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Abstract 

Mycobacteria are found in many environments. They have complex mixtures of 

mycolic acids and lipids present in their cells wall. Myco lic acids are high molecular 

weight a -alky l-branched P-hydroxy long-chain fatty acids. They have 60-90 carbon 

atoms. Different groups of myco lic acids are made by different spec ies of 

mycobacteria. Sugar esters of mycolic acids which are associated with the cell wall 

have very interesting toxic and immunological properties. They a lso have the potential 

to assist in TB detection for development of sensors, which could be used for the 

control and treatment of mycobacterial infection . This research involved the synthesis 

of mycolic acids and trehalose esters. The biological activities were studied, as well as 

their suitability as antigens to detect mycobacterial infections. There were four 

objectives: The first part of this project involved the synthesis of saturated (A) and 

unsaturated (B) mycolic acids as occurring in Rhodococcus equi were achieved, and 

the synthesis of trehalose dimycolate (C), trehalose monomycolate (D) and glucose 

monomycolate (E) present in R. equi were also achieved. This was to study whether or 

not the cha in length has any effect on the biological activities in phagosomes-lysosome 

fusion assays. 

" ~ (CH2),. 

1 
OH 

A (CH,)13CH3 

OH 0 

"~ AA (CH2)a B (CH,>,; 

1 
OH 

(CH2)i5CH3 

The second part of this project invo lved the synthesis of two stereoisomers of the key 

homologue of the methoxy (F) and keto (G) mycolic acids present in Mycobacterium 

kansasii were achieved successfully, which were then coupled to trehalose to generate 

the corresponding synthetic trehalose dimycolate (H) and trehalose monomycolate (I). 
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These methoxy mycolic acid and their corresponding trehalose esters would be used as 

a specific antigens to distinguish the Mycobacterium kansasii from Mycobacterium 

tuberculosis specifically in serodiagnostic assays (Enzyme-linked lmmunosorbent 

Assay). 

OM• D OH O O OH 0 

CH3(CH,),,, ~ ,,,,,·· ••• ,,,,, AA CH,(CH,),,, .Jl A AA T ' (CH,),. F '(CH,),, i OH y ' (CH,),. a (CH,),s ~ OH 

(CH,>,,cH, Mc (CH,>,,cH, 

The third part of this study involved the synthesis of sugar ester of the cis

cyclopropane methoxy mycolic acid of Mycobacterium tuberculosis with identical 

a bsolute stereo-chemistry to the natural compound, which were then coupled to 

trehalose to generate the corresponding synthetic trehalose dimycolate (J) and 

trehalose monomycolate (K). These trehalose esters would be used as a specific 

antigens in serodiagnostic assays (Enzyme-linked Jmmunosorbent Assay) for the 

detection of TB, wi II allow the effect of the stereochem is try of cis-cyclopropane on the 

assay to be investigated. 

The fourth part of this study involved the synthesis of mixed sugar ester (K, L) 

including two d ifferent classes of mycolic acids present in M kansasii and M 

tuberculosis were achieved successfully. Natural TOM consists of a very complex 
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mixture of different molecules made in a biological system where there are many 

different types and homologues of MA present; unless there is a specific biological 

control system that introduces the same MA on both sugar rings of the TDM, it is 

therefore very unlikely that natural molecules contain two identical MAs. Therefore it 

is important to prepare compounds of containing two different MA in order to 

investigate their biological activity and compare them to the TDMs that contain the 

same MA at both positions. 
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1. Introduction 

Mycolic acids and their sugar esters are components of Mycobacterim tuberculosis 

cells. They are strong signa lling agents in the im mune system. Natural mycolic acids 

are not a single molecular species but are present as very complex mixtures in the cell 

wall. This thesis reports the synthesis of individual mycolic acids and the ir sugar 

esters, which allows their specific effects to be determined. Consequently, the 

introduction below will provide some background information on tuberculosis, 

mycobacterial characteristics, mycolic acids, sugar esters, biosynthesis, synthesis, and 

ending with a discussion of the biological assays. 

1.1 Tuberculosis 

1.1.l Background 

lt is estimated that each year there are 9.4 million new cases of TB, and that it is 

responsible for 1.6 mi I lion deaths. 1•2 Thus, it is still one of the greatest causes of death 

and illness in the world today,3•
4 despite a drop in TB incidence since a peak in 2004. 

Indeed, following a number of strategies recommended by the World Health 

Organisation, TB incidence has been s lowly decreasing.5
•
6 However, as this disease 

has affl icted mankind since the beginning of history, dating as far back as 9000 before 

Christ (BC), complacency would be most unwise and it remains to the present day a 

real scourge to human beings.7 The Nobel prize winner, Koch, first identified the 

causative agent of TB when he discovered a stain which enabled the bacilli of M tb to 

be seen.5
• 8 However, it was Marten who first suggested, in I 720, that TB was caused 

by a microscopic air-bound organism.9 Regrettably, his findings were ignored until 

1865 when Villemin demonstrated TB transmission from humans to cattle to rabbits, 

and so confirmed the theory proposed by Marten that TB was contagious.
10 

Many factors have contributed to the decrease in the disease since the end of the I 9th 

century.8
•
11 These inc lude isolation hospitals, improved living and working conditions, 

the Bacillus Calmette Guerin (BCG) vaccine, the pasteurisation of milk, the discovery 

of X-rays, the tuberculin skin test and the discovery of anti-TB drugs.5
•
12 However, the 

disease remains far from being totally eradicated. It was in the 1940s when the first 

effective drugs appeared.8 Streptomycin was discovered by a team led by Waksman, 



followed by p-aminosalicylic acid (PAS) in 1946 by Lehmann.5
•
8 In 1952 isoniazid 

appeared, as did e.g., ethambutol, rifampicin and pyrazinamide.5
•
13 With the exception 

of PAS, these drugs are in use to this day in the fight against TB. Complicating factors 

such as HN/AlDS and drug resistance aside, today's treatment length has been 

reduced from twelve to s ix months as more effective chemotherapeutics have been 

developed. This shorter time span, in itself, helps in the battle against drug resistance 

and greatly assists drug compliance.5
•
14 

The BCG vaccine is the most widely used vaccine in the world. It was developed in 

the early 19th century by Calmette and Guerin. 15 It is made up of the attenuated strain 

of Mycobacterim. bovis and remains in use.16 The protection against disease by the 

vaccine does vary and overall is approximately 50%. For example, that against 

disseminated and meningeal disease in ch ildren is higher than that against pulmonary 

disease in adults. 15
•
16 Importantly, it is not known how long and to what extent the 

protective effect lasts, a lthough giving the vaccine to new-borns (who are 

mycobacterially na·ive) increases its efficiency. 17 Although the reactivation of 

pulmonary TB or HIV cannot be protected against by routine vaccination, it does, 

however, reduce mortality and infection from TB in infants. 18
•
19 Thus the development 

of a more effective vaccine would help enormously in the fight against TB. A new 

vaccine wou ld also assist against the scepticism surrounding the BCG vaccine, causing 

some countries not to routinely vaccinate infants. Currently just 5% of deaths are 

prevented by the BCG vaccine.20 Th is percentage needs to be increased. One 

advantage of the BCG vaccine is that it also protects against Burul i ulcer, leprosy and 

helminth infection .21 ln addition, it reduces the risk of superficial bladder cancer 

progression, and it may help against atopic diseases such as asthma.22 Recent stud ies 

show a 37% reduction in asthma in those who received a neonatal BCG vaccination .2 

1.1.2 Global illness 

The WHO has reported that TB infects one person every second, of whom 5-10% die 

as a direct result.6 Indeed, the WHO estimates that up to 50 mill ion people worldwide 

may be suffering from drug-resistant forms of TB and for this reason they declared a 

global health emergency in 1993 in an attempt to save 14 million lives between 2006 

and 2015. 
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In 2012, there were an estimated 8.6 million cases of TB globally, corresponding to 

122 cases per 100,000 population. The highest number of cases occurred in Asia 58% 

and the African Region 27%. Smaller proportions occurred in the Eastern 

Mediterranean 8%, the Europe 4% and the Americas 3%. The cases included l.0-1.2 

million 12-14% among people co-infected with HIV. The proportion of TB cases co

infected with HlV was highest in the African Region (Figure 1). In General, 37% of 

TB cases in this region were estimated to be co-infected with HIV, which accounted 

for 75% of TB cases amid people living with HIV worldwide. In parts of southern 

Africa, more than 50% of TB cases were co-infected with HIV (Figure 1).24 

Est i10ilttd HIV prmltnct in nttr TB casts. 2012 

•' 

~J •• 
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I 

Figure 1: Estimated lilV prevalence in new TB cases in the world. Data from 

WHO201324 

Thus, the pathogenesis of the HIV/ AlDS-TB pandemic presents an urgent challenge to 

the scientific community due to the terrible effects it has on the world's most 

vulnerable communities.25 The new WHO statistics on TB suggest that HJV co

infection causes about half of all TB deaths. Indeed, HTV infection increases the 

probability of latent TB infection developing into active TB disease. A new TB 

infection progresses considerably more rapidly to a fully-active disease in immune

compromised AIDS patients. Therefore, TB is the main killer of AIDS patients and 

often the first disease to develop after the immune system submits to HIV infection. 
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1.1.3 The emergence of drug resistance 

This problem became apparent soon after the first anti-TB drugs were used. TB germs 

were found to be still growing in the sputum of a patient who had completed a course 

of streptomycin treatment, and a new deadly form of TB appeared in patients who had 

seemingly been treated with success.8 This resistance has become more and more 

frequent and is most alarming as it is becoming apparent in the case of both first-line 

and second-line drugs.8 

Multidrug Drug Resistant (MDR) is the term used for TB strains which are resistant to 

the main first-line drugs, with resistance to any fluoroquinolone drug or at least one of 

the three injectable second-line drugs, kanamycin, capreomycin and amikacin. In 

recent years, MDR-TB has risen in patients because of initial infection by drug 

res istant strains of TB. This is most common in those injecting drugs using 

contaminated needles and in HTV sufferers. 13
•
26 As streptomycin and front-line drugs 

are ineffective in preventing resistance there is little to prevent its progression to 

second-line drugs.5 Soon after it was discovered that us ing one drug was not effective 

in the battle against TB, a combination of streptomycin and PAS was used for a two 

year treatment period. lson iazid (INH) was added to the combination in 1952 when 

PAS was replaced by the more effective drug ethambutol. The treatment time was 

reduced from 24 to 18 months.14 Combined drug therapy helps prevent resistance from 

developing as bacterial mutations are random and their inc idence will be consequently 

reduce with the more rapid and comprehensive destruction of the pathogenic 

population. In addition, as the mutations are not linked the likelihood of the TB 

microbe developing resistance to two drugs is 1 in I 0.27
•
28 Treating patients with 

MDR-TB is difficult even where state-of-the-art facilities and drugs are available.2
9 

Thus, new non-resistant chemotherapeutics are desperately needed in the battle against 

TB_3o 

1.2 Mycobacteria 

1.2.1 Mycobacterium tuberculosis 

M tb is a small rod shaped bacterium which is classified as acid fast, s ince it retains 

certain stains after treatment with acidic solutions.31
•
32

•
33 The mycobacterial bacilli are 
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resistant to weak disinfectants and 1 M sodium hydroxide. In fact, they are able to 

survive under a variety of adverse conditions, inc luding the abili ty to exist in a dry 

state for several days.34
•
35 86% of M tb infection is spread by people who have 

pulmonary TB.36 Coughing and sneezing propels droplets containing TB bacilli into 

the a ir which is then inha led by others. However, fresh infect ion w ill only occur if the 

inhaled bacilli reach the alveoli where the host 's macrophages and other mononuclear 

phagocytes will be invaded.36 Figure 2 illustrates the ingestion of T B bacilli by host 

macrophages using scanning e lectron microscopy.37 

Figure 2: A scanning electron micrograph of Mycohacterium tuherculosis37 

Mycobacteria inc lude both non-pathogenic and pathogenic species.38
·
39 

Species of 

pathogenic mycobacteria causing T B in mammals are M tb, M bovis, (which is 

responsible for causing bovine TB), Mycobacterium africanum (a heterogenous group 

of stra ins isolated from equatorial Africa inhabitants) and Mycobacterium microti (a 

rodent pathogen).40 Other mycobacterial species caus ing disease in man are 

Mycobacterium leprae (which causes leprosy), Mycobacterium ulcerans (which is 

responsible for the dangerous and potentially fatal Buruli ulcer, a skin and sometimes 

bone affection).41
•
42 Other pathogens include Mycobacterium marinum (which causes 

disease in fi sh and skin infections in humans) and Mycobacterium avium, (an illness of 

poultry first discovered in 1890, and is also known as 'Battery' bacillus).
43

.4
4 

M bovis has the most diverse range of hosts, as it is found not just in bovine animals 

but also in man, dogs, cats, pigs, goats and wild animals such as badger and deer.
40 

1t 

is economically important to the farm ing industry and it is reckoned to have cost the 

UK tax payer £87 m in 2009-20 I 0, a figure expected to soar to £ 1 b in the next 
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decade.45
,4

6 It is controlled by routine tuberculin testing of whole herds every 1-4 years 

depending on how prevalent TB is in the area.47 It is spread by moving cattle from 

farm to farm, at cattle auctions and through the badger populations which live on 

farms where M bovis exists. The proposed cull of badgers in order to remove the 

reservoir of infection has caused a lot of controversy with animal rights campaigners 

for many years.48 This is illustrated in Figure 3.49 

Figure 3: Campaigners against badger culls49 

Nevertheless, unlike M tb, M bovis, M microti, M kansasii, M smegmatis, a laJge 

number of other mycobacterial strains only affect individua ls whose immune system is 

suppressed, for example HIV/ AIDS sufferers or transplant patients.43
•
44 

1.2.3 Mycobacterium kansasii 

lt is probable that M kansasii is the easiest non-tubercu los is mycobacterial (NTM) 

pathogen to treat successfully. This is because M kansasii and M tb are similar and 

because anti tuberculosis drugs work well against M kansasii. Indeed, more 

information exists showing how effective antituberculosis drugs are for treating M 

kansasii than all the other NTM infections. Also, because it is similar to M tb, 

mycobacterial isolates may be linked to lung disease which can be both aggressive and 

destructive (Figure 4).50 lf it is not treated correctly, it can lead to lung destruction or 

the mycobacterial isolates becoming drug resistant, or both. The importance of early 

diagnosis before the disease is able to develop must be emphasised. ln addition, it is 

important that effective overall treatment strategies are used and that patients are given 

the correct medications for a long time period.50 
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Figure 4: Mycobacterium kansasii (coloration de Zieht)5° 

1.2.3.1 Pathogenesis and epidemiology 

It is likely that infection by M kansasii happens by an aerosol route. It is probable that 

tap water is a major reservoir, causing infection in humans. It has been isolated in tap 

water in places where patients with the disease have been identified.5 1
•
52 Isolates which 

have the same phage type as those found in patients have also been found in the 

drinking water systems in the Netherlands.53
•
54 Environmental isolates of the same 

genotype, which have been determined by pulse field electrophoresis (PFGE) to be 

clinical isolates, have been found in Paris.55 Isolating M kansasii from tap water is at 

times intermittent. This could explain why investigations have failed to uncover it. No 

other environmental source (water or soil) source of this mycobacterium has been 

found. It is not yet known why it is not poss ible to isolate mycobacteria from other 

environmental sources. 

Studies have shown that the Mycobacterium has genetic diversity, using isolates from 

around the world . Restriction Fragment Length Polymorphism (RFLP) analysis of 

chromosomal DNA is a frequently used technique. This requires endonuclease 

digestion of whole DNA, giving many variably s ized fragments which are separated 

by Pulsed Field Gel E lectrophores is (PFGE). The DNA fragment patterns can be 

compared visually or they can be scanned into a computer data base. A recent DNA 

based study which used PFGE discovered the presence of five taxonomic groups in 

both human and environmental isolates.55 A predominant PFGE pattern was found in 

patients with M kansasii disease.55 51 clinical isolates of mycobacteria from the USA 
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were recently evaluated using PFGE by Zhang et al .. 56 Half the isolates had the same 

PFGE pattern and this was the same predominant pattern reported by Picardeau. 
55 

Due 

to the close relationsh ip of most clin ical M kansasii isolates by PFGE, epidemiologic 

studies of strain relatedness of M kansasii, in suspected outbreaks, wi ll not be easy. 

Lung disease caused by M kansasii happens in clusters geographical ly. Studies 

revealed that disease happened more often than M avium complex (MAC) in southeast 

England and in Wales.57
•
58 Only estimates are available for its prevalence because this 

is not a public health problem and so is not reported. M kansasii is the second most 

common cause of NTM lung disease in the USA. It occurs predominantly in the 

central and southern states . In a recent study by Bittner et al., it was reported that M 

kansasii was the most common mycobacterial pathogen isolated at Veterans Affairs 

Hospital in Omaha, Nebraska. This was over a period of 20 years, spann ing from 

1971 to 1990.59 T he number of M tb isolates declined in this study over 20 years, 

however the M kansasii isolates stayed relatively stable over the same time period. 

The result was that the total number of M kansasii isolates exceeded the M tb isolates. 

ln a demographic study of NTM pulmonary disease in Texas, M kansasii was second 

only to MAC as a cause of NTM lung disease. Th is study also reported that M 

kansasii was much more likely to originate for urban than rural areas. This is 

consistent with the current understanding of M kansasii reservoirs, as noted above.
60 

Where HJV infection is common, the prevalence of M kansasii is likely to also be 

very high, because of the greater susceptibility of the host population to infection, 

rather than factors relating to the virulence of the organisms or the presence of the 

. . h . 61 organisms mt e environment. 

