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Abstract 

 
The body of this thesis is comprised of six scientific articles and is 

preceded by an overview that contextualises all of this published/ 

submitted work. 

 

The first major part of this thesis is comprised of Publication 1 which 

is an invited digest article on total syntheses of the cochliomycins and 

certain related resorcylic acid lactones (RALs). The author’s work on 

the syntheses of paecilomycin F and cochliomycin C is highlighted in 

this article. 

 

Publication 2 comprises the second major part of this thesis. This 

describes total syntheses of the RAL type natural products 

paecilomycin F (A) and cochliomycin C (B). The key step, a 

macrocyclisation, was realized by subjecting substrate C to Loh-type 

α-allylation conditions using indium metal and so affording the 

required 14-membered macrolide framework. In contrast, when the 

same substrate was treated under Nozaki−Hiyama−Kishi conditions 

the 12-membered lactone D was formed through a γ-allylation 

process. A single-crystal X-ray analysis served to confirm the 

structure of cochliomycin C and, therefore, the effectiveness of Loh-

type α-allylation conditions in producing large macrolides. 
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Publication 3 details a total synthesis of the racemic modification of 

the tazettine-type alkaloid 3-O-demethylmacronine (E). A key 

intermediate was compound F embodying the haemanthidine alkaloid 

core which was assembled via a reaction sequence including an 

intramolecular Alder-ene reaction. The lactam-to-lactone 

rearrangement F → G was achieved under acidic conditions and 

thereby affording the polycyclic framework associated with target E. 

 

 
 

Publication 4 describes total syntheses of the Amaryllidaceae 

alkaloids zephycandidine III (H) and lycosinine A (I). Their inhibitory 

effects on acetylcholinesterase were also investigated. A palladium-

catalyzed Ullmann cross-coupling reaction was used to link two aryl 

halides in forming the biaryl scaffold of target H while a Suzuki–
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Miyaura cross coupling reaction was used to construct the alkaloid I. 

Although compound H has been reported to act as a significant 

inhibitor of acetylcholinesterase, biological testing of the synthetically-

derived sample suggests otherwise. 

 

 

 

The total synthesis of marine alkaloid discoipyrrole C (J) is reported 

in Publication 5. In the key step of the reaction sequence, the 2,3,5-

trisubstituted pyrrole K was treated with MoOPH in the presence of 

methanol to afford the methoxylated 1,2-dihydro-3H-pyrrol-3-one L. 

Exposure of the latter compound to potassium carbonate then 

aqueous trifluoroacetic acid resulted in hydrolysis of the acetate and 

aminol ether moieties and formation of natural product J. 
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The last paper, Publication 6, details the total synthesis of the 

aminocyclitol derivative and antifungal agent nabscessin B (M) from 

the homochiral g-hydroxycyclohexenone N which was, in turn, 

prepared from L-(+)-tartaric acid over six steps. The rigidifying effect 

of the 1,2-diacetal protecting group associated with compound N and 

its derivatives affords high levels of regiochemical control in the 

construction of the aminocyclitol framework. The structure of 

nabscessin B (M), including its absolute stereochemistry, was 

confirmed by the author’s successful enantiospecific total synthesis 

of this natural product. 

 

 

 

The Appendix to the thesis contains reports on the single-crystal X-

ray analyses of key compounds synthesized by the author. Those 

analyses were carried out by Dr Anthony Willis, Dr Paul Carr, or Dr 

Jas Ward. 
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Thesis Overview 

 

The overarching theme associated with this thesis by publication is 

the deployment of methodologies developed within the Banwell 

Group, together with new ones identified by the author, for the 

purpose of establishing total syntheses of biologically active natural 

products. The diversity of the target compounds that have been 

obtained stands as testimony to the utility of these methodologies as 

well as the broad training that the author has received in the 

techniques and theory of chemical synthesis. 

 

Publication 1: Chemical Syntheses of the Cochliomycins and 

Certain Related Resorcylic Acid Lactones 

 

The cochliomycins are a group of six resorcylic acid lactones (RALs) 

that have been isolated from culture broths of marine fungi found in 

the South China Sea. Because of their novel structural features and 

their potential antifouling activities, these RALs have attracted 

attention as synthetic targets from synthetic chemists.  

Publication 1 reviews published syntheses of the title compounds, 

as well as certain related RALs (including L-783,277, paecilomycin F, 

zeanol and neocosmosin A) that have been described by the Banwell 

Group and others currently active in this area. 



