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Abstract 

Mupirocin, an antibiotic produced by Pseudomonas fluorescens, is a clinically important antibiotic 

which exhibits potent activity against a wide range of Gram positive bacteria including methicillin 

resistant Staphylococcus aureus (MRSA). Mupirocin is a mixture of pseudomonic acids, and extensive 

studies have led to a good understanding of their biosynthesis. However, the timing and mechanism 

of some key steps are unknown. The work described herein focuses on the mechanism of formation 

of the tetrahydropyran (THP) core of the pseudomonic acids which is essential for bioactivity. 

 

Chapter two describes the synthesis of the linear substrate 59 incorporating a carbon-13 label required 

to investigate THP ring formation. 59 was prepared via a convergent route in 11 steps using a key 

Suzuki coupling/Mukaiyama aldol reaction to establish the stereocentres at C-5 and C-8. Bioassays with 

59 in E. coli overexpressing MupW/MupZ revealed that alkene 60 is likely an intermediate in THP 

formation.  

Chapter three describes the synthesis of triol 117 via a key Suzuki coupling and HWE olefination in 

4.9% yield over 14 steps. This substrate 117 lacks the 5-OH required for THP formation and bioassays 

in E. coli overexpressing MupW provided the first NMR evidence that an epoxide intermediate is 

involved in THP formation. 

Chapter four describes the studies towards the synthesis of 103, the proposed alkene intermediate in 

THP formation, as well as the synthesis of 146, which was confirmed not to be an intermediate in THP 

formation. 

Chapter five concerns investigations into the biosynthesis of tenuipyrone (215), a spirocyclic 

polyketide isolated from Isaria tenuipes. The synthesis of 254 and 262, linear thioester analogues of 

cephalosporolide B (211) is described, and the key cyclisation with pyrone 210 to form tenuipyrone 

was investigated. 
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1. Introduction 

1.1 Antibiotics and Antimicrobial Resistance 

Antibiotics are molecules which are able to kill or otherwise inhibit the growth of 

microorganisms, though in nature they are reported to carry out a variety of roles for example 

in virulence regulation, intraspecies competition, and host-parasite interactions.1-2 Their 

modes of action usually involve targets which are either unique to bacteria, or do not affect 

the analogous target in eukaryotic cells, thus rendering them non-toxic to humans or livestock 

animals.3-4 Various modes of action have been reported across the myriad available 

antibiotics, but broadly they target one of three bacterial processes; protein synthesis (e.g. 

macrolides and tetracyclines), cell wall synthesis (e.g. penicillins and cephalosporins), or 

nucleic acid synthesis (e.g. sulfonamides and quinolones).5 

The antibiotic era dawned in the early 20th century with the suggestion by Ehrlich of a so-called 

“magic bullet”, a chemical which would kill a microorganism whilst not affecting its host. 

Ehrlich also proposed a method of finding such a compound:6 

“There must be planned chemical synthesis: proceeding from a 

chemical substance with recognizable activity, making 

derivatives from it, and then trying each to discover the degree 

of its activity and effectiveness. This we call chemotherapy.” 

There was early success, with the discovery of arsphenamine (Salvarsan) and 

neoarsphenamine (Neosalvarsan) as treatments for syphilis caused by Treponema pallidum, 

however despite exhaustive work, these remained the only two compounds for antimicrobial 
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therapy for over 20 years.7 Since the discovery of penicillin in the late 1920s, and the first sulfa 

drugs in the early 1930s, antibiotics have become a mainstay of medical science, and have 

radically transformed the way that physicians are able to care for their patients, allowing the 

adoption of a treatment-focussed approach including complex surgery, chemotherapy, and 

transplant medicine.8-9 

As demonstrated by these early discoveries, and presciently suggested by Ehrlich, medicinal 

chemistry has relied in large part on finding biologically active natural products which can then 

be modified to enhance said activity. This theme continues to this day, with nearly 70% of all 

antimicrobial new chemical entities being derived from natural products.10 

The ‘golden age’ of antibiotic discovery, from the early 1940s to early 1960s, afforded around 

half of all the major antibiotics in clinical use today, such as the penicillins, cephalosporins and 

tetracyclines.11-12 Since this time, progress has slowed considerably; between 1968 and 2000, 

no new classes of antimicrobials were discovered, and all novel antibiotics were merely 

modifications of previously marketed structures.13 This may, in part, be due to the medicinal 

and combinatorial chemistry approaches used extensively during this period, and much has 

been made in recent years of the lack of diversity and the lack of similarity to natural products 

that traditional compound libraries contain.13-15 

The situation is complicated further by the alarming rise in incidence of antimicrobial 

resistance (AMR). Through horizontal gene transfer, bacteria are able to share genetic 

information without the need to reproduce, therefore when a selective advantage such as 
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resistance to an antibiotic develops, it is able to rapidly spread throughout a bacterial 

population.16 AMR is a global threat to not only health, but also international security and the 

world economy; according to the Review on Antimicrobial Resistance in 2016, the mortality 

rate from AMR is likely to reach 10 million people per year by 2050.17 Though AMR would 

undoubtedly have developed without human intervention, there are a number of human 

drivers behind this which have undoubtedly accelerated the problem.18 Inappropriate use 

such as under-dosing and over-prescribing, as well as misuse such as prescribing antibiotics 

for viral infections, mean that not only is resistance developing more rapidly, but no benefit is 

gained for this dire cost.19-20 Over 80% of antibiotic prescriptions arise from primary care 

sources, and a large proportion of these are to treat respiratory infections for which there is 

little evidence of clinical benefit from antibiotic treatment.21-24 Furthermore, widespread 

usage in agriculture has become the norm; in the United States around 80% of antibiotic usage 

is in the agriculture and aquaculture industries, worryingly this is mostly as a supplement in a 

preventive fashion as opposed to a treatment for disease.25 Cases are well documented in 

which humans have become infected with resistant bacterial infections of a proven livestock 

origin, making this a clear and present danger.26 
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Methicillin-resistant Staphylococcus aureus (MRSA) is one of the few resistant bacterial strains 

well known to the public. First reported in 1962, cases have been identified worldwide and 

MRSA is now among the most commonly diagnosed resistant infections.27 MRSA is resistant 

to most β-lactam antibiotics, however some other classes of drugs are still effective such as 

vancomycin, linezolid, mupirocin, and even some newer β-lactams such as ceftaroline and 

ceftobiprole. Concerningly however, MRSA has proven to be extremely versatile, spreading in 

diverse epidemiological settings.28 Since the late 1990’s, strains have also been identified that 

are resistant to the glycopeptides, a class including vancomycin, the favoured drug of last 

resort, posing an increasingly urgent health risk.29-30 

There are several promising strategies to overcome the problems associated with the lack of 

effective antimicrobials; synthetic chemistry remains at the forefront of this effort, and Boger 

et al. have reported potent derivatives of vancomycin which overcome even vancomycin-

resistant strains.31 Recently strategies towards understanding the biosynthetic pathways 

leading to antibiotic production have also shown promise in identifying more effective 

antimicrobials.32-34 An interfacial approach between chemical biology and synthetic chemistry 

is therefore likely to be a productive one in tackling this most serious of problems. 
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1.2 Polyketides 

All organisms use a pool of simple chemicals as basic units to generate the biomolecules that 

are required to sustain life, and they do this through the process of metabolism. Primary 

metabolism generates those biomolecules that are essential for the growth, reproduction, 

and survival of the organism; secondary metabolites are those biomolecules which are non-

essential, but are used for some advantage, such as the protection of the organism or the 

elimination of competitors. The key units used in metabolism are amino acids; which generate 

proteins, peptides, and alkaloid natural products (sugars also required); and acetyl-CoA 

(derived from sugars); which is used to produce fatty acids, terpenes, and polyketides. 

Polyketides are a particularly prevalent class of secondary metabolite natural products which 

are produced by a range of bacteria, fungi, and marine organisms. As a family they possess a 

wide range of biological activities, including as antibiotic, anticancer, antiparasitic and 

antifungal agents; consequently, many polyketides have seen use in a clinical setting, some 

examples of which are displayed in figure 5. 

The first member of the polyketide class of natural products was orcinol, reported by Collie in 

1893.35-36 Collie went on to propose that polyphenols were produced from a 

repeating -CH2CO- unit, which he termed a ‘keten’, however it wasn’t until the pioneering 

work of Birch in the 1950s that experimental evidence was established supporting this 

hypothesis.37-38 Birch used isotopically labelled acetic acid to prove incorporation of this 
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simple building block into biosynthetically produced 6-methyl-salicylic acid in a head-to-tail 

arrangement, strongly suggestive of an iterative assembly of the monomer unit into the 

natural product (Scheme 1).39 These experiments also laid the foundation for isotopic labelling 

as a fundamental tool for the study of secondary metabolite biosynthesis not only in 

polyketides, but also in terpenoids, alkaloids, and non-ribosomal peptides. 

Recent advances in genetics, molecular biology, and proteomics have deepened our 

understanding of polyketide biosynthesis through complex gene cluster analysis, and have 

shed light on the array of enzymatic machinery used in the construction of the structurally 

diverse family of polyketides.40-41 

 

1.3 Polyketide Biosynthesis 

Polyketide biosynthesis, catalysed by polyketide synthases (PKSs) is closely related to fatty 

acid biosynthesis, catalysed by fatty acid synthases (FASs), with both proceeding via an 

iterative two carbon homologation, then β-processing mechanisms. Polyketide biosynthesis 

begins with the transfer of a starter unit onto a β-ketoacylsynthase (KS), the mechanism of 

which depends on the starter unit employed.42 For common starter units such as acetate or 

propionate, an acyltransferase (AT) and acyl carrier protein (ACP) pair function in sequence to 

load the starter onto the KS, as typified by erythromycin biosynthesis.43 Once loaded, the KS 

domain catalyses the decarboxylative Claisen condensation of the growing chain with an ACP 

bound extender unit, which results in carbon-carbon bond formation and the generation of 

an ACP bound β-keto moiety 1. The extender unit is commonly a malonyl unit, though a wide 

variety of extender units are known, and these allow the incorporation of a wide variety of α- 

functionality into the growing polyketide chain.40, 44 

The β-keto moiety of the growing ACP bound polyketide chain can now undergo up to three 

β-processing steps; reduction by a keto reductase (KR) domain gives the corresponding 

alcohol 2, dehydration of this alcohol by a dehydrogenase (DH) gives the unsaturated thioester 
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3, and reduction of this enoyl functionality by an enoyl reductase (ER) may give the fully 

reduced carbon chain 4. In polyketide biosynthesis, each homologation cycle may use up to 

all three of these domains, or none, generating the wide range of structural diversity seen in 

the polyketide family. Polyketides are often referred to as being non-reduced, partially 

reduced, or highly reduced based on the overall number of β-processing steps carried out 

(scheme 3). Fatty acid biosynthesis differs from polyketide biosynthesis, as the FAS must carry 

out all β-processing steps in each homologation cycle, generating only the fully reduced fatty 

acid chain.45 Chain termination is carried out by a thioesterase (TE) domain, which releases 

the growing chain from the ACP for example by hydrolysis to the corresponding acid, or in 

some cases, also catalyses the macrolactonisation of the polyketide chain.46-47 

The incorporation of additional functionality along the polyketide chain is possible, either 

through the use of various extender units, as mentioned above, or through the action of 

S-adenosyl methionine (SAM) to methylate the chain at a nucleophilic α- position. β-Alkylation 
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may also occur, and recent work in our group has highlighted this in the biosynthesis of 

mupirocin and thiomarinol, as well as in kalimantacin biosynthesis, which exhibits a variety of 

β-branching modes.48-50 

PKSs are generally categorised based on the arrangement of the catalytic domains that 

perform the cycles of chain extension.51 Type I PKSs are formed of a single polypeptide chain, 

with all modules (the set of domains which together carry out a single cycle of homologation) 

covalently linked.45 Within type I, PKSs are further subdivided depending on whether they are 

iterative, with each KS catalysing more than one round of chain extension, or noniterative (or 

modular), which are typically extremely large polypeptide chains which construct the entire 

polyketide backbone. Modular PKSs are further classified as to whether the AT domain is part 

of the polypeptide chain (cis-AT), or whether a freestanding AT supplies the extender units in 

each chain extension (trans-AT).52 Type II PKSs consist of discrete proteins for each domain, 

which coalesce into complexes to carry out their functions.41 

 

1.4 Tetrahydropyran Natural Products  

Ring systems are highly sought after motifs in the pharmaceutical industry, with over 95% of 

all marketed drugs containing at least one ring.53 Of these rings, many are heterocyclic, and 

tetrahydropyrans (THPs) are particularly common, occurring with the third highest frequency 

(32) of saturated heterocyclic systems.54 These ring systems serve a variety of purposes, 
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modifying lipophilicity, polarity, and also determining toxicity and metabolic stability.54 

Tetrahydropyrans are also by a large margin (almost three times that of the second most 

prevalent) the most common heterocyclic motif found in natural products according to natural 

product databases, with over 25,000 THP ring containing natural products known.55 A 

selection of representative examples of THP containing natural products and drug compounds 

are shown in figure 6. 

There are two major mechanisms for intramolecular THP formation in biological systems; 

epoxide opening, and oxa-Michael addition into an enone, though the enzymatic machinery 

carrying out these transformations varies considerably. In the case of epoxide openings, it is 

important to note that in the absence of enzymatic control, the favoured ring closure is the 

exo cyclisation, forming the smaller ring system, as opposed to the endo cyclisation forming 

the larger.56 The terminology and selectivity of these epoxide openings bears further 

discussion, since confusion has often arisen from the use of the term ‘anti-Baldwin’ when 

considering formation of THP rings in enzymatic processes. Though in both cases the breaking 

bond is outside of the forming ring system, the exo/endo terminology is determined by 

considering the epoxide as one functionality, with both carbon atoms remaining in the ring 

for an ‘endo’ process (forming a 6 membered ring) as shown in scheme 4. The ring opening of 

epoxides in these systems is affected by the nature of the bonding, with the epoxide LUMO 

being an MO with ‘banana bonds’ from the Walsh overlap of the relevant p orbitals; as a result, 



Introduction 

 

10 
 

Jamison proposed a new classification of a ‘fused’ or ‘spiro’ transition state (scheme 4), with 

the more favoured ‘spiro’ process being similar to both 5-exo-tet and 5-exo-trig Baldwin 

processes, both of which are allowed. The ‘fused’ process is a hybrid between 6-exo-tet and 

6-endo-trig processes, again both of which are Baldwin allowed (though relatively 

disfavoured), thus THP formation is not actually via ‘anti-Baldwin’ processes.56-58 

The marine polyether family contain an abundance of polycyclic systems, often containing 

multiple THP rings such as brevetoxin B and gymnocin.59-60 These are proposed to arise from 

a cascade of intramolecular epoxide openings, all of which proceed through the disfavoured 

‘fused’ transition state (TS), and though the plausibility of this ‘Nakanishi hypothesis’ is still 

debated, recent evidence is consistent with enzymatic control allowing such a process 

(Scheme 5).61 In some cases hemiacetal formation is also incorporated alongside epoxide 

opening as is the case for nanchangmycin.62-64 
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In other cases, an enzyme can catalyse a single epoxide opening as opposed to a cascade. 

Lasalocid A contains both a THF and a THP ring, both of which are constructed through epoxide 

openings. Intriguingly one enzyme, Lsd19, contains two structurally homologous domains one 

of which (Lsd19A) catalyses the THF formation, whilst the other (Lsd19B) catalyses THP 

formation.63, 65-66 

As opposed to epoxide openings which are typically carried out post polyketide chain 

assembly, the family of trans-AT PKSs exhibit the incorporation of ether rings during chain 

elongation. This is typically carried out by a modified DH domain which acts as a pyran 

synthase (PS), catalysing ring closure via an oxa-conjugate addition, as demonstrated by Piel.67 

There are numerous examples of such domains incorporating THP rings at the PKS stage, such 

as in salinomycin and pederin biosynthesis, as well as ambruticin which possesses two pyran 

rings, one constructed by a PS, and one by an enzymatically controlled epoxide opening 

(scheme 7).67-71 
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1.5 Mupirocin 

Mupirocin is the collective name given to the mixture of three main pseudomonic acids, A to 

C (PA-A to PA-C), first isolated from soil samples by Chain from Pseudomonas fluorescens 

NCIMB 10586 and reported in 1971.72 The major component is PA-A (~90%), with PA-B (~8%) 

and PA-C (~1%) making up the balance, and the structures of all three were reported between 

1974 and 1980 (Scheme 8).73-75 Each contains a heptaketide monic acid core esterified by 
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9-hydroxynonanoic acid; PA-A and PA-B both contain a 10,11-epoxide moiety, differing only 

in the presence (PA-B) or lack of (PA-A) a hydroxyl group at C-8, whilst PA-C bears no 8-

hydroxyl group, and possesses a trans configured 10,11-alkene instead of the epoxide. 

Mupirocin exhibits antibiotic properties against Gram positive bacteria, and is used clinically 

to treat topical skin infections such as impetigo, and more significantly MRSA and vancomycin 

resistant Staphylococcus aureus (VRSA).76 It is marketed commercially under the brand name 

Bactroban™, and has been on the WHO list of essential medicines since 1990.76-77 Both PA-A 

and PA-C are active, though the presence of the 8-OH group in PA-B reduces bioactivity.78 

Though effective as a topical treatment, wider application is precluded by its poor 

bioavailability; metabolic instability under mildly acidic or basic conditions leads to 

intramolecular attack of the 7-OH group into the epoxide of PA-A, giving rise to two inactive 

bicycles 9 and 10 (Scheme 8).74, 79 PA-C does not suffer from this instability due to the lack of 

the epoxide, and it is hoped that this may make for a more broadly applicable treatment; the 

Willis group has recently focused much research effort towards PA-C for this reason.80 

Mupirocin acts through competitive inhibition of isoleucyl-tRNA synthase (IleRS), ultimately 

inhibiting bacterial protein and RNA synthesis.76 Co-crystallisation of pseudomonic acid A with 
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IleRS revealed that the fatty acid side chain fits into a hydrophobic pocket, whilst the C-14 

region mimics isoleucine binding, with the THP ring, which is crucial for antibiotic activity, 

occupying the ATP-binding region.81-82 Some resistance to mupirocin has been identified in 

bacterial populations bearing mutated versions of IleRS. High level resistance is usually due to 

mutations leading to bacterial IleRS which is structurally similar to eukaryotic IleRS, against 

which mupirocin is not active.83-86 

Though mupirocin is a potent antibiotic which has been successfully commercialised, 

limitations including its pH based instability, issues with ester bond hydrolysis, and reported 

strong binding to blood serum have led to a search for improvements.76, 87 This necessitates 

an in-depth understanding of the biosynthesis of mupirocin, with the hope that such 
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knowledge will enable the use of genetic engineering of the biosynthetic gene cluster to 

generate a more active or more stable antibiotic with wider therapeutic applications. 

 

1.6 Mupirocin Biosynthesis 

Feeding experiments using a variety of isotopically labelled acetates have provided insight into 

the biosynthetic origin of the pseudomonic acids.88-89 There is a classic polyketide head-to-tail 

condensation of acetate in the polyketide section forming the heptaketide core, the C-16 and 

C-17 methyl groups being installed via SAM mediated α-methylation processes. The fatty acid 

portion is believed to derive from a three-carbon starter unit homologated by three acetate 

units, though work is ongoing in this area. The C-15 β-methyl branch is derived from a cleaved 

acetate unit which is installed by a 3-hydroxy-3-methylglutaryl CoA-synthase cassette (HCS 

cassette).48 

With regard to the oxygenation pattern, feeding of 18O labelled acetate revealed that the 

oxygen atoms on C-1, C-5, C-7, C-13, and C-9’ were all acetate derived, rendering it reasonable 

to assume that the remaining oxygen atoms at C-6 and C-8 (in PA-B) are derived from 

atmospheric oxygen.90 

The 74 kb mupirocin gene cluster encodes a type I trans-AT PKS/FAS, which contains six large 

open reading frames (ORFs), denoted mupirocin multifunctional proteins (MmpA to F), 

alongside 29 smaller ORFs (MupA to Z and MacpA to E) which encode various tailoring 

enzymes and regulatory genes (Table 1, overleaf). Mmps A and D are PKSs responsible for the 
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construction of the heptaketide core of mupirocin, with an HCS cassette installing the β-

methyl branch at C-3. MmpB is a FAS which constructs the 9-hydroxynonanoic acid side 

chain.91-93 

Table 1: Functions of proteins in the mupirocin gene cluster.91-92 

Construction of the monic acid backbone of the pseudomonic acids begins with a malonyl 

starter unit attached to the AT of mmpC (scheme 10). This starter unit then undergoes four 

homologation cycles on the four modules of mmpD, before being transferred to mmpA. Here, 

after a load/transfer module, two further homologations are carried out, furnishing the fully 

extended carbon backbone of mupirocin. This is followed by the action of the HCS cassette 

which installs the β-methyl branch at C-3 (Figure 8). Such synthases are well documented, and 

are found in a variety of other biosynthetic pathways such as the pederin,94 jamaicamide,95 

curacin A,96-97 myxovirescin,98 and kalimantacin;49 in each case, the cassette consists of a 

ORF Function ORF Function 

mupA Reduced flavin mononucleotide 

FMNH2 oxygenase 

mupL Hydrolase 

mmpA PKS mupM Isoleucyl-tRNA synthase 

mupB 3-oxo-ACP reductase mupN Phosphopantetheinyl transferase 

mmpB PKS mupO Cytochrome P450 

mmpC Acyltransferase and ER mupP Dehydratase 

mmpD PKS mupQ Acyl CoA synthase 

mupC Dienoyl reductase mupS 3-oxo-ACP reductase 

macpA ACP macpD ACP 

mupD 3-oxo-ACP reductase mmpF PKS 

mupE ER macpE ACP 

macpB ACP mupT Ferredoxin dioxygenase 

mupF KR mupU Acyl CoA synthase 

macpC ACP mupV Oxidoreductase 

mupG 3-oxo-ACP reductase mupW Rieske type oxygenase 

mupH HMG CoA synthase mupR Transcriptional activator 

mupJ Enoyl CoA hydratase mupX Amidase 

mupK 
Enoyl CoA hydratase 

mupI N-Acyl homoserine lactone 

synthase 

mmpE PKS and oxidoreductase mupZ Epoxide hydrolase 
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MupH (HCS) analogue alongside an ACP (macpC), KS (mupG), and two other enzymes (MupJ 

and MupK) which are variously assigned as ERs, enoyl CoA hydratases, or part of the crotonase 

superfamily bearing decarboxylative or retro-aldol activity. The mechanism by which the 

β-methyl branch is installed by the HCS cassette is shown in scheme 10, and is supported by 

work on both the mupirocin and kalimantacin biosynthetic pathways.49, 99 

MupH catalyses the condensation of the PKS bound β-ketoester with an macpC bound acetate 

unit derived from malonate through decarboxylation by MupG. The resulting glutarate 

analogue undergoes dehydration by MupJ to afford 14, from which MupK catalysed 

decarboxylation and reprotonation gives the observed methyl branch. 

The timing and mechanism of introduction of the 6-hydroxyl group is one of the remaining 

questions in the biosynthesis of the pseudomonic acids. The current hypothesis is that MupA 
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(a luciferase type monooxygenase of as yet unassigned function) is responsible for the 

installation of this α-modification on the carbon backbone at some point during the PKS 

assembly process, most likely at module 4 of mmpD or module 5 of mmpA.100 Recently 

significant synthetic work has been undertaken towards likely substrates for MupA, in 

particular thioesters 16 and 17, with the SNAc and pantetheine thioesters mimicking the 

terminus of the native ACP, and work on this area is ongoing within our group. 

Though in-frame deletions are often a useful tool in studying the functions of discrete enzymes 

in biosynthetic pathways, in some cases they do not give results which are as easy to interpret 

as expected. The mupirocin biosynthetic pathway is one such example, exhibiting what has 

been termed a ‘leaky hosepipe’ effect.99 During investigations into the HCS cassette, the 

ΔmupH (the HMG-CoA-like synthase from the HCS cassette) mutant gave rise to a 2:1 mixture 

of mupirocin H and mupiric acid. It was proposed that mupirocin H was a shunt product 

derived from intramolecular attack of the 6-OH into the β-carbonyl of 21 followed by retro-

Claisen reaction, which would only occur if a sufficient build-up of thioester 21 was caused by 

a lack of downstream processing. The formation of mupiric acid, a pentaketide, was 
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fascinating, and the discovery that point mutation of the KR domain of module 4 of mmpD 

gave mupiric acid as the major metabolite heightened this intrigue as formation of the longer 

pentaketide β-keto thioester 18 should still have been possible, however the acid which would 

arise from hydrolysis of such a thioester was not observed. A plausible biosynthetic origin for 

mupiric acid 20 is shown in scheme 11, where attack of water into the β-keto moiety of 18 is 

followed by collapse of the tetrahedral intermediate and expulsion of an acetylated ACP. It is 

proposed that the same downstream ‘blockage’ that caused the formation of mupirocin H as 

a shunt product causes metabolites to back up throughout the PKS assembly, with β-keto 

thioester 18 being another labile point, leading to the observed formation of mupiric acid. 

Interestingly the same 2:1 mupirocin H:mupiric acid phenotype was seen from a variety of 

mutants (ΔmupB, ΔmupH, ΔmupJ, ΔmupK, ΔmupL, ΔmupQ, ΔmupS, mmpB (S1390A) and 

mmpF (C183A)) which would affect the biosynthesis of the fatty acid side chain, and its 

attachment to the polyketide backbone.99 The most plausible explanation for these 

phenomena drew analogy to a ‘leaky hosepipe’, such that if you were to prevent the flow of 

metabolites by removing the ability for them to be processed downstream (blocking the 

hosepipe), then the observed metabolites were likely to have been released at earlier, 

metabolically labile points, or leaks.  

It has been proposed that mupirocin biosynthesis deviates into two parallel pathways (Scheme 

12).92 In the major pathway the 10,11-epoxide is installed by the C-terminal oxidoreductase 

of the di-domain mmpE (denoted mmpEOR) to give PA-B and PA-A, however a small amount 

of the metabolic flux does not undergo this transformation, and instead feeds into the minor 

pathway which produces PA-C. Esterification to install the 9-hydroxynonanoic fatty acid side 

chain is then thought to take place; this is constructed by mmpB. 

From this point, both pathways undergo identical tailoring steps, including THP formation 

(which will be discussed in detail in section 1.8), followed by 7 further enzymatic processes 

the net result of which is the removal of the 8-OH group of (desepoxy) PA-B.92 This has been 

confirmed through in frame deletion of MupV, MupO, MupU and macpE respectively, all of 

which resulted in formation of PA-B. Double deletions of each of the above in turn alongside 

MupC gave identical metabolic profiles, suggesting that they all act before MupC, and that 

PA-B is a precursor to PA-A.92 From mupirocin P, dehydration to mupirocin C (catalysed by 
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MupP) if followed by reduction of the 6-ketone (MupE), and finally by reduction of the 

7-ketone (MupF) to give PA-A.  

The thiomarinols, isolated from Pseudoalteromonas sp. SANK 73390, are closely related to the 

pseudomonic acids (figure 10). They combine a mixed polyketide/fatty acid core, similar to 

mupirocin though with one fewer methylene groups in the fatty acid side chain, and a 

pyrrothine moiety also found in the holomycin antibiotics.101-103 The other key structural 

difference other than the pyrrothine is that all of the thiomarinols lack the 10,11-epoxide 

found in the major pseudomonic acids, instead bearing the alkene found in PA-C. Interestingly, 

both the marinolic acid and the pyrrothine moieties display antibiotic activity.104-105 

Like mupirocin, the thiomarinols are assembled by a Type I trans-AT PKS/FAS hybrid, and there 

is strong homology between the two biosynthetic gene clusters.106 Recent work has shown 

that it is possible to replace genes in mupirocin biosynthesis with the corresponding partners 
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from the thiomarinol pathway and still maintain antibiotic production, which further 

evidences this likeness.107 

 

1.7 Previous Synthesis of Pseudomonic Acids and Related Compounds 

There have been numerous syntheses published of metabolites from the biosynthesis of 

mupirocin, as well as the pseudomonic acids themselves; what follows is not an exhaustive list 

of such efforts, instead it provides appropriate context for the current work. 

Of the syntheses of the pseudomonic acids and their related metabolites (and fragments 

thereof), most rely on olefination disconnections of the Wittig , Horner-Wadsworth-Emmons 

(HWE), or Julia type at the 10,11-alkene and 2,3-alkene. Srihari leveraged both a Julia 

olefination and an HWE to furnish methyl monate C from 25, which was obtained elegantly 

using an Achmatowicz rearrangement of a chiral furan.108 Another notable example of this 

type is the first synthesis of the ‘leaky hosepipe’ metabolite, mupirocin H, by Chakraborty, 

which made use of a Julia-Kocienski olefination to combine the C11-C14 fragment with a 

D-glucose derived core fragment.109  
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In some instances however, the C-10 to C-14 fragment has been constructed via Claisen 

rearrangement of an appropriate esterified vinylic alcohol such as 28, whereby the chirality of 

the THP core was used to set the stereochemistry at C-12 and C-13 (Scheme 14, A).110 This 

fragment has also been attached through Grubbs cross metathesis, as demonstrated in the 

syntheses of mupiric acid by Willis, and methyl monate C by Markó among others (Scheme 14, 

B).99, 111  

Another approach to attaching this fragment was taken by Sinay et al. in their synthesis of 

methyl pseudomonate C, using a regioselective copper catalysed Grignard addition into a 

carbohydrate derived epoxide 33 (Scheme 14, C).112 A complementary approach was 

demonstrated by Willis et al. in their versatile approach to the pseudomonic acids, whereby 

the C-9 to C-14 fragment was added via stereoselective enolate alkylation of lactone 36 

(Scheme 14, D), and this chemistry was later applied to the total synthesis of mupirocin H; 

features of this chemistry will be relevant in chapter 4.113 

A final strategy of note was reported by Zhao in the synthesis of mupirocin H, whereby 

asymmetric hydroboration of alkene 40 set the stereochemistry at C-8, and allowed Suzuki 
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cross coupling to install the C-9 to C-14 fragment (Scheme 15).114 This synthesis also used a 

novel Mukaiyama aldol approach to set the stereochemistry at C-5, and both of these 

approaches were adapted by Bakar for use in her total synthesis of mupirocin W4-OH, which 

forms the basis of the synthetic approach taken in this thesis.115 Bakar modified the order of 

assembly, opting to carry out the Suzuki first before installing the fatty acid side chain and C-1 

to C-4 fragment in one step via a vinylogous Mukaiyama aldol. 

 

1.8 Tetrahydropyran Ring Formation in Mupirocin Biosynthesis 

As noted on page 13, the 10,11-epoxide of PA-A is prone to undergo intramolecular ring 

opening which has caused issues in the determination of biosynthetic pathways of the 

pseudomonic acids. These challenges reared their heads in investigations into the timing and 

mechanism of THP formation. In efforts to determine the function of MupW (at the time an 



Introduction 

 

24 
 

oxygenase of unassigned function), cultures of the P. fluorescens ΔmupW mutant led to the 

isolation of mupirocins W1 and W2, which contain no THP ring, instead showing the THF 

product of cyclisation from the 7-OH into the 10,11-epoxide (figure 11). The true metabolites 

are presumably the corresponding acyclic compounds.116 

These products suggested that MupW (along with its associated ferredoxin dioxygenase 

MupT) was the enzyme responsible for THP ring formation, however the timing and 

mechanism of such a transformation remained unknown. 

Further investigations involving the double mutant mmpEΔOR/mupW (knocking out the 

activity of the oxidoreductase responsible for 10,11- epoxidation alongside mupW) abolished 

the production of 48, and led to the isolation of mupirocins W4 and W5 (ca. 1.5 mg L-1 each, 

figure 11).116 These results suggested that in the minor pathway, mupirocin W4 was the 

substrate for THP formation, which is catalysed by mupW and mupT. It was proposed that this 

transformation involved the production of an 8,16-alkene intermediate which was then 

converted to the corresponding epoxide, intramolecular attack of the 5-OH group would then 

lead to THP formation. 

A whole cell bioassay was developed by Dr Wang from our group, using E. coli. expressing 

enzymes of interest (in this case mupW), which could be used to probe this transformation 

further.116 MupW is a Rieske type oxygenase, a class of oxygenase which requires a ferredoxin 

partner and a reductase in order to perform biocatalysis; MupT is the Rieske-cluster [2Fe-2S] 

ferredoxin partner, however no reductase has been identified in the mupirocin gene 

cluster.117 In this system it is not necessary to express MupT alongside MupW, the enzymes or 

cofactors making up for this deficit are unclear. To verify the proposal that mupirocin W4 was 
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the substrate for THP formation, it was incubated with the E.coli/mupW system, a product 

with the mass (m/z 499 [M-H]-) and retention time (11.9 min) corresponding to desepoxy PA-

B was produced, however NMR spectra of the product showed significant differences to the 

expected product. Detailed further analysis using 2D NMR techniques alongside nOe 

experiments determined that the product was in fact 55, a THF arising from attack of the 5-OH 

at C-8 instead of C-16 of the proposed intermediate epoxide. In order to understand this 

unexpected result, a model substrate 56 was prepared to mimic the C-1 to C-9 core of 51. 

Upon treatment of 56 with m-CPBA a 7:3 mixture of diastereomeric THF products was 

obtained, confirming the propensity for spontaneous cyclisation of an epoxide to give a THF 

instead of the expected THP (NB: epoxide ring opening was rapid, and no epoxide was 

isolated). Investigations have been carried out into the ring opening behaviour of epoxides, 

and this observation was consistent with previous results.115-116 

It was clear from these results that another enzyme must be responsible for the regioselective 

attack of the 5-OH to C-16, since no metabolites have been isolated from cultures of 

P.fluorescens containing a THF ring as in 55. Several genes remained in the mupirocin gene 

cluster with unassigned functions, one of which was MupZ. Incubation of mupirocin W4 51 in 

a whole cell assay with E. coli expressing both MupW and MupZ yielded a product with a 

retention time and mass consistent with desepoxy PA-B, and the identity of the metabolite 

was confirmed by NMR (Scheme 18). Control reactions using denatured cells and bioassays 
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only expressing MupZ did not produce any desepoxy PA-B, confirming that both MupW and 

MupZ are required for THP formation. It is proposed that MupW catalyses the oxidation of 

mupirocin W4 to epoxide 53 which is the substrate for MupZ, which catalyses the 

regioselective THP formation. 

The structure of MupZ was determined by X-ray crystallography, which showed a central α+β 

barrel fold formed from 5 antiparallel β-sheets and 3 α-helices, a structure not closely related 

to any known protein.116 The barrel region of MupZ showed limited similarity to two enzymes, 

Lsd19 from lasalocid A biosynthesis, and MonBI from the monensin pathway; both of which 

are α+β barrel enzymes with functions in epoxide ring-opening cascades.65, 118 Lsd19B forms a 
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cyclic ether from an epoxide using an Asp-Tyr dyad as a general acid-base catalytic pair (See 

Scheme 19). Molecular modelling studies of MupZ with the proposed epoxide intermediate 

showed interactions consistent with an analogous dyad of Glu54-Tyr41 in the active site. The 

catalytic function of these two residues were confirmed by point mutation, whereby the THF 

ring products were observed upon incubation of mupirocin W4 with point mutants 

(MupZ-Y41F and MupZ-E54Q) of either residue. It was thus proposed that Glu54 is responsible 

for deprotonation of the 5-OH, whilst Tyr41 protonates the 8,16-epoxide and stabilised the 

transition state for formation of the THP product. 

Though the enzymes involved in THP formation have been identified and the substrate for this 

transformation confirmed, there are still several questions to be answered concerning THP 

formation in mupirocin biosynthesis. Firstly, while epoxide 53 makes chemical sense as the 

substrate for MupZ, and is consistent with modelling studies, no such intermediate has been 

detected either in vitro or in vivo. Secondly, the mechanism of formation of such an epoxide 

from an unactivated starting material, and though the proposed mechanism involves 

formation of alkene 52, no evidence of this has ever been established nor a mechanism of 

formation proposed. Rieske oxygenases have been studied extensively; they are commonly 

involved in the metabolism of aromatic natural products and numerous examples are known 

where they perform functions including monooxygenation, deoxygenation, sulfoxidation, 

desaturation to form aromatics and dealkylation of heteroatoms. As yet, however, no reports 

have been made of a Rieske type oxygenase performing the epoxidation of an unactivated 

alkyl chain as is proposed in this case.117 
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1.9 Aims and Strategy 

Bakar in our group recently completed the total synthesis of mupirocin W4-OH (66) following 

a convergent approach (scheme 15).115 The primary aim of this project was to adapt this 

synthesis to the preparation of substrates which would allow further investigation of the THF 

formation catalysed by the MupW/MupZ system. 

As discussed in section 1.8, it appears that epoxide ring opening is extremely rapid and even 

using model systems an epoxide has not been detected. Hence, a method of observing 

biosynthetic intermediates at transient low concentrations in the bioassay system would be 

desirable, which may allow for observation of minor metabolites, including the proposed 

alkene 52 and epoxide 53. As such, a key initial target was 13C labelled substrate 59; bioassays 

with this substrate would allow monitoring through 13C NMR of crude extracts, removing the 

need for isolation and purification of unstable or minor intermediates. The use of 13C NMR 

would also be advantageous due to the lack of other strong signals which would otherwise 

complicate analysis, and significant changes in chemical shift between proposed 

intermediates during THP formation (Scheme 21). 
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2. Synthesis of a Carbon-13 Labelled Substrate for MupW/MupZ 

2.1 Synthetic Strategy to Carbon-13 Labelled Substrate 59 

The initial target was 13C-labelled substrate 59, a labelled variant of the substrate synthesized 

by Bakar.115 The synthetic route used by Bakar involved the coupling of three fragments in a 

convergent fashion following a strategy adapted from Zhao, as outlined in scheme 15.114 Each 

of the key Suzuki and Mukaiyama aldol reactions sets a stereocentre, with all others in place 

from the starting materials except that at C-12, which can be controlled at an early stage in 

the synthesis of the left hand fragment (scheme 22). 

Vinyl iodide 44 was to be prepared in five steps from commercially available methyl (S)-3-

hydroxybutanoate 64, with the C-12 stereocentre being set by a chelated methylation in the 

first step. The core fragment (43), which would incorporate the 13C label, was accessible from 

D-ribose which also allowed us to use the chiral pool to establish the C-6 and C-7 stereocentres 

from the chiral pool. The crucial incorporation of the labelled methyl group would take place  

via the addition of an organometallic reagent derived from 13CH3I, an economically viable 

source of such a labelled C1 unit. Silyl enol ether 65 would be obtained from monoprotection 

and esterification of 1,9-nonanediol, following which deprotonation and trapping would form 

the required silyl enol ether. 
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2.2 Synthesis of Core Fragment 43 

The synthesis began with the preparation of the key carbon-13 labelled core fragment. 

Protection of D-ribose as the acetonide proceeded in quantitative yield, which was followed 

by a telescoped reduction/oxidative cleavage using NaBH4 followed by NaIO4, giving lactol 68 

in 92% yield over two steps. This was obtained as a mixture of diastereomers but oxidation 

under phase transfer conditions using TEMPO afforded lactone 69 in 82% yield. The next step 

was incorporation of the 13C label.  

Model studies with unlabelled organometallic reagents showed that treatment of lactone 69 

with MeMgI gave none of the desired lactol 71, with no reaction being observed at −78 °C, 

and significant amounts of double addition to give 70 at higher temperatures (scheme 24). 

Literature procedures for the synthesis of unlabelled 71 from 69 used MeLi, and though not 

as operationally simple as Grignard formation, this method did prove more successful. 

Formation of the required 13CH3Li by lithiation of CH3I using lithium metal followed by addition 

of lactone 69 gave desired lactol 71 in 92% yield, with no double addition observed. The 

synthesis of the core fragment was completed via Wittig methylenation of lactol 71 to afford 

alcohol 72, which was protected as the PMB ether to give labelled alkene 73 in 7 steps and 

56% overall yield from D-ribose. 
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2.3 Synthesis of Vinyl Iodide 44 

Synthesis of the left fragment, vinyl iodide 44, began from commercially available methyl 

(S)-3-hydroxybutanoate, proceeding initially with the diastereoselective incorporation of the 

methyl group at what would become C-12 in the target (Scheme 25). Lithiation of 64 using 

LDA followed by addition of MeI gave ester 74 in >10:1 d.r. The diastereoselectivity arises from 

chelation of the lithium counterion by the enolate and C-3 oxyanion; methylation from the 

less hindered face then gives the desired anti- configuration between the alcohol and methyl 

group.119 TBS protection of the resulting alcohol 74 gave ester 75 in 86% yield over two steps. 

It is noteworthy that ester 74 is reasonably volatile, and so immediate protection of the crude 

product as the silyl ether 75 was preferable to purification of alcohol 74 in order to minimize 

loss during removal of column eluent in vacuo. Although the polarity difference between the 

diastereomers of 75 was less after protection, with care it was still possible to separate them. 

DIBAL reduction of ester 75 to the corresponding alcohol 76 proceeded cleanly and the 

product did not require purification. Oxidation of 76 under TEMPO mediated conditions 

following the procedure outlined by Bakar was found to be temperamental, in some cases 

giving yields of up to 83%, though not consistently reaching this value.115 Oxidation using DMP 

was preferred, and gave aldehyde 77 in quantitative yield. This aldehyde was stable for several 

months when stored neat in the freezer. 



Synthesis of a Carbon-13 Labelled Substrate for MupW/MupZ 

 

32 
 

Takai olefination of 77 using superstoichiometric CrCl2 following the procedures reported by 

both Zhao and Bakar was problematic (scheme 26).120 In some cases yields were as high as 

54%, however they regularly fell to around 30% and this, coupled with the significant 

quantities of hazardous heavy metal led us to seek an alternative procedure. Initially the 

formation of vinyl iodide 44 via alkyne 78 was investigated. Several routes were explored for 

the synthesis of alkyne 78. A two-step Corey-Fuchs procedure was attempted, with gem-

dibromination of aldehyde 77 using CBr4 and PPh3 affording dibromoolefin 79 in 47-63% yield, 

with results being inconsistent.121 It was however found that a more classical Wittig approach 

using dibromomethyl triphenylphosphonium bromide and KOtBu gave 78% yield of 79. 

Elimination of 79 to afford alkyne 78 gave consistently high yields (71% to 80%). A one-pot 

variation of this methodology was also investigated, however this gave only a 66% yield of 

dibromide 79, with no evidence of elimination product 78. Direct formation of alkyne 78 via 

Seyferth-Gilbert homologation was also investigated using both preformed Ohira-Bestmann 

reagent, which gave only traces of 78, and via in situ generation of the reactive species, giving 

a meagre 28% yield.122-123 

From alkyne 78 the stereoselective formation of vinyl iodide 44 was then investigated. 

Attempted hydrostannation of the alkyne followed by iododestannation of the resulting vinyl 

stannane was unsuccessful, giving only decomposition with minimal recovered starting 

material. In contrast cis-hydrozirconation followed by stereospecific trapping of the vinyl 
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zirconium intermediate with NIS at −78 °C gave the required vinyl iodide 44 as a single 

geometric isomer in 71% yield (scheme 27).124 

Taken as a whole, the most effective three-step, two-pot synthesis of vinyl iodide 44 proved 

to be via Wittig methylenation of 77, elimination to 78 and hydrozirconation affording iodide 

44 in 47% yield. Since this approach introduces two further steps compared to the one-pot 

Takai procedure, it was not considered to offer significant benefit. One further option was 

available, in the form of a modified catalytic version of the Takai olefination reported to be an 

improvement on the original method using CrCl3.3THF as a catalytic source of Cr with TMSCl 

and Zn dust used to reduce the CrIII species to the active CrII species (scheme 28).125 Initial 

investigations following the reported conditions were hampered by formation of acid 80, 

however thorough degassing of the dioxane prevented formation of this side product and 

afforded reasonable yields of up to 68% of vinyl iodide 44, with trace amounts of the 

corresponding vinyl chloride also obtained (Scheme 28). Though the vinyl chloride and vinyl 

iodide were inseparable by chromatography, this was not considered to be a significant issue 

given the intended use in a Suzuki cross-coupling. Throughout the investigations of the Takai 

olefination, the yields obtained were significantly lower than those reported by Zhao in the 

synthesis of vinyl iodide 41, differing only in the use of the MOM protecting group for the 
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alcohol in place of the TBS ether.114 It is possible that the bulk of the TBS ether is detrimental 

to the olefination, especially given the bulky nature of the geminal dichromium nucleophile 

postulated to be involved.120 

 

2.4 Synthesis of Silyl Enol Ethers 65 and 87 

The RHS was to be prepared from 1,9-nonanediol 82. Bakar only investigated the PMB silyl 

enol ether 65, however given that orthogonality is not required between the protecting group 

on this fragment and those on the core and left fragments, a deprotection step could 

potentially be avoided by changing this to a TBS ether (Scheme 29).115 

Monoprotection of diol 82 was effected by use of three equivalents of diol relative to 

protecting group, and both PMB and TBS protection were high-yielding. Esterification of 

3,3-dimethylacrylic acid with the resulting alcohols 83 and 85 afforded esters 84 and 86. These 

were not converted into the corresponding silyl dienol ethers 65 and 87 until required for the 

Mukaiyama aldol since the silyl ethers were not stable to storage for extended periods of time, 

though could be stored isolated in a matrix of frozen benzene for short periods (<7 days). 