1.2.4 Rhodococcus equi 

Rhodococcus equi is a nocardioform Gram-positive coccobacillus. It can cause severe 

pyogranulomatous pneumonia in young horses (Figure 5). It causes TB like symptoms 

and histopathology in AlDS patients. R. equi is a facu ltative intracellular bacterium, 

able to survive and multiply in macrophages in vitro and in vivo.
62 
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Figure 5: R. equi causes a lethal form of equine pneumonia in foals63 

In macrophages, phagosomes wh ich contain the viru lent form (Ventilator Associated 

Pneumonia (YAP) positive) R. equi are arrested early in their maturation. They do not 

acquire the proton-pumping vacuolar (Adenosine Tri Phosphate (A TPase) complex. 

Macrophages die by necrosis after 1-3 days of infection, by which time intracellular 

multiplication has happened. These eventually mature into phagolysosomes where 

bacteria are slowly killed.62 

1.2.5 The cell envelope 

Fundamental to the pathogenesis of M tb is the organisation and structure of the cell 

envelope. For this reason, it is im portant to have an understanding of these factors in 

the fight against TB and other related diseases.35 The complex cel l envelope of 

mycobacteria has a high percentage of lipids and it is unusually th ick.35
•
65 lt consists of 

three different parts, a plasma membrane, a wal l and a capsule.34 The core of the cell 

wall exists above the plasma membrane and is made up of interaction of methyl 

branched long chain components with MA matrix. Mycolyl arabinogalactan (mAG) is 

connected by a phosphoryl linker unit to Peptido Glycan (PG). Complex free li pids 

(Sulfated tetra-acyl Trehalose (SL), Di Acyl Trehaloses (DAT), Phthiocerol DI 

Mycocerosate (PDIM), Penta Acyl Trehalose (PAT)) interact with (mAG). 

Lipoarabinomannan (LAM) and Phosphat ldylinositol Penta Mannoside (P[M) are 

shown anchored in the plasma membrane. The mAG galactan is shown in yellow, and 

the LAM mannose components are in dark green; the arabinan of both these 

polysaccharides is represented in light blue, illustrated in Figure 6.
71 

These will be 

discussed in detail in Section 1.3.31
·
33

•
67 
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Figure 6: Schematic representation of mycobacterial cell envelope71 

Disrupt ion of the mycobacteria l cell wall, fo llowed by extraction using a variety of 

solvents, results in lipids, lipoglycans and proteins, while the cell wall core remains as 

a residue which is insoluble. The substances which can be extracted can be considered 

as signa lling effector molecules, while the cell wall core which is made up of 

arabinogalactan-mycolic acid complex, is essential for the viability of the cell. 

Therefore, it is very important in terms of effective drug development.66
·
68 In order for 

pathogenic mycobacteria to prosper within host macrophages, a hostile environment, 

the ir outer capsule needs to protect the inner pa1ts of the bacterium from the host's 

defences. The capsule does this by stopping any harmfu l substances from the host 

entering the inne r parts of the cell envelope.68 These bacteria are also able to inhibit 

fu s ion between phagosomes and lysosomes, which further defends them against 

degradation by the host macrophages defences.69 In addit ion, it is believed that the 

capsule interferes with the host's defences by renderin g inactive small molecules 

which the phocytic cells use to kill micro-organisms. An example of this would be 

reactive oxygen derivatives such as hydroxyl, hydrogen peroxide, nitric oxide and 

superoxide. These species are able to diffuse through the capsule's barrier. However, 

they are made inactive by M tb 's superoxide d ismutase (SOD) and its 

catalase/peroxidase.68 Thus mutants of M tb defective in catalase had a reduced 

virulence in guinea pigs. Also, the virulence was restored by the integration of the 

gene that codes for catalase-peroxidase into a catalase negative mutant.
68 
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In the cell wall of the mycobacteria there are mycolic acids, sugar esters and other 

lipids.70
•
71 These include methyl branched fatty acids, phthiocerols, lipomannan, 

sulpholipids, lipoarabinomannans and many others.72
•
73 The mycobacterial lipids make 

up 40% of the cell envelope's weight. They have been studied in depth to establish 

the ir structure, function, biosynthetic pathway and their role in mycobacterial 

pathogenesis.74
•
75 MAs bound to trehalose are extractable lipids also found in the cell 

wall. These are known as ' cord factor' and are bio-medically important glycolipids. 

They are made up of a trehalose which is esterified at either one or both primary 

alcohol groups to form either a trehalose 6,6 '-monomycolate (TMM) or trehalose 

6,6'-d imycolate (TDM).71
•
76 In biosynthes is, TMM transfers newly synthes ised 

mycolic acids to the cell wall. It remains unproved that this is the case for TOM. 71
•
77

•
78 

The tox ic properties and the adjuvant effects of cord factor in mice were discovered 

early in the study of mycobacterial Iipids.79 In rats, cord factor has good adjuvant 

effects, inducing delayed hyposensitivity and encouraging antibody production.80 

When mice were injected, it had the same effect as infection with live BCG.81 TOM 

has also been seen to have tumour regressive properties with a variety of cancers in 

guinea pigs.82
•
83 TOM and TMM display a range of immune activities and are useful 

for a wide range of biomedica l applications.84
•
85 

1.3 Mycolic acids 

MAs are a major element of the cell envelope of M tb. They are major components of 

the waxy portion.86 They are characteristic of mycobacteria and give unique properties 

to the cell wall structure, making it impervious to practically all of the host 's defences 

and other chemotherapeutic agents wh ich would otherwise damage or render unviable 

normal bacterial cells. 76
•
87 In 1927 Anderson et al. conducted the first large scale 

tubercle baci lli extraction.88 It was then that the term MA was first used for the ' non 

saponifiable wax' that was found during this extraction process. The name was first 

used during subsequent investigations into the hydroxy acid found in the ether 

fraction.89•90 Anderson discovered that the lipids of the tubercle bacilli appeared to 

have more than just the ordinary biological and chemical importance from the point of 

view of the bacillus having res istance to the host's destructive influences. He also 

found that some of the components appeared to cause abnormal cell development in 

animals.88 The total characteristics of MA were documented in later studies and 
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Anderson correctly found their fonnula as being either CssH 112O4 or CssH116O4. He 

also found they have a 'ring structure ' , a molecular mass of 1284 and that their melting 

point is 54-56 °C.91 He described the resulting decompos ition of mycolic acids and 

their esters by a retro-aldol reaction if they are heated to 300-350 °C. This releases a 

methyl ester of hexacosanoic acid and a non-volatile ' meroaldehyde' (Scheme 1).81 

Fungal and avian strains of mycobacteria have a C22 side chain and yield tetracosanoic 

acid. Polgar named this acidic product of decomposition meromycolic acid.81 

Scheme 1: Products of the pyrolysis of a typical methyl mycolate (Cs9H17S0 3) 

from a human strain of M. tb81 

It has been noted that there are more than 500 types of mycolic acids in M tb, each 

having intimate ly re lated chemical structures.92 They have been studied since the ir 

discovery and research continues because they are unique to mycobacteria and because 

they are important to their virulence. Although much has been learnt about their 

structure and function, a lot remains to be learnt. New instrumentation has led to 

advances in what is known about their structure.92 Recently a lot of research has been 

done on MA using electron impact (EI) mass spectroscopy, to understand the location 

and chain lengths of the functional groups.
86

·
93

·
94

·
95 

This method successfully located the position of cyclopropane rings in the 

mycolates.96·97 However, with non-derivatised homologous mixtures of MA, this 

method is unable to provide full structural elucidation. This is because it is not able to 

re liab ly locate certain functional groups within MA. Matrix assisted laser 

desorption/ionisation time of flight (MALDI-TOF) was introduced. It provided a quick 

and highly sensitive method for elucidating the structures of MA and other 

lipids .98·99·100 Using a combination of IR, NMR and mass spectrometry, the structures 

of mycolic acids were largely elucidated.81·101 They are long chain ~-hydroxy-a-alkyl 

fatty acids, 60-90 carbons long and found in all mycobacteria and related micro

organisms.65·102·103 MAs have been found as free lipids also, linked with mycobacterial 
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biofilm formation. It is thought that this helps the bacteria resist chemotherapy when in 

an inactive state.104 Computer models of the mycobacterial cell envelope have 

provided evidence to support this hypothesis. 105
•
106 Figure 7 illustrates a generalised 

structure for MAs. In green, the motifmycolate of the mycolic acid is shown. The 

black depicts the meromycolate part. 107
-
108 

Meromycolate chain Moufmycola1e 

[X] = Distal group 
M = Proximal group 
a= 15, 17, 18, 19 

4 b= 10, 14, 15, 16 
c= 11, 15, 17. 19, 21 
d= 21, 23 

Figure 7: The general structure of mycolic acids107
•
108 

Common to all MA is the structure of the motifmycolate. The only difference is the 

chain length of the branch in the a.-position with respect to the carboxylic acid. The 

meromycolate part of the MA has wider structural diversity. It varies in the 

substitution of the proximal and distal positions in respect to the carboxylic acid.
65

• 
98 

Based on the substitutions at the proximal and distal positions MA can be divided into 

three categories. Firstly, type 1 mycolates, containing no double bonds. Secondly, type 

2 mycolates, containing a trans-double bond. Finally, type 3 mycolates containing a 

cis-double bond (Figure 8).65
·
98 The functional groups of the meromycolate chain can 

be any of the fo llowing: cyclopropanes, double bonds, a carbonyl group, an epoxy 

group, a methyl group or a methoxy group. 109 Research using techniques such as 2-0 

TLC,110 HPLC109 and GC 111 with mass spectrometry, NMR and IR has identified 

several types of mycolic acids in each Mycobacterium. To determine the species of 

mycobacteria, HPLC patterns have been utilised as a quick diagnostic method s ince 

these are found for every Mycobacterium. 112 
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Figure 8: Generalized structures of major mycobacterial mycolic acids
65

•
98 

The three main types of MA synthesised by M tb and other pathogenic myco-bacteria 

are a-MA (these are substituted at the proximal and distal positions with cyclopropane 

rings), keto and methoxy MA (these have oxygenated functional groups in the distal 

positions) (Figure 8). 11 3 

a-Mycolic acid 

Methoxy-mycolic acid 

OHO 
./'-./'-.,,..___,....___,..__,..___,,___,."--"--',.__,,..._.,,._...,,_____,._____,..._.,...._.,.._.,,.._.._,-<..i.,-,.._,,..._/'-./'-.-"--"-,..___,,.....,,,___,.,--.,,,..0 

H 

Keto-mycolic acid 

0 

0 

Figure 9: Major types of mycolic acids from M. tb
65

•
98 

OHO 

OH 
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Figure 9 illustrates the following: 

( 1 ): The cyclopropane rings of the a-MA (5) are generally in the cis-configuration. 

(2): The methoxy-MA (6,7) are substituted in the distal position by a MeO-group. 

(3): Keto-MA (8,9) are substituted with a carbonyl group.
65

•
98 

With respect to the oxygenated functional group, keto and methoxy MA both have a 

methyl branch in the a-position. They are substituted at the proximal position in 

natural mixtures with either a cis- or a-methyl /rans-cyclopropane ring. Watanabe et 

al. carried out extensive research on the nature and position of the functional groups of 

the meromycolate chains of MA of representative mycobacteria using MS and 

NMR.65
•
98 Other types of mycobacteria contain different mixtures of MA with more 

variety in the meromycolate chain. Illustrated in Figure 10 are the MA of saprophytic 

mycobacteria: M smegmatis a' and a-MA (10) and (11), which contain either one or 

two double bonds in either cis or trans configuration. 114 The MA of Mycobacterim. 

fortuitum contain an epoxide ring (12). 11 5
•

11 6 In Mycobacterim. phlei are found co

carboxy-MA (13) 117 w hile co-methoxy-MA have been found in Mycobacterim. alvei 

(14). 118 

et'-mycolic acid 

et-mycolic acid 

~OH 
''b 10 ''c (l 

~OH 
' 'a 

1

i ' b ' 'C ( ~ 

Epoxy-mycolic acid 
OH 

12 

ro-Carboxy-mycolic acid 

0 OH 0 

HO~ OH 

13 ( d OH 0 

OMe 

ro-1-Methoxy-mycolic acid OH 

Ester-mycolic acid 

Hydroxy-mycolic acid 

Figure 10: Some of the mycolic acids present in different mycobacteria 
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Wax ester (15) (Figure 10), is another variant of MA, found in M aurum. It is made 

by a Baeyer-Yilliger type reaction on the carbonyl group of a keto mycolic acid. 119 

MA (both major and minor) present in other mycobacteria, have different variations at 

the proximal and distal positions. Following a careful examination of all their mycolic

like fatty acids, small amounts of hydroxy MA (16) have been found in M bovis BCG 

and also M tb. lt was found that a gene cluster isolated from M bovis (BCG) 

conferred upon M smegmatis the ability to synthesise hydroxy MA with 

cyclopropanated keto MAs.93
•
94 Through analysis of the mycolic acids of M tb H37Ra, 

H37Rv and RI , Asselineau found the presence of a MA with two hydroxyl groups. 

However, the complete structure of this compound was not fully established. From 

this, it would appear that hydroxy MA are present in all species of the M tb 

complex.65 

1.3.1 Chain length of mycolic acids 

Lava et al. and Watanabe et al. were the first to analyse mycolic acids using MALDI

TOF MS in 2001.65
•
100 Lava et al. studied the length of all the carbon chain of the main 

types of MA from the fast-growing non-pathogenic mycobacteria to the slow-growing 

pathogenic mycobacteria. They came to the conclusion that the lengths of the chains 

were I inked to the growth rate of the mycobacterial strains. 100 It was found that 

pathogenic strains of mycobacteria synthesised chains containing even numbers of 

carbons (C74-C82). Non-pathogenic strains produced chains with both odd and even 

numbers of carbons. Also discovered was a s imilarity between the masses of 

oxygenated MA in rapid growing mycobacterial species and in the a -MA. This 

suggested a biogenetic re lationship between these two types of MA. This was not the 

case between a-MA and oxygenated MA of s low-growing pathogenic species (e.g. M 

tb) and no relat ionship was discovered. 100 In fact, the cha ins lengths of the oxygenated 

MA were between four and s ix carbons longer than those of the a-MA in the s low

growing pathogenic species.119
•
120 To determine the s ize of meroaldehyde (18) and the 

saturated a-chain (19), pyrolysis of MA (17) was carried out, fo llowed by mass 

spectrometry. This gives information on the internal chain lengths as illustrated in 

Scheme 2 .98
•
121 It was revealed that the mycolate chains vary between 60 and 90 

carbon units and that the a-cha in varies between 22 and 26 carbons in length.92
•
122 
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H 
0 

[XJ M 6 
"-f-Ya 'i-1;, c : OH ~ 
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d 

17 

0 

'--f-Ya[X]~[Y]~H 

meromycolaldehydo 
18 

! [OJ 

0 

"-f-Ya[XJ~M~OH 

meromycolic acid 

!l 
~OH 

(~19 

carboxyhc acid 

Scheme 2: Pyrolytic cleavage of a mycolic acid, followed by oxidation with Ag20 

I. .d r I . 98 121 to prepare meromyco 1c ac1 s ior ana ys1s ' 

Many techniques have been used to determine the other internal chain lengths (a, b, c, 

d, in Scheme 2) of different MA. The results have been ambiguous.97
•
123

•
124

•
125 

Watanabe et al. used a combination of collis ion-induced dissociation (CID) MS and 

MALDI-TOF to work out the positions of the functional groups found in both minor 

and major MA in different strains of the M tb complex.73
•
98 The a-b-c values for the 

MA were e lucidated as shown in Figures 11, 12 and 13. 

