) as a
colourless oil; [a]33 = -48.0 (c 1, CHCl3), lit.[Ref] [a]33 = -52.6 (c 1, CHCl3); &4 (400 MHz, CDCls) 1.34
(3H, d,J 6.9, 3-Hs), 3.90 (1H, qd, J 6.9, 1.8, 2-H), 4.61 (1H, d, J 11.7, CHH), 4.66 (1H, d,J 11.7, CHH), 7.31
—7.39 (5H, m, ArH), 9.68 (1H, d, J 1.8, 1-H); 6¢ (101 MHz, CDCl3) 15.5 (C-3), 72.2 (C-2), 79.6 (CH,), 128.1
(ArCH), 128.3 (ArCH), 128.8 (ArCH), 137.5 (ArC), 203.7 (C-1). Data consistent with the literature.?’*

(1S,2R,55)-1-((R)-But-3-en-2-yl)-2-isopropyl-5-methylcyclohexan-1-ol (351)

i) DMP, DCM

ip ii) THF, 0 °C ip

HO r ) = 2 HO g
n, CiMg™ N PN 6

a1

Zo 7

(]

357 351

(+)-Menthol (3.13 g, 20.0 mmol) was dissolved in DCM (100 mL) under nitrogen then DMP (11.88 g,
28.0 mmol) was added. The reaction mixture was stirred at room temperature for 4 hours then
aqueous saturated NaHCO; (50 mL) and aqueous saturated Na,S;03 (50 mL) were added and the
reaction mixture was stirred vigorously for 30 minutes. The resulting solution was diluted with Et,0
(250 mL) and the layers were separated. The aqueous layer was extracted with further Et,0 (2 x 200
mL) and the combined organic layers were washed with brine (200 mL), dried over MgS04 and the
solvent removed in vacuo to give (+)-menthone (3.05 g, 99%) as a yellow oil which was used in the
next step without further purification. Freshly distilled crotyl chloride (3.31 mL, 34.0 mmol) in THF (35
mL) was added dropwise to magnesium turnings (0.83 g, 34.0 mmol) in THF (70 mL) under nitrogen at

room temperature. (Note: the addition of a few crystals of iodine and gentle heating were required to
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initiate the reaction). When bubbling stopped, the solution was cooled to 0 °C and a solution of (+)-
menthone (3.09 g, 20.0 mmol) in THF (20 mL) was added dropwise. The reaction mixture was stirred
at 0 °C for 2 hours then quenched with aqueous saturated NH4Cl (100 mL) and water (50 mL). The
resulting solution was filtered, extracted with EtOAc (2 x 200 mL) and the combined organic layers
washed with brine (100 mL), dried over MgS0O, and the solvent removed in vacuo. The crude material
was purified by flash column chromatography (2% EtOAc in petroleum ether 60:40) to afford
homoallylic alcohol 351 (2.97 g, 71%, dr > 95:5) as a colourless oil; [a]3* =-24.0 (c 1, CHCl3) lit.>° [a]3°
=-25.2 (c 1, CHCl3); vmax (film) 3574, 2950, 2920, 2970, 2844, 1634, 1456, 1378, 1007; &4 (400 MHz,
CDCl3) 0.76-1.01 (2H, m), 0.85 (3H, d, J 6.4, 8-CH3), 0.90 (3H, d, J 2.2, 3-CH3), 0.92 (3H, d, J 2.1, 'Pr-Me),
0.96 (3H, d, J 7.0, 'Pr-Me’), 1.25 (1H, m), 1.30 — 1.41 (2H, m), 1.46 — 1.54 (2H, m), 1.64 — 1.79 (2H, m),
2.08 (1H, ap. pd, J 7.0, 1.9, 'Pr-H), 2.59 (1H, ap. p, J 7.2, 3-H), 5.08 — 5.16 (2H, m, 1-H,), 5.87 (1H, ddd,
J16.7,10.6, 8.3, 2-H); 6¢ (101 MHz, CDCls) 14.8,18.2, 20.8, 22.8, 23.6, 25.2,27.7,35.4,41.7,45 .4, 46.1,
76.4, 116.9, 141.0; m/z (APCI): [M-H]* = 209.2. Data consistent with the literature.?*°

(R,E)-1-(tert-Butyldiphenylsiloxy)hex-4-en-2-ol (363)

Pr 4
HO L A ®
TBDPSO_~, - pTsOH.H,0, DCM e
o H —— TBDPSO._ 2
N < oH
268 351 363

Aldehyde 268 (1.00 g, 3.36 mmol) and (S)-Nokami reagent 351 (1.41 g, 6.72 mmol) were dissolved in
DCM (34 mL) under nitrogen, then pTsOH.H,0 (64 mg, 0.34 mmol) was added and the reaction mixture
was stirred at room temperature for 20 hours. Triethylamine (0.18 mL) was added followed by
aqueous saturated NaHCOs (30 mL) and the reaction mixture was stirred vigorously for 15 minutes.
The layers were separated, and the aqueous phase extracted with DCM (2 x 50 mL). The combined
organic layers were wash with aqueous saturated NaHCO3, dried over MgS0O, and the solvent removed
in vacuo. The crude material was purified by flash column chromatography (15% Et,O in petroleum
ether 60:40) to afford homoallylic alcohol 363 (0.77 g, 65%, E/Z > 95:5) as a yellow oil. *H-NMR analysis
of the Mosher’s ester indicated a > 99% ee; [a]3* = +4.0 (c 1, CHCls) lit. enantiomer?” [a]3° = -1.2 (c
8.1, CHCI3); vmax (film) 3439, 3019, 2931, 2858, 1428, 1214, 1113, 741, 702; 64 (400 MHz, CDCls) 1.08
(9H, s, SiC(CHs)3), 1.64 (3H, dg, J 6.3, 1.3, 6-H3), 2.13 — 2.20 (2H, m, 3-H,), 2.43 (1H, d, J 4.0, OH), 3.55
(1H, dd, J 10.1, 6.8, 1-HH), 3.66 (1H, dd, J 10.1, 3.8, 1-HH), 3.70 — 3.76 (1H, m, 2-H), 5.34 - 5.43 (1H, m,
4-H), 5.44 — 5.54 (1H, m, 5-H), 7.37 — 7.45 (6H, m, ArH), 7.64 — 7.69 (4H, m, ArH); 8¢ (101 MHz, CDCls)
18.2 (C-6), 19.4 (SiC(CHs)s), 27.0 (SiC(CHs)s), 36.5 (C-3), 67.5 (C-2), 71.8 (C-1), 126.8 (C-4), 127.9 (ArCH),
128.4 (C-5), 130.0 (ArCH), 133.4 (ArC), 135.0 (ArC), 135.7 (ArCH); HRMS (ESI) calc. for [C22H300,SiNa]
377.1913 Found 377.1907. Data consistent with the literature.?”’
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(R,E)-1-(tert-Butyldiphenylsiloxy)hex-4-en-2-yl (S)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate
(427)
& (-)-MTPA, DCC \ﬁ o
TBDPSO\/(o:/ —’DCM’ s TBDPSO OJ\(Ph

MeO CF,
363 427

Alcohol 363 (18 mg, 0.05 mmol) and (-)-MTPA (23 mg, 0.10 mmol) were dissolved in DCM (1 mL) under
nitrogen, then DCC (31 mg, 0.15 mmol) and DMAP (12 mg, 0.10 mmol) were added sequentially and
the reaction mixture was stirred at room temperature for 5 hours. The reaction mixture was filtered,

and the solvent removed in vacuo. *H-NMR analysis of the crude material indicated a > 99% de.

tert-Butyl(((2R,4R,5R,6R)-4-chloro-6-ethyl-5-methyltetrahydro-2H-pyran-2-
yl)methoxy)diphenylsilane (365)

AP Cl
A SnCly, DCM 3 NG
TBDPSO. 18°C TBDPSO.__2 s 8
—_—
OH 0
1 7
363 365

Homoallylic alcohol 363 (100 mg, 0.28 mmol) and propionaldehyde (0.061 mL, 0.85 mmol) were
dissolved in DCM (1.5 ml) at -78 °C under nitrogen then SnCl, (1 M in DCM, 0.56 mL, 0.56 mmol) was
added dropwise. The reaction mixture was stirred for 4 hours then quenched with aqueous saturated
NaHCO; (2 mL) and warmed to room temperature. The resultant solution was diluted with DCM (15
mL) and water (15 mL) and the organic layer separated. The aqueous layer was extracted with further
DCM (2 x 15 mL) and the combined organic layers were washed with brine (20 mL), dried over MgSO4
and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(15% DCM in petroleum ether 60:40) to afford tetrahydropyran 365 (81 mg, 67%) as a single
diastereoisomer and as a white solid; [a]4% = +8.0 (c 1, CHCl3); vmax (film) 2961, 2931, 2857, 1472, 1428,
1116; 84 (400 MHz, CDCls) 0.96 (3H, t, J 7.4, 8-H3), 1.01 — 1.12 (12H, m, SiC(CHs)s and 5-CHs), 1.47 (1H,
m, 7-HH), 1.52 — 1.62 (1H, m, 5-H), 1.66 — 1.80 (2H, m, 3-Hax and 7-HH), 2.27 (1H, ddt, J 12.8, 5.0, 1.5,
3-Heq), 2.96 (1H, ddd, J 10.2, 8.0, 2.6, 6-H), 3.48 (1H, dtt, J 8.5, 5.0, 1.5, 2-H), 3.60 (1H, ddd, J 10.4, 5.0,
1.5, 1-HH), 3.67 — 3.78 (1H, m, 1HH and 4-H), 7.35 — 7.46 (6H, m, ArH), 7.70 (4H, m, ArH); 8¢ (101 MHz,
CDCls) 9.7 (CHs-5), 14.7 (C-8), 19.5 (SiC(CHs)s3), 26.3 (C-7), 27.0 (SiC(CHs)3), 39.9 (C-3), 44.2 (C-5), 64.7
(C-4),66.9 (C-1), 77.2 (C-2), 83.1 (C-6), 127.9 (2 x ArCH), 129.9 (2 x ArCH), 133.81 (ArC), 133.83 (ArC),
135.87 (ArCH), 135.91 (ArCH); HRMS (MALDI) calc. for [C2sH350,SiCINa] 453.1987 Found 453.1996.
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\?/ Crystal obtained by recrystallisation from MeOH/Et,O/hexane.
3,’_\}{/ \ Space group: P2; (monoclinic).
:;\‘ -/

P

3-(tert-Butyldiphenylsiloxy)propan-1-ol (361)

TBDPSCI, DMAP
Imidazole, DCM 1 3
HO NN ————————> HO/\Z/\OTBDPS

360 361

To a solution of 1,3-propanediol (6.50 mL, 90.0 mmol) in DCM (60 mL) under nitrogen was added
imidazole (3.06 g, 45.0 mmol) and a spatula tip of DMAP. TBDPSCI (7.80 mL, 30.0 mmol) was added
dropwise and the reaction mixture was stirred for 24 hours. Water (50 mL) was added and the solution
was acidified with 2 M HCI (10 mL). The organic layer was separated and the aqueous extracted with
DCM (2 x 100 mL). The combined organic layers were washed with brine (50 mL), dried over MgSQO,
and the solvent removed in vacuo. The crude product was purified by flash column chromatography
(20% EtOAc in petroleum ether 60:40) to afford alcohol 361 (4.94 g, 52%) as a white solid; &4 (400
MHz, CDCls) 1.06 (9H, s, SiC(CHs)s), 1.81 (2H, ap. p, J 5.7, 2-H,), 2.36 (1H, t, J 5.4, OH), 3.82 — 3.88 (4H,
m, 1-H, and 3-H,), 7.37 — 7.46 (6H, m, ArH), 7.65 — 7.72 (4H, m, ArH); &c (101 MHz, CDCls) 19.3
(SiC(CHs)3), 27.0 (SiC(CHs)s), 34.4 (C-2), 62.2 (C-1/3), 63.5 (C-1/3), 128.0 (ArCH), 130.0 (ArCH), 33.4
(ArC), 135.7 (ArCH); m/z (ESI): [M+H]* = 315.18. Data consistent with the literature.?’®

3-(tert-Butyldiphenylsilyloxy)propan-1-al (362)

DMP, DCM 2
HO_A~_OTBDPS ——————> Oy ~_OTBDPS
1 3

361 362

Alcohol 361 (4.50 g, 14.32 mmol) was dissolved in DCM (140 mL) under nitrogen then DMP (7.29 g,
17.19 mmol) was added and the reaction mixture was stirred for 1 hour. Aqueous saturated NaHCO3
(50 mL) was added and the organic phase separated. The aqueous phase was extracted with DCM (3
x 50 mL). The combined organic layers were washed with brine (50 mL) dried over MgSQO, and the
solvent removed in vacuo. The crude product was purified by flash column chromatography (20% Et,0
in petroleum ether 60:40) to afford aldehyde 362 (3.56 g, 80%) as a colourless oil; 64 (400 MHz, CDCls)
1.05 (9H, s, SiC(CHs)s), 2.61 (2H, td, J 6.0, 2.2, 2-H,), 4.03 (2H, t, J 6.0, 3-H,), 7.28 — 7.57 (6H, m, ArH),
7.61—-7.74 (4H, m, ArH), 9.83 (1H, t, J 2.2, 1-H); 6¢ (101 MHz, CDCl3) 19.3 (SiC(CHs)s3), 26.9 (SiC(CH3)s),
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46.6 (C-2), 58.5 (C-3), 128.0 (ArCH), 130.0 (ArCH), 133.4 (ArC), 135.7 (ArCH), 202.1 (C-1); m/z (ESI):

[M+Na]* = 335.10. Data consistent with the literature.?’®
(R,E)-1-(tert-Butyldiphenylsiloxy)hept-5-en-3-ol (364)

Pr 5

HO LA
N o %\/b pTsOH.H,0, DCM v e
AN TBDPSO” Y “OH
362 351 ° 364

Aldehyde 362 (679 mg, 2.17 mmol) and (S)-Nokami reagent 351 (914 mg, 4.34 mmol) were dissolved
in DCM (22 mL) under nitrogen, then pTsOH.H,0 (41 mg, 0.22 mmol) was added and the reaction
mixture was stirred at room temperature for 20 hours. Triethylamine (0.10 mL) was added followed
by aqueous saturated NaHCOs3 (20 mL) and the reaction mixture was stirred vigorously for 15 minutes.
The layers were separated, and the aqueous phase extracted with DCM (2 x 50 mL). The combined
organic layers were washed with brine (20 mL), dried over MgS0O, and the solvent removed in vacuo.
The crude material was purified by flash column chromatography (15% Et,0 in petroleum ether 60:40)
to afford homoallylic alcohol 364 (536 mg, 67%, E/Z > 95:5) as a yellow oil. *H-NMR analysis of the
Mosher’s ester indicated a > 99% ee; [oc]f)2 =+4.0(c 1, CHCls); vmax (film) 3459, 3019, 2932, 2858, 1428,
1215, 1111; &4 (400 MHz, CDCls) 1.05 (9H, s, SiC(CHs)s), 1.63 — 1.79 (5H, m, 2-H, and 7-Hs), 2.16 — 2.23
(2H, m, 4-H,), 3.78 —3.93 (3H, m, 1-H; and 3-H), 5.41 - 5.59 (2H, m, 5-H and 6-H), 7.36 — 7.46 (6H, m,
ArH), 7.65 — 7.71 (4H, m, ArH); &¢ (101 MHz, CDCls) 18.3 (C-7), 19.2 (SiC(CHs)s), 27.0 (SiC(CHs)s), 38.0
(C-2), 40.9 (C-4), 63.5 (C-1), 71.4 (C-3), 127.5 (C-5), 128.0 (2 x ArCH), 128.3 (C-6), 130.0 (2 x ArCH),
133.2 (ArC), 133.3 (ArC), 135.7 (ArCH), 135.8 (ArCH); HRMS (ESI) calc. for [C23H320,Si] 369.2244 Found
369.2243.

tert-Butyl(2-((2S,4R,5R,6R)-4-chloro-6-ethyl-5-methyltetrahydro-2H-pyran-2-
yl)ethoxy)diphenylsilane (366)

AP Cl
X SnCl,, DCM 4 AR g
78°C s 7 9
TBDPSO OH ™ TBOPSOT Y oY
364 366

Homoallylic alcohol 364 (475 mg, 1.29 mmol) and propionaldehyde (0.28 mL, 3.87 mmol) were
dissolved in DCM (17 ml) at -78 °C under nitrogen then SnCl; (1 M in DCM, 2.58 mL, 2.58 mmol) was
added dropwise. The reaction mixture was stirred for 6 hours then quenched with aqueous saturated
NaHCO; (10 mL) and warmed to room temperature. The resultant solution was diluted with DCM (30
mL) and water (20 mL) and the organic layer separated. The aqueous layer was extracted with further

DCM (2 x 40 mL) and the combined organic layers were washed with brine (40 mL), dried over MgS0O,
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and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(20% DCM in petroleum ether 60:40) to afford tetrahydropyran 366 (457 mg, 80%) as a single
diastereoisomer and a colourless oil; [oc]%,1 = +48.0 (c 1, CHCI3); vmax (film) 3019, 2931, 2857, 1215; &4
(400 MHz, CDCl3) 0.92 (3H, ap. t, J 7.4, 9-H3), 0.99 — 1.10 (12H, m, SiC(CHs); and 6-CHs), 1.35 — 1.47
(1H, m, 8-HH), 1.48 — 1.55 (1H, m, 6-H), 1.61 — 1.82 (4H, m, 2-Ha, 4-Hax and 8-HH), 2.15 (1H, ddd, J 12.8,
4.5,2.0,4-Heq), 2.89 (1H, ddd, J 9.5, 8.3, 2.7, 7-H), 3.56 (1H, dddd, J 11.3, 8.0, 4.5, 2.0, 3-H), 3.64 —3.76
(2H, m, 1-HH and 5-H), 3.85 (1H, ddd, J 10.2, 8.2, 5.2, 1-HH), 7.35 — 7.47 (6H, m, 6 x ArCH), 7.57 — 7.72
(4H, m, 4 x ArCH); &¢ (101 MHz, CDCl3) 9.9 (C-9), 14.7 (CHs-6), 19.4 (SiC(CHs)s), 26.4 (C-8), 27.1
(SiC(CHs)s), 38.9 (C-2), 43.5 (C-4), 44.5 (C-6), 60.2 (C-1), 64.7 (C-5), 73.1 (C-3), 83.0 (C-7), 127.81 (ArCH),
127.82 (ArCH), 129.76 (ArCH), 129.78 (ArCH), 134.1 (2 x ArC), 135.71 (ArCH), 135.72 (ArCH); HRMS
(ESI) calc. for [C11H19035Cl] 445.2324 Found 445.2321.

(E)-Pent-3-en-1-0l (374)

DIBAL-H
o DCMG
J\/\/ -781t0 0 °C 1 3\ 5
- = N
HO HO
2 4
373 374

Carboxylic acid 373 (1.50 mL, 14.8 mmol) was dissolved in DCM (60 mL) under nitrogen and cooled to
-78 °C then 1 M DIBAL-H in hexane (60 mL, 60 mmol) was added dropwise over 20 minutes. The
reaction mixture was warmed to room temperature and stirred for 2 hours. The reaction mixture was
cooled to 0 °C, quenched with aqueous saturated sodium potassium tartrate solution (150 mL) and
stirred vigorously for 16 hours. The organic layer was separated and the aqueous layer extracted with
further DCM (2 x 150 mL). The combined organic layers were dried over MgSQO, and the solvent
removed in vacuo. The crude material was purified by flash column chromatography (35% Et.0 in
petroleum ether 60:40) to afford the volatile aldehyde 374 (822 mg, 64%) as a colourless oil; &4 (400
MHz, CDCl5) 1.56 (1H, t, J 5.8, OH), 1.68 (3H, ap. dq, J 6.4, 1.4, 5-Hs), 2.21 — 2.28 (2H, m, 2-H,), 3.61
(2H, ap. g,/ 5.8, 1-H,), 5.39 (1H, dtq, / 15.3, 6.9, 1.4, 3-H), 5.56 (1H, dqt, J 15.3, 6.4, 1.3, 4-H); 6¢ (101
MHz, CDCls) 18.2 (C-5), 36.1 (C-2), 62.2 (C-1), 127.3 (C-3), 128.7 (C-4); HRMS (APCI) calc. for [CsH100]
87.0804 Found 87.0803. Data consistent with the literature.?”

(2E,62)-Octa-2,6-dien-4-ol (371)

N~ Mgl
6 6
AICl3, THF 5 7 S
/\) -78t0 0 °C 2 4\8 2 4\7

—_——

= O 0 TR o
3 3

148 371 428
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Freshly distilled crotyl chloride (1.46 mL, 15.00 mmol) was added dropwise to magnesium turnings
(364 mg, 15.00 mmol) in THF (15 mL) under nitrogen at room temperature. (Note: the addition of a
few crystals of iodine and gentle heating were required to initiate the reaction). When bubbling had
stopped, the solution was cooled to -78 °C then a precooled (0 °C) solution of AICl3 (2000 mg, 15.00
mmol) in THF (7.5 mL) was added dropwise and the reaction mixture was stirred for 10 minutes.
Crotonaldehyde (0.414 mL, 5.00 mmol) was added dropwise and the reaction mixture was warmed to
0 °C over 30 minutes. The reaction mixture was quenched with aqueous saturated NH,CI (30 mL) and
warmed to room temperature. The resulting solution was extracted with EtOAc (3 x 50 mL), dried over
MgSO, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (20% Et,0 in petroleum ether 60:40) to afford volatile alcohol 371 (containing 12%
of the E,E-isomer, 186 mg, 29%) as a colourless oil, and alcohol 428 as an inseparable mixture of

diastereoisomers (95 mg, 15%) as a colourless oil.

371 (data reported for the major E,Z-isomer only): vmax (film) 3355, 3019, 2964, 2918, 2858, 1440,
1030, 964; &4 (700 MHz, CDCls) 1.63 (3H, ddt, /6.8, 1.8, 0.8, 8-Hs), 1.69 (3H, ddd, J 6.5, 1.7, 0.8, 1-Hs),
2.22—2.27 (1H, m, 5-HH), 2.32 (1H, ddddd, J 14.3, 7.9, 6.8, 1.5, 0.8, 5-HH), 4.08 (1H, ap. q, J 6.8, 4-H),
5.38 — 5.43 (1H, m, 6-H), 5.51 (1H, ddq, J 15.3, 6.8, 1.7, 3-H), 5.62 (1H, dqt, J 10.9, 6.8, 1.5, 7-H), 5.67
(1H, dqd, J 15.3, 6.5, 1.1, 2-H); ¢ (101 MHz, CDCls) 13.2 (C-8), 17.9 (C-1), 35.2 (C-5), 72.6 (C-4), 125.8
(C-6),127.0(C-2/7), 127.4 (C-2/7), 133.7 (C-3); HRMS (APCI) calc. for [CsH13] 109.1012 Found 109.1012.

428: vimax (film) 3386, 2966, 2935, 2919, 2879, 965; 6+ (400 MHz, CDCl3) 0.97 (3H, d, J 6.8, 5-CHz minor),
1.01 (3H, d, J 6.9, 5-CH; major), 1.51 — 1.61 (1H, m, OH major), 1.62 — 1.66 (1H, m, OH minor), 1.67 —
1.74 (6H, m, 1-H3 major and minor), 2.16 — 2.28 (1H, m, 5-H minor), 2.29 — 2.40 (1H, m, 5-H major),
3.78 (1H, ap. t, J 7.4, 4-H minor), 3.95 (1H, ap. t, J 6.2, 4-H major), 5.04 — 5.16 (4H, m, 7-H, major and
minor), 5.40 — 5.51 (2H, m, 3-H major and minor), 5.60 — 5.84 (4H, m, 2-H and 6-H major and minor);
6c (101 MHz, CDCls) 15.0 (CHs-5 major), 16.3 (CHs3-5 minor), 17.9 (C-1 major and minor), 43.8 (C-5
major), 44.8 (C-5 minor), 76.1 (C-4 major), 76.4 (C-4 minor), 115.8 (C-7 major), 116.6 (C-7 minor), 128.1
(C-2/6 major), 128.7 (C-2/6 minor), 131.6 (C-3 major), 132.0 (C-3 minor), 140.3 (C-2/6 major), 140.8
(C-2/6 minor); HRMS (APCI) calc. for [CgH13] 109.1012 Found 109.1012.

(+)-(2R,3S,4R,6R)-4-Chloro-2-ethyl-3-methyl-6-((E)-prop-1-en-1-yl)tetrahydro-2H-pyran (378)

AP cl
N SnCl,, DCM s NI
« 78°C 24 .
—_—
OH 1 (0) 10
3 9
371 378
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Homoallylic alcohol 371 (25 mg, 0.20 mmol, E/Z = 12:18) and propionaldehyde (0.043 mL, 0.60 mmol)
were dissolved in DCM (1 ml) at -78 °C under nitrogen then SnCls (1 M in DCM, 0.4 mL, 0.4 mmol) was
added dropwise. The reaction mixture was stirred for 15 minutes then quenched with aqueous
saturated NaHCOs (1 mL) and warmed to room temperature. The resultant solution was diluted with
DCM (10 mL) and water (10 mL) and the organic layer separated. The aqueous layer was extracted
with further DCM (2 x 10 mL) and the combined organic layers were washed with brine (15 mL), dried
over MgS0O, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (10% DCM in petroleum ether 60:40) to afford tetrahydropyran 378 (32 mg, 79%) as
a colourless oil which contained 12% of the C-7 epimer; vmax (film) 2954, 2937, 2879, 2839, 1678, 1454,
1090; &4 (400 MHz, CDCls) 0.89 (3H, ap. t, J 7.5, 10-Hs), 0.98 (3H, d, J 6.9, 7-CHs), 1.34 — 1.49 (1H, m, 9-
HH), 1.58 - 1.66 (1H, m, 9-HH), 1.68 (3H, dd, J 6.6, 1.8, 1-Hs3), 1.73 - 1.89 (2H, m, 5-H), 1.91 - 2.02 (1H,
m, 7-H), 3.26 (1H, ap. td, J 6.9, 1.9, 8-H), 3.77 (1H, ddd, J 10.2, 6.5, 2.9, 4-H), 4.24 (1H, ap. dt, J 12.0,
4.7, 6-H), 5.48 (1H, ddd, J 15.4, 6.5, 1.8, 3-H), 5.64 — 5.75 (1H, m, 2-H); &¢ (101 MHz, CDCls) 6.0 (CHs-
7),10.4 (C-10), 18.0 (C-1), 26.2 (C-9), 37.1 (C-5), 38.2 (C-7), 62.0 (C-6), 78.1 (C-4), 81.4 (C-8), 128.2 (C-
2), 131.0 (C-3); HRMS (ESI) calc. for [C11H150Cl] 202.1119 Found 202.1114.