Preparation of the silyl ethers 65 and 87 was carried out by deprotonation with LDA followed 

by trapping of the resultant dienolates with TMSCl, and was high-yielding in both cases. 

Neither silyl enol ether was purified, however the crude products were clean provided good 

quality (preferably distilled) TMSCl was used. 
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2.5 Completion of Synthesis of 59 

With all three requisite fragments prepared, attention was turned to the key Suzuki and 

Mukaiyama aldol reactions required to bring them together. The Suzuki cross-coupling was 

carried out in one pot from alkene 73; hydroboration of alkene 73 with 9-BBN gave an alkyl 

borane intermediate 88 which was not isolated, but immediately cross-coupled with vinyl 

iodide 44 to give PMB ether 89 in 64% yield (Scheme 30). High yields were obtained when all 

solvents were thoroughly degassed before use, including the water used to quench the 

hydroboration step. The hydroboration of alkene 73 also set the stereocentre at C-8, giving a 

single diastereomer of 89 as determined by NMR. 9-BBN gives good selectivity for anti-

Markovnikov hydroboration due to the large steric bulk of the borane, whilst the 

diastereoselectivity is controlled by a rather more complex sterically derived facial selectivity 

which can be rationalised based on a model proposed by Houk (scheme 30, inset).109, 126 The 

borane approaches the alkene from the opposite face to the largest R group, which in this case 

is the alkyl chain bearing the PMB ether. This gives two options for a possible transition state 

(TS); in TS1 there is steric clash between the bulky borane and the acetal protecting group, 

whereas in TS2 the borane approaches past 7-H providing little steric clash, and relatively 

favouring TS2 generating the observed selectivity. 
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Following the cross-coupling, deprotection of PMB ether 89 with DDQ was investigated 

(Scheme 30). It was found that the solvent system was crucial to achieve good yields; when a 

1:1 mixture of DCM:pH 7.3 phosphate buffer was used low yields (26% at best) were routinely 

seen, with no recovery of starting material. Decreasing the amount of buffer used proved 

effective, and a 19:1 ratio in favour of DCM gave reproducible yields up to 64%.  

It was proposed to use a Mukaiyama aldol to connect 91 and the RHS 65 following the 

procedure developed by Bakar, who demonstrated that using ZnI2 as a Lewis acid at 0 °C gave 

a mixture of 47 and 92 with excellent diastereocontrol (scheme 31). It is proposed that the 

zinc coordinates the aldehyde and the C-7 oxygen of the acetal in a 1,3- fashion. The chelated 

Felkin-Ahn model then shows that attack, being favoured at the least hindered face, occurs 

from the front face as drawn, giving the desired stereochemistry at C-5 (Scheme 31).114, 127-128 

Though Bakar favoured a tandem Swern oxidation/Mukaiyama aldol procedure, in this project 

oxidation using Dess-Martin periodinane (DMP) was preferred due to operational simplicity 

and the crude aldehyde was used without purification in the aldol reaction (Scheme 32). Due 

to a malfunction of the immersion cooler, an initial test of the Mukaiyama aldol using the PMB 

protected RHS was not performed at the desired temperature of 0 °C, tending towards 10 °C 

when the issue was discovered. At this temperature approximately a 1:1 mixture of 

diastereomers at C-5 was formed, both of which were subjected to global deprotection as a 

crude mixture before purification. This serendipitously allowed access to both the desired 

substrate 59 as well as its C-5 epimer. The mass recovery following PMB 
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deprotection was poor, leading to a low overall yield of 4% over the four steps from alcohol 

90. 

The NMR spectra of (R)-59 and (S)-59 were consistent with the two compounds being epimers 

at C-5, with significant changes in the chemical shifts and coupling of the peaks assigned to 

6-H, 5-H and both 4-H2 protons (figure 12). The 5-H signal is more downfield in (R)-59, and 

appears as a doublet of doublets as opposed to the double doublet of doublets seen in the 

spectrum of (S)-59. This simpler coupling pattern was also seen in the signal for 6-H, with a 

doublet of triplets apparent in (S)-59, but a doublet of doublets (second coupling of 1.5 Hz not 

resolved in image) appears in (R)-59. Differences were also apparent in the signals assigned to 

4-H2, which appear as well resolved doublets of doublets in (R)-59, but are broadened 

doublets in (S)-59. One further significant difference is the multiplets due to 10-H and 11-H in 

the two diastereomers.  

In order to fully confirm that at low temperature good diastereoselectivity was achieved, 

aldehyde 94 was prepared and isolated (scheme 33). Due to issues with the final PMB 

deprotection, we opted to vary the procedure to use the TBS protected RHS 87, which would 

allow global deprotection in only one step. Pleasingly, careful control of temperature at 0 °C 

gave alcohol 95, again with no TMS ether being observed. Global deprotection in one step 

using 2 N HCl in THF gave a 23% yield over two steps of the target compound (S)-59 as a single 

diastereomer, in 11 steps and 8.5% overall yield. The data for (S)-59 was in agreement with 

that obtained by Bakar for unlabelled mupirocin W4-OH, excepting the expected differences 
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caused by the 13C label, which manifest in the splitting of the 16-H3 peak into a doublet of 

doublets (J 125, 6.5) as well as some splitting of peaks in the 13C NMR (C-8, C-7) and the 

enhancement of the C-16 peak. 

 

2.6 Bioassays 

With both C-5 epimers of 59 in hand, we turned our attention to investigations on the 

mechanism of THP formation using the E. coli BL-21 mupW/mupZ system reported previously 

by our group (see section 1.8).116 A time course study previously carried out by Wang and 

Bakar using mupirocin W4-OH had shown that the bioassay was complete in less than one 

day.78 Since it was hoped that the use of isotopically labelled material would allow for the 

observation of biosynthetic intermediates by NMR, it was decided to perform the assay on a 

slightly larger scale than before in order to enable aliquots to be taken throughout the course 

of the bioassay, therefore enabling a fuller picture of the biotransformation to be gained. 

It is notable that in bioassays using mupirocin W4-OH the oxidation of the terminal alcohol of 

the fatty acid side chain was observed. This oxidation was also effected by blank BL-21 cells, 

though the enzyme responsible has not been identified.  

The bioassay reaction mixture (5 mL) contained ~0.2 g/mL (cww) of cells overexpressing 

mupW and mupZ in 100 mM pH 7.3 potassium phosphate buffer and 20 mM glucose. 

Substrates were added as a solution in methanol (200 µL) and aliquots were taken at time 

points (between 1 and 24 h as necessary). These samples were extracted with acetonitrile and 
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analysed using 13C NMR and HPLC-MS in their crude form following removal of the organic 

solvent. 

Initially substrate (S)-59 with the natural stereochemistry at C-5 was investigated. 13C NMR 

showed turnover of MupW and MupZ, and formation of two new products after both one and 

two hours, with no change occurring after this time. These products were identified from the 

chemical shift of the 13C label as being desepoxypseudomonic acid B 54 (δC-16 = 69.5 ppm) and 

tetrahydrofuran product 96 (δC-16 = 65.1 ppm) formed spontaneously from attack of the 5-OH 

kinetically at C-8 of the proposed epoxide intermediate.116 No novel intermediates were 

identified from either NMR or HPLC analysis of any of the time points.  

Though this result was disappointing the bioassay was clearly effective, and the observation 

by NMR of metabolites in the crude extracts proved that such an approach is valuable. It was 

proposed that (S)-59, being the natural substrate for the MupW/MupZ system was turned 

over too quickly, and this precluded the observation of any intermediates. (R)-59, had been 

prepared using the Mukaiyama aldol performed at higher temperature and offered an
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opportunity to perform the bioassay with a substrate which may not be recognised quite so 

easily by the enzymes, potentially giving slower turnover. 

(R)-59 was assayed under the same conditions as (S)-59, and the combination of NMR and 

HPLC analysis showed that THP formation proceeded both before the fatty acid side chain was 

oxidized and after (Scheme 34), indicating that the MupW/MupZ system is able to catalyse 

oxidation and THP ring formation of both alcohol (R)-59 and acid (R)-98. This observation, 

though the first time turnover of a terminal alcohol has been directly observed in this system, 

was not entirely surprising, as previous work in our group has established that metabolites 

containing a variety of fatty acid chain lengths (C5, C7, C9) have been isolated from wild type 

and mutant strains of P. fluorescens and have been shown to be accepted by the MupW/MupZ 

system.92, 107, 116 The acceptance of the C-5 epimer of mupirocin W4-OH was pleasing and 

demonstrates the substrate scope observed in recent work on substrates lacking the 6-OH 

group, synthesized with both the R- and S- stereochemistry at C-5, were also accepted by the 

bioassay system (figure 15).100
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Of particular interest was the observation of a minor signal at 118 ppm in 13C NMR after 1 h, 

which grew up to 2 h before being slowly replaced by a new signal at 114 ppm which persisted 

until the final 24 h time point (figure 14). These chemical shifts would be consistent with the 

methylene group of the hypothetical 8,16-alkene (R)-60, initially being formed before 

oxidation of the primary alcohol. Given this piece of data, a mass search of the HPLC-MS 

spectrum showed a peak of mass 484, the expected mass of alkene (R)-60, appearing as a 

minor shoulder against the peak for acid (R)-98. The new compound was isolated using 

preparative HPLC, from which it was possible to fully characterize labelled alkene (R)-60; HSQC 

revealed the correlation between the exo-methylene 16-H2 system and the original signal 

observed at 113.2 ppm in the 13C NMR (fig 16), emphasizing the utility of the labelling 

methodology coupled with 13C NMR as a powerful method for studying biotransformations 

without purification. 

Alkene (R)-60 is the first proposed intermediate which has been isolated from the 

MupW/MupZ system responsible for THP formation, however the microgram quantities of 

(R)-60 obtained were not sufficient to use in the bioassay conditions in order to confirm its 

intermediacy in the biotransformation as would ideally be required.  

Furthermore, as this substrate possesses the unnatural stereochemistry at C-5, it would be 

preferable to establish the intermediacy of the 8,16-alkene using a substrate bearing the 

natural stereochemistry. As such, alkene 103 became our primary synthetic target for use as 
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a substrate for the MupW/MupZ biotransformation to confirm it is an intermediate in the ring 

forming reaction. The synthesis of 103 is discussed in chapter 4. 
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3. Synthesis of a Des-5-OH Non Cyclisation Substrate 

3.1 Chasing the Elusive Epoxide Intermediate 

It has been proposed that epoxide 53 is an intermediate in the formation of the THP in 

mupirocin biosynthesis, this was based on studies using MupW/MupZ by Wang. Crystallistion 

of the epoxide hydrolase MupZ, X-ray crystallography studies, and molecular modelling 

revealed the active site, and a mechanism for the epoxide opening was proposed. This 

mechanism was supported by analogy to THP formation in lasalocid biosynthesis, and 

mutagenesis studies (see section 1.8). Though all current evidence shows that epoxide 53 is a 

plausible substrate for MupZ, it is still the case that no such intermediate has ever been 

isolated or even directly observed. 

Studies by Bakar on model substrate 56, representative of epoxide 53, indicated that even in 

the absence of enzymatic catalysis THF formation through attack of the 5-OH group into the 

epoxide precluded the isolation of any epoxide intermediate.115-116 To compound this 

suspicion, no evidence of epoxide 61 was observed during the 13C labelling studies described 

in chapter 2, despite the isolation of the previously unknown alkene metabolite (R)-60. 

Given the clear propensity of the 5-OH group to open any 8,16-epoxide rapidly, it was 

considered that in order to stand any reasonable chance at isolating such an epoxide the 5-OH 

group would have to be removed. Substrate 106, the des-5-hydroxy analogue of mupirocin 

W4-OH, was the obvious initial target for such investigations. Our hypothesis was that 106 
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would be similar enough to the native substrate to be accepted by MupW (the Rieske 

oxygenase proposed to be responsible for alkene and epoxide formation), whilst the lack of 

the 5-hydroxyl group, along with the exclusion of MupZ (the epoxide hydrolase) from the assay 

would preclude any cyclisation potentially allowing isolation of the elusive epoxide 107 

(scheme 38). The hope that 106 would be accepted by MupW was supported by the fact that 

substrates lacking the 6-OH group have been shown to be turned over previously.100 

 

3.2 Synthesis of Target 106 

Given that a well-established route to mupirocin W4-OH had been developed, this approach 

was to be adapted for the preparation of the target 106. Starting from alcohol 91, it was 
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deemed that direct displacement of the primary alcohol (or a suitable leaving group generated 

thereof) would not be possible using the vinylogous lithium enolate due to a preference for 

β-alkylation in such systems, whilst using a silyl enol ether analogously to the previous route 

would require activation of the leaving group with a strong Lewis acid, conditions which have 

resulted in degradation of previous substrates.129 

Instead an approach was designed making use of an HWE reaction to install the fatty acid side 

chain onto ketone 108; this ketone could be accessed from alcohol 91 through oxidation, a 

second HWE homologation, and reduction of the resulting α,β-unsaturated ketone. 

Investigations began using the core fragment 110, prepared from lactone 69 as described in 

section 2.2. Oxidation of 110 gave aldehyde 39, from which HWE gave α,β-unsaturated ketone 

111, confirmed as the E-alkene (J 16 Hz). The next step required selective reduction of enone 

111 to ketone 112. Initial attempts were made using a hydroboration-protodeboronation 

strategy developed by Song, however these conditions gave none of the desired product 

112.130 A chemoselective system using in situ generation of a nickel boride reducing agent 

from NiCl2 and NaBH4 reported by Khurana was also investigated, and gave a moderate yield 

of 112.131 Stryker’s reagent is a hexamer of triphenylphosphine copper hydride, and has been 

shown to be a mild reducing agent effective the conjugate reduction of ketones, and has also 

been shown to be tolerant of heteroatoms in the γ-position, as is found in 111.132-133 Use of 

stoichiometric Stryker’s reagent at room temperature in toluene for 16 h gave a yield 

comparable to the nickel system, however a modification using catalytic Stryker’s reagent 
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along with PhSiH3 as the terminal reductant gave an improved yield of 78%. Though this 

fragment was initially intended as a model, it was worth attempting to carry it through to 

completion; as such fragment 112 was hydroborated and cross-coupled with vinyl iodide, 

though only affording a meagre 6% yield of 108 as a single diastereomer (scheme 41). 
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Nevertheless there was enough material to be carried through; the required phosphonate for 

the key HWE olefination was synthesised through esterification of diethylphosphonoacetic 

acid with alcohol 85, and HWE using 114 was followed by telescoped global deprotection 

affording a 19% yield of target 106. Though this route did provide some material (<5 mg) the 

yields of the final three steps were disappointing, and the overall yield of 0.5% over 12 steps 

LLS was low. Aiming to improve upon this the synthesis was redesigned to start  from aldehyde 

115, with the cross-coupling having already been carried out in good yield. HWE as previously 

gave 116 in 70% yield, following which catalytic Stryker’s reduction afforded 108. Once again 

the final HWE and deprotection were carried out in a telescoped fashion, yielding the target. 

This approach compared favourably with the initial synthesis, yielding 4.9% of 106 over 14 

steps LLS. 

 

3.3 Bioassays of 106 with MupW 

With 106 in hand, investigations began using the a modified version of the bioassay system 

previously described.116 Since substrate 106 was specifically designed to avoid cyclisation in 

order to allow isolation of the putative epoxide intermediate 107, epoxide hydrolase MupZ 

was not required, and so the bioassays were conducted using E. coli overexpressing only 

MupW. Investigations on the 13C labelled substrate 59 had shown that oxidation of the 

primary alcohol occurs on a similar timescale to the THP formation. Given that the 
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intermediates of interest were likely to be present in low abundance, dilution of the signal due 

to the presence of multiple similar species (e.g. the epoxide present as both the terminal 

alcohol and acid) in the bioassay would likely hinder their detection, and so alcohol 106 was 

oxidised to acid 117 using blank E. coli BL-21 cells. 

Investigations then began on the MupW system with incubation of substrate 117 for 24 hours 

with E. coli overexpressing only MupW. Time points were not taken for two reasons; firstly, 

since there was no 5-OH group, and no products have ever been isolated from attack of any 

other alcohol into the proposed epoxide intermediate, it was not considered likely that any 

novel intermediates would be consumed, and secondly, given the intermediates were likely 
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to be produced in small titres, analysis of the whole assay at once would maximise the signal, 

increasing the likelihood of identifying said intermediates. 

HPLC analysis of the crude extract from the bioassay showed that the majority of the mixture 

was residual acid 117 (12.95 mins, m/z 470), however two smaller peaks were of significant 

interest. The first had a mass of 468, consistent with being alkene 118, and a retention time 

of 12.71 mins, eluting slightly before the parent acid as was the case for alkene 60. This peak 

was isolated and 1H NMR showed two alkene peaks similar to those observed for alkene 60, 

confirming the identity of the metabolite (fig 17). The second had a mass of 484, an increase 

of 14 amu from the starting acid 117, consistent with epoxide formation.  

Isolation of this peak was possible, yielding microgram quantities of material allowing analysis 

by 1H NMR. Due to the small quantities of material available full characterisation was not 

possible, however the 1H NMR spectrum did show the appearance of two new signals, a 

doublet at δ 2.76 ppm, and a multiplet at δ 2.66 ppm, which appeared to be roofed, indicating 

scalar coupling between them. Both the chemical shift and the apparent coupling between 

these two signals are consistent with them being the two protons attached to C-16 of epoxide 

107 (fig 18).  
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3.4 Conclusions and Future Work 

Alcohol 106 was synthesised over 14 steps in 4.9% overall yield, and oxidised using blank E. 

coli to acid 117, the substrate required for bioassays using MupW. In these bioassays, turnover 

of 117 was observed, with the formation of two novel metabolites, alkene 118 (analogous to 

alkene 60 isolated from bioassays described in chapter 2), and what is proposed to be epoxide 

107, the first direct evidence of such an intermediate (figure 17). 

Efforts are ongoing to scale up this bioassay to allow for isolation of sufficient quantities of 

metabolites to enable full characterisation and establish more clearly the mechanism of THP 

formation. 
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4. Synthesis of a Proposed Alkene Intermediate in THP Formation 

4.1 Incorporation of C9-C14 Fragment Through Lithiation of Iodide 37 

With positive results arising from the bioassays involving (R)-59 (scheme 35), a synthesis of 

103 was required in order to confirm the intermediacy of the alkene in the formation of the 

THP during mupirocin biosynthesis. Bakar described synthetic studies towards 123, with the 

desired 8,16-alkene, whilst also lacking the 6-OH group (scheme 44). Her strategy involved the 

preparation of alkenes 119 and 120 which were coupled by a Grubbs cross metathesis, then 

the free alcohol was oxidized to the corresponding ketone 122 which was then methylenated 

using Tebbe’s reagent.115 Notably, Bakar observed that double bond migration into 

conjugation was a significant issue, and this concern was borne in mind throughout the 

proposed synthesis of 103. 

Given that a convergent approach to mupirocin W4-OH was already established, we sought to 

make use of its modular nature when considering synthetic routes to 103. Connecting the left 

and core fragments (44 and 43 in scheme 22) in the original route was carried out via a 

diastereoselective Suzuki coupling. However for the preparation of alkene 103 there is no 

issue regarding stereochemistry at C-8, rendering such a specialized coupling reaction 
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unnecessary. Core fragment 43 was prepared from lactone 69 via addition of MeLi followed 

by Wittig methylenation of the lactol 125 to give alcohol 110; in this sequence, a methylene 

group is generated via Wittig methylenation of lactol 125 (shown in orange, scheme 45), with 

the organolithium generating the methyl group shown in blue. 

It was envisaged that instead of the addition of a methyl lithium, allyl iodide 37 could be 

lithiated and added into lactone 69 in an analogous fashion (shown in blue, scheme 45). 

Methylenation of the resulting lactol 126 would then afford alcohol 127 which would be only 

three steps from the target molecule 103 (oxidation, aldol and deprotection). 

Allylic iodide 37, was prepared from aldehyde 77 in three steps (scheme 46). HWE gave 

α,β-unsaturated ester 128 in 68% yield with only the E-alkene observable by NMR (J 16.0 Hz). 

DIBAL reduction of 128 to the corresponding allylic alcohol in 92% yield was followed by 

conversion to the iodide using modified Appel conditions, affording allylic iodide 37 in 46% 

overall yield from methyl 3-(S)-hydroxybutyrate 64 over 7 steps. 

With iodide 37 in hand the lithiation and addition into lactone 69 was explored (scheme 47). 

Initially lithiation was investigated directly using lithium metal, as had been undertaken 
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previously in the conversion of 13CH3I to 13CH3Li. Lithiation at 0 °C for four hours followed by 

addition into lactone 69 at −78 °C gave no rection with good recovery of starting material 69, 

however no iodide was recovered. The same result was achieved with both longer reaction 

times and elevated temperatures. To establish whether lithiation or addition was the problem, 

the lithiation mixture was added to ethyl chloroformate. This reaction gave none of the 

expected ester, however a small amount of the dimerized starting material 130 was obtained, 

suggesting that lithiation was potentially slow and thus competed with dimerization in a 

fashion similar to a Wurtz coupling.134 

Though use of tBuLi to ensure lithiation of 37 was considered due to the rapid nature of the 

lithium-halogen exchange it affords, but due to safety considerations an alternative approach 

was selected given the scale at which this step was likely to be performed.135 This approach 

centered on the two-stage strategy involving addition of allyllithium to afford lactol 131 

followed by Grubbs metathesis with alkene 132, a modified left fragment accessible from 

aldehyde 77, would give lactol 126. 

Alkene 132 was synthesized from aldehyde 77 via Wittig methylenation, though volatility was 

an issue leading to generally low yields (scheme 49). Transmetallation of tributylallylstannane 

with nBuLi generated allyllithium, which was added to lactone 69 affording lactol 131 in 69% 

yield as a mixture of diastereomers. Cross metathesis of alkenes 131 and 132 using Grubbs’ 

second generation catalyst gave a 50% yield of desired lactol 126. 
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With lactol 126 in hand the methylenation to give 127 was investigated (scheme 45). First 

model studies were undertaken with 131 before committing the more valuable intermediate 

126. Treatment of 131 with the lithium ylide of methyltriphenylphosphonium bromide 

returned starting material, even after reflux for three days, indicating that steric bulk may 

indeed be an issue when given the comparatively facile methylenation of lactol 71 (scheme 

24). Similar results were obtained upon changing the base to KOtBu. Mountford found that 

organometallic reagents were more effective in the methylenation of lactols such as 134 with 

steric bulk proximal to the reaction site.100 However, in this case using lactol 131 with both 

Petasis136 and Tebbe’s137 reagent returned only starting material. 

Having had no success with the commonly used methylenation reagents, less commonly 

exploited methods were investigated. Ando has reported a modified Julia-type olefination 

using benzoimidazolyl sulfone 138, accessible on scale from 2-mercaptobenzimidazole 136, 



Synthesis of a Proposed Alkene Intermediate in THP Formation 

 

55 
 

which was shown to be effective in the methylenation of moderately hindered substrates such 

as menthone, though yields were reduced compared to unhindered substrates.138 Ando’s 

proposed mechanism for this methylenation is shown in scheme 51. 

Sulfone 138 was prepared according to Ando’s procedure in 76% yield over two steps, and the 

effectiveness of the reagent established by reproducing Ando’s results with acetanisole.138 

The standard conditions reported by Ando (3 eq. KOtBu, 1.2 eq. 138, DMF, rt, 1 h) gave no 

reaction with lactol 125, however after 16 h a single product spot was visible by TLC. Upon 

isolation rather than the expected alcohol, the product was sulfonate 141. 

A proposed mechanism for the formation of 141 is shown in scheme 52. Initial attack of the 

deprotonated sulfone 139 into the keto tautomer of lactol 125 would give 139 from which, 

instead of the expected attack into the imidazole, could cyclise onto sulfur affording 



Synthesis of a Proposed Alkene Intermediate in THP Formation 

 

56 
 

heterocycle 140. Upon work-up, protonation and elimination would give the observed product 

141. 

Having had no success with direct methylenation of lactol 131, we addressed the possibility of 

ring opening the lactol to a protected hydroxy ketone which might be more easily 

methylenated (scheme 53). With 125 as a model system, using TESCl afforded traces of 

desired ketone 142, however the yields were extremely low and the silyl ether was unstable 

on silica, returning starting material and precluding any usefulness. Attempted TBS protection 

returned only starting material, whilst reaction with PMBCl/NaH gave a complex mixture of 

products. 

At this stage the lack of productive reactivity shown by lactol 131 presented a barrier to the 

completion of a lithiation-addition strategy as a route to 103, requiring a new approach to be 

developed. 

 

4.2 A Divergent Synthetic Strategy to Alkene 103 and Alcohol 146 

Having had little success with a modified strategy for bringing together the core and left 

fragments, we turned our attention back to the original Suzuki-Mukaiyama aldol approach 

that allowed access to mupirocin W4-OH. Noting again that Bakar had observed a propensity 
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for the 10,11-alkene of 123 to migrate into conjugation with the 8,16-alkene, the formation 

of the 8,16-alkene at a late stage was preferable. Thus, using alcohol 145 may offer an 

opportunity for late-stage deprotection and elimination to afford the 8,16-alkene, whilst being 

stable throughout the synthesis (scheme 54).139 Furthermore, alcohol 146, arising from global 

deprotection of 145, would also be an interesting substrate in its own right for bioassay studies 

as, though alkene 59 had been isolated and was thought to be an intermediate in THP 

biosynthesis in mupirocin, epoxides are known to be formed directly from cyclisation of 

alcohol, for example as is proposed in the biosynthesis of fosfomycin, being carried out by 

non-haem iron oxygenase HppE (scheme 55).140-141 Another possibility was that alcohol 146 

may be a precursor to alkene 52 through an elimination process, since no mechanism for the 

formation of an alkene from the unactivated methyl group of 51 has yet been investigated. 

We envisaged an approach to alcohol 145 through the same three fragment approach taken 

to 59 whereby the 16-OH was part of modified core fragment 148, with the LHS and RHS 

remaining the same (scheme 56). This necessitated a synthesis of 148, with the most attractive 

avenue being through modification of 43, to which access on gram scale had been achieved. 
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Direct installation of the alcohol would be the most straightforward approach. Thus this was 

investigated via Riley oxidation of the allylic position, which should give selectivity both for 

the terminal position desired, and preferentially not react at C-3 bearing the acetonide 

(scheme 57).142 Oxidation of 43 using SeO2 in DCM gave a complex mixture of degradation 

products, whilst a catalytic variant using TBHP as the terminal oxidant gave a similar result, 

with some evidence of apparent deprotection of the acetonide and concomitant oxidation of 

the resulting allylic alcohol, though no products could be fully characterized. 

More recently allylic halogenation of alkenes using a variety of metal salts and oxidizing agents 

has been reported. Though not as atom economical as direct installation of the required 

oxygen atom, halogenation and then displacement by an oxygen nucleophile seemed a 

reasonable alternative. Ceschi reported one such chlorination using InCl3 with bleach as the 

oxidant, Massanet described a similar system replacing the indium salt with CeCl3, whilst a 

third system from Nakagawa used Yb(OTf)3 and NCS.143-145 Each of these methods was 

investigated to convert alkene 110 to allylic halides but none of these proved fruitful (scheme 

58). The In and Yb systems gave a complex mixture of products, whilst the Ce conditions 

returned starting material. More classical attempts at radical halogenation using NBS both 

with and without a radical initiator were also unsuccessful, returning no starting material and 

yielding only a complex mixture. 
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The methyl group which required functionalization was installed by addition of MeLi to a 

lactone (scheme 24). Whilst variation of this organolithium had been attempted without 

success (scheme 47), this was due to the failure of the subsequent methylenation due to 

apparent steric constraints; thus it seemed plausible that addition of a methyl fragment 

functionalized with a halide may not significantly affect the methylenation due to the limited 

increase in bulk. Addition of chloromethyllithium, generated from lithiation of CH2ICl with 

nBuLi, gave strong evidence by NMR of the formation of lactol 152 as a mixture of 

diastereomers (scheme 59). However, all attempts at purification of this material resulted in 

decomposition. Attempts at telescoping the addition with either methylenation or protection 

of lactol 152 in an attempt to ring open it were also unsuccessful, giving decomposition. 
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4.3 Synthesis of Core Fragment 169 

With attempted modification of the already accessible core fragment proving problematic 

focus turned to the synthesis of the desired core fragment 154 incorporating the required 

protected primary alcohol. Approaching this problem retrosynthetically, instead of installation 

of the alcohol functionality at a late stage, we considered the disconnection of the alkene 

(scheme 60). Methods for α-methylenation of alcohols are not well developed, however 

functional group interconversion (FGI) to a carbonyl would provide a handle for 

methylenation, allowing disconnection to 155. FGI gave the corresponding alcohol 157, which 

could be accessed through hydroboration of alkene 158, corresponding to the methylenated 

form of lactol 68 (already available on scale from the synthetic route to the original core 

fragment 73). 

During studies towards the total synthesis of PA-C, Stephen had shown that treatment of 

lactone 159 with LDA and allyl iodide gave the required allylated products 160 and 161, but 

the major product 162 arose from β-elimination.146 It would therefore be necessary to find 

mild conditions for the introduction of the desired exo-methylene group. 
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The new approach began with the methylenation of lactol 68, which afforded alcohol 163 in 

88% yield and was readily conducted on multigram scale (scheme 61). It should be noted that 

alcohol 163 was moderately volatile, and care was taken not to heat the water bath strongly 

during rotary evaporation. PMB protection afforded alkene 158 in quantitative yield, 

furnishing the material to study the hydroboration which would install what would become 

the 16-OH group. Oxidative hydroboration of 158 using 9-BBN and NaOAc/H2O2 returned only 

trace amounts of alcohol 157, whilst use of BH3.DMS with NaOH/H2O2 gave an improved 48% 

yield. The conditions were optimized and hydroboration using 9-BBN followed by oxidation 

under the more basic NaOH/H2O2 conditions gave a 91% yield of the desired alcohol 157 on 

multigram scale. 

The next step required oxidation of alcohol 157 to the corresponding methyl ester 164 

(scheme 62). Treatment of 157 with conditions reported by Kennedy gave a complex mixture, 

as did a similar procedure using molecular iodine reported by Togo.147-148
 A two-step approach 

using aqueous TEMPO to form an intermediate acid followed by methylation using MeI 

afforded the desired methyl ester 164 in 30% yield over two steps. 

Given the low yields of ester 164 an alternative route was desirable. The key methylenation 

step was a major consideration, and Pihko reported a mild organocatalytic aldehyde 
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condensation methodology with good scope including, importantly, aldehyde 165 bearing an 

acetonide protected diol in the β,γ-position (scheme 63).149-150 Hence alcohol 157 was oxidised 

to aldehyde 167 using DMP and then subjected to Pihko’s conditions (scheme 63, left). After 

two hours at reflux spot-to-spot conversion was observed by TLC; upon purification however 

an inseparable mixture of two diastereomers was identified, with epimerization having 

occurred at the β- position, confirming our fears about its lability. This result was surprising 

for two reasons; firstly as Pihko had conducted studies using 165 and noted no epimerization; 

and secondly epimerization appeared to have occurred without any elimination product being 

formed. The mechanism proposed by Pihko for the reaction involves a Knoevenagel-Mannich 

type process whereby the enamine of the parent aldehyde reacts with the iminium formed 

from formaldehyde (scheme 63). It was reasoned that epimerization must be occurring from 

the enamine intermediate prior to addition of formaldehyde, and thus potentially decreasing 

the reaction temperature would slow epimerization.  

Pleasingly, performing the reaction at room temperature rather than in refluxing DCM 

afforded a >10:1 ratio of diastereomers in favour of retention of stereochemistry, and an 
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improvement in yield to 69% (scheme 64). Luche reduction of 168 proceeded cleanly affording 

alcohol 149 in 95% yield, which was TBS protected to give the desired core fragment in 47% 

yield over 10 steps from D-ribose. 

 

4.4 An Optimized Synthesis of Core Fragment 179 

Though a synthetic route to 169 was available, it was noted that from ribose there was an 

oxidative cleavage of an alcohol followed by the re-installation of another alcohol at a later 

stage, as well as two FGI steps oxidizing alcohol 157 up to the aldehyde to facilitate 

methylenation before reduction to regenerate the alcohol (scheme 65). These features were 



Synthesis of a Proposed Alkene Intermediate in THP Formation 

 

64 
 

not the most efficient use of time or material, and so we targeted a more streamlined 

synthesis of such a core fragment 

Considering again the target 148, an alternative disconnection is of the alkene to the 

corresponding ketone 170, which notably possesses the same oxygenation pattern as ribose, 

suggesting an opportunity for a streamlined synthesis (scheme 66). FGI back to the alcohol 

gives 171, which is ribose with four protected alcohols. It was clear that the selection of 

protecting groups would be crucial to ensure the applicability of the developed Suzuki and 

Mukaiyama aldol methodologies as well as the desired elimination required to give the target 

compounds (scheme 54). 

To begin, D-ribose was protected as acetonide 67 (scheme 23). The second protection would 

be of the primary alcohol which would become the 16-OH group. As orthogonality was 

desirable to allow the final key elimination, protection as the acetate was investigated using 

AcCl and collidine in DCM, however a mixture of differentially protected products was formed 

in roughly equal amounts and was inseparable. PMB protection using either deprotonation 

followed by PMBCl or in catalysed PMBTCA protection conditions were both ineffective, 
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returning mostly starting material. TBS protection of 67 proceeded quantitatively, and though 

another silyl group would be present in the target before deprotection, it was envisaged that 

it would be possible to deprotect the primary silyl ether in the presence of the secondary one. 

There is precedent for this in similar systems, as Mountford found that the protecting group 

on the 13-OH was particularly stable to various known silyl ether deprotection conditions 

(scheme 67).100 

Borohydride reduction of 173 gave diol 176 in 77% yield (scheme 68). A selective protection 

of the primary alcohol orthogonally to both the silyl ether and acetonide was then required. 

Acetate protection using conditions (AcCl, collidine) developed by Ishihara gave excellent 

selectivity for protection of the primary alcohol, affording 177 in 90% yield, with any material 

protected on the secondary alcohol easily recycled using K2CO3/MeOH deprotection back to 

176.151  

Oxidation of 177 to ketone 178 using DMP followed by methylenation proceeded well at room 

temperature (having used KOtBu as the base for ylide formation), giving core fragment 179 in 

73% yield. This new route compared favourably with the initial synthesis of core fragment 169 

(scheme 64), affording 179 in six steps; four fewer than previously; and 51% yield, a 4% 

improvement. All steps scaled effectively to gram scale and there were no issues with erosion 

of the stereochemistry set by the starting material as were encountered in the synthesis of 

169. 
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4.5 Cross-coupling of 169 and 179 

With core fragments 169 and 179 in hand investigations began on the key Suzuki coupling 

(scheme 69). Cross coupling of 169 with vinyl iodide 44 gave a 46% yield of desired product 

181 as a 5:1 mixture of diastereomers, which were separable by column chromatoraphy. This 

was the first time that a mixture of diastereomers at the C-4 position had been observed, 

arising from the hydroboration using 9-BBN addressed in scheme 30. In this case, the bulky 

TBS ether was in close proximity to the methyl group adjacent to the alkene being 

hydroborated, and the steric profile of the two possible transition states had clearly been 

affected (scheme 69) As it was not possible to determine by NMR alone which diastereomer 

was which, it was unclear whether the desired selectivity remained or whether in the new 

substrate stereocontrol was reversed. 

It was necessary to determine the stereochemistry at C-4 of the major product. It seemed 

reasonable that as the stereochemistry of C-2 and C-3 (scheme 23) were set from ribose and 

had not been altered, if a molecule with rigid conformation could be obtained then nOe 

spectroscopy could be used to determine the stereochemistry at C-4 in relation to these 

positions.  

In order to construct a cyclic system suitable for nOe studies, the major diastereomer of 181 

was deprotected using DDQ to give alcohol 182 in 87% yield, following which the primary TBS 
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ether was removed using TBAF (scheme 70). Oxidative lactonization of 183 was then carried 

out under Stahl conditions, affording exclusively lactone 184.152 

Lactone 184 was analysed using nOe spectroscopy in order to determine the relative 

stereochemistry at C-4 (nOe spectra available in SI, please note that for ease of comparison 

with other compounds lactone 184 is not numbered in accordance with IUPAC standard). This 

analysis was complicated by the fact that there was partial overlap of the signals for 3-H and 

one of the 11-H2 protons, making direct irradiation of 3-H impractical. Instead irradiation of 

4-H and 2-H was carried out, as a simple model of the constrained bicyclic system showed that 

2-H and 4-H should be close enough to show a correlation were they on the same face. 

Irradiation of 2-H showed correlation to both 3-H and the more upfield of the 11-H2 protons, 

but showed no correlation to 4-H, whilst irradiation of 4-H showed correlation to the more 

4 
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downfield of the two 11-H protons, but no correlation to 2-H and 3-H. The observed 

correlations are consistent with what would be expected from the required stereochemistry 

of 181, with 2-H and 4-H being on opposite faces. 

From these studies, it was concluded that the major diastereomer obtained from the Suzuki 

coupling had the desired S- configuration at C-4, and that the favoured transition state from 

the model (scheme 69) was still valid. It was clear however that given the formation of some 

of the 4R configured product, the bulk of the TBS ether does have some effect on the 

selectivity. 

Core fragment 179 bearing the acetate protecting group instead of the PMB was also cross-

coupled with vinyl iodide 44, giving acetate 185 as a single diastereomer, with acetate 

deprotection using K2CO3 affording alcohol 182 in 29% yield over 2 steps (scheme 71). A single 

diastereomer of 182 was detected, indicting that the steric hinderance from the acetate group 

compared to the TBS ether is significantly reduced, as would be expected. 

Oxidation of alcohol 182 to the corresponding aldehyde with DMP proceeded in 99% yield, 

and gave the required substrate 186 for investigation of the second key reaction to couple the 

RHS 65 via a vinylogous Mukaiyama aldol. 

 

4.6 Investigation of the Key Elimination to Form the 8,16-Alkene 

A key feature of our synthetic strategy to 103 was to be the late stage elimination of the 

primary hydroxyl group at C-16 to afford the 8,16-alkene. With protected alcohol 181 in hand, 

it was thought prudent to establish the feasibility of this approach before tackling the 

Mukaiyama aldol. Selective deprotection of the primary TBS group in 181 using TBAF gave 

alcohol 187, a plausible substrate on which to test the elimination conditions (scheme 72). 
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Numerous conditions have been reported for similar eliminations in the syntheses of complex 

natural products, and the Grieco-Sharpless methodology is foremost among them due to its 

high selectivity for primary alcohols and the lack of competing substitution processes that 

sometimes are found with Martin’s sulfurane and Burgess’ reagent.139, 153-154 Elimination using 

Grieco conditions (tri-n-butylphosphine and o-nitrophenylselenocyanate followed by aq. 

H2O2) was tested on alcohol 187, and gave a single product, alkene 188 in 70% yield over the 

two-step process of alkyl selenide formation and oxidative pericyclic elimination, which were 

carried out without isolation of the selenide intermediate. 

Though it was envisaged that the alkene would only be unmasked at a late stage, we were 

concerned about its stability in the PMB deprotection of the fatty acid side chain with DDQ, a 

single electron oxidant. As such we tested the stability of the 1,4-diene by deprotecting 188 

using DDQ, which pleasingly afforded a 74% yield of alcohol 127 without any observed double 

bond migration products. 

 

4.7 Investigations into the Key Mukaiyama Aldol using 186 

Satisfied that the late-stage elimination was a plausible approach to alkene 103, investigations 

were undertaken to couple the RHS, with the precedented Mukaiyama aldol being most 

obvious approach. Given the value of the cross-coupled material, studies were initially carried 

out using a model system. Aldehyde 190 was prepared in two steps from modified core 179 
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through hydrolysis of acetate 179 to alcohol 189 followed by oxidation using DMP giving 

aldehyde 190 in 68% yield over 2 steps (scheme 73). 

Subjecting 190 to the previously successful conditions of silyl ether 65 and ZnI2 at 0 °C for 16 h 

returned only starting material; the same result was observed using both RHSs (65 and 87), as 

well as at elevated reaction temperatures for extended reaction times (scheme 74). A solvent 

switch from Et2O to MeCN was also ineffective. Bakar had observed that the yields in model 

systems for this reaction were routinely lower, and concerned that 190 may not be 

representative of the reactivity of 186, we tested 186 under the same conditions, however 

once again no reaction was seen with either RHS 65 or 87 even at room temperature.115 

Since the key Suzuki reaction (scheme 69) had shown an apparent steric effect from the bulky 

TBS ether, we considered that possibly the same was occurring here, with steric bulk blocking 

the desired addition into the aldehyde. Thus alcohol 149 was protected as a SEM ether, 

significantly smaller and more conformationally flexible than the corresponding TBS ether, 

deprotected, and oxidized to aldehyde 196 in order to test this hypothesis (scheme 75). 
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Unfortunately attempted coupling with the PMB protected RHS 65 at room temperature with 

ZnI2 again returned only starting material. 

Mountford had found tris(pentafluorophenyl)borane (TPPB) to be effective in similar aldol 

reactions, and though she observed no stereocontrol at the C-5 position, that was a secondary 

consideration at this stage.2,21 We were however concerned about stability of the acetal 

protecting group to such a strong Lewis acid, and so a stability test was carried out using only 

the substrate 190 and TPPB in Et2O at −78 °C (scheme 76). Though some degradation of 

starting material was observed over two hours at this temperature, and complete degradation 

occurred upon warming to room temperature, Mountford’s aldol was complete in one hour 

and so this result was promising. Upon treatment of 190 with Kalesse’s original reported 

conditions (1 eq. TPPB, silyl ether) no reaction was observed after one hour, and after 

prolonged reaction times degradation occurred consistent with the stability test, though no 

products were identified.155 
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Keck has reported conditions for asymmetric vinylogous Mukaiyama aldols using a titanium 

Lewis acid derived from Ti(OiPr)4 and BINOL with B(OMe)3; Unfortunately these conditions 

have been reported to be incompatible with an acetonide protecting group.156 Lanthanide 

Lewis acid catalysed Mukaiyama aldols have also been reported, however they require 

aqueous conditions; when tested on 190, rapid hydrolysis of silyl enol ether 65 was observed, 

precluding their use here.157-158 

Next, we turned our attention to other forms of aldol reaction, with a view to potentially 

modifying the route to 193. We envisaged that were acetone to be used in a diastereoselective 

aldol reaction to give 201, then an HWE reaction using an appropriate phosphonate, as has 

been reported by the Willis group previously, could be used.159 

List has published a significant body of work in the area of organocatalytic aldol reactions, and 

notably those using acetone with proline as the active catalyst.160-162 Though these reactions 

are typically lower yielding when the substrate is an aliphatic aldehyde compared to aromatic 

analogues, conditions to allow improved reactivity with substrates bearing α- substitution 

have been developed.161 Hence, aldehyde 190 was treated with catalytic L-proline in a 4:1 

mixture of DMSO:acetone showed that good control of stereochemistry was possible, 
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however the yields were low and the reactions proceeded slowly (scheme 78). Similar results 

were obtained with D-proline. Further investigations showed that mass recovery was 

generally poor, though isolated yield as a percentage of recovered mass was good. 

Re-extraction of the aqueous layers gave no improvement in mass recovery, and isolated 

yields remained around 45%. Reducing the amount of DMSO as co-solvent slowed the reaction 

greatly rendering it not operationally useful, whilst reducing the loading of proline from 1 eq. 

to 0.3 eq. gave a 1:1 mix of 202 and the corresponding elimination product. Given the 

persisting low yields, it was decided not to investigate this methodology to 201 any further. 