~~ ~OH 
' 'a ' 'b 24 ' 'c { ~ 

a-b- c-d d a-b- c-d d 

19-14-11(13)-23 M. tuberculosis, M. bovisBCG, M. mlcrofi 19-14-13(11)-23 M. tuberculosis 
17-14-17-21 M. kansasii. MAC, M. scrofulacem 17- 14-17-21 MAC 
17-14-13-21 M. marinum 17-14-15-21 M. merinum 

OH 
a-b-c-d 

17-14-18-21 M. kansasii, MAC 

~"" 
a-b-c - d 
19-13-17-23 M. tuberculosis Canetti 
17-15-17-21 MAC 
17-13-17-21 M. scrofulac;eum 

OH 0 

( 
a - b-c-d 

19-14-13-23 M. bovls BCG, M. microtl 

OH 

OH 0 

25 

a - b -[c'- c;c'- c]-d 

17-10-[6-13;4-15]-23 M. tuberculosis 

~"" 
17-12-17-21 M. smegmatis 
15-12-17-19 M. aurum 

~"" 
b-c-d 

17-17-21 M. smegmalis 

OH 

Figure 11: Structures and distribution of major and minor a-mycolic acids98 
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Watanabe discovered that the methyl branch next to the oxygenated function and the 

trans-cyclopropane ring in the keto and methoxy MA (for example, 28, 29, 35 and 36) 

was positioned nearest to the w end with respect to the functional group. It was found 

that the methyl branch next to the trans-double bond, as in (22, 31 and 38) was located 

nearest to the carboxylic end of the mycolic acid. 1n addition, they discovered a close 

structural relationship between the keto and the methoxy MA. This was put forward 

after studying matching keto (8 and 9) and methoxy (6 and 7) MA. It was found that 

their a-b-c values generally matched, as shown in (28, 29, 35 and 36) in Figures 12 

and 13.98 

OMe OH 0 

OH 

( 
a-b - c-d 

~OH 

" - ~". u 32 - (~ 
a-b-c-d 

17-16-17-23 M. tuberculosis, M. bovis BCG, M. microti 17-18-15-23 M. tuberculosis, M. bovis, M. bovis BCG, 
15-14-19-23 M. tuberculosis H37Ra M. microti 
17-16-19(17)-21 M. kansasii 

17-16-18-23 M. tuberculosis, M. bovis, 
M. bovis BCG, M. microti 

17-16-22(20)-23 M. tuberculosis Cane/ti 
17-16-18(20)-21 M. kansasii 

Me 

OH 

OH 

OH 0 

OH 

Me 33 

a-b-c'-c-d 
17-(14-4;12-6)-15-23 M. bovis BCG, M. microti 
17-(14-2;12-4)-17-23 M. bovis BCG, M. microti 

Me 34 

a - b - c' - c - d a - b - c'- C - d 

OH 

(15-10:17-8]-(12-11 ;10-13;8-15]-23 M. tuberculosis H37Ra (15-12;17-10)-6-15-23 M. tuberculosis H37Ra 
(15-12:17-10]·[1 0-11;8-13;6-15]-23 M. tuberculosis H37Ra (15-12;17-10)-6-17-23 M. tuberculosis H37Ra 

a-b-c-d 
17-19-13-23 M. tuberculosis, M. bovis, M. bovis BCG 
17-19-15-23 M. tuberculosis Canetti 
17-15-17-21 M. marinum 

Figure 12: Structures and distribution of major and minor methoxy-mycolic 

acids98 
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~oe 

a-b-c-d 
17-18-15-23 M. tuberculosis, M. bovis, 

M. bovis BCG, M. m'icroti 
15-16-19-23 M. tuberculosis H37Ra 
17-20-17-21 M. kansasii 
15-18-17-21 MAC 
15-16-19-21 M. scrofulaceum 

~00 

a-b-c-d 
17- 18-1 6-23 M. tuberculosis, M. bovis, M. bovis BCG, 

M. mlcroU 
15-18-18-21 M. kansasii 
17-16-1 8-21 MAC 
15-16-18-21 M. scrofulaceum 

a-b-c'-c-d 

OH 

(15-1 O; 17-8]-[12-13; 10-15;8-17)-23 M. tuberculosis H37Ra 
(15-12;17-10]-[10-13;8-15;6-17]-23 M. tuberculosis H37Ra 

Me 41 

a-b-c'-c -d 

a-b-c-d 
17-19-15(13)-23 

17-17-17-23 
17-17-17-21 
15-17-17-21 
17-15-17-21 

M. tuberculosis, M. bovis, 
M. bovis BCG, M. microti 
M. tuberculosis Canotti 
MAC 
M. scrofulaceum 
M. marinum 

~00 

a-b-c-d 
17-18-15-23 M. tuberculosis, M. bovis 
BCG 
17-16-19-21 MAC 

OH 0 

Me 40 

a-b - c'- C - d 

17-[8-10;10-8;12-6;14-4]-15-23 M bovis BCG 

[15-12;17-10]-6-17-23 M. tuberculosis H37Ra 

F igure 13: Structures and distribution of keto-mycolic acids98 

1.3.2 Mycolic acids of Rhodococcus equi 

OH 

Typically these MA contain 34-52 carbons. Klatte et al. 126 noted that this range has 

been extended from 30-54 carbons. The distinction between the alkyl s ide chain and 

the meromycolate main chain is an important feature of the structure of MA. Typically 

the a lkyl branch is fully saturated and is 10- 14 carbons long. 126 The meromycolate side 

chain is longer (C28 chain in a C42 mycolic acid with a C 14 alkyl s ide chain) and it 

might carry up to four double bonds as observed by Alshamaony et al. 127 It seems 

likely that the positions of the unsaturated bonds are located in the distal regions of the 

meromycolate chain, such as in mycobacterial MA and those of Nocardia 

asteroides.128 As a result, the region of the meromycolate chain next to the ester-linked 

terminus is, in effect, a saturated chain. 129 It wou ld seem that the MA in the free lipid 

fraction are similar in size to those in the bound lipid fraction as found by Asselineau 

et al. 130 
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Number 
M-H] _ of Mycolic acids (meromvcolate chain/a-branch) 

Carbons: Major 
m/z) Number structure Other isomers 

of 
unsaturate 
d bonds 

467 30:0 18:0/12:0; 16:0/ 14:0 16:0/ 14:0; 20:0/ 10:0 
481 31:0 17:0/ 14:0 18:0/13:0; 19:0/12:0; 20:0/11 :0 
493 32:1 20:1/12:0; 18: 1/14:0; 20:0/12: I; I 6:0/16: I; I 6: I / 16:0 

18:0/14:1 
495 32:0 18:0/ 14:0 20:0/12:0; 16:0/16:0 
509 33:0 I 9:0/ 14 :0; 18:0115:0 I 7:0/16:0; 20:0/ 13:0; 21 :0112:0; 
521 34:1 20:1/ 14:0 18:0116: I ; 18: I / 16:0; 20:0114: I; 22: 1112:0 
523 34:0 20:0/14:0; 18:0/ 16:0 22:0/12:0 
535 35:1 21 :1/1 4 :0; 20:1/ 15:0; I 9:0/16: I; I 8:0/ 17: I ; 20:0/ 15: I ; 23: 1112: I; 22: I /13:0 

19:1116:0 
537 35:0 19:0/16:0; 20:0115:0 21 :0/14:0; 18:0/ 17:0; 22:0/13:0; 23:0/ 12:0 
547 36:2 20: 1/16: I 22: 1/14: I ; 20:2/16:0; I 9:2117:0; I 8:2118:0; 22:2114:0; 24: 1/ 12: I; 2 1 :2/ 15:0; 

24:2/12:0 
549 36:1 20: 1/ 16:0; 22: 1/ 14:0 20:0/ 16: I ; 24: 1112:0 
55 1 36:0 20:0116:0 22:0/14:0; 24:0112:0; I 8:/18:0 
563 37:1 2 1: 1/ 16:0; 23 :1/ 14 :0 22: 1/15:0; 20:0/ 17: I ; 20: 1/17:0; 2 I :0/16: I ; I 9:0/18: I ; I 9: I /18:0; 25: 1112:0; 

22:0/ 15:1; 26:1/11:0, 27:1 / 10:0 
565 37:0 2 1 :0116:0 20:0/ 17:0; 23:0/14:0; 24:0/13:0; 25:0112:0; 19:0118:0; I 8:0/19:0 
575 38:2 22:1116:1 24: 1/ 14: I ; 26:2112:0; I 9: 111 9:0; 20: I II 8:0; 24:2114:0; 26: 1112: I ; 22:2116:0; 

20:1/ 18:1 
577 38:1 22:1116:0; 24:1/ 14:0 26: 1/ 12:0; 22:0/16: I; 20:0/18: I ; 24:0114: I 
579 38:0 22:0/16:0 24:0/ 14:0; 20:0/18:0; 26:0/12:0 
591 39:1 23:1/ 16:0; 25 :1/ 14:0 24: 1/ 15:0; 22: I /I 7:0; 26: I II 3:0; 27: 1112:0; 23:0116: I ; 22:0/ 17: I ; 2 1 :Oil 8: I 
593 39:0 23:0/ 16:0; 25:0/ 14:0 22:0/ 17:0; 24:0115:0; 27:0112:0; 26:0/13:0 
603 40:2 24:1/ 16:1; 26:1/14 :1; 28:2/ 12:0; 2 1 :2/19:0; 22:2118:0; 24:2/ 16:0; 22: 1118: I ; 28: I / 12: I 

26:2/14:0 
605 40:1 26:1/14:0; 28:1 / 12:0 30: 1110:0; 26:0114: I 
607 40:0 24:0/16:0; 26:0/ 14:0 28:0/12:0 
6 19 4 1:1 27:1/14:0; 25 :1/ 16 :0 26: 1/ 15:0; 29:1/ 12:0; 28: 1/13:0; 24: 1117:0; 30: 1111 :0 
63 1 42:2 28:2/14:0; 26:1/16: 1; 28:2/14:0; 28: 1/ 14: I ; 24: 1118: I; 30: 1112: I 

26:2/16:0 
633 42:1 26: 1/ 16:0 28: 1/14 :0; 30: 1/ 12:0; 26:0/16: I ; 24: 1/ 18:0 
635 42:0 26:0/ 16:0 28: 1/14:0 

27:2116:0; 28:2115:0; 27: 1/16: I ; 30:2/13:0; 31 :2/12:0; 26: I / 17: I ;29: 1/ 14: I; 
645 43:2 29:2/14:0 28:11 

15:1; 26:2117:0 
647 43:1 29:1/ 14:0; 27:1116:0 28: 1/15:0; 26: I 117:0; 30: 1/ 13:0; 3 I: 1112:0 
659 44:2 30:2/14:0; 28:2/ 16:0 28: 1/ 16: I ; 30:2114:0; 32: 1/12: I ; 26: I l l 8: I 
661 44:1 28: 1/ 16:0 30:1/14:0; 26:1/18:0 
673 45:2 3 I :2/14:0; 29:2116:0 30:2/ 15:0; 26:2/19:0; 29: 1/16: I ; 32:2/13:0; 33:2112:0; 28:2117:0; 28: 1/ 1 7: I ; 

27:2/ 18:0 
675 45:1 29:1/16:0; 3 1 :1/14:0 30: 1/ 15:0; 28: I /17:0; 27: I 118:0 
677 45:0 30:0/15:0 29:0/ 16:0; 3 1 :0/14:0; 28:0/ 17:0 
687 46:2 30:2/ 16:0; 32:2/14 :0 30: 1/ 16: I ; 28: 1/ 18: I 
689 46: 1 30: 1/ 16:0 32: 1/ 14:0 
701 47:2 3 I :2/16:0 33:2/ 14:0; 32:2115:0; 30:2/17:0; 3 1: 1/ 16: I ; 32: 1117: I 
703 47:1 31 :1/ 16:0 33: 1114:0; 30: I /17:0; 32: 1115:0; 29: 1118:0 
7 15 48:2 32:2/16:0 34:2/ 14:0; 32: l /16: I ; 30: 111 8: I ; 30:2118:0 
717 48:1 32:1116:0 30: 1/ 18:0; 34: 1/14:0; 29:0119: I 
743 50:2 34:2/16:0 32:2/18:0; 32: I /18: I ; 36:2114:0 

Table 1. Mycohc acid composition from R. equ, stram 103 by Haas et al. IJ l , 1.>< 

MA (R1-(CH(OH)-CH(R2)-COOH) (Table 1) consist of a mero m ycolic cha in (R1C H) 

and a n a - bra nch (R2CH). For e x ample, 2 -tetradecyl-3- hydroxy- eicosanioc acid, which 

contains a C l 8 meromyco late c h a in a nd a C l 6 a -branch (R1 =C17H 35,R 2 = C 14H 29), is 

d es igated a s I 8:0/16:0. The MA (18: 1/16:0) s ig nifies tha t the m o lec u le contains a n 

unsaturate d bond 18: 1 chain and a a- C 14H 29 group (R, =C ,1H33, R 2 = C14H29) b y Haas 

et a/.131 , 132 
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R1= meromycolate chain 
R2= a branch 

Figure 14: Determination of chain lengths of meromycolate and a-branch in MA 

by Haas et al. 131
'
132 

1.3.3 Biosynthesis of mycolic acids 

Because MA play an essential role in the survival of TB bacteria, an important area of 

study is their biosynthesis. lt is also the target of several chemotherapeutics, inc luding 

isoniazid, which is the major front line drug.98
•
133

•
134

•
135 The production of agents 

w hich target other aspects of ce ll wall biosynthesis would be helpful in the fight 

against TB. 136
•
137 The H37Rv strain of M tb contains around 250 genes involved in 

fatty acid synthesis, compared to just 50 in E. coli, which is a s imilar s ized organism, 

highlighting the importance of MA to the survival of this bacterium.138
•
139 The 

inhibition of the biosynthesis of MA results in the death of mycobacteria.140 Even 

though the biosynthesis of MA is not fully understood, research has provided a number 

of different hypotheses. It is possible to divide mycolic acid biosyntheses into five 

steps: 14 1, 142,143 

( l ): The synthes is of straight chain fatty acids up to C26 to prov ide the u- alkyl branch. 

(2): The synthesis of C 18-C50 fatty acids to prov ide the ma in meromycolate 

backbone. 

(3): The modification of the meromycolate chain for the introduction of the fu nctional 

groups which are present. 

( 4 ): The C laisen-type condensation step, fo l lowed by reduction in order to generate the 

MA . 

(5): Transfer of the mycolic acid to form cellular glycolipids. 

T he d iverse structure of MA of any type of Mycobacterium is caused by the action of a 

group of methy l transferase enzymes, which work on unsaturated precursors to make 

the array of chemical moieties which are found in MA.87 It is not known for certa in 
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when in the biosynthesis of MA these changes to the mero-mycolate backbone occur. 

However, it seems that the differentiation of the functional groups occurs prior to the 

tenninal condensation reaction. 144 It is thought that the changes to the meromycolate 

backbone occur with the desaturation of the saturated alkyl chain to provide a cis

double bond in the proximal position and another in the distal position. This gives an 

unsaturated meromycolate (42), Figure 15.74
•
92 

R, ~ 'CH) ~ 
"-..,/ "-./" 2 b '-./ '"(CH2), COOH 

42 

Figure 15: The unsaturated meromycolate backbone prior to the different of the 

functional groups74 

A common intermediate for the introduction of the different functional groups in the 

meromycolate chain was proposed by Jaureguiberry et a/. 144 This included 

cyclopropanes, oxygenated functional groups and methyl branches in the 

meromycolate chain. 

Further research has shown this common precursor to be generated from a Z-alkene, 

fac ilitated by S-adenosyl-L-methionine (SAM) (Scheme 3).145
•
146

•
147 The methylation 

of cis-olefin (44) by SAM causes a carbocation intermediate (45) to form. This may be 

s tabilised through n-cation interactions with aromatic res idues in the active site. 

Cyclopropane rings have been shown to mainta in their substrate' s configuration. 

Therefore, the generation of the intermediate (45) must be a s low step which is 

fo llowed by the quick transformation of the unstable intermediate to y ield the 

f unctional groups.74
•
148 
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Scheme 3: The mechanism of the formation of functional groups in the 

meromycolate by SAM147 

The deprotonation of the carbocation intermediate (45) occurs at Ha or Hb as shown in 

Scheme 3. When it happens at Ha, a cis-cyclopropane (46) is made. When it happens 

at Hb a trans-olefin (47) occurs. This undergoes more SAM mediated methylation to 

g ive a trans-cyclopropane ( 48) (Scheme 3). If hydration of intermediate (45) happens, 

the formation of the hydroxyl mycolate (49) is the result. It is thought that this is the 

precursor to the methoxy (50) and keto mycolates (51).93
•
98

•
149

•
150

•
15 1 The origin of the 

methyl branch of trans-double bonds is from SAM. Since the methyl branch of both 

methoxy and keto MA is believed to be in an S-configuration, studies were undertaken 

w ith labelled SAM in order to find the origin of these methyl branches. 152 These 

revealed that not only are the methyl branches supplied by SAM, but the methoxy 

carbons of the methoxy MA are as well. The methylene carbon which bridges in cis

cyclopropane rings and the methyl branch of trans-cyclopropane rings have also been 

proved to come from SAM. 116
•
151

•
152

•
153

•
154

•
155 SAM is an excellent target for a drug 

because it is needed for polyamine synthesis, which is needed for the division of cells 

during the active stage of the disease. Also, it is required for cyclopropanation and 

methylation of MA, which are essential for the survival of the organism during the 

stage where the disease is latent. 156 To cure TB, a drug is likely to need to be able to 

penetrate the macrophage and a lso the waxy coat of the bacteria. It a lso needs to target 

both the active and inactive stages of the organism. 156 
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1.4 Trehalose esters of mycolic acids: 'Cord Factors' 

Working on tubercle bacilli in 1884, Koch discovered that they formed cords or 

filaments. These were made up of MA which was esterified to trehalose to form a 

glycolipid. Bloch reported the toxic behaviour of these cords when he extracted four 

different strains w ith petrol. This extract was tested on mice. 157
•
158 TDM gets its name 

because of the 'serpentine cord' which appears in M tb colonies (Figure 16). 159
•
160 

Figure 16: The 'serpentine cord' which appears in M. th colonies160 

This cord only appears in virulent tubercle bacilli colonies which are arranged m 

parallel bundles. A virulent bacilli have an orientation which is random. 157
•
158 In 

addition, it has been observed that filament forming strains of mycobacteria absorb 

and fix neutral red dyes. This led to the hypothes is that substances in the outer part of 

the virulent tubercle bacilli cell are implicated in these two phenomena and also in the 

virulence of mycobacteria. Thus research was carried out to find the substances which 

caused these effects, and this led to the discovery of TDM (6,6°-dimycoloyl trehalose) 

and mycobacterial sulfolipids (multi-acyltrehalose-2-sulfates). 161 It was thought that 

the sulfolipids caused the dye to be absorbed, but research dispelled this theory. 162 The 

work of Noll et al. 163
•
164 confirmed the structure of cord factor. TDM (52) was isolated 

from M tb and then hydrolysed with alkali. This gave two parts, MA and a non

reducing carbohydrate moiety. After acid hydrolysis, the carbohydrate moiety yielded 

D-glucose. To further confirm the structure of the sugar, it was converted into a 

crystalline acetate. This was identified as u,u-trehalose octa-acetate. The position of 

the MA attached to the trehalose was clarified firstly by methylation and then by 

saponification of the TDM. The result was hexa-methyltrehalose. Acid hydrolysis gave 
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trimethylgluscose (53). This showed that the MA is attached to the trehalose sugar at 

the 6,6' positions respectively (Figure 17). 163 

M~:~ Meo 

Meo 
OH 

53 

Figure 17: Structure of the cord factor as proposed by Noll et al. 163 

Other research has confirmed that the general structure of cord factor is an ester of a 

trehalose and two MA The ratio of MA to trehalose is 2: I , which corresponds to the 

6,6'-dimycolate.158
•
161

•
163

•
165

•
166 Different analytical tools were used to analyse 

samples, which had been extracted from different mycobacteria, in order to elucidate 

the structure of cord factor. All cord factors are made up of MA which are bound to 

trehalose. However, the MA moiety of cord factor varies a great deal, even in the same 

cell wall. 163 To determine the structure of the MA which is found in each cord factor, 

mass spectrometry is employed. An analysis of the fragment pattern of the mass 

s pectrum will show the fragmentation of the mycolic acid. It will also give an idea of 

what functional groups are contained in the molecule. This is particularly so for the 

meromycolic moiety. TMM and TDM are among the most characteristic components 

of the cell wall in mycobacteria. 157
•
163

•
167 MALDJ-TOF mass spectrometry was used by 

Fujita et al. in order to analyse the cell wall components of several types of 

mycobacteria. The structure of TMM and TDM were thus confirmed, (Figure 

18). 168
•
169 TMM, TDM, arabinogalactan and mycolate all include long alkyl chains. 