(15,25)-2-Methyl-1-(p-tolyl)but-3-en-1-ol (379)

trans-But-2-ene

‘BUOK, nBuLi
0 (=)-lpc-BOMe OH OH
| BF4°E,0, THF ;2 3 2
/@2 -78 °C to -45 °C 54 N /©/H/\
et & . H
383 379 429

A 1 M solution of tBuOK in THF (10.67 mL, 10.67 mmol) was dissolved in THF (20 mL) and cooled
to -78 °C then condensed trans-but-2-ene (2.20 mL, 24.60 mmol) was added via cannula. A solution of
2.5 M nBuli in hexane (4.27 mL, 10.67 mmol) was added dropwise over 15 minutes and the reaction
mixture was stirred for 10 minutes at -45 °C then cooled to -78 °C. A 1 M solution of (-)-Ipc;BOMe in
Et,0 (13.12 mL, 13.12 mmol) was added dropwise over 20 minutes. The reaction mixture was stirred
at -78 °C for 30 minutes then BFs.Et,0 (1.82 mL, 14.76 mmol) was added dropwise over 5 minutes
followed by a solution of aldehyde 383 (0.98 mL, 8.2 mmol) in THF (13 mL) over 15 minutes. The
reaction mixture was stirred for 4 hours, quenched with 3 M NaOH (6 mL) and 30% H,0, (3 mL), then
stirred at room temperature for 16 hours. The resulting solution was diluted with Et,O (100 mL) and
water (100 mL). The organic layer was separated and the aqueous extracted with further Et,0 (2 x 100
mL). The combined organic layers were washed with brine (100 mL), dried over MgSO, and the solvent
removed in vacuo. The crude material was purified by flash column chromatography (15% DCM in

petroleum ether 60:40) to afford an inseparable mixture of alcohols 379 and 429 (1165 mg, 81%,
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379:429 = 84:16) as a colourless oil. *H-NMR analysis of the Mosher’s ester indicated a 78% ee for 379;
[a]2% =-70.0 (c 1, CHCI3); 1it.253 [a]2® = -72.46 (c 1.86, CHCls); vimax (film) 3433, 3019, 2976, 1638, 1515,
1456, 1218; 64 (400 MHz, CDCl5) 0.86 (3H, d, J 7.0, 3-CH3), 2.12 (1H, d, J 2.5, OH), 2.35 (3H, s, 9-H3),
2.47 (1H, ap. h,J 7.3, 3-H), 4.32 (1H, dd, J 8.0, 2.5, 4-H), 5.14 — 5.26 (2H, m, 1-H,), 5.76 — 5.88 (1H, m,
2-H), 7.12 - 7.27 (4H, m, 4 x ArH); 6¢ (101 MHz, CDCl;) 16.8 (CHs-3), 21.4 (C-9), 46.5 (C-3), 78.0 (C-4),
116.9 (C-1), 127.0 (ArCH), 129.2 (ArCH), 137.5 (ArC), 139.7 (ArC), 141.1 (C-2); m/z (APCIl): [M+H-H,0]*

=159.1. Data consistent with the literature.?3

(R,E)-1-(4-Nitrophenyl)pent-3-en-1-ol (385)

o
O,N

2
OH 384 OH

H 3
z 5
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379 385

Allylic alcohol 379 (50 mg, 0.28 mmol, 84:16 threo:erythro, 78% ee) and aldehyde 834 (129 mg, 0.85
mmol) were dissolved in DCM (4 mL) under nitrogen then Sn(OTf), (4 mg, 0.01 mmol) was added and
the reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was diluted
with EtOAc (30 mL) and washed with aqueous saturated NaHCOs (2 x 20 mL), dried over Na,SO4 and
the solvent removed in vacuo. The crude material was purified by flash column chromatography (30%
Et,0 in petroleum ether 60:40) to afford allylic alcohol 385 (34 mg, 59%, E/Z = 93:7) as a colourless oil;
'H-NMR analysis of the Mosher’s ester indicated an 80% ee; [oc]f)1 =+56.0 (c 0.5, CHCl3); lit.>* [a]lzf’ =
+61.5 (¢ 0.5, CHCIls); vmax (film) 3444, 3020, 2925, 1730, 1521, 1347, 1214; &4 (400 MHz, CDCl5) 1.70
(3H, dd, J 6.4, 1.5, 5-H3), 2.09 — 2.28 (1H, m, OH), 2.35 (1H, ap. dtt, J 14.0, 8.0, 1.0, 2-HH), 2.44 — 2.53
(1H, m, 2-HH), 4.79 (1H, dd, J 8.0, 4.4, 1-H), 5.39 (1H, dddq, J 15.5, 8.0, 6.3, 1.5, 3-H), 5.62 (1H, ap. dqt,
J15.5,6.4,1.0, 4-H), 7.42 — 7.57 (2H, m, ArH), 8.15 — 8.26 (2H, m, ArH); 8¢ (101 MHz, CDCls) 18.3 (C-
5), 43.1 (C-2), 72.5 (C-1), 123.8 (ArCH), 125.7 (C-3), 126.7 (ArCH), 131.1(C-4), 147.4 (ArC), 151.5 (ArC);
HRMS (ESI) calc. for [C11H13NO3] 207.0890 Found 207.0888. Data consistent with the literature.?3

(3R,45)-4-Methylhex-5-en-3-ol (345)

trans-But-2-ene

BUOK, nBuLi
(-)-Ipco-BOMe
BFy»ELO, THE ¢ 2 4.
o 78 °C to -45 °C Z s 4
~ _—
N\F HO”
342 345

tBuOK (561 mg, 5.0 mmol) was dissolved in THF (15 mL) under nitrogen and cooled to -78 °C then

condensed trans-but-2-ene (0.90 mL, 10.0 mmol) was added via cannula. A solution of 2.5 M nBuli in
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hexane (2.00 mL, 5.0 mmol) was added dropwise over 15 minutes and the reaction mixture was stirred
for 10 minutes at -45 °C then cooled to -78 °C. A 0.92 M solution of (-)-Ipc;BOMe in THF (6.52 mL, 6.0
mmol) was added dropwise over 20 minutes. The reaction mixture was stirred at -78 °C for 30 minutes
then BF3.Et,0 (0.83 mL, 6.7 mmol) was added dropwise over 5 minutes followed by propionaldehyde
(0.51 mL, 7.0 mmol) over 5 minutes. The reaction mixture was stirred for 4 hours, quenched with 3 M
NaOH (4 mL) and 30% H,0, (2 mL), then stirred at room temperature for 16 hours. The resulting
solution was diluted with Et,O (150 mL) and water (100 mL). The organic layer was separated and the
aqueous extracted with further Et,0 (2 x 100 mL). The combined organic layers were washed with
brine (100 mL), dried over MgSQ, and the solvent removed in vacuo. The crude material was purified

by flash column chromatography (10% Et,0 in pentane) to afford alcohol 345 (252 mg, 44%, dr = 95:5)
as a colourless oil. 'H-NMR analysis of the Mosher’s ester indicated a > 95% ee; [oc]f)1 -8.0 (c 1, CHCI5);
lit.2%° [a] > = -8.7 (c 0.3, CHCls); Vmax (film) 3385, 3077, 2964, 2935, 2877, 1639, 1457, 1215; &y (400
MHz, CDCls) 0.96 (3H, t, J 7.4, 1-Hs), 1.03 (3H, d, J 6.8, 4-CHs), 1.35 — 1.44 (1H, m, 2-HH), 1.52 - 1.64
(2H, m, OH and 2-HH), 2.14 — 2.29 (1H, m, 4-H), 3.22 — 3.40 (1H, m, 3-H), 5.09 (1H, m, 6-HH), 5.12 (1H,
m, 6-HH), 5.69 — 5.84 (1H, m, 5-H); 8¢ (101 MHz, CDCl5) 10.1 (C-1), 16.5 (CHs-4), 27.1 (C-2), 43.9 (C-4),
76.2 (C-3), 116.4 (C-6), 140.6 (C-5); HRMS (APCI) calc. for [C;H140] 97.1012 Found 97.1008. Data

consistent with the literature.?®°

(2R,3R,4R,6S5)-4-Chloro-6-ethyl-3-methyl-2-((E)-prop-1-en-1-yl)tetrahydro-2H-pyran (386)

OM Cl
/j\‘/ SnCly, DCM T NG
-78°C 0_ 8 4 2
—_—
HO 0N\
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345 386

Homoallylic alcohol 345 (42 mg, 0.37 mmol) and crotonaldehyde (0.09 mL, 1.10 mmol) were dissolved
in DCM (2 ml) at -78 °C under nitrogen then SnCl; (1 M in DCM, 0.74 mL, 0.74 mmol) was added
dropwise. The reaction mixture was stirred for 30 minutes at -78 °C, warmed to room temperature,
then quenched with aqueous saturated NaHCOs (2 mL). The resultant solution was diluted with DCM
(10 mL) and water (10 mL) and the organic layer separated. The aqueous layer was extracted with
further DCM (2 x 10 mL) and the combined organic layers were washed with brine (15 mL), dried over
MgSO, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (15% DCM in petroleum ether 60:40) to afford tetrahydropyran 386 (16 mg, 21%) as
a colourless oil; [(x]f)1 -48.0 (c 1, CHCIs); vmax (film) 2966, 2929, 2878, 2837, 1457, 1215; &4 (400 MHz,
CDCl3) 0.92 (3H, t, /7.5, 10-Hs), 0.99 (3H, d, J 6.6, 5-CH3), 1.43 — 1.69 (4H, m, 5-H, 7-Hax, 9-H>), 1.72 (3H,
dd, J 6.5, 1.6, 1-Hs), 2.18 (1H, ddd, J 12.9, 4.6, 1.9, 7-Heg), 3.28 (1H, ap. dtd, J 11.2, 6.2, 1.9, 8-H), 3.40
(1H, dd, J9.7, 7.9, 4-H), 3.70 (1H, ddd, J 11.9, 10.6, 4.6, 6-H), 5.43 (1H, ddq, J 15.3, 7.9, 1.6, 3-H), 5.67
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—5.77 (1H, m, 2-H); 8¢ (101 MHz, CDCls) 9.9 (C-10), 15.2 (CHs-5), 18.0 (C-1), 28.8 (C-9), 42.4 (C-7), 44.8
(C-5), 64.3 (C-6), 77.8 (C-8), 83.9, (C-4) 130.4 (C-2 and C-3); HRMS (El) calc. for [C11H190%Cl] 202.1119
Found 202.1119.

tert-Butyl(((2R,4R,5R,6R)-4-chloro-6-ethyl-5-methyltetrahydro-2H-pyran-2-

yl)methoxy)diphenylsilane (365)

TBDPSO” NP
268 cl
P SnCly, DCM NGRS
__8C . tBDPSO_ 2 5. _*®
HO' 1 ©
345 365

Homoallylic alcohol 345 (57 mg, 0.5 mmol) and aldehyde 268 (179 mg, 0.6 mmol) were dissolved in
DCM (5 ml) at -78 °C under nitrogen then SnCls (1 M in DCM, 1.0 mL, 1.0 mmol) was added dropwise.
The reaction mixture was stirred for 30 minutes then quenched with aqueous saturated NaHCOs (5
mL) and warmed to room temperature. The resultant solution was diluted with DCM (15 mL) and
water (15 mL), and the organic layer separated. The aqueous layer was extracted with further DCM (2
x 15 mL) and the combined organic layers were washed with brine (20 mL), dried over MgSO, and the
solvent removed in vacuo. The crude material was purified by flash column chromatography (15%
DCM in petroleum ether 60:40) to afford tetrahydropyran 365 (79 mg, 37%) as a single
diastereoisomer and as white solid; [a]%?’ = +10.0 (c 1, CHCI3). Data consistent with previously

reported.

tert-Butyl((S)-1-((2R,4R,5R,6R)-4-chloro-6-ethyl-5-methyltetrahydro-2H-pyran-2-
yl)ethoxy)dimethylsilane (387)

Y%o
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Homoallylic alcohol 345 (91 mg, 0.80 mmol) and aldehyde 44 (100 mg, 0.53 mmol) were dissolved in
DCM (5 ml) at -78 °C under nitrogen then SnCls (1 M in DCM, 1.1 mL, 1.1 mmol) was added dropwise.
The reaction mixture was stirred for 2 hours then quenched with aqueous saturated NaHCOs (5 mL)
and warmed to room temperature. The resultant solution was diluted with DCM (15 mL) and water
(15 mL), and the organic layer separated. The aqueous layer was extracted with further DCM (2 x 15
mL) and the combined organic layers were washed with brine (20 mL), dried over MgS0O, and the

solvent removed in vacuo. The crude material was purified by flash column chromatography (10%
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DCM in petroleum ether 60:40) to afford tetrahydropyran 387 (56 mg, 33%) as a single
diastereoisomer and as a colourless oil; [0(]12)5 =+16.0 (c 1, CHCIs3); vmax (film) 2930, 2857, 1463, 1379,
1251, 1214, 1099; &y (400 MHz, CDCls) 0.06 (3H, s, SiCHs), 0.06 (3H, s, SiCHs), 0.88 (9H, s, SiC(CHs)s),
0.95 (3H, ap. t,J 7.5,9-Hs), 1.03 (3H, d, J 6.5, 6-CHs), 1.16 (3H, d, J 6.2, 1-H3), 1.40 (1H, ddq, J 14.3, 9.0,
7.5,8-HH), 1.47 — 1.56 (1H, m, 6-H), 1.65—1.78 (2H, m, 4-Ha.x and 8-HH), 2.35 (1H, ddd, J 12.7, 4.6, 1.9,
4-H.), 2.88 (1H, ap. td, 9.0, 2.6, 7-H), 3.04 (1H, ddd, J 11.3, 6.1, 1.9, 3-H), 3.64 —3.74 (2H, m, 2-H and
5-H); 8¢ (101 MHz, CDCls) -4.4 (SiCHs), -4.3 Si(CHs), 10.1 (C-9) , 14.7 (CHs-6), 18.24 (SiC(CHs)3), 21.0 (C-
1), 26.0 (SiC(CHs)s), 26.4 (C-8), 39.0 (C-4), 44.7 (C-6), 65.2 (C-5), 70.9 (C-2), 81.1 (C-3), 83.3 (C-7); HRMS
(El) calc. for [C16H330,Si**Cl] 263.1229 Found 263.1229.

tert-Butyl((S)-1-((2R,5S,6R)-6-ethyl-5-methyltetrahydro-2H-pyran-2-yl)ethoxy)dimethylsilane (389)

Cl

«  AIBN, HSnBu; 0 o
* Toluene, 80 °C *
— > 1, I3 9
(0) o’ 7
OTBS OTBS
387 389

Alkyl chloride 387 (95 mg, 0.30 mmol) was dissolved in degassed toluene (3 mL) under nitrogen and
heated to 50 °C then tributyltin hydride (0.24 mL, 0.89 mmol) was added followed by AIBN (10 mg).
The reaction mixture was heated at 80 °C for 1 hour, cooled to room temperature and diluted with
aqueous saturated potassium fluoride (25 mL) and EtOAc (50 mL). The organic layer was separated
and washed with aqueous saturated potassium fluoride (25 mL), then brine (25 mL), dried over MgS0O4
and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(10% DCM in petroleum ether 60:40) to afford tetrahydropyran 389 (72 mg, 85%) as a colourless oil;
[a]3% = +40.0 (c 1, CHCl3); vmax (film) 2958, 2927, 2889, 1462, 1250, 1099; &4 (400 MHz, CDCls) 0.04
(3H, s, SiCH3), 0.05 (3H, s, SiCH3), 0.80 (3H, d, J 6.5, 6-CH3), 0.88 (9H, s, SiC(CHs)s), 0.94 (3H, ap. t,J 7.4,
9-Hs), 1.12 (1H, m, 5-HH), 1.18 (3H, d, J 6.1, 1-H3), 1.20 — 1.35 (3H, m, 4-HH, 6-H and 8-HH), 1.65—1.73
(1H, m, 8-HH), 1.74 — 1.87 (2H, m, 4-HH and 5-HH), 2.77 (1H, ap. td, J 9.3, 2.6, 7-H), 2.96 (1H, ddd, J
11.0, 6.9, 2.0, 3-H), 3.58 —3.67 (1H, m, 2-H); &¢ (101 MHz, CDCls) -4.5 (SiCH3), -4.2 (SiCHs), 10.3 (C-9),
18.0 (CHs-6), 18.3 (SiC(CHs)s), 21.2 (C-1), 26.1 (SiC(CHs)s), 26.3 (C-8), 28.3 (C-4), 33.0 (C-5), 35.5 (C-6),
71.6 (C-2), 82.4 (C-3), 85.0 (C-7); HRMS (El) calc. for [C16H3405Si*] 299.1618 Found 299.1617.

(S)-1-((2R,5S,6R)-6-Ethyl-5-methyltetrahydro-2H-pyran-2-yl)ethan-1-ol (324)

o 4 B
TBAF, THF
’ 3
0°Ctort '& Y o
— >

OTBS OH
389 324
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Silyl ether 389 (60 mg, 0.21 mmol) was cooled to 0 °C under nitrogen then 1 M TBAF in THF (0.42 mL,
0.42 mmol) was added dropwise. The reaction mixture was stirred under nitrogen at room
temperature for 24 hours and then quenched with water (10 mL) and Et,O (10 mL). The organic layer
was separated and the aqueous extracted with Et,0 (2 x 20 mL). The combined organic layers were
washed with brine (20 mL), dried over MgS0O, and the solvent removed in vacuo. The crude material
was purified by flash column chromatography (30% Et,0 in petroleum ether 60:40) to afford alcohol

324 (33 mg, 91%) as a colourless oil. Data consistent with previously reported.

tert-Butyl((S)-1-((2R,4R,5R,6R)-4-chloro-6-ethyl-5-methyltetrahydro-2H-pyran-2-
yl)ethoxy)diphenylsilane (388)

Y§O
OTBDPS
305 Cl
SnCly, DCM 3w
= R 4 4 w
/j\/ 4’-78 ¢ BGP ) i
HO o7 "
OTBDPS
345 388

Homoallylic alcohol 345 (387 mg, 3.39 mmol) and aldehyde 305 (1060 mg, 3.39 mmol) were dissolved
in DCM (40 ml) at -78 °C under nitrogen then SnCls (1 M in DCM, 6.78 mL, 6.78 mmol) was added
dropwise. The reaction mixture was stirred for 3 hours then quenched with aqueous saturated
NaHCOs (20 mL) and warmed to room temperature. The resultant solution was diluted with DCM (50
mL) and water (30 mL), and the organic layer separated. The aqueous layer was extracted with further
DCM (2 x 40 mL) and the combined organic layers were washed with brine (50 mL), dried over MgSO,
and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(12% DCM in petroleum ether 60:40) to afford tetrahydropyran 388 (614 mg, 41%) as a single
diastereoisomer and as a white crystalline solid; [0(]2,33 =-12.0 (c 1, CHCIs); vmax (film) 2965, 2931, 2857,
1473, 1428, 1376, 1111; 64 (400 MHz, CDCl3) 0.94 (3H, t, J 7.3, 9-Hs), 1.00 — 1.05 (6H, m 1-Hs and, 6-
CHs), 1.06 (9H, s, SiC(CHs)3), 1.33 — 1.46 (1H, m, 8-HH), 1.47 — 1.60 (1H, m, 6-H), 1.70 — 1.76 (1H, m, 8-
HH), 1.82 (1H, ap. g, J 12.0, 4-H.), 2.33 (1H, ddd, J 12.8, 4.6, 2.0, 4-Hg), 2.88 (1H, ap. td, 9.1, 2.5, 7-
H), 3.15 (1H, ddd, J 11.4, 4.5, 2.0, 3-H), 3.69 (1H, ap. td, J 11.3, 4.6, 5-H), 3.86 (1H, qd, J 6.3, 4.5, 2-H),
7.32—7.47 (6H, m, 6 x ArH), 7.68 — 7.75 (4H, m, 4 x ArH); 8¢ (101 MHz, CDCl3) 10.1 (C-9), 14.7 (CH3-6),
19.6 (SiC(CHs)s), 20.2 (C-1), 26.4 (C-8), 27.2 (SiC(CHs)s), 38.3 (C-4), 44.7 (C-6), 65.3 (C-5), 71.8 (C-2),
81.0 (C-3), 83.4 (C-7), 127.66 (ArCH), 127.70 (ArCH), 129.7 (ArCH), 129.80 (ArCH), 134.0 (ArC), 135.0
(ArC), 136.2 (ArCH), 136.45 (ArCH); HRMS (El) calc. for [C2sH370,Si3°Cl] 387.1542 Found 387.1546.
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tert-Butyl((S)-1-((2R,5S,6R)-6-ethyl-5-methyltetrahydro-2H-pyran-2-yl)ethoxy)diphenylsilane (390)

AIBN
Cl HSnBuj
o Toluene 4 A (X
80 °C
- = 1, J3 9
(6] o7 y
OTBDPS OTBDPS
388 390

Alkyl chloride 388 (430 mg, 0.97 mmol) was dissolved in degassed toluene (10 mL) under nitrogen and
heated to 50 °C then tributyltin hydride (0.78 mL, 2.90 mmol) was added followed by AINB (32 mg).
The reaction mixture was heated at 80 °C for 1 hour, cooled to room temperature and diluted with
aqueous saturated potassium fluoride (25 mL) and EtOAc (50 mL). The organic layer was separated
and washed with aqueous saturated potassium fluoride (25 mL), then brine (25 mL), dried over MgS0O4
and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(13% DCM in petroleum ether 60:40) to afford tetrahydropyran 390 (372 mg, 93%) as a colourless oil;
[a]%? = +12.0 (c 1, CHCls); Vmax (film) 2960, 2930, 2856, 1463, 1427, 1105; &y (400 MHz, CDCls) 0.81
(3H, d, J 6.5, 6-CH3), 0.94 (3H, ap. t, J 7.4, 9-Hs), 1.04 (3H, d, J 6.2, 1-H3), 1.06 (9H, s, SiC(CH3)3), 1.10 —
1.22 (1H, m, 5-HH), 1.24 — 1.45 (3H, m, 4-HH, 6-H and 8-HH), 1.63 — 1.75 (1H, m, 8-HH), 1.76 — 1.86
(2H, m, 4-HH and 5-HH), 2.79 (1H, ap. td, J 9.2, 2.6, 7-H), 3.09 (1H, ddd, J 11.1, 5.4, 2.0, 3-H), 3.75 —
3.88 (1H, m, 2-H), 7.31 — 7.47 (6H, m, ArH), 7.62 — 7.81 (4H, m, ArH); &¢ (101 MHz, CDCls) 10.2 (C-9),
18.0 (CHs-6), 19.6 (SiC(CHs)s), 20.4 (C-1), 26.3 (C-8), 27.2 (SiC(CHs)s), 27.6 (C-4), 33.1 (C-5), 35.4 (C-6),
72.6 (C-2), 82.4 (C-3), 85.0 (C-7), 127.5 (ArCH), 127.6 (ArCH), 129.5 (ArCH), 129.6 (ArCH), 134.4 (ArC),
135.3 (ArC), 136.2 (ArCH), 136.3 (ArCH); HRMS (El) calc. for [C26H330,Si] 353.1931 Found 353.1929.

(S)-1-((2R,5S,6R)-6-Ethyl-5-methyltetrahydro-2H-pyran-2-yl)ethan-1-ol (324)

w 4 R
TBAF, THF . .
0°Ctort 2 7
(0] —_— (0] 5
OTBDPS OH
390 324

Silyl ether 390 (350 mg, 0.79 mmol) was cooled to 0 °C under nitrogen then 1 M TBAF in THF (1.57 mL,
1.57 mmol) was added dropwise. The reaction mixture was stirred under nitrogen at room
temperature for 24 hours and then quenched with water (20 mL) and Et,O (50 mL). The organic layer
was separated and the aqueous extracted with Et,0 (2 x 50 mL). The combined organic layers were
washed with brine (50 mL), dried over MgS0O, and the solvent removed in vacuo. The crude material
was purified by flash column chromatography (30% Et,0 in petroleum ether 60:40) to afford alcohol

324 (122 mg, 90%) as a colourless oil. Data consistent with previously reported.

207



Experimental

5-(((S,E)-4-((2R,5S,6R)-6-Ethyl-5-methyltetrahydro-2H-pyran-2-yl)-2-methylpent-3-en-1-
yl)sulfonyl)-1-phenyl-1H-tetrazole (331)

i) PT-SH, DIAD, PPhg

THF, 0°Ctort
HO N ) — > PTO,S
: if) EtOH, H,0,
328 (NH4)6M07024
O0°Ctort

Alcohol 328 (340 mg, 1.50 mmol), PT-SH (348 mg, 1.96 mmol) and PPhs (514 mg, 1.96 mmol) were
dissolved in THF (15 mL) under nitrogen and cooled to 0 °C then DIAD (0.39 mL, 1.96 mmol) was added
dropwise. The reaction mixture was stirred for 3 hours at room temperature then quenched with
aqueous saturated NHCl; (20 mL) and brine (20 mL). The resulting solution was extracted with EtOAc
(3 x 75 mL) and the combined organic layers were washed with brine (50 mL), dried over Na,SO, and
the solvent removed in vacuo. The crude material was filtered over a small plug of silica eluting with
20% Et,0 in petroleum ether 60:40 and the solvent removed in vacuo to afford sulfide (552 mg, 95%)

as a yellow oil.

The sulfide was dissolved in EtOH (47 mL) and cooled to 0 °C then a premixed solution of molybdate
(347 mg, 0.28 mmol) in a 30% aqueous solution of H,0, (1.43 mL, 14.1 mmol) was added dropwise.
The reaction mixture was stirred at room temperature for 18 hours then quenched with water (50
mL). The resulting solution was extracted with DCM (3 x 100 mL) and the combined organic layers
dried over MgS0, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (10% EtOAc in petroleum ether 60:40) to afford sulfone 331 (542 mg, 90% over two
steps) as a yellow oil; [a]3* =-16.0 (¢ 1, CHCl3); vimax (film) 3019, 2927, 1498, 1459, 1347, 1214; 6 (400
MHz, CDCls) 0.80 (3H, d, J 6.6, 8-CH3), 0.95 (3H, t, J 7.4, 11-H3), 1.16 (3H, d, J 6.8, 2-CH3), 1.18 — 1.20
(1H, m, 7-HH), 1.20 — 1.23 (1H, m, 6-HH), 1.28 — 1.35 (1H, m, 8-H), 1.42 (ap. dp, J 14.5, 7.4, 10-HH),
1.52-1.57 (1H, m, 6-HH), 1.61 (3H, d, J 1.4, 4-CHs), 1.70 (1H, dqd, J 14.5, 7.4, 2.9, 10-HH), 1.74 — 1.80
(1H, m, 7-HH), 2.87 (1H, ddd, J 9.9, 7.4, 2.9, 9-H), 3.27 (1H, m, 2-H), 3.48 (1H, d, J 9.7, 5-H), 3.57 (1H,
dd,J14.7, 6.3, 1-HH), 3.83 (1H, dd, J 14.7, 7.5, 1-HH), 5.13 (1H, dt, J 9.7, 1.4, 3-H), 7.54 — 7.68 (5H, m,
ArH); 8¢ (101 MHz, CDCls) 9.7 (C-11), 13.7 (CHs-4), 17.9 (CHs-8), 21.0 (CHs-2), 26.0 (C-10), 27.9 (C-2),
30.6 (C-6), 33.2 (C-7), 34.3 (C-8), 61.9 (C-1), 81.1 (C-5), 84.7 (C-9), 125.1 (C-3), 125.7 (2 x ArCH), 129.7
(2 x ArCH), 131.6 (ArCH), 133.3 (ArC), 138.9 (C-4), 154.2 (NCN); HRMS (ESI) calc. for [C2:H30N4O3S]
419.2111 Found 419.2113.
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Ethyl 2-((2S,4R,5R,65)-4,5-dihydroxy-6-((E)-prop-1-en-1-yl)tetrahydro-2H-pyran-2-yl)acetate (167)

BUOOH,
Ti(O'Pr),
10 7
~)-DIPT, DCM 9
EtO S A (=) e EtO1 2_0 6\
\ﬂ/\g/\-:/\/\/ ___20°c ) g y
O OH OH O & o
OH
129 167

Optimised procedure on < 1 mmol scale of allylic alcohol 129:

In a flame dried flask at -20 °C under nitrogen was added 4 A molecular sieves (30 mg), allylic alcohol
129 (100 mg, 0.44 mmol) and DCM (2.5 mL) followed by titanium isopropoxide (0.03 mL, 0.09 mmol)
and (-)-DIPT (0.03 mL, 0.13 mmol). The reaction mixture was stirred for 30 minutes then 5.5 M ‘BUOOH
in decane (0.16 mL, 0.88 mmol) was added dropwise and the reaction mixture was stirred at -20 °C for
24 hours. The reaction mixture was quenched with a precooled (0 °C) agueous solution of FeSO,/citric
acid (660 mg of FeSO4 and 220 mg of citric acid in 3 mL of H,0). The solution was stirred vigorously for
30 minutes at room temperature then extracted with DCM (3 x 30 mL). The combined organic layers
were dried over MgS0, and the solvent removed in vacuo. The crude product was purified by flash
column chromatography (70% EtOAc in petroleum ether 60:40) to afford tetrahydropyran 167 (87 mg,

81%) as a colourless oil. Data consistent with previously reported.