Paterson has developed the use of chiral boron enolates for use in complex aldol reactions, 

and has demonstrated their use in many total syntheses.163-164 In order to achieve the desired 

stereochemistry at C-5 (-)-DIPCl was required. However, initially the methodology was tested 

using 190 and (+)-DIPCl due to availability of reagents. Reaction of DIPCl with acetone in Et2O 

followed by addition of aldehyde 190 at −78 °C then warming to −18 °C over 16 h pleasingly 

afforded a 74% yield of (R)-202, with the expected (S)- stereochemistry at C-5 (by NMR 

comparison with material isolated from the proline catalysed reactions) constituting the major 

diastereomer and a d.r. of 10:1. Hence, (-)-DIPCl was used with the hope that it would provide 
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the desired diastereomer, however once again the unwanted (R)- stereochemistry at C-5 was 

obtained. The reasons for this are unclear, and no reports were found of a similar issue being 

encountered elsewhere; it is possible that the conformationally rigid five membered 

acetonide proximal to the site of reactivity could be biasing the reaction, though no evidence 

for such a conclusion is forthcoming. 

Having attempted a variety of different aldol reactions without success, a screen of a variety 

of different Lewis acids previously used in vinylogous Mukaiyama aldol reactions was 

undertaken.129 Using MgBr.Et2O with the TBS protected RHS 87 pleasingly afforded 192 as an 

inseparable mixture of diastereomers after an extended reaction time of three days (scheme 

80). 

This result was promising and made access to target 146, bearing the 16-OH group, viable 

through global deprotection of 192. Unfortunately the 16-OH functionality in 192 was not 

differentially protected to the terminal alcohol of the RHS, making selective deprotection 

impossible, precluding access to the desired 8,16-alkene 103. The aldol was repeated using 

PMB protected RHS 65, though inexplicably was unsuccessful; this remained the case even 

with higher Lewis acid loadings and elevated reaction temperature, returning only an 

inseparable mixture of ester 84 and aldehyde 185. At this point time constraints precluded 

any further investigation of the Mukaiyama aldol. 

Alcohol 192 had been produced as an inseparable mixture of diastereomers (scheme 80). in 

an attempt to separate the two, acetylation of the free 5-OH was conducted, but the mixture 

of acetylated alcohols 207 was similarly inseparable (scheme 81). Global deprotection of 207 

using aq. HCl in THF was successful in removing all protecting groups including the acetate, 

and pleasingly (R)- and (S)-146 were separable by column chromatography at this final stage. 

After it was confirmed that (R)-146 and (S)-146 were separable, a streamlined procedure 
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without acetylation was carried out from 185 without isolation of the product of the 

Mukaiyama aldol which was globally deprotected crude, affording a 16% yield of each of (R)- 

and (S)-146 over 2 steps as a 1:1 mixture of diastereomers. 

It was possible to assign the structure of each diastereomer by comparison of the NMR spectra 

of (R)- and (S)-146 with those obtained of (R)- and (S)-59 (figure 20). The shape and chemical 

shift of the signals assigned to 6-H, 5-H, and 4-H2 are extremely similar upon comparison of 

(S)-59 with the more polar diastereomer obtained, indicating that they likely have the same 

C-5 stereochemistry. Comparison of the less polar diastereomer with (R)-59 also showed 

significant similarities in the shape and chemical shift of the signals for 6-H, 5-H, and 4-H2, 

again indicating the same stereochemistry at C-5. On this basis the more polar diastereomer 

was assigned as (S)-146, and the less polar as (R)-146. 
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4.8 Bioassays of (R)-146 and (S)-146 with MupW 

With 146 in hand we proceeded with bioassays to determine whether this was an 

intermediate in THP formation during pseudomonic acid biosynthesis. Both diastereomers of 

146 were assayed in the BL-21 mupW system (MupZ was not used in this case as epoxide 

opening is facile as previously discussed [section 1.8]) as previously reported alongside a 

separate assay of (R)-146 with blank E. coli cells as a control, however no turnover was 

observed after 24 h, though the expected terminal oxidation to acid 208 was observed, carried 

out by the E. coli as confirmed by the blank assay (scheme 82). This result indicates that alcohol 

146 is not an intermediate in the THP formation process, either as a precursor to alkene 52 or 

epoxide 53. 
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4.9 Conclusions and Future Work 

Two routes to modified core fragments 169 and 179 for use in a modular synthetic approach 

to analogues of mupirocin W4-OH have been established; both make use of the native 

stereochemistry of the chiral pool starting material D-ribose (scheme 83). Route one, 

comprising a key organocatalytic methylenation of 167 to install the exo-methylene, afforded 

169 in 47% yield over 10 steps; route two, making better use of the functionality present in 

the starting material, proceeded through methylenation of ketone 178 and gave 179 in 51% 

yield over six steps. 

Core fragments 169 and 179 were successfully cross-coupled with vinyl iodide 44, leading to 

a mixture of diastereomers from the hydroboration of 169 (scheme 69). The stereochemistry 

of the major diastereomer was confirmed through nOe studies on lactone 184, establishing 

that the selectivity model used to rationalize the selectivity of hydroboration was still 

applicable to alkene 169. Conditions were established for the key late-stage elimination 

required to prepare 103, with Grieco elimination of 187 affording 188 as a single product in 

good yield. 

Many different avenues were explored to establish a method by which the RHS could be 

incorporated, with a vinylogous Mukaiyama aldol using silyl ether 87 and MgBr.Et2O proving 

effective and affording 192, allowing access to target 146. Bioassays with this substrate in E. 
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coli overexpressing MupW have established that it is not an intermediate in THP formation in 

mupirocin biosynthesis. No method was found to allow access to a suitable differentially 

protected alcohol which would have allowed for selective deprotection and elimination to give 

substrate 103. 

Future work will focus on the synthesis of alkene 103; a further screen of Lewis acids for the 

Mukaiyama aldol may offer success in obtaining a late stage intermediate which is suitably 

protected in order to allow the necessary orthogonal deprotection of the 16-OH and 

subsequent Grieco elimination. Another avenue worth investigation would be via alcohol 127, 
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to which a route has been established from the elimination test reactions. If the bulk of the 

protecting group is indeed responsible for the limited reactivity of aldehyde 186, then 

elimination of the 16-OH group prior to the Mukaiyama aldol may present a viable route to 

alkene 103 (scheme 86). A third option would be to use the organocatalytic methodology of 

List which, though giving poor yields, did afford both reactivity and stereocontrol (scheme 78), 

and would give a substrate for HWE homologation to couple the fatty acid side chain. Access 

to 103 will allow for bioassays to confirm the hypothesis that it is an intermediate between 

mupirocin W4-OH and the epoxide acted upon by MupZ. 
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5. Tenuipyrone Introduction 

5.1 Tenuipyrone 

(−)-Tenuipyrone (215) is a tetracyclic polyketide derived secondary metabolite. It was first 

reported in 2011 by Asai et al. from Isaria tenuipes, an entomopathogenic fungus, when grown 

in the presence of epigenetic modifiers including DNA methyltransferase inhibitors.165 It 

possesses four contiguous stereocentres including a spirocyclic acetal in its unique core. In the 

original isolation paper, a biosynthesis was proposed based on the isolation of 

cephalosporolide B (211) from the same culture as tenuipyrone, though no evidence was given 

in support of such a pathway (Scheme 87). Cephalosporolide B was first isolated in 1985 

alongside cephalosporolides C-F from a culture of Cephalosporium aphidicola, and together 

with cephalosporolide G these make up the cephalosorolide family, a subset of the larger 

group of decanolide polyketides.166-167 

It was suggested that Michael addition of 4-hydroxy-6-methyl-2-pyrone 210 to the enone of 

cephalosporolide B, followed by Dieckmann condensation into the lactone carbonyl would 

give 213. Collapse of the tetrahedral intermediate to the ketone and alkoxide migration into 

the ketone then dehydration would give 214, and spirocyclisation would generate 

tenuipyrone. It is noteworthy that pyrone 210 has never been isolated from I. tenuipes. 

However since its first description by Collie pyrone 210 has been isolated from many sources 

and has been used in the synthesis of multiple natural products.35, 168-170 
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5.2 Previous Studies Concerning Tenuipyrone 

A total synthesis of tenuipyrone was published by Tong in 2013, purporting to be biomimetic, 

even though the synthetic route was not significantly similar to Asai’s proposed 

biosynthesis.171 The key step involved Michael addition of pyrone 210 to enone 216 to give 

217. Cycloketalisation and spirocyclisation then gave tenuipyrone (Scheme 88). The notable 

difference between this synthesis and the proposed biosynthesis is that the bond highlighted 

in scheme 88 is preinstalled in Tong’s substrate but is formed by the Dieckmann cyclisation 

step in the proposed biosynthesis. No alternative biosynthesis consistent with this total 

synthesis was proposed, and thus we became interested in investigating the originally 

proposed biosynthesis with a view to completing a truly biomimetic total synthesis.  

Previous work in our group by Dr Tom Hornsby established a synthetic route to 

cephalosporolide B.172 However, attempts to prepare tenuipyrone via direct reaction with 

pyrone 210 were unsuccessful, mostly giving recovered starting material (Scheme 89). It was 

notable, however, that under both protic and Lewis acidic conditions the major isolated 

product was hemiketal 223. Thus, it was clear that Michael addition was occurring, however 

the transannular Dieckmann cyclisation was disfavoured versus tautomerisation of the enol 

intermediate 221. It was proposed that the 10-membered ring was not able to undergo the 

desired Dieckmann cyclisation, and so a new synthetic, and possibly biosynthetic, approach 

was required. 
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As discussed earlier (Scheme 2), during polyketide synthesis a growing chain is bound to an 

ACP via a thioester linkage. It is likely that cyclisation to form cephalosporalide B occurs at a 

late stage in its biosynthesis, and so we began to consider that cephalosporolide B was not 

the precursor to tenuipyrone, but that reaction with the pyrone may occur whilst the growing 

polyketide chain is still bound to the ACP (scheme 90). This would offer the possibility that 

Dieckmann cyclisation would not be occurring across a constrained ring system as has already 

been established is problematic, but instead in a more flexible open chain substrate. Another 

important feature of this hypothesis is that Dieckmann condensation would occur with the 

much more reactive carbonyl of a thioester as opposed to the more stable lactone. 
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Another possibility would be that instead of pyrone 210 being formed before the addition into 

enone 224, it too could participate initially as a linear ACP bound thioester, only being 

converted into the pyrone during tenuipyrone biosynthesis. Muller reported that acyl 

α-pyrones such as myxopyronin A are derived from the enzymatic combination of two 

thioester bound polyketide chains (228 and 229) which undergo C-C and C-O bond formation 

sequentially (though the order of addition was not determined), affording the desired pyrone 

231 (Scheme 91).173 Other biosynthetic studies on alkyl α-pyrones suggest a more classical PKS 

forming a non-reduced polyketide chain which then undergoes cyclisation to form the 

required pyrone, however reports of pyrone synthases of microbial origin remain limited 

compared to those in plants.174 

To investigate these hypotheses, the synthesis of a linear thioester analogue of 

cephalosporolide B was investigated, with a view to direct reaction with pyrone 210 

analogously to Tong and Hornsby.171-172 Access to thioester 234 would then allow us to test 

hypotheses regarding the biosynthetic origin of (−)-tenuipyrone utilising conditions such as 

those used by Tong.
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6. Studies Towards a Biomimetic Synthesis of Tenuipyrone 

6.1 Synthetic Strategy 

The planned route to an open chain analogue of cephalosporolide B used a convergent 

strategy involving the coupling of two simple fragments 236 and 238 to afford the carbon 

skeleton, based on Hornsby’s synthesis of lactone 240 (scheme 93).172 

The C1-C5 fragment 236 could be prepared using known chemistry from (S)-1,2,4-butanetriol 

235 in four steps; protection of the 2,4-diol as the PMP acetal followed by oxidation to the 

aldehyde, Wittig olefination to give the vinyl iodide, and finally elimination to give alkyne 236. 

The C6-C10 fragment 238 could be prepared in 4 steps from (R)-propylene oxide via opening 

of the epoxide using an organocuprate generated from allylmagnesium chloride. TBS 

protection of the resulting alcohol, dihydroxylation, and oxidative cleavage would give 

aldehyde 238. These two fragments would be joined via lithiation of the alkyne and addition, 

following which established chemistry would give known lactone 240.172 The orthogonal 

protecting group strategy for each fragment would allow for the selective deprotection of the 

PMP acetal to a PMB ether and lactonization to form lactone 240. From this point, conditions 

would need to be identified to allow opening of the lactone to give a thioester, then oxidation 

would afford the desired substrate 241. 
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6.2 Synthesis of C1-C5 Fragment 236 

Synthesis of the alkyne 236 began with protection of (S)-1,2,4-butanetriol 235 under mild 

acidic conditions with PMB dimethyl acetal to afford alcohol 242 in 85% yield (scheme 95). 

Hornsby used Swern conditions to oxidise alcohol 242 to aldehyde 243, however in my hands 

this proved temperamental, in some cases providing 243 in up to 84% yield, though often 

resulting in deprotection of the starting material.172 The reasons for this were unclear given 

the anhydrous conditions and excess base which should preclude the presence of acid for 

acetal hydrolysis. However, it is noteworthy that the series of PMP acetal protected 

compounds synthesised in this work were all unstable, even degrading in chloroform, and 

required NMR characterisation to be performed in benzene to avoid acetal hydrolysis. 

Alternative conditions for the oxidation of 242 were investigated; attempted oxidation under 

Stahl conditions using catalytic Cu(MeCN)4OTf and commercially available 

9-azabicyclo[3.3.1]nonane N-oxyl (ABNO) solution returned only starting material, pleasingly 

however, oxidation using basified DMP conditions afforded aldehyde 243 cleanly in 83% 

yield.152 

Wittig olefination of aldehyde 243 afforded vinyl iodide 244 in 62% yield (scheme 96). It was 

found that vinyl iodide 244 was unstable both to storage and to light, and there were concerns 
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about potential decomposition of the product during chromatography. Elimination to give 

terminal alkyne 236 using LDA proceeded cleanly, however the overall yield of 30% from 

alcohol 242 was unsatisfactory.  

In light of concerns about the stability of both aldehyde 243 and vinyl iodide 244, a telescoped 

approach to the synthesis of 236 was attractive. Pleasingly, carrying through aldehyde 243 

crude and flushing vinyl iodide 244 through a short plug of silica before elimination with LDA 

afforded 236 in 65% yield over 3 steps, a considerable improvement on the stepwise yield 

from 67% to 87%. 

 

 

6.3 Synthesis of C6-C10 Fragment 238 

With the left fragment 236 in hand, synthesis of the RHS 238 began with the opening of 

(R)-propylene oxide using a Grignard derived vinylcuprate to give alcohol 245 (scheme 97). 

Protection of alcohol 245 gave alkene 246. Oxidative cleavage of the alkene was then required; 

whilst ozonolysis was considered, which would afford aldehyde 238 in one step, a two-step 

dihydroxylation/oxidative cleavage was used. Dihydroxylation of 246 proceeded in 85% yield 

to give 247, and oxidative cleavage cleanly provided aldehyde 238 on gram scale in 90% yield. 



 
 

 
 

H-6 

H-3 

H-6 

H-3 
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6.4 Coupling of 236 and 238 and Completion of the Synthesis of 254 

Coupling of alkyne 236 with aldehyde 238 was achieved through lithiation of the alkyne and 

afforded propargylic alcohol 239 as an inseparable mixture of diastereomers (scheme 98). 

Reduction of 239 using H2 and Lindlar’s catalyst gave allylic alcohol 249 in 91% yield, and at 

this stage the diastereomers were separable. From this stage the two diastereomers were 

carried through separately and it was necessary to assign the stereochemistry of each 

diastereomer. 

Previously Hornsby had prepared lactones (R)-240 and (S)-240 from (R)-250 and (S)-250 

(scheme 100), and had sought to determine the stereochemistry of the C-6 position by use of 

nuclear Overhauser effect (nOe) spectroscopy.172 The correlation relied upon was between 

3-H and 6-H upon irradiation of 6-H, however seven membered ring systems are not as rigid 

as some smaller rings, and the distance between these protons in each diastereomer would 

be unlikely to differ so significantly as to be able to conclusively assign which diastereomer 

was which.175-176 Furthermore, looking at the raw data there is an apparent correlation 

between 3-H and 6-H in both spectra, adding to the uncertainty. 

In order to assign the stereochemistry of the C-6 position the complementary (R)- and (S)- 

Mosher’s esters of one of the two (the less polar) diastereomers were prepared using Steglich 

conditions from the corresponding Mosher acids.177  
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Analysis of the resulting Mosher’s ester derivatives showed that only 4-H and 5-H displayed 

significant negative ΔδSR values, indicating that they are situated in R2, whilst 7-H, 8-H, 9-H and 

10-H showed significant positive ΔδSR values, indicating that they are situated in R1 (figure 22). 

Hence, the stereochemistry at C-6 in the less polar diastereomer of 248 was assigned as (R)-; 

this assignment was in agreement with Hornsby’s assignment on the basis of nOe studies. 

The PMP acetal of 248 was deprotected selectively using DIBAL, the selectivity being 

controlled by coordination of the aluminium to the least hindered oxygen of the acetal, 

affording 1,6-diols (R)-250 and (S)-250, oxidative lactonization of which under BAIB/TEMPO 

conditions gave lactones (R)-240 and (S)-240 (scheme 100).178-179 

     ΔδSR (δS-δR) 

  ΔS (ppm) ΔR (ppm)  ppm Hz 

       
5-H  5.22 5.34  -0.12 -48 

4-H  5.56 5.60  -0.04 -16 

OMe  3.26 3.27  -0.01 -4 

2-HH  1.03 1.03  -0.01 -4 

SiC(CH3)3  0.95 0.95  0.00 0 

1-HH  3.59 3.58  0.01 4 

3-H  4.72 4.71  0.01 4 

14-H  6.83 6.82  0.01 4 

SiCH3  0.03 0.02  0.01 4 

SiCH3  0.02 0.00  0.02 8 

1-HH  3.99 3.97  0.02 8 

2-HH  1.92 1.90  0.02 8 

7-HH  1.78 1.76  0.02 8 

13-H  7.65 7.62  0.03 12 

10-H  1.01 0.97  0.04 16 

11-H  5.51 5.47  0.04 16 

7-HH  1.69 1.64  0.05 20 

9-H  3.57 3.49  0.08 32 

8-H  1.42 1.32  0.10 40 
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With lactones (R)-240 and (S)-240 in hand, the next challenge was to open the lactone to give 

a thioester. Weinreb previously reported the conversion of esters to the corresponding 

thioesters using an organometallic reagent prepared from tert-butyl mercaptam and 

trimethylaluminium, which was applicable to the opening of 5- and 6-membered lactones.180 

Pleasingly, reaction of lactone (R)-240 under these conditions afforded tert-butyl thioester 

253 in 89% yield, which was oxidised cleanly to desired thioester substrate 254 using basified 

DMP conditions. 

 

6.5 Probing a Biomimetic Route to Tenuipyrone 

With a synthetic route to thioester 254 having been established, the key proposed biomimetic 

rearrangement to give tenuipyrone was investigated. All reactions were carried out on ~20 mg 

scale in order to maximise the scope of our investigations with the limited material available; 

d8-THF was chosen as the solvent for this as pyrone 210 showed very poor solubility in CH2Cl2, 

chloroform and methanol. We began with conditions analogous to those used by Tong in the 

key step of his total synthesis (scheme 88), addition of one equivalent of pyrone with 

Amberlyst-15 as an acidic catalyst at 40 °C (though THF was used as solvent instead of CH2Cl2 

for the above reasons).171 Though the starting material was completely consumed, an 

intractable complex mixture was formed. The use of Sc(OTf)3 as a Lewis acid to promote the 

reaction analogous to conditions used by Hornsby was also ineffective, returning starting 

material.172 Reaction of pyrone 210 with 254 under neutral conditions at 40 °C gave no 

reaction, however addition of triethylamine in order to investigate the effect of basic reaction 

conditions gave complete isomerisation of the enone to the more stable trans geometry in 16 
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hours. This was evident from the coupling between H-4 and H-5, 12 Hz in Z-254, changing to 

16 Hz in E-254 (scheme 102). 

This result was both encouraging and dispiriting; on one hand the isomerisation indicated that 

the enone was reactive towards nucleophiles by conjugate addition as we hoped, however it 

was also clear that pyrone 210 was not a good enough nucleophile to perform the addition. 

Hence a further biosynthetic pathway to tenuipyrone was proposed (scheme 103) Conjugate 

addition of an appropriate nucleophile into the enone could be followed by a Baylis-Hillman 

reaction into the reactive thioester, generating a structure reminiscent of 216 synthesised by 

Tong in his total synthesis of tenuipyrone (scheme 88).171 The nature of such a nucleophile 

was also intriguing, and two possibilities present themselves. Enzyme catalysed Baylis-Hillman 

type reactions are known, though the activity of the enzymes is of a promiscuous nature.181 



Studies Towards a Biomimetic Synthesis of Tenuipyrone 

 

91 
 

This possibility is of considerable interest as it would generate 267 (scheme 106), a 

differentially protected version of 216 used by Tong in the key step of his total synthesis. Proof 

that such a compound could be generated from an activated thioester akin to the growing 

polyketide chain in cephalosporolide B biosynthesis would lend significant weight to the as yet 

unsubstantiated claim by Tong et al. that their synthesis was biomimetic (Scheme 88).171 An 

alternative possibility can be seen when considering the work of Muller and Gokhale; a 

polyketide precursor to pyrone 210 itself (232) may be the nucleophile into a linear thioester 

224, and a series of cyclisations (the order and exact mechanism of which is undefined) would 

then afford tenuipyrone (Scheme 104).173-174 

In an effort to probe the reactivity of the enone further we investigated other nucleophiles 

known to undergo facile conjugate additions into α,β-unsaturated carbonyl compounds and 

effect organocatalytic Baylis-Hillman reactions.182-183 DABCO gave no isomerisation, even on 

prolonged heating and addition of Sc(OTf)3 to activate the enone. Tertiary phosphines are also 

known to be efficient organocatalysts for Baylis-Hillman reactions;184 upon use of Bu3P 

isomerisation was rapid, occurring completely in only 2 hours at 40 °C. Interestingly, upon 

further heating consumption of some of the isomerised material was observed, however 

extremely slowly and in low conversion; as such, isolation of this new product was not 

possible. 
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6.6 Modification of Thioester 

At this point the effect of the structure of the thioester chosen was considered. The tert-butyl 

thioester 254 had been prepared due to convenience, but we were concerned that the steric 

bulk of the thioester may have been inhibiting its reactivity and preventing cyclisation. Thus 

lactone (S)-240 was opened to the corresponding ethyl thioester 261 using ethanethiol in the 

presence of AlMe3, and oxidation of the resultant alcohol 262 was once again effected using 

DMP. Though yields were lower than with the corresponding tert-butyl thioester it is worth 

noting that the C-6 epimer of the lactone was used compared to the synthesis of the tert-butyl 

analogue. It was observed from the point at which the diastereomers were separable that the 

more polar diastereomer gave poorer yields at every stage, and was also less stable to storage, 

though it is not clear why this was the case. 

Ethyl thioester 262 was treated with tributylphosphine leading to rapid isomerisation, 

complete within two hours, however after heating for 16 h complete consumption of 

isomerised 262 was observed, with LCMS showing the formation of a major product with an 

m/z of 635 and a new peak appearing at ~8 ppm in the 1H NMR spectrum. 31P NMR also 

showed complete consumption of the Bu3P and a new peak at ~30 ppm, potentially indicative 

of a quaternary phosphonium salt. Assignment of the structure of the crude material was not 

possible, and neither attempts at isolation of such a salt nor chromatography provided any 

isolable products. Krafft has described the isolation of such intermediate phosphonium salts 

from a stepwise Morita-Bayliss-Hillman (MBH) reaction, and required the addition of strong 

base under phase transfer conditions to force elimination.185 Unfortunately, subjecting the 

crude product to these conditions did not give 267 as desired, nor was any starting material 
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recovered. Use of trimethylphosphine instead of PBu3 similarly gave full consumption of 

starting material, though no formation of the desired MBH adduct was observed. 

 

6.7 Conclusions and Future Work 

A robust synthetic route to open chain thioester analogues of cephalosporolide B has been 

established in 10 steps and 14.8% overall yield via a key ring opening of known lactone (R)-240 

using AlMe3 and the required thiol. It has been established that the enone moiety is reactive 

in a Michael acceptor fashion as would be required in the proposed biosynthesis by Asai, 

however it has been demonstrated that pyrone 210 itself is not a suitable nucleophile, casting 

some doubt on the proposed biosynthesis.165 
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Investigations are ongoing to establish whether these thioesters are precursors to 

tenuipyrone and will focus on the possibility of a Baylis-Hillman reaction either using an 

external catalytic nucleophile, imitating an enzymatic process, or using a linear thioester 

precursor to pyrone 210 (or a relevant model system) 
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7. Experimental 

7.1 General Experimental 

All reagents were sourced from commercial suppliers and were used without further 

purification unless stated otherwise. Unless otherwise stated all procedures were carried out 

using standard Schlenk syringe-septa techniques were used with flame dried glassware under 

a positive pressure of nitrogen and anhydrous solvents. Anhydrous THF, Et2O, hexane and 

DCM were dried by passing through a modified Grubbs system of alumina columns, 

manufactured by Anhydrous Engineering and stored over 3Å molecular sieves. All stated 

temperatures below ambient are the temperatures of the cooling baths, unless otherwise 

stated. Flash column chromatography was performed using silica gel 60 (Fisher Scientific or 

Aldrich) and a suitable eluent. TLC analysis was performed with aluminium backed silica TLC 

plates (Merck-Kieselgel 60 F254) with a suitable solvent system and was visualised using UV 

fluorescence (254 & 366 nm) and/or developed with potassium permanganate or vanillin 

solution. Infrared (IR) spectra were recorded on a Perkin Elmer Spectrum Two FT-IR 

spectrometer; signals are reported as broad (br), strong (s), medium (m) and weak (w) relative 

to the most intense peak; frequencies are reported in wavenumbers (cm-1). 1H and 13C NMR 

spectra were recorded using Jeol ECS 400 MHz, Varian 400-MR (400 MHz) or Bruker Advance 

III HD 500 Cryo (500 MHz) spectrometers at ambient temperature. Chemical shifts (δ) are 

quoted in parts per million (ppm) and coupling constants (J) are in hertz (Hz). Proton NMR 

multiplicities are reported as follows; s = singlet, d = doublet, t = triplet, q = quartet, m = 

multiplet, br = broad, or combinations thereof. Residual solvent peaks were used as the 

internal reference for proton and carbon chemical shifts. HRMS ESI were performed on either 

a Bruker Daltonics Apex 4, 7 Tesla FTICR or microTOF II. Samples were submitted in MeOH or 

DCM. Optical rotation was measured on a Bellingham and Stanley Ltd. ADP220 polarimeter 

and is quoted in (° ml)(g dm)-1. 

 

7.2 General Procedure for Biotransformations 

Agar was prepared and BL 21 mupW/mupZ (or mupZ as required) was inoculated into the agar, 

and incubated overnight at 37 °C. Auto-Induction Media (AIM) was prepared in 100 mL in two 
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flasks and were autoclaved prior to the growth of the expressed E. coli. To each of the flasks 

was added 2 mL of the culture containing the overnight expressed enzymes along with 100 µl 

carbenicillin and 100 µl kanamycin. The cultures were then incubated for 2.5 hours at 37 °C 

and the temperature was reduced to 18 °C and incubated overnight. For the 

biotransformation the culture was centrifuged, the biological material separated, and 

resuspended in buffer (5 mL, prepared from K2HPO4, KH2PO4 in 50 mL water to give pH 7.3). 

The reaction mixture (5 mL) contained 0.2 g/mL (cww) of cells overexpressing MupW and 

MupZ in 100 mM pH 7.3 potassium phosphate buffer and 20 mM glucose. Substrate was 

added as a solution in methanol (200 µL) and the reaction was shaken and incubated at 30 °C. 

Samples (1 mL) were taken at time points (as stated) if applicable, or run for 24 h, quenched 

by addition of an equal volume of acetonitrile, vortexed and centrifuged to separate the 

layers. The organic layer was pipetted off and evaporated under a flow of nitrogen to afford 

crude extract. This extract was analysed by 13C NMR (for labelled substrates) and HPLC-MS. 

The metabolites observed were analysed by comparison to NMR spectra and HPLC traces of 

the previously isolated metabolites (where available) but were not themselves isolated unless 

stated. 

Bioassays, and HPLC purification of metabolites from bioassays, were carried out in 

collaboration with L. Wang and/or Z. Song.  
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7.3 Mupirocin Experimental 

2,3-Acetonide of (3R,4S,5R)-5-(hydroxymethyl)tetrahydrofuran-2,3,4-triol (67) 

To a stirred suspension of D-ribose (7.50 g, 50.0 mmol) in reagent grade acetone (75 mL) was 

added concentrated sulfuric acid (225 µL, cat.) and the resulting solution stirred at room 

temperature for 2 h. The solution was neutralised with solid NaHCO3, filtered and the solvent 

removed in vacuo. The crude mixture was purified by flash column chromatography (silica, 50-

80% EtOAc in hexanes) affording the title compound as a viscous colourless oil (9.48 g, quant.). 

1H (400 MHz, CDCl3) δ 5.42 (1H, d, J 6.0, 1-H), 4.84 (1H, dd, J 6.0, 1.0, 4-H), 4.58 (1H, d, J 6.0, 

2-H), 4.41 (1H, t, J 3.0, 3-H), 3.80 – 3.66 (2H, m, 5-H2), 1.49 (3H, s, CH3), 1.32 (3H, s, CH3); 13C 

(101 MHz, CDCl3) δ 112.3 (C-1) , 103.2 (C(CH3)2), 88.0 (C-3), 87.0 (C-2), 81.8 (C-4), 63.8 (C-5), 

26.5 (CH3), 24.9 (CH3). Data are consistent with literature.114 

 

3,4-Acetonide of (3S,4S)-tetrahydrofuran-2,3,4-triol (68) 

To a stirred solution of lactol 67 (8.21g, 43.2 mmol) in reagent grade MeOH (53 mL) at 0 °C 

was added NaBH4 (2.45 g, 64.8 mmol) portionwise. The cooling bath was removed, and the 

reaction stirred at room temperature for 2 h. The solvent was removed in vacuo and the crude 

oil redissolved in a mixture of tBuOH (68 mL) and H2O (45 mL). To the stirred mixture was 

added NaIO4 (37.0 g, 173 mmol) portionwise. The mixture was stirred at room temperature 

for 14 h, diluted with DCM (150 mL), neutralised with solid NaHCO3 and filtered. The filtrate 

was extracted with DCM (3 × 50 mL), and the combined organic layers were dried with Na2SO4, 

filtered and concentrated in vacuo. The crude oil was purified by flash column 

chromatography (silica, 35-50% EtOAc in hexanes) affording the title compound as a clear 
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colourless oil (6.35 g, 92% over 2 steps). 1H (CDCl3, 400 MHz) δ 5.41 (1H, d, J 2.0, 2-H), 4.83 

(1H, dd, J 6.0, 3.5, 4-H), 4.57 (1H, d, J 6.0, 3-H), 4.07 (1H, dd, J 10.5, 3.5, 5-HH), 4.01 (1H, d, J 

10.5, 5-HH), 1.46 (3H, s, CH3), 1.31 (3H, s, CH3); 13C (CDCl3, 101 MHz) δ 112.4 (C(CH3)2), 102.0 

(C-2), 85.3 (C-3), 80.1 (C-4), 72.1 (C-5), 26.3 (CH3), 24.9 (CH3). Data are consistent with 

literature.114 

2,3-Acetonide of L-erythrono-1,4-lactone (69) 

To a stirred solution of lactol 68 (11.6 g, 72.1 mmol) in reagent grade chloroform (320 mL) was 

added a mixture of TEMPO (1.01 g, 6.49 mmol), NaHCO3 (9.08 g , 108 mmol), K2CO3 (1.49 g, 

10.8 mmol), and TBACl (1.80 mg, 6.49 mmol) in H2O (180 mL). NCS (17.3 g, 129.8 mmol) was 

added portionwise and the resulting solution stirred vigorously for 24 h. The reaction was 

quenched with sat. aq. Na2S2O3 (90 mL), separated, and the aqueous layer extracted with 

EtOAc (3 × 200 mL). The combined organic layers were dried with MgSO4, filtered and 

concentrated in vacuo. The crude oil was purified by flash column chromatography (silica, 30% 

EtOAc in hexanes) affording the title compound as crystalline white plates (9.35 g, 82%). M.p. 

62-64 °C (lit. 60-62 °C); [𝛼]𝐷
23 +124.0 (c 1.0, CHCl3), lit. [𝛼]𝐷

20 +118.0 (c 1.0, CHCl3); 1H (CDCl3, 

400 MHz) δ 4.88 (1H, dd, J 5.5, 4.0, 2-H), 4.74 (1H, d, J 5.5, 3-H), 4.47 (1H, d, J 11.0, 4-HH), 4.40 

(1H, dd, J 11.0, 4.0, 4-HH), 1.49 (3H, s, CH3), 1.40 (3H, s, CH3); 13C (CDCl3, 101 MHz) δ 174.1 

(C-1), 114.2 (C(CH3)2), 75.6 (C-2), 74.8 (C-3), 70.3 (C-4), 26.9 (CH3), 25.8 (CH3). Data are 

consistent with literature.114 
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13C 3,4-Acetonide of (3S,4S)-2-methyltetrahydrofuran-2,3,4-triol (71) 

Lithium wire (235 mg, 33.8 mmol) was added to a flame dried flask under nitrogen and washed 

with Et2O (2 × 7 mL) via syringe, the excess ether being removed. Et2O was added (7 mL) and 

the flask cooled to 0 °C. 13CH3I (775 µL, 12.5 mmol) in Et2O (7 mL) was added and the resulting 

suspension was stirred at 0 °C for 30 mins then warmed to room temperature and stirred for 

4.5 h. The resulting methyllithium solution was used assuming a concentration of 1.25 M. To 

a stirred solution of lactone 69 (1.56 mg, 9.86 mmol) in anhydrous THF (30 mL) at −78 °C was 

added methyllithium (1.25 M, 8.72 mL, 10.9 mmol) and the resulting solution stirred for 3 h 

at the same temperature. The reaction was quenched with sat. aq. NH4Cl (30 mL) and 

extracted with EtOAc (3 × 30 mL). The combined organic layers were dried with MgSO4, filtered 

and concentrated in vacuo. The crude oil was purified by flash column chromatography (silica, 

20-35% EtOAc in hexanes) affording the title compound as an amorphous white solid (1.58 mg, 

92%). Mp 85-88 °C; 1H (CDCl3, 400 MHz) δ 4.86 (1H, dd, J 6.0, 4.0, 3-H), 4.41 (1H, d, J 6.0, 2-H), 

4.01 (1H, dd, J 10.5, 4.0, 4-HH), 3.92 (1H, d, J 10.5, 4-HH), 2.09 (1H, s, OH), 1.54 (3H, d, J 127.5, 

5-13CH3), 1.48 (3H, s, C(CH3)2), 1.33 (3H, s, C(CH3)2); 13C (CDCl3, 101 MHz) δ 112.6 (C(CH3)2), 

106.4 (C-1), 85.1 (d, J 2.0, C-2), 81.0 (C-3), 71.2 (d, J 3.0, C-4), 26.5 (CH3), 25.1 (CH3), 22.6 

(enhanced, C5); HRMS (ESI+) calculated for C7
13CH14O4Na 198.0818, found 198.0825. 
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13C 2,3-Acetonide of (2S,3R)-4-methylpent-4-ene-1,2,3-triol (72) 

To a suspension of methyltriphenylphosphonium iodide (9.72 g, 27.2 mmol) in anhydrous THF 

(40 mL) at −78 °C was added dropwise nBuLi (1.52 M, 17.9 mL, 27.2 mmol). The reaction was 

stirred at 0 °C for 30 mins, then cooled to −78 °C. Lactol 71 (1.58 g, 9.07 mmol) in anhydrous 

THF (10 mL) was added dropwise, and the reaction was stirred at the same temperature for 1 

h, then heated to reflux for 24 h. The reaction was then cooled to room temperature and 

quenched with water (30 mL). The phases were separated and the aqueous layer extracted 

with EtOAc (3 × 40 mL). The combined organic layers were washed with brine (30 mL), dried 

with MgSO4, filtered and concentrated in vacuo. The crude oil was purified by flash column 

chromatography (silica, 20-30% EtOAc in petrol) affording the title compound as a clear 

colourless oil (1.41 g, 90%).[𝛼]𝐷
23  −84.0 (c 1.0, CHCl3); 1H (CDCl3, 400 MHz) δ 5.10 (1H, app. d, 

J 11.0, 5-HH), 4.95 (1H, app. d, J 6.5, 5-HH), 4.59 (1H, d, J 6.5, 3-H), 4.26 (1H, ddd, J 8.0 6.5, 4.5, 

2-H), 3.52 – 3.38 (2H, m, 1-H2), 2.06 (1H, s, OH), 1.73 (3H, d, J 126.7, 4-CH3), 1.50 (3H, s, CH3), 

1.38 (3H, s, CH3); 13C (CDCl3, 101 MHz) δ 139.7 (d, J 43.0, C-4), 112.3 (d, J 2.0, 5-C), 108.8 

(C(CH3)2), 79.3 (d, J 5.5, C-3), 77.8 (C-2), 62.2 (C-1), 25.6 (CH3), 22.4 (CH3), 20.2 (enhanced, 

4-CH3); HRMS (ESI+) calculated for C8
13CH16O3Na 196.1025, found 196.1020; νmax (CDCl3)/cm-1 

3427 (br, m), 2986 (w), 2935 (w), 1370 (m), 1242 (m), 1212 (m), 1039 (s), 900 (m), 733 (m). 

 

13C 2,3-Acetonide of (2S,3R)-1-(4-methoxybenzyloxy)-4-methylpent-4-ene-2,3-diol (73) 

Sodium hydride (60% in mineral oil, 358 mg, 8.95 mmol) was suspended in anhydrous THF (12 

mL) and anhydrous DMSO (16 mL), and cooled to 0 °C. Alcohol 72 (1.41 g, 8.14 mmol) in 

anhydrous THF (4 mL) was added dropwise and the resulting suspension was stirred at the 
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same temperature for 1 h. TBAI (299 mg, 0.81 mmol) and PMBCl (1.21 mL, 8.95 mmol) were 

added and the reaction was allowed to warm to room temperature slowly over 16 h. The 

reaction was quenched by addition of sat. aq. NH4Cl (20 mL), the layers were separated, and 

the aqueous layer was extracted with EtOAc (3 × 30 mL). The combined organic layers were 

washed with water (4 × 30 mL), dried with MgSO4, filtered and concentrated in vacuo. The 

crude oil was purified by flash column chromatography (silica, 5-20% EtOAc in petrol) affording 

the title compound (2.14 g, 90%) as a clear colourless oil. [𝛼]𝐷
23  − 20.0 (c 0.65, CHCl3); 1H 

(CDCl3, 400 MHz) δ 7.24 (2H, d, J 9.0, 9-H2), 6.86 (2H, d, J 9.0, 10-H2), 5.07 (1H, ddt, J 11.0, 2.0, 

1.0, 5-HH), 4.93 (1H, dtd, J 6.0, 1.5, 1.0, 5-HH), 4.64 – 4.56 (1H, m, 3-H), 4.47 (1H, d, J 11.5, 

7-HH), 4.42 – 4.37 (2H, m, 7-HH, 2-H), 3.80 (3H, s, OMe), 3.37 (1H, d, J 1.5, 1-HH), 3.36 (1H, d, 

J 0.5, 1-HH), 1.72 (3H, d, J 126.5, 6-H3), 1.49 (3H, d, J 1.0, C(CH3)2), 1.38 (3H, d, J 0.5, C(CH3)2); 

13C (CDCl3, 101 MHz) δ 159.2 (C-11), 140.4 (d, J 43.0, C-4), 130.2 (C-8), 129.4 (C-9), 113.7 (C-5), 

112.1 (C-10), 108.4 (C(CH3)2), 79.8 (d, J 5.0, C-3), 76.7 (C-2), 72.9 (C-7), 69.4 (C-1), 55.3 (OMe), 

27.5 (CH3), 25.3 (CH3), 20.2 (C-6); HRMS (ESI+) calculated for C16
13CH24O4Na 316.1600, found 

316.1603; νmax (CDCl3)/cm-1 2988 (w), 2935 (w), 2862 (w), 2250 (w), 1512 (m), 1246 (m), 907 

(s), 730 (s).  

 

Methyl (2S,3S)-3-(tert-butyldimethylsilyloxy)-2-methylbutanoate (75) 

To a stirred solution of DIPA (7.47 mL, 53.3 mmol) in anhydrous THF (50 mL) at −78 °C was 

added dropwise nBuLi (1.25 M, 53.3 mmol), following which the solution was stirred for 1 h at 

the same temperature. Methyl (S)-3-hydroxybutyrate 64 (3.00 g, 25.4 mmol) in anhydrous THF 

(10 mL) was added dropwise at −78 °C, after which the cooling bath was removed and the 

solution stirred at room temperature for 20 mins. The solution was then cooled again to −78 

°C, and iodomethane (1.98 mL, 31.8 mmol) was added dropwise. The solution was warmed to 

0 °C and stirred at this temperature for 3 h, and then quenched by addition of HCl (6 M aq., 20 

mL). The layers were separated and the aqueous layer extracted with Et2O (3 × 70 mL). The 

combined organic layers were dried with MgSO4, filtered, and concentrated in vacuo. The 
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crude oil was redissolved in anhydrous DCM (90 mL) and DMAP (312 mg, 2.55 mmol), 

imidazole (2.60 g, 38.1 mmol) and TBSCl (6.90 g, 46.8 mmol) were added. The solution was 

stirred for 16 h before being quenched with water (50 mL). The layers were separated and the 

aqueous layer extracted with DCM (3 × 100 mL). The combined organic layers were dried with 

MgSO4, filtered, and concentrated in vacuo. The crude oil was purified by flash column 

chromatography (silica, 5-20% EtOAc in petrol) affording the title compound (5.27 g, 86%) as 

a clear colourless oil. [𝛼]𝐷
23 + 34.0 (c 1.25, CHCl3), lit. [𝛼]𝐷

24 + 42.0 (c 1.25, CHCl3); 1H (CDCl3, 

400 MHz) δ 4.00 (1H, dq, J 7.0, 6.0, 3-H), 3.66 (3H, s, OMe), 2.49 (1H, p, J 7.0, 2-H), 1.12 (3H, 

d, J 6.0, 4-H3), 1.08 (3H, d, J 7.0, 5-H3), 0.85 (9H, s, SiC(CH3)3), 0.05 (3H, s, SiCH3), 0.02 (3H, s, 

SiCH3); 13C (CDCl3, 101 MHz) δ 175.7 (C-1), 70.3 (C-3), 51.5 (OMe), 48.3 (C-2), 25.9 (SiC(CH3)3), 

20.7 (C-4), 18.0 (SiC(CH3)3), 12.9 (C-5), −4.2 (SiCH3), −5.0 (SiCH3). Data are consistent with 

literature.115  

NB: After alkylation, product alcohol is volatile, and care should be taken not to heat water 

bath when evaporating solvent to avoid loss of product. 

 

(2R,3S)-3-(tert-Butyldimethylsilyloxy)-2-methylbutan-1-ol (76) 

To a stirred solution of ester 75 (1.50 g, 6.09 mmol) in anhydrous DCM (40 mL) at −78 °C was 

added dropwise DIBAL (1 M in hexanes, 12.8 mL). The resulting solution was warmed to room 

temperature and stirred for 2 h. The reaction was quenched by addition of sat. aq. Rochelle’s 

salt (40 mL) and the resulting biphasic solution was stirred overnight so that two distinct layers 

could be observed. The layers were separated and the aqueous extracted with DCM (3 × 50 

mL). The combined organic layers were dried with MgSO4, filtered, and concentrated in vacuo. 

The crude oil was purified by flash column chromatography (silica, 5-20% EtOAc in petrol) 

affording the title compound (1.33 g, quant.) as a clear colourless oil. [𝛼]𝐷
23 + 13.0 (c 1.0, 

CHCl3), lit. [𝛼]𝐷
24 + 18.0 (c 1.0, CHCl3); 1H (CDCl3, 400 MHz) δ 3.86 – 3.69 (2H, m, 1-HH, 3-H), 

3.59 – 3.52 (1H, m, 1-HH), 2.84 (1H, t, J 5.0, OH), 1.60 (1H, qddd, J 7.0, 6.5, 5.5, 3.5, 2-H), 1.21 

(3H, d, J 6.5, 4-H), 0.97 (3H, d, J 7.0, 2-CH3), 0.90 (9H, s, SiC(CH3)3), 0.09 (3H, s, Si(CH3)2), 0.09 
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(3H, s, Si(CH3)2); 13C (CDCl3, 101 MHz) δ 74.2 (C-3), 66.0 (C-1), 41.9 (C-2), 26.0 (SiC(CH3)3), 22.3 

(C-4), 18.1 (SiC(CH3)3), 14.8 (2-CH3), −4.1 (SiCH3), −4.8 (SiCH3). Data are consistent with 

literature.115 

 

(2S,3S)-3-(tert-Butyldimethylsilyloxy)-2-methylbutanal (77) 

To a stirred solution of alcohol 76 (2.00 g, 9.17 mmol) in DCM (40 mL) was added DMP (4.28 

g, 10.1 mmol) in one portion. The reaction was stirred at the same temperature for 3 h before 

being quenched by addition of sat. aq. NaHCO3 (20 mL), sat. aq. Na2S2O3 (20 mL) and H2O (20 

mL). The layers were separated and the aqueous layer was extracted with DCM (3 × 50 mL). 