They provide the cell wall with a surface which is extreme ly hydrophobic. 

25 



100 llt'lllS 

(a) 
00 IOI IS 

80 

70 1l1U9 

~ 60 
), 

i 50 
C 
I) 

£ 40 

30 

20 

10 

0 
1400 1470 1540 1610 

Mass(niz) 

100 
1!11111 

(b) IIOl&1 
00 

80 

70 

l ro 
?1 po 
; 1!011 

E 40 

30 

20 

10 I 

0 
1400 1470 1540 1610 

~lass (niz) 

111901 

1680 

IQ&JJ 

112111 

627 rJ 

12 

l3 

1111-11 

!!911 

• 
9l 

1680 

5153-7 

800-5 

0 
1750 

100 

00 

80 

70 
,., e ro 

! 50 
C 

~ 40 

30 

20 

1400 

100 

00 

80 

70 

30 

20 

10 

0 
1400 

(c) 

(d) 

ill 

l!C22S 

1!192$ 

!2121 

32 
1.clSII 21 
14122 

1~H 

1470 1540 1610 1680 
Mass(nirj 

156S11 1627 14 
MISC! ll&-13 1&1 10 
lMOl 

16 13 

I~ I 
629·14 

1h1 

l5130S 
16 14 

l456~ 14!1 
15H 

162915 

14510 
ISSHI 

15 1 

" 04 
1~ C. 

!ll ,0 1! OS ~~ 
151 1~ 114115 

14 I~ I~ ri 1015i IO I 16111 
1• 0 15'( i ! 

l " 

1470 1540 1610 1680 
Mass(niz) 

800-4 

0 
1750 

476M 

. 
0 

1150 

Figure 18: MALDI-TOF spectrum of TMM from M. tb (a), M. tb Aoyama (b) 

BCG Tokyo (c) and M. bovis BCG Connaught (d)168 

Having been isolated from Corynebacterium diphtheria, 170 TOM was purified and 

prepared as a trimethylsilyl derivative. This was then used in order to determine the 

structure of the cell wall compounds, by using electron-impact mass spectrometry 

(EIMS). Three different compounds were reported from this study by Puzo et al.; 171 
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firstly, true coryno-cord factor, then two 3-oxoacyl containing trehaloses, the only 

difference between them being the degree of saturation. Another effective tool for 

identifying cord factors is NMR. Datta et al. 172 made an attempt to isolate cord factor 

from Corynebacterium matruchotii and to protect it with trimethyl silyl groups, using 

the same methods as used by Puzo et a/. 171 The synthetic TDM 172 gave an NMR 

spectrum which was very similar to that of natural cord factor, (Figure 19). 171
·
173 

l:j H-1J 

A 
, 

H-1 , I 

3.6 3.4 3 ~ 3 0 

Figure 19: The difference in the 1H NMR between: A) purified cord factor from 

C. matruclwtii and B) synthetic cord factor173 

1.4.1 Biosynthesis of cord factor 

Takayama et al. put forward a hypothesis for the biosynthesis of the TDM of the 

H37Ra strain of M Lb (Figure 20). 174
•
175 This was based on the discovery of a mycolic 

acid attached to glycolipid, 6-mycolyl-6' -acetyltrehalose (MAT). 

Cell wall Pathway of synthesis -====:!~ MAT ~~~ Mycolic acids ~ 
mycolic autolysis 

acids 11 

Trehalose _______ ., Cell wall 
dimycolate mycolate 

Figure 20: Suggested biosynthesis of cord factors 174 
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MAT is the main mycolate containing free acid which is responsible for transferring 

newly synthes ised MA to the cell wall. GC was used to detect the substrate of growing 

H37Ra strain M tb. The use of NMR and mass spectrometry led to the identification 

of the structure of MAT (54) (Figure 21), thus confirming that TMM is the first step 

to prepare TDM.175 

Figure 21: The structure ofMAT175 

1.4.2 Biological effects of cord factor 

An increase in antibody responses is caused by TDM. 176 lt also causes a sharp increase 

in DPNase activity in the liver, lungs and spleen. 177 Research also reported that TOM 

was responsible for an inhibition of the phosphorylation ofNADPH, and that it caused 

a loss of respiratory control in mouse liver because it affected the mitochondrial 

membranes.178 TDM coated B. subtilis caused the inhibition of the immigration of 

blood leukocytes, as reported by Rastogi et al. 179 If TDM is purified and injected into 

mice, they die. 179 Another study showed that mice injected with TDM from different 

mycobacteria showed a lower humoral response than with TOM from BCG. 180 This 

did not give protection against TB; however, it did display anti-tumour 

properties .181
•
182 All of these biological properties of natural TOMs are the 

combination of the effects of many different MA bound to trehalose. Since a natural 

TOM containing just one or two different MA would be almost impossible to obtain, 

so a synthetic TDM which has a completely defmed structure is needed for testing its 

biological properties. 
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1.4.3 ELISA and tuberculosis diagnosis 

Enzyme-Linked Immunosorbent Assay (ELISA) is an inexpensive, relatively simple to 

use, quick immuno-diagnostic test which used in clinical medicine. Developed in the 

early 1970s it has become widely accepted as a high throughput screening protocol for 

many different diseases, though not results have been reliable for all diseases. An 

ELISA plate is made of tiny wells, and when the assay is used to detect the presence of 

antibodies in samples, these wells hold antigens. In this work, where the assay is used 

to detect antibodies to TB in serum samples, the wells are coated with antigens, such 

as TDM or MA. A reagent, casein/PBS, is then added to the wells so that any free non

specific binding sites are blocked. The next step involves incubation of the serum 

under investigation with the antigens in the wells of the ELISA plate. Excess 

antibodies are then washed away, leaving only antibodies which have bound onto the 

antigens in the wells. Next, a secondary antibody conjugate is added to the well. This 

then binds to the primary antibodies (the antibodies from the serum samples). This 

secondary antibody conjugate also contains an enzyme which is required to quantify 

the amount of antibodies present later in the assay. Washing follows in order to 

remove any excess secondary antibody. Then, the coated plate is treated with a 

reagent which interacts with the enzyme giving a colour. The intensity of the colour is 

quantified to infer the relative amount of antibodies binding to the antigen. 183
•
184 

M tb possesses many antigens which have been used in ELISA tests for TB. 185 Some 

of the most common antigens used for such ELISA tests are A60 or 38 KDa antigens. 

However, like so many other antigens which are used to detect TB these suffer from 

low specificity and sensitivity. 185 The group led by Yano demonstrated identified cord 

factors as antigens as surrogate markers of TB infection using ELISA in the 

1990s. 186
•
187

•
188 These ELISA tests gave excellent specificity and sensitivity. They 

were also reproducible. Nevertheless, these results were challenged when they were 

performed on patients who may have been subjected to sub-clinical levels of M tb in 

high burden countries or who were also infected with HTV 189 and so the reliability of 

the test was ruled out in HJV-TB co-infection countries. One reason for this loss of 

specificity could be the presence of cross-reactive anti-cholesterol antibodies in the 

blood of such patients.190 A solution to this problem may be anti-mycolic monoclonal 

antibodies. A thorough investigation of the antigenicity of the mycolic acid subclasses 
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may improve the sensitivity. Significant differences in the antigenicity of the different 

subclasses have been identified. In order to determine their biological activities and 

their application to diagnosis, research continues to test MA and TDMs. They are both 

considered to be very potent signalling agents in the serodiagnosis of TB. I41
•
I9I

•
I 92 

Despite the selectivity not being high enough for application, it has been discovered 

that it is possible to use natural MA on an ELISA plate assay for the serodiagnosis of 

TB. I88
•
190 A range of ELISA tests done on a natural M tb mycolic acid and unique 

synthetic MA which represent the three main functional classes in M tb were reported 

by Beukes et al. in 201 1. 193 The synthetic MA were a-, keto-, hydroxy- and methoxy

MA. It was confi rmed by these tests that antibodies recognise free MA. Also 

confirmed was that individual synthetic MA displayed varying antigenic activities 

against human TB sera. This reflects the differences in their functional and 

stereochemistries. lndeed, the oxygenated MA were more antigenic than a-mycolic 

acid. Methoxy-MA was d iscovered to be the most antigenic, next were hydroxyl-, 

then keto- and lastly a-MA wh ich showed the least recogn ition.193 In contrast, natural 

TDMs which contain complex mixtures of isomers give a higher sensitiv ity and 

selectivity.92
•
I94 Nevertheless, analysis with natural TDM is highly complicated due to 

the many combinations of MA that can be bonded to the treha lose, so increasing the 

number of potential structures which are thought to contribute to the variation of 

immune related effects. 187
•
I95

•
I96

•
I97 Using ELISA in the diagnosis of TB has not been 

as successful as it has for other diseases. G iven the enormous number of new cases and 

how highly contagious this disease is, it is hoped that the ELISA test can be developed 

into a maj or weapon against TB. 

1.5 The synthesis of mycolic acids 

An organic chemist is presented with many challenges by the synthesis of MA. Most 

importantly, generating enantiomerically pure compounds can be a problem because 

a ll MA include at least two chiral centres in the a and p positions relative to the 

carboxylic acid. The synthesis of a full MA requires the linkage of different functional 

units in stages. In many cases, this means repetitive cycles of alkylation and cha in 

extension. These are essentially a sequence of reactions such as protection, 

deprotection, oxidation, olefination and hydrogenation etc. We are able to divide these 

into the fo llowing stages: 
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(1) The synthesis of the long-chain carboxylic acid with required substituents at the cr 

and p positions. 

(2) The synthesis of the meromycolate unit with different functional group. 

(3) The coupling reaction which joins the meromycolate to the mycolic motif. 

1.5.1 Synthesis of the mycolic motif 

There have been a number of studies on the preparation of the cr-alkyl-P-hydroxy unit. 

In 1952, Lederer et al. conducted one of the first trials to synthesise this kind of 

compound. 198 The same group prepared other corynomycolate analogues using s imilar 

methods based on the Claisen condensation, but as a mixture of diastereo

isomers. 199·200 The -fu-st enantiomerically pure cr-alkyl-P-hydroxy unit was synthesised 

by Kitano et al. 201 ·202 Utaka et al. in 1987,203·204 introduced the hydroxy group at the P

position by stereoselective reduction of the ~-ketoester (55) with Baker's yeast 

(Scheme 4). An alkyl chain was then directly introduced to the cr-position of a P

hydroxy ester (56) in a Frater reaction.205 This yielded the cr-alkyl-P-hydroxyl 

carboxylates (57) w ith two chiral centres in the correct configuration and with the cr

chain of the correct length. 

O OH OH OMe 

11 I (ii Bake~s yeast f I 

R,~o (ii) CH, N, R,~o 

55 

R1=(CH2)13Me 
R2=(CH2)14Me 

Scheme 4: Method of Utaka et al. 203 

56 

R11, LOA 

HMPA ~Jy(, 
Fi, 
57 

An improved synthesis of the cr-alkyl-P-hydroxyl unit was conducted by Baird et at.206 

This used l , 10-decanediol to prepare the trans-olefin (58) in four stages. The olefin 

was converted into the n,P-dihydroxy compound (59), which was then converted into a 

cyclic sulfate (60), which was subsequently regioselectivity reduced and hydrolysed to 

form the (3R)-hydroxy ester (61). A Frater a llylation205 with ally( iodide, introduced an 

ally( chain at the cr-position and then the hydroxyl group was protected i_n order to give 

a (2R,3R)-2-allyl-3-hydroxy ester (62). Next the a llylated ester (62) was oxidised to 

an aldehyde (63), whereupon the cr-chain was extended, using a Julia reaction, 
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followed by saturation of the alkene intermediate. Lastly, deprotection of the primary 

alcohol of the diol (65), followed by oxidation with PCC, gave the desired compound 

(66) (Scheme 5).206.2°7 

COOMe (OHQOl,PHAL HO COOM 

~ -~K3~F•~(C_N~¼~--• _r< e 

__/ K2C03, 0s0◄, 
PvO(CH2)a 58 Me502NH2• PvO(CH

2
)
8 

59 OH 
1BuOH,H20 

OH 0 

PvO(CH2)8 ~ 

OMe 
61 

j 
(i) LOA, allyliodide 

HMPA 

(ii) Bu1Me2SiCI, 

imidazole, DMF 

TBDMS--.... 
0 0 

PvO(CH2)a~ 

j OMe 
62 I 
~ 

TBOMS--.... 
0 0 

PvO(CH2)8 ~ 

i OMe 
6s I 

j 
(CH2)23CH3 

(I) KOH,THF,MeOH, H,o 

(ii) PCC. CH2Cl2 

TBDMS --.... 
0 0 

OHC(CH2)7~ 

1 OMe 

66 1 
(CH2)23CH3 

(i) NaBH, 

I (i) soc12, cc1, 
(ii) NalO,., R ucl3 

0 
0~ // COOMe 

__j/~~ 
PvO(CH2ls 

60 
0 

TBDMS--....
0 

O 

PvO(CH2)s~ 

i OMe 
OsO.c, 2,6-lutidlne. 63 I 

NalO, 0~ 

(i) LIN(SiMe3),, THF 

(ii) H2, Pd on C 

Scheme 5: Improved synthesis of the motif unit by Baird et at.206 

What is interesting about this approach is that the generation of aldehyde (63) permits 

the introduction of any chain length which is desired at the a-position, by means of a 

Julia-Kocienski olefination. Koza et al. made a further development by preparing the 

rnycolic motif (71).207 L-Aspartic acid (67) was the starting material instead of R

aspartic acid so as to get an epoxide intermediate (68).208 The reason for this was that 

L-aspartic acid was not so expensive as R-aspartic acid. The ring opening of the 

epox ide (68) with a Grignard reagent led to the desired compound (69). This was 

converted into a ~-hydroxy ester (70). However, instead of a direct long chain 
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alkylation at the a-position, a short chain Frater allylation was carried out again. A 

further chain extension using a Julia-Kocienski reaction created the des ired product 

(71) (Scheme 6).207 

~ BnO 

69 

j 
(i) (CH3CO)O 

dry pyridine 
(ii) Os0 ,1, oxone,DMF 

(iii) H2SO, /MeOH 

TBDMS..._ 

O O OAc 0 

HO~ OMe ~ BnO~ OMo 

71 ~23 70 

Scheme 6: The preparation of the mycolate motif ( 47) by Koza et al. 207 

1.5.2 Synthesis of the meromycolate unit 

Gensler et al. synthesised the first meromycolate acid (87) (Scheme 7).209 Using 1,4-

cyclohexadiene (72), norcarene (73) was prepared. After several stages, the 

cyclopropane-containing bromide (75) was obtained. The cyclopropane (78) was made 

by alkylation of pentadecyl bromide (76) with the cyclopropane-containing bromide 

(75), and also by desulfurisation of the compound (77) with Raney nickel.2 10 Using the 

bisdithiane (79), chain extension yielded (80), one of two major components which 

make up the meromycolate acid product. Next, the synthesis was continued to make 

the second major component of the meromycolate. To begin with, the ozonoylsis of 

10-undecenol (81) was undertaken. Then the conversion of the corresponding alcohol 

into the acetal was performed. This was followed by bromination to yield (82). Chain 

extension by six carbons gave (84). Coupling this to the bromide (75), desulfurisation, 

deprotection of the tetrahydropyranyl group and brom ination gave (85), which was the 

second key intermediate. The lithio derivative of the bis-dithiane intermediate (80) was 

coupled with this and, following desulfurization, the desired product (86) was 

obtained. Ozonolysis of the latter gave methyl meromycolate (87) which contained 

two cis-cyclopropane rings, (Scheme 7). 
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Scheme 7: The first synthetic meromycolic acid 

ii) Triphenylmethane, 
Buli, THF 

Gensler et al. 211 developed an improved method for the preparation of a meromycol ic 

acid (92). This combined different fragments, where Grignard reactions were used to 

couple intermediates.2 11 It would not be difficult to scale up this short method (Scheme 

8). l-Hydroxy-8-nonyne (88) was utilised in order to get the intermediate (89). After 

severa l steps, another two intermed iates (90) and (91) were obtained from this. The 

Grignard reagent was prepared us ing the alkyl bromide (90) for the final coupling. 