Optimised scale-up procedure:

In a flame dried flask at -20 °C under nitrogen was added 4 A powdered molecular sieves (1.60 g), DCM
(100 mL) and (-)-DIPT (2.92 mL, 13.93 mmol). The mixture was stirred for 30 minutes then titanium
isopropoxide (3.44 mL, 11.61 mmol) was added dropwise. The reaction mixture was stirred for 30
minutes then allylic alcohol 129 (5.30 g, 23.22 mmol) in DCM (15 mL) was added dropwise. The
reaction mixture was stirred for a further 30 minutes then 5.5 M ‘BuOOH in decane (8.44 mL, 46.44
mmol) was added dropwise and the reaction mixture was stirred at -20 °C for 24 hours. The reaction
mixture was poured into a precooled (0 °C ) aqueous solution of FeSO4/citric acid (20 g of FeSO,4 and
6.4 g of citric acid in 60 mL of H,0) and the resulting solution was stirred for 10 minutes at room
temperature. The mixture was filtered over Celite, washing with EtOAc (500 mL) and water (200 mL).
The organic layer was separated and the aqueous extracted with further EtOAc (2 x 500 mL). The
combined organic layers were dried over Na,SO,4 and the solvent removed in vacuo. The crude material
was purified by flash column chromatography (50% Et,O in DCM) to afford tetrahydropyran 167
(4.31 g, 76%, 89% BORSM) as a colourless oil and unreacted allylic alcohol 129 (0.75 g, 14%). Data

consistent with previously reported.
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Procedure for alternative quench with Na;S,0s:

In a flame dried flask at -20 °C under nitrogen was added 4 A powdered molecular sieves (600 mg),
DCM (26 mL) and (-)-DIPT (1.04 mL, 4.97 mmol). The mixture was stirred for 15 minutes then titanium
isopropoxide (1.23 mL, 4.14 mmol) was added dropwise. The reaction mixture was stirred for 30
minutes then allylic alcohol 129 (1890 mg, 8.28 mmol) in DCM (15 mL) was added dropwise. The
reaction mixture was stirred for a further 30 minutes then 5.5 M ‘BuOOH in decane (3.01 mL, 16.56
mmol) was added dropwise and the reaction mixture was stirred at -20 °C for 24 hours. The reaction
mixture was quenched with aqueous saturated Na,S;0s3 (40 mL) then stirred vigorously for 1 hour at
0 °C. The reaction mixture was diluted with water (100 mL) and EtOAc (200 mL) and the layers
separated. The aqueous layer was extracted with EtOAc (3 x 150 mL) then the combined organic layers
washed with Brine (100 mL), dried over Na,SO,4 and the solvent removed in vacuo. The crude material
was purified by flash column chromatography (60% Et,0 in DCM) to afford tetrahydropyran 167 (1167

mg, 58%) as a yellow oil. Data consistent with previously reported.

Ethyl 2-((2S,4R,5R,6S)-4,5-bis(benzyloxy)-6-((E)-prop-1-en-1-yl)tetrahydro-2H-pyran-2-yl)acetate
(393)

NaH, BnBr, 2 s
EtO. O A DMF EtOU_AC O °
W\/ 20100 °C W
© v ""OH O 4 Y7 “OBn
OH OBn
167 393

Diol 167 (74 mg, 0.30 mmol) in DMF (0.5 mL) was added dropwise to a suspension of a 60% dispersion
of NaH in mineral oil (36 mg, 0.91 mmol) in DMF (1 mL) under nitrogen at -20 °C. The reaction mixture
was stirred at -20 °C for 30 minutes, then benzyl bromide (0.09 mL, 0.75 mmol) was added dropwise.
The reaction mixture was stirred at -20 °C for 30 minutes then for 1 hour at 0 °C. Aqueous saturated
NH4Cl (10 mL) was added, and the aqueous phase was extracted with DCM (2 x 20 mL). The combined
organic layers were washed with brine (20 mL), dried over MgS0,4 and the solvent removed in vacuo.
The crude product was purified by flash column chromatography (20% Et,0 in petroleum ether 60:40)
to afford tetrahydropyran 393 (72 mg, 56%) as a colourless oil; [a]3® = -83.0 (c 1, CHCl3); Vmax (film)
3030, 2916, 1737, 1679, 1454, 1175, 1074; &4 (400 MHz, CDCl3) 1.25 (3H, t, J 7.2, OCH,CH;3), 1.33 -
1.41 (1H, m, 4-Ha), 1.69 — 1.76 (3H, m, 10-Hs), 2.04 — 2.16 (1H, m, 4-H.q), 2.37 (1H, dd, 15.2, 6.7, 2-
HH), 2.58 (1H, dd, J 15.2, 6.8, 2-HH), 3.14 (1H, dd, J 9.6, 2.9, 6-H), 3.90 — 4.00 (1H, m, 5-H), 4.14 (2H, q,
J 7.2, OCH;CHs), 4.23 — 4.38 (2H, m, 3-H and 7-H), 4.45 (1H, d, J 12.0, OCHHPh), 4.54 (1H, d, J 12.0,
OCHHPh), 4.67 (1H, d, J 12.5 Hz, OCHHPh), 4.72 (1H, d, J 12.5, OCHHPh), 5.43 - 5.54 (1H, m, 8-H), 5.78
—5.97 (1H, m, 9-H), 7.26 — 7.41 (10H, m, 10 x ArH); &¢ (101 MHz, CDCl;) 14.4 (OCH,CHs), 18.3 (C-10),
35.1(C-4), 40.9 (C-2), 60.6 (OCH,CH3s), 68.2 (C-3), 71.0 (C-5), 71.4 (OCH,Ph), 71.6 (OCH,Ph), 75.7 (C-7),
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79.5 (C-6), 127.7 (ArCH), 127.8 (ArCH), 127.87 (ArCH), 127.92 (ArCH), 128.0 (ArCH), 128.5 (ArCH),
129.58 (C-8), 129.62 (C-9), 138.4 (ArC), 138.9 (ArC), 171.2 (C-1); HRMS (ESI) calc. for [C2sH3205Na]
447.2142 Found 447.2141.

Ethyl 2-((2S,4R,5R,6R)-4,5-bis(benzyloxy)-6-formyltetrahydro-2H-pyran-2-yl)acetate (394)

) 8
EtO. o} S i) K20s04.2H,0, NMO EtO 3.0y
o) » ii) NalO4, THF/H,O o 4 8
" “0Bn ) NalO, >, S “0Bn
OBn OBn
393 394

Alkene 393 (50 mg, 0.118 mmol) was dissolved in acetone (0.5 mL) and water (0.1 mL) then potassium
osmate dihydrate (0.5 mg, 0.001 mmol) and NMO (21 mg, 0.177 mmol) were added sequentially and
the reaction mixture was stirred at room temperature. After 18 hours the reaction mixture was diluted
with EtOAc (15 mL) and water (15 mL). The organic layer was separated and the aqueous was extracted
with further EtOAc (2 x 15 mL). The combined organics were dried over MgSO4 and the solvent
removed in vacuo. The crude diol was dissolved in THF (0.4 mL) and water (0.3 mL) and NalO,4 (35 mg,
0.165 mmol) was added. The reaction mixture was stirred at room temperature for 2 hours. The
solution was filtered through a pad of Celite and washed with DCM (50 mL). The organic phase was
washed with aqueous saturated Na,S;03 (20 mL) and the aqueous extracted with DCM (2 x 50 mL).
The combined organic layers were dried over MgS0O,4 and the solvent removed in vacuo. The crude
material was purified by flash column chromatography (80% Et,0 in petroleum ether 60:40) to afford
aldehyde 394 (43 mg, 88%) as a colourless oil; [a]3° = -129.0 (¢ 1, CHCls); Vmax (film) 2872, 1733, 1265,
1092; &4 (400 MHz, CDCl3) 1.26 (3H, t,J 7.1, OCH,CHs), 1.37 —1.41 (1H, m, 4-HH), 2.12 (1H, ddd, J 14.1,
4.0, 2.0, 4-HH), 2.41 (1H, dd, J 15.6, 6.7, 2-HH), 2.64 (1H, dd, J 15.6, 6.7, 2-HH), 3.52 (1H, dd, J 10.1,
2.5, 6-H), 4.03 (1H, ap. dt, J 4.0, 2.5, 5-H), 4.10 — 4.20 (2H, m, OCHCHs), 4.32 (1H, ap. dtd, J 11.6, 6.7,
2.0, 3-H), 4.42 (1H, d, J 11.7, OCHHPh), 4.49 (1H, dd, J 10.1, 1.0, 7-H), 4.56 (1H, d, J 11.7, OCHHPh),
4.68 (1H, d, J 12.1, OCHHPh), 4.73 (1H, d, J 12.1, OCHHPh), 7.27 — 7.39 (10H, m, 10 x ArH), 9.75 (1H, d,
J 1.0, 8-H); 6¢ (101 MHz, CDCls) 14.4 (OCH,CHs), 34.5 (C-4), 40.4 (C-2), 60.8 (OCH,CHs), 68.6 (C-3), 70.2
(C-5), 71.3 (OCH,Ph), 71.6 (OCH,Ph), 76.1 (C-6), 78.4 (C-7), 127.9 (ArCH), 128.0 (2 x ArCH), 128.1 (2 x
ArCH), 128.2 (ArCH), 128.6 (2 x ArCH), 128.7 (2 x ArCH), 137.4 (ArC), 138.4 (ArC), 170.8 (C-1), 199.5 (C-
8); HRMS (ESI) calc. for [C27H2506] 413.1959 Found 413.1960.
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Ethyl 2-((2S,4R,5S,65)-4,5-bis(tert-butyldimethylsiloxy)-6-((E)-prop-1-en-1-yl)tetrahydro-2H-pyran-
2-yl)acetate (395)

TBSOTf

2 8
EtO (o) N 2,6-Lutidine EtO_1 3070
\n/\LJ/\/ DCM, 0 °C \n/\LB/\Q/

(6] ., > (0] "
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167 395

Diol 167 (3.60 g, 14.74 mmol) was dissolved in DCM (150 mL) under nitrogen and cooled to 0 °C then
2,6-lutidine (10.30 mL, 88.44 mmol) was added and the reaction mixture was stirred for 5 minutes.
TBSOTf (13.54 mL, 58.96 mmol) was added dropwise over 15 minutes. The reaction mixture was
stirred for 45 minutes at 0 °C then quenched with aqueous saturated NaHCOs solution (50 mL). The
resulting solution was diluted with water (100 mL) and DCM (200 mL). The organic layer was separated
and the aqueous extracted with DCM (2 x 100 mL). The combined organic layers were washed
sequentially with 2 M HCI (100 mL) then brine (100 mL), dried over MgS0O, and the solvent removed
in vacuo. The crude material was purified by flash column chromatography (8% Et,0 in petroleum
ether 60:40) to afford silyl ether 395 (6.28 g, 90%) as a colourless oil; [a]3! = -46.0 (c 1, CHCl3); Vimax
(film) 3020, 2954, 2929, 2887, 2857, 1739, 1473, 1214; &4 (400 MHz, CDCls) 6 0.00 (3H, s, SiCHs), 0.02
(3H, s, SiCHs), 0.06 (3H, s, SiCHs), 0.08 (3H, s, SiCHs), 0.86 (9H, s, SiC(CH3)s), 0.91 (9H, s, SiC(CHs)s), 1.24
(3H,t,J7.1, OCH,CHs), 1.53 (1H, ddd, J 13.4, 11.4, 2.1, 4-H.,), 1.68 (3H, dd, J 6.5, 1.6, 10-H3), 1.82 (1H,
ddd, J13.4,4.1, 2.1, 4-H.g), 2.34 (1H, dd, J 14.8, 7.6, 2-HH), 2.60 (1H, dd, J 14.8, 6.2, 2-HH), 3.28 (1H,
dd, /9.2, 2.1, 6-H), 4.00 (1H, ap. dt, J 4.1, 2.1, 5-H), 4.07 — 4.18 (3H, m, OCH,CH3 and 7-H), 4.27 (1H,
dddd, J11.4,7.6,6.2, 2.1, 3-H), 5.38 (1H, ddq, J 15.4, 7.3, 1.6, 8-H), 5.69 (1H, dqd, J 15.4, 6.5, 1.0, 9-
H); 8¢ (101 MHz, CDCls) -4.4 (2 x SiCHs), -4.2 (SiCHs), -3.4 (SiCHs), 14.4 (OCH,CHs), 18.2 (C-10), 18.3
(SiC(CHs)3), 18.4 (SiC(CHs)3), 26.1 (SiC(CHs)s3), 26.3 (SiC(CH3)s), 39.7 (C-4), 41.2 (C-2), 60.6 (OCH,CHj3),
67.9 (C-3), 69.6 (C-5), 73.9 (C-6), 76.7 (C-7), 129.2 (C-9), 130.4 (C-8), 171.2 (C-1); HRMS (ESI) calc. for
[C24H450sSi,] 473.3113 Found 473.3114.

Ethyl 2-((2S,4R,5S,6R)-4,5-bis(tert-butyldimethylsiloxy)-6-formyltetrahydro-2H-pyran-2-yl)acetate
(396)

i) K,0s0,4.2H,0, NMO

2 8
Eto\Tr/~\T:fi:I,—t§b,/ ) NAﬁ§tOQ$4?ﬁ§)o Eto\fr/~\i:ji:fza§c
., 1) NalOy4, 2 4 8
© ~ “0TBS © > oTBS

oTBS OTBS
395 396

Alkene 395 (5.99 g, 12.67 mmol) was dissolved in acetone (50 mL) and water (6.5 mL) then potassium
osmate dihydrate (47 mg, 0.13 mmol) and NMO (2.23 g, 19.04 mmol) were added sequentially, and

the reaction mixture was stirred at room temperature. After 18 hours the reaction mixture was diluted
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with EtOAc (200 mL), water (100 mL) and brine (50 mL). The organic layer was separated and the
aqueous was extracted with further EtOAc (2 x 150 mL). The combined organics were dried over
MgSO, and the solvent removed in vacuo. The crude diol was dissolved in THF (42 mL) and water (32
mL) and NalO4 (3.80 g, 17.77 mmol) was added portion wise. The reaction mixture was stirred at room
temperature for 3 hours then further NalO,4 (3.80 g, 17.77 mmol) was added and the reaction mixture
was stirred for 3 hours. The solution was filtered through a pad of Celite and washed with DCM (300
mL). The organic phase was washed with aqueous saturated Na,$;05; (200 mL) and the aqueous
extracted with DCM (2 x 200 mL). The combined organic layers were dried over MgS0, and the solvent
removed in vacuo. The crude material was purified by flash column chromatography (50% Et,0 in
petroleum ether 60:40) to afford aldehyde 396 (5.23 g, 89%) as a colourless oil; [a]3? = -76.0 (c 1,
CHCls); vmax (film) 3019, 2953, 2929, 2887, 2858, 1739, 1214; &4 (400 MHz, CDCl3) 0.01 (3H, s, SiCHs),
0.05 (3H, s, SiCHs), 0.09 (3H, s, SiCHs), 0.11 (3H, s, SiCH3), 0.89 (9H, s, SiC(CHs)s), 0.93 (9H, s, SiC(CH3)s),
1.25 (3H, t, J 7.1, OCHxCH3s), 1.57 (1H, ddd, J 13.6, 11.5, 2.0, 4-H.,), 1.86 (1H, ddd, J 13.6, 4.2, 2.1, 4-
Heq), 2.40 (1H, dd, J 15.2, 6.8, 2-HH), 2.67 (1H, dd, J 15.2, 6.8, 2-HH), 3.67 (1H, dd, J 9.6, 2.0, 6-H), 4.06
(1H, ap. dt, J 4.2, 2.0, 5-H), 4.13 (2H, ap. qd, J 7.1, 2.2, OCH,CHs), 4.29 (1H, ap. dtd, J 11.5, 6.8, 2.1, 3-
H), 4.39 (1H, dd, J 9.6, 1.4, 7-H), 9.72 (1H, d, J 1.4, 8-H); 8¢ (101 MHz, CDCls) -4.9 (SiCHs), -4.4 (SiCHs), -
4.1 (SiCHs), -3.5 (SiCHs), 14.4 (OCH,CHs), 18.2 (SiC(CHs)s), 18.3 (SiC(CHs)s), 26.0 (SiC(CHs)s), 26.1
(SiC(CHs)s), 39.0 (C-4), 40.6 (C-2), 60.8 (OCH,CH3), 68.2 (C-3), 69.4 (C-5), 71.4 (C-6), 79.5 (C-7), 170.8
(C-1), 200.5 (C-8); HRMS (ESI) calc. for [C22H4s06Si2] 461.2749 Found 461.2761.

(E)-But-2-ene-1,4-diol (402)

OH  LiAlH, THF .

— O°Ctort
/T/ > HO/\/\/OH
HO 2

401 402

A solution of 1,4-butyne diol 401 (8.61 g, 100 mmol) in THF (50 mL) was added dropwise to a
suspension of LiAlH, (5.69 g, 150 mmol) in THF (150 mL) at O °C under nitrogen. The reaction mixture
was stirred at 0 °C for 15 minutes followed by 24 hours at room temperature. The reaction mixture
was cooled to 0 °C and quenched with water (6 mL), then 3 M NaOH (6 mL) and then further water
(18 mL). The reaction mixture was stirred at room temperature for 30 minutes then MgS0O, was added.
The resulting suspension was filtered over Celite, washed with Et,0 (250 mL) and the solvent removed
in vacuo. The crude material was purified by flash column chromatography (EtOAc) to afford diol 402
(7.67 g, 87%, E/Z > 99:1) as a colourless oil; vmax (film) 3268, 3009, 2939, 2873, 1452, 1398, 1369,
1080,973; 61 (400 MHz, CDCl;3) 1.50 — 1.58 (2H, m, 2 x OH), 4.18 (4H, dd, J 5.3, 2.8, 2 x CH3), 5.90 (2H,
tt, J 2.7, 1.2, 2 x CH); &¢ (101 MHz, CDCls) 63.1 (C-1), 130.7 (C-2); m/z (APCI): [M+Na]* = 111.1. Data

consistent with the literature.??
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(E)-4-(tert-Butyldiphenylsiloxy)but-2-en-1-ol (392)

4 3 NaH, TBDPSCI 4 3
HO/\/\/OH THF, 0°Ctort HO/\/\/OTBDPS
2 4 2 4
402 392

A solution of diol 402 (1.00 g, 11.35 mmol) in THF (7 mL) was added dropwise to a suspension of a 60%
dispersion of NaH in mineral oil (454 mg, 11.35 mmol) in THF (25 mL) at 0 °C under nitrogen. The
reaction mixture was stirred at room temperature for 1 hour then TBDPSCI (2.95 mL, 11.35 mmol) was
added dropwise over 10 minutes. The reaction mixture was stirred for a further hour then cooled to
0 °C and quenched with water (20 mL). The resulting solution was diluted with DCM (100 mL) and
water (70 mL), and the organic layer separated. The aqueous was extracted with further DCM (2 x 100
mL) and the combined organic layers dried over MgS0O, and the solvent removed in vacuo. The crude
material was purified by flash column chromatography (40% Et,0 in petroleum ether 60:40) to afford
homoallylic alcohol 392 (2.00 g, 54%) as a colourless oil; &4 (400 MHz, CDCls) 1.07 (9H, s, SiC(CH3)s),
1.29 (1H, s, OH), 4.15 (2H, ap. dq, J 5.5, 1.4, 1-H,), 4.23 (2H, ap. dq, J 4.5, 1.7, 4-H,), 5.79 (1H, dtt, J
15.4, 4.5, 1.4, 3-H), 5.93 (1H, dtt, J 15.4, 5.5, 1.7, 2-H), 7.35 — 7.44 (6H, m, ArH), 7.65 — 7.71 (4H, m,
ArH); 8¢ (101 MHz, CDCls) 19.4 (SiC(CHs)s), 27.0 (SiC(CHs)s), 63.4 (C-1), 63.9 (C-4), 127.9 (4 x ArCH),
129.0(C-3),129.9 (2 x ArCH), 130.8 (C-2), 133.8 (2 x ArC), 135.7 (4 x ArCH); m/z (ESI): [M+Na]* = 349.10.

Data consistent with the literature.?%?

1,1-Diiodoethane (430)

AICI,, Etl
100 °C
CHsCHCl, —————>  CH3CHl,

430
1,1-Dichloroethane (2.0 gm 20.21 mmol) and iodoethane (4.87 mL, 60.63 mmol) were stirred under
nitrogen at room temperature, then AlCl; (269 mg, 2.02 mmol) was added and the reaction mixture
was refluxed at 100 °C for 4 hours. The reaction mixture was cooled to 0 °C, diluted with Et,O (100 mL)
and the resulting solution washed with 10% aqueous Na,S;0; (50 mL). The organic layer was dried
over Na,;SO, and the solvent removed in vacuo. The crude product was purified by flash column
chromatography (pentane) to afford 1,1-diiodoethane 430 (0.634 g, 11%) as a yellow oil; 64 (400 MHz,
CDCl3) 2.92 (3H,d, J 6.7, CHs), 5.19 — 5.26 (1H, q, J 6.7, CH); 6¢ (101 MHz, CDCls) 39.1 (CHs). Data

consistent with the literature.?®
tert-Butyl(((1S,2S,35)-2-methyl-3-vinylcyclopropyl)methoxy)diphenylsilane (270)

Tf,0, 2,6-Lutidine H

OH EtsSiH H, 3i
~ OTBDPS -78° 6 2
TMS/\/Y\/ DCM, -78°C y Mr,,//OTBDPS
a 5 1
269 270
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Alcohol 269 (2.50 g, 5.67 mmol) was dissolved in DCM (57 ml) and cooled to -78 °C under nitrogen
then 2,6-lutidine (2.64 mL, 22.68 mmol) and Et3SiH (0.23 mL, 1.42 mmol) were added and the reaction
mixture was stirred for 5 minutes. Tf,0 (2.88 mL, 17.02 mmol) was added dropwise and the reaction
mixture was stirred for 30 minutes at -78 °C then 2 hours at 0 °C. The reaction mixture was quenched
with dropwise addition of aqueous saturated NaHCOs (40 mL) and water (50 mL) and the resulting
solution was extracted with Et,0 (3 x 100 mL). The combined organic layers were dried over Na;SO4
and the solvent removed in vacuo. The crude product was purified by flash column chromatography
(2% Et,0 in petroleum ether 60:40) to afford alcohol 270 (1.77 g, 89%, dr > 99:1) as a colourless oil.

Data consistent with previously reported.
((1S,2S,3S)-2-((tert-Butyldiphenylsiloxy)methyl)-3-methylcyclopropyl)methanol (403)

DIBAL-H, DCM

: .
OQA.,,, _oTtepps 78 Ctort Ho\/AA?,,, _OTBDPS
5 1

271 403

Aldehyde 271 (5.90 g, 16.74 mmol) was dissolved in DCM (170 mL) under nitrogen and cooled to -78 °C
then 1 M DIBAL-H in hexanes (18.41 mL, 18.41 mmol) was added dropwise. The reaction mixture was
stirred at room temperature for 1 hour, cooled to 0 °C, then quenched with dropwise addition of
aqueous saturated sodium potassium tartrate solution (75 mL). The reaction mixture was warmed to
room temperature, diluted with water (75 mL) and DCM (50 mL) and stirred vigorously for 1 hour. The
organic layer was separated and the aqueous extracted with DCM (2 x 200 mL). The combined organic
layers were washed with brine (100 mL), dried over MgS0O, and the solvent removed in vacuo. The
crude material was purified by flash column chromatography (45% Et,0 in petroleum ether 60:40) to
afford alcohol 403 (5.83 g, 98%) as a colourless oil; [a]4* = +4.0 (c 1, CHCs); Vmax (film) 3347, 3018,
2957, 2931, 2858, 1428, 1214; & (400 MHz, CDCls) 0.66 (1H, m, 4-H), 0.79 — 0.89 (1H, m, 3-H), 0.97
(1H, dddd, /9.1, 7.6, 6.8, 4.7, 2-H), 1.03 — 1.08 (12H, m, 3-CHs and SiC(CHs)s), 1.23 (1H, m, OH), 3.37
(1H, ddd, J 11.7, 7.1, 4.5, 5-HH), 3.50 (1H, ap. dt, J 11.7, 6.2, 5-HH), 3.66 (1H, dd, J 11.0, 7.6, 1-HH),
3.72 (1H, dd, J 11.0, 6.8, 1-HH), 7.34— 7.45 (6H, m, 6 x ArH), 7.65 — 7.71 (4H, m, 4 x ArH); 6¢ (101 MHz,
CDCls) 12.9 (CHs-3), 15.8 (C-3), 19.4 (SiC(CHs)s), 23.8 (C-2), 27.0 (SiC(CHs)s), 27.5 (C-4), 63.3 (C-1), 66.8
(C-5), 127.8 (2 x ArCH), 129.8 (2 x ArCH), 134.1 (ArC), 134.2 (ArC), 135.8 (2 x ArCH); HRMS (ESlI) calc.
for [C22H300,Si] 366.1907 Found 377.1911. Data consistent with the literature.®
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5-((((1S,2R,3R)-2-((tert-Butyldiphenylsiloxy)methyl)-3-methylcyclopropyl)methyl)sulfonyl)-1-
phenyl-1H-tetrazole (27)

Method 1:
: i) PT-SH, DIAD, PPh; o
THF, 0°Ctort 2
HO\A',,, _otBDPS " o PTOZS\A.,” _OTBDPS
iiy MCPBA, DCM 5 1
403 0°Ctort 27

Alcohol 403 (5.31 g, 15.00 mmol), PT-SH (3.48 g, 19.50 mmol) and PPhs (5.11 g, 19.50 mmol) were
dissolved in THF (150 mL) under nitrogen and cooled to 0 °C then DIAD (3.84 mL, 19.50 mmol) was
added dropwise over 10 minutes. The reaction mixture was stirred for 3 hours at room temperature
then quenched with aqueous saturated NH4Cl (150 mL). The resulting solution was extracted with
EtOAc (3 x 200 mL), and the combined organic layers were washed with brine (100 mL), dried over
Na,S0O, and the solvent removed in vacuo. The crude material was filtered through a small plug of
silica eluting with 50% Et,0 in petroleum ether 60:40 and the solvent removed in vacuo. The crude
material was dissolved in DCM (75 mL) and cooled to 0 °C then mCPBA (70 wt.%, 12.94 g, 52.50 mmol)
was added over 15 minutes. The reaction mixture was stirred at room temperature for 18 hours then
guenched with aqueous saturated Na;S;03; (50 mL) and aqueous saturated NaHCOs (50 mL) then
stirred vigorously for 1 hour. The resulting solution was diluted with water (100 mL) and extracted
with EtOAc (3 x 200 mL). The combined organic layers were washed with brine (100 mL), dried over
MgSO, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (30% Et,0 in petroleum ether 60:40) to afford sulfone 27 (7.34 g, 89%) as a yellow
oil; [a]3? = +4.0 (c 1, CHCls); vmax (film) 3019, 2932, 2858, 1214; &y (400 MHz, CDCls) 0.76 — 0.84 (1H,
m, 2-H or 4-H), 0.99 — 1.05 (1H, m, SiC(CHs); and 3-CH3), 1.05 —1.08 (1H, m, 3-H), 1.17 - 1.24 (1H, m,
2-H or 4-H), 3.52 —= 3.61 (2H, m, 1-HH and 5-HH), 3.73 (1H, dd, J 6.3, 3.4, 1-HH or 5-HH), 3.77 (1H, d, J
6.3 1-HH or 5-HH), 7.34 — 7.44 (6H, m, ArH), 7.53 — 7.69 (9H, m, ArH); 8¢ (101 MHz, CDCls) 12.4 (CHs-
3), 15.9 (C-2/4), 17.9 (C-3), 19.3 (SiC(CHs)s), 25.3 (C-2/4), 27.0 (SiC(CHs)s), 60.8 (C-1/5), 62.4 (C-1/5),
125.3 (2 x ArCH), 127.9 (2 x ArCH), 129.9 (2 x ArCH), 131.6 (ArCH), 133.2 (ArC), 133.8 (ArC), 133.8
(ArC), 135.7 (2 x ArCH), 153.9 (NCN); HRMS (ESI) calc. for [C29H34N403SSiNa] 569.2019 Found 569.2018.