The combined organic layers were dried with MgSO4, filtered, and the solvent removed in 

vacuo. The crude mixture was purified by flash column chromatography (silica, 30% EtOAc in 

petrol) affording the title compound (1.98 g, quant.) as a clear colourless oil. 1H (CDCl3, 400 

MHz) δ 9.75 (1H, d, J 2.5, 1-H), 4.03 (1H, p, J 6.0, 3-H), 2.37 (1H, qdd, J 7.0, 6.0, 2.5, 2-H), 1.21 

(3H, d, J 6.0, 4-H3), 1.07 (3H, d, J 7.0, 2-CH3), 0.87 (9H, s, SiC(CH3)3), 0.07 (3H, s), 0.05 (3H, s); 

13C (CDCl3, 101 MHz) δ 205.3 (C-1), 70.0 (C-3), 53.8 (C-2), 25.9 (SiC(CH3)3), 21.9 (C-4), 18.1 

(SiC(CH3)3), 10.8 (2-CH3), −4.0 (SiCH3), −4.8 (SiCH3). Data are consistent with literature.115 

 

(4S,3R,1E)-4-(tert-Butyldimethylsilyloxy)-1-iodo-3-methylpent-1-ene (44) 

Method 1 

To a well stirred suspension of CrCl2 (4.06 g, 33.0 mmol) and CHI3 (3.10 g, 7.88 mmol) in THF 

(10 mL) at 0 °C was added dropwise a solution of aldehyde 77 (790 mg, 3.65 mmol) in THF (15 

mL). The resulting solution was stirred at 0 °C for 20 mins, followed by 2 hours at room 

temperature, before being quenched with sat. aq. sodium thiosulfate (15 mL) and stirred for 
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30 mins. The mixture was extracted with Et2O (3 × 30), and the combined organic layers were 

dried with MgSO4, filtered, and concentrated in vacuo. The crude oil was purified by flash 

column chromatography (silica, petrol) affording the title compound (660 mg, 53%) as a clear 

yellow oil. [𝛼]𝐷
23 + 16.0 (c 1.0, CHCl3), lit. [𝛼]𝐷

20 + 17.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) 

δ 6.48 (1H, ddd, J 14.5, 8.5, 1.5, 1-H), 6.05 – 5.92 (1H, m, 2-H), 3.69 – 3.60 (1H, m, 4-H), 2.31 – 

2.08 (1H, m, 3-H), 1.07 (3H, d, J 6.0, 5-H3), 0.98 (3H, dd, J 7.0, 3-CH3), 0.89 (9H, s, SiC(CH3)3), 

0.04 (6H, s, Si(CH3)2); 13C (CDCl3, 101 MHz) δ 149.2 (C-2), 74.9 (C-1), 71.3 (C-4), 48.5 (C-3), 26.0 

(SiC(CH3)3), 21.4 (C-5), 18.2 (SiC(CH3)3), 15.9 (3-CH3), −4.2 (SiCH3), −4.6 (SiCH3). Data are 

consistent with literature.115 

Method 2 

To a stirred solution of alkyne 78 (75 mg, 0.35 mmol) in DCM (2.5 mL) at room temperature 

was added bis(cyclopentadienyl)zirconium(IV) chloride hydride (137 mg, 0.53 mmol), and the 

resulting solution was stirred at the same temperature for 30 mins. NIS (159 mg, 0.71 mmol) 

was added and the solution stirred at room temperature for 30 mins. The reaction was 

quenched by the addition of sat. aq. NaHCO3 (5 mL). The layers were separated and the 

aqueous extracted with Et2O (3 × 5 mL), the combined organic layers were dried with MgSO4, 

filtered, and the solvent removed in vacuo. The crude mixture was purified by flash column 

chromatography (silica, petrol) affording the title compound as a colourless oil (85 mg, 71%). 

Data as previously 
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Method 3 

To a stirred suspension of CrCl3.3THF (150 mg, 0.40 mmol), Zn dust (785 mg, 12.0 mmol) and 

NaI (300 mg, 2.00 mmol) in degassed dioxane (20 mL) at room temperature was added TMSCl 

(1.52 mL, 12.0 mmol). The reaction was stirred at the same temperature for 40 mins, following 

which a solution of aldehyde 77 (433 mg, 2.00 mmol) and CHI3 (1.57 g, 4.00 mmol) in degassed 

dioxane (20 mL) was added over 4 h, then sat. aq. Na2S2O3 (20 mL) and H2O (20 mL) was added 

and the reaction stirred for 20 mins. The reaction was diluted with hexane, the layers were 

separated and the aqueous layer extracted with hexane (3 × 30 mL), the combined organic 

layers were dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture 

was purified by flash column chromatography (silica, petrol) affording the title compound as 

a colourless oil (461 mg, 68%). Data as previously. 

NB: yields were reproducible on this scale, whilst upon doubling they varied between 45-63%. 

Zn dust was freshly prepared by washing sequentially with HCl (2 N aq.) twice, H2O twice, 

ethanol twice, and Et2O twice before thorough drying under vacuum. 

 

(2S,3R)-2-(tert-Butyldimethylsilyloxy)-5,5-dibromo-3-methylpent-4-ene (79) 

 To a stirred suspension of dibromomethyltriphenylphosphonium bromide (474 mg, 0.92 

mmol) in THF (4 mL) at 0 °C was added KOtBu (99 mg, 0.88 mmol). The reaction was stirred at 

the same temperature for 5 mins before aldehyde 77 (100 mg, 0.46 mmol) in THF (1 mL) was 

added. The reaction was stirred at room temperature for 10 mins before being quenched with 

H2O (5 mL). The layers were separated, and the aqueous layer extracted with DCM (3 × 5 mL). 

The combined organic layers were dried with MgSO4, filtered, and the solvent removed in 

vacuo. The crude residue was purified by flash column chromatography (silica, petrol) 
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affording the title compound as a colourless oil (134 mg, 78%).  [𝜶]𝑫
𝟐𝟑 − 𝟒. 𝟎 (c 1.0, CHCl3); 1H 

NMR (CDCl3, 400 MHz) δ 6.34 (1H, d, J 10.0, 4-H), 3.74 (1H, qd, J 6.0, 4.0, 2-H), 2.45 (1H, dqd, 

J 10.0, 7.0, 4.0, 3-H), 1.09 (3H, d, J 6.0, 1-H3), 1.00 (3H, d, J 7.0, 3-CH3), 0.89 (9H, s, SiC(CH3)3), 

0.05 (6H, s, (SiCH3)2); 13C NMR (CDCl3, 101 MHz) δ 141.1 (C-4), 88.2 (C-5), 70.9 (C-2), 46.0 (C-3), 

26.0 (SiC(CH3)3), 21.8 (C-1), 18.2 (SiC(CH3)3), 15.9 (3-CH3), −4.2 (SiCH3), −4.7 (SiCH3); HRMS (ESI+ 

or APCI+) did not fly; νmax (CDCl3)/cm-1 2957 (m), 2929 (m), 2857 (w), 1462 (w), 1375 (w), 1256 

(m), 1031 (m), 837 (s), 772 (s). 

 

(2S,3R)-2-(tert-Butyldimethylsilyloxy)-3-methylpent-4-yne (78) 

To a stirred solution of dibromide 79 (164 mg, 0.44 mmol) in Et2O (2 mL) at −78 °C was added 

nBuLi (2.5 M in hexanes, 390 µL, 0.97 mmol). The resulting solution was stirred at the same 

temperature for 50 mins before the cooling bath was removed and being allowed to warm to 

room temperature over 30 mins. The reaction was once again cooled to −78 °C before being 

quenched by addition of sat. aq. NH4Cl (5 mL). The layers were separated and the aqueous 

extracted with Et2O (3 × 5 mL), the combined organic layers were dried with MgSO4, filtered, 

and the solvent removed in vacuo. The crude mixture was purified by flash column 

chromatography (silica, petrol) affording the title compound as a colourless oil (75 mg, 80%). 

 [𝛼]𝐷
23 + 10.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 3.87 (1H, qd, J 6.0, 4.5, 2-H), 2.50 (1H, 

qdd, J 7.0, 4.5, 2.5, 3-H), 2.04 (1H, d, J 2.5, 5-H), 1.18 (3H, d, J 6.0, 1-H3), 1.15 (3H, d, J 7.0, 

3-CH3), 0.89 (9H, s, SiC(CH3)3), 0.06 (3H, s, SiCH3), 0.06 (3H, s, SiCH3); 13C NMR (CDCl3, 101 MHz) 

δ 87.0 (C-4), 70.5 (C-2), 69.6 (C-5), 33.8 (C-3), 26.0 (SiC(CH3)3), 19.8 (C-1), 18.2 (SiC(CH3)3), 15.2 

(3-CH3), −4.4 (SiCH3), −4.7 (SiCH3); HRMS (APCI+) calculated for C12H24OSiNa 213.1669, found 

213.1660; νmax (CDCl3)/cm-1 3314 (s), 2956 (m), 2930 (m), 2858 (m), 1463 (m), 1375 (m), 1255 

(m), 1104 (s), 831 (s), 773 (s). 
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9-(4-Methoxybenzyloxy)nonan-1-ol (83) 

To a suspension of NaH (0.50 g, 12.4 mmol) in anhydrous THF (22 mL) and anhydrous DMSO 

(22 mL) at 0 °C was added 1,9-nonanediol (5.40 g, 33.7 mmol). The mixture was stirred at 0 °C 

for 1 hour, followed by addition of TBAI (0.40 g, 1.12 mmol) and PMBCl (1.50 mL, 11.2 mmol). 

The resulting solution was stirred at room temperature for 16 hours before it was quenched 

by addition of sat. aq. NH4Cl (20 mL). The layers were separated, and the aqueous layer 

extracted with EtOAc (3 × 30 mL). The combined organic layers were dried with MgSO4, 

filtered, and concentrated in vacuo. The crude oil was purified by flash column 

chromatography (silica, 30-50% EtOAc in petrol) affording the title compound (2.52 g, 80%) as 

a clear colourless oil. 1H NMR (CDCl3, 400 MHz) δ 7.26 (2H, d, J 9.0, Ar-H), 6.87 (2H, d, J 9.0, 

Ar-H), 4.43 (2H, s, OCH2Ar), 3.80 (3H, s, OMe), 3.62 (2H, t, J 6.5, CH2OH), 3.43 (2H, t, J 6.5, 

CH2OPMB), 1.65 – 1.50 (4H, m, 2 × CH2), 1.40 – 1.25 (10H, m, 5 × CH2); 13C NMR (CDCl3, 101 

MHz) δ 159.2 (Ar-C), 130.9 (Ar-C), 129.3 (Ar-C), 113.9 (Ar-C), 72.6 (OCH2Ar), 70.3 (CH2OPMB), 

63.2 (CH2OH), 55.4 (OMe), 32.9 (CH2), 29.9 (CH2), 29.7 (CH2), 29.5 (CH2), 29.5 (CH2), 26.3 (CH2), 

25.8 (CH2). Data are consistent with literature.186 

 

9-(4-Methoxybenzyloxy)nonyl 3-methylbut-2-enoate (84) 

To a stirred solution of 3,3-dimethylacrylic acid (1.44g, 14.4 mmol) in anhydrous DCM (30 mL) 

at 0 °C was added DMAP (220 mg, 1.80 mmol), DCC (2.97 g, 14.4 mmol) and alcohol 83 (2.50 g, 

8.92 mmol). The resulting solution was stirred at room temperature for 16 hours before being 

filtered through Celite®. The solution was concentrated in vacuo and the crude oil was purified 

by flash column chromatography (silica, 15% EtOAc in petrol) affording the title compound 
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(3.07 g, 95%) as a clear colourless oil. 1H NMR (CDCl3, 400 MHz) δ 7.26 (2H, d, J 8.5, Ar-H), 6.87 

(2H, d, J 8.5, Ar-H), 5.77 – 5.54 (1H, m, 2-H), 4.43 (2H, s, OCH2Ar), 4.07 (2H, t, J 6.5, CO2CH2), 

3.80 (3H, s, OMe), 3.43 (2H, t, J 6.5 CH2OPMB), 2.16 (3H, d, J 1.5, 4-H3 or 5-H3), 1.89 (3H, d, J 

1.5, 4-H3 or 5-H3), 1.69 – 1.53 (4H, m, 2 × CH2), 1.44 – 1.24 (10H, m, 5 × CH2); 13C NMR (CDCl3, 

101 MHz) δ 167.0 (C-1), 159.2 (Ar-C), 156.4 (C-3), 130.9 (Ar-C), 129.4 (Ar-C), 116.3 (C-2), 113.9 

(Ar-C), 72.6 (OCH2Ar), 70.3 (CH2OPMB), 63.8 (CO2CH2), 55.4 (OMe), 29.9 (CH2), 29.6 (CH2), 29.5 

(CH2), 29.4 (CH2), 28.9 (CH2), 27.5 (C-4 or C-5), 26.3 (CH2), 26.1 (CH2), 20.3 (C-4 or C-5). Data 

are consistent with literature.115 

 

TBS Silyl Dienol Ether (65) 

To a stirred solution of DIPA (140 µL, 1.02 mmol) in THF (3 mL) at −78 °C was added dropwise 

nBuLi (1.45 M, 700 µL, 1.02 mmol), following which the solution was stirred for 1 h at the same 

temperature. The solution was cooled again to −78 °C and ester 84 (300 mg, 0.83 mmol) in 

THF (2 mL) was added dropwise. The resulting solution was stirred at the same temperature 

for 15 mins before TMSCl (137 µL, 1.08 mmol) was added. The solution was stirred at −78 °C 

for 30 mins, followed by 1.5 h at room temperature. The reaction was diluted with pentane (3 

mL) and the supernatant removed by pipette and concentrated in vacuo. The crude oil was 

redissolved in pentane (3 mL) and filtered. The filtrate was concentrated in vacuo to give crude 

ether 65 (345 mg, 91%) which was used without further purification and used immediately 

due do instability. 1H NMR (CDCl3, 400 MHz) δ 7.26 (2H, d, J 8.5, Ar-H), 6.88 (2H, d, J 8.5, Ar-H), 

4.77 (1H, m, 4-HH), 4.52 (1H, m, 4-HH), 4.43 (2H, s, OCH2Ar), 4.23 (1H, s, 2-H), 3.80 (3H, s, 

OMe), 3.71 (2H, t, J 6.5, CO2CH2), 3.43 (2H, t, J 6.5, CH2OPMB), 1.92 (3H, s, 5-CH3), 1.70 – 1.54 

(4H, m, 2 × CH2), 1.43 – 1.26 (10H, m, 5 × CH2), 0.24 (9H, s, Si(CH3)3). Data are consistent with 

literature.115  
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9-(tert-Butyldimethylsilyloxy)nonan-1-ol (85) 

To a stirred solution of 1,9-nonanediol 82 (12.0 g, 74.9 mmol) in DCM (150 mL) at room 

temperature was added TBSCl (3.75 g, 24.9 mmol) and imidazole (4.67 g, 68.6 mmol). The 

reaction was stirred at the same temperature for 16 h before being quenched with H2O (100 

mL). The layers were separated and the aqueous layer extracted with DCM (3 × 100 mL). The 

combined organic layers were dried with MgSO4, filtered, and the solvent removed in vacuo. 

The crude mixture was purified by flash column chromatography (silica, 20% EtOAc in petrol) 

affording the title compound as a colourless oil (5.00 g, 73%). 1H NMR (CDCl3, 400 MHz) δ 3.61 

– 3.57 (2H, m, 1-H2), 3.55 (2H, t, J 6.5, 9-H2), 1.56 – 1.49 (2H, m, 2-H2), 1.49 – 1.42 (2H, m, 

8-H2), 1.32 – 1.22 (10H, m, 5 × CH2), 0.85 (9H, s, SiC(CH3)3), 0.00 (6H, s, Si(CH3)2); 13C NMR 

(CDCl3, 101 MHz) δ 63.5 (C-9), 63.2 (C-1), 33.0 (C-8), 32.9 (C-2), 29.7 (CH2), 29.5 (CH2), 29.5 

(CH2), 26.1 (SiC(CH3)3), 25.9 (CH2), 25.9 (CH2), 18.5 (SiC(CH3)3), −5.1(Si(CH3)2). Data are 

consistent with literature.187  

 

9-(tert-Butyldimethylsilyloxy)nonyl 3-methylbut-2-enoate (86) 

To a stirred solution of alcohol 85 (2.00 g, 7.30 mmol) in DCM (40 mL) at room temperature 

was added in one portion 3,3-dimethylacrylic acid (1.17 g, 11.7 mmol), DCC (2.41 g, 11.7 

mmol), and DMAP (178 mg, 1.46 mmol). The reaction was stirred at the same temperature for 

16 h before being quenched with H2O (50 mL). The layers were separated and the aqueous 

layer extracted with DCM (3 × 50 mL). The combined organic layers were dried with MgSO4, 

filtered, and the solvent removed in vacuo. The crude mixture was purified by flash column 

chromatography (silica, 10% EtOAc in petrol) affording the title compound as a colourless oil 

(2.60 g, quant.). 1H NMR (CDCl3, 400 MHz) δ 5.67 (1H, p, J 1.5, 2-H), 4.07 (2H, t, J 6.5, 1’-H2), 
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3.59 (2H, t, J 6.5, 9’-H2), 2.16 (3H, d, J 1.5, CH3), 1.88 (3H, d, J 1.5, CH3), 1.65 – 1.60 (2H, m, 

2’-H2), 1.50 (2H, p, J 7.0, 8-H2), 1.37 – 1.26 (10H, m, 5 × CH2), 0.89 (9H, s, SiC(CH3)3), 0.04 (6H, 

s, Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 167.0 (C-1), 156.4 (C-3), 116.3 (C-2), 63.8 (C-1’), 63.4 

(C-9’), 33.0 (C-8’), 29.7 (CH2), 29.5 (CH2), 29.4 (CH2), 28.9 (C-2’), 27.5 (CH3), 26.2 (SiC(CH3)3), 

26.1 (CH2), 25.9 (CH2), 20.3 (CH3), 18.5 (SiC(CH3)3), −5.1 (Si(CH3)2); HRMS (ESI+) calculated for 

C20H40NaO3Si (M+Na+) 379.2639, found 379.2654; νmax (CDCl3)/cm-1 2929 (m), 2856 (m), 1720 

(m), 1656 (w), 1462 (w), 1254 (w), 1227 (m), 1147 (s), 1098 (m), 835 (m), 775 (m). 

 

TBS Silyl dienol ether (87) 

To a stirred solution of DIPA (210 µL, 1.50 mmol) in anhydrous THF (4 mL) at 0 °C was added 

dropwise nBuLi (2.27 M, 661 µL, 1.50 mmol), following which the solution was stirred for 30 

mins at the same temperature. The solution was cooled to −78 °C and ester 86 (357 mg, 1.00 

mmol) in THF (4 mL) was added dropwise. The resulting solution was stirred at the same 

temperature for 15 mins before TMSCl (165 µL, 1.30 mmol) was added. The solution was 

stirred at −78 °C for 30 mins, followed by 1 h at room temperature. The reaction was diluted 

with pentane (10 mL) and the supernatant removed by pipette and concentrated in vacuo. 

The crude oil was redissolved in pentane (5 mL) and filtered. The filtrate was concentrated in 

vacuo to give crude ether 87 (410 mg, 91%) which was used without further purification and 

used immediately due to instability. 1H NMR (CDCl3, 400 MHz) δ 4.76 (1H, d, J 3.0, 4-HH), 4.52 

(1H, dq, J 3.0, 1.5, 4-HH), 4.23 (1H, s, 2-H), 3.71 (2H, t, J 6.5, 1’-H2), 3.60 (2H, t, J 6.5, , 9’H2), 

1.92 (3H, dd, J 1.5, 1.0, 3-CH3), 1.70 – 1.62 (2H, m, CH2), 1.51 (2H, t, J 6.5, CH2), 1.43 – 1.27 

(10H, m, , 5 × CH2), 0.89 (9H, s, SiC(CH3)3), 0.24 (9H, s, Si(CH3)3), 0.05 (6H, s, Si(CH3)2). 
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8,9-Acetonide of (2S,3R,7R,8R,9S,4E)-2-(tert-butyldimethylsilyloxy)-3,7-dimethyl-10-(4-

methoxybenzyloxy)dec-4-ene (89) 

To a stirred solution of alkene 73 (467 mg, 1.60 mmol) in degassed anhydrous THF (7.5 mL) at 

−78 °C was added a solution of 9-BBN (0.5 M in THF, 6.40 mL, 3.20 mmol). The resulting 

solution was stirred at room temperature for 16 hours before being quenched with degassed 

water (7.5 mL) and stirred for 1 hour. In a separate flask vinyl iodide 44 (453 mg, 1.33 mmol) 

was dissolved in degassed DMF (9 mL), and CsCO3 (1.56 g, 4.80 mmol), Pd(dppf)Cl2 (234 mg, 

0.32 mmol) and AsPh3 (98 mg, 0.32 mmol) were added and stirred for 10 mins. The borane 

solution was added to this mixture and stirred at room temperature for 8 hours, before being 

quenched by addition of water (10 mL). The mixture was filtered through Celite® and extracted 

with Et2O (3 × 30 mL). The combined organic layers were dried with MgSO4, filtered, and 

concentrated in vacuo. The crude oil was purified by flash column chromatography (silica, 15% 

EtOAc in petrol) affording the title compound (430 mg, 64%) as a clear colourless oil. [𝛼]𝐷
23 −

13.0 (c 1.0, CHCl3); 1H (CDCl3, 400 MHz) δ 7.26 (1H, d, J 8.5, 13-H2), 6.87 (1H, d, J 8.5, 14-H2), 

5.51 – 5.27 (2H, m, 7-H, 6-H), 4.49 (2H, s, 11-H2), 4.21 (1H, dt, J 7.0, 5.0, 2-H), 3.80 (4H, m, 

OMe, 3-H), 3.69 (1H, qd, J 6.0, 4.0, 9-H), 3.52 (1H, dd, J 10.0, 5.0, 1-HH), 3.39 (1H, dd, J 10.0, 

7.0, 1-HH), 2.35 (1H, m, 5-HH), 2.15 (1H, m, 8-H), 1.91 (1H, m, 5-HH), 1.66 (1H, m, 4-H), 1.41 

(3H, s, CH3), 1.32 (3H, s, CH3), 1.04 (1H, d, J 6.0, 10-H3), 0.97 (1H, d, J 7.0, 8-CH3), 0.88 (9H, s, 

SiC(CH3)3), 0.86 (3H, dd, J 126, 6.5, 4-CH3), 0.03 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 

159.3 (C-15), 135.1 (C-7), 130.4 (C-12), 129.5 (C-13), 127.1 (C-6), 113.9 (C-14), 107.9 (C(CH3)2), 

81.5 (d, J 2.0, C-3), 76.6 (C-2), 73.2 (C-13), 72.1 (C-9), 69.2 (C-1), 55.4 (OMe), 44.4 (C-8), 37.1 

(C-5), 32.3 (d, J 35.5, C-4), 28.5 (CH3), 26.0 (CH3), 26.0 (SiC(CH3)3), 20.5 (C-10), 18.3 (SiC(CH3)3), 

16.1 (8-CH3), 16.0 (4-CH3), −4.2 (SiCH3), −4.7 (SiCH3); HRMS (ESI+) calculated for 

C28
13CH50O5SiNa 530.3353, found 530.3359; νmax (CDCl3)/cm-1 2955 (m), 2929 (m), 2856 (m), 

1612 (s), 1513 (m), 1369 (m), 1247 (s), 1090 (s). 
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(8,9)-Acetonide of (2S,3R,7R,8R,9S,4E)-2-(tert-butyldimethylsilyloxy)-3,7-dimethyldec-4-

ene (90) 

To a stirred solution of ether 89 (215 mg, 0.42 mmol) in DCM (3.8 mL) and pH 7 buffer (0.2 

mL) was added DDQ (144 mg, 0.64 mmol). The resulting solution was stirred for 3 h before 

being quenched with sat. aq. NaHCO3. The layers were separated, and the aqueous layer 

extracted with DCM (3 × 10 mL). The combined organic layers were dried with MgSO4, filtered, 

and concentrated in vacuo. The crude oil was purified by flash column chromatography (silica, 

20% EtOAc in petrol) affording the title compound (203 mg, 62%) as a clear colourless oil. 

[𝛼]𝐷
23 − 28.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 5.52 – 5.28 (2H, m, 7-H, 6-H), 4.12 (1H, 

q, J 6.0, 9-H), 3.84 (1H, ddd, J 10.5, 6.0, 2.0, 3-H), 3.69 (1H, qd, J 6.0, 4.0, 2-H), 3.64 – 3.55 (2H, 

m, 1-H2), 2.37 (1H, m, 5-HH), 2.14 (1H, m, 8-H), 1.98 – 1.87 (2H, m, 5-HH, OH), 1.70 (1H, m, 

4-H), 1.48 (3H, s, CH3), 1.36 (3H, s, CH3), 1.03 (3H, d, J 6.0, 10-H3), 0.96 (3H, d, J 7.0, 8-CH3), 

0.88 (9H, s, SiC(CH3)3), 0.87 (3H, dd, J 126.0, 6.5 Hz, 4-CH3), 0.03 (6H, s, Si(CH3)2); 13C (CDCl3, 

101 MHz) δ 135.4 (C-7), 126.7 (C-6), 108.3 (C(CH3)2), 81.1 (d, J 2.0, C-3), 77.9 (C-2), 72.1 (C-9), 

61.7 (C-1), 44.4 (C-8), 37.1 (C-5), 32.0 (d, J 35.5, C-4), 28.7 (CH3), 26.0 (CH3), 26.0 (SiC(CH3)3), 

20.8 (C-10), 18.3 (SiC(CH3)3), 15.8 (8-CH3), 15.8 (4-CH3, enhanced), −4.2 (SiCH3), −4.7 (SiCH3); 

HRMS (ESI+) calculated for C20
13CH42O4SiNa 410.2778, found 410.2784; νmax (CDCl3)/cm-1 3443 

(w, br), 2955 (m), 2929 (m), 2856 (m), 1461 (m), 1370 (s), 1250 (s), 1063 (s), 1032 (s). 
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2,3-Acetonide of (2R,3R,4R,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-2,3-dihydroxy-4,8-

dimethyldec-6-enal (94) 

To a stirred solution of alcohol 90 (65 mg, 0.17 mmol) in DCM (7.5 mL) was added DMP (0.35 

M in DCM, 0.57 mL, 1.20 mmol) and NaHCO3 (71 mg, 0.84 mmol). The reaction was stirred at 

the same temperature for 3 h before being quenched by addition sat. aq. Na2S2O3 (10 mL) and 

H2O (10 mL). The layers were separated and the aqueous layer was extracted with DCM (3 × 

20 mL). The combined organic layers were dried with MgSO4, filtered, and the solvent 

removed in vacuo. The crude mixture was purified by flash column chromatography (silica, 

10% EtOAc in petrol) affording the title compound (63 mg, quant.) as a clear colourless oil. 1H 

NMR (CDCl3, 400 MHz) δ 9.61 (1H, dd, J 4.0, 1.0, 1-H), 5.39 (1H, m, 7-H), 5.29 (1H, m, 6-H), 4.20 

(1H, dd, J 6.5, 4.0, 2-H), 4.00 (1H, m, 3-H), 3.66 (1H, qd, J 6.5, 4.0, 9-H), 2.29 (1H, ddd, J 17.0, 

13.5, 7.0, 5-HH), 2.09 (1H, m, 8-H), 1.92 (1H, m, 5-HH), 1.71 (1H, m, 4-H), 1.56 (3H, s, CH3), 1.39 

(3H, s, CH3), 1.04 (1.5H, d, J 6.5, 4-CH3), 1.00 (3H, d, J 6.0, 10-H3), 0.93 (3H, d, J 7.0, 8-CH3), 0.85 

(9H, s, SiC(CH3)3), 0.72 (1.5H, d, J 6.5, 4-CH3), 0.00 (6H, s, Si(CH3)2). 

NB: Used immediately and not fully characterised. 
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13C Desepoxymupirocin W-OH ((S)-59) and 13C 5-epi-Desepoxymupirocin W-OH ((R)-59) 

Method 1 

To a stirred solution of alcohol 90 (65 mg, 0.17 mmol) in anhydrous DCM (7.5 mL) at 0 °C was 

added NaHCO3 (71 mg, 0.84 mmol) and DMP (0.57 mL, 0.20 mmol). The resulting solution was 

stirred at room temperature for 75 mins before being quenched with sat. aq. sodium 

thiosulfate (7.5 mL). The layers were separated and the aqueous layer extracted with DCM (3 

× 10 mL). The combined organic layers were dried with MgSO4, filtered, and concentrated in 

vacuo to afford crude aldehyde. To a solution of crude aldehyde in anhydrous Et2O (1.5 mL) at 

0 °C was added ZnI2 (4.6 mg, 0.015 mmol) and a solution of silyl dienol ether 65 (111 mg, 0.25 

mmol). The resulting solution was stirred at 0 °C for 16 hours before being quenched with Et3N 

(0.5 mL) and sat. aq. NaHCO3. The layers were separated and the aqueous layer extracted with 

DCM (3 × 5 mL). The combined organic layers were dried with MgSO4, filtered, and 

concentrated in vacuo. To a solution of the crude product (113 mg) in THF (7 mL) was added 

2 N HCl (3 mL) The resulting solution was stirred for 8 hours before being extracted with DCM 

(5 × 5 mL). The combined organic layers were dried with MgSO4, filtered, and concentrated in 

vacuo. The crude oil was dissolved in DCM (1 mL) and pH 7 buffer (1 mL) and DDQ (17.6 mg, 

0.08 mmol) was added. The resulting solution was stirred for 1 hour before being quenched 

with sat. aq. NaHCO3. The layers were separated, and the aqueous layer extracted with DCM 

(3 × 10 mL). The combined organic layers were dried with MgSO4, filtered, and concentrated 

in vacuo. The crude oil was purified by flash column chromatography (silica, 80% EtOAc in 
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petrol) affording 13C Desepoxymupirocin W-OH (S)-59 (10 mg, 2% over 4 steps). [𝛼]𝐷
23 −

13.3 (c 0.15, CH3OH); 1H (CD3OD, 400 MHz) δ 5.82 (1H, d, J 1.5, 2-H), 5.55 – 5.39 (2H, m, 11-H, 

10-H), 4.11 (2H, t, J 6.5, CO2CH2), 4.02 (1H, ddd, J 10.0, 5.0, 2.5, 5-H), 3.65 (1H, dd, J 6.5, 5.0, 

13-H), 3.62 – 3.55 (3H, m, 7-H, CH2OH), 3.47 (1H, dt, J 8.5, 3.0, 6-H), 2.58 (1H, d, J 13.5, 4-HH), 

2.35 – 2.25 (2H, m, 9-HH, 4-HH), 2.24 (3H, s, 15-H3), 2.17 (1H, m, 12-H), 2.01 – 1.85 (2H, m, 

8-H, 9-HH), 1.72 – 1.61 (2H, m, CH2), 1.60 – 1.51 (2H, m, CH2), 1.45 – 1.29 (10H, m, 5 × CH2), 

1.13 (3H, d, J 6.5, 14-H3), 1.02 (3H, d, J 7.0, 15-H3), 0.98 (3H, dd, J 125.0, 6.5, 16-H3); 13C (CD3OD, 

126 MHz) δ 168.4 (C-1), 159.5 (C-3), 134.5 (C-11), 131.3 (C-10), 118.5 (C-2), 78.3 (C-6), 75.1 (d, 

J 2.5, C-7), 72.5 (C-5), 72.3 (C-13), 64.8 (CO2CH2), 63.0 (CH2OH), 45.3 (C-12), 44.1 (C-4), 36.2 (d, 

J 36.0, C-8), 34.3 (C-9), 33.7 (CH2), 30.6 (CH2), 30.5 (CH2), 30.3 (CH2), 29.9 (CH2), 27.1 (CH2), 

26.9 (CH2), 20.2 (C-14), 19.2 (C-15), 17.2 (C-16, enhanced), 16.6 (C-17); HRMS (ESI+) calculated 

for C25
13CH48O7Na 496.3325 [M+Na], found 496.3333; νmax (CDCl3)/cm-1 3354 (m, br), 2924 (s), 

2854 (m), 1693(s), 1644 (m), 1376 (m), 1223 (s), 1148 (s), 1053 (s). 

And 13C 5-epi-Desepoxymupirocin W-OH (R)-59 (10 mg, 2% over 4 steps). [𝛼]𝐷
23 insufficient 

signal (reading unstable); 1H NMR (MeOD, 500 MHz) δ 5.81 (1H, d, J 1.5, 2-H) 5.49 (1H, m, 

10-H), 5.40 (1H, dd, J 15.5, 8.0, 11-H), 4.12 (1H, m, 5-H), 4.09 (2H, t, J 6.5, CO2CH2), 3.62 (1H, 

m, 13-H), 3.58 (1H, m, 7-H), 3.55 (2H, t, J 6.5, CH2OH), 3.39 (1H, dd, J 8.5, 1.5, 6-H), 2.47 (1H, 

ddd, J 13.5, 8.5, 1.0, 4-HH), 2.40 (1H, ddd, J 13.5, 5.5, 1.0, 4-HH), 2.28 (1H, m, 9-HH), 2.22 (3H, 

d, J 1.5, 15-H3), 2.15 (1H, pd, J 7.0, 5.0, 12-H), 1.92 (1H, m, 9-HH), 1.65 (2H, m, CH2), 1.54 (2H, 

p, J 6.5, CH2), 1.32 – 1.41 (10H, m, 5 × CH2), 1.12 (3H, d, J 6.5, 14-H3), 1.11 (1.5H, d, J 7.0, 16-H3), 

1.00 (3H, d, J 7.0, 17-H3), 0.86 (1.5H, d, J 7.0, 16-H3); 13C NMR (MeOD, 126 MHz) δ 168.4 (C-1), 

158.8 (C-3), 134.6 (C-11), 131.3 (C-10), 118.6 (C-2), 76.3 (C-7), 73.5 (C-6), 72.3 (C-13), 69.7 

(C-5), 64.8 (CO2CH2), 63.0 (CH2OH), 46.4 (C-4), 45.4 (C-12), 35.9 (d, J 36.0, C-8), 34.4 (C-9), 33.6 

(CH2), 30.6 (CH2), 30.5 (CH2), 30.3 (CH2), 29.8 (CH2), 27.1 (CH2), 26.9 (CH2), 20.2 (C-14), 19.7 

(C-15), 17.2 (C-16, enhanced), 16.6 (C-17); HRMS (ESI+) calculated for C25
13CH48O7Na 496.3325 

[M+Na], found 496.3329. 
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Method 2 

To a solution of aldehyde 94 (90 mg, 0.23 mmol) in anhydrous Et2O (1.5 mL) at 0 °C was added 

ZnI2 (4.6 mg, 0.015 mmol) and a solution of silyl dienol ether 87 (111 mg, 0.25 mmol). The 

resulting solution was stirred at 0 °C for 16 hours before being quenched with Et3N (0.5 mL) 

and sat. aq. NaHCO3. The layers were separated and the aqueous layer extracted with DCM (3 

× 5 mL). The combined organic layers were dried with MgSO4, filtered, and concentrated in 

vacuo. To a solution of the crude product (113 mg) in THF (7 mL) was added 2 N HCl (3 mL) 

The resulting solution was stirred for 8 hours before being extracted with DCM (5 × 5 mL). The 

combined organic layers were dried with MgSO4, filtered, and concentrated in vacuo. The 

crude oil was purified by flash column chromatography (silica, 80% EtOAc in petrol) affording 

13C Desepoxymupirocin W-OH (25 mg, 23% over 2 steps). Data as previously. 

 

13C 8,16-Alkene (60) 

1H NMR (MeOD, 700 MHz) δ 5.78 (1H, d, J 1.5, 2-H), 5.52 (1H, dt, J 15.0, 7.0, 10-H), 5.45 (1H, 

dd, J 15.0, 8.0, 11-H), 5.24 (0.5H, s, 16-HH), 5.10 (0.5H, s, 16-HH), 5.01 (0.5H, s, 16-HH), 4.84 

(0.5H, s, 16-HH), 4.18 (1H, dd, J 7.5, 4.5, 7-H), 4.12 (1H, ddd, J 8.5, 5.5, 1.5, 5-H), 4.07 (2H, t, J 

6.5, 1’-H2), 3.61 (1H, m, 13-H), 3.40 (1H, m, 6-H), 2.88 (1H, dt, J 15.5, 5.5, 9-HH), 2.78 (1H, dt, 

J 15.5, 6.0, 9-HH), 2.44 (1H, dd, J 14.0, 8.5, 4-HH), 2.39 (1H, dd, J 14.0, 5.0, 4-HH), 2.20 (3H, d, 

J 1.5, 15-H3), 2.17 (3H, m, 8’-H2, 12-H), 1.63 (5H, m, 2’-H2, 7’-H2), 1.45-1.30 (8H, m, 4 × CH2), 

1.11 (3H, d, J 6.5, 14-H3), 1.00 (3H, d, J 7.0, 17-H3); m/z (ESI+) 384. 
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2,3-Acetonide of (2R,3R)-2,3-dihydroxy-4-methylpent-4-enal (39) 

To a stirred solution of alcohol 110 (350 mg, 2.03 mmol) in DCM (17 mL) at room temperature 

was added DMP (949 mg, 2.24 mmol) in one portion. The reaction was stirred for 3 h at room 

temperature before being quenched by addition of sat. aq. NaHCO3 (15 mL). The layers were 

separated, and the aqueous layer extracted with DCM (3 × 15 mL). The combined organic 

layers were dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture 

was purified by flash column chromatography (silica, 15% EtOAc in petrol) affording the title 

compound as a colourless oil (331 mg, 97%). 1H NMR (CDCl3, 400 MHz) δ 9.44 (1H, d, J 3.5, 

1-H), 5.21 (1H, d, J 1.5, 5-HH), 5.00 (1H, q, J 1.5, 5-HH), 4.80 (1H, d, J 7.5, 3-H), 4.38 (1H, dd, J 

7.5, 3.5, 2-H), 1.64 (3H, CH3), 1.44 (3H, CH3). 

 

5,6-Acetonide of (5S,6R,E)-5,6-Dihydroxy-7-methylocta-3,7-dien-2-one (111) 

To a stirred solution of dimethyl-2-oxopropylphosphonate (418 µL, 3.01 mmol) in THF (20 mL) 

at 0 °C was added NaH (60% in mineral oil, 121 mg, 3.02 mmol) and the resulting solution was 

stirred for 30 mins at the same temperature. To this solution was added dropwise a solution 

of aldehyde 39 (428 mg, 2.51 mmol) in THF (5 mL) at 0 °C, and the reaction warmed to room 

temperature and stirred for 16 h before being quenched by addition of H2O (15 mL). The layers 

were separated, and the aqueous layer extracted with DCM (3 × 15 mL). The combined organic 

layers were dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture 

was purified by flash column chromatography (silica, 15% EtOAc in petrol) affording the title 

compound as a colourless oil (459 mg, 87%).  [𝛼]𝐷
23 − 37.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 500 

MHz) δ 6.54 (1H, dd, J 16.0, 6.0, 4-H), 6.22 (1H, dd, J 16.0, 1.5, 3-H), 5.10 (1H, s, 8-HH), 4.94 
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(1H, s, 8-HH), 4.75 (1H, ddd, J 7.5, 6.0, 1.5, 4-H), 4.71 (1H, d, J 7.0, 5-H), 2.23 (3H, s, 1-CH3), 

1.62 (3H, s, 7-CH3)1.56 (3H, s, CH3), 1.40 (3H, s, CH3); 13C NMR (CDCl3, 126 MHz) δ 198.1 (C-2), 

142.5 (C-4), 140.0 (C-7), 131.5 (C-3), 113.2 (C-8), 109.6 (C(CH3)2), 81.2 (C-6), 77.5 (C-5), 27.5 

(CH3), 27.3 (C-1), 25.2 (CH3), 19.5 (7-CH3); HRMS (ESI+) calculated for C12H18NaO3 (M+Na+) 

233.1148, found 233.1137; νmax (CDCl3)/cm-1 2988 (w), 2936 (w), 1699 (w), 1677 (s), 1633 (w), 

1381 (m), 1370 (m), 1249 (s), 1212 (s), 1162 (s), 1046 (s), 903 (m), 883 (m), 797 (w), 515 (m). 

 

5,6-Acetonide of (5S,6R)-5,6-Dihydroxy-7-methyloct-7-en-2-one (112) 

To a stirred solution of enone 111 (455 mg, 2.16 mmol) in toluene (10 mL) was added in one 

portion Stryker’s reagent (216 mg, 0.11 mmol) and PhSiH3 (400 µL, 3.25 mmol) at room 

temperature. The reaction was stirred at the same temperature for 16 before being diluted 

with Et2O (10 mL) and sat. aq. NH4Cl (10 mL). The layers were separated and the organic layer 

washed with sat. aq. NH4Cl (10 mL) and brine (2 × 10 mL), and the solvent was removed in 

vacuo. The crude mixture was purified by flash column chromatography (silica, 15% EtOAc in 

petrol) affording the title compound as a clear colourless oil (358 mg, 78%).  [𝛼]𝐷
23 − 50.0 (c 

1.0, CHCl3); 1H NMR (CDCl3, 500 MHz) δ 5.08 (1H, m, 8-HH), 4.97 (1H, m, 8-HH), 4.55 (1H, d, J 

6.5, 6-H), 4.16 (1H, ddd, J 10.0, 6.5, 3.5, 5-H), 2.62 (1H, ddd, J 18.0, 8.0, 6.0, 3-HH), 2.53 (1H, 

dt, J 18.0, 7.5, 3-HH), 2.15 (3H, s, 1-H3), 1.74 (3H, dd, J 1.5, 1.0, 7-CH3), 1.56-1.61 (2H, m, 4-H2), 

1.48 (3H, s, CH3), 1.36 (3H, s, CH3) 13C NMR (CDCl3, 126 MHz) δ 208.6 (C-2), 140.5 (C-7), 112.6 

(C-8), 108.2 (C(CH3)2), 80.9 (C-6), 77.0 (C-5), 40.2 (C-3), 30.2 (C-1), 27.9 (CH2), 25.7 (CH2), 24.6 

(C-4), 20.2 (7-CH3); HRMS (ESI+) calculated for C12H20NaO3 (M+Na+) 235.1305, found 235.1311; 

νmax (CDCl3)/cm-1 2986 (w), 2935 (w), 2179 (w), 1716 (m), 1430 (w), 1380 (m), 1368 (m), 1212 

(m) 1161 (m), 1133 (s), 1080 (s), 1048 (s), 899 (m), 852 (m), 739 (w), 699 (m), 490 (w). 
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5,6-Acetonide of (5S,6R,7R,11R,12S,E)-12-(tert-Butyldimethylsilyloxy)-5,6-dihydroxy-7,11-

dimethyltridec-9-en-2-one (108) 

Method 1 

To a stirred solution of alkene 112 (276 mg, 1.30 mmol) in degassed anhydrous THF (6 mL) at 

−78 °C was added a solution of 9-BBN (0.5 M in THF, 5.20 mL, 2.60 mmol). The resulting 

solution was stirred at room temperature for 16 hours before being quenched with degassed 

H2O (6 mL) and stirred for 1 hour. In a separate flask vinyl iodide 44 (367 mg, 1.08 mmol) was 

dissolved in degassed DMF (7.5 mL), and CsCO3 (1.27 g, 3.90 mmol), Pd(dppf)Cl2 (190 mg, 0.26 

mmol) and AsPh3 (80 mg, 0.26 mmol) were added and stirred for 10 mins. The borane solution 

was added to this mixture and stirred at room temperature for 24 hours, before being 

quenched by addition of water (15 mL). The mixture was filtered through Celite® and extracted 

with Et2O (3 × 30 mL). The combined organic layers were dried with MgSO4, filtered, and 

concentrated in vacuo. The crude mixture was purified by flash column chromatography 

(silica, 10% EtOAc in petrol) affording the title compound (26 mg, 6%) as a clear colourless oil. 