T his was alkylated with alkyl iodide (91) to give compound (87). Lastly, the required 

product (92) was obtained by saponification of (87). Even though this method is better 

than the first, it nevertheless does have problems. Firstly, a (10%) yield is obtained 

from the final coupling. Secondly, mass spectroscopy revealed that only a small 

percentage ( 4%) of the product was the desired compound. Thirdly the product is a 

racemic mixture of diastereomers. 
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CH3(CH2)~ (CH2),Br + l(CH2)A,(CH2)17COOMe 

! Mg /CH3CU 

CH (CH )A(CH2)A(CH2)13COOMe 
3 2 17 87 

! NaOH 

CH3(CH2)~ (CH2)A (CH2)13COOH 

Scheme 8: The second synthesis of a meromycolic acid 

Baird et al. documented a third approach in 2000 for the first synthesis of a s ing le 

enantiomer of an analogue of meromycolic alcohol (102).212 Two key steps were 

involved. First was the preparation of single enantiomers of cyclopropanes.213 This 

was followed by the coupling of these intenned iates with no loss of stereo-chemistry. 

The a ldehyde (94) was made from the anhydride of cyclopropane-cis-1 ,2-dicarboxylic 

acid. A Wittig reaction between this and nonadecyl triphenyl-phosphonium bromide, 

using n-butyl lithium as the base, followed by reduction of the product with lithium 

a lum inium hydride, gave an alcohol as a mixture of Z- and £ - isomers. Di-irnide was 

used to saturate the derived alkene and this was fo llowed by oxidation of the a lcohol, 

which led to aldehyde (95). A second Wittig reaction was used for chain extension, 

followed by saturation and oxidation to give the aldehyde (96). A Julia reaction of 

sulfone (97) with 13-tetrahydro-pyranyloxytridecanal yielded the protected alcohol 

(98). This was converted into sulfone (99). An important aspect of this method is that 

the coupling reaction which was used to join the different units, secured the desired 

stereochemistry. The Julia reaction between aldehyde (96) and sulfone (99) gave (100) 

as a mixture of E- and Z-alkenes. The enantiomerically pure alcohol (102) was 

obtained by deprotection of the alcohol group and saturation of the derived alkene with 

di-imide (Scheme 9). 
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THPO(CH2)0V 

(xiii) MeOOC(CH,)11 •pph3Br- , Bull 
(xiv) liAJH, fTHF 
(xv) NH, NH,tCuSO,/CH3COOH~-PrOH/NalO, 
(xvi) PCC/CH2Cl2 

! (vi) Benzlhiazolo, DEAD. PPh3 
(vii)m-CPBA 

Scheme 9: The first synthesis of a single enantiomer of meromycolic alcohol 

A better overall (50%) yield and control of the stereochemistry are two important 

advantages of thi s method . At different stages of the synthesis, different portions of the 

compounds were incorporated. Thus, this method can be applied to the synthesis of 

other meromycolates having varied functional groups and chain lengths. It also 

permits the preparation of different stereoisomers by modifying the sequence of 

reactions on the cyclopropyl groups, providing all the diastereoisomers of 

meromycolaldehydes. ln line with Baird et al. other research has reported the 

preparation of meromycolate sulfones (103, 104, 105) (Figure 22).2 14
·
215 
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Figure 22: Meromycolate sulfones prepared by Baird et a/.214
•
215 

1.5.3 Synthesis of full mycolic acids 

The synthesis of a single enantiomer of a major a-MA (112) of M tb was described by 

A l Dulayymi et al. in 2005.208 The meromycolate unit contains di-cis-cyclopropane 

rings. The acid and alcohol positions are protected in the mycolic motif. The a-alkyl-~

hydroxy acid portion of a full mycolic acid was prepared, using R-aspartic acid via an 

epoxide intermediate (68). A single enantiomer of the monoprotected diol was 

obtained by the ring opening of the epoxide (68) with a Grignard reagent which was 

made from 9-bromononan-1-ol tetrahydropyranyl ether (106). The compound was 

converted into diol (107) in a few steps (Scheme 10).208 This was protected at the 

primary alcohol group and then alkylated at the a-carbon using 1-iodotetarcosane to 

provide the hydroxy ester (109). Protection of the secondary a lcohol in (109) as the 

acetate, followed by deprotection of the primary alcohol and subsequent oxidation led 

to the aldehyde (110). ln the final stage of the· synthesis the protected aldehyde (110) 

and the dicyclopropane sulfone (111) were coupled in a modified Ju lia reaction and 

then treated with potassium azodicarboxylate and acid in order to give the protected a 

MA (112). Deprotection of (112) to the free mycolic acid (113) was not done. 

Nevertheless, in a recent study by Al Dulayymi et al. 208 the free mycolic acid (113) 

has been synthesised. However, this has yet to be published (Scheme 10). 
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Scheme 10: Synthesis of an a-mycolic acid of M. tb208 

Using similar procedures (Scheme 11), the preparation of the enantiomer (115) of 

(113) from (103) has been reported.2 15
•
2 16 

A (cH,l,,A so N--N 

CH3(CH2) 19 103 '"{ ~ 
N_.. 

I 
TBDMs.____ Ph 

I\ 0 O 

rv(CH,),,A ~ 
CH3(CH2)., 114 (CH,),, ! OMe 

(CH2)23CH3 

/\ OH O 

rv(CH,),,A ~ 
CH3(CH2)19 115 (CH2)11 ' OH 

(CH2)23CH3 

Scheme 11: Synthesis of an a-mycolic acid of M. th 215
•
2

·
16 

In 2007, Baird et al.2 17 reported the synthesis of three stereo isomers of a complete 

methoxy-MA (116, 117 and 118) (Figure 23).217 Also, the isolation of this type of 
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molecule from M tb has been achieved.218.2 19 The different biological effects of these 

acids and their stereoisomers is currently being investigated. 

~ Me /\ OH 0 

CH3(CH2)11 ' r:\ ' II 
~(CH),, 116 (CH2)~0H 

~e (~H2),,CH3 

iMe D OH O 

CH3(CH2)11, /'..._ ,/ ..,,,,,, ' II 
"-/ '(CH~ , 117 (CH2)~0H 

Me (CH2}i3CH3 

~,,rn,s,yC""/~\,,,J!o, 
Me (CH2)23CH3 

Figure 23: Synthetic methoxy-mycolic acids of M. tb 217 

The synthesis of ketomycolates wh ich contain a-methyl-trans and cis -cyclopropane 

fragments (119 and 120) in order to produce a range of absolute stereochemistries and 

chain lengths was a lso undertaken, (Figure 24).220 

Figure 24: Synthetic keto-mycolic acids of M. tb220 

A considerable contribution has been made by Baird et al. to the area of complete 

synthesis of MA. Several routes for obtaining enantiomerically pure MA have been 

publi shed. Some examples are shown in Figure 25.21 4
·
221

·
222

•
223

,
224 
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Figure 25: Synthetic mycolic acids 
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1.6 Synthetic TDMs 

Attempts to synthesise cord factors began even before their structures were confirmed. 

In the 1950s, the first approach was to protect the trehalose 6,6'-dihydroxyl groups 

with toluenesulfonyl (tosyl) groups (131), followed by nucleophilic displacement with 

a potassium salt of natural MA (132) in DMF.225 This method gave a (14%) low yield, 

so it was changed by altering the solvent to toluene and adding crown ether as 

catalyst.226 TDM was obtained for two potassium salts of model mycolates, C44 and 

C32 (Scheme 12). Polonsky et al. 226 reported that when this displacement was carried 

out in toluene at a low temperature -90 °C with crown ether, it formed 6,6-trehalose 

diester (133).22 

Tso~ 

HO 

HO 

HO 

0 0 
+ RCOOK 

132 

Toluene. 90 °c 

RCOO~ 

HO 

HO 

HO 

HO 
HO 

Tso 131 

HO 
HO 

RCOO 

(RCOOK = natural mycolic acid potassium salt) 

Scheme 12: The first efforts to prepare TDM 225 

HO O 

3 

Following this early attempt, a simple method for protecting the hydroxy groups of the 

trehalose was the focus of research in order to optimise the yield. 226 A method for the 

synthesis of halo-saccharides using triphenylphosphine and N-halogenosuccinimide in 

DMF was introduced by Hanessian et al .. 227 This method was also used to synthesise 

di-halo-trehalose (135) starting from trehalose (134) in one step (Scheme 13).228 

::~ 
HO HO QO 

H O + N-X + 

HO 0 

HO X; Cl, Br, I 

HO 
134 

Scheme 13: Synthesis of di-halo-trehalose 

H:~ HO 

HO 

---HO~ HOYO 
X 135 

41 



Using this method for preparing halo-trehalose (135), two groups independently 

synthesised TOM, after protecting the secondary hydroxyl with trimethylsilyl. This 

was followed by refluxing with natural potassium-mycolate in HMPT.229·230·231 

1.6.1 Recent syntheses 

All the recent TOM syntheses are based on protecting the trehalose. It is then treated 

with MA or the potassium salts of MA. 

1.6.1.1 Hexabenzyl trehalose 

Protection of the hydroxy groups in trehalose with a benzyl group prevents the 

formation of a 3,6-anhydrotrehalose. Liav and Goren firstly made a trityl derivative to 

protect the 6,6 ' -position, (136). The secondary hydroxyls were protected with benzyl 

groups (137). Next the ditrityl groups were converted into dimesyl groups (138), 

because these are better leaving groups. This was then coupled (138) with a potassium 

salt of a natural mixture of MA at 90 °C in HMPT (139). The trehalose was 

deprotected by hydrogenation to get the TOM (140) (Scheme 14).232
·
233 

R:~ R'O 

R'O 

R'O O 

R'O 

R'O 

RO 

R R 

(136) C-Ph3 H 

(137) C-Ph3 CH2Ph 

(138) Ms CH2Ph 

(139) Natural mycolic acid mixture CH2Ph 

(140) Natural mycolic acid mixture H 

Scheme 14: Preparation of two TD Ms 232
•
233 
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1.6.1.2 Tetrabenzyl trehalose 

Another way of preparing TDM is to use 2,3,2 ' ,3 ' -tetra-0-benzyl trehalose. The first 

step was to prepare the compound (141) by the benzylation of trehalose (134), using 

sodium hydride and benzyl halide in DMS0.234 The next step was hydrolysis of (141) 

in the 6,6'-positions, in order to get compound (142). Activation of the primary 

hydroxyl groups at the 6,6'-positions followed, using the tosyl group. Following this 

was a coupling of the potassium salt of natural MA, (144) with 4,6,4',6'

tetrabenzyltrehalose (143). Deprotection of the trehalose (145) using hydrogenolysis 

gave the TDM (146) (Scheme 15).231
·
235

•
236 
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H:~ HO 
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~~o, " '"'' ;~,, 
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Bn~

0 

Bn~ o HO HO 

5 

R' TsO 143 

Scheme 15: A different method for the preparation of TDM237 

1.6.1.3 Synthesis via a Mitsunobu reaction 

One of the best ways to prepare TDM is to use a Mitsunobu reaction. Bottle and 

Jenkins investigated a model system. They synthes ised a diester of trehalose and 

sucrose directly with no protection of the sugar,238 by reacting palmitic acid, 
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triphenylphosphine (TPP) and diisopropyl-azodicarboxylate (OIAD) in OMF with the 

sugar to obtain (147) and (148) in good yield, (Figure 26).238 

ROCO~ ROCO 

0 ~ 

HO HO 
HO HO 

H~:: O ROCO~HO O 0 

HO O 

ROCO OH 
148 

147 

OH 

Figure 26: Coupling palmitic with trehalose and sucrose 

R= Palmitic acid 

Applying this method to natural mixtures of MA did not result in the formation of 

TOM or TMM because the MA suffers from P-elimination in the presence of the 

Mitsunobu reagents. To avoid this elimination, the P-hydroxyl group was protected 

with tetrahydropyran (THP). A Mitsunobu esteriftcation reaction was then performed 

with this protected mycolic acid (149) (a mixture of natural MA isolated from BCG 

with isomer of R 1 = Cs9H 111, R = C22H4s) and free trehalose to give a ( 40%) yield of 

TOM (150) and (25%) yield TMM (151) (Scheme 16).239 

HO~ RO RO 

0 O 0 
HO HO HO 

eooo _, oo~ e~ 

0 O + R, ~ Jl. OH---~0 O + Y.!O O 
H / I ' HO HO 

HO R2 HO O HO O 
149 

HO RO HO 151 
150 

R = Mycolic acid , 

R, = C59H117. 
R2 = C22H,5 

Scheme 16: Synthesis ofTDM using PPh3,DIAD, HMPT and CH2Cli 

Jenkins and Goren treated MA with Mitsunobu reagents in order to test for the 

elimination reaction in the natural mycolic acid mixtures. They also investigated the 

same mycolic acid after protection of the hydroxyl group with tosylate (152) (a good 
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leaving group) and treatment it with sodium methoxide. The formation of the same 

compound (153) was the result of both these reactions (Scheme 17).239 

OTs 0 

~ .Jl NaOMe, 4hrs, R.T. 
R,,.,.. 1 ....,OMe 

R2 

R1 = C59H,11, 
R2= C22H4~ 

152 

Scheme 17: (}-Elimination in mycolic acids after protecting the hydroxy group 

with tosylate239 

1.6.1.4 Synthesis of 2,3,4,2 ',3' ,4' -Hexakis-O-( trimethylsilyl)-a,a
trehalose 

The first attempts to make TDM, carried out by Tocanne and Toubiana,229
•
230 involved 

protecting the secondary hydroxyl groups of the trehalose sugar (134) as trimethylsilyl 

ethers.240 The primary hydroxyl in the 6,6 ' -pos ition was replaced w ith a iodide which 

is a good leaving group to g ive (154). A potass ium salt of natural mixture of MA 

(R,K) (155) and the sugar (154) were coupled to form protected TOM (156). After the 

trehalose sugar was deprotected from the trimethyl silyl protection groups, the free 

TOM (157) was obtained (Scheme 18).229 

HO I~ R' R' 

HO O Me,5i0 0 Me 5i0 0 0 
3 HO 

HO Me3SiO Me SiO 

~- "•"' o~ ' ~"~ 
-~• , 5i0 R'K ~ e,5 i0 HO O 

H Me35i0 155 Me 5 10 3/.! 3 HO 
HO Me, 5i0 0 Me 5 10 

' 0 HO O 

154 156 
157 

HO 134 I R' R' 

OH 0 

R' = 

(C,o·Coo) 

Scheme 18: Preparation ofTDM by Toubiana et al. and Tocanne 229
•
230 
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1.6.1.5 The total synthesis of TOM 

Baird et al. prepared the first synthetic TOM which comprised a single synthetic 

mycolic acid of one absolute stereochemistry. This was done by using the synthetic 

MA in Figure 27 and by protecting the P-hydroxyl with TBDMS. The trehalose was 

protected with trimethylsilyl groups and was then esterified at room temperature for 

one week us ing the Steglich coupling process (Scheme 19).216 

OCH3 OH 0 

CH3(CH2)11...._ L A AA 
' ...._(CH2) 16 (CH2)17 i OH 

Me 158-C (CH2),,CH3 

OH 0 

CH3(CH2), 2~ 0 H 

158-D 

Figure 27: Synthetic mycolic acids2I6 
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Scheme 19: Preparation ofTDM and TMM by Baird et al.216 
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Scheme 20: The deprotection of TDM and TMM216 

The TDM and TMM were deprotected in two stages. Firstly the TMS- ethers were 

deprotected with TBAF and then the TBDMS group was deprotected with HF-pyridine 

(Scheme 20).216 

1.6.2 Known biological activities of cord factors 

Mycobacterial TD Ms are interesting because of their biological activity. This has been 

widely researched and studies have shown that the components of mycobacteria have 

immune activity. TDM are needed for the survival of the mycobacteria ins ide 

macrophages.241 TDMs are able to induce cytokine production in the host's immune 

system (IL-I~' IL6 and TNF) in the macrophages.242 Early studies indicated that 

TDMs may be used as an adjuvant against immunologica l problems. In 1975, Meyer 

and Azuma discovered that the cell wall components have adjuvant activity.243 Saito 

confirmed that mycobacterial TOM was a good adjuvant and that is able to enhance 
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the immune system in mice and rats through antibody production. It also causes 

delayed hypersensitivity. 80
•
244 Another role of TDM is antitumor activity and it has 

been used in the treatment of cancer in animals.245
•
246 In addition, mice treated with 

TOM, had resistance against the influenza virus and bacterial species, (e.g. Salmonella 

typhi and Salmonella tyhimurium).247
;;.

48 The synthetic cord factors (TOM, TMM of 

methoxy and a -MA) were recently tested on mouse macrophage cell wall line RAW 

264.7. This was to study their activity in making cytokine and chemokine. It was 

discovered that the level of TNF- alpha production induced by synthetic a-TOM was 

three times higher than the TDM sample which had been produced commercia lly. The 

remaining synthetic TOMs and TMMs exhibited lower activity than the natura l M tb 

TDM.2 16 It was also found that the level of chemokine MCP-1 production induced by 

a -TDM was double the production by the commercial sample. The other synthetic 

T DMs showed an equivalent level of MCP-1 production compared to the 

commercially produced TDM sample. The structure of the MA affects the biological 

activities of TO Ms. Studies have confirmed that synthetic free MA from M tb display 

different antigenic properties.249
•
250 Many interesting bio logica l properties are 

demonstrated by TOMs and mycolic a ids. These include their effects of the immune 

system, diagnosing and controlling diseases. It is vital to understand these effects and 

so the enantioselective synthesis of these compounds is important. 
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1. 7 Project aims 

The work in this thesis is divided into fifth sections: 

• The first section was synthesis of saturated and unsaturated MA, trehalose 

esters (TDM and TMM) and glucose monomycolate (GMM) present in R. equi 

• The second section was synthesis of a methoxy MA, keto-MA and trehalose 

ester (TDM and TMM) present in M kansasii 

• The third section was synthesis of methoxy MA, and trehalose ester (TOM and 

TMM) present in M tb. 