Data consistent with the literature.??

Method 2:

i) PT-SH, DIAD, PPhg

\/A THF, 0 °C to rt \/3A2
HO ", OTBOPS — ' "~ o PTO,S8. A, OTBDPS
5 1
27

ii) EtOH, H,0,
403 (NH4)6M0705,4
0°Ctort

Alcohol 403 (250 mg, 0.71 mmol), PT-SH (164 mg, 0.92 mmol) and PPhsz (241 mg, 0.92 mmol) were
dissolved in THF (7 mL) under nitrogen and cooled to 0 °C then DIAD (0.18 mL, 0.92 mmol) was added
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dropwise. The reaction mixture was stirred for 3 hours at room temperature then quenched with
aqueous saturated NH4Cl (20 mL). The resulting solution was extracted with EtOAc (3 x 50 mL), and
the combined organic layers were washed with brine (50 mL), dried over Na,SO4 and the solvent
removed in vacuo. The crude material was filtered over a small plug of silica eluting with 50% Et,0 in
petroleum ether 60:40 and the solvent removed in vacuo. The crude material was dissolved in EtOH
(24 mL) and cooled to 0 °C then a premixed solution of molybdate (175 mg, 0.14 mmol) in a 30%
aqueous solution of H,0, (0.73 mL, 7.1 mmol) was added dropwise. The reaction mixture was stirred
at room temperature for 18 hours then quenched with water (100 mL). The resulting solution was
extracted with DCM (3 x 150 mL) and the combined organic layers dried over Na,SO4 and the solvent
removed in vacuo. The crude material was purified by flash column chromatography (30% Et,0 in
petroleum ether 60:40) to afford sulfone 27 (351 mg, 90%) as a colourless oil. Data consistent with

previously reported.

Ethyl 2-((2S,4R,5S,6S5)-4,5-bis(tert-butyldimethylsiloxy)-6-((E)-2-((1S,2S,3S)-2-
((tert-butyldiphenylsiloxy)methyl)-3-methylcyclopropyl)vinyl)tetrahydro-2H-pyran-2-yl)acetate
(405)

) LIHMDS , ,
EtO O : DMF/HMPA  Et0_1 a3, 0\, OTBDPS
m/\o PTO S\A oTBDPS — 2> ton s 0
» —_— 6
0 5 2 " 0 5 JS
" 0TBS ’ N 0TBS
OTBS OTBS
396 27 405

Sulfone 27 (5.28 g, 9.65 mmol) was dissolved in DMF (48 mL) and HMPA (12 mL) and cooled to -60 °C
then 1 M LiIHMDS in THF (9.65 mL, 9.65 mmol) was added dropwise over 15 minutes. The reaction
mixture was stirred for 5 minutes then aldehyde 396 (3.60 g, 7.82 mmol) in DMF (16 mL) and HMPA
(4 mL) was added dropwise. The orange solution was stirred at -60 °C for 3 hours then allowed to
warm to room temperature and stirred for a further 2 hours. The reaction mixture was quenched by
dropwise addition of water (25 mL) then was diluted with water (75 mL), brine (100 mL) and Et,0 (250
mL). The organic layer was separated, and the aqueous layer was extracted with Et,0 (2 x 250 mL).
The combined organic layers were washed with brine (2 x 250 mL), dried over MgS0O, and the solvent
removed in vacuo. The crude material was purified by flash column chromatography (8% Et.O in
petroleum ether 60:40) to afford alkene 405 (4.28 g, 70%, E/Z > 95:5) as a colourless oil; [a]3! = -20.0
(c 1, CHCI3); vmax (film) 2954, 2929, 2857, 1738, 1472, 1253, 1214; 64 (400 MHz, CDCl3) 0.00 (3H, s,
SiCHs), 0.02 (3H, s, SiCHs), 0.06 (3H, s, SiCHs), 0.07 (3H, s, SiCHs), 0.87 (9H, s, SiC(CHs)s), 0.88 — 0.90
(1H, m, 10-H), 0.91 (9H, s, SiC(CHs)3), 0.92 — 0.93 (1H, m, 11-H), 1.04 (9H, s, SiC(CHs)s), 1.08 (3H, d, J
6.2, 11-CHs), 1.17 (1H, m, 12-H), 1.23 (3H, t, J 7.1, OCH,CH3), 1.53 (1H, ddd, J 13.5, 11.6, 2.1, 4-Hy),
1.82 (1H, ddd, J 13.5, 4.2, 2.1, 4-H.q), 2.34 (1H, dd, J 14.8, 7.5, 2-HH), 2.61 (1H, dd, J 14.8, 6.1, 2-HH),
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3.26 (1H, dd, J 9.1, 2.4, 6-H), 3.47 (1H, dd, J 11.0, 8.9, 13-HH), 3.88 (1H, dd, J 11.0, 5.4, 13-HH), 3.99
(1H, m, 5-H), 4.04 — 4.16 (3H, m, OCH.CHs and 7-H), 4.24 (1H, m, 3-H), 5.22 (1H, dd, J 15.3, 8.6, 9-H),
5.33 (1H, dd, J 15.3, 7.3, 8-H), 7.34 — 7.45 (6H, m, 4 x ArH), 7.66 — 7.70 (4H, m, 4 x ArH); 8¢ (101 MHz,
CDCls) -4.4 (SiCHs), -4.3 (SiCHs), -4.2 (SiCHs), -3.5 (SiCHs), 12.7 (CHs-11), 14.4 (OCH,CHs), 18.2
(SiC(CH3)s), 18.3 (SiC(CHs)s), 19.4 (SiC(CHs)s), 19.6 (C-11), 26.0 (SiC(CHs)s), 26.3 (SiC(CHs)s), 27.0
(SiC(CHs)s), 27.4 (C-12), 27.6 (C-10), 39.7 (C-4), 41.2 (C-2), 60.6 (OCH,CHs), 63.2 (C-13), 67.8 (C-3), 69.6
(C-5), 73.9 (C-6), 76.7 (C-7), 126.6 (C-8), 127.8 (2 x ArCH), 129.7 (2 x ArCH), 134.17 (2 x ArC), 135.8 (2
x ArCH), 137.1 (C-9), 171.2 (C-1); HRMS (ESI) calc. for [CasH7206SisNa] 803.4529 Found 803.4524.

Ethyl 2-((2S,4R,5S,6S)-4,5-bis(tert-butyldimethylsiloxy)-6-((E)-2-((1S,2S,3S5)-2-(hydroxymethyl)-3-
methylcyclopropyl)vinyl)tetrahydro-2H-pyran-2-yl)acetate (406)

~ 11 A
TBAF, AcOH 2 8 12
, ’ 1 ,
EtO O LA n OTBDPS 0 S EO 3.0 A 0, OH
o —_— o 5 6 9 13
“OTBS 4N""0TBS

578s 578s
405 406

Silyl ether 405 (4.68 g, 6.00 mmol) was dissolved in THF (60 mL) under nitrogen and cooled to 0 °C
then AcOH (0.343 mL, 6.00 mmol) and 1 M TBAF in THF (6.00 mL, 6.00 mmol) were added sequentially.
The reaction mixture was stirred for 18 hours at room temperature then quenched with aqueous
saturated NaHCOs (20 mL). The resulting solution was diluted with water (30 mL) and extracted with
EtOAc (3 x 70 mL). The combined organic layers were washed with brine (100 mL), dried over MgSO,4
and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(50% Et,0 in petroleum ether 60:40) to afford alcohol 406 (2.63 mg, 81%) as a colourless oil; [a]3! = -
38.0(c 1, CHCl3); vmax (film) 3441, 2953, 2929, 2885, 2857, 1738, 1472, 1252, 1115; 6 (400 MHz, CDCls)
0.03 (6H, s, 2 x SiCH3), 0.05 (3H, s, SiCHs), 0.07 (3H, s, SiCHs), 0.88 (9H, s, SiC(CHs)s), 0.91 (9H, s,
SiC(CHs)s), 0.95 — 1.02 (2H, m, 10-H and 11-H), 1.12 (3H, d, J 5.7, 11-CHs), 1.15 — 1.20 (1H, m, 12-H),
1.23 (3H, t,J 7.1, OCH,CH;), 1.43 (1H, s, OH), 1.53 (1H, ddd, J 13.4, 11.4, 1.9, 4-H,), 1.82 (1H, ddd, J
13.5, 4.2, 2.1, 4-Heq), 2.34 (1H, dd, J 14.8, 7.5, 2-HH), 2.60 (1H, dd, J 14.8, 6.0, 2-HH), 3.27 (1H, dd, J
9.1, 2.4, 6-H), 3.51 (1H, dd, J 11.4, 8.6, 13-HH), 3.77 (1H, dd, J 11.4, 6.3, 13-HH), 3.97 — 4.02 (1H, m, 5-
H), 4.05 - 4.16 (3H, m, OCH.CHs and 7-H), 4.20 — 4.30 (1H, m, 3-H), 5.24 (1H, dd, J 15.3, 8.3, 9-H), 5.39
(1H, dd, J 15.3, 7.4, 8-H); &¢ (101 MHz, CDCls) -4.4 (SiCHs), -4.3 (SiCHs), -4.2 (SiCHs), -3.4 (SiCHs), 12.6
(CHs-11), 14.4 (OCH,CHs), 18.26 (SiC(CHs)s), 18.32 (SiC(CHs)s), 19.4 (C-11), 26.0 (SiC(CHs)s), 26.3
(SiC(CHs)s), 27.6 (C-12), 28.0 (C-10), 39.6 (C-4), 41.1 (C-2), 60.6 (OCH,CHs), 62.3 (C-13), 67.8 (C-3), 69.5
(C-5), 74.0 (C-6), 76.6 (C-7), 127.1 (C-8), 136.6 (C-9), 171.1 (C-1); HRMS (ESI) calc. for [C2sHs406Si2Na]
565.3351 Found 565.3350.
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Ethyl 2-((2S,4R,5S,6S5)-4,5-bis(tert-butyldimethylsiloxy)-6-((E)-2-((1S,2S,3S)-2-formyl-3-
methylcyclopropyl)vinyl)tetrahydro-2H-pyran-2-yl)acetate (407)

~ 1A
. DMP, DCM . 2 8 12
EtO O LA w OH DY DO EtO 3 OLAA 1, 20
o . —_— o 5 '6 9 13
“0TBS 4N""0TBS

oTBS 5TBS
406 407

Alcohol 406 (2.60 g, 4.79 mmol) was dissolved in DCM (50 mL) under nitrogen and cooled to 0 °C, then
DMP (2.64 g, 6.23 mmol) was added. The reaction mixture was stirred for 1 hour at room temperature
then quenched with aqueous saturated Na,S;05 (30 mL) and aqueous saturated NaHCOs (30 mL) then
stirred vigorously for 30 minutes. The aqueous phase was extracted with DCM (3 x 75 mL) and the
combined organic layers were washed with brine (50 mL), dried over MgS0, and the solvent removed
in vacuo. The crude material was purified by flash column chromatography (20% Et,0 in petroleum
ether 60:40) to afford aldehyde 407 (2.33 g, 90%) as a white solid; [a]33 = -6.0 (¢ 1, CHCl3); Vimax (film)
2954, 2020, 2887, 2857, 1738, 1700, 1472; &y (400 MHz, CDCls) 0.02 (3H, s, SiCHs), 0.03 (3H, s, SiCHs),
0.06 (3H, s, SiCHs), 0.07 (3H, s, SiCHs), 0.88 (9H, s, SiC(CH3)s), 0.91 (9H, s, SiC(CH3)s), 1.23 (3H, t,J 7.1,
OCHyCHs), 1.27 (3H, d, J 6.4, 11-CH3), 1.51 — 1.61 (2H, m, 4-H and 11-H), 1.82 (1H, ddd, J 13.5, 4.1,
2.0, 4-Heq), 1.96 (1H, ap. dt, /9.1, 4.6, 12-H), 2.12 (1H, ddd, J 8.8, 6.4, 4.6, 10-H), 2.34 (1H, dd, J 14.9,
7.2, 2-HH), 2.58 (1H, dd, J 14.9, 6.4, 2-HH), 3.27 (1H, dd, J 9.1, 2.0, 6-H), 4.00 (1H, ap. dt, J 4.1, 2.0, 5-
H), 4.07 —4.17 (3H, m, OCH,CH; and 7-H), 4.25 (1H, ap. dtd, J 11.4, 6.8, 2.0, 3-H), 5.25 (1H, ddd, J 15.3,
8.8,1.1,9-H), 5.58 (1H, dd, J 15.3, 7.0, 8-H), 9.47 (1H, d, J 4.6, 13-H); 6¢ (101 MHz, CDCls) -4.4 (SiCHs),
-4.3 (SiCHs), -4.2 (SiCHs), -3.4 (SiCH3), 12.7 (CHs-11), 14.4 (OCH»CHs), 18.27 (SiC(CHs);), 18.32
(SiC(CHs)3), 26.0 (SiC(CHs)s), 26.2 (SiC(CHs)s), 26.7 (C-11), 33.2 (C-10), 36.9 (C-12), 39.6 (C-4), 41.1 (C-
2), 60.6 (OCH,CHs), 68.0 (C-3), 69.5 (C-5), 74.0 (C-6), 76.0 (C-7), 129.9 (C-8), 132.6 (C-9), 171.1 (C-1),
200.0 (C-13); HRMS (ESI) calc. for [C2sHs,06Si2] 541.3375 Found 541.3369.

Ethyl 2-((2S,4R,5S,6S5)-4,5-bis(tert-butyldimethylsiloxy)-6-((E)-2-((15,2S,3R)-2-((R,1E,4E)-5-
((2R,5S5,6R)-6-ethyl-5-methyltetrahydro-2H-pyran-2-yl)-3-methylhexa-1,4-dien-1-yl)-3-
methylcyclopropyl)vinyl)tetrahydro-2H-pyran-2-yl)acetate (408)

Method 1:

20

v~ "0TBS NaHMDS , . ol 2l
OTBS THF/HMPA EtO.1 A 3,07 10/\ 5 2 o
407 -78°Ctort X 12 WP 80
—_— 6 9 13 H 23
\\\\\ (o) 4 5 )5 =
v~ "0TBS
PTO,8” Y 0 OTBS
’ H 408
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Experimental

Sulfone 331 (20 mg, 0.048 mmol) was dissolved in THF (0.67 mL) and HMPA (0.13 mL) and cooled
to -78 °C then 1 M NaHMDS in THF (0.06 mL, 0.06 mmol) was added dropwise over 1 minutes. The
reaction mixture was stirred for 15 minutes then aldehyde 407 (32 mg, 0.06 mmol) in THF (0.28 mL)
and HMPA (0.07 mL) were added dropwise sequentially. The orange solution was stirred at -78 °C for
2 hours then allowed to warm to room temperature and stirred for a further 2 hours. The reaction
mixture was quenched with dropwise addition of water (1 mL) then was diluted with water (25 mL),
brine (10 mL) and Et,0 (40 mL). The organic layer was separated and the aqueous layer was extracted
with Et,0 (2 x 40 mL). The combined organic layers were washed with brine (2 x 50 mL), dried over
MgSO, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (8% Et,0 in petroleum ether 60:40) to afford alkene 408 (27 mg, 78%, E/Z=3:1) as a
colourless oil; [0(]%4 =-10.0 (c 1, CHCIs); vmax (film) 2955, 2928, 2856, 1739, 1463, 1214; &4 (500 MHz,
CDCls) 0.03 (3H, s, SiCH3), 0.03 (3H, s, SiCH3), 0.05 (3H, s, SiCH3), 0.07 (3H, s, SiCHs), 0.80 (3H, d, J 6.6,
21-CHs), 0.88 (9H, s, SiC(CHs)s), 0.91 (9H, s, SiC(CHs)s), 0.94 (3H, t, J 7.4, 24-Hs), 1.00 — 1.04 (7H, m, 11-
H, 11-CHs and 15-CHs), 1.05 — 1.07 (1H, m, 10-H), 1.16 — 1.21 (1H, m, 20-HH), 1.24 (3H, t, J 7.3,
OCHyCHs), 1.31-1.36 (1H, m, 21-H), 1.39 — 1.48 (3H, m, 12-H, 19-HH and 23-HH), 1.52 — 1.54 (1H, m,
4-H.,,), 1.59 — 1.61 (1H, m, 19-HH), 1.62 (3H, d, J 1.3, 17-CHs), 1.68 — 1.72 (1H, m, 23-HH), 1.75 — 1.84
(2H, m, 4-Heq and 20-HH), 2.33 (1H, dd, J 15.0, 7.7, 2-HH), 2.61 (1H, dd, J 15.0, 5.9, 2-HH), 2.90 (1H,
ddd, /9.9, 7.2, 2.9, 22-H), 2.98 — 3.08 (1H, m, 15-H), 3.27 (1H, dd, J 9.1, 2.4, 6-H), 3.61 (1H, d, J 10.8,
18-H), 3.98 — 4.01 (1H, m, 5-H), 4.07 — 4.15 (3H, m, OCHCHs and 7-H), 4.20 — 4.29 (1H, m, 3-H), 5.07
(1H, ddd, J 15.3, 8.8, 1.4, 13-H), 5.21 (1H, dt, / 8.8, 1.3, 16-H), 5.25 (1H, dd, J 15.4, 8.6, 9-H), 5.36 (dd,
J15.4,7.5, 8-H), 5.42 (1H, dd, J 15.3, 6.5, 14-H); &8¢ (126 MHz, CDCls) -4.4 (SiCH3), -4.24 (SiCHs), -4.20
(SiCHs), -3.4 (SiCHs), 9.5 (C-24), 13.0 (CHs-17), 13.3 (CHs-11), 14.4 (OCH,CHs;), 18.0 (CHs-21), 18.28
(SiC(CHs)3), 18.34 (SiC(CHs3)s), 21.40 (CHs-15), 21.44 (C-11) 26.1 (SiC(CH3)3 and C-23), 26.3 (SiC(CHs)s3),
28.8 (C-12), 31.0 (C-10), 31.1 (C-19), 33.4 (C-20), 34.2 (C-21), 35.1 (C-15), 39.7 (C-4), 41.2 (C-2), 60.6
(OCH,CH3), 67.8 (C-3), 69.6 (C-5), 74.0 (C-6), 77.4 (C-7), 82.5 (C-18), 84.3 (C-22), 125.6 (C-13), 126.5 (C-
8), 129.2 (C-16), 135.5 (C-9), 135.8 (C-17), 137.2 (C-9), 171.1 (C-1); HRMS (MALDI) calc. for
[Ca2H7606Si2Na] 755.5073 Found 755.5081.

Method 2:

20

11

© " "0TBS : 19 A2
A KHMDS, DME 2 8 10 O 2 24
OTBS 160 °C to rt EtO_1 3_0 7 A\ 12.,,// 1.5 N0
407 —_— 9 13 H 23
o e} 5 I8 H
4" "oTBS
PT0,57 "X o OTBS
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Experimental

Sulfone 331 (350 mg, 0.84 mmol) was dissolved in DME (7 mL) and cooled to -60 °C then 1 M KHMDS
in THF (1.00 mL, 1.00 mmol) was added dropwise over 5 minutes. The reaction mixture was stirred for
10 minutes then aldehyde 407 (543 mg, 1.00 mmol) in DME (4 mL) was added dropwise over 10
minutes. The deep red solution was stirred at -60 °C for 3 hours then allowed to warm to room
temperature and stirred for a further 2 hours. The reaction mixture was quenched with dropwise
addition of water (5 mL) then was diluted with water (30 mL), brine (40 mL) and Et,0 (100 mL). The
organic layer was separated and the aqueous layer was extracted with Et,O (2 x 100 mL). The
combined organic layers were washed with brine (100 mL), dried over MgS0O, and the solvent removed
in vacuo. The crude material was purified by flash column chromatography (8% Et,0 in petroleum
ether 60:40) to afford alkene 408 (244 mg, 40%, E/Z = 10:1) as a colourless oil. Data consistent with

previously reported.

20,21-Dihydroambruticin F ethyl ester (409)

W

TBAF, THF
Y\(J/\A /\/\gj\ 0°Ctort EtOY\iOJW/AQ //M
‘0OTBS

OTBS

Silyl ether 408 (175 mg, 0.24 mmol, E/Z = 10:1) was dissolved in THF (2.50 mL) under nitrogen and
cooled to 0 °C then 1 M TBAF in THF (1.20 mL, 1.20 mmol) was added dropwise. The reaction mixture
was stirred at room temperature for 18 hours and then quenched with aqueous saturated NH4Cl
(3 mL) and water (20 mL). The aqueous layer was extracted with EtOAc (3 x 25 mL) and the combined
organic layers were washed with brine (30 mL), dried over Na,SO4 and the solvent removed in vacuo.
The crude material was purified by flash column chromatography (50% EtOAc in petroleum ether

60:40) to afford alcohol 409 (110 mg, 91%, E/Z = 10:1) as a colourless oil; [a]%? = +28.0 (c 0.5, CHCls);
Vmax (film) 3439, 2961, 2926, 2874, 1736; 64 (600 MHz, CDCls) 0.81 (3H, d, J 6.5, 21-CH3), 0.94 (3H, t, J
7.4, 24-Hs), 1.03 (3H, d, J 6.8, 15-CH3), 1.04 - 1.06 (4H, m, 11-H and 11-CH3), 1.09 - 1.14 (1H, m, 10-H),
1.18 —1.21 (1H, m, 20-HH), 1.22 —1.27 (3H, m, OCH,CHs), 1.31 — 1.37 (1H, m, 21-H), 1.39 — 1.47 (2H,
m, 19-HH and 23-HH), 1.47 — 1.52 (1H, m, 12-H), 1.57 — 1.65 (5H, m, 17-CHs, 19-HH and 4-H.,), 1.67 —
1.71 (1H, m, 23-HH), 1.78 (1H, ap. dq, J 13.0, 3.6, 20-HH), 1.94 (1H, s, OH), 1.99 (1H, ddd, J 14.1, 3.6,
2.1, 4-Heq), 2.37 (1H, dd, J 15.1, 5.9, 2-HH), 2.40 (1H, s, OH), 2.55 (1H, dd, J 15.1, 7.2, 2-HH), 2.90 (1H,
ddd, 9.9, 7.4, 2.9, 22-H), 3.05 (1H, m, 15-H), 3.32 (1H, dd, J 9.5, 3.1, 6-H), 3.60 (1H, d, J 11.3, 18-H),
3.95(1H, dd, J 9.5, 6.8, 7-H), 4.10 — 4.19 (3H, m, OCH,CHs and 5-H), 4.20 — 4.27 (1H, m, 3-H), 5.07 (1H,
ddd, J 15.3, 8.8, 1.4, 13-H), 5.21 (1H, dt, J 8.8, 1.4, 16-H), 5.41 — 5.49 (3H, m, 8-H, 9-H and 14-H); &¢
(126 MHz, CDCl3) 9.6 (C-24), 13.1 (CHs-17), 13.2 (CHs-11), 14.4 (OCH,CHs), 18.0 (CH3-21), 21.4 (CHs-
15), 21.8 (C-11), 26.1 (C-23), 29.3 (C-12), 30.7 (C-10), 31.1 (C-19), 33.4 (C-20), 34.3 (C-21), 35.2 (C-15),
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37.1(C-4),40.9 (C-2), 60.7 (OCH,CHs), 66.6 (C-5), 68.2 (C-3), 71.2 (C-6), 77.0 (C-7), 82.3 (C-18), 84.4 (C-
22),124.5 (C-8), 125.2 (C-13), 129.0 (C-16), 135.9 (C-17), 136.0 (C-14), 139.9 (C-9), 171.0 (C-1); HRMS
(ESI) calc. for [C3oHas06] 505.3524 Found 505.3527.