 6 

 
 

Publication 2: Total Syntheses of the Resorcylic Acid Lactones 

Paecilomycin F and Cochliomycin C Using an Intramolecular 

Loh-Type α-Allylation Reaction for Macrolide Formation 

 

Paecilomycin F and cochliomycin C belong to the RAL class of natural 

product and process a 14-membered macrolactone ring. 

Cochliomycin C is a marine-derived RAL that was isolated from the 

fungus Cochliobolus lunatus found in the South China Sea. 

Paecilomycin F is its unchlorinated derivative.1, 2 While cochliomycin 

C displays notable antifouling and/or antifungal properties, 

paecilomycin F processes modest antimalarial activity.3,4 Given their 

reported biological properties, and with the intention of exploiting 

aspects of the Banwell Group’s previously reported total syntheses of 

cochliomycins A and B, paecilomycin F and cochliomycin C became 
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the author’s target compounds. Publication 2 details the author’s 

successful efforts in this regard. 

 

 
 

The key step involved a macrolide ring forming event. Thus, an 

indium-mediated intramolecular Loh-type α-allylation reaction 

involving substrate 1 led to compound 2, an immediate precursor for 

the final target. Interestingly, when the same substrate was subjected 

to a Nozaki-Hiyama-Kishi reaction then lactone 3, incorporating a 12-

membered ring, was obtained. 
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Publication 3: A Total Synthesis of (±)-3-O-Demethylmacronine 

through Rearrangement of a Precursor Embodying the 

Haemanthidine Alkaloid Framework 

 

Macronine and 3-O-demethylmacronine are two tazettine-type 

Amaryllidaceae alkaloids that were isolated from the plant Crinum 

macrantherum Engl.5 and a Galanthus species of Turkish origin,6 

respectively. It was determined that 3-O-demethylmacronine does not 

arise from the demethylation of macronine during the isolation 

process and so both of these compounds are regarded as “true” 

natural products. Wildman and co-workers7 were able to establish that 

the N-demethylmacronine framework results from the lactam-to-

lactone rearrangement of the haemanthidine alkaloid framework in 
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buffer at pH 6.80. The only total synthesis of (±)-macronine was 

reported by Tsuda et al. in 19768 who exploited a late-stage variant of 

the lactam-to-lactone rearrangement proposed by Wildman. No other 

relevant work on macronine and 3-O-demethylmacronine has been 

reported in the intervening period. Accordingly, a synthesis of (±)-3-

O-demethylmacronine was pursued by the author and his colleagues 

and the successful outcome of such studies are reported in 

Publication 3. 

 

 

 

The first key step involves subjection of alkyne 4 to an intramolecular 

Alder-ene (IMAE) reaction and thereby affording the C3a-arylated 

hexahydroindole 5. Cleavage of the nosylate moiety in this late 

compound triggered a lactamisation reaction and so establishing the 

haemanthidine alkaloid framework. A lactam-to-lactone 

rearrangement served as the other key step of the synthesis and this 

involved the acid-catalysed conversion of compound 6 into isomer 7. 

The application of an Eschweiler–Clarke reaction to lactone 7 then 

gave (±)-3-O-demethylmacronine. 
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Publication 4: Total Syntheses of the Amaryllidaceae Alkaloids 

Zephycandidine III and Lycosinine A and Their Evaluation as 

Inhibitors of Acetylcholinesterase 

 

In 2016, Yao and co-workers reported9 the isolation of new 

Amaryllidaceae alkaloid, zephycandidine III, from the plant 

Zephyranhes candida collected at Shiyan, Hubei, China. Lycosinines 

A and B, which bear strong structural resemblance to zephycandidine 

III, were isolated from the ornamental plant Lycoris aurea collected in 

Kunming, Yunnan, China.10,11 Zephycandidine III was described as a 

potent inhibitor of acetylcholinesterase (AChE) (IC50 8.82 μM). On this 

basis, lycosinines A and B might also be expected to display AChE-
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inhibiting activities. Accordingly, zephycandidine III and lycosinine A 

became synthetic targets and their attainment is described in 

Publication 4. The evaluation of the title alkaloids as well as certain 

derivatives as inhibitors of AChE are also reported in this paper. 