• The fourth section was synthesis of mixed trehalose ester present in M 

kansasii and M tb. 

• The fifth section was biological activity results. 
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2. Results and discussion 

2.1 Synthesis of saturated and unsaturated MA, 
trehalose esters (TOM and TMM) and glucose 
monomycolate (GMM) present in R. equi 

2.1.1 Synthesis of (2R,3R)-3-Hydroxy-2-tetradecyloctacosanoic acid 
(167) 

The planned preparation of saturated mycolic acid (167) uses the Wittig reaction as the 

major step (Scheme 21). The first stage was the preparation of the mycolic motif 

(170). The second stage was the preparation of 9-(( I -phenyl- I H-tetrazol-5-

yl)sulfonyl)nonyl pivalate (169), as a C-9 unit extension to the chain . The third stage 

was the coupling of a phosphonium salt (168) with the correct number of carbons 

atoms in the motif chain to prepare the full saturated mycolic acid (167). 

Extenslion \ 

168 ch:~: ,----,---._ ! OH 

( Mycolic motif ) (~H,),, CH
3 

170 

Scheme 21: Retrosynthetic plan for the synthesis of saturated MA (167) 

2.1.1.1 Adding an a-alkyl chain 

The Frater-Seebach ally lation is highly diastereose lective,64
•
205 and was believed to be 

the best route for the stereocontrolled insertion of the al lyl chain at the a -position of 

the P-hydroxy ester (171) to give the a-alkyl-p-hydroxy fragment in (R, R)

configuration. This short allyl chain was used because the insertion of the full alkyl 

group in one step has given variable results and poor (10%) yields in the past.244 
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L OA (2 mol. equiv.) was generated in situ from d iisopropylamine and n-BuL i at -78 

°C. This was fo llowed by add ing the ~-hydroxy ester (171) and stirring at -65 °C for 3 

h, so as to ensure the generation of a stable chelated eno late intermediate (17 4). The 

mixture was stirred for 2 h at -60 to -JO °C, then re-cooled to -65 °C and al lyl iodide 

a nd HMP A in dry THF was added. 