 [𝛼]𝐷
23 − 25.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 5.42 (1H, dd, J 15.5, 7.0, 10-H), 5.35 

(1H, ddd, J 15.5, 7.0, 5.5, 9-H), 3.95 (1H, ddd, J 11.5, 5.0, 2.5, 5-H), 3.74 (1H, dd, J 10.0, 5.0, 

6-H), 3.69 (1H, qd, J 6.0, 4.0, 12-H), 2.67 (1H, ddd, J 18.0, 8.5, 5.5, 3-HH), 2.54 (1H, ddd, J 18.0, 

8.5, 7.0, 3-HH), 2.38 (1H, ddd, J 13.5, 5.5, 3.5, 8-HH), 2.15 (3H, s, 1-H3), 2.12 (1H, m, 11-H), 1.91 

(1H, ddd, J 13.5, 8.5, 7.0, 8-HH), 1.69 (3H, m, 4-H2, 7-H), 1.40 (3H, s, CH3), 1.30 (3H, s, CH3), 

1.03 (3H, d, J 6.0, 12-CH3), 0.96 (3H, d, J 7.0, 11-CH3), 0.88 (9H, s, SiC(CH3)3), 0.85 (3H, d, J 6.5, 

7-CH3), 0.03 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 208.8 (C-2), 135.1 (C-10), 127.1 (C-9), 

107.7 (C(CH3)2), 82.0 (C-6), 77.0 (C-5), 72.1 (C-12), 44.4 (C-11), 39.8 (C-3), 37.1 (C-8), 32.4 (C-7), 

30.2 (C-1), 28.8 (CH3), 26.3 (CH3), 26.0 (SiC(CH3)3), 23.8 (C-4), 20.7 (12-CH3), 18.3 (SiC(CH3)3), 

16.1 (11-CH3), 15.6 (7-CH3), −4.2 (SiCH3), −4.7 (SiCH3); HRMS (ESI+) calculated for C24H46NaO4Si 
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(M+Na+) 449.3058, found 449.3059; νmax (CDCl3)/cm-1 2958 (m), 2930 (m), 2857 (m), 1718 (m), 

1461 (w), 1377 (m), 1250 (m), 1159 (m), 1068 (s), 836 (s), 774 (m), 503 (w). 

 

Method 2 

To a stirred solution of enone 116 (120 mg, 0.28 mmol) in toluene (2 mL) was added in one 

portion Stryker’s reagent (28 mg, 0.014 mmol) and PhSiH3 (52 µL, 0.42 mmol) at room 

temperature. The reaction was stirred at the same temperature for 16 before being diluted 

with Et2O (5 mL) and sat. aq. NH4Cl (5 mL). The layers were separated and the organic layer 

washed with sat. aq. NH4Cl (5 mL) and brine (2 × 5 mL), and the solvent was removed in vacuo. 

The crude mixture was purified by flash column chromatography (silica, 20% EtOAc in petrol) 

affording the title compound as a colourless oil (100 mg, 84%). Data as previously. 

 

9-(tert-Butyldimethylsilyloxy)nonyl 2-(diethoxyphosphoryl)acetate (114) 

To a stirred solution of alcohol 85 (300 mg, 1.09 mmol) in DCM (15 mL) was added 

diethylphosphonoacetic acid 113 (264 µL, 1.64 mmol), DCC (506 mg, 2.45 mmol) and DMAP 

(67 mg, 0.55 mmol) in one portion at room temperature. The reaction was stirred for 16 h at 

the same temperature before being quenched by addition of H2O (15 mL). The layers were 

separated, and the aqueous layer extracted with Et2O (3 × 15 mL). The combined organic 

layers were dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture 

was purified by flash column chromatography (silica, 15% EtOAc in petrol) affording the title 

compound as a clear colourless oil (382 mg, 77%). 1H NMR (CDCl3, 400 MHz) δ 4.14 (6H, m, 3 

× OCH2), 3.58 (2H, t, J 6.5, OCH2), 2.97 (1H, s, PCHH), 2.92 (1H, s, PCHH), 1.62 (2H, m, OCH2CH2), 
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1.48 (2H, m, OCH2CH2), 1.33 (16H, m, 2 × CH3CH2, 5 × CH2), 0.88 (9H, s, SiC(CH3)3), 0.03 (6H, s, 

Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 166.0 (d, J 6.0, CO2R), 65.9 (OCH2), 63.4 (OCH2), 62.7 

(OCH2), 62.7 (OCH2), 34.5 (J 134.3, PCH2), 33.0 (OCH2CH2), 29.6 (CH2), 29.5 (CH2), 29.3 (CH2), 

28.6 (OCH2CH2), 26.1 (SiC(CH3)3), 26.1 (CH2), 25.9 (CH2), 18.5 (SiC(CH3)3), 16.5 (OCH2CH3), 16.4 

(OCH2CH3), −5.1 (Si(CH3)2); HRMS (ESI+) calculated for C19H46NaO4PSi (M+Na+) 475.2615, found 

475.2628; νmax (CDCl3)/cm-1 2929 (m), 2856 (m), 1738 (m), 1471 (w), 1390 (w), 1256 (s), 1098 

(m), 1026 (s), 970 (m), 836 (m), 776 (m). 

 

Des-5-OH Mupirocin W4-OH (106) 

To a stirred solution of phosphonate 114 (242 mg, 0.53 mmol) in THF (1 mL) at 0 °C was added 

in one portion KOtBu (60 mg, 0.53 mmol) and the resulting solution stirred at the same 

temperature for 1 h. To this was added dropwise a solution of ketone 108 (76 mg, 0.18 mmol) 

in THF (1 mL) and the reaction was stirred in the ice bath as it warmed to room temperature 

for 16 h, before it was quenched with H2O (5 mL) and diluted with EtOAc (2 mL). The layers 

were separated, and the aqueous layer extracted with Et2O (3 × 5 mL). The combined organic 

layers were dried with MgSO4, filtered, and the solvent removed in vacuo. At this stage column 

chromatography (silica, 15% EtOAc in petrol) afforded ketone 108 (24 mg, 31% RSM), and an 

impure protected product (56 mg) which was deprotected thus; To a stirred solution of the 

crude product (54 mg) in THF (4 mL) was added HCl (3 N aq., 1.75 mL), and the resulting 

solution was stirred at room temperature for 16 h. The reaction was diluted with Et2O (10 mL), 

the layers were separated, and the aqueous layer extracted with Et2O (3 × 10 mL). The 

combined organic layers were dried with MgSO4, filtered, and the solvent removed in vacuo. 

The crude mixture was purified by flash column chromatography (silica, 80% EtOAc in petrol) 

affording the title compound as a colourless oil (24 mg, 30% over 2 steps).  [𝛼]𝐷
23 − 6.7 (c 0.15, 

MeOH); 1H NMR (MeOD, 500 MHz) δ 5.74 (1H, d, J 1.5, 2-H), 5.47 (1H, dtd, J 15.5, 5.5, 2.5, 

10H), 5.40 (1H, dd, J 15.5, 7.5, 11-H), 4.08 (2H, t, J 6.5, 1’-H2), 3.62 (1H, dq, J 8.0, 6.5, 5.5, 13-H), 
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3.55 (2H, t, J 6.5, 9’-H2), 3.51 (1H, m, 6-H), 3.27 (1H, m, 7-H), 2.43 (1H, ddd, J 14.5, 10.5, 5.0, 

5-HH), 2.33 (1H, ddd, J 14.0, 5.5, 2.5, 9-HH), 2.23 (1H, ddt, J 16.0, 8.0, 4.0, 5-HH), 2.18 (3H, d, 

J 1.0, 3-CH3), 2.15 (1H, m, 12-H), 1.85 (3H, m, 4-HH, 8-H, 9-HH), 1.64 (2H, m, 2’-H2), 1.54 (3H, 

m, 4-HH, 8’-H2), 1.35 (10H, m, 5 × CH2), 1.11 (3H, d, J 6.5, 14-H3), 1.00 (3H, d, J 7.0, 15-H3), 0.92 

(3H, d, J 7.0, 16-H3); 13C NMR (MeOD, 126 MHz) δ 168.6 (C-1), 162.0 (C-3), 134.8 (C-11), 130.8 

(C-10), 116.5 (C-2), 79.7 (C-7), 72.2 (C-13), 72.2 (C-6), 64.8 (C-1’), 63.0 (C-9’), 45.3 (C-12), 38.2 

(C-5), 36.1 (C-8), 35.3 (C-9), 33.7 (C-8’), 31.4 (C-4), 30.6 (CH2), 30.5 (CH2), 30.3 (CH2), 29.8 (C-2’), 

27.1 (CH2), 26.9 (CH2), 20.2 (C-14), 19.1 (3-CH3), 16.8 (C-16), 16.6 (C-15); HRMS (ESI+) calculated 

for C26H48NaO6 (M+Na+) 479.3343, found 479.3344; νmax (CDCl3)/cm-1 3449 (w, br), 2930 (w), 

1738 (m), 1509 (m), 1372 (m), 1238 (s), 1182 (m), 1043 (m), 830 (m). 

NB: By NMR a small amount of what appears to be a diastereomer are present, though it was 

not possible to isolate or fully characterise this. 

 

5,6-Acetonide of (3E,5S,6R,7R,9E,11R,12S)-12-(tert-butyldimethylsilyloxy)-5,6-dihydroxy-

7,11-dimethyltrideca-3,9-dien-2-one (116) 

To a stirred solution of dimethyl-2-oxopropylphosphonate (89 µL, 0.65 mmol) in THF (2.5 mL) 

at 0 °C was added NaH (60% in mineral oil, 26 mg, 0.65 mmol) and the resulting solution was 

stirred for 30 mins at the same temperature. To this solution was added dropwise a solution 

of aldehyde 115 (166 mg, 0.43 mmol) in THF (2 mL) at 0 °C, and the reaction warmed to room 

temperature and stirred for 16 h before being quenched by addition of H2O (5 mL). The layers 

were separated, and the aqueous layer extracted with DCM (3 × 5 mL). The combined organic 

layers were dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture 

was purified by flash column chromatography (silica, 10% EtOAc in petrol) affording the title 

compound as a colourless oil (127 mg, 70%).  [𝛼]𝐷
23 − 18.0 (c 1.0, CDCl3); 1H NMR (CDCl3, 500 

MHz) δ 6.70 (1H, dd, J 16.0, 7.5, 4-H), 6.26 (1H, dd, J 16.0, 1.0, 3-H), 5.42 (1H, ddd, J 15.5, 7.5, 
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1.0, 10-H), 5.33 (1H, dt, J 15.5, 7.0, 9-H), 4.57 (1H, t, J 6.5, 5-H), 3.92 (1H, dd, J 10.0, 6.0, 6-H), 

3.69 (1H, qd, J 6.0, 4.0, 12-H), 2.35 (1H, ddd, J 14.0, 6.0, 3.5, 8-HH), 2.28 (3H, s, 1-H3), 2.13 (1H, 

pd, J 7.0, 3.5, 11-H), 1.95 (1H, dt, J 13.5, 8.0, 8-HH), 1.63 (1H, dddd, J 10.0, 8.5, 6.5, 3.5, 7-H), 

1.52 (3H, s, CH3), 1.37 (3H, s, CH3), 1.03 (3H, d, J 6.0, 13-H3), 0.96 (3H, d, J 7.0, 14-H3), 0.88 (9H, 

s, SiC(CH3)3), 0.82 (3H, d, J 6.5, 15-H3), 0.03 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 126 MHz) δ 198.1 

(C-2), 142.4 (C-4), 135.4 (C-10), 132.5 (C-3), 126.6 (C-9), 109.0 (C(CH3)2), 82.4 (C-12), 77.8 (C-5), 

72.1 (C-6), 44.4 (C-11), 36.8 (C-8), 32.9 (C-7), 28.4 (CH3), 27.7 (C-1), 26.0 (SiC(CH3)3), 25.7 (CH3), 

20.8 (C-13), 18.3 (SiC(CH3)3), 16.3 (C-14), 15.3 (C-15), −4.2 (SiCH3), −4.7 (SiCH3); HRMS (ESI+) 

calculated for C24H44NaO4Si (M+Na+) 447.2901, found 447.2919; νmax (CDCl3)/cm-1 2958 (m), 

2929 (m), 2856 (m), 1681 (m), 1461 (w), 1370 (m), 1250 (s) 1217 (m), 1090 (m), 1057 (m), 1030 

(m), 836 (s), 774 (m). 

 

Des-5-OH Mupirocin W4 (117) 

1H NMR (MeOD, 700 MHz) δ 5.73 (1H, m, 2-H), 5.46 (1H, ddd, J 15.0, 8.0, 5.5, 10-H), 5.40 (1H, 

dd, J 15.5, 8.0, 11-H), 4.07 (2H, t, J 6.5, 1’-H2), 3.61 (1H, m, 13-H), 3.52 (1H, ddd, J 9.5, 6.5, 2.5, 

6-H), 3.26 (1H, dd, J 6.5, 5.0, 7-H), 2.43 (1H, m, 4-HH), 2.32 (1H, dd, J 13.5, 2.0, 9-HH), 2.23 (1H, 

m, 4-HH), 2.17 (6H, m, 8’-H2, 15-H3, 12-H), 1.85 (2H, m, 9-HH, 5-HH), 1.80 (1H, m, 8-H), 1.63 

(4H, m, 2’-H2, 7’-H2), 1.54 (1H, m, 5-HH), 1.34 (10H, m, 5 × H2), 1.10 (3H, d, J 6.5, 14-H3), 0.99 

(3H, d, J 7.0, 17-H3), 0.91 (3H, d, J 7.0, 16-H3); m/z (ESI+) 470.  
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Ethyl (4R,5S,E)-5-(tert-butyldimethylsilyloxy)-4-methylhex-2-enoate (128) 

To a stirred solution of triethyl phosphonoacetate (901 µL, 4.54 mmol) in THF (27 mL) at 0 °C 

under nitrogen was added dropwise nBuLi (1.47 M in hexane, 2.95 mL, 4.33 mmol) and the 

resulting solution stirred at the same temperature for 15 mins. Aldehyde 77 (895 mg, 4.13 

mmol) in THF (8 mL) was added dropwise and the resulting solution stirred at room 

temperature for 24 h. The reaction was quenched with water (20 mL), the layers separated, 

and the aqueous layer extracted with DCM (3 × 30 mL). The combined organic layers were 

dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture was purified 

by flash column chromatography (silica, 3-5% EtOAc in hexanes) affording the title compound 

as a viscous colourless oil (802 mg, 68%). [𝛼]𝐷
23 + 20.0 (c 0.5, CHCl3), lit. [𝛼]𝐷

20 + 15.0 (c 1.0, 

CHCl3); 1H NMR (CDCl3, 400 MHz) δ 6.95 (1H, dd, J 16.0, 8.0, 3-H), 5.79 (1H, dd, J 16.0, 1.0, 

2-H), 4.19 (2H, q, J 7.0, OCH2), 3.74 (1H, qd, J 6.0, 5.0, 5-H), 2.35 (1H, dqdd, J 8.0, 7.0, 5.0, 1.0, 

4-H), 1.29 (3H, t, J 7.0, OCH2CH3), 1.08 (3H, d, J 6.0, 6-H3), 1.03 (3H, d, J 7.0, 4-CH3), 0.88 (9H, 

s, SiC(CH3)3), 0.04 (3H, s, Si(CH3)2), 0.03 (3H, s, Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 166.9 

(C-1), 151.7 (C-3), 121.3 (C-2), 71.5 (C-5), 60.3 (OCH2), 44.5 (C-4), 26.0 (SiC(CH3)3), 21.3 (C-6), 

18.2 (SiC(CH3)3), 15.4 (4-CH3), 14.4 (CH2CH3), −4.2 (SiCH3), −4.8 (SiCH3). Data are consistent 

with literature.113 

 

(4R,5S,E)-5-(tert-Butyldimethylsilyloxy)-4-methylhex-2-en-1-ol (129) 

To a stirred solution of ester 128 (775 mg, 2.71 mmol) in THF (15 mL) at −78 °C under nitrogen 

was added DIBAL (1 M in hexanes, 6.76 mL, 6.76 mmol) and the resulting solution stirred at 

the same temperature for 2 h. The reaction was quenched by the addition of sat. aq. Rochelle’s 

salt (15 mL) and stirred at room temperature overnight. The biphasic mixture was separated 
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and the aqueous layer extracted with EtOAc (3 × 20 mL). The combined organic layers were 

dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture was purified 

by flash column chromatography (silica, 10-30% EtOAc in hexanes) affording the title 

compound as a viscous colourless oil (606 mg, 92%).  [𝛼]𝐷
23 + 12.0 (c 1.0, CHCl3), lit. [𝛼]𝐷

20 +

11.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 5.61 (2H, m, 2-H and 3-H), 4.10 (2H, t, J 5.0, 

1-H2), 3.69 (1H, m, 5-H), 2.17 (1H, q, J 6.3, 4-H), 1.05 (3H, d, J 6.5, 6-H3), 0.98 (3H, d, J 7.0, 

4-CH3), 0.88 (9H, s, SiC(CH3)3), 0.03 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 135.6 (C-3), 

129.1 (C-2), 71.9 (C-5), 64.1 (C-1), 44.2 (C-4), 26.0 (SiC(CH3)3), 20.9 (C-6), 18.2 (SiC(CH3)3), 16.1 

(4-CH3), −4.2 (SiCH3), −4.7 (SiCH3). Data are consistent with literature.113 

 

(4R,5S,E)-5-(tert-Butyldimethylsilyloxy)-1-iodo-4-methylhex-2-ene (37) 

To a stirred solution of DIPHOS (1.06 g, 2.66 mmol) in DCM (6 mL) at 0 °C under nitrogen was 

added iodine (1.35 g, 5.32 mmol) and the resulting solution stirred for 15 mins. To this was 

added a solution of alcohol 129 (500 mg, 2.05 mmol) in DCM (1.5 mL) and the resulting 

solution stirred at 0 °C for 20 mins. The solution was diluted with Et2O (7 mL) and petrol (15 

mL), filtered and the solvent was removed from the filtrate in vacuo. The crude mixture was 

purified by flash column chromatography (silica, 1-3% EtOAc in hexanes) affording the title 

compound as a pink oil (624 mg, 86%). 1H NMR (CDCl3, 400 MHz) δ 5.69 (2H, m, 2-H, 3-H), 3.99 

– 3.82 (2H, m, 1-H2), 3.69 (1H, qd, J 6.0, 4.0, 5-H), 2.15 (1H, dqd, J 7.0, 4.0, 2.0, 4-H), 1.04 (3H, 

d, J 6.0, 6-H3), 0.96 (3H, d, J 7.0, 4-CH3), 0.89 (9H, s, SiC(CH3)3), 0.04 (3H, s, SiCH3), 0.03 (3H, s, 

SiCH3); 13C NMR (CDCl3, 101 MHz) δ 137.4 (C-3), 127.9 (C-2), 71.9 (C-5), 44.0 (C-4), 26.0 

(SiC(CH3)3), 21.1 (C-6), 18.2 (SiC(CH3)3), 15.9 (4-CH3), 7.1 (C-1), −4.2 (SiCH3), −4.7 (SiCH3). Data 

are consistent with literature.113 
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(2S,3R)-2-(tert-Butyldimethylsilyloxy)-3-methylpent-4-ene (132) 

To a stirred suspension of methyltriphenylphosphonium bromide (193 mg, 0.54 mmol) in Et2O 

(3 mL) at −78 °C was added dropwise NaHMDS (1 M in THF, 0.55 mL, 0.55 mmol). The resulting 

solution was stirred for 1 h at the same temperature before aldehyde 77 (100 mg, 0.46 mmol) 

in THF (1 mL) was added dropwise. The cooling bath was removed and the resulting solution 

stirred at room temperature for 16 h, before being quenched with water (5 mL). DCM (5 mL) 

was added, the layers were separated, and the aqueous layer extracted with DCM (3 × 10 mL). 

The combined organic layers were dried with MgSO4, filtered, and the solvent removed in 

vacuo. The crude mixture was purified by flash column chromatography (silica, petrol) 

affording the title compound as a clear colourless oil (32 mg, 33% ). 1H NMR (CDCl3, 400 MHz) 

δ 5.76 (1H, m, 4-H), 4.99 (1H, m, 5-HH), 4.95 (1H, dd, J 3.0, 1.0, 5-HH), 3.70 (1H, qd, J 6.0, 4.5, 

2-H), 2.16 (1H, m, 3-H), 1.03 (3H, d, J 6.0, 1-H3), 0.97 (3H, d, J 7.0, 3-CH3), 0.87 (9H, s, SiC(CH3)3), 

0.02 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 141.3 (C-4), 114.4 (C-5), 71.8 (C-2), 45.5 

(C-3), 26.0 (SiC(CH3)3), 20.7 (C-1), 18.3 (SiC(CH3)3), 15.7 (C-6), −4.2 (SiCH3), −4.7 (SiCH3). Data 

are consistent with literature.100 

 

3,4-Acetonide of (3S,4S)-2-allyltetrahydrofuran-2,3,4-triol (131) 

To a stirred solution of allyltributyltin (310 µL, 1.0 mmol) in THF (1 mL) at −78 °C under nitrogen 

was added nBuLi (1.47 M in hexanes, 680 µL, 1.0 mmol). The resulting solution was stirred for 

1 h at the same temperature before being added dropwise to a stirred solution of lactone 69 

(144 mg, 0.91 mmol) in THF (1 mL) at −78 °C. The resulting solution was stirred at the same 

temperature for 3 h before being quenched with water (5 mL). The mixture was diluted with 

DCM (5 mL) and the layers separated. The aqueous layer extracted with DCM (3 × 5 mL). The 
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combined organic layers were dried with MgSO4, filtered, and the solvent removed in vacuo. 

The crude mixture was purified by flash column chromatography (silica, 10-30% EtOAc in 

petrol) affording the title compound as a mixture of diastereomers (5:1) as crystalline white 

plates (126 mg, 69%). Major 1H NMR (CDCl3, 500 MHz) δ 5.93 (1H, dddd, J 17.0, 10.0, 8.5, 6.0, 

7-H), 5.31 – 5.22 (2H, m, 8-H2), 4.87 (1H, dd, J 6.0, 4.0, 4-H), 4.45 (1H, d, J 6.0, 3-H), 4.00 (1H, 

dd, J 10.0, 4.0, 5-HH), 3.94 (1H, dd, J 10.5, 0.5, 5-HH), 2.68 (1H, dd, J 14.0, 6.0, 6-HH), 2.49 (1H, 

dd, J 14.0, 8.5, 6-HH), 2.33 (1H, s, OH), 1.49 (3H, s, CH3), 1.33 (3H, s, CH3); 13C NMR (CDCl3, 126 

MHz) δ 132.1 (C-7), 120.8 (C-8), 112.6 (C(CH3)2), 105.9 (C-2), 85.1 (C-3), 80.7 (C-4), 71.3 (C-5), 

40.0 (C-6), 26.5 (CH3), 25.0 (CH3). Minor 1H NMR (CDCl3, 500 MHz) δ 5.87 (1H, m, 7-H), 5.19 – 

5.11 (2H, m, 8-H2), 4.79 (1H, ddd, J 6.5, 4.5, 2.0, 4-H), 4.35 (1H, d, J 6.5, 3-H), 3.95 (1H, dd, J 

11.0, 2.0, 5-HH), 3.72 (1H, dd, J 11.0, 4.5, 5-HH), 2.49 (1H, m, 6-HH), 2.34 (1H, dd, J 13.5, 8.0, 

6-HH), 1.57 (3H, s, CH3), 1.38 (3H, s, CH3); 13C NMR (CDCl3, 126 MHz) δ 132.4 (C-7), 119.0 (C-8), 

114.0 (C(CH3)2), 103.7 (C-2), 80.8 (C-3), 80.3 (C-4), 68.9 (C-5), 40.6 (C-6), 26.4 (CH3), 25.0 (CH3); 

HRMS (ESI+) calculated for C16H22O4Na (M+Na+) 301.1410, found 301.1402; νmax (CDCl3)/cm-1 

3437 (m, br), 2983 (m), 2939 (m), 1373(m), 1209 (s), 1095 (s), 994 (m). 

 

3,4-Acetonide of (3S,4S)-2-((4’R,5’S,E)-5’-(tert-butyldimethylsilyloxy)-4’-methylhex-2’-

enyl)tetrahydrofuran-2,3,4-triol (126) 

A stirred solution of lactol 131 (50 mg, 0.25 mmol), alkene 132 (214 mg, 1.0 mmol) and Grubbs 

second generation catalyst (64 mg, 0.08 mmol) was heated to 80 °C for 16 h. The reaction 

mixture was cooled, and the solvent removed in vacuo. The crude reaction mixture was 

purified by flash column chromatography (silica, 10 - 20% EtOAc in petrol) affording the title 

compound (48 mg, 50%). 1H NMR (CDCl3, 400 MHz) δ 5.62 (1H, dd, J 15.5, 7.5, 3’-H), 5.49 (1H, 

m, 2’-H), 4.85 (1H, ddd, J 6.0, 4.0, 0.5, 4-H), 4.42 (1H, d, J 6.0, 3-H), 3.98 (1H, dd, J 10.5, 4.0, 

5-HH), 3.91 (1H, d, J 10.5, 5-HH), 3.70 (1H, dd, J 6.0, 4.0, 5’-H), 2.60 (1H, m, 1’-H), 2.44 (1H, 
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ddd, J 14.0, 8.5, 1.0, 1’-HH), 2.18 (1H, m, 4’-H), 1.48 (3H, s, CCH3), 1.31 (3H, s, CCH3), 1.05 (3H, 

d, J 6.0, 6’-H3), 1.00 (3H, d, J 7.0, 4’-CH3), 0.87 (9H, s, SiC(CH3)3), 0.03 (6H, s, Si(CH3)2); 13C NMR 

(CDCl3, 101 MHz) δ 139.4 (C-3’), 122.9 (C-2’), 112.5 (C(CH3)2), 105.9 (C-2), 85.2 (C-3), 80.7 (C-4), 

72.1 (C-5’), 71.2 (C-5), 44.4 (C-5’), 38.8 (C-1’), 26.5 (CH3), 26.0(SiC(CH3)3), 25.1 (CH3), 21.3 (C-6’), 

16.5 (C-4’), −4.2 (SiCH3), −4.6 (SiCH3). HRMS (ESI+ or APCI+) Did not fly. 

 

1-Methyl-2-methylthiobenzimidazole (137) 

To a stirred solution of 2-mercaptobenzimidazole 136 (1.00 g, 6.66 mmol) in THF (25 mL) at 

0 °C under nitrogen was added NaH (60% in mineral oil, 692 mg, 17.3 mmol) portionwise. The 

resulting solution was stirred at 0 °C for 30 mins at which point MeI (1.25 mL, 20.0 mmol) was 

added dropwise. The cooling bath was removed, and the reaction stirred at room temperature 

for 4 hours before being quenched with sat. aq. NH4Cl (25 mL). The layers were separated and 

the aqueous layer extracted with EtOAc (3 × 30 mL). The combined organic layers were dried 

with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture was purified by 

flash column chromatography (silica, 30-50% EtOAc in hexanes) affording the title compound 

as a viscous colourless oil (1.19 g, quant.). 1H NMR (CDCl3, 400 MHz) δ 7.68 (1H, m, Ar-H), 7.26 

– 7.10 (3H, m, Ar-H), 3.66 (3H, s, NMe), 2.80 (3H, s, SMe); 13C NMR (CDCl3, 101 MHz) δ 153.3 

(C-2), 143.5 (Ar-C), 137.0 (Ar-C), 121.8 (Ar-C), 121.8 (Ar-C), 118.2 (Ar-C), 108.4 (Ar-C), 30.0 

(NMe), 14.7 (SMe). Data are consistent with literature.138 

 

1-Methyl-2-methylsulfonylbenzimidazole (138) 

To a stirred solution of benzimidazole 137 (1.19 g, 6.66 mmol) in MeOH (35 mL) was added a 

solution of Oxone (12.7 g, 20.0 mmol). The resulting solution was stirred at room temperature 
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for 5 h, before being diluted with EtOAc (50 mL). The layers were separated and the aqueous 

layer extracted with EtOAc (3 × 50 mL). The combined organic layers were dried with MgSO4, 

filtered, and the solvent removed in vacuo. The crude mixture was purified by flash column 

chromatography (silica, 40-50% EtOAc in petrol) affording the title compound as a cubic 

crystalline white solid (1.05 g, 75%). M.p. (CHCl3) 131-134 °C; 1H NMR (CDCl3, 400 MHz) δ 7.83 

(1H, dt, J 8.0, 1.0, Ar-H), 7.53 – 7.43 (2H, m, Ar-H), 7.39 (1H, ddd, J 8.0, 6.0, 2.0, Ar-H), 4.13 

(3H, s, NMe), 3.55 (3H, s, SMe); 13C NMR (CDCl3, 101 MHz) δ 148.6 (C-2), 140.7 (Ar-C), 136.2 

(Ar-C), 126.0 (Ar-C), 124.2 (Ar-C), 121.7 (Ar-C), 110.5 (Ar-C), 42.6 (SMe), 31.7 (NMe). Data are 

consistent with literature.138 

 

2,3-Acetonide of (2S,3R)-1-(1-methyl-1H-benzo[d]imidazole-2-sulfonyloxy)-2,3-dihydroxy-

4-methylpent-4-ene (141) 

To a stirred solution of lactol 125 (150 mg, 0.86 mmol) and benzimidazole 138 (217 mg, 1.03 

mmol) in DMF (4.5 mL) was added KOtBu (289 mg, 2.58 mmol) the resulting solution was 

stirred at room temperature for 6 h before being quenched with sat. aq. NH4Cl (5 mL). EtOAc 

(5 mL) was added, the layers were separated, and the aqueous layer extracted with DCM (3 × 

10 mL). The combined organic layers were dried with MgSO4, filtered, and the solvent 

removed in vacuo. The crude mixture was purified by flash column chromatography (silica, 

20% EtOAc in petrol) affording the title compound as a clear colourless oil (70 mg, 22%). 1H 

NMR (CDCl3, 400 MHz) δ 7.54 (1H, m, Ar-H), 7.23 – 7.09 (3H, m, Ar-H), 5.11 (1H, dq, J 2.0, 1.0, 

5-HH), 5.01 (1H, t, J 1.5, 5-HH), 4.68 (1H, dd, J 11.0, 3.0, 1-HH), 4.62 (1H, dd, J 11.0, 6.0, 1-HH), 

4.39 (1H, d, J 8.5, 3-H), 4.23 (1H, ddd, J 8.5, 6.0, 3.0, 4-H), 3.58 (3H, s, NMe), 1.83 (3H, t, J 1.0, 

4-CH3), 1.50 (3H, s, CH3), 1.48 (3H, s, CH3) 13C NMR (CDCl3, 101 MHz) δ 157.3 (CSO3), 141.1 

(C-4), 139.9 (Ar-C), 134.4 (Ar-C), 121.7 (Ar-C), 121.2 (Ar-C), 117.8 (Ar-C), 115.3 (C-5), 110.1 
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(C(CH3)2), 108.1 (Ar-C), 81.5 (C-3), 77.2 (C-4), 70.0 (C-1), 28.3 (NMe), 27.2 (2 × CH3), 17.3 

(4-CH3). HRMS (ESI+ or APCI+) Did not fly. 

 

2,3-Acetonide of (2S,3R)-pent-4-ene-1,2,3-triol (163) 

To a stirred suspension of methyltriphenylphosphonium bromide (10.0 g, 28.1 mmol) in THF 

(40 mL) at 0 °C under nitrogen was added portionwise KOtBu (3.15 g, 28.1 mmol), and the 

solution stirred for 1 h at the same temperature. Lactol 68 (1.50 g, 9.36 mmol) in THF (5 mL) 

was added at 0 °C. The resulting solution was heated to reflux for 75 mins, before being cooled 

to room temperature, and quenched by slow addition of water (20 mL). The layers were 

separated, and the aqueous layer extracted with EtOAc (3 × 30 mL). The combined organic 

layers were dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture 

was purified by flash column chromatography (silica, 30-40% EtOAc in petrol) affording the 

title compound as a clear colourless oil (1.30 g, 88%).  [𝛼]𝐷
23 − 41.0 (c 1.0, CHCl3); 1H NMR 

(CDCl3, 400 MHz) δ 5.85 (1H, dddd, J 17.5, 10.5, 7.0, 1.5, 4-H), 5.38 (1H, d, J 17.5, 5-HH), 5.26 

(1H, d, J 10.5, 5-HH), 4.63 (1H, t, J 7.0, 3-H), 4.25 (1H, q, J 7.0, 2-H), 3.57 (2H, m, 1-H2), 1.50 

(3H, s, CH3), 1.38 (3H, s, CH3); 13C NMR (CDCl3, 126 MHz) δ 133.1 (C-4), 119.1 (C-5), 109.0 

(C(CH3)2), 78.4 (C-3), 78.4 (C-2), 62.1 (C-1), 27.9 (CH3), 25.3 (CH3); HRMS (ESI+ or APCI+) Did not 

fly; νmax (CDCl3)/cm-1 3436 (m, br), 2988 (m), 2937 (m), 1380 (m), 1215 (s), 1048 (s). 

 

2,3-Acetonide of (2S,3R)-1-(4-methoxybenzyloxy)pent-4-ene-2,3-diol (158) 

To a stirred suspension of sodium hydride (208 mg, 5.21 mmol) in THF (5.5 mL) and DMSO (7.5 

mL) at 0 °C under nitrogen was added dropwise a solution of alcohol 153 (750 mg, 4.74 mmol) 
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in THF (2 mL). The resulting solution was stirred for 1 h at the same temperature before 

addition of TBAI (174 mg, 0.47 mmol) and PMBCl (707 µL, 5.21 mmol). The resulting solution 

was allowed to warm to room temperature over 16 h before being quenched with water (10 

mL). DCM (15 mL) was added, the layers were separated, and the aqueous layer extracted 

with DCM (3 × 30 mL). The combined organic layers were dried with MgSO4, filtered, and the 

solvent removed in vacuo. The crude mixture was purified by flash column chromatography 

(silica, 20% EtOAc in petrol) affording the title compound as a clear colourless oil (1.32 g, 

quant.).  [𝛼]𝐷
23 + 4.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 7.22 (2H, d, J 7.5, 8-H2), 6.84 

(2H, d, J 7.5, 9-H2), 5.77 (1H, ddd, J 17.0, 10.5, 7.0, 4-H), 5.31 (1H, d, J 17.0, 5-HH), 5.18 (1H, d, 

J 10.5, 5-HH), 4.57 (1H, t, J 7.0, 3-H), 4.49 (1H, d, J 12.0, 6-HH), 4.40 (1H, d, J 12.0, 6-HH), 4.33 

(1H, q, J 6.0, 2-H), 3.77 (3H, s, OMe), 3.54 – 3.24 (2H, m, 1-H2), 1.46 (3H, s, CH3), 1.35 (3H, s, 

CH3); 13C NMR (CDCl3, 101 MHz) δ 159.5 (C-10), 133.8 (C-4), 130.3 (C-7), 129.7 (C-8), 118.4 

(C-5), 114.0 (C-9), 109.1 (C(CH3)2), 78.7 (C-3), 77.6 (C-2), 73.3 (C-6), 69.3 (C-1), 55.5 (OMe), 28.1 

(CH3), 25.6 (CH3); HRMS (APCI) calculated for C16H22O4Na ([M+H−H2O]+) 183.1016, found 

183.1022; νmax (CDCl3)/cm-1 1612 (m), 1513 (s), 1247 (s), 1087 (m), 1036 (m). 

 

3,4-Acetonide of (3R,4S)-5-(4-methoxybenzyloxy)pentane-1,3,4-triol (157) 

To a stirred solution of alkene 158 (150 mg, 0.54 mmol) in THF (3 mL) at room temperature 

was added 9-BBN (0.5 M in THF, 1.20 mL, 0.65 mmol) dropwise. The resulting solution was 

stirred for 16 h, then cooled to 0 °C before NaOH (3 M) was added until the solution was basic 

(pH 10). H2O2 (30% Aq., 165 µL, 1.62 mmol) was added dropwise and the solution stirred at 

room temperature for 6 h. The reaction mixture was extracted with Et2O (3 × 10 mL) and the 

combined organic layers were dried with MgSO4, filtered, and the solvent removed in vacuo. 

The crude mixture was purified by flash column chromatography (silica, 50-60% EtOAc in 

petrol) affording the title compound as a clear colourless oil (121 mg, 76%).  [𝛼]𝐷
23 + 24.0 (c 

1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 7.25 (2H, d, J 9.0, 8-H2), 6.88 (2H, d, J 9.0, 9-H2), 4.51 
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(1H, d, J 11.5, 6-HH), 4.44 (1H, d, J 11.5, 6-HH), 4.37 – 4.24 (2H, m, 3-H, 4-H), 3.81 (3H, s, OMe), 

3.81 (1H, m, 1-HH), 3.75 (1H, m, 1-HH) 3.49 (1H, dd, J 9.5, 6.5, 5-HH), 3.45 (1H, dd, J 9.5, 5.5, 

5-HH), 2.42 (1H, m, OH), 1.78 (2H, m, 2-H2), 1.43 (3H, s, CH3), 1.35 (3H, s, CH3); 13C NMR (CDCl3, 

101 MHz) δ 159.5 (C-10), 129.8 (C-7), 129.7 (C-8), 114.0 (C-9), 108.3 (C(CH3)2), 76.8 (C-3), 76.3 

(C-4), 73.3 (C-6), 68.4 (C-5), 61.3 (C-1), 55.4 (OMe), 31.5 (C-2), 28.2 (CH3), 25.6 (CH3); HRMS 

(ESI+) calculated for C16H24O5Na (M+Na+) 319.1516, found 319.1518; νmax (CDCl3)/cm-1 3438 

(m, br), 2933 (m), 1612 (m), 1513 (s), 1247 (s), 1079 (s). 

 

3,4-Acetonide of methyl (3R,4S)-3,4-dihydroxy-5-(4-methoxybenzyloxy)pentanoate (164) 

To a stirred solution of alcohol 157 (423 mg, 1.43 mmol) in DCM (4.5 mL) and water (4.5 mL) 

at room temperature was added TEMPO (68 mg, 0.43 mmol) and BAIB (1.41 g, 4.28 mmol). 

The resulting solution was stirred for 1.5 h at room temperature before being quenched by 

the addition of sat. aq. Na2S2O3 (5 mL). The solution was made basic by dropwise addition of 

sat. aq. NaHCO3 and was extracted with EtOAc (3 × 10 mL). The aqueous was acidified with 

HCl (3 M) and extracted with EtOAc (3 × 10 mL). The acidic extracts were combined, dried with 

MgSO4, filtered, and the solvent removed in vacuo. The crude acid was redissolved in DMF 

(2 mL) and stirred. To this solution was added MeI (105 µL, 1.68 mmol) and K2CO3 (174 mg, 

1.26 mmol), and the resulting mixture stirred at room temperature for 16 h. Water (5 mL) was 

added and the resulting solution extracted with EtOAc (3 × 10 mL). the combined organic 

layers were dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture 

was purified by flash column chromatography (silica, 50-60% EtOAc in petrol) affording the 

title compound as a clear colourless oil (139 mg, 30%).  [𝛼]𝐷
23 + 12.0 (c 1.0, CHCl3); 1H NMR 

(CDCl3, 400 MHz) δ 7.23 (2H, d, J 8.5, 8-H2), 6.87 (2H, d, J 8.5, 9-H2), 4.62 (1H, td, J 7.0, 6.0, 

3-H), 4.47 (1H, d, J 11.5, 6-HH), 4.41 (1H, d, J 11.5, 6-HH), 4.33 (1H, dt, J 7.0, 5.0, 4-H), 3.80 

(3H, s, OMe), 3.63 (3H, s, CO2Me), 3.45 (1H, dd, J 10.0, 5.0, 5-HH), 3.42 (1H, dd, J 10.0, 6.5, 
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5-HH), 2.61 – 2.57 (2H, m, 2-H2), 1.42 (3H, s, CH3), 1.35 (3H, s, CH3); 13C NMR (CDCl3, 101 MHz) 

δ 171.5 (C-1), 159.4 (C-10), 129.9 (C-7), 129.6 (C-8), 113.9 (C-9), 108.6 (C(CH3)2), 75.5 (C-4), 

73.6 (C-3), 73.3 (C-6), 68.2 (C-5), 55.4 (OMe), 51.9 (CO2Me), 35.0 (C-2), 28.1 (CH3), 25.6 (CH3); 

HRMS (ESI+) calculated for C17H24O6Na (M+Na+) 347.1465, found 347.1457. νmax (CDCl3)/cm-1 

2951 (w), 1739 (s), 1513 (s), 1247 (s), 1172 (m), 1075 (m), 1035 (m). 

 

3,4-Acetonide of (3R,4S)-3,4-dihydroxy-5-(4-methoxybenzyloxy)pentanal (167) 

To a stirred solution of alcohol 157 (200 mg, 0.67 mmol) in DCM (6 mL) at room temperature 

under nitrogen was added NaHCO3 (281 mg, 3.35 mmol) and DMP (0.35 M in DCM, 2.12 mL, 

0.74 mmol). The resulting solution was stirred at room temperature for 2 h before sat. aq. 

Na2S2O3 (5 mL) was added. The layers were separated, and the aqueous layer extracted with 

DCM (3 × 10 mL). The combined organic layers were dried with MgSO4, filtered, and the 

solvent removed in vacuo. The crude residue was triturated with Et2O and the solvent 

removed in vacuo affording the title compound as a clear colourless oil (192 mg, 97%) which 

was used without further purification.  [𝛼]𝐷
23 + 14.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) 

δ 9.72 (1H, s, 1-H), 7.22 (2H, d, J 8.5, 8-H2), 6.87 (2H, d, J 8.5, 9-H2), 4.77 – 4.61 (1H, m, 3-H), 

4.45 (1H, d, J 11.5, 6-HH), 4.40 (1H, d, J 11.5, 6-HH), 4.34 (1H, dt, J 7.0, 5.5, 4-H), 3.80 (3H, s, 

OMe), 3.51 – 3.37 (2H, m, 5-H2), 2.88 – 2.62 (2H, m, 2-H2), 1.42 (3H, s, CH3), 1.35 (3H, s, CH3); 

13C NMR (CDCl3, 101 MHz) δ 200.1 (C-1), 159.5 (C-10), 129.7 (C-7), 129.6 (C-8), 114.0 (C-9), 

108.7 (C(CH3)2), 75.3 (C-4), 73.3 (C-6), 72.0 (C-3), 68.1 (C-5), 55.4 (OMe), 44.0 (C-2), 28.0 (CH3), 

25.5 (CH3); HRMS (ESI+) calculated for C16H22O5Na (M+Na+) 317.1359, found 317.1367. 
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3,4-Acetonide of (3R,4S)-3,4-dihydroxy-5-(4-methoxybenzyloxy)-2-methylenepentanal (3R-

168) and 3,4-Acetonide of (3S,4S)-3,4-dihydroxy-5-(4-methoxybenzyloxy)-2-

methylenepentanal (3S-168) 

Method 1 

To a stirred solution of propionic acid (46 µL, 0.62 mmol) and pyrrolidine (26 µL, 0.31 mmol) 

in DCM (2.5 mL) at room temperature under nitrogen was added aldehyde 167 (900 mg, 3.06 

mmol) in DCM (2.5 mL) and formaldehyde (37% aq., 233 µL, 3.13 mmol). The resulting solution 

was heated to reflux for 2 h before being cooled and quenched with sat. aq. NaHCO3 (25 mL). 

The layers were separated, and the aqueous layer extracted with DCM (3 × 25 mL). The 

combined organic layers were dried with MgSO4, filtered, and the solvent removed in vacuo. 

The crude residue was purified by flash column chromatography (silica, 30% EtOAc in petrol) 

affording the title compounds as viscous clear colourless oils. 3R-168;  [𝛼]𝐷
23 − 7.0 (c 1.0, 

CHCl3); 1H NMR (CDCl3, 400 MHz) δ 9.47 (1H, s, 1-H), 7.16 (2H, d, J 8.5, 8-H2), 6.84 (2H, d, J 8.5, 

9-H2), 6.51 (1H, s, 2-CHH), 6.07 (1H, s, 2-CHH), 5.09 (1H, d, J 6.5, 3-H), 4.52 (1H, q, J 6.5, 4-H), 

4.33 (1H, d, J 11.5, 6-HH), 4.26 (1H, d, J 11.5, 6-HH), 3.79 (3H, s, OMe), 3.21 (1H, dd, J 10.0, 5.5, 

5-HH), 3.13 (1H, dd, J 10.0, 7.0, 5-HH), 1.49 (3H, s, CCH3), 1.39 (3H, s, CCH3); 13C NMR (CDCl3, 

101 MHz) δ 193.0 (C-1), 159.3 (2-CH2), 145.8 (C-2), 132.8 (C-10), 130.0 (C-7), 129.4 (C-8), 113.8 

(C-9), 108.5 (C(CH3)2), 75.3 (C-4), 73.3 (C-3), 72.7 (C-6), 68.8 (C-5), 55.4 (OMe), 27.8 (CH3), 25.3 

(CH3); HRMS (ESI+) calculated for C16H22O5Na (M+Na+) 329.1359, found 329.1367. 