20,21-Dihydroambruticin F (320)

H - E 19 21w
LiOH, MeOH 2 8 10 14 16 7 22
EtO fe) X » y THF, H,0 HOWU,,/ 1_5 X720 23
H — = s 9 13 I
. 5 )% =
o "OH O . "OH 24

OH 409 OH 320

Ester 409 (30 mg, 0.06 mmol, £/Z = 10:1) was dissolved in THF (1 mL) and MeOH (0.1 mL) then a
solution of LiOH (71 mg, 2.97 mmol) in water (0.4 mL) was added. The reaction mixture was stirred at
room temperature for 3 hours then quenched with 1 M HCI (2 mL). The resulting solution was diluted
with water (10 mL) and extracted with EtOAc (3 x 30 mL). The combined organic layers were washed
with brine (20 mL), dried over Na,SO, and the solvent removed in vacuo. The crude material was
purified by flash column chromatography (10% MeOH in DCM) to afford 20,21-dihydroambruticin F
320 (24 mg, 85%, E/Z = 10:1) as a colourless oil; [a]4! = +20.0 (c 0.5, CHCl3); Vmax (film) 3420, 2961,
2925, 2858, 1715, 1214; &4 (400 MHz, CDCl3) 0.80 (3H, d, J 6.5, 21-CHs), 0.94 (3H, t, J 7.4, 24-Hs), 1.03
(3H, d, J 6.8, 15-CHs), 1.04 — 1.07 (4H, m, 11-H and 11-CHs), 1.09 — 1.16 (1H, m, 10-H), 1.17 — 1.23 (1H,
m, 20-HH), 1.31 — 1.37 (1H, m, 21-H), 1.38 — 1.47 (2H, m, 19-HH and 23-HH), 1.48 — 1.54 (1H, m, 12-
H), 1.56 — 1.61 (2H, m, 19-HH and 4-H.), 1.63 (3H, d, J 1.3, 17-CH3), 1.67 — 1.73 (1H, m, 23-HH), 1.78
(1H, ap.dq,J12.8, 3.5, 20-HH), 2.02 (1H, d, J 14.0, 4-Heq), 2.44 (1H, dd, J 15.7, 5.8, 2-HH), 2.60 (1H, dd,
J15.7,7.0, 2-HH), 2.91 (1H, ddd, J 10.0, 7.3, 3.1, 22-H), 2.98 — 3.11 (1H, m, 15-H), 3.33 (1H, dd, J 9.0,
3.0, 6-H), 3.60 (1H, d, J 10.9, 18-H), 3.98 (1H, dd, J 9.0, 7.1, 7-H), 4.18 (1H, m, 5-H), 4.22 (1H, m, 3-H),
5.07 (1H, ddd, J 15.3, 8.8, 1.4, 13-H), 5.21 (1H, dq, J 8.9, 1.3, 16-H), 5.40 — 5.52 (3H, m, 8-H, 9-H and
14-H); 6¢ (126 MHz, CDCls) 9.6 (C-24), 13.18 (CH3-17), 13.21 (CH3-11), 17.9 (CH5-21), 21.3 (CH3-15), 21.8
(C-11), 26.0 (C-23), 29.3 (C-12), 30.6 (C-10), 31.0 (C-19), 33.4 (C-20), 34.3 (C-21), 35.2 (C-15), 37.0 (C-
4), 40.4 (C-2), 66.6 (C-5), 68.0 (C-3), 71.2 (C-6), 77.1 (C-7), 82.3 (C-18), 84.4 (C-22), 124.1 (C-8), 125.1
(C-13), 129.0 (C-16), 135.8 (C-17), 136.1 (C-14), 140.1 (C-9), 174.7 (C-1); HRMS (MALDI) calc. for
[C2sHas06Na] 499.3030 Found 499.3036.
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Y “/OH 27 2
OH 320
Synthetic 20,21- Natural 20,21-
Position dihydroambruticin F dihydroambruticin F
400 MHz (CDCl3): 61 500 MHz (CDCls): &
(multiplet, J (Hz)) (multiplet, J (Hz))
28-H 0.80 (d, 6.5) 0.81 (d, 6.5)
24-H 0.94 (t, 7.4) 0.94 (t, 7.4)
26-H 1.03 (d, 6.8) 1.04 (d, 6.8)
11-H 1.04 - 1.07 (m) 1.05 - 1.07 (m)
25-H 1.04 - 1.07 (m) 1.05 - 1.07 (m)
10-H 1.09-1.16 (m) 1.10-1.15 (m)
20-HH 1.17 - 1.23 (m) 1.16 — 1.24 (m)
21-H 1.31-1.37 (m) 1.31-1.38 (m)
19-HH 1.38-1.47 (m) 1.40 - 1.46 (m)
23-HH 1.38-1.47 (m) 1.40 — 1.46 (m)
12-H 1.48 —1.54 (m) 1.48 — 1.54 (m)
19-HH 1.56-1.61 (m) 1.56-1.61 (m)
4-HH 1.56—1.61 (m) 1.56 — 1.61 (m)
27-H 1.63 (d, 1.3) 1.63 (d, 1.4)
23-HH 1.67-1.73 (m) 1.70 (dqd, 14.9, 7.4, 3.0)
20-HH 1.78 (ap. dg, 12.8, 3.5) 1.79 (dg, 13.0, 3.5)
4-HH 2.02 (d, 14.0) 2.02 (d, 13.9)
2-HH 2.44 (dd, 15.7, 5.8) 2.45 (d, 15.1)
2-HH 2.60 (dd, 15.7, 7.0) 2.55-2.63 (m)
22-H 2.91 (ddd, 10.0, 7.3,3.1) | 2.90 (ddd, 10.0, 7.4, 3.0)
15-H 2,98 -3.11 (m) 3.00-3.10 (m)
6-H 3.33(dd, 9.5, 3.0) 3.33(d, 9.3)
18-H 3.60 (d, 10.9) 3.61 (dd, 11.1, 2.0)
7-H 3.98 (dd, 9.0, 7.1) 3.99 (ap. t, 8.1)
5-H 4.18 (m) 4.17 (m)
3-H 4.22 (m) 4.21 (m)
13-H 5.07 (ddd, 15.3, 8.8, 1.4) 5.07 (dd, 15.1, 8.6)
16-H 5.21 (dg, 8.9, 1.3) 5.21(d, 8.9)
8-H 5.40 - 5.52 (m) 5.39-5.51 (m)
9-H 5.40-5.52 (m) 5.39-5.51(m)
14-H 5.40 - 5.52 (m) 5.39-5.51 (m)

Table 11. Comparison of 1H-NMR data between synthetic and natural 20,21-dihydroambruticin F.
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47 oH 26 27 2
OH 320
Synthetic 20,21- Natural 20,21-
Position dihydroambruticin F dihydroambruticin F
126 MHz (CDCl3): 8¢ 126 MHz (CDCl3): ¢

C-24 9.6 9.6
C-27 13.18 13.19
C-25 13.21 13.23
C-28 17.9 18.0
C-26 213 213
C-11 21.8 21.8

C-23 26.0 26.0

C-12 29.3 29.3

C-10 30.6 30.6

C-19 31.0 31.0

C-20 334 334

C-21 34.3 34.3

C-15 35.2 35.2

C-4 37.0 37.0

C-2 40.4 40.5

C-5 66.6 66.6

C-3 68.0 68.0

C-6 71.2 71.2

c-7 77.1 77.1

C-18 82.3 82.3

C-22 84.4 84.4

C-8 124.1 124.2
C-13 125.1 125.1
C-16 129.0 129.0
C-17 135.8 135.8
C-14 136.1 136.0

C-9 140.1 140.1

C-1 174.7 174.7

Table 12. Comparison of 13C-NMR data between synthetic and natural 20,21-dihydroambruticin F.
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?|.5 ?‘.El 6‘.5 6‘.0 5‘5 5‘.0 4‘.5 4‘.0 3‘.5 3‘.0 2.5 2.0 1.5 1.0 0.5
Figure 22. 'H-NMR spectra of synthetic (blue) and natural (red) 20,21-dihydroambruticin F.
A | AL |
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Figure 23. 13C-NMR spectra of synthetic (blue) and natural (red) 20,21-dihydroambruticin F.
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Ethyl 2-((2S,4R,5S,6S)-4,5-bis(tert-butyldimethylsiloxy)-6-((E)-2-((1S,2S,3R)-2-((R,1E,4E)-5-((2R,6R)-
6-ethyl-5-methyl-3,6-dihydro-2H-pyran-2-yl)-3-methylhexa-1,4-dien-1-yl)-3-
methylcyclopropyl)vinyl)tetrahydro-2H-pyran-2-yl)acetate (410)

Method 1:

- 20
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Sulfone 28 (551 mg, 1.32 mmol) was dissolved in DME (13 mL) and cooled to -60 °C then 1 M KHMDS
in THF (1.98 mL, 1.98 mmol) was added dropwise over 8 minutes. The reaction mixture was stirred for
10 minutes then aldehyde 407 (1070 mg, 1.98 mmol) in DME (5 mL) was added dropwise over 10
minutes. The deep red solution was stirred at -60 °C for 3 hours then allowed to warm to room
temperature and stirred for a further 2 hours. The reaction mixture was quenched with dropwise
addition of water (10 mL) then was diluted with water (30 mL), brine (40 mL) and Et,0 (100 mL). The
organic layer was separated, and the aqueous layer was extracted with Et;0 (2 x 100 mL). The
combined organic layers were washed with brine (100 mL), dried over MgS0O, and the solvent removed
in vacuo. The crude material was purified by flash column chromatography (8% Et,0 in petroleum
ether 60:40) to afford alkene 410 (367 mg, 38%, E£/Z = 10:1) as a colourless oil; [oc]f)7 =+14.0 (c 1,
CHCls); vmax (film) 2958, 2929, 2857, 1738, 1215; 64 (400 MHz, CDCl;) 0.03 (3H, s, SiCHs), 0.03 (3H, s,
SiCHs), 0.05 (3H, s, SiCHs), 0.07 (3H, s, SiCH3), 0.86 — 0.89 (12H, m, SiC(CHs); and 24-Hs;), 0.91 (9H, s,
SiC(CHs)3), 0.96 —1.01 (1H, m, 11-H), 1.02 - 1.03 (3H, m, 15-CHs), 1.04 (3H, s, 11-CHs), 1.05 — 1.08 (1H,
m, 10-H), 1.23 (3H, t, J 7.1, OCH,CH3), 1.46 (1H, ap. dt, J 8.5, 4.3, 12-H), 1.49 — 1.56 (2H, m, 4-H,« and
23-HH), 1.57 - 1.60 (3H, m, 21-CHs), 1.63 (3H, d, J 1.4, 17-CHs), 1.73 — 1.88 (3H, m, 4-Heq, 19-HH and
23-HH), 2.06 — 2.18 (1H, m, 19-HH), 2.33 (1H, dd, J 15.0, 7.7, 2-HH), 2.61 (1H, dd, J 15.0, 5.9, 2-HH),
3.05 (1H, ap. h, J 7.0, 15-H), 3.27 (1H, dd, J 9.1, 2.5, 6-H), 3.84 (1H, dd, J 10.7, 3.0, 18-H), 3.97 - 4.01
(1H, m, 5-H), 4.06 — 4.16 (4H, m, OCH,CHs, 7-H and 22-H), 4.20 — 4.29 (1H, m, 3-H), 5.07 (1H, ddd, J
15.2, 8.8, 1.3, 13-H), 5.20 - 5.28 (2H, m, 9-H and 16-H), 5.32 — 5.45 (2H, m, 8-H and 14-H), 5.54 —5.59
(1H, m, 20-H); &¢ (101 MHz, CDCls) -4.4 (SiCHs), -4.3 (SiCHs), -4.2 (SiCHs), -3.4 (SiCHs), 8.3 (C-24), 12.2
(CH3-17), 13.3 (CH3-11), 14.4 (OCH>CH3), 18.27 (SiC(CHs)s), 18.32 (SiC(CHs)s), 19.2 (CH3-21), 21.38 (CHs-
15), 21.43 (C-11), 25.8 (C-23), 26.0 (SiC(CHs)s), 26.3 (SiC(CHs)s), 28.8 (C-12), 30.3 (C-19), 31.1 (C-10),
35.2 (C-15), 39.6 (C-4), 41.2 (C-2), 60.6 (OCH,CH3), 67.8 (C-3), 69.6 (C-5), 74.0 (C-6), 76.8 (C-7), 77.9 (C-
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22),78.4 (C-18), 121.2 (C-20), 125.7 (C-13), 126.5 (C-8), 130.0 (C-16), 135.2 (C-17 and C-21), 135.4 (C-
14), 137.2 (C-9), 171.1 (C-1); HRMS (ESI) calc. for [Ca2H7406Si2Na] 753.4916 Found 753.1919.

Method 2:
EtO. O 0, 20

(e} H 2 21
IS NaHMDS , 511 e
0oTBS THFHMPA — E10 130 15 o 17 2 o

407 -78°Ctort \ 12 II/ P4 Xr18 O
—_— o s Js 9 13 H 23
= +""0TBS
PTO,S Xr o OTBS

410

28
Sulfone 28 (25 mg, 0.06 mmol) was dissolved in THF (0.70 mL) and HMPA (0.18 mL) and cooled
to -78 °C then 1 M NaHMDS in THF (0.08 mL, 0.08 mmol) was added dropwise over 1 minute. The
reaction mixture was stirred for 15 minutes then aldehyde 407 (42 mg, 0.08 mmol) in THF (0.30 mL)
and HMPA (0.08 mL) were added dropwise sequentially. The orange solution was stirred at -78 °C for
2 hours then allowed to warm to room temperature and stirred for a further 2 hours. The reaction
mixture was quenched with dropwise addition of water (1 mL) then was diluted with water (25 mL),
brine (10 mL) and Et,0 (40 mL). The organic layer was separated, and the aqueous layer was extracted
with Et;0 (2 x 40 mL). The combined organic layers were washed with brine (2 x 50 mL), dried over
MgSO, and the solvent removed in vacuo. The crude material was purified by flash column
chromatography (8% Et,0 in petroleum ether 60:40) to afford alkene 410 (35 mg, 80%, E/Z=3:1)as a

colourless oil. Data consistent with previously reported.

Ambruticin F ethyl ester (411)

20
21

TBAF, THF  EtO_1 3 07 ,/ 15 22
Y\(J/\/A /\:/\((j; 0°C to rt 12 \ 870 23
“0TBS ) 24

OTBS

Silyl ether 410 (367 mg, 0.50 mmol, E/Z = 10:1) was dissolved in THF (5 mL) under nitrogen and cooled
to 0 °Cthen 1 M TBAF in THF (4.0 mL, 4.0 mmol) was added dropwise. The reaction mixture was stirred
at room temperature for 18 hours and then quenched with aqueous saturated NH4Cl (10 mL) and
water (40 mL). The aqueous layer was extracted with EtOAc (3 x 50 mL) and the combined organic
layers were washed with brine (50 mL), dried over Na,SO, and the solvent removed in vacuo. The
crude material was purified by flash column chromatography (50% EtOAc in petroleum ether 60:40)
to afford diol 411 (206 mg, 82%, E£/Z = 10:1) as a yellow oil; [a]3? = +54.0 (c 1, CHCl3); Vmax (film) 3438,
2963, 2923, 1735, 1214; 64 (500 MHz, CDCl3) 0.89 (3H, t, J 7.3, 24-Hs), 1.02 - 1.07 (7H, m, 11-H, 11-CHs

227



Experimental

and 15-CHs), 1.10 — 1.14 (1H, m, 10-H), 1.24 (3H, t, J 7.1, OCH,CH5), 1.46 — 1.51 (1H, m, 12-H), 1.52 —
1.57 (1H, m, 23-HH), 1.59 (3H, ap. dq, J 2.4, 1.2, 21-CH3), 1.60 — 1.62 (1H, m, 4-H.,), 1.64 (3H, d, J 1.3,
17-CHs), 1.77 (1H, m, 23-HH), 1.83 — 1.90 (1H, m, 19-HH), 1.94 — 2.01 (2H, m, 4-Heq and OH), 2.08 -
2.16 (1H, m, 19-HH), 2.32 — 2.42 (2H, m, 2-HH and OH), 2.55 (1H, dd, J 15.2, 7.5, 2-HH), 3.06 (1H, dpd,
18.2,6.7, 1.4, 15-H), 3.31 (1H, dd, J 9.5, 3.1, 6-H), 3.84 (1H, dd, J 10.4, 2.7, 18-H), 3.95 (1H, dd, J 9.5,
6.6, 7-H), 4.07 — 4.11 (1H, m, 22-H), 4.13 (2H, ap. qd, J 7.1, 1.1, OCH:CHs), 4.16 — 4.18 (1H, m, 5-H),
4.23 (1H, dddd, J 11.7, 7.5, 6.1, 2.0, 3-H), 5.07 (1H, ddd, J 15.3, 8.7, 1.4, 13-H), 5.25 (1H, dq, J 8.9, 1.3,
16-H), 5.40 — 5.44 (2H, m, 8-H and 9-H), 5.44 — 5.48 (1H, m, 14-H), 5.53 — 5.59 (1H, m, 20-H); &¢ (126
MHz, CDCls) 8.4 (C-24), 12.4 (CHs-17), 13.2 (CH3-11), 14.4 (OCH,CHs), 19.2 (CH3-21), 21.3 (CHs-15), 21.8
(C-11), 25.8 (C-23), 29.3 (C-12), 30.3 (C-19), 30.7 (C-10), 35.2 (C-15), 37.1 (C-4), 40.9 (C-2), 60.7
(OCH,CH3), 66.6 (C-5), 68.2 (C-3), 71.2 (C-6), 77.0 (C-7), 78.0 (C-22), 78.2 (C-18), 121.1 (C-20), 124.6 (C-
8),125.3 (C-13),129.7 (C-16), 135.26 (C-21), 135.31 (C-17), 135.9 (C-14), 139.9 (C-9), 171.0 (C-1); HRMS
(ESI) calc. for [C30Hss06) 503.3367 Found 503.3383.

Ambruticin F (2)

21
LiOH, MeOH 3.0 \ S P
_THRHO 12 180

Ambruticin F (2)

Ester 411 (15.0 mg, 0.03 mmol, £/Z = 10:1) was dissolved in THF (0.8 mL) and MeOH (0.2 mL) then a
solution of LiOH (36 mg, 1.50 mmol) in water (0.4 mL) was added. The reaction mixture was stirred at
room temperature for 1 hour then quenched with 1 M HCI (2 mL). The resulting solution was diluted
with water (10 mL) and extracted with EtOAc (3 x 30 mL). The combined organic layers were washed
with brine (20 mL), dried over Na,;SO4 and the solvent removed in vacuo. The crude material was
purified by flash column chromatography (10% MeOH in DCM) to afford ambruticin F (2) (12.7 mg,
87%, E/Z = 10:1) as a colourless oil; [a]43 = +50.0 (c 1, CHCl3); vimax (film) 3411, 2962, 2925, 1714, 1214;
84 (500 MHz, CDCl3) 0.89 (3H, t, J 7.3, 24-H3), 1.02 — 1.07 (7H, m, 11-H, 11-CHs and 15-CH3), 1.10-1.16
(1H, m, 10-H), 1.48 — 1.57 (2H, m, 12-H and 23-HH), 1.59 (3H, d, J 1.5, 21-CHs), 1.60 — 1.62 (1H, m, 4-
Hax), 1.64 (3H, d, J 1.4, 17-CHs), 1.77 (1H, dqd, J 14.2, 7.3, 3.7, 23-HH), 1.81 — 1.92 (1H, m, 19-HH), 1.97
—2.06 (1H, m, 4-Heg), 2.07 — 2.17 (1H, m, 19-HH), 2.46 (1H, dd, J 15.7, 5.6, 2-HH), 2.59 (1H, dd, J 15.7,
7.2, 2-HH), 3.02 —3.13 (1H, m, 15-H), 3.33 (1H, dd, J 9.5, 3.0, 6-H), 3.84 (1H, dd, J 10.7, 3.1, 18-H), 3.99
(1H, dd, 9.5, 7.0, 7-H), 4.07 — 4.15 (1H, m, 22-H), 4.18 (1H, ap. q, J 3.0, 5-H), 4.20 - 4.28 (1H, m, 3-H),
5.07 (1H, ddd, J 15.3, 8.8, 1.4, 13-H), 5.25 (1H, dq, J 8.9, 1.4, 16-H), 5.41 — 5.50 (3H, m, 8-H, 9-H and
14-H), 5.57 (1H, dq, J 6.4, 1.5, 20-H); 6¢c (126 MHz, CDCls) 8.4 (C-24), 12.5 (CH3-17), 13.2 (CHs-11), 19.2
(CHs-21), 21.3 (CHs-15), 21.9 (C-11), 25.8 (C-23), 29.4 (C-12), 30.3 (C-19), 30.6 (C-10), 35.2 (C-15), 36.9
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(C-4), 40.3 (C-2), 66.5 (C-5), 68.0 (C-3), 71.1 (C-6), 77.2 (C-7), 78.1 (C-22), 78.2 (C-18), 121.1 (C-20),
124.1 (C-8), 125.2 (C-13), 129.7 (C-16), 135.2 (C-21), 135.3 (C-17), 136.0 (C-14), 140.4 (C-9), 174.3 (C-
1); HRMS (ESI) calc. for [C2sH4206Na] 497.2874 Found 497.2970.

84 (600 MHz, MeOD) & 0.91 (3H, ap. t, J 7.3, 24-Hs), 1.06 (3H, d, J 6.9, 15-CHs), 1.07 (4H, m, 11-H and
11-CHs), 1.13 (1H, m, 10-H), 1.48 (1H, m, 12-H), 1.52 — 1.57 (1H, m, 23-HH), 1.57 — 1.60 (1H, m, 4-H.,),
1.60 — 1.63 (3H, m, 21-CHs), 1.66 (3H, d, J 1.4, 17-CHs), 1.78 (1H, dqd, J 14.8, 7.3, 3.6, 23-HH), 1.85 —
1.90 (1H, m, 19-HH), 1.92 (1H, ddd, J 13.9, 3.5, 2.1, 4-Heg), 2.09 — 2.16 (1H, m, 19-HH), 2.37 (1H, dd, J
15.2, 5.4, 2-HH), 2.44 (1H, dd, J 15.2, 7.9, 2-HH), 3.07 — 3.14 (1H, m, 15-H), 3.22 (1H, dd, J 9.7, 3.5, 6-
H), 3.85 (1H, dd, J 10.8, 3.0, 18-H), 3.99 (1H, dd, J 9.7, 6.5, 7-H), 4.04 (1H, ap. g, J 3.5, 5-H), 4.10 (1H,
m, 22-H), 4.19 — 4.26 (1H, m, 3-H), 5.17 (1H, ddd, J 15.3, 8.7, 1.3, 13-H), 5.27 (1H, dq, J 9.0, 1.4, 16-H),
5.40 (1H, dd, J 15.4, 8.6, 9-H), 5.47 (1H, dd, J 15.3, 6.6, 14-H), 5.50 (1H, dd, J 15.4, 6.5, 8-H), 5.59 — 5.62
(1H, m, 20-H); 8¢ (151 MHz, CDCls) 8.7 (C-24), 12.6 (CHs-17), 13.4 (CHs-11), 19.1 (CHs-21), 21.7 (CHs-
15), 22.3 (C-11), 26.6 (C-23), 29.8 (C-12), 31.1 (C-19), 31.8 (C-10), 36.3 (C-15), 39.2 (C-4), 41.8 (C-2),
68.5 (C-5), 69.4 (C-3), 73.0 (C-6), 77.4 (C-7), 79.5 (C-18), 79.6 (C-22), 122.1 (C-20), 126.9 (C-8), 127.0
(C-13), 131.0 (C-16), 136.1 (C-21), 136.21 (C-14), 136.22 (C-17), 137.9 (C-9), 175.2 (C-1).
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1 %N
HO_A GO 12',,,/14 5 16\17 o 2
O N3 g’OHQ : :e 27 24
OH 2
Synthetic Ambruticin F Natural Ambruticin F
Position 600 MHz (CD3OD): 6u 500 MHz (CD3OD): &u
(multiplet, J (Hz)) (multiplet, J (Hz))
24-H 0.91 (ap. t, 7.3) 0.90 (ap. t, 7.3)
26-H 1.06 (d. 6.9) 1.05 (d, 6.9)
11-H 1.07 (m) 1.07 (m)
25-H 1.07 (m) 1.07 (m)
10-H 1.13 (m) 1.12 (ddd, 8.6, 6.4, 3.2)
12-H 1.48 (m) 1.47 (m)
23-HH 1.52-1.57 (m) 1.51 - 1.55 (m)
4-HH 1.57 = 1.60 (m) 1.55—1.59 (m)
28-H 1.60 — 1.63 (m) 1.60 (ap. dg, 2.4, 1.2)
27-H 1.66 (d, 1.4) 1.65 (d, 1.4)
23-HH | 1.78 (dqd, 14.8,7.3,3.6) | 1.77 (dqd, 14.8, 7.3, 3.6)
19-HH 1.85-1.90 (m) 1.84 - 1.89 (m)
4-HH 1.92 (ddd, 13.8, 3.5, 2.1) 1.91 (ddd, 14.0, 3.5, 1.9)
19-HH 2.09-2.16 (m) 2.07-2.17 (m)
2-HH 2.37(dd, 15.2, 5.4) 2.35(dd, 15.2, 5.4)
2-HH 2.44 (dd, 15.2, 7.9) 2.43 (dd, 15.2, 7.8)
15-H 3.07-3.14 (m) 3.05-3.15 (m)
6-H 3.22(dd, 9.7, 3.5) 3.21(dd, 9.7, 3.5)
18-H 3.85 (dd, 10.8, 3.0) 3.84 (dd, 10.7, 3.0)
7-H 3.99 (dd, 9.7, 6.5) 3.98 (dd, 9.7, 6.6)
5-H 4.04 (ap. q, 3.5) 4.04 (ap. q, 3.5)
22-H 4.10 (m) 4.10 (m)
3-H 4.19 - 4.26 (m) 4.16 —4.25 (m)
13-H 5.17 (ddd, 15.3,8.7,1.3) | 5.17 (ddd, 15.3, 8.8, 1.3)
16-H 5.27 (dqg, 9.0, 1.4) 5.26 (dg, 9.1, 1.4)
9-H 5.40 (dd, 15.4, 8.6) 5.39 (dd, 15.4, 8.6)
14-H 5.47 (dd, 15.3, 6.6) 5.46 (dd, 15.3, 6.9)
8-H 5.50 (dd, 15.4, 6.5) 5.49 (dd, 15.4, 6.6)
20-H 5.59 —5.62 (m) 5.56 —5.61 (m)

Table 13. Comparison of 1H-NMR data between synthetic and natural ambruticin F.
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Position Synthetic Ambruticin F Natural Ambruticin F
151 MHz (CDs0D): &¢ 126 MHz (CDsOD): &¢

C-24 8.7 8.7
c-27 12.6 12.6
C-25 134 134
C-28 19.1 19.1
C-26 21.7 21.7
Cc-11 22.3 22.3
c-23 26.6 26.6
C-12 29.8 29.8
C-19 31.1 31.1
C-10 31.8 31.8
C-15 36.3 36.3
C-4 39.2 39.2
C-2 41.8 42.1
C-5 68.5 68.5
c3 69.4 69.5
C-6 73.0 73.0
c-7 77.4 77.4
C-18 79.5 79.5
C-22 79.6 79.6
C-20 1221 1221
c-8 126.9 126.9
C-13 127.0 127.0
C-16 131.0 131.0
C-21 136.1 136.0
C-17 136.21 136.20
C-14 136.22 136.22
c-9 137.9 138.0
C-1 175.2 175.3
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Figure 24. 'H-NMR spectra of synthetic ambruticin F (blue) and natural ambruticin F (red).
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Figure 25. 13C-NMR spectra of synthetic ambruticin F (blue) and natural ambruticin F (red).
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5-Ketoambruticin F ethyl ester (412)

Method 1:

Fetizon's reagent  EtOl 3 07 \ e , 22 »
toluene 110 °C
24

Diol 411 (99 mg, 0.20 mmol) was dissolved in toluene (40 mL) under nitrogen and Fetizon’s reagent
(~ 50 wt.% Ag,COs on Celite, 1000 mg) was added. The reaction mixture was heated at 110 °C with
vigorous stirring for 2 hours by which time the reaction mixture had turned black. Further Fetizon’s
reagent (1000 mg) was added and the reaction mixture was stirred for a further 2 hours. Further
Fetizon’s reagent (1000 mg) was added and the reaction mixture was heated at 110 °C for 2 hours.
The reaction mixture was filtered over Celite and the solvent removed in vacuo. The crude material
was purified by flash column chromatography (25% EtOAc in petroleum ether 60:40) to afford ketone
412 (53 mg, 54%, E/Z = 10:1) as a colourless oil; [a]3® = +48.0 (c 0.5, CHCl3); Vmax (film) 3486, 2963,
2929, 2876, 1725, 1214; &4 (500 MHz, CDCl3) 0.89 (3H, t,J 7.3, 24-Hs), 1.01 - 1.09 (7H, m, 11-H, 11-CH;
and 15-CHs), 1.16 (1H, ap. dt, J 9.0, 4.4, 10-H), 1.26 (3H, t, J 7.1, OCH,CHs), 1.46 — 1.55 (2H, m, 12-H
and 23-HH), 1.59 (3H, ap. dq, J 2.6, 1.3, 21-CHs), 1.64 (3H, d, J 1.3, 17-CHs), 1.77 (1H, dqd, J 14.2, 7.3,
3.6, 23-HH), 1.83 — 1.89 (1H, m, 19-HH), 2.08 — 2.17 (1H, m, 19-HH), 2.52 — 2.61 (2H, m, 2-HH and 4-
Hax), 2.71 (1H, dd, J 13.7, 2.4, 4-Heg), 2.76 (1H, dd, J 15.6, 6.6, 2-HH), 3.03 —3.12 (1H, m, 15-H), 3.54
(1H, d, J 3.7, 6-0H), 3.70 (1H, ddd, J 9.6, 6.4, 1.0, 7-H), 3.85 (1H, dd, J 10.5, 3.0, 18-H), 3.93 (1H, ddd, J
9.6,3.7,1.5,6-H),4.05-4.12 (2H, m, 3-H and 22-H), 4.16 (2H, g, 7.1, OCH:CHs), 5.08 (1H, ddd, J 15.3,
8.8, 1.4, 13-H), 5.25 (1H, dq, J 8.8, 1.3, 16-H), 5.39 — 5.50 (2H, m, 9-H and 14-H), 5.55 — 5.59 (1H, m,
20-H), 5.61 (1H, dd, J 15.3, 6.4, 8-H); 6¢ (126 MHz, CDCl;) 8.4 (C-24), 12.4 (CHs-17), 13.2 (CH3-11), 14.4
(OCH,CHs), 19.2 (CHs-21), 21.4 (CHs-15), 21.7 (C-11), 25.8 (C-23), 29.2 (C-12), 30.4 (C-19), 30.8 (C-10),
35.2 (C-15), 41.1 (C-2), 45.8 (C-4), 61.1 (OCH»CHs), 73.9 (C-3), 77.0 (C-6), 78.0 (C-22), 78.2 (C-18), 83.1
(C-7),121.1 (C-20), 123.7 (C-8), 125.4 (C-13), 129.8 (C-16), 135.28 (C-21), 135.30 (C-17), 135.8 (C-14),
138.7 (C-9), 170.0 (C-1), 206.4 (C-5); HRMS (ESI) calc. for [C30Has06Na] 523.3030 Found 523.3026.