OH 0 

~~~-
175 ~ 

S cheme 22: The insertion of the a-allyl chain 

(C,H7),N
6

) e 
H, .Li, 

~ o··· ' ,o 
(!) 

LI 

BnO e OMe 

173 

w r').,,u,_ ,.,u 
o,,. 'o:J 

HMPA /'-.. ~ x 
77 

% BnO_.,, '--/ ( ~ __.,,..,_,:OMe 

174 ~ ( 

T he allyl cha in was attached from the bottom face because of the steric encumbrance 

e ncountered on the top face of the s ix membered ring of the chelate intermediate 

(174). This gave the anti-alkylated product (2R, 3R)-hydroxy ester (175) in (60%) 

y ield (Scheme 22),206 which gave the same proton and carbon NMR spectra as 

recorded in the literature.207 

2.1.1.2 The extension of allyl chain 

A standard procedure which involves the ozonlysis of the alkene to an aldehyde, and 

c hain extension using a Julia-Kocienski reaction and hydrogenation was used to 

extend the a llyl unit in the fo rmation of the a -alkyl chain . The ~-hydroxy-group of 

compound (175) was protected pr ior to oxidation of the a lkene into the aldehyde, in 

order to give compound (176) (Scheme 23). For the protecting group, a tert

butyld imethyls ilyl ether was selected since thi s is stable during the next reaction 

steps.254 Compound (176) was oxid ised to aldehyde (177). The use of 0 3 to oxidise the 

a lkene instead of OsO4, NaJO4 and 2,6-lutidine as in the literature produced a better 

y ie ld and also suppressed side reactions. 138 A modified Julia-Kocienski o lefination of 

the resulting aldehyde (177) and a 12-carbon sulfone (178), resulted the (E/Z) mixture 

of a lkenes (179) (Scheme 23). 
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Scheme 23: The chain extension on (2R, 3R)-bydroxy ester (175) 

The coupling reaction is now described in detail, since this type of chain extension is 

used frequently throughout this study. This reaction was first discovered by Julia et al. 

and it involves the use of a phenylsulfone and an aldehyde.25 1 It was later changed 

s lightly by Kocienski,27
•
252

•
253 for this reason it became known as the Julia-Kocienski 

reaction.27
•
252

•
253 The mechanism invo lves the formation of the ~-alkoxysulfone (182) 

as an intermediate through reaction of the metal lated su lfone (181) with the a ldehyde. 

The ~-alkoxysulfone (182) is unstable and is converted into an intermed iate (183) by a 

Smiles rearrangement. This leads to the transfer of the heterocyc le from su lfur to 

oxygen. Lastly, the lithium l-phenyl-1-H-tetrazolene (185) and the sulfur dioxide are 

e lim inated from (184) to y ield the alkene (186) as a mixture of (E/Z)-isomers 

(Scheme 24). 

180 

L + s02 + 

1861 
R, 
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Scheme 24: Mechanism of the modified Julia reaction 

Debenzylation and hydrogenation of the unsaturated compound (179) was carried out 

with hydrogen gas and palladium on charcoal catalyst (10%) to yield the primary 

alcohol (187) (See experimental 1). The structure of compound (187) was confirmed 

primarily using 1H NMR, the product no longer showing signals for the benzyl group 

and the olefin in its spectrum. This compound was then oxidised with PCC in order to 

give the aldehyde (188) (See experimental 5). The aldehyde (188) was different to 

those made before in syntheses of MA, as the a-chain carbon is shorter in (188) by I 0 

methylene groups. The formation of the aldehyde (188) was confirmed using I H NMR, 

which gave a doublet of doublets for the aldehyde proton at o 9.80. The 13C NMR 

spectrum offered further evidence, showing carbonyl carbons at 201.2 and 174.0 ppm 

for the aldehyde and carboxylic acid carbonyl groups, respectively (Scheme 25). 

1BuMe2SlO O 

~ H2, Pd/C 
BnO _, OMe ---- -.-

THF, IMS, 72 hrs, 

179 83 % 

~(CH2),0CH3 

1BuMe2SiO O 

Q~ OMe 

188 ~ 
(CH2)13CH3 

Scheme 25: Preparation of (188) 

As the aldehyde (188) is unstable, and can undergo further oxidation to the carboxylic 

acid, it was used for the next stage immediately after purification. 

2.1.1.3 Extension of the mycolic motif chain 

So as to obtain the correct chain length between the mycolic motif section and the 

meromycolate, the aldehyde (188) was coupled with (189) in a modified Julia reaction 

to give alkene (190) as a mixture of isomers (Scheme 26). The double bond was 

hydrogenated using hydrogen gas in the presence of palladium on carbon (10%), to 

give the saturated compound (191). The structure of the ester (191) was confirmed 

primarily using 1H NMR. 

53 



Ph 

o \ OSiMe,'Bu 0 
N--- LIN(SiMe3)2, 

O(CH2)9-~__/ II + ~ THFdry,-1o •c. 85 % 

II ~-N O~ ~ OMe 

189 0 N = 
0 188 (CH2)13CH3 

0SiMe2'Bu 0 

O(CH2)s~~ THF, IMS, 

~ OMe ~ 2, Pd/C, 88 % 
190 = 

0 (CH,),,CH, 

~~cs,J.,Jyl~, 
191 (CH2)13CH3 

Scheme 26: Preparation of (191) 

The alcohol (192) was prepared by deprotecting the tert-butyl ester (191) using 

potassium hydroxide in a mixture of THF, methanol and water at reflux. As a result, 

the alcohol (192) (See experimental 6) was now ready to be oxidising to the aldehyde, 

which could then be coupled with the meromycolate (Scheme 27). 

O J::l KOH, THF/H20/Me0H J::l 
O(CH2)11 , OMe ----+- HO(CH3)11 , OMe 

= 60 % : 
191 § § 

(CH2)13CH3 (CH2)13CH3 

192 

Scheme 27: Synthesis of full mycolic motif part (192) 

2.1.1.4 The Wittig approach 

The next approach to gain the target small saturated MA (167), involved a Wittig 

reaction. Th is has been reported in R. equi. The first step was the oxidation of alcohol 

(192) with PCC in d ich loromethane at room temperature. The 1H NMR spectrum of 

the resulting aldehyde (193) gave a triplet for the aldehyde proton at 9.77 ppm and the 

protons of the adjacent CH2 group gave a triplet of doublets at 2.43 ppm. The 13C 

NMR spectrum showed a signal at 8 202.9 and at 174.6 for the carbony l groups of the 

ester and aldehyde, respectively. The next step was the preparation of the ylid by 

reacting the phosphonium salt (194) with sodium bis(trimethylsilyl)amide solution at -
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78 °C, as this gives more of the cis-isomer (195) (See experimental 8) compared to 

lithium bis(trimethylsilyl) amide (Scheme 28).258
,2

59 

® e 
1

BuM~ 

CH3(CH,).,PPh3Br + o~(CH2ho ~ OMe 

194 193 § 
(CH,)i3CH3 

! Sodium bis (trimethylsi1yl) amide, 
THF, 66 % 

~•suM~ 

CH,(CH,)12 195 (CH2),o ! OMe 

(CH2)13CH, 

PCC -CH, Cl2 

86% 

1BuMe2SiO 0 

HO(CH2)11~ =i OMe 

192 
(CH,)13CH3 

Scheme 28: Preparation of protected cis-alkenemycolic acid (195) 

The 1H N MR spectrum of the product (195) showed a triplet for the cis-alkene protons 

at o 5.38. The proton at tbe ~-chiral centre gave a multiplet between o 3.99-3.84, while 

that at the a -chiral centre gave a doublet of doublets of doublets at o 2.53. The 13C 

NMR spectrum gave peaks at o 129.9 and 129.8 for the alkene carbons, in addition to a 

carbonyl peak at o 175. l. The IR spectrum gave absorbances at 836 and 775 cm->. The 

next step was the hydrogenation of cis- isomer (195) using palladium on charcoal 

catalyst ( I 0%) under a hydrogen atmosphere. The formation of (196) (See 

experimental 9) was confirmed by the 1H NMR spectrum, which showed a doublet of 

doublets at o 3.91 for the P-chiral centre and a doublet of doublets of doublets at o 2.53 

for the proton at the a-chira l centre. There were no signals in the alkene region or in 

the 13C NMR spectrum. 

~·~-~ ,:~ '--''"'~ 
CH3(CH2)12 (CH,),o ! OMe -

88
-%-- (CH2)24 ! OMe 

195 (CH,)13CH3 196 (CH2)13CH3 

Scheme 29: Hydrogenation of cis-isomer (195) 

T he saturated mycolic acid (196) was deprotected at the P-hydroxy position by stirring 

at 45 °C overnight with pyridine and HF-pyridine complex (Scheme 30). The 

formation of (197) (See experimental 10) was confirmed by the 1H NMR spectrum, 
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which showed no signals for the BDMS group. The last step was the hydrolysis of the 

ester (197) to obtain the full saturated mycolic acid (167) using LiOH.H2O. This was 

selected as it is a mild base compared to NaOH and KOH; furthermore, it has been 

reported by Yuen et al. 268 that it provides very good results in the hydrolys is of the 

esters. The hydrolysis of ester (197) was performed by stirring it with LiOH.H2O (15 

eq.) in THF, H2O and MeOH at 45 °C overnight (Scheme 30). This gave the free 

mycolic acid (167) (See experimental 11), which was confirmed through its analytical 

data being identical to those reported for the major component in the natural mixture 

fi R · 131 rom . eqw. 

1
BuMe~ Si 0 

HF-pyridine, Pyridine, 

'----.. dry THF, 45 °C 

(CH2),. =i OMe 

76 % 
(CH,).,CH, 

196 

OH 0 

f II uoHH2o 
'----.. ~ ......--....._, THFIH20/MeOH. 

(CH2)i4 i OMe "" ~ '\ 
§ 93 'Yo OH 0 

(CH, },3CH3 AA 
197 

'-----ccH,),. ! OH 

167 (CH,),,CH, 

Scheme 30: Preparation of saturated full mycolic acid (167) 

The 
1
H NMR spectrum of the full MA (167) did not show any signal corresponding to 

the protons of the methoxy group. This indicated that the hydrolysis had been 

successful. The significant peaks in the 1H NMR spectrum were a triplet at o 0.89 for 

the six protons, for the two terminal methyl groups (Table 2) and two multiplets 

between o 2.53-2.43 and between o 3.62-3.60 for the a and p protons respectively. The 

--CHi- protons of the aliphatic chains appeared as a multiplet between o 1.57-1 .45. 

The 
13

C NMR spectrum gave a carbonyl signal at o 177.9 in addition to other signals 

between o 35.5- 14.1 for the CH2 and CH3 carbons. Also, [R absorbances were seen at 

3530 and 1687 cm-1 for the OH group and C=O group respectively. 
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Proton 0 Multiplicity J(Hz) Carbon 0 

Ha 3.84-3.66 m I 177.9 

Hb 3.62-3.60 m 2 72.1 

He 2.53-2.43 m 3 35.5-22.6 

-(CH2)0 - 1.57-1.45 m 4 14.1 

2 xCH3 0.89 t 6.8 5 

I I J Table 2: Hand C NMR signals for compound (167) 

2.1.2 Synthesis of (2R,3R)-2-Dodecyl-3-hydroxytritriacontanoic acid 
(198) and (2R,3R)-2-Dodecyl-3-hydroxytetracosanoic acid (199) 

Since the synthesis of the mycolic acid (167) was successful, the same method was 

applied for the synthesis of MAs (198) and (199). The first mycolic motif (201) was 

prepared with a C-12 side chain using the same protocol as for (193). Similarly, the 

phosphonium salts (200) and (202) were coupled to the motif chain (201) using a 

Wittig reaction to give the full saturated MA (168) and (167) respectively. This 

resulted in the creation of the free MAs (198) and (199), which are identical to the 

major components reported in the natural mixture from R. equi. 131
•
132 

Phosphonlum 
salt 

200 

H3C"' ~ 
(CH2),9 ~ OH 

198 (CH, l,,-CH, 

Scheme 31: Plan for the preparation of mycolic acid (198) 
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Phosphonium 
salt 

202 

( Mycolic motif) (CH2),,-CH3 

201 

H3C" ~ 
(CH2),0 ---~ OH 

199 

(CH2)11·CH3 

Scheme 32: Plan for the preparation of mycolic acid (199) 

To prepare the mycolic motif chain (210) with the correct number of carbons in the 

side chain, 0 3 was used to oxidise the alkene to the aldehyde (177). Then, using a 

modified Julia-Kocienski olefination conducted between the resulting aldehyde (177) 

and a I 0-carbon sulfone (203), the alkenes (204) were formed . Hydrogenation and 

debenzylation of the a lkene mixture (204) was carried out with hydrogen gas as 

described previously to give the primary alcohol (205). The 1H NMR of the product no 

longer displayed signals for either the benzyl-group or the olefin. 

Oxidation of (205) was done using PCC gave the aldehyde (206). The 1H NMR of this 

gave a doublet of doublets for the aldehyde proton at 8 9.8. The 13C NMR spectrum 

showed signals at 8 20 I .2 and 174.0 for the aldehyde and carboxylic acid respectively. 

The aldehyde (206) was coupled to (207) using LiHMDS as the base in dry THF. The 

formation of the alkene (208) was verified by the 1H NMR and the 13C NMR spectra. 

The next step was hydrogenation to reduce the double bond using palladium on carbon 

(10%) as catalyst under a hydrogen atmosphere. The 1H NMR spectrum showed no 

signals in the alkene region. The hydrogenation was fo llowed by hydrolys is of 

compound (209) us ing potassium hydroxide in THF: MeOH: H20. The product (210) 

(See experimental 4) 1 H NMR spectrum is shown in Table (3). The IR spectrum 

showed a broad absorbance at 3400 cm·1 due to the hydroxyl group. 

58 



0 II N._ 

cH,(cH,>,-s_E II 
II\ __-N 
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Ph 

LiN(SiMe3),, 
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90 % 

OSiMe2
1Bu 0 

BnO~OMe 
204 -

H2, Pd/C, 1 
THF, IMS 

85% 

OSiMe2
1BuO 

"'~~-
PCC, CH, Cl2 I 

85 % t 
(CH,),,CH, 

OS1Me2
1Bu 0 

~ N._ 
O(CH2>,-s-< JI • 

207 II N_,-N 

o~OMe 
206 ~ 

0 O I ! LIN(S1Me3),, 
Ph 89 % d,y THF. -10 'C 

>yO(CH,)o~ , S,Me

2

'Bu ~ 
OMe 

208 ~ 

0 t THF IMS (CH2)11CH, 
88% • 

H2, Pd/C 

(CH2l,,CH, 

OSiMez'Bu O O OS1Me2
1Bu 0 

"'""'"•1/= ;:• 0,ce,,,,~o•• 
(CH2)11CH3 THF/MeOHIH20 (CH2)11CH, 

Scheme 33: Extension of the side chain of the mycolic motif to give (210) 
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Hx 0 Multiplicity Integration J(Hz) 

Ha 3.75 t 2 6.6 

Hb 1.56 q 2 6.6 

He 3.91-3.88 m I 

10.9, 7.1 , 

Hd 2 .53 ddd I 3.8 

He 3.66 s 3 -

SiMe 0.04 s 3 -

SiMe 0.02 s 3 -

'Bu 0.96 s 9 -

Table 3: NMR analysis for compound (210) 

The next step was the formation of aldehyde (211) by oxidation of alcohol (210) with 

PCC in dichloromethane at room temperature. The 1H NMR spectrum of the resulting 

aldehyde (211) (See experimental 18) gave a triplet for the aldehyde proton at o 9.76. 

The 13C NMR spectrum gave signals at o 202.8 and 175.l for the two carbonyl groups 

of the aldehyde and ester, respectively. 

Scheme 34: Preparation of aldehyde (211) 

The next step was the preparation of the ylid by reacting the phosphonium salt (200) 

with a sodium bis(trimethylsilyl)amide solution (2.1 M in THF) as this gives more of 

the cis-isomer (212) (See experimental 19). The addition of the base was done at -78 

°C and the mixture was left to stir for 30 minutes before the a ldehyde (211) was added 

to the react ion mixture to give the cis-isomer alkene (Scheme 35). 
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® e 
CH3(CH2haPPh3Br 

200 

Scheme 35: Preparation of protected mycolic acid (213) 

The creation of the product (212) was confirmed by the proton NMR spectrum which 

showed a triplet for the cis alkene protons at o 5.38. The proton at the ~-chiral centre 

gave a doublet of doublets at◊ 3.91 while the proton at the a-chiral centre showed a 

doublet of doublets of doublets at o 2.53. The 13C NMR spectrum gave peaks at o 
129.9 and 129.8 for the cis alkene carbons, in addition to a peak at o 175. 1 for the 

carbonyl carbon. The next step was the hydrogenation of cis-isomer (212) using 

palladium on carbon (10%) and hydrogen. The 1H NMR spectrum of the product (213) 

(See experimental 21) showed a doublet of doublets at o 3.91 for the ~-chiral centre 

and a doublet of doublets of doublets at o 2.53 for the proton at the a-chiral centre. The 

d isappearance of signals in the alkene area was also seen. The 13C NMR spectrum a lso 

showed the disappearance of a lkene carbons in compound (213). In similar way, the 

saturated MA (216) was prepared (Scheme 36). 

teuMe2S!O o 

® e 
CH3(CH2)oPPh3Br 

202 

1BuMe2SlO O 

+ ~ ~ Base. THF 

0~ (CH2)10 ! OMe 60 % '"""'~""''M.-
lPdlC. 74 % (CH2)11CH3 214 (CH2)11CH3 

~

1

BuM~ 

(CH, );o ---~ OMe 
216 

(CH2)11CH3 

Scheme 36: Preparation of protected MA (216) 

The 1H NMR, 13C NMR and IR data for the protected MA (216) (See experimental 

22) were almost identical to those of the previously prepared protected MA (213). The 

saturated MA (213) was stirred at 45 °C overnight with a mixture of pyrid ine and HF

pyridine complex (Scheme 37). The formation of (217) (See experimental 23) was 
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confirmed by the 1 H NMR spectrum which showed the disappearance of the 9H 

s iJ1glet at o 0.9 and the s ignals belonging to the CH3 groups bound to s ilicon. The last 

step was the hydrolysis of the ester (217), in order to obtain the fu ll saturated mycolic 

acid (198) (See experimental 25). 

T his was achieved by stirring it with LiOH.H2O (15 eq.) in THF/H2O/MeOH at 45 °C 

overnight (Scheme 37). The free mycolic acid (198) corresponded to the major 

component reported m the natural mixture from R. equi. 13 1
'
132 The natural MA present 

in R. equi was discussed at the introduction chapter. 

18uMe2Si0 0 

'--._""•'¥ ""' 
213 (CH2)11CH3 

HF-pyridine, 

pyridine, THF, 

45 °c, 7 1 % 

OH 0 

"' ~ (CH2)29 ! OMe 

217 
(CH, ),,CH3 

Scheme 37: Preparation of saturated full MA (198) 

LiOH.H20 
83% "' ~ (CH2>,9 =~ OH 

198 
(CH2)11CH3 

T he 1H NMR spectrum of acid (198) did not show any signal corresponding to the 

methoxy group. The significant peaks were a six-proton triplet at o 0.89 for the 

terminal a lkyl groups (Table 4), a multiplet between o 2.52-2.45 for the a-proton and a 

doublet of triplets at o 3. 73 for the ~-proton. The CH2 protons of the aliphatic chains 

were seen as a multiplet between o l.81- 1.69. The 13C NMR spectrum revealed a 

carbony l s ignal at o 174. 1, in addition to signals between o 14.1 and 35.5 for the CH2 

and CH3 carbons. The presence of the the -OH group and C=O groups was also 

confirmed by signals at 3559 and 1688 cm-1 in the JR spectrum. 
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Proton 0 Multiplicity J(Hz) Carbon 0 

Hb 3.73 dt 2 72.1 

He 2.52-2.45 m 3 35.5 -22.6 

-(CH2)n- 1.81-1.69 m 4 I 4.1 

2 X CH3 0.89 t 6.8 5 14.0 

• I l ,j Table 4. Hand C NMR signals for compound (198) 

In similar way, the saturated mycolic acid (199) was prepared, (Scheme 38). 

,,:::v O~ _;~-~~-~~-~~~-~-TH_F_,-~ O•e _;_~0-~.H_,o_. _,,:---_,c, ,~ o" 

216 (CH,),,CH, 218 (CH,),,CH3 (CH,),,CH, 
199 

Scheme 38: Preparation of saturated full mycolic acid (199) 

The 1H NMR, 13C NMR and IR data for the full saturated mycolic acid (199) were 

almost identical to those of the previously prepared full mycolic acid (198). 

2.1.3 The synthesis of (2R,3R,2)-2-Hexadecyl-3-hydroxytricos-13-
enoic acid (219) as a model 

As seen above, the previous synthesis of saturated mycolic acid (167) was successful. 

The first target was therefore to synthesis cis-MA (219) without the hydrogenation of 

the double bond formed by the Wittig reaction. This would be achieved by synthesis of 

the mycolic motif (220), followed by linking this to the meromycolate (202) using 

s imilar methods to those used in the synthesis MA (167). 

Phosphonium 
salt 

202 

OH 0 

~ t II 
0 (C~OH 

( Mycolic motif ) (CH2)15 CH3 

220 

HO 0 

CH,(CH,)~(CH,)~ OH 

219 
(CH2)15CH3 
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Scheme 39: Plan for the preparation of unsaturated MA as a model (219) 

To prepare the mycolic motif (228), with the correct number of carbons in the s ide 

cha in, 03 was used to oxidise the alkene into an a ldehyde. A modified Jul ia-Kocienski 

o lefination conducted between the resulting aldehyde (177) and the 14-carbon su lfone 

(221) resulted in the alkene mixture (222). Hydrogenation and debenzylation of the 

mixture w ith hydrogen gas as described previously gave the primary alcohol (223), the 
1H NMR of which no longer displayed signals for e ither the Bn-group or the olefin. 

Oxidation of the mycolic motif (223) using PCC gave the aldehyde (224), 1H NMR of 

wh ich gave a triplet for the aldehyde proton at 8 9.81. The 13C NMR spectrum 

provided further evidence, showing s ignals at 8 201.2 and 174.5 for the aldehyde and 

carboxylic acid carbons group, respectively. The aldehyde (224) was coupled to (225) 

using LiHMDS as a base, as described previously. The formation of the alkene (226) 

was verified by the 1H NMR and 13C NMR spectra. The next step was hydrogenation 

to reduce the double bond using palladium on carbon (10%) as the catalyst under a 

hydrogen atmosphere. The 1H and 13C NMR spectra of the product (227) showed no 

s igna ls in the a lkene region. The CH2 adjacent to the oxygen showed as a t riplet at 8 

4.04, while the protons at the chiral centres showed a multiplet for the P-proton 

between 8 3.91 -3.87 and a doublet of doublets of doublets at 8 2.52 for the a-proton . 

T he hydrogenation was fo llowed by hydrolysis of compound (227) using potassium 

hydroxide in a mixture of THF/MeOH/H20. The spectroscopic data for the ester (228) 

(See experimental 38) were a lmost identical to those of the previously prepared ester, 

the on ly difference being for the add it ional 4 x CH2 group, measured using MALDJ 

(Scheme 40). 

64 



0SiMe2lBu 0 
0 

··~ =· 
I I N----

+ cH,(CH, ),3- -s_J II f -'\ ___.N 

] 
0 

OSiMe2
1Bu 0 

H2, Pd/C, 
IMS, THF 

BnO . OMe ______. 
222 i 90 % 

l 

0 N 

221 I 
Ph 

LiN(SiMe3),, 

dry THF, -10 °c 
65 % 

(CH2)12CH3 

>y ~ N---- r Me,'Bu ~ 

O(CH2)8--s_J II + ~ II\ N O 224 ~ OMe 

225 O NI---- ! LiN(SIMe3),, (~H,),5CH3 
0 dry THF, -10 °c, 84 % 

Ph OSiMe, 'Bu 0 

O(CH,J, ~ ' - II 
OMe 

H2, Pd/C, THF/IMS, 90 % / 226 ~ 
/ 0 (CH2),sCH3 

0 OSiMe2
1Bu 0 AA KOH, THF/MeOH/H2O 

O(CH2ho , OMe 87 % 

(~H2),sCH3 

Scheme 40: Extension of the side chain of the mycolic motif to give (228) 

The next step was the oxidation of alcohol (228) with PCC in dichloromethane at room 

temperature. The I H NMR spectrum of the resulting aldehyde (229) (See 

experimental 39) gave a triplet for the a ldehyde proton at o 9.77 and the protons of 

the CH2 group next to the a ldehyde group gave a triplet of doublets at o 2.42. The 13C 

NMR spectrum gave a signal at o 202.8 and 175.0 for the carbonyl carbons of the 

aldehyde and ester respectively (Scheme 41). 

1
BuMe2SiO O 1BuMe2SiO o 

,~~.,.v--:-:-~c-1,~►,/'--""·•¥· .. 
(CH,),sCH, 86 % (CH2l,5CH3 

228 229 

Scheme 41: Preparation of aldehyde (229) 

The next step was the preparation of the ylid by reacting the phosphonium salt (202) 

with a sodium bis(trimethylsilyl)amide solution (2. 1 Mio THF) to give the cis-isomer 
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(230). The addition of the base was done at -78 °C and the mixture was left to stir for 

30 minutes before the aldehyde (229) was added to the reaction mixture to give cis

isomer alkene (Scheme 42). 

@ e 
CH3(CH2 )9PPh38r 

202 

• ~ 'BuM~ ~~~~•64 ¾ 

0
1/ (CH2)9 f OMe 

229 
(CH2),.CH3 

~•BuM::l)l 

CH (CH ) (CH2)9 , OMe 
3 2 8 230 ~ 

(CH,)15CH3 

Scheme 42: Preparation of protected cis-MA (230) 

T he 1H NMR spectrum of the product (230) (See experimental 40) showed a triplet 

for the cis-alkene protons at 8 5.38. The ~-chiral centre gave a multiplet between 8 

3.92-3.89, while the a.-chiral centre showed a doublet of doublets of doublets at 8 2.55. 

The 13C NMR spectrum gave peaks at 8 129.9 and 129.8 for the cis-alkene carbons, in 

addition to a peak at 8 175.1 for the carbonyl carbon. The IR spectrum gave 

absorbances at 836 and 775 cm·'. 

The cis-mycolic acid (230) was deprotected by stirring at 45 °C overnight with 

pyridine and HF-pyridine complex (Scheme 43). The 1H NMR spectrum showed the 

disappearance of the 9H singlet at 8 0.84 and the signa ls belonging to the CH3 groups 

bound to the silicon. 

The last step was the hydrolysis of the ester (231), in order to achieve the full 

unsaturated mycolic acid (219) (See experimental 42). This was achieved by stirring 

it with LiOH.H2O (15 eq.) in a mixture of THF/H2O/MeOH at 45 °C overnight 