3S-168;  [𝛼]𝐷
23 − 25.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 500 MHz) δ 9.62 (1H, s, 1-H), 7.29 (2H, d, 

J 8.0, 8-H2), 6.89 (2H, d, J 8.0, 9-H2), 6.69 (1H, d, J 1.0, 2-CHH), 6.22 (1H, d, J 1.0, 2-CHH), 4.72 

(1H, ddd, J 8.0, 1.5, 1.0, 3-H), 4.55 (1H, d, J 11.5, 6-HH), 4.53 (1H, d, J 11.5, 6-HH), 3.94 (1H, 

ddd, J 8.0, 6.0, 3.0, 4-H), 3.82 (3H, s, OMe), 3.76 (1H, dd, J 10.5, 3.0, 5-HH), 3.66 (1H, dd, J 10.5, 

6.0, 5-HH), 1.50 (3H, s, CCH3), 1.49 (3H, s, CCH3); 13C NMR (CDCl3, 126 MHz) δ 193.1 (C-1), 159.3 

(C-10), 148.0 (C-2), 135.4 (2-CH2), 130.3 (C-7), 129.6 (C-8), 113.8 (C-9), 110.0 (C(CH3)2), 81.9 
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(C-4), 74.1 (C-3), 73.4 (C-6), 70.0 (C-5), 55.4 (OMe), 27.2 (CH3), 27.0 (CH3); HRMS (ESI+) 

calculated for C17H22O5Na (M+Na+) 329.1359, found 329.1372. 

 

Method 2 

To a stirred solution of propionic acid (46 µL, 0.62 mmol) and pyrrolidine (26 µL, 0.31 mmol) 

in DCM (2.5 mL) at room temperature under nitrogen was added aldehyde 167 (900 mg, 3.06 

mmol) in DCM (2.5 mL) and formaldehyde (37% aq., 233 µL, 3.13 mmol). The resulting solution 

was heated to reflux for 2 h before being cooled and quenched with sat. aq. NaHCO3 (25 mL). 

The layers were separated, and the aqueous layer extracted with DCM (3 × 25 mL). The 

combined organic layers were dried with MgSO4, filtered, and the solvent removed in vacuo. 

The crude residue was purified by flash column chromatography (silica, 30% EtOAc in petrol) 

affording the title compound as viscous clear colourless oils (69%, >10:1 d.r.). Data as 

previously. 

 

3,4-Acetonide of (3R,4S)-5-(4-methoxybenzyloxy)-2-methylenepentane-1,3,4-triol (149) 

 To a stirred solution of aldehyde 168 (243 mg, 0.79 mmol) in methanol (9 mL) at 0 °C was 

added CeCl3.7H2O (295 mg, 0.79 mmol) and NaBH4 (45 mg, 1.19 mmol). The reaction was 

stirred at the same temperature for 10 mins followed by addition of water (20 mL). EtOAc (20 

mL) was added, the layers were separated, and the aqueous layer extracted with EtOAc (3 × 

20 mL). The combined organic layers were dried with MgSO4, filtered, and the solvent 

removed in vacuo. The crude residue was purified by flash column chromatography (silica, 
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30% EtOAc in petrol) affording the title compound (232 mg, 95%) as a viscous clear colourless 

oil. 1H NMR (CDCl3, 400 MHz) δ 7.19 (2H, d, J 8.5, 8-H2), 6.87 (2H, d, J 8.5, 9-H2), 5.31 (1H, s, 

2-CHH), 5.14 (1H, s, 2-CHH), 4.80 (1H, d, J 6.0, 3-H), 4.38 (1H, m, 4-H), 4.36 (1H, d, J 11.0, 6-HH), 

4.31 (1H, d, J 11.0, 6-HH), 4.16 – 4.03 (2H, m, 1-H2), 3.80 (3H, s, OMe), 3.37 (1H, m, 5-HH), 3.33 

(2H, dd, J 8.5, 3.5, 5-HH), 3.15 (1H, dd, J 7.5, 4.5, OH) 1.44 (3H, s, CCH3), 1.37 (3H, s, CCH3); 13C 

NMR (CDCl3, 101 MHz) δ 159.7 (C-10), 143.9 (C-2), 129.9 (C-8), 129.1 (C-7), 114.0 (C-9), 111.8 

(2-CH2), 107.7 (C(CH3)2), 77.6 (C-3), 76.3 (C-4), 73.1 (C-6), 68.4 (C-5), 65.9 (C-1), 55.4 (OMe), 

27.9 (CH3), 25.3 (CH3); HRMS (ESI+ or APCI+) Did not fly; νmax (CDCl3)/cm-1 3442 (br), 2987 (w), 

2932 (w), 2867 (w), 1612 (m), 1513 (s), 1245 (s).  

 

3,4-Acetonide of (3R,4S)-5-(4-methoxybenzyloxy)-1-(tertbutyldimethylsilyloxy)-2-

methylenepentane-3,4-diol (169) 

To a stirred solution of alcohol 149 (232 mg, 0.75 mmol) in anhydrous DCM (5 mL) under 

nitrogen was added imidazole (77 mg, 1.13 mmol), DMAP (10 mg, 0.08 mmol) and TBSCl (203 

mg, 1.35 mmol). The resulting solution was stirred at room temperature for 16 h then 

quenched with water (10 mL). The layers were separated, and the aqueous layer extracted 

with DCM (3 × 10 mL). The combined organic layers were dried with MgSO4, filtered, and the 

solvent removed in vacuo. The crude residue was purified by flash column chromatography 

(silica, 15% EtOAc in petrol) affording the title compound (316 mg, quant.) as a clear colourless 

oil.  [𝛼]𝐷
23 − 5.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 7.23 (2H, d, J 8.5, 8-H2), 6.85 (2H, 

d, J 8.5, 9-H2), 5.26 – 5.12 (2H, m, 11-H2), 4.71 (1H, d, J 6.5, 3-H), 4.45 (1H, d, J 11.5, 6-HH), 

4.41 – 4.35 (2H, m, 4-H, 6-HH), 4.16 (1H, dt, J 14.0, 1.5, 1-HH), 4.08 (1H, d, J 14.0, 1-HH), 3.79 

(3H, s, OMe), 3.37 (1H, dd, J 10.0, 5.0, 5-HH), 3.31 (1H, dd, J 10.0, 7.0, 5-HH), 1.49 (3H, s, CH3), 

1.38 (3H, s, CH3), 0.90 (9H, s, SiC(CH3)3), 0.04 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 

159.3 (C-10), 143.9 (C-2), 130.4 (C-7), 129.5 (C-8), 113.8 (C-9), 111.1 (C-11), 108.2 (C(CH3)2), 

77.2 (C-3), 76.8 (C-4), 73.1 (C-6), 69.9 (C-5), 64.7 (C-1), 55.4 (OMe), 27.7 (CH3), 26.0 (SiC(CH3)3), 
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25.3 (CH3), 18.5 (SiC(CH3)3), −5.3 (SiCH3), −5.3 (SiCH3); HRMS (ESI+) calculated for C23H38O5SiNa 

(M+Na+) 445.2381, found 445.2363; νmax (CDCl3)/cm-1 2953 (m), 2857 (m), 1613 (w), 1513 (m), 

1246 (s), 1076 (s). 

 

3,4-Acetonide of (3R,4S,5R)-5-((tert-butyldimethylsilyloxy)methyl)tetrahydrofuran-2,3,4-

triol (173) 

To a stirred solution of lactol 67 (11.2 g, 58.9 mmol) in DCM (100 mL) was added in one portion 

imidazole (4.01 g, 58.9 mmol), DMAP (720 mg, 5.89 mmol) and TBSCl (8.87 g, 58.9 mmol), and 

the resulting solution allowed to stir at room temperature for 16 h. H2O (100 mL) was added 

and the layers were separated. The aqueous layer was extracted with DCM (3 × 80 mL) and 

the combined organic layers were dried with MgSO4, filtered, and the solvent removed in 

vacuo. The crude mixture was purified by flash column chromatography (silica, 20% EtOAc in 

petrol) affording the title compound (17.8 g, quant.) as a clear colourless oil, which was a 

mixture of lactol diastereomers. Major: 1H NMR (CDCl3, 400 MHz) δ 5.29 (1H, d, J 12.0, 2-H), 

4.77 (1H, d, J 12.0, OH), 4.70 (1H, d, J 6.0, 3-H), 4.51 (1H, d, J 6.0, 4-H), 4.36 (1H, m, 5-H), 3.79 

(1H, dd, J 11.0, 2.0, CHH), 3.74 (1H, dd, J 11.0, 2.0, CHH), 1.49 (3H, s, CH3), 1.33 (3H, s, CH3), 

0.93 (9H, s, SiC(CH3)3), 0.15 (3H, s, SiCH3), 0.14 (3H, s, SiCH3); 13C NMR (CDCl3, 101 MHz) δ 112.2 

(C(CH3)2), 103.6 (C-2), 87.7 (C-4), 87.1 (C-5), 81.9 (C-3), 64.9 (CH2), 26.6 (CH3), 25.9 (SiC(CH3)3), 

25.0 (CH3), 18.4 (SiC(CH3)3), −5.6 (SiCH3), −5.6 (SiCH3); HRMS (ESI+) calculated for C14H28NaO5Si 

(M+Na+) 327.1598, found 327.1602; νmax (CDCl3)/cm-1 3420 (m, br), 2953 (m), 2932 (m), 2856 

(w), 1476 (w), 1378 (m), 1256 (m), 1071 (s), 837 (s).  
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2,3-Acetonide of (2S,3S,4R)-5-(tert-butyldimethylsilyloxy)pentane-1,2,3,4-tetraol (176) 

To a stirred solution of lactol 173 (14.3 g, 46.8 mmol) in MeOH (65 mL) and THF (35 mL) at 0 

°C was added portionwise NaBH4 (2.65 g, 70.2 mmol). The cooling bath was removed and the 

solution stirred at room temperature for 3.5 h. H2O (50 mL) and EtOAc (50 mL) were added 

and the layers were separated. The aqueous layer was extracted with EtOAc (3 × 50 mL) and 

the combined organic layers were dried with MgSO4, filtered, and the solvent removed in 

vacuo. The crude mixture was purified by flash column chromatography (silica, 20-30% EtOAc 

in petrol) affording the title compound (11.0 g, 77%) as crystalline white plates. M.p (CHCl3) 

74-76 °C;  [𝛼]𝐷
23 + 7.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 4.36 (1H, ddd, J 8.0, 6.0, 5.0, 

2-H), 4.05 (1H, dd, J 9.5, 6.0, 3-H), 3.86 (2H, m, 1-HH, 5-HH), 3.78 (2H, m, 4-H, 1-HH), 3.65 (1H, 

dd, J 10.0, 6.0, 5-HH), 3.17 (1H, dd, J 9.0, 5.0, 1-OH), 3.06 (1H, d, J 4.5, 4-OH), 1.39 (3H, s, CH3), 

1.33 (3H, s, CH3), 0.91 (9H, s, SiC(CH3)3), 0.09 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 

108.6 (C(CH3)2), 77.7 (C-2), 76.6 (C-2), 69.6 (C-4), 64.5 (C-5), 61.0 (C-1), 28.0 (CH3), 26.0 

(SiC(CH3)3), 25.3 (CH3), 18.5 (SiC(CH3)3), −5.2 (SiCH3), −5.3 (SiCH3); HRMS (ESI+) calculated for 

C14H31O5Si (M+Na+) 307.1935, found 307.1929; νmax (CDCl3)/cm-1 3406 (m, br), 2930 (m), 2957 

(w), 1464 (w), 1384 (w), 1252 (m), 1217 (m), 1057 (s), 833 (s), 777 (s). 

 

2,3-Acetonide of (2S,3S,4R)-5-(tert-butyldimethylsilyloxy)-2,3,4-trihydroxypentyl acetate 

(177) 

To a stirred solution of diol 176 (1.50 g, 4.89 mmol) in DCM (20 mL) at −78 °C was added 

collidine (1.29 mL, 9.79 mmol) and AcCl (349 µL, 4.89 mmol). The resulting solution was stirred 
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at the same temperature for 3 h, then warmed to room temperature and stirred for a further 

hour. The reaction was quenched by addition of 1 N HCl (20 mL), the layers were separated, 

and the aqueous layer was extracted with Et2O (3 × 20 mL). The combined organic layers were 

dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture was purified 

by flash column chromatography (silica, 20% EtOAc in petrol) affording the title compound 

(1.54 g, 90%) as a clear colourless oil.  [𝛼]𝐷
23 − 4.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 500 MHz) δ 

4.57 (1H, dd, J 11.5, 3.0, 1-HH), 4.42 (1H, ddd, J 8.5, 6.0, 3.0, 2-H), 4.16 (1H, dd, J 11.5, 8.5, 

1-HH), 4.05 (1H, dd, J 9.5, 6.1, 3-H), 3.82 (1H, m, 5-HH), 3.66 (2H, m, 5-HH, 4-H), 2.60 (1H, d, J 

5.0, OH), 2.11 (3H, s, OAc), 1.44 (3H, s, CH3), 1.35 (3H, s, CH3), 0.91 (9H, s, SiC(CH3)3), 0.09 (6H, 

s, Si(CH3)2); 13C NMR (CDCl3, 126 MHz) δ 171.2 (C=O), 109.4 (C(CH3)2), 76.1 (C-3), 75.8 (C-2), 

69.3 (C-4), 64.5 (C-5), 63.9 (C-1), 28.1 (CH3), 26.0 (SiC(CH3)3), 25.6 (CH3), 21.2 (OAc), 18.5 

(SiC(CH3)3), −5.2 (SiCH3), −5.3 (SiCH3); HRMS (ESI+) calculated for C16H32NaO6Si (M+Na+) 

349.2041, found 349.2049; νmax (CDCl3)/cm-1 2934 (m), 1741 (s), 1370 (s), 1250 (s), 1216 (s), 

1045 (s), 833 (s), 777 (s). 

 

2,3-Acetonide of (2S,3S)-5-(tert-butyldimethylsilyloxy)-2,3-dihydroxy-4-oxopentyl acetate 

(178) 

To a stirred solution of alcohol 177 (9.17 g, 26.3 mmol) in DCM (200 mL) was added NaHCO3 

(11.1 g, 132 mmol) and DMP (12.3 g, 28.9 mmol). The resulting solution was stirred at room 

temperature for 3 h, then quenched by addition of sat. aq. NaHCO3 (50 mL), sat. aq. Na2S2O3 

(50 mL) and H2O (50 mL). The layers were separated and the aqueous layer was extracted with 

DCM (3 × 80 mL). The combined organic layers were dried with MgSO4, filtered, and the 

solvent removed in vacuo. The crude mixture was purified by flash column chromatography 

(silica, 15% EtOAc in petrol) affording the title compound (9.21, quant.) as a clear colourless 

oil.  [𝜶]𝑫
𝟐𝟑 − 𝟐. 𝟎 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 4.70 (1H, d, J 8.0, 3-H), 4.53 (1H, 

dddd, J 8.0, 5.0, 3.5, 1.0, 2-H), 4.40 (2H, s, 5-H2), 4.19 (1H, ddd, J 12.0, 3.5, 1.0, 1-HH), 3.93 (1H, 
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ddd, J 12.0, 5.0, 1.0, 1-HH), 1.95 (3H, s, OAc), 1.48 (3H, s, CH3), 1.29 (3H, s, CH3), 0.83 (9H, s, 

SiC(CH3)3), 0.02 (3H, s, SiCH3), -0.00 (3H, s, SiCH3); 13C NMR (CDCl3, 101 MHz) δ 206.5 (C-4), 

170.3 (OAc), 110.3 (C(CH3)2), 79.7 (C-3), 75.7 (C-2), 68.5 (C-5), 62.1 (C-1), 26.9 (CH3), 25.9 

(SiC(CH3)3), 24.7 (CH3), 20.7 (OAc), 18.5 (SiC(CH3)3), −5.3 (SiCH3), −5.4 (SiCH3); HRMS (ESI+) 

calculated for C15H30NaO6Si (M+Na+) 369.1704, found 369.1690; νmax (CDCl3)/cm-1 2934 9m0, 

2858 (s), 1743 (s, br), 1372 (M), 1230 (s), 1212 (s), 835 (s), 778 (s). 

 

2,3-Acetonide of (2S,3R)-4-(tert-butyldimethylsilyloxymethyl)-2,3-dihydroxypent-4-en-1-yl 

acetate (179) 

 To a stirred suspension of methyltriphenylphosphonium bromide (311 mg, 0.87 mmol) in THF 

(5 mL) at 0 °C was added portionwise KOtBu (94 mg, 0.84 mmol), and the resulting solution 

was stirred at the same temperature for 1 h. Ketone 178 (200 mg, 0.58 mmol) in THF (1 mL) 

was added dropwise at 0 °C, following which the ice bath was removed. The reaction was 

stirred at room temerature for 3 h before being quenched with sat. aq. NH4Cl (5 mL). The 

layers were separated and the aqueous layer was extracted with DCM (3 × 5 mL). The 

combined organic layers were dried with MgSO4, filtered, and the solvent removed in vacuo. 

The crude mixture was purified by flash column chromatography (silica, 15% EtOAc in petrol) 

affording the title compound (146 mg, 73%) as a clear colourless oil.  [𝜶]𝑫
𝟐𝟑 − 𝟏𝟓. 𝟎 (c 1.0, 

CHCl3); 1H NMR (CDCl3, 400 MHz) δ 5.29 (1H, q, J 1.5, 5-HH), 5.20 (1H, q, J 1.5, 5-HH), 4.73 (1H, 

d, J 6.5, 3-H), 4.38 (1H, tdd, J 6.5, 3.5, 1.5, 2-H), 4.19 (1H, d, J 13.0, CHHOTBS), 4.12 (1H, d, J 

13.0 CHHOTBS), 4.04 (1H, ddd, J 11.5, 3.5, 1.5, 1-HH), 3.87 (1H, ddd, J 11.5, 8.5, 1.5, 1-HH), 

2.05 (3H, s, OAc), 1.52 (3H, s, CH3), 1.39 (3H, s, CH3), 0.89 (9H, s, SiC(CH3)3), 0.06 (6H, s, 

Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 170.9 (C=O), 142.6 (C-4), 111.9 (C-5), 108.5 (C(CH3)2), 

76.8 (C-3), 75.6 (C-2), 65.1 (CH2OTBS), 64.9 (C-1), 27.8 (CH3), 26.0 (SiC(CH3)3), 25.5 (CH3), 21.0 

(OAc), 18.4 (SiC(CH3)3), −5.4 (SiCH3), −5.4 (SiCH3); HRMS (ESI+) calculated for C17H32NaO5Si 
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(M+Na+) 367.1911, found 367.1913; νmax (CDCl3)/cm-1 2931 (m), 2858 (m), 1744 (s), 1369 (m), 

1217 (s), 1232 (s), 1081 (s), 835 (s), 775 (s). 

 

2,3-Acetonide of (2S,3R,4R,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-4-(tert-

butyldimethylsilyloxymethyl)-1-(4-methoxybenzyloxy)-8-methyldec-6-ene-2,3-diol (181) 

To a stirred solution of alkene 169 (200 mg, 2.33 mmol) in degassed anhydrous THF (12 mL) 

at −78 °C was added a solution of 9-BBN (0.5 M in THF, 14 mL, 7.00 mmol). The resulting 

solution was stirred at room temperature for 16 h before being quenched with degassed 

water (12 mL) and stirred for 1 h. In a separate flask vinyl iodide 44 (660 mg, 1.94 mmol) was 

dissolved in degassed DMF (15 mL), and Cs2CO3 (2.28 g, 7.00 mmol), Pd(dppf)Cl2 (344 mg, 0.47 

mmol) and AsPh3 (144 mg, 0.47 mmol) were added and stirred for 10 mins. The borane 

solution was added to this mixture and stirred at room temperature for 8 hours, before being 

quenched by addition of water (10 mL). The mixture was filtered through Celite® and extracted 

with Et2O (3 × 30 mL). The combined organic layers were dried with MgSO4, filtered, and 

concentrated in vacuo. The crude oil was purified by flash column chromatography (silica, 15% 

EtOAc in petrol) affording the title compound (548 mg, 46%) as a mixture of diastereomers 

(5:1) as a clear colourless oil. Major diastereomer:  [𝛼]𝐷
23 + 20.0 (c 0.05, CHCl3); 1H NMR 

(CDCl3, 400 MHz) δ 7.31 – 7.17 (2H, m, 14-H2), 6.86 (2H, d, J 8.5, 15-H2), 5.50 – 5.26 (2H, m, 

6-H, 7-H), 4.52 – 4.45 (2H, m, 12-H2), 4.27 (1H, dt, J 7.0, 5.5, 2-H), 4.09 (1H, dd, J 8.5, 5.5, 3-H), 

3.80 (3H, s, OMe), 3.70 (1H, m, 9-H), 3.61 – 3.54 (2H, m, 1-HH, 11-HH), 3.46 (1H, dd, J 10.0, 

6.5, 11-HH), 3.41 (1H, dd, J 9.5, 7.0, 1-HH), 2.31 (1H, ddd, J 14.0, 6.0, 3.0, 5-HH), 2.12 (1H, m, 

8-H), 2.03 (1H, m, 5-HH), 1.71 (1H, m, 4-H), 1.41 (3H, s, CH3), 1.33 (3H, s, CH3), 1.02 (3H, d, J 

6.0, 10-H3), 0.96 (3H, d, J 7.0, 8-CH3), 0.88 (9H, s, SiC(CH3)3), 0.87 (9H, s, SiC(CH3)3), 0.03 (6H, s 

, Si(CH3)2), 0.00 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 159.3 (C-16), 134.8 (C-7), 130.5 

(C-13), 129.5 (C-14), 127.5 (C-6), 113.9 (C-15), 107.3 (C(CH3)2), 77.6 (C-3), 76.8 (C-2), 73.2 
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(C-12), 72.0 (C-9), 69.4 (C-1), 62.8 (C-11), 55.4 (OMe), 44.4 (C-8), 40.0 (C-4), 31.3 (C-5), 28.2 

(CH3), 26.1 (SiC(CH3)3), 26.0 (SiC(CH3)3), 25.7 (CH3), 20.6 (C-10), 18.4 (SiC(CH3)3), 18.3 

(SiC(CH3)3), 16.1 (8-CH3), -4.2 (SiCH3), -4.7 (SiCH3), −5.3 (SiCH3), −5.4 (SiCH3); HRMS (ESI+) 

calculated for C35H64O6Si2Na (M+Na+) 659.4134, found 659.4122; νmax (CDCl3)/cm-1 2955 (w), 

2929 (w), 2856 (w), 1513 (w), 1378 (w), 1248 (s), 1093 (m), 1038 (m), 834 (s), 774 (s). 

 

2,3-Acetonide of (2S,3R,4S,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-4-(tert-

butyldimethylsilyloxymethyl)-8-methyldec-6-ene-1,2,3-triol (182) 

Method 1 

To a stirred solution of PMB ether 181 (110 mg, 0.17 mmol) in DCM and pH 7.3 phosphate 

buffer (2 mL, 19:1 DCM:Buffer) was added DDQ (59 mg, 0.26 mmol) at room temperature and 

the resulting solution was stirred for 2 h at the same temperature. The reaction was quenched 

with sat. aq. NaHCO3 (5 mL). The layers were separated, and the aqueous layer extracted with 

DCM (3 × 10 mL). The combined organic layers were dried with MgSO4, filtered, and the 

solvent removed in vacuo. The crude residue was purified by flash column chromatography 

(silica, 15% EtOAc in petrol) affording the title compound (78 mg, 87%) as a clear colourless 

oil.  [𝛼]𝐷
23 − 6.5 (c 0.3, CHCl3) 1H NMR (CDCl3, 500 MHz) δ 5.42 (1H, dd, J 15.5, 7.5, 7-H), 5.35 

(1H, m, 6-H), 4.17 (1H, dt, J 7.5, 5.0, 2-H), 3.99 (1H, dd, J 10.0, 5.5, 3-H), 3.79 – 3.62 (3H, m, 

1-HH, 9-H, 11-HH), 3.54 (1H, ddd, J 11.0, 7.5, 3.5, 1-HH), 3.43 (1H, dd, J 10.0, 8.0, 11-HH), 2.49 

(1H, dd, J 7.5, 4.0, OH), 2.36 (1H, ddd, J 14.0, 6.0, 3.5, 5-HH), 2.12 (1H, tt, J 7.0, 3.5, 8-H), 2.03 

(1H, dt, J 14.0, 8.0, 5-HH), 1.91 (1H, ddq, J 12.5, 8.0, 3.5, 4-H), 1.44 (3H, s, CH3), 1.35 (3H, s, 

CH3), 1.02 (3H, d, J 6.0, 10-H3), 0.95 (3H, d, J 7.0, 8-CH3), 0.89 (9H, s, SiC(CH3)3), 0.88 (9H, s, 

SiC(CH3)3), 0.05 (6H, s, Si(CH3)2), 0.03 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 126 MHz) δ 135.2 (C-7), 

127.0 (C-6), 107.1 (C(CH3)2), 79.0 (C-3), 78.3 (C-2), 72.0 (C-9), 64.4 (C-11), 62.1 (C-1), 44.4 (C-8), 

39.2 (C-4), 31.9 (C-5), 28.6 (CH3), 26.1(SiC(CH3)3), 26.0 (SiC(CH3)3), 25.9 (CH3), 20.8 (C-10), 18.4 
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(SiC(CH3)3), 18.3 (SiC(CH3)3), 16.2 (8-CH3), −4.2 (SiCH3), −4.7 (SiCH3), −5.4 (SiCH3), −5.5 (SiCH3); 

HRMS (ESI+) calculated for C27H56O5Si2Na (M+Na+) 539.3558, found 539.3546. 

 

Method 2 

Carried out in triplicate and combined for work-up. To a stirred solution of alkene 179 (689 

mg, 2.00 mmol) in degassed anhydrous THF (10 mL) at −78 °C was added a solution of 9-BBN 

(0.5 M in THF, 8.00 mL, 4.00 mmol). The resulting solution was stirred at room temperature 

for 16 hours before being quenched with degassed water (10 mL) and stirred for 1 h. In a 

separate flask vinyl iodide 44 (567 mg, 1.66 mmol) was dissolved in degassed DMF (12 mL), 

and Cs2CO3 (1.95 g, 6.00 mmol), Pd(dppf)Cl2 (293 mg, 0.40 mmol) and AsPh3 (122 mg, 0.40 

mmol) were added and stirred for 10 mins. The borane solution was added to this mixture and 

stirred at room temperature for 24 hours, before being quenched by addition of water (30 

mL). The three triplicates were combined, the mixture was filtered through Celite® and 

extracted with Et2O (3 × 100 mL). The combined organic layers were dried with MgSO4, 

filtered, and concentrated in vacuo before being flushed through a plug of silica (10% EtOAc 

in petrol). The crude product was redissolved in MeOH (20 mL) and K2CO3 (1.46 g, 10.5 mmol) 

was added in one portion. The reaction was stirred at room temperature for 3 h and the 

solvent was removed in vacuo. The crude oil was dissolved in Et2O (20 mL) and water (20 mL) 

was added. The layers were separated and the aqueous layer was extracted with Et2O (2 × 20 

mL). The combined organic layers were dried with MgSO4, filtered, and the solvent removed 

in vacuo. The crude mixture was purified by flash column chromatography (silica, 10% EtOAc 

in petrol) affording the title compound (743 mg, 29% over 2 steps) as a clear colourless oil. 

Data as previously. 
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2,3-Acetonide of (2S,3R,4R,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-4-(hydroxymethyl)-8-

methyldec-6-ene-1,2,3-triol (183) and 2,3-Acetonide of (2S,3R,8R,9S,E)-4-(hydroxymethyl)-

8-methyldec-6-ene-1,2,3,9-tetraol (S1) 

To alcohol 182 (40 mg, 0.08 mmol) was added TBAF (1 M in THF, 1.5 mL, 1.5 mmol) and the 

resulting solution stirred at room temperature for 16 h. The reaction was quenched by 

addition of sat. aq. NH4Cl (5 mL) and diluted with DCM (5 mL). The layers were separated, and 

the aqueous layer extracted with DCM (3 × 5 mL). The combined organic layers were dried 

with MgSO4, filtered, and the solvent removed in vacuo. The crude residue was purified by 

flash column chromatography (silica, 30 - 100% EtOAc in petrol) affording the title compound 

(10.4 mg, 34%) as a clear colourless oil. 1H NMR (CDCl3, 500 MHz) δ 5.47 (1H, dd, J 15.5, 7.5, 

7-H), 5.39 (1H, ddd, J 15.5, 7.5, 6.5, 6-H), 4.24 (1H, q, J 6.0, 2-H), 4.08 (1H, ddd, J 9.5, 5.5, 1.0, 

3-H), 3.75 – 3.65 (3H, m, 1-HH, 9-H, 11-HH), 3.58 (1H, ddd, J 11.0, 6.5, 1.0, 1-HH), 3.54 (1H, dd, 

J 11.0, 7.5, 11-HH), 2.37 (1H, m, 5-HH), 2.18 – 2.08 (2H, m, 5-HH, 8-H), 1.96 (1H, m, 4-H), 1.43 

(3H, s, CH3), 1.35 (3H, s, CH3), 1.03 (3H, d, J 6.0, 10-H3), 0.96 (3H, d, J 7.0, 8-CH3), 0.88 (9H, s, 

SiC(CH3)3), 0.03 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 126 MHz) δ 135.4 (C-7), 126.9 (C-6), 107.2 

(C(CH3)2), 78.6 (C-3), 78.1 (C-2), 72.0 (C-9), 64.0 (C-1), 61.9 (C-11), 44.3 (C-8), 39.2 (C-4), 32.3 

(C-5), 28.4 (CH3), 26.0 (SiC(CH3)3), 25.7 (CH3), 20.9 (C-10), 18.3 (SiC(CH3)3), 16.3 (8-CH3), −4.2 

(SiCH3), −4.7 (SiCH3); HRMS (ESI+) calculated for C21H42O5SiNa (M+Na+) 425.2694, found 

425.2684; νmax (CDCl3)/cm-1 3369 (br,m), 2929 (s), 2857 (m), 1462 (w), 1372 (m), 1251 (s), 1036 

(s). 

And triol S1 (2 mg, 9%) as a clear colourless oil. 1H NMR (CDCl3, 500 MHz) δ 5.58 (1H, ddd, J 

14.5, 8.0, 6.5, 6-H), 5.40 (1H, dd, J 15.5, 8.5, 7-H), 4.23 (1H, q, J 6.0, 2-H), 4.04 (1H, dd, J 10.0, 

5.5, 3-H), 3.72 (1H, dd, J 11.0, 6.0, 1-HH), 3.67 (1H, dd, J 11.0, 5.0, 11-HH), 3.59 (1H, dd, J 11.0, 

6.5, 1-HH), 3.55 (1H, dd, J 11.0, 6.5, 11-HH), 3.49 (1H, m, 9-H), 2.43 (1H, dddd, J 14.0, 6.0, 4.0, 

1.5, 5-HH), 2.17 – 2.03 (2H, m, 5-HH, 8-H), 1.96 (1H, m, 4-H), 1.44 (3H, s, CH3), 1.35 (3H, s, CH3), 

1.17 (3H, d, J 6.0, 10-H3), 0.98 (3H, d, J 7.0, 8-CH3); 13C NMR (CDCl3, 126 MHz) δ 134.8 (C-7), 
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129.7 (C-6), 107.5 (C(CH3)2), 78.4 (C-3), 78.0 (C-2), 71.4 (C-9), 64.1 (C-11), 61.8 (C-1), 45.4 (C-8), 

39.6 (C-4), 33.0 (C-5), 28.4 (CH3), 25.7 (CH3), 20.6 (C-10), 16.9 (8-CH3); HRMS (ESI+) calculated 

for C15H28O5Na (M+Na+) 311.1829, found 311.1835. 

 

2,3-Acetonide of (3R,4R,5S)-5-((4R,5S,E)-5-(tert-butyldimethylsilyloxy)-4-methylhex-2-en-1-

yl)-3,4-dihydroxytetrahydro-2H-pyran-2-one (184) 

To a stirred solution of diol 183 (9.9 mg, 0.025 mmol) in MeCN (0.3 mL) at room temperature 

was added ABNO solution (0.04 M, 6.25 µL, 0.25 µmol) and Cu(MeCN)4OTf (0.5 mg, 1.25 µmol). 

The resulting solution was stirred at room temperature for 16 h before being filtered through 

a plug of silica and concentrated in vacuo. The crude material was purified by flash column 

chromatography (silica, 10-30% EtOAc in petrol) affording the title compound (4.2 mg, 42%) 

as clear colourless oil.  [𝛼]𝐷
23 not recorded due to insufficient signal; 1H NMR (CDCl3, 500 MHz) 

δ 5.51 (1H, ddd, J 15.5, 8.0, 1.5, 7-H), 5.36 (1H, dtd, J 15.5, 7.0, 1.0, 6-H), 4.56 (1H, d, J 7.5, 

2-H), 4.38 (1H, dd, J 11.5, 3.5, 11-HH), 4.35 (1H, dd, J 7.5, 5.5, 3-H), 3.99 (1H, dd, J 11.5, 8.0, 

11-HH), 3.68 (1H, qd, J 6.0, 4.0, 9-H), 2.27 (1H, m, 5-HH), 2.17 – 2.07 (2H, m, 5-HH, 8-H), 2.03 

(1H, dddd, J 11.5, 9.5, 5.5, 3.0, 4-H), 1.51 (3H, s, CCH3), 1.38 (3H, s, CCH3), 1.03 (3H, d, J 6.0, 

10-H3), 0.97 (3H, d, J 7.0, 8-CH3), 0.88 (9H, s, SiC(CH3)3), 0.03 (3H, s, SiCH3), 0.03 (3H, s, SiCH3); 

13C NMR (CDCl3, 126 MHz) δ 169.4 (C-1), 136.8 (C-7), 125.0 (C-6), 111.2 (C(CH3)2), 76.6 (C-3), 

72.5 (C-2), 71.7 (C-9), 67.6 (C-11), 44.3 (C-8), 39.9 (C-4), 32.4 (C-5), 26.6 (CCH3), 25.9 

(SiC(CH3)3), 24.8 (CCH3), 21.0 (10-C), 18.1 (SiC(CH3)3), 16.4 (8-CH3), −4.3 (SiCH3), −4.8 (SiCH3); 

HRMS (ESI+) calculated for C21H39O5Si (M+H+) 399.2561, found 399.2549; νmax (CDCl3)/cm-1 

2957 (m), 2929 (m), 1758 (s), 1374 (m), 1251 (s), 1096 (s). 

NB: Numbering in assignment does not agree with name for ease of comparison. 
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2,3-Acetonide of (2R,3R,4S,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-4-(tert-

butyldimethylsilyloxymethyl)-2,3-dihydroxy-8-methyldec-6-enal (185) 

To a stirred solution of alcohol 182 (75 mg, 0.15 mmol) in DCM (1 mL) was added DMP (68 mg, 

0.16 mmol). The resulting solution was stirred at room temperature for 3 h, then quenched 

by addition of sat. aq. NaHCO3 (1 mL), sat. aq. Na2S2O3 (1 mL) and H2O (1 mL). The layers were 

separated and the aqueous layer was extracted with DCM (3 × 5 mL). The combined organic 

layers were dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture 

was purified by flash column chromatography (silica, 5% EtOAc in petrol) affording the title 

compound (74 mg, 99%) as a clear colourless oil. 1H NMR (CDCl3, 400 MHz) δ 9.76 (1H, dd, J 

3.0, 0.5, 1-H), 5.42 (1H, dd, J 15.5, 8.0, 7-H), 5.30 (1H, ddd, J 15.5, 8.0, 6.0, 6-H), 4.38 (1H, dd, 

J 6.5, 3.0, 2-H), 4.31 (1H, dd, J 9.0, 6.5, 3-H), 3.68 (2H, m, 9-H, CHHOTBS), 3.53 (1H, dd, J 10.5, 

6.5, CHHOTBS), 2.26 (1H, ddd, J 15.0, 6.0, 2.5, 5-HH), 2.11 (1H, ddd, J 9.5, 7.0, 3.0, 8-H), 2.04 

(1H, m, 5-HH), 1.86 (1H, ddt, J 13.5, 9.0, 4.0, 4-H), 1.57 (3H, s, CH3), 1.40 (3H, s, CH3), 1.02 (3H, 

d, J 6.0, 9-CH3), 0.95 (3H, d, J 7.0, 8-CH3), 0.89 (9H, s, SiC(CH3)3), 0.88 (9H, s, SiC(CH3)3), 0.05 

(6H, s, Si(CH3)2), 0.03 (6H, s, Si(CH3)2). 

NB: This compound was not fully characterised as it was prepared and used immediately. 
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2,3-Acetonide of (2S,3R,4S,8R,9S,E)-4-(hydroxymethyl)-1-(4-methoxybenzyloxy)-8-

methyldec-6-ene-2,3,9-triol (186) and 2,3-Acetonide of (2S,3R,4S,8R,9S,E)-9-(tert-

butyldimethylsilyloxy)-4-(hydroxymethyl)-1-(4-methoxybenzyloxy)-8-methyldec-6-ene-2,3-

diol (S2) 

Protected alcohol 181 (100 mg, 0.16 mmol) was dissolved in a solution of TBAF (1.0 M in THF 

1.56 mL, 1.56 mmol) and stirred at room temperature for 16 h before the reaction wsa 

quenched by the addition of sat. aq. NH4Cl (2 mL). EtOAc (2 mL) was added and the layers 

were separated. The aqueous layer was extracted with EtOAc (3 × 3 mL) and the combined 

organic layers were dried with MgSO4, filtered, and the solvent removed in vacuo. The crude 

mixture was purified by flash column chromatography (silica, 50-70% EtOAc in petrol) 

affording alcohol 186 (31 mg, 38%) as a pale yellow oil. NMR revealed a 6:1 mixture of 

diastereomers.  [𝛼]𝐷
23 + 8.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 7.23 (2H, d, J 8.5, 12-H2), 

6.87 (2H, d, J 8.5, 13-H2), 5.40 (2H, m, 6-H, 7-H), 4.49 (1H, d, J 11.5, 10-HH), 4.44 (1H, d, J 11.5, 

10-HH), 4.35 (1H, dt, J 9.0, 4.5, 2-H), 4.06 (1H, dd, J 9.5, 5.0, 3-H), 3.80 (3H, s, OMe), 3.68 (2H, 

m, CHHOH, 9-H), 3.57 (1H, t, J 9.0, 1-HH), 3.39 (2H, m, 1-HH, CHHOH), 2.79 (1H, m, OH), 2.29 

(1H, ddd, J 14.0, 6.5, 3.5, 5-HH), 2.10 (2H, m, 5-HH, 8-H), 1.97 (1H, m, 4-H), 1.37 (3H, s, CCH3), 

1.32 (3H, s, CCH3), 1.03 (3H, d, J 6.0, 9-CH3), 0.96 (3H, d, J 7.0, 8-CH3), 0.88 (9H, s, SiC(CH3)3), 

0.03 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 159.6 (C-14), 135.2 (C-7), 129.8 (C-12), 129.3 

(C-11), 127.0 (C-6), 114.1 (C-13), 106.8 (C(CH3)2), 79.1 (C-3), 76.1 (C-2), 73.3 (C-10), 72.0 (C-9), 

68.7 (C-1), 64.4 (CH2OH), 55.4 (OMe), 44.3 (C-8), 39.2 (C-4), 32.3 (C-5), 28.3 (CCH3), 26.0 

(SiC(CH3)3), 25.6 (CCH3), 20.8 (9-CH3), 18.2 (SiC(CH3)3), 16.2 (8-CH3), −4.2 (SiCH3), −4.7 (SiCH3); 

HRMS (ESI+) calculated for C29H50NaO6Si (M+Na+) 523.3449, found 523.3468; νmax (CDCl3)/cm-1 

3458 (m, br), 2955 (m), 2928 (m), 2857 (m), 1514 (m), 1249 (s), 1220 (m), 1086 (m), 1036 (s). 

And diol S2 (23 mg, 36%) as a clear colourless oil. NMR revealed a 6:1 mixture of 

diastereomers.  [𝛼]𝐷
23 + 12.0 (c 1.0, CHCl3); 1H (CDCl3 400 MHz) δ 7.23 (2H, d, J 8.5, 12-H2), 

6.87 (2H, d, J 8.5, 13-H2), 5.50 (1 H, m, 6-H), 5.34 (1H, m, 7-H), 4.48 (1H, d, J 11.5, 10-HH), 4.43 
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(1H, d, J 11.5, 10-HH), 4.32 (1H, ddd, J 8.5, 5.0, 4.5, 2-H), 4.01 (1H, dd, J 9.5, 5.0, 3-H), 3.79 (3H, 

s, OMe), 3.61 (1H, m, CHHOH), 3.56 (1H, m, 1-HH), 3.48 (1H, m, 9-H), 3.43 (1H, m, CHHOH), 

3.37 (1H, dd, J 9.5, 4.3, 1-HH), 2.33 (1H, dddd, J 14.1, 6.3, 3.7, 1.4, 5-HH), 2.02-2.12 (2H, m, 

5-HH, 8-H), 1.93 (1H, m, 4-H), 1.36 (3H, s, CCH3), 1.31 (3H, s, CCH3), 1.15 (3H, d, J 6.2, 9-CH3), 

0.97 (3H, d, J 7.0, 8-CH3); 13C NMR (CDCl3, 101 MHz) δ 159.6 (C-14), 134.5 (C-7), 129.8 (C-6), 

129.7 (C-12), 114.1 (C-13), 107.0 (C(CH3)2), 78.9 (C-3), 76.1 (C-2), 73.4 (C-10), 71.2 (C-9), 68.7 

(C-1), 64.4 (CH2OH), 55.4 (OMe), 45.3 (C-8), 39.5 (C-4), 32.8 (C-5), 28.2 (CCH3), 25.5 (CCH3), 

20.4 (9-CH3), 16.8 (8-CH3); HRMS (ESI+) calculated for C23H36NaO6 (M+Na+) 431.2404, found 

431.2406; νmax (CDCl3)/cm-1 3430 (m, br), 2964 (m), 2931 (m), 1513 (s), 1379 (m), 1369 (m), 

1248 (s), 1074 (s). 

 

(2S,3R,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-1-(4-methoxybenzyloxy)-8-methyl-4-

methylenedec-6-ene-2,3-diol (187) 

To a stirred solution of alcohol 186 (31 mg, 0.06 mmol) and o-nitrophenylselenocyanate (41 

mg, 0.18 mmol) in THF (2 mL) was added in one portion tri-n-butylphosphine (45 µL, 0.18 

mmol) at room temperature. The resulting solution was stirred at the same temperature for 

2 h before being cooled to −40 °C. Pyridine (5.7 µL, 0.07 mmol) was added followed by H2O2 

(30% Aq., 61 µL, 0.60 mmol). The cooling bath was left in place and the reaction allowed to 

warm to room temperature over 12 h. The reaction was quenched by addition of sat. aq. 

Sodium bisulfite (2 mL) and EtOAc (2 mL) and the layers were separated. The aqueous layer 

was extracted with EtOAc (3 × 2 mL) and the combined organic layers were dried with MgSO4, 

filtered, and the solvent removed in vacuo. The crude mixture was purified by flash column 

chromatography (silica, 10% EtOAc in petrol) affording the title compound (21 mg, 70%) as a 

clear colourless oil.  [𝛼]𝐷
23 + 3.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 7.23 (2H, d, J 8.5, 

13-H2), 6.86 (2H, d, J 8.5, 14-H2), 5.42 (1H, dd, J 15.5, 7.5, 7-H), 5.34 (1H, ddd, J 15.5, 7.0, 5.5, 

6-H), 5.17 (1H, t, J 1.5, 10-HH), 4.96 (1H, dd, J 1.5, 1.0, 10-HH), 4.63 (1H, dt, J 6.5, 1.0, 3-H), 
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4.44 (1H, d, J 11.5, 11-HH), 4.40 (1H, d, J 11.5, 11-HH), 4.37 (1H, q, J 6.5, 2-H), 3.80 (3H, s, 

OMe), 3.69 (1H, qd, J 6.0, 4.5, 9-H), 3.33 (1H, d, J 2.0, 1-HH), 3.32 (1H, d, J 1.5, 1-HH), 2.78 (1H, 

dd, J 16.0, 6.0, 5-HH), 2.61 (1H, dd, J 16.0, 7.0, 5-HH), 2.15 (1H, pd, J 7.0, 4.0, 8-H), 1.48 (3H, s, 

CH3), 1.37 (3H, s, CH3), 1.03 (3H, d, J 6.0, 9-CH3), 0.97 (3H, d, J 7.0, 8-CH3), 0.88 (9H, s, 

(SiC(CH3)3)), 0.03 (3H, s, SiCH3), 0.03 (3H, s, SiCH3); 13C NMR (CDCl3, 101 MHz) δ 159.3 (C-15), 

143.6 (C-4), 135.5 (C-7), 130.3 (C-12), 129.5 (C-13), 126.8 (C-6), 113.9 (C-14), 111.7 (C-10), 

108.4 (C(CH3)2), 78.8 (C-3), 76.6 (C-2), 73.1 (C-11), 72.0 (C-9), 69.6 (C-1), 55.4 (OMe), 44.3 (C-8), 

37.4 (C-5), 27.8 (CH3), 26.0 (SiC(CH3)3), 25.4 (CH3), 20.7 (9-CH3), 18.3 (SiC(CH3)3), 16.1 (8-CH3), 

−4.2 (SiCH3), −4.6 (SiCH3); νmax (CDCl3)/cm-1 2956 (m), 2929 (m), 2857 (m), 1613 (w), 1514 (m), 

1462 (w), 1379 (w), 1249 (s), 1087 (s), 1037 (m), 836 (s), 774 (m). 