Method 2:

21
EtO 3_O0 7 A\ U5 23
Y\[)/\/A /\/\((j; DMP DM Y\q\/Aﬁ /{\Aﬂg)j;
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Diol 411 (10.0 mg, 0.02 mmol) was dissolved in DCM (0.4 mL, non-anhydrous) under nitrogen then
DMP (12.7 mg, 0.03 mmol) was added. The reaction mixture was stirred at room temperature for 4
hours, quenched with aqueous saturated NaHCO; (5 mL) then washed with Et,0 (3 x 10 mL). The
combined organic layers were washed with brine (15 mL), dried over MgS0O, and the solvent removed
in vacuo. The crude material was purified by flash column chromatography (25% EtOAc in petroleum
ether 60:40) to afford ketone 412 (3.3 mg, 33%, £/Z = 10:1) as a colourless oil. Data consistent with

previously reported.

Ambruticin S ethyl ester (413)

8 10 1“6 2
EtOU 3 O AR 124,,/ 5 0 23
o e 9 1B
OH 24
EtO. NaBH,4, MeOH OH
0 °Ctort 413
(0]
H 2 21
412 Al PN
2 8 10 1“6 2
B0 AL OLANA T AN N 3
o e 9 (EI
Y ‘OH 24
OH

Ketone 412 (25 mg, 0.05 mmol) was dissolved in MeOH (5 mL) under nitrogen and cooled to 0 °C then
NaBH; (19 mg, 0.5 mmol) was added. The reaction mixture was stirred at room temperature for 2
hours then quenched with aqueous saturated NH4Cl (30 mL). The resulting solution was extracted with
EtOAc (3 x 50 mL) and the combined organic layers were washed with brine (30 mL), dried over Na;0S,4
and the solvent removed in vacuo. The crude material was purified by flash column chromatography
(60% EtOAc in petroleum ether 60:40) to afford 1,2-anti-diol 413 (11.8 mg, 47%, E/Z = 10:1) and 1,2-
syn-diol 411 (8.8 mg, 35%, E/Z = 10:1) as colourless oils. Data for 1,2-syn-diol 411 consistent with

previously reported.

1,2-anti-diol 413: [a]3* = +66.0 (c 1, CHCI3); Vmax (film) 3395, 2962, 2925, 2872, 1736, 1214; &4 (500
MHz, CDCls) 0.89 (3H, t, J 7.3, 24-Hs), 1.01 — 1.08 (7H, m, 11-H, 11-CH; and 15-CHs), 1.10 — 1.16 (1H,
m, 10-H), 1.25 (3H, t, J 7.1, OCH,CHs), 1.42 — 1.50 (2H, m, 4-Hax and 12-H), 1.52 — 1.57 (1H, m, 23-HH),
1.58 - 1.60 (3H, m, 21-CHs), 1.64 (3H, d, J 1.3, 17-CHs), 1.77 (1H, dqd, J 14.3, 7.3, 3.7, 23-HH), 1.86 (1H,
dddg, J 16.6, 6.5, 3.0, 1.4, 19-HH), 2.02 (1H, s, OH), 2.06 — 2.13 (2H, m, 4-Heq and 19-HH), 2.39 — 2.48
(2H, m, OH and 2-HH), 2.63 (1H, dd, J 15.5, 6.5, 2-HH), 3.03 —3.10 (1H, m, 15-H), 3.13 (1H, ap. t, J 9.0,
6-H), 3.53 (1H, ddd, J 9.0, 4.6, 2.2, 7-H), 3.66 — 3.73 (1H, m, 5-H), 3.84 (1H, dd, J 10.6, 3.0, 18-H), 3.91
(1H, ap. dtd, J11.5, 6.5, 1.9, 3-H), 4.07 — 4.11 (1H, m, 22-H), 4.14 (2H, g, J 7.1, OCHCHs), 5.07 (1H, ddd,
J15.3,8.8, 1.4, 13-H), 5.25 (1H, dq, J 8.9, 1.3, 16-H), 5.39 — 5.49 (3H, m, 8-H, 9-H and 14-H), 5.57 (1H,
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dq, J 6.5, 1.7, 20-H); 6¢ (126 MHz, CDCls) 8.4 (C-24), 12.4 (CH3-17), 13.2 (CHs-11), 14.4 (OCH.CHs), 19.2
(CHs-21), 21.3 (CHs-15), 21.8 (C-11), 25.8 (C-23), 29.3 (C-12), 30.4 (C-19), 30.7 (C-10), 35.2 (C-15), 38.3
(C-4), 40.9 (C-2), 60.8 (OCH,CHs), 72.0 (C-3), 72.4 (C-5), 75.9 (C-6), 78.0 (C-22), 78.2 (C-18), 80.9 (C-7),
121.1 (C-20), 123.8 (C-8), 125.2 (C-13), 129.7 (C-16), 135.27 (C-21), 135.32 (C-17), 135.9 (C-14), 139.9
(C-9), 170.9 (C-1); HRMS (ESI) calc. for [CsoHas06Na] 525.3187 Found 525.3182.

Ambruticin S (1)

= = 20
H A 21 19 Y
EtO O A = o OH  HOULAGOTA PR 22
“, LiOH, MeOH 3 ', 23
2 ’ 12",
H \ O THF, H,0O s Js 9 13 B 10
. = —_— > ¢ E
O “OH o 4 “OH 24
OH OH
413 1

Ester 413 (10.0 mg, 0.02 mmol, E/Z = 10:1) was dissolved in THF (0.8 mL) and MeOH (0.2 mL) then a
solution of LiOH (24 mg, 1.00 mmol) in water (0.4 mL) was added. The reaction mixture was stirred at
room temperature for 1 hour then quenched with 1 M HCI (2 mL). The resulting solution was diluted
with water (10 mL) and extracted with EtOAc (3 x 30 mL). The combined organic layers were washed
with brine (20 mL), dried over Na;SO4 and the solvent removed in vacuo. The crude material was
purified by flash column chromatography (10% MeOH in DCM) to afford ambruticin S (1) (7.7 mg, 81%,
E/Z =10:1) as a colourless oil; [a]3! = +64.0 (c 0.5, CHCl3), lit.8* [a]33 = +58.0 (¢ 0.1, CHCl3); Vmax (film)
3398, 2960, 2926, 1715, 1064; 64 (500 MHz, CDCls) 0.89 (3H, t, J 7.3, 24-H3), 1.02 — 1.08 (7H, m, 11-H,
11-CHs and 15-CHs), 1.10 — 1.16 (1H, m, 10-H), 1.44 — 1.49 (1H, m, 4-Hay), 1.49 — 1.53 (1H, m, 12-H),
1.53 - 1.57 (1H, m, 23-HH), 1.59 (3H, dd, J 2.5, 1.3, 21-CHs), 1.64 (3H, d, J 1.4, 17-CHs), 1.77 (1H, dqd,
J14.2,7.3,3.7,23-HH), 1.86 (1H, m, 19-HH), 2.07 — 2.16 (2H, m, 4-Heq and 19-HH), 2.51 (1H, dd, J 16.1,
5.9, 2-HH), 2.67 (1H, dd, J 16.1, 7.1, 2-HH), 3.03 —3.12 (1H, m, 15-H), 3.15 (1H, ap. t, J 8.9, 6-H), 3.52 —
3.61 (1H, m, 7-H), 3.67 — 3.75 (1H, m, 5-H), 3.85 (1H, dd, J 10.7, 3.0, 18-H), 3.87 — 3.93 (1H, m, 3-H),
4.07 —4.12 (1H, m, 22-H), 5.07 (1H, ddd, J 15.3, 8.8, 1.4, 13-H), 5.25 (1H, dq, J 8.9, 1.4, 16-H), 5.40 —
5.52 (3H, m, 8-H, 9-H and 14-H), 5.56 — 5.58 (1H, m, 20-H); 6¢ (126 MHz, CDCls) 8.4 (C-24), 12.5 (CHs-
17), 13.2 (CHs-11), 19.2 (CH3-21), 21.3 (CHs-15), 21.8 (C-11), 25.8 (C-23), 29.3 (C-12), 30.3 (C-19), 30.7
(C-10),35.2 (C-15), 38.2 (C-4), 40.3 (C-2), 71.7 (C-3), 72.1 (C-5), 75.8 (C-6), 78.1 (C-22), 78.2 (C-18), 81.1
(C-7),121.1 (C-20), 123.5 (C-8), 125.2 (C-13), 129.7 (C-16), 135.26 (C-21), 135.32 (C-17), 136.0 (C-14),
140.2 (C-9), 174.0 (C-1); HRMS (MALDI) calc. for [CasHa206Na] 497.2874 Found 497.2869.

84 (500 MHz, CDs0D) 0.89 (3H, t, J 7.3, 24-H3), 1.04 (3H, d, J 6.8, 15-CH3), 1.05 — 1.08 (4H, m, 11-H and
11-CHs), 1.10 — 1.14 (1H, m, 10-H), 1.35 — 1.39 (1H, m, 4-HH), 1.45 — 1.50 (1H, m, 12-H), 1.52 — 1.57
(1H, m, 23-HH), 1.60 (3H, d, J 1.1, 21-CHs), 1.64 (3H, d, J 1.3, 17-CHs), 1.74 — 1.80 (1H, m, 23-HH), 1.84
—1.90 (1H, m, 19-HH), 2.05 (1H, ddd, J 12.6, 5.0, 1.6, 4-HH), 2.08 — 2.15 (1H, m, 19-HH), 2.44 (1H, dd,
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J15.6, 5.4, 2-HH), 2.50 (1H, dd, J 15.6, 7.6, 2-HH), 2.97 (1H, ap. t, J 9.1, 6-H), 3.07 — 3.13 (1H, m, 15-H),
3.51 (1H, dd, J 9.1, 6.6, 7-H), 3.53 — 3.57 (1H, m, 5-H), 3.83 (1H, dd, J 11.1, 3.3, 18-H), 3.85 — 3.89 (1H,
m, 3-H), 4.08 - 4.11 (1H, m, 22-H), 5.16 (1H, ddd, J 15.2, 8.7, 1.3, 13-H), 5.26 (1H, dq, J 9.0, 1.3, 16-H),
5.38 (1H, dd, J 15.4, 8.6, 9-H), 5.46 (1H, dd, J 15.2, 6.5, 14-H), 5.50 (1H, dd, J 15.4, 6.6, 8-H), 5.57 — 5.61
(1H, m, 20-H); 8¢ (126 MHz, CDs0D) 8.7 (C-24), 12.6 (CH3-17), 13.4 (CHs-11), 19.1 (CH3-21), 21.7 (CHs-
15), 22.3 (C-11), 26.6 (C-23), 29.8 (C-12), 31.1 (C-19), 31.7 (C-10), 36.3 (C-15), 40.2 (C-4), 41.6 (C-2),
73.3 (C-5), 73.4 (C-5), 77.1 (C-6), 79.5 (C-18), 79.6 (C-22), 81.8 (C-7), 122.1 (C-20), 126.2 (C-8), 126.9
(C-13), 130.9, (C-16) 136.1 (C-21), 136.2 (C-17), 136.3 (C-14), 138.2 (C-9), 174.7 (C-1). Data consistent

with the literature.”081,242
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Synthetic Ambruticin S

Natural Ambruticin S

Hanessian’s Synthetic
Ambruticin S

o | SMCOODLL, | 40 D006 | o)
! ! (multiplet, J (Hz))
24-H 0.89 (t, 7.3) 0.93 (t, 7.3) 0.91 (t, 7.3)
26-H 1.04 (d, 6.8) 1.08 (d, 7.0) 1.06 (d, 6.8)
11-H 1.05 — 1.08 (m) 1.13 (m) 1.04 - 1.06 (m)
25-H 1.05 - 1.08 (m) 1.09 (s) 1.06 - 1.07 (m)
10-H 1.10-1.14 (m) 1.16 (m) 1.13-1.15 (m)
4-HH 1.35-1.39 (m) 1.38 (m) 1.36 (g, 12.0)
12-H 1.45-1.50 (m) 1.54 (m) 1.48 - 1.51 (m)
23-HH 1.52 - 1.57 (m) 1.58 (m) 1.52 - 1.59 (m)
28-H 1.60 (d, 1.1) 1.64 (m) 1.62 (d, 1.1)
27-H 1.64 (d, 1.3) 1.68 (d, 1.3) 1.66 (d, 1.3)
23-HH 1.74—1.80 (m) 1.80 (m) 1.75-1.81 (m)
19-HH 1.84—1.90 (m) 1.90 (m) 1.86-1.91 (m)
4-HH | 2.05(ddd, 12.6,5.0,1.6) | 2.08 (ddd, 12.6,5.1,1.9) | 2.06 (ddd, 12.6, 5.0, 1.6)
19-HH 2.08-2.15 (m) 2.13 (m) 2.11-2.16 (m)
2-HH 2.44 (dd, 15.6, 5.4) 2.47 (dd, 15.6, 5.5) 2.46 (dd, 15.5, 5.3)
2-HH 2.50 (dd, 15.6, 7.6) 2.55 (dd, 15.6, 7.4) 2.52 (dd, 15.3, 7.6)
6-H 2.97 (ap.t, 9.1) 3.01(dd, 9.1, 9.0) 2.99 (dd, 9.0, 9.0)
15-H 3.07-3.13 (m) 3.14 (m) 3.09-3.13 (m)
7-H 3.51(dd, 9.1, 6.6) 3.55(dd, 9.1, 6.5) 3.53 (dd, 9.2, 7.0)
5-H 3.53-3.57 (m) 3.57 (m) 3.56 (ddd, 11.5, 8.8, 5.0)
18-H 3.83 (dd, 11.1, 3.3) 3.87 (dd, 10.6, 3.0) 3.85 (dd, 10.8, 2.9)
3-H 3.85-3.89 (m) 3.91 (m) 3.87-3.90 (m)
22-H 4.08-4.11 (m) 4.13 (m) 4.11 (brs)
13-H 5.16 (ddd, 15.2, 8.7, 1.3) 5.20 (ddd, 15.3 8.8,1.2) 5.18 (ddd, 15.3, 8.8, 1.1)
16-H 5.26 (dg, 9.0, 1.3) 5.29 (dg, 9.0, 1.3) 5.27 (dq, 9.0, 1.1)
9-H 5.38 (dd, 15.4, 8.6) 5.42 (dd, 15.4, 8.4) 5.39 (dd. 15.4, 8.7)
14-H 5.46 (dd, 15.2, 6.5) 5.50 (dd, 15.3, 6.4) 5.48 (dd, 15.2, 6.5)
8-H 5.50 (dd, 15.4, 6.6) 5.54 (dd, 15.4, 6.5) 5.52 (dd, 15.4, 6.6)
20-H 5.57-5.61 (m) 5.63 (m) 5.60, 5.61 (m)

Table 15. Comparison of 'H-NMR data between synthetic and natural ambruticin S.70.81,242
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o | e | e, | s
) ) ) 125 MHz (CDs0D): 8¢
C-24 8.7 8.6 8.7
C-27 12.6 12.6 12.6
c-25 13.4 13.3 13.4
c-28 19.1 19.0 19.1
C-26 21.7 21.6 21.7
c-11 22.3 22.2 223
C-23 26.6 26.5 26.6
c-12 29.8 29.7 29.8
C-19 31.1 31.0 31.1
C-10 31.7 31.6 31.7
c-15 36.3 36.2 36.3
C-4 40.2 40.1 40.2
c-2 41.6 41.5 41.6
C-3 73.3 73.2 73.3
C-5 73.4 73.3 73.3
C-6 77.1 77.0 77.0
c-18 79.5 79.4 79.4
C-22 79.6 79.4 79.5
c-7 81.8 81.4 81.8
C-20 122.1 122.0 1221
c-8 126.2 126.1 126.1
C-13 126.9 126.8 126.9
C-16 130.9 130.8 130.9
c-21 136.1 136.0 136.0
c-17 136.2 136.1 136.2
C-14 136.3 136.2 136.2
c-9 138.2 138.0 138.2
c1 174.7 174.6 174.8

Table 16. Comparison of 13C-NMR data between synthetic and natural ambruticin S.70.81,.242

238



CHAPTER 5:

References

239



References

10.
11.
12.
13.
14.

15.

16.

17.

18.

19.
20.

21.
22.

23.

24.
25.

26.

Brauer, V. S.; Rezende, C. P.; Pessoni, A. M.; De Paula, R. G.; Rangappa, K. S.; Nayaka, S. C,;
Gupta, V. K.; Almeida, F. Biomolecules 2019, 9, 521.

Nett, J. E.; Andes, D. R. Infect. Dis. Clin. North Am. 2016, 30, 51.

Lucas, J. A.; Hawkins, N. J.; Fraaije, B. A. Advances in Applied Microbiology. 2015, 90, 29.
Hof, H. C. Antimicrob. Agents Chemother. 2001, 45, 2987.

Large, E. C. Nature 1943, 151, 80.

Ramankutty, N.; Foley, J. A.; Olejniczak, N. J. AMBIO A J. Hum. Environ. 2002, 31, 251.
Delaney, J.; Clarke, E.; Hughes, D.; Rice, M. Drug Discov. Today 2006, 11, 839.

Fungicide Market | Growth, Trends, and Forecast (2019-2024)
https://www.mordorintelligence.com/industry-reports/global-fungicides-market-industry
(accessed May 13, 2020).

Grossmann, K.; Retzlaff, G. Pestic. Sci. 1997, 50, 11.

Kohler, J. R.; Casadevall, A.; Perfect, J. Cold Spring Harb. Perspect. Med. 2015, 5, a019273.
Casadevall, A. Pathog. Immun. 2018, 3, 183.

Havlickova, B.; Czaika, V. A.; Friedrich, M. Mycoses 2008, 51, 2.

Jampilek, J. Expert Opin. Drug Discov. 2016, 11, 1.

Brown, G. D.; Denning, D. W.; Gow, N. A. R,; Levitz, S. M.; Netea, M. G.; White, T. C. Sci.
Transl. Med. 2012, 4, 165rv13.

Verweij, P. E.; Chowdhary, A.; Melchers, W. J. G.; Meis, J. F. Clin. Infect. Dis. 2016, 62, 362.

Scorzoni, L.; de Paula e Silva, A. C. A.; Marcos, C. M.; Assato, P. A.; de Melo, W. C. M. A,; de
Oliveira, H. C.; Costa-Orlandi, C. B.; Mendes-Giannini, M. J. S.; Fusco-Almeida, A. M. Front.
Microbiol. 2017, 8, 1.

Lewis, R. E. Mayo Clin. Proc. 2011, 86, 805.

Kathiravan, M. K.; Salake, A. B.; Chothe, A. S.; Dudhe, P. B.; Watode, R. P.; Mukta, M. S.;
Gadhwe, S. Bioorg. Med. Chem. 2012, 20, 5678.

Rodrigues, M. L.; Albuquerque, P. C. PLoS Negl. Trop. Dis. 2018, 12, e0006479.

Mota Fernandes, C.; Dasilva, D.; Haranahalli, K.; McCarthy, J. B.; Mallamo, J.; Ojima, I.; Del
Poeta, M. Antimicrob. Agents Chemother. 2021, 65, 1.

Bongomin, F.; Gago, S.; Oladele, R.; Denning, D. J. Fungi 2017, 3, 57.

Webb, B. J.; Ferraro, J. P.; Rea, S.; Kaufusi, S.; Goodman, B. E.; Spalding, J. Open Forum Infect.
Dis. 2018, 5, 1.

Fisher, M. C.; Henk, D. A.; Briggs, C. J.; Brownstein, J. S.; Madoff, L. C.; McCraw, S. L.; Gurr, S. J.
Nature 2012, 484, 186.

Pai, V.; Ganavalli, A.; Kikkeri, N. Indian J. Dermatol. 2018, 63, 361.

Forsberg, K.; Woodworth, K.; Walters, M.; Berkow, E. L.; Jackson, B.; Chiller, T.; Vallabhaneni,
S. Med. Mycol. 2019, 57, 1.

Fisher, M. C.; Alastruey-lzquierdo, A.; Berman, J.; Bicanic, T.; Bignell, E. M.; Bowyer, P.;

240



References

27.

28.
29.
30.

31.
32.
33.

34.
35.
36.
37.
38.

39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.

54

Bromley, M.; Briiggemann, R.; Garber, G.; Cornely, O. A.; Gurr, S. J.; Harrison, T. S.; Kuijper, E.;
Rhodes, J.; Sheppard, D. C.; Warris, A.; White, P. L.; Xu, J.; Zwaan, B.; Verweij, P. E. Nat. Rev.
Microbiol. 2022, 20, 557.

Parker, J. E.; Warrilow, A. G. S.; Price, C. L.; Mullins, J. G. L.; Kelly, D. E.; Kelly, S. L. J. Chem.
Biol. 2014, 7, 143.

Fisher, M. C.; Hawkins, N. J.; Sanglard, D.; Gurr, S. J. Science. 2018, 360, 739.
Garcia-Solache, M. A.; Casadevall, A. MBio 2010, 1, e00061-10.

Greenspan, S. E.; Bower, D. S.; Roznik, E. A.; Pike, D. A.; Marantelli, G.; Alford, R. A,;
Schwarzkopf, L.; Scheffers, B. R. Sci. Rep. 2017, 7, 9349.

Cragg, G. M.; Newman, D. J. Biochim. Biophys. Acta - Gen. Subj. 2013, 1830, 3670.
Mushtaq, S.; Abbasi, B. H.; Uzair, B.; Abbasi, R. EXCLI/ Journal. 2018, 17, 420.

Young, R. J.; Flitsch, S. L.; Grigalunas, M.; Leeson, P. D.; Quinn, R. J.; Turner, N. J.; Waldmann,
H. JACS Au 2022, 2, 2400.

Newman, D. J.; Cragg, G. M. J. Nat. Prod. 2020, 83, 770.

Bauer, R. A.; Wurst, J. M.; Tan, D. S. Curr. Opin. Chem. Biol. 2010, 14, 308.
Yhigez-Gutierrez, A. E.; Bachmann, B. O. J. Med. Chem. 2019, 62, 8412.
Wang, S.; Dong, G.; Sheng, C. Chem. Rev. 2019, 119, 4180.

McCarthy, M. W.; Kontoyiannis, D. P.; Cornely, O. A.; Perfect, J. R.; Walsh, T. J. J. Infect. Dis.
2017, 216, S474.

Hertweck, C. Angew. Chem. Int. Ed. 2009, 48, 4688.

Chopra, |.; Roberts, M. Microbiol. Mol. Biol. Rev. 2001, 65, 232.

Altmann, K.-H. Mini-Reviews Med. Chem. 2003, 3, 149.

Paterson, I.; Lam, N. Y. S. J. Antibiot. (Tokyo). 2018, 71, 215.

Nicolaou, K. C.; Snyder, S. A. Proc. Natl. Acad. Sci. 2004, 101, 11929.

Staunton, J.; Weissman, K. J. Nat. Prod. Rep. 2001, 18, 380.

Tibrewal, N.; Tang, Y. Annu. Rev. Chem. Biomol. Eng. 2014, 5, 347.

Smith, S.; Tsai, S.-C. Nat. Prod. Rep. 2007, 24, 1041.

Du, L.; Lou, L. Nat. Prod. Rep. 2010, 27, 255.

Cantoni, G. L. J. Am. Chem. Soc. 1952, 74, 2942.

Kutchan, T. M.; Dittrich, H.; Bracher, D.; Zenk, M. H. Tetrahedron 1991, 47, 5945.
Chan, Y. A.; Podevels, A. M.; Kevany, B. M.; Thomas, M. G. Nat. Prod. Rep. 2009, 26, 90.
Shen, B. Curr. Opin. Chem. Biol. 2003, 7, 285.

Hertweck, C.; Luzhetskyy, A.; Rebets, Y.; Bechthold, A. Nat. Prod. Rep. 2007, 24, 162.
Keatinge-Clay, A. T. Cell Chem. Biol. 2016, 23, 540.

Herbst, D. A.; Townsend, C. A.; Maier, T. Nat. Prod. Rep. 2018, 35, 1046.

241



References

55.
56.
57.
58.

59.
60.
61.
62.

63.
64.
65.
66.

67.
68.

69.
70.

71.
72.
73.
74.

75.

76.

77.

78.

79.
80.

Piel, J. Nat. Prod. Rep. 2010, 27, 996.
Michelet, V.; Genet, J.-P. Curr. Org. Chem. 2005, 9, 405.
Hahn, F.; Guth, F. M. Nat. Prod. Rep. 2020, 37, 1287.

Ringel, S. M.; Greenough, R. C.; Roemer, S.; Connor, D. T.; Gutt, A. L.; Blair, B.; Kanter, G.; Von
Strandtmann, M. J. Antibiot. (Tokyo). 1977, 30, 371.