 

 

 

Two different cross coupling reactions, namely, a palladium-catalysed 

Ullmann cross-coupling and a Suzuki–Miyaura cross-coupling, were 

employed in constructing the biaryl cores, 8 and 9 respectively, of 

zephycandidine III and lycosinine A. Each of these core compounds 

was then elaborated by conventional methods to the corresponding 

natural product. However, testing of them as AChE inhibitors revealed 

that neither of them was active. 
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Publication 5: Total Synthesis of the Marine Alkaloid 

Discoipyrrole C via the MoOPH-mediated Oxidation of a 2,3,5-

Trisubstituted Pyrrole 

 

In 2013 the MacMillan Group reported the isolation of four new and 

structurally novel alkaloids, named discoipyrroles A-D, from the 

marine bacterium Bacilluus hunanensis. Significantly, each of these 

shows selective cytotoxicity toward DDR2-mutant lung cancer cell 

lines with IC50 values in the range from 120 to 400 nM.12 Total 

syntheses of discoipyrroles A, B and D have been reported recently 

by our group,13,14 and key intermediates associated with these were 

1,2,3,5-tetrasubstituted pyrroles. Treatment of these polysubsituted 

pyrroles with oxodiperoxymolybdenum (pyridine)-

(hexamethylphosphoric triamide) (MoOPH)15 resulted in an oxidative 

cyclisation reaction leading to the distinctive heterocyclic ring system 

associated with discoipyrroles A, B and D. Given its intriguing 

biological properties and the absence of any relevant prior studies, a 

total synthesis of discoipyrrole C was pursued and the successful 

outcomes of the relevant studies are described in Publication 5.  



 13 

 

 
 

The pivotal step was the treatment of the 2,3,5-trisubstituted pyrrole 

11 with MoOPH in CH2Cl2/MeOH and thus affording the methoxylated 

1,2-dihydro-3H-pyrrol-3-one 12. Compound 12 itself was subjected to 

reaction with potassium carbonate in methanol and then, in a 

separate step, with aqueous trifluoroacetic acid and so affording 

discoipyrrole C. All the spectral data acquired on this compound 

matched those reported for the natural product by MacMillan and co-

workers. 
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Publication 6: Total Synthesis of the Antifungal 

Deoxyaminocyclitol Nabscessin B from L-(+)-Tartaric Acid 

 

In early 2017 two novel aminocyclitol derivatives, named nabscessins 

A and B, were reported by Ishibashi and co-workers.16 These were 

isolated from the culture broth of the pathogenic actinomycete 

species Nocardia abscessus IFM 10029T and display notable activity 

against Cryptococuss neoformans with IC50 values of 32 and 16 

µg/mL, respectively. Their structures were elucidated by standard 

means including 2D NMR spectroscopic techniques. Both 

compounds incorporate a 2-deoxy-scyllo-inosamine core. With the 

intention of developing new routes to aminocyclitols and related anti-

infective agents,17 a synthesis of nabscessin B was pursued. The 
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successful synthesis of this natural product is described in 

Publication 6.  

 

 

Thus, the homochiral g-hydroxycyclohexenone 13, which was 

prepared from L-(+)-tartaric acid, served as the key intermediate for 

the synthesis of nabscessin B. The 1,2-diacetal protecting group 

associated with compound 13 and its derivatives rigidifies the 

annulated cyclohexane ring and thus allowing for regio- and stereo-

selective manipulation of the developing nabscessin B target. The 

data derived from the synthetic sample of nabscessin B compared 

favourably with those reported for the natural product. Given this and 

the fact that single-crystal X-ray analyses were undertaken on two 

intermediates associated with this synthesis, this work serves to 
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confirm the structure, including absolute stereochemistry, originally 

assigned to the natural product. 
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Structure of compound 4 of Publication 2 (CCDC 1451755) with labeling of 

selected atoms. Anisotropic displacement ellipsoids show 30% probability levels. 

Hydrogen atoms are drawn as circles with small radii. 
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Structure of compound 8 of Publication 2 (CCDC 1531843) with labeling of 

selected atoms. Anisotropic displacement ellipsoids show 30% probability levels. 

Hydrogen atoms are drawn as circles with small radii. 
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Structure of compound 13 of Publication 2 (CCDC 1531844) with labeling of 

selected atoms. Anisotropic displacement ellipsoids show 30% probability levels. 

Hydrogen atoms are drawn as circles with small radii. 
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Structure of compound 11 of Publication 6 (CCDC 1578392) with labeling of 

selected atoms. Anisotropic displacement ellipsoids show 30% probability levels. 

Hydrogen atoms are drawn as circles with small radii. 
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Structure of compound 13 of Publication 6 (CCDC 1584449) with labeling of 

selected atoms. Anisotropic displacement ellipsoids show 30% probability levels. 

Hydrogen atoms are drawn as circles with small radii
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