 

2,3-Acenotide of (2S,3R,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-8-methyl-4-methylenedec-

6-ene-1,2,3-triol (127) 

To a stirred solution of ether 187 (21 mg, 0.04 mmol) in DCM (0.95 mL) and pH 7.3 phosphate 

buffer (0.05 mL) at room temperature was added in one portion DDQ (14 mg, 0.06 mmol). The 

reaction was stirred at the same temperature for 2.5 h before being quenched by addition of 

sat. aq. NaHCO3 (2 mL) and DCM (1 mL). The layers were separated, the aqueous layer was 

extracted with EtOAc (3 × 2 mL), and the combined organic layers were dried with MgSO4, 

filtered, and the solvent removed in vacuo. The crude mixture was purified by flash column 

chromatography (silica, 20% EtOAc in petrol) affording the title compound (21 mg, 74%) as a 

clear colourless oil as an approximately 1:1 mixture with anisaldehyde (yield above calculated 

from NMR).  [𝛼]𝐷
23 + 4.0 (c 0.5, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 5.47 (1H, dd, J 15.5, 7.5, 

7-H), 5.37 (1H, dt, J 15.0, 6.5, 6-H), 5.23 (1H, s, 10-HH), 5.01 (1H, s, 10HH), 4.65 (1H, d, J 6.5, 

3-H), 4.26 (1H, q, J 6.5, 2-H), 3.69 (1H, p, J 6.5, 9-H), 3.44 (2H, m, 1-H2), 2.79 (1H, dd, J 16.0, 

6.0, 5-HH), 2.66 (1H, dd, J 16.0, 7.0, 5-HH), 2.16 (1H, q, J 6.5, 8-H), 1.77 (1H, dd, J 8.5, 4.0, OH), 

1.52 (3H, s, CH3), 1.39 (3H, s, CH3), 1.04 (3H, d, J 6.0, 9-CH3), 0.97 (3H, d, J 7.0, 8-CH3), 0.88 (9H, 
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s, SiC(CH3)3), 0.03 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 142.8 (C-4), 135.9 (C-7), 126.3 

(C-6), 111.9 (C-10), 108.7 (C(CH3)2), 78.2 (C-3), 77.5 (C-2), 71.9 (C-9), 62.5 (C-1), 44.3 (C-8), 37.5 

(C-5), 28.1 (CH3), 26.0 (SiC(CH3)3), 25.7 (CH3), 20.8 (9-CH3), 18.2 (SiC(CH3)3), 16.2 (8-CH3), −4.2 

(SiCH3), −4.7 (SiCH3); HRMS (ESI+) calculated for C21H40NaO4Si (M+Na+) 407.2588, found 

407.2603; νmax (CDCl3)/cm-1 3485 (w, br), 2957 (m), 2930 (m), 2857 (m), 1699 (m), 1601 (m), 

1579 (m), 1511 (m), 1379 (m), 1258 (s), 1216 (m), 1161 (s), 1034 (s), 835 (s), 775 (m). 

 

2,3-Acetonide of (2S,3R)-4-(tert-butyldimethylsilyloxymethyl)pent-4-ene-1,2,3-triol (188) 

To a stirred solution of acetate 179 (2.82 g, 8.19 mmol) in MeOH (65 mL) was added in one 

portion K2CO3 (5.65 g, 40.9 mmol) at room temperature. The reaction was stirred at the same 

temperature for 3 h and the solvent was removed in vacuo. The crude oil was dissolved in Et2O 

(50 mL) and water (50 mL) was added. The layers were separated and the aqueous layer was 

extracted with Et2O (2 × 50 mL). The combined organic layers were dried with MgSO4, filtered, 

and the solvent removed in vacuo. The crude mixture was purified by flash column 

chromatography (silica, 25% EtOAc in petrol) affording the title compound (2.38 g, 96%) as a 

clear colourless oil.  [𝛼]𝐷
23 − 64.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 5.34 (1H, s, 6-HH), 

5.25 (1H, s, 6-HH), 4.69 (1H, dt, J 6.5, 1.0, 3-H), 4.16 (1H, q, J 6.5, 2-H), 4.07 (2H, m, 5-H2), 3.50 

(1H, ddd, J 11.5, 7.0, 6.0, 1-HH), 3.41 (1H, ddd, J 11.0, 6.5, 6.0, 1-HH), 2.28 (1H, dd, J 7.0, 6.0, 

OH), 1.48 (3H, s, CH3), 1.38 (3H, s, CH3), 0.90 (9H, s, SiC(CH3)3), 0.08 (6H, s, Si(CH3)2); 13C NMR 

(CDCl3, 101 MHz) δ 142.5 (C-4), 113.2 (C-6), 108.1 (C(CH3)2), 78.2 (C-2), 77.2 (C-3), 65.7 (C-5), 

62.1 (C-1), 28.0 (CH3), 26.0 (SiC(CH3)3), 25.5 (CH3), 18.5 (SiC(CH3)3), −5.3 (SiCH3), −5.4 (SiCH3); 

HRMS (ESI+) calculated for C15H30NaO4Si (M+Na+) 325.1806, found 325.1812; νmax (CDCl3)/cm-1 

3468 (w, br), 2954 (m), 2930 (m), 2858 (m), 1463 (w), 1380 (w), 1253 (m), 1217 (w), 1055 (m), 

836 (s), 776 (m). 
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2,3-Acetonide of (2R,3R)-4-(tert-butyldimethylsilyloxymethyl)-2,3-dihydroxypent-4-enal 

(189) 

To a stirred solution of alcohol 188 (122 mg, 0.40 mmol) in DCM (3 mL) at room temperature 

was added NaHCO3 (168 mg, 2.00 mmol) and DMP (188 mg, 0.44 mmol). The solution was 

stirred at room temperature for 3 h before being quenched with H2O (5 mL). The layers were 

separated and the aqueous layer extracted with DCM (3 × 10 mL). The combined organic layers 

were dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture was 

purified by flash column chromatography (silica, 15% EtOAc in petrol) affording the title 

compound as a colourless oil (85 mg, 71%). 1H NMR (CDCl3, 400 MHz) δ 9.47 (1H, d, J 2.5, 1-H), 

5.31 (1H, m, 5-HH), 5.22 (1H, m, J 1.5, 5-HH), 4.91 (1H, d, J 7.5, 3-H), 4.50 (1H, dd, J 7.5, 2.5, 

2-H), 4.21 (1H, dt, J 13.0, 1.5, 6-HH), 4.12 (1H, d, J 13.0, 6-HH), 1.63 (3H, s, CH3), 1.44 (3H, s, 

CH3), 0.90 (9H, s, SiC(CH3)3), 0.08 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 101 MHz) δ 200.1 (C-1), 

141.6 (C-4), 112.7 (C-5), 110.5 (C(CH3)2), 81.8 (C-2), 77.7 (C-3), 64.9 (C-6), 27.3 (CH3), 26.0 

(SiC(CH3)3), 25.5 (CH3), 18.5 (SiC(CH3)3), −5.3 (SiCH3), −5.4 (SiCH3); HRMS (ESI+) calculated for 

C15H29NaO4Si (M+Na+) 301.1830, found 301.1839. νmax (CDCl3)/cm-1 2955 (w), 2930 (w), 2858 

(w), 1736 (s), 1463 (w), 1381 (w), 1254 (m), 1218 (m), 1071 (s), 837 (s), 777 (m). 
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3,4-Acetonide of (3R,4S)-1-(2-trimethylsilylethoxymethoxy)-5-(4-methoxybenzyloxy)-2-

methylenepentane-3,4-diol (194) 

To a stirred solution of alcohol 149 (300 mg, 0.97 mmol) in DCM (10 mL) at room temperature 

was added in one portion SEMCl (515 µL, 2.91 mmol) and DIPEA (4.85 mmol). The resulting 

solution was stirred at the same temperature for 4 h before being quenched by the addition 

of water (10 mL). The layers were separated and the aqueous extracted with DCM (3 × 15 mL). 

The combined organic layers were dried with MgSO4, filtered, and the solvent removed in 

vacuo. The crude mixture was purified by flash column chromatography (silica, 10% EtOAc in 

petrol) affording the title compound as a colourless oil (365 mg, 83%). [𝛼]𝐷
23 − 29.0 (c 1.0, 

CHCl3); 1H NMR (CDCl3, 400 MHz) δ 7.22 (2H, d, J 8.5, 8-H2), 6.85 (2H, d, J 8.5, 9-H2), 5.32 (1H, 

s, 2-CHH), 5.22 (1H, p, J 1.5, 2-CHH), 4.73 (1H, d, J 6.5, 3-H), 4.63 (2H, d, J 1.0, 1′-H2), 4.42 (1H, 

d, J 12.0, 6-HH), 4.37 (1H, m, 4-H), 4.37 (1H, d, J 11.5, 6-HH), 4.06 (1H, d, J 13.0, 1-HH), 4.00 

(1H, dd, J 13.0, 1.0, 1-HH), 3.79 (3H, s, OMe), 3.60 (2H, dtd, J 10.0, 7.0, 2.0, 2’-H2), 3.34 (1H, 

dd, J 12.5, 6.0, 5-HH), 3.31 (1H, dd, J 13.0, 6.5, 5-HH), 1.48 (3H, s, CH3), 1.37 (3H, s, Me), 0.93 

(2H, m, 3’-H2), 0.02 (9H, s, Si(CH3)3); 13C NMR (CDCl3, 101 MHz) δ 159.3 (C-10), 141.0, 130.3, 

129.5 (C-8), 113.8 (C-9), 113.5 (2-CH2), 108.3 (C(CH3)2), 94.2 (C-1’), 77.1 (C-3), 76.6 (4-C), 73.0 

(C-6), 69.6 (C-5), 68.7 (C-1), 65.3 (C-2’), 55.3 (OMe), 27.7 (CCH3), 25.3 (CCH3), 18.2 (C-3’), −1.3 

(Si(CH3)3); HRMS (ESI+) calculated for C23H38NaO6Si (M+Na+) 461.2330, found 461.2346; νmax 

(CDCl3)/cm-1 2951 (w), 1613 (w), 1513 (m), 1379 (w), 1247 (s), 1086 (s), 1038 (s), 835 (s). 
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(2S,3R)-4-(2-Trimethylsilylethoxymethoxymethyl)pent-4-ene-1,2,3-triol (195) 

To a stirred solution of ether 194 (158 mg, 0.36 mmol) in DCM (3.5 mL) and buffer (0.2 mL) at 

room temperature was added DDQ (123 mg, 0.54 mmol) and the resulting solution stirred for 

2.5 h at the same temperature before the reaction was quenched by addition of sat. aq. 

NaHCO3 (5 mL). The layers were separated, and the aqueous layer extracted with DCM (3 × 5 

mL). The combined organic layers were dried with MgSO4, filtered, and the solvent removed 

in vacuo. The crude mixture was purified by flash column chromatography (silica, 30% EtOAc 

in petrol) affording the title compound as a colourless oil (91 mg, 79%). [𝛼]𝐷
23 − 69.0 (c 1.0, 

CHCl3); 1H NMR (CDCl3, 400 MHz) δ 5.40 (1H, s, 5-HH), 5.29 (1H, s, 5-HH), 4.70 (1H, d, J 6.5, 

3-H), 4.66 (2H, dd, J 7.0, 1.0, 7-H2), 4.24 (1H, q, J 6.5, 2-H), 4.06 (2H, s, 6-H2), 3.60 (2H, td, J 8.0, 

2.0, 8-H2), 3.45 (2H, m, 1-H2), 2.39 (1H, t, J 6.0, OH), 1.48 (3H, s, CH3), 1.37 (3H, s, CH3), 0.92 

(2H, dd, J 9.5, 7.5, 9-H2), 0.00 (9H, s, Si(CH3)3); 13C NMR (CDCl3, 101 MHz) δ 140.0 (C-4), 114.9 

(C-5), 108.1 (C(CH3)2), 94.5 (C-7), 78.1 (C-2), 77.1 (C-3), 69.3 (C-6), 65.6 (C-8), 62.1 (C-1), 27.9 

(CH3), 25.4 (CH3), 18.2 (C-9), −1.4 (Si(CH3)3).; HRMS (ESI+) calculated for C15H30NaO5Si (M+Na+) 

341.1755, found 341.1769. 

 

2,3-Acetonide of (2S,3R)-2,3-Dihydroxy-4-(2-trimethylsilylethoxymethoxymethyl)pent-4-

enal (196) 

To a stirred solution of alcohol 195 (91 mg, 0.41 mmol) in DCM (3 mL) at room temperature 

was added solid NaHCO3 (172 mg, 2.05 mmol) and DMP (191 mg, 0.45 mmol) in one portion. 

The reaction was stirred for 3 h at room temperature before being quenched by addition of 
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sat. aq. NaHCO3 (5 mL). The layers were separated, and the aqueous layer extracted with DCM 

(3 × 10 mL). The combined organic layers were dried with MgSO4, filtered, and the solvent 

removed in vacuo. The crude mixture was purified by flash column chromatography (silica, 

15% EtOAc in petrol) affording the title compound as a colourless oil (75 mg, 59%).  [𝛼]𝐷
23 −

63.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 9.45 (1H, d, J 3.0, 1-H), 5.39 (1H, s, 5-HH), 5.27 

(1H, s, 5-HH), 4.92 (1H, d, J 7.5, 3-H), 4.67 (1H, d, J 7.0, 6-HH), 4.65 (1H, d, J 7.0, 6-HH), 4.46 

(1H, dd, J 7.5, 3.0, 2-H), 4.10 (1H, d, J 12.5, 4-CHH), 4.02 (1H, d, J 13.0, 4-CHH), 3.61 (2H, td, J 

8.0, 2.0, 7-H2), 1.63 (3H, s, CH3), 1.44 (3H, s, CH3), 0.94 (2H, m, 8-H2), 0.02 (9H, s, Si(CH3)3); 13C 

NMR (CDCl3, 101 MHz) δ 200.2 (C-1), 139.0 (C-4), 115.1 (C-5), 110.7 (C(CH3)2), 94.4 (C-6), 81.7 

(C-2), 77.9 (C-3), 68.6 (4-CH2), 65.5 (C-7), 27.3 (CH3), 25.4 (CH3), 18.2 (C-8), −1.3 (Si(CH3)3); 

HRMS, Did not fly by ESI or APCI; νmax (CDCl3)/cm-1 2952 (m), 1735 (m), 1281 (m), 1249 (m), 

1219 (m), 1159 (m), 1057 (s), 921 (m), 860 (s), 836 (s). 

 

5,6-Acetonide of (4R,5S,6R)-7-(tert-butyldimethylsilyloxymethyl)-4,5,6-trihydroxyoct-7-en-

2-one ((R)-202) and 5,6-Acetonide of (4S,5S,6R)-7-(tert-butyldimethylsilyloxymethyl)-4,5,6-

trihydroxyoct-7-en-2-one ((S)-202) 

Method 1 

To a stirred mixture of DMSO (4 mL) and acetone (1 mL) at room temperature was added 

L-proline (10 mg, 0.09 mmol) and the resulting solution stirred for 10 mins. A solution of 

aldehyde 190 (85 mg, 0.28 mmol) in a mixture of DMSO (200 µL) and acetone (50 µL) was 

added and the resulting solution stirred at room temperature for 16 h. The reaction was 

quenched by the addition of sat. aq. NH4Cl (5) and diluted with EtOAc (5). The layers were 

separated and the aqueous layer was extracted with EtOAc (3 × 5 mL). The combined organic 

layers were washed with water (2 × 5 mL) and brine (5 mL), dried with MgSO4, filtered, and 

the solvent removed in vacuo. The crude mixture was purified by flash column 
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chromatography (silica, 20% EtOAc in petrol) affording (R)-202 (41 mg, 41%) as a clear 

colourless oil. [𝛼]𝐷
23 − 44.0 (c 1.0, CHCl3); 1H NMR (CDCl3, 400 MHz) δ 5.34 (1H, t, J 1.5, 8-HH), 

5.31 (1H, m, 8-HH), 4.75 (1H, dt, J 6.5, 1.0, 6-H), 4.26 (1H, d, J 13.5, CHHOTBS), 4.22 (1H, d, J 

13.5, CHHOTBS), 4.12 (1H, dq, J 7.5, 4.0, 4-H), 4.05 (1H, dd, J 6.5, 4.0, 5-H), 2.65 (1H, dd, J 16.5, 

8.5, 3-HH), 2.55 (1H, dd, J 16.5, 4.0, 3-HH), 2.50 (1H, dd, J 3.5, 1.0), 2.15 (3H, s, 1-H3), 1.57 (3H, 

s, CH3), 1.40 (3H, s, CH3), 0.91 (9H, s, SiC(CH3)3), 0.09 (6H, s, Si(CH3)2); 13C NMR (CDCl3 , 101 

MHz) δ 207.5 (C-2), 144.1 (C-7), 112.5 (C-8), 108.4 (C(CH3)2), 79.9 (C-5), 77.7 (C-6), 66.6 (C-4), 

64.9 (CH2OTBS), 47.5 (C-3), 30.9 (C-1), 26.8 (CH3), 26.0 (SiC(CH3)3), 25.4 (CH3), 18.5 (SiC(CH3)3), 

−5.3 (Si(CH3)2); HRMS (ESI+) calculated for C18H34NaO5Si (M+Na+) 381.2068, found 381.2063. 

And (S)-202 (7.5 mg, 7.5%) as a clear colourless oil. [𝛼]𝐷
23 − 55.0 (c 0.4, CHCl3); 1H NMR (CDCl3, 

500 MHz) δ 5.44 (1H, s, 8-HH), 5.35 (1H, m, 8-HH), 4.71 (1H, d, J 6.0, 6-H), 4.22 (2H, m, CH2O), 

4.04 (1H, tt, J 9.0, 3.0, 4-H), 3.96 (1H, dd, J 9.0, 6.0, 5-H), 3.36 (1H, d, J 3.0, OH), 2.79 (1H, dd, 

J 16.5, 3.0, 3-HH), 2.58 (1H, dd, J 16.5, 9.0, 3-HH), 2.18 (3H, s, 1-H3), 1.44 (3H, s, CH3), 1.36 (3H, 

s, CH3), 0.91 (9H, s, SiC(CH3)3), 0.10 (6H, s, Si(CH3)2); 13C NMR (CDCl3, 126 MHz) δ 209.0 (C-2), 

143.0 (C-7), 114.1 (C-8), 108.0 (C(CH3)2), 80.2 (C-5), 77.4 (C-6), 66.3 (C-4), 65.8 (CH2O), 47.2 

(C-3), 31.3 (C-1), 27.4 (CH3), 26.0 (SiC(CH3)3), 25.2 (CH3), 18.5 (SiC(CH3)3), −5.3 (SiCH3), −5.4 

(SiCH3); HRMS (ESI+) calculated for C18H34NaO5Si (M+Na+) 381.2068, found 381.2073; νmax 

(CDCl3)/cm-1 3451 (m, br), 2954 (m), 2930 (m), 2857 (m), 1518 (s), 1370 (m), 1253 (s), 1216 

(m), 1065 (s). 

 

Method 2 

Carried out as above on 0.25 mmol scale using D-proline in place of L-proline, affording (S)-202 

(36 mg, 40%) and (R)-202 (trace). Data as previously. 
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Method 3 

To stirred Et2O (4 mL) at room temperature was added (+)-DIPCl (1.09 M in hexanes, 1.19 mL, 

1.09 mmol) and the resulting solution was cooled to −78 °C. Et3N (231 µL, 1.66 mmol) and 

acetone (61 µL, 0.83 mmol) were added dropwise and the reaction stirred at the same 

temperature for 2.5 h. Aldehyde 190 (250 mg, 0.83 mmol) in Et2O (1 mL) was added dropwise 

and the reaction was stirred at the same temperature for 1 h, following which it was sealed 

and placed in a freezer to warm to −18 °C over 16 h. The reaction was quenched by the 

addition of pH 7.3 buffer (5 mL), the layers were separated and the aqueous layer was 

extracted with Et2O (3 × 5 mL). The combined organic layers were dried with MgSO4, filtered, 

and the solvent removed in vacuo. The crude mixture was redissolved in MeOH (5 mL) and pH 

7.3 buffer (1 mL) and stirred at room temperature. H2O2 (30% aq., 1 mL) was added and the 

reaction was stirred for 5 h at the same temperature. Et2O (5 mL) was added, the layers were 

separated and the aqueous layer was extracted with Et2O (3 × 5 mL). The combined organic 

layers were dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture 

was purified by flash column chromatography (silica, 30% EtOAc in petrol) affording the title 

compound (224 mg, 75%) as a clear colourless oil. Data as previously. 
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16-OH Mupirocin W4-OH (146) 

To a stirred solution of aldehyde 186 (100 mg, 0.19 mmol) in toluene (1 mL) at −78 °C was 

added MgBr2.Et2O (81 mg, 0.31 mmol) and the resulting solution stirred at the same 

temperature for 15 mins. Silyl ether 87 (90 mg, 0.21 mmol) in toluene (1 mL) was added, and 

the reaction stirred at the same temperature for 3 days. The reaction was quenched by the 

addition of sat. aq. NH4Cl (2 mL) and Et2O (2 mL) and the layers were separated and the 

aqueous layer was extracted with Et2O (3 × 5 mL). The combined organic layers were dried 

with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture was purified by 

flash column chromatography (silica, 10% EtOAc in petrol) affording an impure mixture of 

diastereomeric alcohols (81 mg). This mixture was redissolved in THF (4 mL) and HCl (3 M, 3 

mL) and stirred at room temperature for 16 h. EtOAc (5 mL) was added, the layers were 

separated and the aqueous layer was extracted with EtOAc (3 × 5 mL). The combined organic 

layers were dried with MgSO4, filtered, and the solvent removed in vacuo. The crude mixture 

was purified by flash column chromatography (silica, 20% EtOAc in petrol) affording 16-OH 

Mupirocin W4-OH (S)-146 (15 mg, 16 %).  [𝛼]𝐷
23 − 16.0 (c 0.25, CHCl3); 1H NMR (MeOD, 500 

MHz) δ 5.80 (1H, t, J 1.3, 2-H), 5.53 (1H, ddd, J 15.5, 7.5, 6.0, 10-H), 5.44 (1H, dd, J 15.5, 8.0, 

11-H), 4.09 (2H, t, J 6.5, 1’-H2), 4.01 (1H, ddd, J 10.0, 5.0, 2.5, 5-H), 3.81 (1H, dd, J 9.0, 2.5, 7-H), 

3.69 (1H, dd, J 11.0, 4.5, 16-HH), 3.61 (3H, m, 6-H, 13-H, 16-HH), 3.55 (2H, t, J 7.0, 9’-H2), 2.57 

(1H, dt, J 14.0, 2.0, 4-HH), 2.29 (2H, m, 4-HH, 9-HH), 2.23 (3H, d, J 1.5, 3-CH3), 2.15 (1H, m, 

12-H), 2.04 (1H, m, 9-HH), 1.98 (1H, m, 8-H), 1.66 (2H, p, J 7.0, 2’-H2), 1.54 (2H, t, J 7.0, 8’-H2), 

1.37 (10H, m, 5 × CH2), 1.13 (3H, d, J 6.5, 14-H3), 1.00 (3H, d, J 7.0, 15-H3); 13C NMR (MeOD, 

126 MHz) δ 168.4 (C-1), 159.5 (C-3), 134.8 (C-11), 131.1 (C-10), 118.5 (C-2), 75.0 (C-13), 74.4 

(C-7), 72.7 (C-5), 72.3 (C-6), 64.8 (C-1’), 63.7 (C-16), 63.0 (C-9’), 45.4 (C-12), 44.0 (C-4), 43.5 

(C-8), 33.7 (C-8’), 30.6 (CH2), 30.5 (CH2), 30.3 (CH2), 29.9 (C-2’), 29.6 (C-9), 27.1 (CH2), 26.9 

(CH2), 20.4 (C-14), 19.2 (3-CH3), 16.7 (C-15); HRMS (ESI+) calculated for C26H48NaO8 (M+Na+) 
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511.3241, found 511.3246; νmax (CDCl3)/cm-1 3349 (m, br), 2926 (s), 2855 (m), 1713 (m), 1694 

(m), 1645 (m), 1225 (s), 1150 (s), 1053 (s), 1024 (m), 974 (m). 

And 5-epi-16-OH Mupirocin W4-OH (R)-146 (15 mg, 16 %). [𝛼]𝐷
23 + 48.0 (c 0.25, CHCl3); 1H 

NMR (MeOD, 500 MHz) δ 5.81 (1H, d, J 1.5), 5.54 (1H, ddd, J 15.0, 7.5, 6.0, 10-H), 5.42 (1H, dd, 

J 15.5, 8.0, 11-H), 4.13 (1H, m, 5-H), 4.09 (2H, t, J 6.5, 1’-H2), 3.93 (1H, dd, J 9.0, 2.5, 7-H), 3.69 

(1H, dd, J 10.5, 4.5, 16-HH), 3.64 (1H, dd, J 11.0, 7.0, 16-HH), 3.59 (1H, m, 13-H), 3.55 (2H, t, J 

6.5, 9’-H2), 3.41 (1H, dd, J 9.0, 1.5, 6-H), 2.48 (1H, ddd, J 13.5, 8.5, 1.0, 4-HH), 2.40 (1H, ddd, J 

13.5, 5.0, 1.0, 4-HH), 2.26 (1H, m, 9-HH), 2.23 (3H, d, J 1.5, 3-CH3), 2.13 (1H, m, 12-H), 2.03 

(1H, m, 9-HH), 1.99 (1H, dd, J 10.0, 4.5, 8-H), 1.66 (2H, p, J 7.0, 2’-H2), 1.54 (2H, p, J 6.5, 8’-H2), 

1.33 – 1.42 (10H, m, 5 × CH2), 1.12 (3H, d, J 6.5, 14-H3), 0.99 (3H, d, J 7.0, 15-H3); 13C NMR 

(MeOD, 126 MHz) δ 168.4 (C-1), 158.9 (C-3), 134.8 (C-11), 131.2 (C-10), 118.6 (C-2), 73.7 (C-6), 

72.3 (C-13), 72.2 (C-7), 69.4 (C-5), 64.8 (C-1’), 64.0 (C-16), 63.0 (C-9’), 46.5 (C-4), 45.5 (C-12), 

43.1 (C-8), 33.7 (C-8’), 30.6 (CH2), 30.5 (CH2), 30.3 (CH2), 29.9 (C-2’), 29.5 (C-9), 27.1 (CH2), 26.9 

(CH2), 20.4 (C-14), 19.3 (3-CH3), 16.7 (C-15); HRMS (ESI+) calculated for C26H48NaO8 (M+Na+) 

511.3241, found 511.3234; νmax (CDCl3)/cm-1 3348 (m, br), 2925 (s), 2855 (m), 1712 (m), 1692 

(m), 1643 (w), 1224 (m), 1149 (m), 1053 (s), 1033 (s), 973 (m). 
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7.4 Tenuipyrone Experimental 

NB: All compounds bearing a PMP acetal protecting group were unstable to hydrolysis in 

chloroform, and so were subjected to NMR analysis as solutions in d6-benzene. 

 

Iodomethyltriphenylphosphonium iodide (S-3) 

Diiodomethane (8.80 mL, 109 mmol) was added to a stirred suspension of triphenylphosphine 

(22.0 g, 83.9 mmol) in toluene (22 mL). The mixture was heated to 50 °C and stirred for 16 h. 

The crude reaction mixture was filtered under reduced pressure, and the precipitate washed 

with toluene (3 × 30 mL). The precipitate was dried under vacuum affording the title 

compound as an amorphous white solid (18.9 g, 43%), which was used without further 

purification. Mp 230–232 °C (lit. 228–230 °C); 1H NMR (400 MHz, DMSO-d6) δ 8.14 – 7.43 (15H, 

m, Ar-H), 5.08 (2H, d, J 8.5, PC-H). Data are consistent with literature.188  

 

(2S)-2,4-[(S)-p-Methoxybenzylidenedioxy]butanol (242) 

To a stirred solution of S-1,2,4-butanetriol 235 (4.00 g, 37.7 mmol) and p-anisaldehye dimethyl 

acetal (12.8 mL, 75.4 mmol) in anhydrous DCM (36 mL) was added CSA (876 mg, 3.77 mmol) 

in one portion. The solution was stirred at room temperature for 16 h before being quenched 

with triethylamine (525 µL, 3.77 mmol). The volatile components were removed in vacuo and 

the crude oil purified by flash column chromatography (silica, 30-100% EtOAc in petrol) 

affording the title compound (7.13 g, 84%) as a clear colourless oil. [𝛼]𝐷
25 + 13.0 (c = 3.0, DCM), 
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lit [𝛼]𝐷
21 + 14.0 (c = 3.0, DCM); 1H NMR (C6D6, 400 MHz) δ 7.65 (2H, d, J 8.5, 7-H2), 6.91 (2H, d, 

J 8.5, 8-H2), 5.43 (1H, s, 5-H), 4.02 (1H, ddd, J 11.0, 5.0, 1.5, 4-H2), 3.63 (1H, dtd, J 11.5, 5.0, 

2.5, 2-H), 3.59 – 3.49 (3H, m, 4-H, 1-H2), 3.37 (3H, s, OMe), 1.73 (1H, m, 3-HH), 0.86 (1H, dtd, 

J 13.0, 2.5, 1.5, 3-HH); 13C NMR(C6D6, 101 MHz) δ 160.5 (C-9), 132.1 (C-6), 128.5 (C-7), 113.8 

(C-8), 101.5 (C-5), 77.8 (C-2), 66.5 (C-4), 65.8 (C-1), 54.8 (OMe), 27.2 (C-3). Data are consistent 

with literature.172  

 

(3S)-3,5-[(S)-p-Methoxybenzylidenedioxy]pent-2-yne (236) 

NB: Due to instability of the aldehyde and vinyl iodide intermediates, neither was 

characterised fully as they were used immediately in the subsequent step in order to maximise 

yields. 

Oxidation performed in two vessels in parallel on equivalent scale. To a stirred solution of 

alcohol 242 (1.25 g, 5.58 mmol) in anhydrous DCM (31 mL) was added pyridine (722 µL, 8.92 

mmol) and DMP (0.35 M in DCM, 23.9 mL, 8.37 mmol). The reaction was stirred for 4 h then 

both reactions were combined and poured into a mixture of sat. aq. K2CO3 (100 mL) and sat. 

aq. Na2S2O3 (100 mL). This mixture was stirred for 10 mins before the layers were separated 

and the aqueous layer was extracted with DCM (3 × 70 mL). The combined organic layers were 

washed with sat. aq. NaHCO3, dried over Na2SO4 and the solvent removed in vacuo to afford 

aldehyde 243. 1H (C6D6, 400 MHz) δ 9.44 (1H, s, 1-H), 7.53 (2H, d, J 8.5 , 7-H2), 6.82 (2H, d, J 

8.5 , 8-H2), 5.18 (1H, s, 5-H), 3.78 (1H, dd, J 11.5, 5.0 , 4-HH), 3.57 (1H, dt, J 11.5, 2.5 , 4-HH), 

3.28 (1H, m, 2-H), 3.27 (3H, s, OMe), 1.55 (1H, dtd, J 13.0, 12.0, 5.0 , 3-HH), 1.11 (1H, d, J 13.0 

, 3-HH). 

To a stirred solution of KOtBu (2.26 g, 20.1 mmol) in anhydrous THF (110 mL) was added 

portionwise iodomethyl triphenylphosphonium iodide (11.8 g, 22.3 mmol). The reaction was 
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stirred at room temperature for 15 mins then cooled to −78 °C and crude aldehyde 243 in 

anhydrous THF (20 mL) was added dropwise. The reaction was stirred at the same 

temperature for 16 h before the ice bath was removed and the reaction was warmed to room 

temperature. The reaction was diluted with petrol (100 mL), filtered through Celite® and the 

filtrate concentrated in vacuo. The crude material was passed through a pad of silica (20% 

EtOAc in petrol) to afford crude vinyl iodide 244 (1.98g).  

To a solution of diisopropylamine (1.47 mL, 10.5 mmol) in anhydrous THF (25 mL) at −78 °C 

was added dropwise nBuLi (1.52 M in hexanes, 6.90 mL, 10.5 mmol). The solution was stirred 

for 10 mins at the same temperature, followed by 20 mins at room temperature before being 

cooled again to −78 °C. To this solution was added dropwise crude vinyl iodide 244 in 

anhydrous THF (15 mL) and the reaction was stirred at −78 °C for 4 h, at which point eh 

reaction was quenched with H2O (30 mL). The layers were separated, the aqueous extracted 

with DCM (3 × 30 mL), and the combined organic layers were dried over MgSO4, filtered and 

concentrated in vacuo. The crude material was purified by flash column chromatography 

(silica, 40-100% EtOAc in petrol) affording the title compound as an amorphous white solid 

(859 mg, 42% over 3 steps). [𝛼]𝐷
25 −27.0 (c = 1.0, DCM), lit [𝛼]𝐷

21 −26.0 (c = 1.0, DCM); M.p. 92 

– 94 °C (lit. 96 °C); 1H (C6D6, 400 MHz) δ 7.55 (2H, d, J 8.5 , 9-H2), 6.77 (2H, d, J 8.5 , 8-H2), 5.18 

(1H, s, 6-H), 4.19 (1H, dt, J 11.5, 2.5 , 3-H), 3.73 (1H, ddd, J 11.5, 5.0, 1.5 , 5-HH), 3.27 (1H, dd, 

J 12.0, 2.5 , 5-HH), 3.23 (3H, s, OMe), 2.09 (1H, d, J 2.0 , 1-H), 2.06 (1H, dddd, J 13.5, 12.5, 11.5, 

5.0 , 4-HH), 1.12 (1H, dtd, J 13.5, 2.5, 1.4 , 4-HH); 13C NMR (C6D6, 101 MHz) δ 160.5 (C-10), 

131.5 (C-7), 128.2 (C-8), 113.8 (C-9), 101.7 (C-6), 82.5 (C-3), 73.6 (C-1), 67.3 (C-5), 66.3 (C-3), 

54.8 (ArOMe), 32.3 (C-4). Data are consistent with literature.172  

 

(R)-Hex-5-en-2-ol (245) 

To a stirred suspension of copper (I) iodide (354 mg, 1.86 mmol) in anhydrous Et2O (35 mL) 

−60 °C was added a solution of allylmagnesium chloride (1.7 M in THF, 43.6 mL, 74.2 mmol). 
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The resulting solution was stirred for 30 mins at the same temperature following which 

(R)-propylene oxide 237 (2.60 mL, 37.1 mmol) in Et2O (8 mL) was added dropwise. The reaction 

was stirred for 2 h at the same temperature then quenched with sat. aq. ammonium chloride 

(25 mL). The layers were separated and the aqueous extracted with Et2O (3 × 35 mL) the 

combined organic layers were dried over MgSO4, filtered and concentrated in vacuo. The 

crude product was purified by flash column chromatography (30-60% Et2O in petrol) affording 

the title compound (2.79 g, 75%) as a clear colourless oil. [𝛼]𝐷
23  − 15.0 (c 1.0, Et2O), lit. 

[𝛼]𝐷
20 −9.0 (c 0.5, Et2O); 1H NMR (CDCl3, 400 MHz) δ 5.84 (1H, ddt, J 17.0, 10.5, 6.5, 5-H), 5.05 

(1H, dq, J 17.0, 1.5, 6-HH), 4.97 (1H, ddt, J 10.0, 1.5, 1.0, 6-HH), 3.88 – 3.77 (1H, hex, 2-H), 2.15 

(2H, dddt, J 13.5, 8.0, 6.5, 1.0, 4-H2), 1.61 – 1.48 (3H, m, 3-H2, OH), 1.20 (3H, d, J 6.0, 1-H3); 13C 

NMR (CDCl3, 101 MHz) δ 138.6 (C-5), 114.9 (C-6), 67.8 (C-2), 38.4 (C-3), 30.3 (C-4), 23.6 (C-1). 

Data are consistent with literature.189  

 

(R)-2-(tert-Butyldimethylsilyloxy)-hex-5-ene (246) 

To a solution of alcohol 245 (661 mg, 6.61 mmol) in anhydrous DCM (6.5 mL) was added 

imidazole (1.35 g, 19.8 mmol) and TBSCl (1.20 g, 7.93 mmol). The resulting solution was stirred 

for 4 h before being quenched with sat. aq. ammonium chloride (5 mL). The layers were 

separated and the aqueous extracted with DCM (3 × 15 mL), and the combined organic layers 

were dried over MgSO4, filtered and concentrated in vacuo. The crude material was flushed 

through a short plug of silica with petrol and the solvent removed in vacuo affording the title 

compound as a clear colourless oil (1.03 g, 73%). 1H (CDCl3, 400 MHz) δ 5.82 (1H, ddt, J 17.0, 

10.0, 6.5, 5-H), 5.04 – 4.97 (1H, dq, J 17.0, 1.5, 6-HH), 4.94 (1H, ddt, J 10.0, 2.0, 1.5, 6-HH), 3.91 

– 3.74 (1H, hex, J 6.0, 2-H), 2.26 – 1.95 (2H, m, 4-H2), 1.60 – 1.39 (2H, m, 3-H2), 1.13 (3H, d, J 

6.0, 1-H3), 0.89 (9H, s, SiC(CH3)3), 0.05 (6H, s, Si(CH3)2) ;13C (CDCl3, 101 MHz) δ 139.1 (C-5), 

114.3 (C-6), 68.2 (C-2), 39.0 (C-3), 30.2 (C-4), 26.1 (SiC(CH3)3) , 23.9 (C-1), 18.3 (SiC(CH3)3), −4.2 

(SiCH3), −4.5 (SiCH3). Data are consistent with literature.190  
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(2R,5R)-5-(tert-Butyldimethylsilyloxy)-hexane-1,2-diol (247) 

AD mix β (10.0 g) was dissolved in tbutanol (50 mL) and H2O (50 mL) and stirred for 15 mins. 

The solution was cooled to 0 °C and a solution of alkene 246 (2.48 g, 11.6 mmol) in tbutanol (7 

mL) was added dropwise. The resulting solution was stirred and the ice bath allowed to melt 

as the reaction warmed to room temperature over 16 h. The reaction was quenched with 

Na2SO3 (15.6 g) and extracted with EtOAc (3 × 50 mL), washed with brine, dried over MgSO4, 

filtered and concentrated in vacuo. The crude residue was purified by flash column 

chromatography (40-100% EtOAc in petrol) affording the title compound as a viscous clear 

colourless oil (2.43 g, 85 %). 1H (CDCl3, 400 MHz) δ 3.99 (1H, m, 5-H), 3.70 – 3.59 (2H, m, 2-H, 

1-HH), 3.45 (1H, dd, J 11.0, 7.5, 1-HH), 1.96 – 2.22 (1H, br, OH), 1.77 – 1.42 (4H, m, 4-H2, 3-H2), 

1.16 (3H, d, J 6.0, 6-H3), 0.89 (9H, s, SiC(CH3)3), 0.07 (6H, s, Si(CH3)2); 13C (101 MHz, CDCl3) δ 

72.6 (C-2), 68.7 (C-5), 66.9 (C-1), 35.8 (C-3), 29.1 (C-4), 26.0 (SiC(CH3)3), 23.3 (C-6), 18.2 

(SiC(CH3)3), −4.4 (SiCH3), −4.7 (SiCH3). Data are consistent with literature.191  

 

(9R)-9-(tert-Butyldimethylsilyloxy)-1,3-[(S)-p-methoxybenzylidenedioxy]hept-4-yn-6-ol 

(239) 

To a stirred solution of alkyne 236 (818 mg, 3.75 mmol) in THF (35 mL) under nitrogen at −78 °C 

was added nBuLi (1.53 M in hexane, 2.69 mL, 4.12 mmol). The resulting solution was stirred at 

−78 °C for 10 mins, then warmed to room temperature before being stirred for 20 mins. The 

solution was then cooled again to −78 °C before aldehyde 238 (892 mg, 4.12 mmol) was added 

dropwise. The solution was allowed to warm to room temperature overnight before being 
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quenched with water (10 mL). The layers were separated, and the aqueous layer extracted 

with DCM (3 × 10 mL). The combined organic layers were washed with brine (20 mL) before 

being dried over MgSO4, filtered and concentrated in vacuo. The crude oil was purified by flash 

column chromatography (silica, 10-30% EtOAc in petrol) affording the title compound as a 

clear colourless oil (1.40 g, 86%) which was a 1:1 inseparable mixture of diastereomers. Data 

for both diastereomers; 1H (C6D6, 400 MHz) δ 7.60 (2H, d, J 9.0, 13-H2), 6.80 (2H, d, J 9.0, 

14-H2), 5.27 (1H, s, 11-H), 4.37 – 4.26 (2H, m, 3-H, 6-H), 3.83 (1H, ddt, J 11.5, 5.0, 1.5, 1-HH), 

3.68 (1H, dtd, J 9.0, 6.0, 5.0, 9-H), 3.37 (1H, m, 1-HH), 3.25 (3H, s, OMe), 2.14 (1H, m, 2-HH), 

1.76 (2H, m, 7-H2), 1.59 (2H, m, 8-H2) 1.28 – 1.19 (1H, m, 2-HH), 1.04 (2H, d, J 6.0, 10-H2), 0.97 

(9H, s, SiC(CH3)3), 0.08 – 0.03 (6H, m, Si(CH3)2); 13C (C6D6, 101 MHz) δ 160.5 (C-15), 131.6 (C-12), 

127.8 (C-13), 113.8 (C-14), 87.3 and 87.3 (C-5), 83.3 and 83.3 (C-4), 68.6 and 68.4 (C-9), 67.7 

(C-3), 66.5 (C-1), 62.6 and 62.3 (C-6), 54.8 (OMe), 35.5 and 35.0 (C-8), 34.2 and 33.8 (C-7), 32.5 

(C-2), 26.2 and 26.2 (SiC(CH3)3), 23.8 and 23.5 (C-10), 18.3 and 18.3 (SiC(CH3)3), −4.3 and −4.3 

(SiCH3), −4.5 (SiCH3). Data are consistent with literature.172  

 

(4Z,6R,9R)-9-(tert-Butyldimethylsilyloxy)-1,3-[(S)-p-methoxybenzylidenedioxy]hept-4-en-6-

ol (R)-249 and (4Z,6S,9R)-9-(tert-butyldimethylsilyloxy)-1,3-[(S)-p-

methoxybenzylidenedioxy]hept-4-en-6-ol (S)-249 

Lindlar catalyst (700 mg) was added to a stirred solution of propargylic alcohol 239 (1.39 g, 

3.19 mmol) in dry DCM (30 mL). The flask was charged with H2 and evacuated three times 

before being charged with H2, which was bubbled through the solution for 15 seconds. The 

flask was then stirred under H2 for 16 h before being filtered through celite and concentrated 

in vacuo. The crude oil was purified by flash column chromatography (silica, 10-20% EtOAc in 

petrol) affording (R)-248 (647 mg, 47%); [𝛼]𝐷
25 +71.0 (c = 1.0, DCM); 1H (C6D6, 400 MHz) δ 7.63 

(2H, d, J 8.5, 13-H2), 6.82 (2H, d, J 8.5, 14-H2), 5.53 (1H, dd, J 11.5, 7.5, 5-H), 5.48 (1H, dd, J 
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11.5, 6.5, 4-H), 5.46 (1H, s, 11-H), 4.50 (1H, ddd, J 11.5, 6.5, 2.5, 3-H), 4.43 (1H, q, 6-H), 3.96 

(1H, ddd, J 11.5, 5.0, 1.5, 1-HH), 3.72 (1H, m, 9-H), 3.56 (1H, ddd, J 12.5, 11.5, 2.5, 1-HH), 3.25 

(3H, s, OMe), 2.01 (1H, s, OH), 1.81 (1H, dddd, J 13.5, 12.5, 11.5, 5.0, 2-H), 1.68 – 1.46 (4H, m, 

8-H2, 7-H2), 1.10 (3H, d, J 6.0, 10-H3), 1.05 (1H, m, 2-HH), 0.98 (9H, s, SiC(CH3)3), 0.07 (3H, s, 

SiCH3), 0.06 (3H, s, SiCH3); 13C (C6D6, 101 MHz) δ 160.5 (C-15), 136.6 (C-5), 132.0 (C-12), 131.0 

(C-4), 128.0 (C-13), 113.9 (C-14), 101.5 (C-11), 74.0 (C-3), 69.0 (C-9), 68.3 (C-6), 66.7 (C-1), 54.8 

(OMe), 36.1 (C-8), 34.1 (C-7), 32.0 (C-2), 26.2 (SiC(CH3)3), 24.1 (C-10), 18.3 (SiC(CH3)3), -4.2 

(SiCH3), -4.5 (SiCH3).  