Hofle, G.; Steinmetz, H.; Gerth, K.; Reichenbach, H. Liebigs Ann. der Chemie 1991, 1991, 941.
Connor, D. T.; Von Strandtmann, M. J. Org. Chem. 1978, 43, 4606.
Just, G.; Potvin, P. Can. J. Chem. 1980, 58, 2173.

Barnes, N. J.; Davidson, A. H.; Hughes, L. R.; Procter, G.; Rajcoomar, V. Tetrahedron Lett. 1981,
22,1751.

Ringel, S. M. Antimicrob. Agents Chemother. 1978, 13, 762.
Levine, H. B.; Ringel, S. M.; Cobb, J. M. Chest 1978, 73, 202.
Shadomy, S.; Utz, C. J.; White, S. Antimicrob. Agents Chemother. 1978, 14, 95.

Shadomy, S.; Dixon, D. M.; Espinel-Ingroff, A.; Wagner, G. E.; Yu, H. P.; Shadomy, H. J.
Antimicrob. Agents Chemother. 1978, 14, 99.

Knauth, P.; Reichenback, H. J. Antibiot. (Tokyo). 2000, 53, 1182.

Vetcher, L.; Menzella, H. G.; Kudo, T.; Motoyama, T.; Katz, L. Antimicrob. Agents Chemother.
2007, 51, 3734.

Bahn, Y.-S. Eukaryot. Cell 2008, 7, 2017.

Hanessian, S.; Focken, T.; Mi, X.; Oza, R.; Chen, B.; Ritson, D.; Beaudegnies, R. J. Org. Chem.
2010, 75, 5601.

Connor, D. T.; Klutchko, S.; Von Strandtmann, M. J. Antibiot. (Tokyo). 1979, 32, 368.
Connor, D. T.; Von Strandtmann, M. J. Med. Chem. 1979, 22, 1144.

Connor, D. T.; Von Strandtmann, M. J. Med. Chem. 1979, 22, 1055.

Xu, Y.; Wang, Z.; Tian, Z.-Q.; Li, Y.; Shaw, S. J. ChemMedChem 2006, 1, 1063.

Chiang, L. Y.; Ejzykowicz, D. E.; Tian, Z.-Q.; Katz, L.; Filler, S. G. Antimicrob. Agents Chemother.
2006, 50, 3464.

Shubitz, L. F.; Galgiani, J. N.; Tian, Z.-Q.; Zhong, Z.; Timmermans, P.; Katz, L. Antimicrob.
Agents Chemother. 2006, 50, 3467.

Tian, Z.-Q.; Wang, Z.; Xu, Y.; Tran, C. Q.; Myles, D. C.; Zhong, Z.; Simmons, J.; Vetcher, L.; Katz,
L.; Li, Y.; Shaw, S. J. ChemMedChem 2008, 3, 963.

Gerth, K.; Washausen, P.; Hofle, G.; Irschik, H.; Reichenbach, H. J. Antibiot. (Tokyo). 1996, 49,
71.

Kende, A. S.; Fujii, Y.; Mendoza, J. S. J. Am. Chem. Soc. 1990, 112, 9645.

Kirkland, T. A.; Colucci, J.; Geraci, L. S.; Marx, M. A.; Schneider, M.; Kaelin, D. E.; Martin, S. F. J.
Am. Chem. Soc. 2001, 123, 12432.

242



References

81.
82.

83.
84.

85.
86.
87.

88.
89.
90.
91.
92.
93.
94.
95.
96.

97.

98.
99.

100.
101.
102.
103.
104.

105.
106.
107.

108.

Liu, P.; Jacobsen, E. N. J. Am. Chem. Soc. 2001, 123, 10772.

Lee, E.; Choi, S. J.; Kim, H.; Han, H. O.; Kim, Y. K.; Min, S. J.; Son, S. H.; Lim, S. M.; Jang, W. S.

Angew. Chem. Int. Ed. 2002, 41, 176.

Kende, A. S.; Mendoza, J. S.; Fujii, Y. Tetrahedron 1993, 49, 8015.

Berberich, S. M.; Cherney, R. J.; Colucci, J.; Courillon, C.; Geraci, L. S.; Kirkland, T. A.; Marx, M.

A.; Schneider, M. F.; Martin, S. F. Tetrahedron 2003, 59, 6819.

Julia, M.; Paris, J.-M. Tetrahedron Lett. 1973, 14, 4833.

Misumi, A.; lwanaga, K.; Furuta, K.; Yamamoto, H. J. Am. Chem. Soc. 1985, 107, 3343.

Doyle, M. P.; Austin, R. E.; Bailey, A. S.; Dwyer, M. P.; Dyatkin, A. B.; Kalinin, A. V; Kwan, M. M.

Y.; Liras, S.; Oalmann, C. J. J. Am. Chem. Soc. 1995, 117, 5763.

Dossetter, A. G.; Jamison, T. F.; Jacobsen, E. N. Angew. Chem. Int. Ed. 1999, 38, 2398.

Charette, A. B.; Juteau, H.; Lebel, H.; Molinaro, C. J. Am. Chem. Soc. 1998, 120, 11943.

Blakemore, P. R. J. Chem. Soc. Perkin Trans. 1 2002, 2, 2563.

Hanessian, S.; Andreotti, D.; Gomtsyan, A. J. Am. Chem. Soc. 1995, 117, 10393.
Liu, L.; Donaldson, W. A. Synlett 1996, 1996, 103.

Lukesh, J. M.; Donaldson, W. A. Chem. Commun. 2005, 1, 110.

Lukesh, J. M.; Donaldson, W. A. Tetrahedron Lett. 2005, 46, 5529.

Liu, L.; Wondergem, J. L.; Donaldson, W. A. Mediterr. J. Chem. 2015, 4, 176.

Michelet, V.; Adiey, K.; Bulic, B.; Genét, J.-P.; Dujardin, G.; Rossignol, S.; Brown, E.; Toupet, L.
European J. Org. Chem. 1999, 1999, 2885.

Michelet, V.; Adiey, K.; Tanier, S.; Dujardin, G.; Genét, J.-P. European J. Org. Chem. 2003,

2003, 2947.

Markd, 1. E.; Kumamoto, T.; Giard, T. Adv. Synth. Catal. 2002, 344, 1063.
Pospisil, J.; Kumamoto, T.; Markd, I. E. Angew. Chem. Int. Ed. 2006, 45, 3357.
Pospisil, J.; Marké, I. E. J. Am. Chem. Soc. 2007, 129, 3516.

Markoé, I. E.; Bayston, D. J. Synthesis (Stuttg). 1996, 1996, 297.

Marko, I. E.; Bayston, D. J. Tetrahedron 1994, 50, 7141.

Markd, I. E.; Bayston, D. J. Tetrahedron Lett. 1993, 34, 6595.

Barnes, N. J.; Davidson, A. H.; Hughes, L. R.; Procter, G. J. Chem. Soc. Chem. Commun. 1985,

19, 1292.

Julien, B.; Tian, Z.-Q.; Reid, R.; Reeves, C. D. Chem. Biol. 2006, 13, 1277.
Berkhan, G.; Hahn, F. Angew. Chem. Int. Ed. 2014, 53, 14240.

Berkhan, G.; Merten, C.; Holec, C.; Hahn, F. Angew. Chem. Int. Ed. 2016, 55, 13589.

Sung, K. H.; Berkhan, G.; Hollmann, T.; Wagner, L.; Blankenfeldt, W.; Hahn, F. Angew. Chem.

Int. Ed. 2018, 57, 343.

243



References

109.
110.
111.
112.
113.
114.

115.

116.

117.

118.

119.

120.
121.

122.
123.
124.
125.
126.
127.

128.
129.
130.
131.
132.

133.

134.

135.

Du, Z.; Li, Y.; Liu, Y.; Shi, T. Chem. — A Eur. J. 2022, 279, 4510.

Chen, H.; Du, L. Appl. Microbiol. Biotechnol. 2016, 100, 541.

Ma, S.; Mandalapu, D.; Wang, S.; Zhang, Q. Nat. Prod. Rep. 2022, 39, 926.

Wan, X.; Yao, G.; Liu, Y.; Chen, J.; Jiang, H. Mar. Drugs 2019, 17, 594.

Hemmerling, F.; Lebe, K. E.; Wunderlich, J.; Hahn, F. ChemBioChem 2018, 19, 1006.
Evans, D. A.; Rieger, D. L.; Gage, J. R. Tetrahedron Lett. 1990, 31, 7099.

Bell, E. L.; Finnigan, W.; France, S. P.; Green, A. P.; Hayes, M. A.; Hepworth, L. J.; Lovelock, S.
L.; Niikura, H.; Osuna, S.; Romero, E.; Ryan, K. S.; Turner, N. J.; Flitsch, S. L. Nat. Rev. Methods
Prim. 2021, 1, 46.

Yi, D.; Bayer, T.; Badenhorst, C. P. S.; Wu, S.; Doerr, M.; Héhne, M.; Bornscheuer, U. T. Chem.
Soc. Rev. 2021, 50, 8003.

Schmid, A.; Dordick, J. S.; Hauer, B.; Kiener, A.; Wubbolts, M.; Witholt, B. Nature 2001, 409,
258.

Chakrabarty, S.; Romero, E. O.; Pyser, J. B.; Yazarians, J. A.; Narayan, A. R. H. Acc. Chem. Res.
2021, 54, 1374.

Pyser, J. B.; Baker Dockrey, S. A.; Benitez, A. R.; Joyce, L. A.; Wiscons, R. A.; Smith, J. L,;
Narayan, A. R. H. J. Am. Chem. Soc. 2019, 141, 18551.

Friedrich, S.; Hahn, F. Tetrahedron 2015, 71, 1473.

Hollmann, T.; Berkhan, G.; Wagner, L.; Sung, K. H.; Kolb, S.; Geise, H.; Hahn, F. ACS Catal.
2020, 10, 4973.

Chen, K.; Arnold, F. H. Nat. Catal. 2020, 3, 203.

Woodley, J. M. Curr. Opin. Green Sustain. Chem. 2020, 21, 22.

Galanie, S.; Entwistle, D.; Lalonde, J. Nat. Prod. Rep. 2020, 37, 1122.

Chandgude, A. L.; Ren, X.; Fasan, R. J. Am. Chem. Soc. 2019, 141, 9145.

Bowen, J. I.; Wang, L.; Crump, M. P.; Willis, C. L. Org. Biomol. Chem. 2022, 20, 1150.

Lewell, X. Q.; Jones, A. C.; Bruce, C. L.; Harper, G.; Jones, M. M.; Mclay, I. M.; Bradshaw, J. J.
Med. Chem. 2003, 46, 3257.

Taylor, R. D.; MacCoss, M.; Lawson, A. D. G. J. Med. Chem. 2014, 57, 5845.

Lovering, F.; Bikker, J.; Humblet, C. J. Med. Chem. 2009, 52, 6752.

Lovering, F. Medchemcomm 2013, 4, 515.

Aldeghi, M.; Malhotra, S.; Selwood, D. L.; Chan, A. W. E. Chem. Biol. Drug Des. 2014, 83, 450.
Sorokina, M.; Steinbeck, C. J. Cheminform. 2020, 12, 20.

Perry, M. A.; Rychnovsky, S. D.; Sizemore, N. Synthesis of Saturated Tetrahydropyrans;
Springer, Berlin, Heidelberg, 2014; pp 43-95.

Salomatina, O. V; Yarovaya, O. I.; Barkhash, V. A. Russ. J. Org. Chem. 2005, 41, 155.

Larrosa, I.; Romea, P.; Urpi, F. Tetrahedron 2008, 64, 2683.

244



References

136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.

152.
153.

154.

155.
156.
157.
158.

159.
160.
161.
162.
163.
164.
165.

166.

Vetica, F.; Chauhan, P.; Dochain, S.; Enders, D. Chem. Soc. Rev. 2017, 46, 1661.
Olier, C.; Kaafarani, M.; Gastaldi, S.; Bertrand, M. P. Tetrahedron 2010, 66, 413.
Han, X.; Peh, G.; Floreancig, P. E. European J. Org. Chem. 2013, 2013, 1193.
Deiters, A.; Martin, S. F. Chem. Rev. 2004, 104, 2199.

Clarke, P. A.; Santos, S. European J. Org. Chem. 2006, 2006, 2045.

Nasir, N. M.; Ermanis, K.; Clarke, P. A. Org. Biomol. Chem. 2014, 12, 3323.
Fujiwara, K.; Murai, A. Bull. Chem. Soc. Jpn. 2004, 77, 2129.

Fuwa, H. Mar. Drugs 2016, 14, 65.

Hemmerling, F.; Hahn, F. Beilstein J. Org. Chem. 2016, 12, 1512.

Meng, S.; Tang, G.-L.; Pan, H.-X. ChemBioChem 2018, 19, 2002.

Cane, D. E.; Celmer, W. D.; Westley, J. W. J. Am. Chem. Soc. 1983, 105, 3594.
Nakanishi, K. Toxicon 1985, 23, 473.

Vilotijevic, I.; Jamison, T. Mar. Drugs 2010, 8, 763.

Vilotijevic, I.; Jamison, T. F. Angew. Chem. Int. Ed. 2009, 48, 5250.

Baldwin, J. E. J. Chem. Soc. Chem. Commun. 1976, 18, 734.

Gilmore, K.; Mohamed, R. K.; Alabugin, I. V. Wiley Interdiscip. Rev. Comput. Mol. Sci. 2016, 6,
487.

Alabugin, I. V; Gilmore, K. Chem. Commun. 2013, 49, 11246.
Na, J.; Houk, K. N.; Shevlin, C. G.; Janda, K. D.; Lerner, R. A. J. Am. Chem. Soc. 1993, 115, 8453.

Nicolaou, K. C.; Duggan, M. E.; Hwang, C.-K.; Somers, P. K. J. Chem. Soc. Chem. Commun.
1985, 111, 1359.

Nicolaou, K. C.; Prasad, C. V. C.; Somers, P. K.; Hwang, C. K. J. Am. Chem. Soc. 1989, 111, 5330.
Coxon, J.; Hartshorn, M.; Swallow, W. Aust. J. Chem. 1973, 26, 2521.
Evans, P. A.; Murthy, V. S. Tetrahedron Lett. 1999, 40, 1253.

Neogi, P.; Doundoulakis, T.; Yazbak, A.; Sinha, S. C.; Sinha, S. C.; Keinan, E. J. Am. Chem. Soc.
1998, 120, 11279.

Kanemoto, M.; Murata, M.; Oishi, T. J. Org. Chem. 2009, 74, 8810.

Sakamoto, Y.; Matsuo, G.; Matsukura, H.; Nakata, T. Org. Lett. 2001, 3, 2749.

Fukui, H.; Shiina, I. Org. Lett. 2008, 10, 3153.

Bressin, R. K.; Osman, S.; Pohorilets, |.; Basu, U.; Koide, K. J. Org. Chem. 2020, 85, 4637.
Kadota, I.; Ueno, H.; Yamamoto, Y. Tetrahedron Lett. 2003, 44, 8935.

Sato, K.; Sasaki, M. Angew. Chem. Int. Ed. 2007, 46, 2518.

Heffron, T. P.; Jamison, T. F. Org. Lett. 2003, 5, 2339.

Simpson, G. L.; Heffron, T. P.; Merino, E.; Jamison, T. F. J. Am. Chem. Soc. 2006, 128, 1056.

245



References

167.
168.
169.
170.

171.
172.
173.
174.
175.
176.
177.

178.

179.

180.

181.
182.
183.
184.

185.

186.

187.
188.

189.

190.

191.

192.

Heffron, T. P.; Simpson, G. L.; Merino, E.; Jamison, T. F. J. Org. Chem. 2010, 75, 2681.
Mukai, C.; Sugimoto, Y.; Ikeda, Y.; Hanaoka, M. Tetrahedron Lett. 1994, 35, 2183.
Suzuki, T.; Sato, O.; Hirama, M. Tetrahedron Lett. 1990, 31, 4747.

Ha, J. Du; Young Shin, E.; Kyu Kang, S.; Hee Ahn, J.; Choi, J.-K. Tetrahedron Lett. 2004, 45,
4193.

Mori, Y.; Yaegashi, K.; Furukawa, H. J. Am. Chem. Soc. 1996, 118, 8158.

Mori, Y. Chem. Pharm. Bull. 2019, 67, 1.

Fujiwara, K.; Tokiwano, T.; Murai, A. Tetrahedron Lett. 1995, 36, 8063.

Morimoto, Y.; Nishikawa, Y.; Ueba, C.; Tanaka, T. Angew. Chem. Int. Ed. 2006, 45, 810.
Morimoto, Y.; Nishikawa, Y.; Takaishi, M. J. Am. Chem. Soc. 2005, 127, 5806.
Morimoto, Y.; Yata, H.; Nishikawa, Y. Angew. Chem. Int. Ed. 2007, 46, 6481.

Wang, S.; Arguelles, A. J.; Tay, J.; Hotta, M.; Zimmerman, P. M.; Nagorny, P. Chem. — A Eur. J.
2020, 26, 4583.

Gruber, K.; Zhou, B.; Houk, K. N.; Lerner, R. A.; Shevlin, C. G.; Wilson, |. A. Biochemistry 1999,
38, 7062.

Janda, K.; Shevlin, C.; Lerner, R. Science. 1993, 259, 490.

Zhang, X.; Hao, X.; Liu, L.; Pham, A.-T.; Lépez-Andarias, J.; Frontera, A.; Sakai, N.; Matile, S. J.
Am. Chem. Soc. 2018, 140, 17867.

Morten, C. J.; Jamison, T. F. . Am. Chem. Soc. 2009, 131, 6678.

Abdel-latief, M.; Garbe, L. A.; Koch, M.; Ruther, J. Proc. Natl. Acad. Sci. 2008, 105, 8914.
Widersten, M.; Gurell, A.; Lindberg, D. Biochim. Biophys. Acta - Gen. Subj. 2010, 1800, 316.
Kotik, M.; Archelas, A.; Wohlgemuth, R. Curr. Org. Chem. 2012, 16, 451.

Zhao, L.; Han, B.; Huang, Z.; Miller, M.; Huang, H.; Malashock, D. S.; Zhu, Z.; Milan, A,;
Robertson, D. E.; Weiner, D. P.; Burk, M. J. J. Am. Chem. Soc. 2004, 126, 11156.

Archelas, A.; lacazio, G.; Kotik, M. Epoxide Hydrolases and Their Application in Organic
Synthesis. In Green Biocatalysis; John Wiley & Sons, Inc: Hoboken, NJ, 2016, 16, 179.

Kong, X.-D.; Yuan, S.; Li, L.; Chen, S.; Xu, J.-H.; Zhou, J. Proc. Natl. Acad. Sci. 2014, 111, 15717.

Wang, L.; Parnell, A.; Williams, C.; Bakar, N. A.; Challand, M. R.; van der Kamp, M. W,;
Simpson, T. J.; Race, P. R.; Crump, M. P.; Willis, C. L. Nat. Catal. 2018, 1, 968.

He, B.-B.; Zhou, T.; Bu, X.-L.; Weng, J.-Y.; Xu, J.; Lin, S.; Zheng, J.-T.; Zhao, Y.-L.; Xu, M.-J. ACS
Catal. 2019, 9, 5391.

Jiang, C.; He, B.-B.; Zhao, R. L.; Xu, M.-J.; Houk, K. N.; Zhao, Y.-L. ACS Catal. 2021, 11, 7928.

Bu, X. L.; He, B. B.; Weng, J. Y.; Jiang, C. C.; Zhao, Y. L.; Li, S. M.; Xu, J.; Xu, M. J. ACS Synth. Biol.
2020, 9, 2282.

Shichijo, Y.; Migita, A.; Oguri, H.; Watanabe, M.; Tokiwano, T.; Watanabe, K.; Oikawa, H. J.
Am. Chem. Soc. 2008, 130, 12230.

246



References

193.

194.

195.

196.
197.

198.
199.

200.
201.
202.
203.
204.

205.
206.
207.
208.

209.
210.
211.

212.
213.
214,

215.

216.
217.
218.

219.

Minami, A.; Shimaya, M.; Suzuki, G.; Migita, A.; Shinde, S. S.; Sato, K.; Watanabe, K.; Tamura,
T.; Oguri, H.; Oikawa, H. J. Am. Chem. Soc. 2012, 134, 7246.

Smith, L.; Hong, H.; Spencer, J. B.; Leadlay, P. F. Chembiochem 2008, 9, 2967.

Hotta, K.; Chen, X.; Paton, R. S.; Minami, A.; Li, H.; Swaminathan, K.; Mathews, I. |.; Watanabe,
K.; Oikawa, H.; Houk, K. N.; Kim, C.-Y. Nature 2012, 483, 355.

Gallimore, A. R. Nat. Prod. Rep. 2009, 26, 266.

Minami, A.; Ose, T.; Sato, K.; Oikawa, A.; Kuroki, K.; Maenaka, K.; Oguri, H.; Oikawa, H. ACS
Chem. Biol. 2014, 9, 562.

Pistorius, D.; Li, Y.; Sandmann, A.; Miiller, R. Mol. Biosyst. 2011, 7, 3308.

Smith, T. E.; Djang, M.; Velander, A. J.; Downey, C. W.; Carroll, K. A.; van Alphen, S. Org. Lett.
2004, 6, 2317.

Crimmins, M. T.; Chaudhary, K. Org. Lett. 2000, 2, 775.

Hodge, M. B.; Olivo, H. F. Tetrahedron 2004, 60, 9397.

Crimmins, M. T.; King, B. W.; Tabet, E. A.; Chaudhary, K. J. Org. Chem. 2001, 66, 894.
Brooks, D. W.; Lu, L. D.-L.; Masamune, S. Angew. Chem. Int. Ed. 1979, 18, 72.

Chen, K.-M.; Hardtmann, G. E.; Prasad, K.; Repi¢, O.; Shapiro, M. J. Tetrahedron Lett. 1987, 28,
155.

Rychnovsky, S. D.; Rogers, B.; Yang, G. J. Org. Chem. 1993, 58, 3511.
Furst, A.; Plattner, P. A. Helv. Chim. Acta 1949, 32, 275.
Katsuki, T.; Sharpless, K. B. J. Am. Chem. Soc. 1980, 102, 5974.

Gao, Y.; Klunder, J. M.; Hanson, R. M.; Masamune, H.; Ko, S. Y.; Sharpless, K. B. . Am. Chem.
Soc. 1987, 109, 5765.

Oishi, T.; Suzuki, M.; Watanabe, K.; Murata, M. Tetrahedron Lett. 2006, 47, 3975.
Evans, D. A.; Chapman, K. T.; Carreira, E. M. J. Am. Chem. Soc. 1988, 110, 3560.

Huijbers, M. M. E.; Montersino, S.; Westphal, A. H.; Tischler, D.; van Berkel, W. J. H. Arch.
Biochem. Biophys. 2014, 544, 2.

Taylor, R. E.; Engelhardt, F. C.; Schmitt, M. J.; Yuan, H. J. Am. Chem. Soc. 2001, 123, 2964.
Peng, F.; Hall, D. G. J. Am. Chem. Soc. 2007, 129, 3070.
Matteson, D. S. Tetrahedron 1998, 54, 10555.

Althaus, M.; Mahmood, A.; Sudrez, J. R.; Thomas, S. P.; Aggarwal, V. K. J. Am. Chem. Soc.
2010, 132, 5922.

Roth, G.; Liepold, B.; Miiller, S.; Bestmann, H. Synthesis (Stuttg). 2003, 2004, 59.

Pereira, S.; Srebnik, M. 1995, 14, 3127.

Morrill, C.; Grubbs, R. H. J. Org. Chem. 2003, 68, 6031.

Szyling, J.; Franczyk, A.; Pawlu¢, P.; Marciniec, B.; Walkowiak, J. Org. Biomol. Chem. 2017, 15,
3207.

247



References

220.
221.
222.

223

224,

225.

226.
227.
228.
229.
230.
231.
232.
233.
234.
235.
236.
237.

238.

239.
240.
241.
242.
243.
244,
245,
246.
247.
248.
249.

250.

Winstein, S.; Holness, N. J. J. Am. Chem. Soc. 1955, 77, 5562.

Shepard, M. S.; Carreira, E. M. J. Am. Chem. Soc. 1997, 119, 2597.

Alami, M.; Hamze, A.; Provot, O. ACS Catal. 2019, 9, 3437.

Uenishi, J.; Beau, J. M.; Armstrong, R. W.; Kishi, Y. J. Am. Chem. Soc. 1987, 109, 4756.

Frank, S. A.; Chen, H.; Kunz, R. K.; Schnaderbeck, M. J.; Roush, W. R. Org. Lett. 2000, 2, 2691.

Hansen, T. M.; Florence, G. J.; Lugo-Mas, P.; Chen, J.; Abrams, J. N.; Forsyth, C. J. Tetrahedron
Lett. 2003, 44, 57.

Laganis, E. D.; Chenard, B. L. Tetrahedron Lett. 1984, 25, 5831.

Denmark, S. E.; Regens, C. S.; Kobayashi, T. J. Am. Chem. Soc. 2007, 129, 2774.
Trentadue, K.; Chang, C.; Nalin, A.; Taylor, R. E. Chem. — A Eur. J. 2021, 27, 11126.
Bowen, J. I.; Wang, L.; Crump, M. P.; Willis, C. L. Org. Biomol. Chem. 2021, 19, 6210.
llardi, E. A.; Stivala, C. E.; Zakarian, A. Org. Lett. 2008, 10, 1727.

Stamos, D. P.; Taylor, A. G.; Kishi, Y. Tetrahedron Lett. 1996, 37, 8647.

Sidera, M.; Costa, A. M.; Vilarrasa, J. Org. Lett. 2011, 13, 4934.

Okamoto, S.; Shimazaki, T.; Kobayashi, Y.; Sato, F. Tetrahedron Lett. 1987, 28, 2033.
Hanessian, S.; Focken, T.; Oza, R. Org. Lett. 2010, 12, 3172.

Caron, M.; Sharpless, K. B. J. Org. Chem. 1985, 50, 1557.

Hoye, T. R.; Jeffrey, C. S.; Shao, F. Nat. Protoc. 2007, 2, 2451.

Uesugi, S.; Watanabe, T.; Imaizumi, T.; Shibuya, M.; Kanoh, N.; lwabuchi, Y. Org. Lett. 2014,
16, 4408.

Lade, J. J.; Pardeshi, S. D.; Vadagaonkar, K. S.; Murugan, K.; Chaskar, A. C. RSC Adv. 2017, 7,
8011.

Hanessian, S.; L. Bennani, Y.; Leblanc, Y. Heterocycles 1993, 35, 1411.

Focken, T.; Hanessian, S. Beilstein J. Org. Chem. 2014, 10, 1848.

Blakemore, P. R.; Cole, W. J.; Kocienski, P. J.; Morley, A. Synlett 1998, 1, 26.

Connor, D. T.; Greenough, R. C.; Von Strandtmann, M. J. Org. Chem. 1977, 42, 3664.
Mallampudi, N. A.; Srinivas, B.; Reddy, J. G.; Mohapatra, D. K. Org. Lett. 2019, 21, 5952.
Devi, N. R.; Sultana, S.; Borah, M.; Saikia, A. K. J. Org. Chem. 2018, 83, 14987.

Zhang, Y.-L.; Guo, R.-T.; Luo, H.; Liang, X.-S.; Wang, X.-C. Org. Lett. 2020, 22, 5627.
Perry, C.; de los Santos, E. L. C.; Alkhalaf, L. M.; Challis, G. L. Nat. Prod. Rep. 2018, 35, 622.
Lindner, F.; Friedrich, S.; Hahn, F. J. Org. Chem. 2018, 83, 14091.

Crabtree, R. H.; Davis, M. W. J. Org. Chem. 1986, 51, 2655.

Budakoti, A.; Mondal, P. K.; Verma, P.; Khamrai, J. Beilstein J. Org. Chem. 2021, 17, 932.

Nokami, J.; Ohga, M.; Nakamoto, H.; Matsubara, T.; Hussain, |.; Kataoka, K. J. Am. Chem. Soc.

248



References

251.
252.
253.
254,
255.
256.

257.
258.
259.
260.
261.
262.
263.

264.

265.

266.

267.
268.
269.
270.
271.
272.
273.
274.
275.
276.

277.
278.

2001, 123, 9168.

Sumida, S.-I.; Ohga, M.; Mitani, J.; Nokami, J. J. Am. Chem. Soc. 2000, 122, 1310.
Yamamoto, Y.; Maruyama, K. J. Org. Chem. 1983, 48, 1564.

Malkov, A. V.; Kabeshov, M. A.; Bartog, M.; KoCovsky, P. Chem. - A Eur. J. 2009, 15, 1570.
Rubtsov, A. E.; Malkov, A. V. Synlett 2021, 31, 1397.

Brown, H. C.; Bhat, K. S. J. Am. Chem. Soc. 1986, 108, 293.

Lolkema, L. D. M.; Semeyn, C.; Ashek, L.; Hiemstra, H.; Speckamp, W. N. Tetrahedron 1994,
50, 7129.

Crosby, S. R.; Harding, J. R.; King, C. D.; Parker, G. D.; Willis, C. L. Org. Lett. 2002, 4, 577.
Jaber, J. J.; Mitsui, K.; Rychnovsky, S. D. J. Org. Chem. 2001, 66, 4679.

Rychnovsky, S. D.; Marumoto, S.; Jaber, J. J. Org. Lett. 2001, 3, 3815.

Charette, A. B.; Lemay, J. Angew. Chem. Int. Ed. 1997, 36, 1090.

Jeyakumar, K.; Chakravarthy, R. D.; Chand, D. K. Catal. Commun. 2009, 10, 1948.
Moorthy, J. N.; Singhal, N.; Senapati, K. Org. Biomol. Chem. 2007, 5, 767.

Tautz, T.; Hoffmann, J.; Hoffmann, T.; Steinmetz, H.; Washausen, P.; Kunze, B.; Huch, V.;
Kitsche, A.; Reichenbach, H.; Hofle, G.; Mdiller, R.; Kalesse, M. Org. Lett. 2016, 18, 2560.

Bonfio, C.; Caumes, C.; Duffy, C. D.; Patel, B. H.; Percivalle, C.; Tsanakopoulou, M.; Sutherland,
J.D. J. Am. Chem. Soc. 2019, 141, 3934.

Aebi, J. D.; Deyo, D. T.; Sun, C. Q.; Guillaume, D.; Dunlap, B.; Rich, D. H. J. Med. Chem. 1990,
33,999.

Molander, G. A.; Cavalcanti, L. N.; Canturk, B.; Pan, P.-S.; Kennedy, L. E. J. Org. Chem. 2009,
74,7364,

Pietruszka, J.; Witt, A. Synthesis (Stuttg). 2006, 2006, 4266.

Coombs, J. R.; Zhang, L.; Morken, J. P. Org. Lett. 2015, 17, 1708.

Robichaud, J.; Tremblay, F. Org. Lett. 2006, 8, 597.

Brunner, A.; Hintermann, L. Chem. - A Eur. J. 2016, 22, 2787.

Millan, A.; Grigol Martinez, P. D.; Aggarwal, V. K. Chem. - A Eur. J. 2018, 24, 730.
Cossy, J.; Bauer, D.; Bellosta, V. Tetrahedron 2002, 58, 5909.

Lux, M. C.; Boby, M. L.; Brooks, J. L.; Tan, D. S. Chem. Commun. 2019, 55, 7013.
Fields, A. M.; Jones, S. Tetrahedron 2019, 75, 3413.

Wunderlich, J.; RoB, T.; Schroder, M.; Hahn, F. Org. Lett. 2020, 22, 4955.

McNamara, N.; Rahmani, R.; Sykes, M. L.; Avery, V. M.; Baell, J. RSC Med. Chem. 2020, 11,
685.

Yadav, J. S.; Rahman, M. A.; Reddy, N. M.; Prasad, A. R. Tetrahedron Lett. 2015, 56, 365.
Druais, V.; Hall, M. J.; Corsi, C.; Wendeborn, S. V.; Meyer, C.; Cossy, J. Org. Lett. 2009, 11, 935.

249



References

279.

280.
281.
282.
283.

Kuriyama, Y.; Sasano, Y.; Hoshino, Y.; Uesugi, S.; Yamaichi, A.; Iwabuchi, Y. Chem. — A Eur. J.
2021, 27, 1961.

Bates, R. B.; Gangwar, S. Tetrahedron: Asymmetry 1993, 4, 69.

Nelson, B.; Hiller, W.; Pollex, A.; Hiersemann, M. Org. Lett. 2011, 13, 4438.
Horn, A.; Kazmaier, U. Org. Lett. 2019, 21, 4595.

Friedrich, E. C.; Falling, S. N.; Lyons, D. E. Synth. Commun. 1975, 5, 33.

250



CHAPTER 6:
Spectra

251



Spectra

152

we |
wmmo.m

ﬁ.. ey L

Fron
et

For [

%:m.:

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

PEBT~_
E6BT-

bUEE—
E09E—

B0~

BIT0E—

-20

-10

50 40 30 20 10

60

210 200 190 180 170 160 150 140 130 120 110 100 ag 80

220

252



Spectra

|-

153

M “.JL_L_.“L“MW”L

M..S T

Fore

Feor

Feor |

Foor

0.5

1.0

1.5

2.0

2.5

]

6.0

6.5

7.0

7.5

TE LT~
[} Sl

TTéz~
55'0E~,_
EB'0E~"

[0 P

BR0T—

BETEDZ—

150

180

200

-20

-10

130 120 110 100 90 a0 70 60 50 40 30 20 10

140

160

170

190

210

220

253



Spectra

%.mv E

o,

Feen
Tm:.m

Fer

ﬁccﬁ

0.5

1.0

15

2.0

2.5

3.0

35

4.0

4.5

5.0

5.5

6.0

6.5

a5 8.0 8.5 8.0 7.3 70

0.0

er—

bEBET
ET0ET

oreel—

Lgest—

BORE] =

190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10

200

254



Spectra

H

o

6

n
-

—1ze

[TBE'T

—EEn

Faen

Fran
Feso

Feeo

JLL

L5

2.0

2.5

4.0

n
+

7.0

BB LT
DE'8T W
9Z' 61

EB'OE
b omv

55—

89 89—
85 14—

mo.omﬁv.

ogner
Nm.ﬁmﬁu\‘

POCLT

STEDE—

T
-20

T
-10

T
10

T
20

T T T T
90 a0 70 60 50 40

T
100

T T T T T T T T T
210 200 190 180 170 160 150 140 130

T
220

255



Spectra

9

I
Om ~

bog

L9E
= tE'E

RTINS AN

_”YE 13

_”.. oot

Tm:ﬁ

H(mm o
=

H\cmc

_,Yhmc

Faoa

wo
E0'T
= Lwo

Twmo

10

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

55

6.0

6.5

7.0

7.5

LBET
~m.mﬂv
9T'BT

PLOE
e n_mv

EE'St—

69—
ESTL—

B9'0ET
BLTOET
ag'0eT
BE'TET

eI —

BFE0E—

vl

T
-20

-10

20

30

70

T T T T T T 1 T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 a0

T
220

256



Spectra

OH

EtO

158

Free

540
9are

Fare

—

Fore

Feso

oot
Feo
Hlmf
Feeo

1.0

9T
0E BT —

1.5

2.0

8 B
8105~

235

19—

bE B9 —

3.0

3.5

4.0

4.5

FO0ET
13 omﬁw

=
o we

3.5

6.0

S0°£9T—

6.5

7.0

BEZ0E—

7.5

-

——

T T T T T T T T T T T T T T
200 1a0 180 170 160 150 140 130 120 110 100 ao 80 70 60 50 40 30 20 10

T
210

257



Spectra

OH OH

o

EtO

129

Fece

BE'T
L4

WVN.N

H\mh.n

Fesn

m/mmm
Hrfﬁ

_“\wﬁﬁ

oot

Eeeo

Foor
Fren

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

EE'PT—

e 81—

B T~
8-

6T 09—

£ ea—

E9EL—

9k 0ET
mm.omﬁW
EB'DET
PEEET

7

L&EL—

a

L

.

i

Ll

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

258



Spectra

“'OH

I
(@] M0~

16

EtO.

)
ﬂ
Z—
L2 -
g e
[
o
(]
a0 dE—
= 00'E £
]
B
Fart
=IHE
3 2
Faz |- 3
Feoe | 09 09—
st [ e
55 99—
08I~
o b0
[ m
. 259/ —
== i
L
o0
: =]
For -9
Fore
|
Ll
L2
I
Fein [
i
Foant
]
w
99821 —
S5 TET—
[ o
w
-2
~
[
~
L2
L]
L se0dr—
-]

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm}

170

259



Spectra

EtO.

F85E
=182

Feet

+2'T
SO'E
E90E

ot

Feot

InE
—EED

Ee80

+80
68’0

”—\ﬁn.ﬁ

0.5

€=
1SN
£6'02

9z 1z-%

1.0

L5

19 56—

95 Ok —

2.0

25

b 09—

3.5

4.0

4.5

5.0

]
i L8iEr—
s0TEI—

6.0

6.5

7.0

B00LT
SE :hﬁv.

L zsnes’
P~

10

20

30

40

50

60

80

a0

100

110

120

130

140

150

160

170

260



Spectra

H

o
B
s
as
oX,,

M@JUMLMb

W:m
+LE

Free

Mlvoﬁ

E 60
st
Feot

£0T
+0'T

Fror

Fror

Foot
_.lmi

0.5

1.0

15

2.0

2.5

35

4.0

4.5

<
'

5.5

6.0

n
=1

7.0

7.5

[4 A
86 LT
9z’ 61 +

1808
0o TE

9 5k—

E6" 89—
51—

E9LIT—

SETET—

EREL—

arvenE—

1a0 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10

200

261



Spectra

T
Om

<

o <
z
S“ﬁ
o

N R

T4
=17E

Feoe

H.. ooy

mrmm.n

Seppo
ot

art
mmm.o

Faen

Feso

Foso
Fseo

i}
=
T8 4T
mm.DW =
9z 61
=)
—
S 0E
mm._umv. =
4
n
-
8E'Sh— -
<
(3]
L
o~
PE B — - 51
51— -
3
3
.-
=
2 3
£
5
n
o
]
-+
A
+
59 21— E—
= — —
2 96 TE
1n
n
k
<
[¥=]
A
w aZEL —
o 3
™~ 1
4
']
~
0ZE0E— -—3

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1

262



Spectra

263

EtO.
(o]
A M o
o T 'T' AnN i T
= z = ~ E 3 a g =
T 77T T T T T T T T T T T T T T
74 72 7.0 68 66 64 6.2 60 58 56 54 52 50 48 46 44 42 40 3.8 36 34 3.2 3.0 28 26 24 2.2 20 18 16 14 1.2 1.0 04
= 2 ER o - . oo
g - gz 5e 5z
[ | | N [
\
I 1
|
1
J L ke
T T T T T T T T T T T T T
o 200 190 180 170 160 150 140 130 120 110 60 30 10



Spectra

Feze

oot
Foaee

wvﬁ.m

Feen

_.Vvo.ﬁ
b\mo.ﬁ

1.0

1.5

2.0

2.5

3.0

35

4.0

4.5

5.0

5.5

6.0

6.5

70

7.5

PE BT
i

-
98 T

56 09—

589

b ZE—

E0LET—

BSEEF—

ELTET—

Ll

VT

i

i e

L

T

y

Lkl b

20

40

50

60

70

80

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

T
180

264



Spectra

EtO

I

Frot
Feor [

Tﬁﬁw
ooz

Foot |
TQS

05

10

15

20

25

3.0

3.5

4.0

n

5.0

5.5

6.0

6.5

7.0

7.5

BEFI-T

LA S

L] S

DE'DE—

8L 9E—

E9 Ib—

£9°09—

Th' G9—

T 0E—

E0'BE—

PTRET—
0orer—

PUTL—

|

e

!

o

10

20

30

40

50

60

70

80

a0

100

110

120

130

140

150

160

170

265



Spectra

ma

EtO.

“/OH

I
life)

169

E96s
Tevn
Fsen

et
Font
L
160

[-sin

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

TEPT—
BE"BT—

T 8E—
o8 0b—

90
840
089"
Ti—
e

BETLT—

T
-10

T T T T T T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 110 100 90 a0 70 60 50 40 30 20 10

T
220

266



Spectra

EtO.

O

170

o

EGEE
EovE

kT

Frot

=580 [
E-go0

[oeo

T

Foen [
et

Frot
Foot

0.5

1.0

15

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

75

9" BT —

SE8T—

68 O~
[

&g —

S8 {9

TEEL—~—
S ba—

b B

SETET—

TN

10

20

30

40

50

60

70

80

a0

100

110

120

130

140

150

160

170

]

267



Spectra

EtO.

“'0Ac

<
Ille) o

LY

b

Fore
Fene

Feer

507
e
haat:1 0N

Feor
Frot

.—Vmo.ﬁ
ez

ET'T

—e60

Foor

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

=
~

SEPT
68T,
5602
071z

b SE—

99—

S509—

LT
689 —
o
PUEL—

0zl
PE _“_.ZW
10T

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

268



Spectra

A

Ox

149

L2
-
3
08 — ——
L0 E]
N -
Feee £€ 62—
L2
o~
Ever
- . n
FE8T 0 e .
L2
™
]
™
Le 1
<
,_
L i
- 1
3
L2 1
i 3
=E0z |0
4 n
L2
o
L0 peazr— -—
© a0zl — ——
-
~
————
o 4
" :
2
©
4
I 3
-
L2
=
T Bit]
| =
_— s
| o)
- =l
= erzr— -——
n

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

10

269



Spectra

EtO

OH

131

o JLMMM

—IFE

—ort
s
Coee

ane

een
Eror

Favo

Foor

Feare

—eer

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

75

GE'BT—

60" 81—

b BE—

BE"9E—

L

98 09—

597 49—

6LGET—

S9'0ET—

ETEL—

m

10

20

30

40

50

60

70

a0

90

100

110

120

130

140

150

160

170

270



Spectra

EtO.

173

_=
Tﬁm.m
56
_ufmm 0
oot
BE'Z
ﬁ\oo.ﬂ

0.5

Lo

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

3.5

6.0

6.5

7.0

7.5

EEPT—

o er—

B EE—

TTE—

96 b —

o8 09—

L i—

b Gé—

EDPE—

S9TAT—

10

20

30

40

50

60

70

80

a0

100

110

120

130

140

150

160

170

)

271



Spectra
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Figure 26. nOe experiment on THF 173. Blue: Irradiation of 6-H (3.85 ppm) and corresponding nOe
enhancement of 3-H (4.33 ppm). Green: Irradiation of 3-H (4.33 ppm) and corresponding nOe enhancement of
6-H (3.85 ppm). Red: H-NMR of THF 173.
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Figure 27. nOe experiment on THF 172. Blue: Irradiation of 6-H (3.90 ppm) and no observed nOe enhancement
of 3-H (4.40 ppm). Green: Irradiation of 3-H (4.40 ppm) and no observed nOe enhancement of 6-H (3.90 ppm).
Red: *H-NMR of THF 172.
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Spectra
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NMR spectra in CDCl3
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NMR spectra in methanol-D,

. l o JMMU_MML%U

Feor

T

e
ooy

ot
80
Sz
Fozt
Fave

ot
160

0.0

0.5

10

15

20

25

a0

35

4.0

45

5.0

5.5

6.0

6.5

7.0

7.5

8.0

85

5.0

8re—

R4S
BE'ET I./l

f0er "
R R
wir’
8592 —
95'0E

:.;V
oree”
BT9E~

PEEF—
[0

05 £8—

EFTL—

BB
vm.mhv

orEEr—
98'9zT
BT W
TE'0ET
E'EET
ZFEET F/I
80°9ET
TZ'9ET

0E'9ET
S5BET 7

(LT R

80

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

380



Spectra

“\\\

OH

324

1 wd

5
06z
Fogoe

POE
68’0
“BE'T
25'C

et

ET'T
“voﬁ

Eain

Feg6'0

E-g6'0

EFoot

0.0

05

10

15

20

25

30

35

40

45

50

55

6.0

65

70

7.5

80

a5

586
TELT
(1) :vv

1962~
AN

ELTE—
106E—

PEHI—

ES08—

L]

P

"

Lt

10

20

30

50

60

70

80

90

100

110

120

130

1a0

150

381



Spectra

\“‘\

323

JMM

E8I'E
Foze

et
Fare

—6L'T
100

]

et

E 00T

o184

05

10

15

20

25

3.0

3.5

40

a5

5.0

5.5

6.0

6.5

70

75

80

85

5876—
LLE: I

09z
$0°9Z
15827
99 ZE—
25 ke~

ST ER~—
S54FET

£9'07TZ—

WWWLM "

20 10

30

60

70

200 190 130 170 160 150 140 130 120 110

210

382



Spectra

_ﬂl_

=BZ'9

d s

606

327

Amm [4
92'E
Fp0'T

E0Zt
EFeez

Fars
Feet

F9s0

Fsor

Eegry
ET
860

Foot

3.0 25 20 15 1.0 05 0.0 -05

35

75 70 6.5 6.0 5.5 50 45

8.0

ara-
L) w.v

— PR——
'8
5521
PN —3
5691 3
PG 1= =

8052
#I'52
8662,
£ 2~
66 EE— =
rpe”

oo

50 f9— ——_—

arme—

LE9ET— ]

BO'9ET— —

-10

T
100

T
110

383



Spectra

n

I

E0'E
F00'9

_P%;
Fare

et
s2's

_u‘wmo.ﬂ

Fant

i

E-zo1
=t
E- 201

=T

-05

40 35 3.0 25 20 15 10 05 0.0

45

5.0

55

6.0

75 70 6.5

8.0

26~
GEET~_
[iias

2 L1~

orer—

ARTE
86 €6~
o' bE—
0z'se~

b0 RI—

LY
09—

65921

TEBET =

T T
110 100

T
120

o

384



Spectra

n
?
Lo
=]
156"
e~
" 681
=] 90 £1
e
10
w wE LS wez—
621
Tg.m 08 e
Ll“" WE | 1 ST EE—
M e
T-en's 5 BE——
a0t
Lo
e
n
[ e
Fobn | o
[ e
Foot
L wn
m
Foo1
=]
M 04 18—
8P —
n
[ =
Lo
L )
Foor |
n
Lo
Ir
PUEII—
L
Ir
=]
~
TS REF—
| n
~
Lo
©
L wn
©
Lo
@
| n eETEI—
@

385




Spectra

322

FE

Fegre
M 66'0
n_\nSm

—

Feht
Fuwz

50t

_,VSV

vt

=E0'T

= Feso

A_ Fan

0.0

05

10

15

20

25

30

L8 8l
9.2-\
e
94—

49 62—
a1 EE~,
65 PE~
BE 9E—

BS i

W

SE LI

B bb— =

S 04T~
A Vit

10

20

30

0

a0

100

110

120

130

140

150

160

170

30

386



Spectra

I=z

A

e
Foz'9
eh'E

ﬁv:
E

Hwb 9
1EE [

s
el

Fane

ETT
FLOA o

;.).wn:

H—‘mmm -
EB'T

a0t

oot

E=ib'n

oot

75 70 65 6.0 5.5 5.0 4.5 4.0 35 30 25 20 15 10 05 00 -0.5

80

n

8

6

ZE mﬁ»/
[£3 Nﬁﬁ
18T
081
68T

ST €L

hm.mm
mm. mm/
' 6E /
29 DE -

86'ZE
0 mmv
z..um%
BEbE
&8 mm*
£S5 BE

ok éb—

T

[ 7o
8518~
2 pB~

£0TBh——

LOEET—

S90RT—

90 0LT
UL

ZEZ0E—

10

200 130 180 170 160 150 140 130 120 110 100 90 80 70 60 50

210

387



Spectra

T
(]
I
(@]

one

EG0E
H.HS 3

00'e
Bogre

Fae

Fsos
Fon't

Frot

e

a0’y
= L6'T

WE z
667

950

6.0

6.5

7.0

75

8.0

85

29'6
BY'ET

8 el /
EE 8 W
8502

oy n%

w092
L mm./,
ELDE
1 mm/.
mm.wm#
0E' SE~
S mm\.\
ES'BE
T8'6E

b5 b —

mwii—

4L
59" 78—
S5 bB

PLLET—

+E0FT—

PRI —
LLEL—

TUeEgi—

10

50

60

70

180 180 7o 160 150 140 130 120 110 100 Q0 80

200




Spectra

389

NH
0~ >ccly
354
T T i
2 ] 32
S I o
T T T T T T T T T T T T T T T T T T T T
95 90 85 8.0 7.5 0 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0o
o= T memm
= ER=- = =
i ER L =
E ERR = 2
I~
|
|
™ T, TW T TIOY e adal " — " .u...l " o] L i .\1...4# e L PP W T 1 Y TR
i Lo e " oy L L y o Lt b o ‘
T T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 50 80 70 60 50 40 30 20 10



Spectra

OBn

=0

356

——.-\J.A‘L—

Fee

Foot

S0°T
WMhm..D

Fses

Feao

05

10

15

20

25

3.0

3.5

4.0

45

5.0

55

6.0

6.5

7.0

75

8.0

85

9.0

a5

B sr—

02 i

19 6 —

ZT'BED
mm.mwﬁu.

mh.mwﬁkﬁ

05 LEf—

9YEDE—

-20

-10

20 10

30

210 200 190 180 170 160 150 140 130 120 110 100 20 80 70 60 50

220

390



Spectra

ipr

351

——

==

Fenz

Foot

05

10

15

20

25

30

3.5

40

45

50

55

6.0

6.5

70

75

8.0

8.5

LB
LU
9402

6 NNN
85 E2—
&5
[

b SE—

BY 1p—

W mv./
EVop—

LET9E—

SE9TI—

00 TFE—

20 10

30

60 50

70

170 160 150 140 130 120 110 100

180

391



Spectra

OH

TBDPSO

363

=-—GI'6

For'e

Fang

=560

TE0E e
=TT
Fa0y

Rt}

o9y

BT 8T
Eb BT

0 fz—

59—

18921
PE LTI
SE'821—
6621~
BEEET
6B ET~

PLEET
e mmﬁq

L,

392



Spectra

C

\‘\\

TBDPSO.

365

F ste
= 60°21

w/,mcﬁ
(a4

H\ncw

b zor
o7
T osoz

i
T

oc

05

10

15

20

25

3.0

35

40

45

5.0

55

6.0

6.5

7.0

75

80

85

99'6—
TLP—
6l —

LA T
[

b BE—

B

TLpA—
98'99—

9 LE—

50°E8—

BTN
£RBTIN
ISEEL,

EBEEI-L

LRGED
ﬁm.mmﬁv‘

Irbanibehehs

20 10

30

80 70

g0

160 150 140 130 120 110

170

393



Spectra

OTBDPS

HO

361

F00'6

Feoz

ot

Fane

Fora

Eany

7.5 7.0 6.5 60 55 5.0 45 4.0 35 3.0 25 20 15 10 05 0.0 -0.5

8.0

9z BT —

10—

T bE—

1729 —
15 E9—

56221
86621~
ZHEET~
PESETN

el

10

20

60

70

80

110

120

130

140

150

0

394



Spectra

0% > "0oTBDPS

362

=0k

ooz

Fhb'T

[-ea

Fore

660

95 9.0 85 8.0 75 7.0 6.5 6.0 55 50 45 40 3.5 30 25 20 15 10 05

100

TeerT— E—

19— -

55— -

9 BS— —_—

8621 —
0ooEr—" -
THEET— e

E£GET—

Zreoi— E—

-10

10

30

70 60 50

80

180 170 160 150 140 130 120 110 100

190

395



Spectra

OH

TBDPSO

364

=16

=i

ooz

Fonre

blho.m

it

F=5T'F

0.0

05

10

15

2.0

25

3.0

3.5

4.0

45

5.0

55

6.0

6.5

7.0

75

8.0

85

9.0

92 BT~
EETEIT

86" 9L—

b0 BE—
oo —

05'E9—

BE'TL—

ap'rel
S6°£21 W
PEBI—
BEGHET
0Z'EET
DEEET
veserl

asger

AP

il

20 10

30

70 60

80

160 150 140 130 120 110

170

396



Spectra

C

\‘\\\

O

TBDPSO

366

= oree
FLTET

‘Tn EO'T
h £0T

T e

T
w02
ot

i

= oald

85 80 7.5 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 00 -05

9.0

fRh—
991

[)

692~
S0 e

T BE—

G B~
it b~

e —

F& N

BUEL—

bE' 28—

TELE
emian

9621
sese”
BOPET~_
1561

v

Ik

20 10

30

50

160 150 140 130 120 110 100 20 80 70

170

397



Spectra

HO

374

il

80T
E-66'2

et

e

Foot

Féen

05

10

15

20

25

3.0

35

40

45

50

5.5

6.0

65

70

75

8.0

18—

(AR D

29—

LTEa—
EL871—

Lo

L]

L

Ui adlaadie )

ks

aprony

i)

10

20

30

70

80

100

110

120

130

140

150

160

398



Spectra

PN
X OH

371
E/Z=12:88
- :
8 g g
I ) =]
5.64 5.63 5.62 5.61 5.60 5. 1 410 409 408 407 406 4.05 404 403 402 401
P el ks #Y
s34 g2 23 GE]
T T ‘ T ‘ T ‘ T ‘ T T T T T T T "
8.0 75 7.0 65 60 55 50 a5 a0 35 30 25 20 15 10 0s 00
nomaE @ 2 P
Nig [
|
|
| |
™ Lo e Py Py —" d A
WPl Wl prbmieh Yoo ¥
\ T \ T \ T \ T T T T \ "
160 150 140 130 120 110 100 90 80 70 60 50 a0 10 o

399



Spectra

4670
A 4675
U
4
o 4.680
M 0
[])I 0 4685
Y n
LJ r H4.690
0 : ']
.\[]/.'J { '\ |5 l-4.695
U | ') 0
(] - 4700
0 ( 2
A H ? /(% 0 |-4705
U v I .
&/ f
}q ¥ I/ 4710
I \ |-|
il ﬁ) h 4715
v € 0
o 4720
&
3 4725
4730
l-4.735

T T T T T T T T T T T T T T T T T T T T T T
578 576 574 57X 570 568 566 564 562 560 558 556 554 552 550 548 545 544 542 540 538 536

Figure 29. 2DJ-PYSCHE *H-NMR of 371 used to determine geometry of major alkene isomer.
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Spectra

E/Z =10:1
NMR spectra in CDCl3
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Spectra

HO.
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NMR spectra in methanol-Dg
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