And (S)-248 (649 mg, 47%); [𝛼]𝐷
25 +40.0 (c = 1.0, DCM); 1H (C6D6, 400 MHz) δ 7.61 (2H, d, J 8.5, 

13-H2), 6.82 (2H, d, J 8.5, 14-H2), 5.50 (1H, dd, J 11.5, 6.5, 5-H), 5.47 (1H, dd, J 11.5, 6.5, 4-H), 

5.43 (1H, s, 11-H), 4.49 (1H, ddd, J 11.5, 6.5, 2.5, 3-H), 4.43 (1H, td, J 6.5, 5.5, 6-H), 3.98 (1H, 

ddd, J 11.5, 5.0, 1.5, 1-HH), 3.69 (1H, m, 9-H), 3.59 (1H, ddd, J 12.5, 11.5, 2.5, 1-HH), 3.26 (3H, 

s, OMe), 1.82 (1H, m, 2-HH), 1.75 – 1.40 (4H, m, 8-H2, 7-H2), 1.14 (1H, dtd, J 13.5, 2.5, 1.5, 

2-HH), 1.06 (3H, d, J 6.0, 10-H3), 0.98 (9H, s, SiC(CH3)3), 0.07 (3H, s, SiCH3), 0.05 (3H, s, SiCH3); 

13C (C6D6, 101 MHz) δ 160.5 (C-15), 136.1 (C-5), 132.1 (C-12), 131.1 (C-4), 127.9 (C-13), 113.8 

(C-14), 101.6 (C-11), 74.2 (C-3), 68.9 (C-9), 68.6 (C-6), 66.8 (C-1), 54.8 (OMe), 35.5 (C-8), 34.2 

(C-7), 32.1 (C-2), 26.2 (SiC(CH3)3), 24.0 (C-10), 18.3 (SiC(CH3)3), −4.2 (SiCH3), −4.5 (SiCH3). Data 

are consistent with literature.172  

 

(4Z,6R,9R)-9-(tert-Butyldimethylsilyloxy)-1,3-[(S)-p-methoxybenzylidenedioxy]hept-4-en-6-

yl (R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (R)-249 

To a stirred solution of (R)-248 (20 mg, 0.046 mmol) in DCM (1 mL) was added DCC (29.3 mg, 

0.14 mmol), DMAP (17.3 mg, 0.14 mmol) and (R)-Mosher’s Acid (33.3 mg, 0.14 mmol). The 

resulting solution was stirred for 16 hours before being filtered through a pad of silica and the 
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solvent removed in vacuo. The crude oil was purified by flash column chromatography (10% 

EtOAc in petrol) affording the title compound as a clear colourless oil (28.0 mg, 94%). 

[𝛼]𝐷
25 +33.0 (c = 1.0, CDCl3); 1H NMR (C6D6, 400 MHz) δ 7.79 – 7.68 (2H, m, Ar-H), 7.68 – 7.59 

(2H, m, 13-H2), 7.12 – 7.06 (2H, m, Ar-H), 7.03 (1H, m, Ar-H), 6.82 (2H, d, J 9.0, 14-H2), 6.14 

(1H, m, 6-H), 5.60 (1H, ddd, J 11.5, 7.5, 1.0, 4-H), 5.47 (1H, s, 11-H), 5.34 (1H, ddd, J 11.5, 9.5, 

1.0, 5-H), 4.71 (1H, dddd, J 11.0, 7.5, 2.5, 1.0, 3-H), 3.97 (1H, ddd, J 11.5, 5.0, 1.5, 1-HH), 3.58 

(1H, ddd, J 12.5, 11.5, 2.5, 1-HH), 3.54 – 3.43 (4H, m, 9-H, OMe), 3.27 (3H, s, ArOMe), 1.91 (1H, 

m, 2-HH), 1.76 (1H, m, 7-HH), 1.64 (1H, m, 7-HH), 1.44 – 1.25 (2H, m, 8-H2), 1.04 (1H, m, 2-HH), 

0.97 (3H, d, J 6.0, 10-H3), 0.95 (9H, s, SiC(CH3)3), 0.02 (3H, s, SiCH3), 0.00 (3H, s, SiCH3) 13C NMR 

(C6D6, 101 MHz) δ 166.2 (CO2R), 160.4 (C-15), 133.4 (4-H), 132.0 (Ar-C), 129.7 (Ar-C), 128.6 

(C-5), 113.8 (C-14), 101.6 (C-11), 74.3 (C-3), 73.2 (C-6), 68.3 (C-9), 66.5 (C-1), 55.5 (OMe), 54.8 

(ArOMe), 35.1 (C-8), 31.9 (C-2), 31.4 (C-7), 26.1 (SiCCH3), 24.1 (C-10), 18.3 (SiC(CH3)3), −4.2 

(SiCH3), −4.6 (SiCH3) ; HRMS (ESI+) calculated for C34H47F3O7NaSi 675.2935 [M+Na], found 

675.2926; νmax /cm−1 2929 (m), 2854 (m), 1744 (s), 1252 (s), 1169 (s). 

 

(4Z,6R,9R)-9-(tert-Butyldimethylsilyloxy)-1,3-[(S)-p-methoxybenzylidenedioxy]hept-4-en-6-

yl (S)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate (S)-249 

Prepared analogously to (R)-249 from (R)-248 using (S)-Mosher’s Acid in place of (R)-Mosher’s 

Acid affording the title compound as a clear colourless oil (24.1 mg, 81%). [𝛼]𝐷
25 – 26.0 (c = 1.0, 

CDCl3); 1H NMR (C6D6, 400 MHz) δ 7.72 (2H, d, J 7.5, Ar-H), 7.65 (2H, d, J 8.5, 13-H2), 7.08 (2H, 

m, Ar-H), 7.02 (1H, m, Ar-H), 6.83 (2H, d, J 8.5, 14-H2), 6.05 (1H, dt, J 9.5, 6.5, 6-H), 5.56 (1H, 

dd, J 11.5, 7.0, 4-H), 5.51 (1H, s, 11-H), 5.22 (1H, ddd, J 11.0, 9.5, 1.0, 5-H), 4.72 (1H, ddd, J 

11.0, 7.5, 2.5, 3-H), 3.98 (1H, m, 1-HH), 3.71 – 3.53 (2H, m, 1-HH, 9-H), 3.46 (3H, s, OMe), 3.26 

(3H, s, ArOMe), 1.92 (1H, qd, J 12.5, 5.0, 2-HH), 1.84 – 1.62 (2H, m, 7-H2), 1.41 (2H, ddd, J 9.0, 

7.5, 4.0, 8-H2), 1.04 – 0.99 (4H, m, 10-H3, 2-HH), 0.95 (9H, s, SiCCH3), 0.03 (3H, s, SiCH3), 0.02 
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(3H, s, SiCH3); 13C NMR (C6D6, 101 MHz) δ 166.1 (CO2R), 160.5 (C-15), 134.5 (C-11), 133.0 (Ar-C), 

132.0 (Ar-C), 129.7 (Ar-C), 128.6 (Ar-C), 128.1 (Ar-C), 113.8 (C-14), 101.7 (C-11), 74.4 (C-3), 

73.4 (C-6), 68.3 (C-9), 66.6 (C-1), 55.5 (OMe), 54.8 (ArOMe), 35.3 (C-8), 31.8 (C-2), 31.3 (C-7), 

26.1 (SiC(CH3)3), 24.1 (C-10), 18.3 (SiC(CH3)3), −4.2 (SiCH3), −4.6 (SiCH3); HRMS (ESI+) calculated 

for C34H47F3O7NaSi 675.2935 [M+Na], found 675.2925; νmax/cm−1 2929 (m), 2854 (m), 1744 (s), 

1252 (s), 1169 (s). 

 

(3S,4Z,6R,9R)-9-(tert-Butyldimethylsilyloxy)-3-(4-methoxybenzyloxy)dec-4-ene-1,6-diol 

(R)-250 

To a stirred solution of (R)-248 (547 mg, 1.25 mmol) in anhydrous DCM (25 mL) at −78 °C was 

added dropwise DIBAL (1 M in hexanes, 4.95 mL, 4.95 mmol). The resulting solution was 

allowed to warm to room temperature slowly and stirred for 5 h. The reaction was quenched 

by addition of sat. aq. Rochelle’s salt, and the mixture stirred for 16 h until two clear phases 

were observed. The layers were separated and the aqueous layer extracted with DCM (3 × 40 

mL). The combined organic layers dried over MgSO4, filtered and concentrated in vacuo. The 

crude oil was purified by flash column chromatography (silica, 20-30% EtOAc in petrol) 

affording the title compound as a clear colourless oil (414 mg, 76%); [𝛼]𝐷
25 +24.0 (c = 1.0, 

DCM); 1H (CDCl3, 400 MHz) δ 7.26 (2H, d, J 8.5, 13-H2), 6.87 (2H, d, J 8.5, 14-H2), 5.65 (1H, ddd, 

J 11.5, 8.5, 1.0, 5-H), 5.44 (1H, ddd, J 11.5, 9.0, 1.0, 4-H), 4.57 (1H, d, J 11.5, 11-HH), 4.46 (1H, 

td, J 9.0, 5.5, 3-H), 4.33 (1H, d, J 11.5, 11-HH), 4.29 (1H, m, 6-H), 3.88 (1H, m, 9-H), 3.80 (3H, s, 

OMe), 3.79 – 3.66 (2H, m, 1-H2), 2.68 (1H, s, br, OH), 1.89 (1H, dtd, J 14.5, 8.0, 4.5, 2-HH), 1.70 

– 1.58 (2H, m, 2-HH, 7-HH), 1.58 – 1.46 (3H, m, 7-HH, 8-H2), 1.14 (3H, d, J 6.0, 10-H3), 0.89 (9H, 

s, SiC(CH3)3), 0.06 (3H, s, SiCH3), 0.06 (3H, s, SiCH3); 13C (CDCl3, 101 MHz) δ 159.3 (C-15), 136.0 

(C-5), 131.0 (C-4), 130.3 (C-12), 129.4 (C-13), 113.9 (C-14), 73.5 (C-3), 70.0 (C-11), 68.4 and 
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68.4 (6-C and 9-C), 60.5 (C-1), 55.3 (OMe), 38.0 (C-2), 35.6 (C-8), 33.5 (C-7), 25.8 (SiC(CH3)3), 

23.1 (C-10), 18.1 (SiC(CH3)3), −4.5 (SiCH3), −4.8 (SiCH3). Data are consistent with literature.172  

(3S,4Z,6S,9R)-9-(tert-Butyldimethylsilyloxy)-3-(4-methoxybenzyloxy)dec-4-ene-1,6-diol (S)-

250 

Prepared analogously to (R)-250, (S)-248 (619 mg, 1.42 mmol) afforded the title compound as 

a clear colourless oil (252 mg, 40%). [𝛼]𝐷
25 +14.0 (c = 1.0, DCM); 1H (CDCl3, 400 MHz) δ 7.23 

(2H, d, J 8.5, 13-H2), 6.87 (2H, d, J 8.5, 14-H2), 5.72 (1H, dd, J 11.0, 8.5, 5-H), 5.48 (1H, t, J 11.0, 

4-H), 4.51 (1H, m, 3-H), 4.51 (1H, d, J 11.5, 11-HH), 4.29 (1H, m, 6-H), 4.28 (1H, d, J 11.5, 11-HH), 

3.87 (1H, p, J 6.0, 9-H), 3.80 (3H, s, OMe), 3.76 – 3.64 (2H, m, 1-H2), 2.82 (1H, br, s, OH), 2.07 

(1H, dddd, J 14.0, 10.5, 6.0, 4.5, 2-HH), 1.71 – 1.49 (5H, m, 2-HH, 7-H2, 8-H2), 1.16 (3H, d, J 6.0, 

10-H3), 0.89 (9H, s, SiC(CH3)3), 0.07 (6H, s, Si(CH3)2); 13C (101 MHz, CDCl3) δ 159.4 (C-15), 136.3 

(C-5), 133.4 (C-4), 130.6 (C-12), 129.4 (C-13), 114.0 (C-14), 73.0 (C-3), 70.1 (C-11), 68.7 (C-9), 

67.4 (C-6), 59.8 (C-1), 55.4 (OMe), 38.0 (C-2), 35.1 (C-8), 33.4 (C-7), 26.0 (SiC(CH3)3), 23.7 

(C-10), 18.3 (SiC(CH3)3), −4.2 (SiCH3), −4.5 (SiCH3). Data are consistent with literature.172  

 

(3S,4Z,6R,9R)-6-(9-(tert-Butyldimethylsilyloxy)butyl)-3-(4-methoxybenzyloxy)-3,6-

dihydrooxepin-1-one (R)-240 

To a stirred solution of (R)-250 (318 mg, 0.726 mmol) in anhydrous DCM (11 mL) was added 

TEMPO (22.7 mg, 0.145 mmol) and BAIB (724 mg, 2.18 mmol). The solution was stirred for 16 
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h then quenched by addition of sat. aq. NaHCO3 (10 mL) and sat. aq. NaS2O3 (10 mL) and stirred 

for 10 mins. The layers were separated and the aqueous layer extracted with DCM (3 × 40 mL). 

The combined organic layers dried over MgSO4, filtered and concentrated in vacuo. The crude 

oil was purified by flash column chromatography (silica, 20-30% EtOAc in petrol) affording the 

title compound as a clear colourless oil (193 mg, 61%). [𝛼]𝐷
25 −37.0 (c = 1.0, DCM); 1H (CDCl3, 

400 MHz) δ 7.25 (2H, d, J 8.5, 13-H2), 6.88 (2H, d, J 8.5, 14-H2), 5.85 (1H, dq, J 11.5, 3.0, 5-H), 

5.70 (1H, ddd, J 11.5, 3.5, 1.5, 4-H), 5.10 (1H, ddq, J 8.0, 5.5, 3.0, 6-H), 4.58 (1H, d, J 11.5, 

11-HH), 4.50 (1H, d, J 11.5, 11-HH), 4.32 (1H, dtd, J 10.0, 3.5, 2.0, 3-H), 3.83 (1H, m, 9-H), 3.80 

(3H, s, OMe), 3.26 (1H, t, J 12.0, 2-HH), 2.97 (1H, ddd, J 12.0, 4.5, 2.0, 2-HH), 1.87 – 1.54 (3H, 

m, 8-HH, 7-H2), 1.47 (1H, dddd, J 13.0, 11.0, 7.5, 5.0, 8-HH), 1.13 (3H, d, J 6.0, 10-H3), 0.88 (9H, 

s, SiC(CH3)3), 0.05 (3H, s, SiCH3), 0.04 (3H, s, SiCH3); 13C (CDCl3, 101 MHz) δ 171.3 (C-1), 159.6 

(C-15), 133.0 (C-5), 131.2 (C-4), 129.7 (C-12), 129.6 (C-13), 114.1 (C-14), 75.0 (C-6), 71.5 (C-3), 

71.0 (C-11), 68.4 (C-9), 55.5 (OMe), 38.4 (C-2), 35.0 (C-8), 32.2 (C-7), 26.0 (SiC(CH3)3), 24.1 

(C-10), 18.2 (SiC(CH3)3), −4.2 (SiCH3), −4.6 (SiCH3). Data are consistent with literature.172  

 

(3S,4Z,6R,9R)-6-(9-(tert-Butyldimethylsilyloxy)butyl)-3-(4-methoxybenzyloxy)-3,6-

dihydrooxepin-1-one (S)-240 

Prepared analogously to (R)-240, (S)-250 (252 mg, 0.58 mmol) afforded the title compound as 

a clear colourless oil (68 mg, 25%). [𝛼]𝐷
25 −34.0 (c = 1.0, CHCl3); 1H (CDCl3, 400 MHz) δ 7.29 (2H, 

d, J 8.5, 13-H2), 6.87 (2H, d, J 8.5, 14-H2), 5.89 (1H, m, 5-H), 5.78 (1H, ddd, J 11.5, 3.5, 1.0, 4-H), 

4.90 (1H, td, J 5.0, 2.5, 6-H), 4.73 (1H, d, J 11.5, 11-HH), 4.47 (1H, d, J 11.5, 11-HH), 4.16 (1H, 

m, 3-H), 3.85 (1H, td, J 6.5, 5.0, 9-H), 3.80 (3H, s, OMe), 3.14 – 3.03 (2H, m, 2-H2), 1.91 (1H, m, 

7-HH), 1.74 (1H, ddt, J 14.0, 9.5, 5.5, 7-HH), 1.57 (2H, m, 8-H2), 1.13 (3H, d, J 6.0, 10-H3), 0.87 

(9H, s, SiC(CH3)3), 0.05 (3H, s, SiCH3), 0.03 (3H, s, SiCH3); 13C (CDCl3, 101 MHz) δ 171.1 (C-1), 

159.4 (C-15), 132.1 (C-4), 131.8 (C-5), 129.7 (C-12), 113.9 (C-14), 74.0 (C-6), 70.1 (C-11), 69.1 
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(C-3), 67.9 (C-9), 55.3 (OMe), 36.5 (C-2), 34.3 (C-8), 31.3 (C-7), 25.9 (SiC(CH3)3), 23.7 (C-10), 

18.1 (SiC(CH3)3), −4.3 (Si(CH3), −4.7 (SiCH3). Data are in accordance with literature.172  

 

S-(tert-Butyl) (3S,6R,9R,Z)-9-(tert-butyldimethylsilyloxy)-6-hydroxy-3-(4-

methoxybenzyloxy)dec-4-enethioate (253) 

To a stirred solution of AlMe3 (1.0 M in heptanes, 890 µL, 0.89 mmol) in anhydrous DCM (1.2 

mL) at 0 °C was added dropwise tBuSH (100 µL, 0.89 mmol). The resulting solution was warmed 

to room temperature over 20 mins before (R)-240 (193 mg, 0.44 mmol) in anhydrous DCM 

(0.5 mL) was added dropwise. The reaction was stirred at room temperature overnight before 

being diluted with DCM, (10 mL). The organic phase was washed with HCl (1.0 M aq., 10 mL) 

followed by brine (10 mL), and the organic phase was dried over MgSO4, filtered and 

concentrated in vacuo affording the title compound (206 mg, 89%) as a clear yellow oil which 

was used without further purification. [𝛼]𝐷
25 +14.0 (c = 1.0, DCM); 1H (CDCl3, 400 MHz) δ 7.24 

(2H, d, J 8.5, 13-H2), 6.85 (2H, d, J 8.5, 14-H2), 5.63 (1H, ddd, J 11.5, 8.5, 1.0, 5-H), 5.37 (1H, 

ddd, J 11.5, 9.0, 1.0, 4-H), 4.67 (1H, dddd, J 9.0, 8.0, 5.0, 1.0, 3-H), 4.52 (1H, d, J 11.5, 11-HH), 

4.35 (1H, d, J 11.5, 11-HH), 4.34 (1H, m, 6-H), 3.87 (1H, m, 9-H), 3.79 (3H, s, OMe), 2.82 (1H, 

dd, J 15.0, 8.0, 2-HH), 2.50 (1H, dd, J 15.0, 5.0, 2-HH), 1.54 (4H, m, 7-H2, 8-H2), 1.46 (9H, s, 

17-H9), 1.13 (3H, d, J 6.0, 10-H3), 0.89 (9H, s, SiC(CH3)3), 0.06 (6H, s, Si(CH3)2); 13C (CDCl3, 126 

MHz) δ 197.4 (C-1), 159.3 (C-15), 136.9 (C-5), 130.4 (C-4), 129.9 (C-12), 129.5 (C-13), 113.8 

(C-14), 71.0 (C-3), 70.3 (C-11), 68.5 (C-6), 68.1 (C-9), 55.4 (OMe), 50.5 (C-2), 48.3 (C-16), 35.6 

(C-7), 33.4 (C-8), 29.9 (C-17), 26.0 (SiC(CH3)3), 23.3 (C-10), 18.2 (SiC(CH3)3), −4.3 (SiCH3), −4.6 

(SiCH3); HRMS (ESI+) Calculated for C28H48NaO5SSi [M+Na+] 547.2884, found 547.2877; 

νmax/cm−1 3434 (br, m, OH), 2957 (m), 2927 (m), 2856 (m), 1681 (s), 1513 (s), 1248 (s), 1038 

(s), 834 (s). 



Experimental 

 

171 
 

(S)-(tert-Butyl) (3S,9R,Z)-9-(tert-butyldimethylsilyloxy)-3-(4-methoxybenzyloxy)-6-oxodec-

4-enethioate (254) 

To a stirred solution of alcohol 253 (205 mg, 0.39 mmol) and NaHCO3 (164 mg, 1.95 mmol) in 

DCM (17 mL) under nitrogen at 0 °C was added DMP (0.35 M in DCM, 1.45 mL, 0.51 mmol) 

dropwise. The resulting solution was warmed to room temperature and stirred for 90 mins 

before sat. aq. Na2S2O3 (5 mL) was added. The resulting biphasic solution was stirred for 10 

mins, then separated and the the aqueous extracted with DCM (3 × 30 mL). The combined 

organic layers were dried over MgSO4, filtered and concentrated in vacuo. The crude oil was 

purified by flash column chromatography (5% EtOAc in petrol) affording the title compound 

as a viscous clear colourless oil (171 mg, 84%). [𝛼]𝐷
25 − 5.0 (c = 1.0, CHCl3); 1H (400 MHz, CDCl3) 

δ 7.21 (2H, d, J 8.5, 13-H2), 6.83 (2H, d, J 8.5, 14-H2), 6.22 (1H, dd, J 11.5, 1.0, 4-H), 6.10 (1H, 

dd, J 11.5, 7.5, 5-H), 5.31 (1H, dddd, J 8.0, 7.0, 6.0, 1.0, 3-H), 4.42 (2H, s, 11-H2), 3.84 (1H, dqd, 

J 7.5, 6.0, 4.5, 9-H), 3.79 (3H, s, OMe), 2.81 – 2.72 (2H, m, 2-H2), 2.55 (2H, t, J 7.5 , 7-H2), 1.76 

(1H, dtd, J 14.0, 7.5, 4.5, 8-HH), 1.65 (1H, m, 8-HH), 1.47 (9H, s, 17-H9), 1.13 (3H, d, J 6.0, 10-H3), 

0.88 (9H, s, SiC(CH3)3), 0.04 (3H, s, SiCH3), 0.03 (3H, s, SiCH3); 13C (126 MHz, CDCl3) δ 201.1 

(C-6), 196.8 (C-1), 159.3 (C-15), 148.0 (C-5), 130.5 (C-12), 129.5 (C-13), 127.4 (C-4), 113.8 

(C-14), 73.3 (C-3), 71.8 (C-11), 67.6 (C-9), 55.4 (OMe), 49.2 (C-2), 48.2 (C-16), 40.2 (C-7), 33.3 

(C-8), 29.9 (C-17), 26.0 (SiC(CH3)3), 23.9 (C-10), 18.2 (SiC(CH3)3), −4.2 (SiCH3), −4.6 (SiCH3); 

HRMS (MALDI) Calculated for C28H46NaO5SSi [M+Na+] 545.2727, found 545.2735; νmax/cm−1 

2956 (m), 2927 (m), 2855 (m), 1685 (s, slightly broadened), 1613 (w), 1514 (s), 1250 (s). 
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(S)-(Ethyl) (3S,6R,9R,Z)-9-(tert-butyldimethylsilyloxy)-6-hydroxy-3-(4-

methoxybenzyloxy)dec-4-enethioate (261) 

To a stirred solution of AlMe3 (1.0 M in heptanes, 315 µL, 0.315 mmol) in anhydrous DCM (0.4 

mL) at 0 °C was added dropwise EtSH (23.3 µL, 0.89 mmol). The resulting solution was warmed 

to room temperature over 20 mins before (S)-240 (68.4 mg, 0.157 mmol) in anhydrous DCM 

(0.2 mL) was added dropwise. The reaction was stirred at room temperature overnight before 

being diluted with DCM, (10 mL). The organic phase was washed with aqueous HCl (1.0 M aq., 

10 mL) followed by brine (10 mL), and the organic phase was dried over MgSO4, filtered and 

concentrated in vacuo. The crude oil was purified by flash column chromatography (silica, 

5-15% EtOAc in petrol) affording the title compound as a clear colourless oil (36 mg, 46%). 

[𝛼]𝐷
25 +6.0 (c = 1.0, DCM); 1H (CDCl3, 400 MHz) δ 7.20 (2H, d, J 8.5, 13-H2), 6.86 (2H, d, J 8.5, 

14-H2), 5.67 (1H, ddd, J 11.0, 8.0, 1.0, 5-H), 5.39 (1H, ddd, J 11.0, 9.5, 1.0, 4-H), 4.73 (1H, dddd, 

J 9.5, 8.5, 6.0, 1.0, 3-H), 4.47 (1H, d, J 11.0, 11-HH), 4.34 (1H, dt, J 8.0, 6.0, 6-H), 4.27 (1H, d, J 

11.0, 11-HH), 3.85 (1H, td, J 6.0, 5.0, 9-H), 3.80 (3H, s, OMe), 3.04 (1H, dd, J 15.5, 5.5, 2-HH), 

2.86 (2H, q, J 7.5, 16-H2), 2.81 (1H, dd, J 15.5, 8.5, 2-HH), 2.58 (1H, s, br, OH), 1.75 – 1.38 (4H, 

m, 7-H2, 8-H2), 1.23 (3H, t, J 7.5, 17-H3), 1.14 (3H, d, J 6.0, 10-H3), 0.88 (9H, s, SiC(CH3)3), 0.06 

(6H, s, Si(CH3)2); 13C (CDCl3, 101 MHz) δ 198.5 (C-1), 159.4 (C-15), 137.5 (C-5), 131.1 (C-4), 130.2 

(C-12), 129.3 (C-13), 114.0 (C-14), 70.8 (C-3), 70.2 (C-11), 68.7 (C-9), 67.4 (C-6), 55.4 (OMe), 

50.0 (C-2), 35.3 (C-7), 33.0 (C-8), 26.1 (SiC(CH3)3), 23.8 (C-10), 23.6 (C-16), 18.3 (SiC(CH3)3), 14.7 

(C-17), −4.2 (SiCH3), −4.5 (SiCH3); HRMS (MALDI) calculated for C26H44NaO5SSi [M+Na+] 

519.2571, found 519.2558; νmax/cm−1 3420 (w, br), 2953 (m), 2929 (s), 2855 (m), 1688 (m), 

1514 (s), 1248 (s), 1038 (s). 
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(S)-(Ethyl) (3S,9R,Z)-9-(tert-butyldimethylsilyloxy)-3-(4-methoxybenzyloxy)-6-oxodec-4-

enethioate (262) 

To a stirred solution of alcohol 261 (34 mg, 0.07 mmol) and NaHCO3 (28.7 mg, 0.34 mmol) in 

DCM (3 mL) under nitrogen at 0 °C was added DMP (15 wt.% in DCM, 254 µL, 0.09 mmol) 

dropwise. The resulting solution was warmed to room temperature and stirred for 90 mins 

before sat. aq. Na2S2O3 (5 mL) was added. The resulting biphasic solution was stirred for 10 

mins, then separated and the aqueous extracted with DCM (3 × 10 mL). The combined organic 

layers were dried over MgSO4, filtered and concentrated in vacuo. The crude oil was purified 

by flash column chromatography (5% EtOAc in petrol) affording the title compound as a 

viscous clear colourless oil (27.6 mg, 82%). [𝛼]𝐷
25 − 5.0 (c = 1.0, DCM); 1H (CDCl3, 400 MHz) δ 

7.21 (1H, d, J 8.5, 13-H2), 6.83 (1H, d, J 8.5, 14-H2), 6.23 (1H, dd, J 11.5, 1.0, 4-H), 6.12 (1H, dd, 

J 11.5, 7.5, 5-H), 5.32 (1H, dtd, J 7.5, 6.0, 1.0, 3-H), 4.42 (2H, s, 11-H2), 3.84 (1H, tdd, J 7.0, 6.0, 

4.5, 9-H), 3.78 (3H, s, OMe), 2.89 (2H, q, J 7.5, 16-H2), 2.86 (2H, d, J 6.0, 2-H2), 2.55 (2H, t, J 7.5, 

7-H2), 1.75 (1H, dtd, J 14.0, 7.5, 4.5, 8-HH), 1.64 (1H, m, 8-HH), 1.25 (3H, t, J 7.5, 17-H3), 1.13 

(2H, d, J 6.0, 10-H3), 0.88 (9H, s, SiC(CH3)3), 0.04 (3H, s, SiCH3), 0.03 (3H, s, SiCH3); 13C (CDCl3, 

101 MHz) δ 201.1 (C-6), 196.2 (C-1), 159.3 (C-15), 148.0 (C-5), 130.4 (C-12), 129.5 (C-13), 127.4 

(C-4), 113.8 (C-14), 73.2 (C-3), 71.8 (C-11), 67.6 (C-9), 55.4 (OMe), 48.8 2-C), 40.2 (C-7), 33.3 

(C-8), 26.0 (SiC(CH3)3), 23.9 (C-10), 23.6 (C-16), 18.2 (SiC(CH3)3), 14.8 (C-17), −4.2 (SiCH3), −4.6 

(SiCH3); HRMS (MALDI) Calculated for C26H42NaO5SSi [M+Na+] 517.2414, found 517.2428; 

νmax/cm−1 2953 (w), 2929 (w), 2855 (w), 1687 (s), 1612 (m), 1513 (s), 1247 (s). 
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8. Spectra 

8.1 Mupirocin Spectra 

2,3-Acetonide of (3R,4S,5R)-5-(hydroxymethyl)tetrahydrofuran-2,3,4-triol (67) 
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3,4-Acetonide of (3S,4S)-tetrahydrofuran-2,3,4-triol (68) 
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2,3-Acetonide of L-erythrono-1,4-lactone (69) 
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13C 3,4-Acetonide of (3S,4S)-2-methyltetrahydrofuran-2,3,4-triol (71) 

 

 

 



Spectra 
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13C 2,3-Acetonide of (2S,3R)-4-methylpent-4-ene-1,2,3-triol (72) 
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13C 2,3-Acetonide of (2S,3R)-1-(4-methoxybenzyloxy)-4-methylpent-4-ene-2,3-diol (73) 

 

 

 



Spectra 
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Methyl (2S,3S)-3-(tert-butyldimethylsilyloxy)-2-methylbutanoate (75) 

 

 



Spectra 
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(2R,3S)-3-(tert-Butyldimethylsilyloxy)-2-methylbutan-1-ol (76) 

 

 

 



Spectra 
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(2S,3S)-3-(tert-Butyldimethylsilyloxy)-2-methylbutanal (77) 

 

 



Spectra 
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(4S,3R,1E)-4-(tert-Butyldimethylsilyloxy)-1-iodo-3-methylpent-1-ene (44) 

 

 



Spectra 
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(2S,3R)-2-(tert-Butyldimethylsilyloxy)-5,5-dibromo-3-methylpent-4-ene (79) 
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(2S,3R)-2-(tert-Butyldimethylsilyloxy)-3-methylpent-4-yne (78) 
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9-(4-Methoxybenzyloxy)nonan-1-ol (83) 

 

 



Spectra 
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9-(4-Methoxybenzyloxy)nonyl 3-methylbut-2-enoate (84)  
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TBS Silyl Dienol Ether (65) 
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198 
 

9-(tert-Butyldimethylsilyloxy)-nonan-1-ol (85) 

 

 



Spectra 
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9-(Tert-butyldimethylsilyloxy)nonyl 3-methylbut-2-enoate (86) 
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TBS Silyl dienol ether (87) 

 

  



Spectra 

 

201 
 

8,9-Acetonide of (2S,3R,7R,4E)-2-(tert-butyldimethylsilyloxy)-3,7-dimethyl-10-(4-

methoxybenzyloxy)dec-4-ene (89) 
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202 
 

(8,9)-Acetonide of (2S,3R,7R,8R,9S,4E)-2-(tert-butyldimethylsilyloxy)-3,7-dimethyldec-4-

ene (90) 
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2,3-Acetonide of (2R,3R,4R,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-2,3-dihydroxy-4,8-

dimethyldec-6-enal (94) 
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13C Desepoxymupirocin W-OH ((S)-59) 

 

  



Spectra 

 

205 
 

13C 5-epi-Desepoxymupirocin W-OH ((R)-59) 
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13C 8,16-Alkene (60) 
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2,3-Acetonide of (2R,3R)-2,3-dihydroxy-4-methylpent-4-enal (39) 
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208 
 

5,6-Acetonide of (5S,6R,E)-5,6-Dihydroxy-7-methylocta-3,7-dien-2-one (111) 
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5,6-Acetonide of (5S,6R)-5,6-Dihydroxy-7-methyloct-7-en-2-one (112) 
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5,6-Acetonide of (5S,6R,7R,11R,12S,E)-12-(tert-Butyldimethylsilyloxy)-5,6-dihydroxy-7,11-

dimethyltridec-9-en-2-one (108) 

 

 



Spectra 

 

211 
 

9-(tert-Butyldimethylsilyloxy)nonyl 2-(diethoxyphosphoryl)acetate (114) 
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Des-5-OH Mupirocin W4-OH (106) 
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5,6-Acetonide of (3E,5S,6R,7R,9E,11R,12S)-12-(tert-butyldimethylsilyloxy)-5,6-dihydroxy-

7,11-dimethyltrideca-3,9-dien-2-one (116) 
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Des-5-OH Mupirocin W4 (117) 
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Ethyl (4R,5S,E)-5-(tert-butyldimethylsilyloxy)-4-methylhex-2-enoate (128) 
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216 
 

(4R,5S,E)-5-(tert-Butyldimethylsilyloxy)-4-methylhex-2-en-1-ol (129) 
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217 
 

(4R,5S,E)-5-(tert-Butyldimethylsilyloxy)-1-iodo-4-methylhex-2-ene (37) 
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218 
 

(2S,3R)-2-(tert-Butyldimethylsilyloxy)-3-methylpent-4-ene (132) 
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219 
 

3,4-Acetonide of (3S,4S)-2-allyltetrahydrofuran-2,3,4-triol (131) 
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220 
 

3,4-Acetonide of (3S,4S)-2-((4’R,5’S,E)-5’-(tert-butyldimethylsilyloxy)-4’-methylhex-2’-

enyl)tetrahydrofuran-2,3,4-triol (126) 
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221 
 

1-Methyl-2-methylthiobenzimidazole (137) 
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222 
 

1-Methyl-2-methylsulfonylbenzimidazole (138) 
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223 
 

2,3-Acetonide of (2S,3R)-1-(1-methyl-1H-benzo[d]imidazole-2-sulfonyloxy)-2,3-dihydroxy-

4-methylpent-4-ene (141) 
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224 
 

2,3-Acetonide of (2S,3R)-pent-4-ene-1,2,3-triol (163)  
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225 
 

2,3-Acetonide of (2S,3R)-1-(4-methoxybenzyloxy)pent-4-ene-2,3-diol (158) 
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226 
 

3,4-Acetonide of (3R,4S)-5-(4-methoxybenzyloxy)pentane-1,3,4-triol (157) 
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227 
 

3,4-Acetonide of methyl (3R,4S)-3,4-dihydroxy-5-(4-methoxybenzyloxy)pentanoate (164) 
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228 
 

3,4-Acetonide of (3R,4S)-3,4-dihydroxy-5-(4-methoxybenzyloxy)pentanal (167) 
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229 
 

3,4-Acetonide of (3R,4S)-3,4-dihydroxy-5-(4-methoxybenzyloxy)-2-methylenepentanal 

((R)-168) 
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230 
 

3,4-Acetonide of (3S,4S)-3,4-dihydroxy-5-(4-methoxybenzyloxy)-2-methylenepentanal 

((S)-168) 

 

 



Spectra 

 

231 
 

3,4-Acetonide of (3R,4S)-5-(4-methoxybenzyloxy)-2-methylenepentane-1,3,4-triol (149) 
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232 
 

3,4-Acetonide of (3R,4S)-5-(4-methoxybenzyloxy)-1-(tertbutyldimethylsilyloxy)-2-

methylenepentane-3,4-diol (169) 
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233 
 

3,4-Acetonide of (3R,4S,5R)-5-((tert-butyldimethylsilyloxy)methyl)tetrahydrofuran-2,3,4-

triol (173) 
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234 
 

2,3-Acetonide of (2S,3S,4R)-5-(tert-butyldimethylsilyloxy)pentane-1,2,3,4-tetraol (176) 
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235 
 

2,3-Acetonide of (2S,3S,4R)-5-((tert-butyldimethylsilyl)oxy)-2,3,4-trihydroxypentyl acetate 

(177) 
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236 
 

2,3-Acetonide of (2S,3S)-5-(tert-butyldimethylsilyloxy)-2,3-dihydroxy-4-oxopentyl acetate 

(178) 
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237 
 

2,3-Acetonide of (2S,3R)-4-(tert-butyldimethylsilyloxymethyl)-2,3-dihydroxypent-4-en-1-yl 

acetate (179) 
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238 
 

2,3-Acetonide of (2S,3R,4R,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-4-(tert-

butyldimethylsilyloxymethyl)-1-(4-methoxybenzyloxy)-8-methyldec-6-ene-2,3-diol (181) 
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239 
 

2,3-Acetonide of (2S,3R,4S,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-4-((tert-

butyldimethylsilyloxy)methyl)-8-methyldec-6-ene-1,2,3-triol (182)  
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240 
 

2,3-Acetonide of (2S,3R,4R,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-4-(hydroxymethyl)-8-

methyldec-6-ene-1,2,3-triol (183)  
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241 
 

2,3-Acetonide of (2S,3R,8R,9S,E)-4-(hydroxymethyl)-8-methyldec-6-ene-1,2,3,9-tetraol (S1) 
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242 
 

Acetonide of (3R,4R,5S)-5-((4R,5S,E)-5-(tert-butyldimethylsilyloxy)-4-methylhex-2-en-1-yl)-

3,4-dihydroxytetrahydro-2H-pyran-2-one (184) 
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244 
 

2,3-Acetonide of (2R,3R,4S,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-4-(tert-

butyldimethylsilyloxymethyl)-2,3-dihydroxy-8-methyldec-6-enal (186) 
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245 
 

2,3-Acetonide of (2S,3R,4S,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-4-(hydroxymethyl)-1-(4-

methoxybenzyloxy)-8-methyldec-6-ene-2,3-diol (187) 
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246 
 

2,3-Acetonide of (2S,3R,4S,8R,9S,E)-4-(hydroxymethyl)-1-(4-methoxybenzyloxy)-8-

methyldec-6-ene-2,3,9-triol (S2) 
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247 
 

2,3-Acetonide of (2S,3R,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-1-(4-methoxybenzyloxy)-8-

methyl-4-methylenedec-6-ene-2,3-diol (188) 
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248 
 

2,3-Acenotide of (2S,3R,8R,9S,E)-9-(tert-butyldimethylsilyloxy)-8-methyl-4-methylenedec-

6-ene-1,2,3-triol (127) 
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249 
 

2,3-Acetonide of (2S,3R)-4-(tert-butyldimethylsilyloxymethyl)pent-4-ene-1,2,3-triol (189) 
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250 
 

2,3-Acetonide of (2R,3R)-4-(tert-butyldimethylsilyloxymethyl)-2,3-dihydroxypent-4-enal 

(190) 
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251 
 

3,4-Acetonide of (3R,4S)-1-(2-trimethylsilylethoxymethoxy)-5-(4-methoxybenzyloxy)-2-

methylenepentane-3,4-diol (194) 
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252 
 

2,3-Acetonide of (2S,3R)-4-(2-Trimethylsilylethoxymethoxymethyl)pent-4-ene-1,2,3-triol 

(195) 
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253 
 

2,3-Acetonide of (2S,3R)-2,3-Dihydroxy-4-(2-trimethylsilylethoxymethoxymethyl)pent-4-

enal (196) 
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254 
 

5,6-Acetonide of (4R,5S,6R)-7-(tert-butyldimethylsilyloxymethyl)-4,5,6-trihydroxyoct-7-en-

2-one ((R)-202) 
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255 
 

5,6-Acetonide of (4S,5S,6R)-7-(tert-butyldimethylsilyloxymethyl)-4,5,6-trihydroxyoct-7-en-

2-one ((S)-202) 
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16-OH Mupirocin W4-OH ((S)-146) 

 

  



Spectra 
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5-epi-16-OH Mupirocin W4-OH ((R)-146) 
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258 
 

8.2 Tenuipyrone Spectra 

Iodomethyltriphenylphosphonium iodide (S3) 
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259 
 

(2S)-2,4-[(S)-p-Methoxybenzylidenedioxy]butanol (242)  
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(3S)-3,5-[(S)-p-Methoxybenzylidenedioxy]pent-2-yne (236)  
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261 
 

(R)-Hex-5-en-2-ol (245)  
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262 
 

(R)-2-(tert-Butyldimethylsilyloxy)-hex-5-ene (246)  
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263 
 

(2R,5R)-5-(tert-Butyldimethylsilyloxy)-hexane-1,2-diol (247)  
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264 
 

(R)-4-(tert-butyldimethylsilyloxy)pentanal (238) 
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265 
 

(9R)-9-(tert-Butyldimethylsilyloxy)-1,3-[(S)-p-methoxybenzylidenedioxy]hept-4-yn-6-ol 

(239) 
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266 
 

(4Z,6R,9R)-9-(tert-Butyldimethylsilyloxy)-1,3-[(S)-p-methoxybenzylidenedioxy]hept-4-en-6-

ol ((R)-248) 
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267 
 

(4Z,6S,9R)-9-(tert-butyldimethylsilyloxy)-1,3-[(S)-p-methoxybenzylidenedioxy]hept-4-en-6-

ol ((S)-248) 

 

 



Spectra 

 

268 
 

(4Z,6R,9R)-9-(tert-Butyldimethylsilyloxy)-1,3-[(S)-p-methoxybenzylidenedioxy]hept-4-en-6-

yl (R)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate ((R)-249) 

 

 



Spectra 

 

269 
 

(4Z,6R,9R)-9-(tert-Butyldimethylsilyloxy)-1,3-[(S)-p-methoxybenzylidenedioxy]hept-4-en-6-

yl (S)-3,3,3-trifluoro-2-methoxy-2-phenylpropanoate ((S)-249) 
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270 
 

(3S,4Z,6R,9R)-9-(tert-Butyldimethylsilyloxy)-3-(4-methoxybenzyloxy)dec-4-ene-1,6-diol 

((R)-250) 
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271 
 

(3S,4Z,6S,9R)-9-(tert-Butyldimethylsilyloxy)-3-(4-methoxybenzyloxy)dec-4-ene-1,6-diol 

((S)-250) 
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272 
 

(3S,4Z,6R,9R)-6-(9-(tert-Butyldimethylsilyloxy)butyl)-3-(4-methoxybenzyloxy)-3,6-

dihydrooxepin-1-one ((R)-240)  
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273 
 

(3S,4Z,6R,9R)-6-(9-(tert-Butyldimethylsilyloxy)butyl)-3-(4-methoxybenzyloxy)-3,6-

dihydrooxepin-1-one ((S)-240)  
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274 
 

S-(tert-butyl) (3S,6R,9R,Z)-9-(tert-butyldimethylsilyloxy)-6-hydroxy-3-(4-

methoxybenzyloxy)dec-4-enethioate (253)  
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275 
 

(S)-(tert-butyl) (3S,9R,Z)-9-(tert-butyldimethylsilyloxy)-3-(4-methoxybenzyloxy)-6-oxodec-

4-enethioate (254)  
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276 
 

(S)-(ethyl) (3S,6R,9R,Z)-9-(tert-butyldimethylsilyloxy)-6-hydroxy-3-(4-

methoxybenzyloxy)dec-4-enethioate (261)  
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277 
 

(S)-(tert-butyl) (3S,9R,Z)-9-(tert-butyldimethylsilyloxy)-3-(4-methoxybenzyloxy)-6-oxodec-

4-enethioate (262) 

 

 