(Scheme 43). 

1
BuM~2Si O OH 0 

HF-pyridine, f 11 
pyridine, dryTHF ~ 

CH3(CH2)~(CH2)9 OMe 80 ¾ CH3(CH2)8~(CH2)o ' OMe 

(CH2),sCH, 

OH 0 l LiOH.H20 
THFIH201MeOH. 96 % 

'"'"""'~'"''¥'" 
(CH,i,5CH3 

Scheme 43: Preparation of saturated full mycolic acid (219) 
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The 1H NMR spectrum of the full MA (219) did not show any signa l corresponding to 

the protons of the methoxy group. The formation of (219) was confirmed by the 
1H 

NMR spectrum (Table 5). The structure of the a -alkyl-p-hydroxy carboxyl ic (219) 

was further checked by the 13C NMR and [R spectra. 

He He 

(Ha>,C 

Ho Hb Hd Hd 

219 

(CH2),s 
I 
C(Ha>, 

Proton 0 Multiplicity J(Hz) Integration 

Ha 0.88-0.83 m - 6 

Hb 1.74-1.39 m - 2 

He 5.37 t 10.8 2 

He 3.67-3.63 m - 1 

Hf 2.44 dt 9. 15, 5.35 1 

Table 5: NMR analysis for mycolic acid (219) 

2.1.4 Synthesis of trehalose esters present in R. equi 

The synthesis of trehalose esters of MA in th is study fo llowed the procedure described 

in the Introduction. The target was to prepare sugar esters of the MAs (167), (198), 

(199) and (219), which are identical to the major component reported in the natural 

• c: R . 131 132 mixture irom . equz. · 

2.1.4.1 Saturated MA protection and esterification with trehalose 

ln order to prepare a TOM from the saturated mycolic acid (167), it was necessary to 

protect the P-hydroxyl group as a tert-butyldimethyls ily l ether. The MA (167) was 

stirred with imidazole and tert-butyldimethylsi lyl chloride in DMF for 18 h at 45 °C. 

By this method, the crude product was protected at both the P-hydroxyl and the 

carboxylic acid. To deprotect the carboxylic acid group, it was dissolved in a mixture 
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of THF/H2O/MeOH and potassium carbonate was added and stirred overnight at 45 

oc. 
The formation of compound (233) (See experimental 12) was comfirmed by the 1H 

NMR spectrum, which showed peaks at 8 0.14 (3H, s) and 0. l 3 (3H, s) for the methyl 

groups bound to the silicon in the protecting TBDMS group, while the protons of the 

tert-butyl group appeared as a singlet at 8 0.92 (9H) (Scheme 44). 

Scheme 44: Protection of the P-hydroxyl group 

The 13C NMR spectrum provided further evidence for the protection of the hydroxyl 

group, showing signals at 8 -4.2 and 8 -4.8 respectively for the two silicon bound 

methyl groups. The LR spectrum indicated a very broad absorbance at 3435 cm-1 for 

the hydroxyl group and a band for a carbonyl group at 1700 cm-1
• 

In s imilar way, compounds (234) (See experimental 27) and (235) (See experimental 

28) were prepared. The 1H NMR, 13C NMR and IR data for these were a lmost 

identical to those of the previously prepared ester (233), the only difference being for 

the additional CH2 groups, which was measured using MALDJ (Figure 28). 

'BuMe,StO 0 

"(CH2)~0H 

234 ~ 
(CH2)11CH3 

",:M," 
235 

(CH2)11CH3 

Figure 28: Preparation of compounds (234) and (235) 

The next step was an esterification reaction between the protected saturated mycolic 

acid (233) and protected sugar trehalose (160) in the presence of EDCI ( l -ethyl-3(3-

dimethylaminopropyl)carbodiimide) as an activating agent and DMAP (4-

dimethylaminopyridine) as a catalyst, in dry CH2Ch at room temperature for 6 days 

(See experimental 13), (Scheme 45). 
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Scheme 45: Preparation of TDM and TMM 
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Me3S10 
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Me3Sio~ / 
HO 
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The first fraction separated by column chromatography was the trehalose-6,6'

dimycolate (TDM) (236). The 1H NMR spectrum for (236) showed Hl-HI ' signals in 

the sugar resonating at o 4.85 with an integration of (2H). The H6-H6' protons came 

next in the spectrum between o 4.67-4.40 (again 2H). The remain ing sugar core 

s ignals, a total of IO protons, could be seen from o 4.08-3.48. The protons in the P

position of the acid came next at o 3 .3 8, one for each acid. The next signal resonating 

between o 2.57-2.53 corresponded to the two protons in the a-position and the CH2 

within the acid chain. On the other hand the 13C NMR spectrum showed the most 

downfield signal at o 173.8 corresponding to the carboxylic acid, fo llowed by the 

sugar core carbon signals ranging from o 73.5-62.3. The next two signals corresponded 

to the P-position and a-posit ion carbons of the acid, resonating at o 62.3 and 51 .8 

respectively. The signals for the methyl carbon of the TBDMS group were seen at o -
4.4 and -4.6. MALDI MS showed an [M+Nat of 2263.7, while the calculated value 

was 2262.7. 

The second fraction was the trehalose monomycolate (TMM) (237). The 1H NMR 

spectrum showed the same pattern of signals as (236); however, the sugar signals were 

doubled due to the lack of symmetry. The 13C NMR spectrum included the C=O group 

resonating at o 174.0. The sugar core carbons display signals from o 94.5-72.7. The 
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remaining signals showed the same appearance as observed for the case of (236). 

Although signals were satisfactory, they were a little bit broad, which may be due to a 

dilute/weak sample or the high molecular weight of the compound. MALDI MS 

showed an [M+Nat of 1530.4, while the calculated value was 1530.1. 

2.1.4.2 Trimethylsilyl deprotection of TDM (236) and TMM (237) 

Deprotection of the trimethylsilyl groups on the sugar was achieved employing with 

tetra-n-butylammonium fluoride and dry THF under a nitrogen atmosphere to give 

(238) (83%) (See experimental 14) and (239) (80%) , (See experimental 16) 

respectively (Scheme 46). 
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Scheme 46: The deprotection of the sugar hydroxyl groups in (236) and (237) 

Compound (238) had lost the signals for the 54 protons corresponding to the 18 methyl 

groups (Me3Si) previously resonating at cS 0.16-0.14. On the other hand, compound 

(239) had lost the protons previous ly resonating at b 0. 17-0.15. MALDI MS showed 

for (238) an [M+Nat of 1831.3, while the calculated value was 1830.5. As well as 
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(239) MALDI MS showed an [M+Nat of 1097.8, while the calculated value was 

1097.8. 

2.1.4.3 Deprotection of the TBDMS group of TDM (238) and TMM 
(239) 

The last step was deprotection of the t-butyldimethylsilyl from the ~-hydroxy group in 

(238). Protected TDM (238) was stirred at 45 °C overnight with pyridine and HF

pyridine complex, (Scheme 50). The formation of the resulting free TDM (240) (See 

experimental 15) was confirmed by the 1H NMR spectrum which gave a doublet at 

4.98 for the hemiacetal protons. The rest of the sugar protons resonated at 8 4.67, 4.22, 

3.98-3.88, 3.76, 3.65-3.61, 3.45 and at 3.2 with two protons integrated in each signal. 

T he protons next to the ~-hydroxyl of the MA showed a multiplet at 8 3.98-3.88. The 

a-protons of the mycolic moiety showed a triplet of doublets at 8 2.37. The 13C NMR 

showed the carbonyl carbon at 8 175.4 and the anomeric carbon at 94.9. The rest of the 

sugar carbons resonated at 8 72.5 and 71.l. MALDI MS showed for (240) an [M+Nat 

of 1602.9, while the calculated value was 1602.3. The final step in the deprotection of 

TMM (239) was hydrolysis of the TBDMS ether using the method described above. 

The I H NMR spectrum of product TMM (241) (See experimental 17) gave a doublet 

for the hemiacetal protons at 8 5.06 and s ignals for the rest of the sugar protons at 8 

4.6 1 and at 8 3.26. The MA moiety showed a doublet of doublets at 8 3.54 for the ~

proton and a multiplet between 8 2.40-2.37 for the a-proton. MALDT MS showed for 

(241) an [M+Nat of983.6, whi le the calculated value was 983.7. 
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Scheme 47: The deprotection of the silyl groups in (238) and (239) 

2.1.4.4 Esterification of MAs (234) and (235) with protected trehalose 

The esterification of the trehalose (160) with the protected P-hydroxy acid (224) was 

carried out as described in the previous esterification (Scheme 48). 
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Scheme 48: Esterification of protected trehalose with acid (234) 
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The maJor product was TOM (242) (28%) (See experimental 30). The 1H NMR 

spectrum showed signals for five sugar protons at o 4.85, 4.40, 4.32, 4.15 and 3.95, 

respectively. The signals for the CH2 protons next to the ester oxygen appeared at o 
3.44. In addition, the trimethylsily l groups on the sugar gave the 18H-singlets at o 
0.17-0.14. The 13C NMR spectrum showed a signal at o 173.8 corresponding to the 

carboxylic acid. The sugar carbon signals were seen between o 94.3 and 70.7. Signals 

at o 62.3 and 51 .8 corresponded to the a-carbon and ~-carbon atoms of the acid, 

respectively. 

In the similar way, the esterification of the trehalose (160) with the protected ~

hydroxy acid (235) was undertaken (Scheme 49). 
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0 

Scheme 49: Esterification of protected trehalose (160) with acid (235) 

The 1H NMR, 13C NMR and [R data for compound (243) (See experimental 29) were 

a lmost identical to those of the previously prepared TOM (242), the only difference 

being for the additional CH2 group, which was measured using MALDl MS. 

2.1.4.5 Removal of the trehalose protecting groups 

The deprotection started with the removal of the TMS groups on the sugar 111 

compounds (242) and (243) using TBAF in dry THF. This gave a 71 % yield of 

compound (244) (See experimental 32), and 70% yield of compound (245) (See 

experimental 31), respectively (Scheme 50). The 1H NMR spectrum showed that the 

signals for the trimethyls ilyl protecting group had disappeared confirming the 

successfu I deprotection. 
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Scheme 50: Desilylation of the trehalose 
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2.1.4.6 Deprotection of the hydroxy acid part in (244) and (245) 

The second step invo lved deprotection of the TBDMS group on the P-hydroxy 

posit ion of compounds (244) and (245) in dry THF using HF-pyridine and pyridine. 

Deprotection of (245) was successful, giving rise to TOM (247) with a yield of 30% 

(See experimental 33). However, the 1H NMR for the crude deprotection product of 

(244), which should have given rise to (246) (See experimental 34), instead showed a 

broad multiple peak for a long chain hydrocarbon and no peak for sugar protons 

remained (Scheme 51). 
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Scheme 51: Desilylation of the hydroxy acid 
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2.1.5 Towards the synthesis of TDM from an alkene MA 

2.1.5.1 Protection of the hydroxy group of alkene MAs 

Ln order to prepare the unsaturated TDM from the MA (219), it was essential to protect 

the ~-hydroxyl group using tert-butyldimethylsi lyl. This was done in the same way as 

for compound (233). The MA (219) was mixed with imidazole and tert

butyldimethylsilyl chloride in dry DMF and stirred for 18 h at 45 °C. The crude 

product (248), protected at both the ~-hydroxyl and the carboxylic acid, was dissolved 

in a mixture of THF/H2O/MeOH and K2CO3 was added and stirred overnight at 45 °C. 

This deprotects the acid group while leaving the ~-hydroxyl protected. 

The I H NMR spectrum of (249) (See experimental 43) gave singlets for the !-butyl at 

8 0.9, at 8 0.14 and at 8 0.13 for two CH3 groups next to the s ilicon (Scheme 52). 

~~OH 
CH3(CH2)s 219 (CH2J. ! 

! (CH2l,sCH, 
TBDSCI, OMF. lmidazole, 45 °c 

1BuMe2SiO O 19 M I 

CH (CH) ~(CH,NlosiMe, 'Bu _K,_co_, __ ~ u ~OH 
, 2 • 248 ~ THF/H20/MeOH CH,(CH, )s 249 (CH2)9 -=-_/ 

~ 88 % 
(CH, )15CH3 (CH, ),.CH3 

Scheme 52: Protection of the ~-hydroxyl group 

2.1.5.2 The coupling reaction 

The protected MA (249) was used to prepare the first unsaturated TDMs as TDM 

(250) and TMM (251). The same method was employed as was used to prepare TDM 

(240) and TMM (241) was used. The product was separated into two fractions by 

column chromatography (See experimental 44), (Scheme 53). 
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Scheme 53: Preparation of unsaturated trehalose ester 

The first fraction was protected TDM (250), the I H NMR spectrum of which gave a 

triplet at 8 5.36 for the four a lkene protons, while the two hemiacetal protons gave a 

doublet at 8 4.84. The remainder of the sugar protons resonated between 8 4.37 and 

3.38, including the two P-protons of mycol ic acid component next to the sily l ether. 

The a-protons of the carboxylic acid of the MA showed a doublet of doublets of 

doublets at 8 2.56 for two protons. The trimethyl silyl ether protecting groups gave 

signals at 8 0.16, 0.14 and -0.0 I with an integration of 18 protons for each peak. The t

butyl groups gave a singlet at 8 0.9 with an integration of 18 protons and the methyl 

groups of the TBDMS gave a broad singlet at 8 -0.06. The second fraction was 

protected TMM (251), which showed a triplet at 8 5.35 for the two alkene protons. The 

hemiacetal protons gave single proton doublets at 8 4.9 1 and at 4.84. The rest of the 

sugar protons resonated between 8 4.36 and 3.4. The proton at the P-position in the 

MA component give a doublet of triplets at 8 4.0 whi le the proton at the a-chiral centre 

gave a doublet of doublets of doublets at 8 2.57. The terminal methyl groups gave a 

9H-singlet at 8 0.9. The TMS groups appeared at 8 0.17, 0. 16, 0.156, 0.15 and 0.12 

with an integration of nine protons for each peak and the TBDMS group gave a triplet 
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at 8 0.88 while the dimethyl silyl protons resonated at 8 0.06 and 0.05 with an 

integration of three protons per signal. 

2.1.5.3 Deprotection of TDM (250) 

The first deprotection step involved the use of TBAF in order to remove the TMS 

group from the sugar. The formation of the product (252) (See experimental 45) was 

confirmed by the 1H NMR spectrum which showed the absence of any peak for the 

TMS group. The following step was the removal of the TBDMS ether from the 

mycolic acid of compound (252) using HF-pyridine and pyridine. The formation of 

TDM (253) (See experimental 46) was checked using 1H NMR, which gave a triplet 

for four protons at 8 5.33 for the alkene protons, while the hemiacetal gave a doublet 

for two protons at 8 5.03. The remainder of the sugar protons resonated between 8 4.33 

and 3 .45. The protons at the ~-position of the mycolic acid gave a doublet of triplets 

for two protons at 8 3.55. The 13C NMR gave a peak for the carbonyl carbon at 8 175.4 

and for the alkene carbons at 8 129.8. The hemiacetal carbon resonated at 8 94.9 and 

the rest of the sugar carbons resonated between 8 72.4 and 69.8 (Scheme 54). 
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2.1.5.4 Deprotection of TMM 
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The deprotection of (251) involved firstly the use of TBAF in order to remove the silyl 

protecting groups on the trehalose. The 1H NMR spectrum of the product (254) (See 

experimental 47) showed no peaks for the TMS group. The alkene protons showed a 

triplet 8 5.28, while the trehalose sugar protons resonated at 8 5.00, 4.65, 4.35, 4 .18, 
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3.90, 3.70 and 3.37. The proton of the a.-chiral centre cont iguous to the acid showed a 

triplet between 8 2.53-2.31; the proton of the P-chiral centre gave a multiplet between 

8 3.90-3.86 (Scheme 55). MALDI MS showed for (254) an [M+Nat of I 053.9, while 

the calculated value was I 053.7 The fo llowing step was the removal of the TBDMS 

ether using HF-pyridine and pyridine. The 1H NMR of the TMM (255) (See 

experimental 48) gave a triplet at 8 5.3 I for the four a lkene protons, while the 

hemiacetal gave a doublet for two protons at 8 5.09 and 5.02. The rest of the sugar 

protons resonated between 8 4.69 and 3.36. The proton at the P-position of the MAs 

gave a doublet of trip lets for two protons at 8 3.65. The 13C NMR showed the carbonyl 

carbon at 8 175 .4 and for the alkene carbons at 8 129.8 (Scheme 55). MALDI MS 

showed for (255) an [M+Nat of 939.8, whi le the calculated value was 939.6. 
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2.1.6 Synthesis of a glucose monomycolate present in R. equi 

2.1.6 Synthesis of glucose monomycolate (256) 

Jn the scheme planned, the first step was the preparation of the tosylate (257). The 

second part was the coupling of this with the unprotected mycolic acid (167) with the 

correct number of carbons atoms in the chain mycolic acid to prepare glucose 

monomycolate GMM (256), (Scheme 56). 
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Scheme 56: Plan for the synthesis of GMM (256) 

2.1.6.2 Preparation of benzyl 2,3,4-tri-O-benzyl-P-D-
glucopyranoside (262) 

A useful three-step synthesis of benzyl 2,3,4-tri-O-benzyl-/3-D-glucopyranoside, 

frequently used as a building block in carbohydrate chemistry, is well described. The 

first step required washing mineral oil stabilised NaH twice with hexane at room 

temperature. This was followed by adding the D-glucose (258) in anhydrous DMF at 

room temperature and stirring for 1 h, prior to its being cooled in an ice bath. Benzyl 

bromide was added dropwise over a period of 30 min. and after l h the ice bath was 

removed. The mixture was stirred at room temperature for 4 h, and then a second 

add ition of the same quantities of NaH and benzyl bromide was undertaken at O °C. 

The mixture was stirred overnight in order to give product (259), though only in 17% 

yield (See experimental 92). The next step entailed the selective debenzy lation

acetylation reaction using freshly prepared ZnC'2 in HOAc-Ac2O for 4 h at room 

temperature. This gave product (260) (67%) (See experimental 93). The final step 

was deacetylation to give product (261) (See experimental 94). This was achieved by 

stirring it with LiOH.H2O (1 5 eq.) in a mixture of THF/H2O/MeOH at 45 °C overnight 
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(Scheme 57). Compounds (259), (260) and (261) gave the same spectra as in the 

literature.261 
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Scheme 57: Preparation of benzyl 2,3,4-tri-O-benzyl-P-D-glucopyranoside (292)261 

2.1.6.3 Tosylation of benzyl 2,3,4-tri-0-benzyl-P-D-glucopyranoside 
(261) 

To prepare a GMM fro m the benzyl 2,3,4-tri-O-benzyl-,B-D-glucopyranoside (261), it 

was necessary to activate the OH group to nucleophilic attack in the coupling reaction. 

Compound (261) was added to pyridine, 4-DMAP and tosyl chloride in 

dichloromethane at O °C to give product (257) (See experimental 95) (Scheme 58).
262 

The I H NMR spectrum showed peaks at 8 7 .80 (2H, d) and 7 .19 (2H, dd) for the tosyl 

H-Ar, and a peak at 8 2.41 (3H, s) for CT--h-tosyl. 

~, i ~o, °"" 
~o~ 

261 OBn 

Tosyt cloride 

Pyridine, DMAP 

75 % 

OTs 

BnO ~ _____ O, OBn :no~ 
257 

OBn 

Scheme 58: Tosylation of benzyl 2,3,4-tri-O-benzyl-P-D-glucopyranoside (261) 

2.1.6.4 The coupling reaction 

The next step was the coupling between saturated MA (167) and protected sugar (257) 

using dry cesium hydrogen carbonate in THF-DMF at 70 °C for 18 h. The resulting 

protected GMM (262) was obtained in 46% yield (See experimental 96) (Scheme 

59).262 
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Scheme 59: Preparation of GMM 

OBn 

The 1H NMR spectrum for compound (262) included a multiplet between o 7.36-7.23 

(20H) for the aromatic protons, and the benzylic methylene groups at o 4.93 (2H), 4.88 

(2H), 4.64-4.56 (2H) and 4.54-4.49 (2H). The signals for the core sugar protons 

included H6 at o 4.77, HI at o 4.69. The P-hydroxy position showed a triplet at o 3.65. 

The a-proton of the MA appeared as a multiplet between o 2.49-2.42. The 13C NMR 

spectrum showed a signal at o 175.2 for the carbonyl carbon. The sugar carbon 

resonances included the C 1 resonance at o 102.3, C6 at o 62.8. The final step was the 

deprotection of the benzyl groups of (262) by catalytic hydrogenation with 10% 

palladium hydroxide on charcoal. This gave compound (256) as a mixture of a and p 
anomers in ratio 0.4:0.6 in 50% yield (See experimental 97), (Scheme 60). 
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Scheme 60: Deprotection of GMM (262) 
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The 1H NMR spectrum for compound (256) showed doublets at o 5. 15 (0.4H) for Ha, 

and at o 4.51 (0.6H) for Hp,. The remaining protons of the sugar component resonated 

between o 4.43 (lH), 4.32 (lH), 3.67-3.57 (2H) and 3.46-3.35 (2H). The a-proton of 

the MA gave a multiplet at o 2.46-2.36 (lH) and the terminal methyl groups gave a 

multiplet between o 0.87-0.83 (6H). The 13C NMR spectrum included the Cp1 

resonance at o 96.5 and Co.1 at 92.2. The MS showed for (256) an [M+Nat of 

821.6861, while the calculated value was 821 .6846). 
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2.2 Synthesis of a methoxy-MA, keto-MA and 
trehalose ester (TOM and TMM) present in M. 

kansasii 

2.2.1 Synthesis of a methoxy-mycolic acid present in M. 
kansasii 

AI-Dulayymi et al.217 achieved the synthesis of the full methoxy MA conta ined a 

cyclopropane ring in either the (S,R)-configuration (263) or (R,S)-configuration (266) 

in the proximal position, and w ith the dista l methoxy and methy l groups in the (S,S)

configuration. This was coupled with trehalose to prepare TDM and TMM. These 

compounds differ in their a -chain length by two carbons from the corresponding 

compounds in M tb. i.e C22 compared to C24 so that they could be used as ant igens in 

ELISA assay so it will a llow the effect of this chain length to be investigated and to 

check the ir ability to detect TB-antibodies. The methoxy MA can be divided into the 

mycolic motif part and the meromycolate part in order to make an exp lanation of the 

synthesis easier. In addition, the merornycolate part can be split into a S,S-u-rnethyl

methoxy unit and a S,R-cis-cyclopropane unit or R,S-cis-cyclopropane unit (Scheme 

61). 
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Scheme 61: Full methoxy-mycolic acid disconnections 
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2.2.1.1 Synthesis of mycolic motif part 

The mycolic motif chain (275) was prepared as previous step by coupled an a ldehyde 

(177) with the sulfone (268) to produce the mixture of a lkenes (269) (Scheme 62). 

Hydrogenation and debenzylation of the alkenes (269) was carried out with hydrogen 

gas as previously described to give the primary alcohol (270). The structure of this was 

confirmed primarily us ing 1H NMR, the product no longer showing signals for the Bn

group or the olefin. Oxidation of the mycolic motif (270) was done using PCC. The 

a ldehyde (271) was coupled to sulphone (272) using LiHMDS as the base in dry THF. 

The formation of the alkene mixture (273) was verified by the 
1
H and 

13
C NMR 

spectra. The next step was hydrogenation to reduce the double bond using palladium 

on carbon (10%) as the catalyst under a hydrogen atmosphere. The 
1
H NMR spectrum 

showed no signals in the alkene region. The hydrogenation was followed by hydrolysis 

of compound (274) using potassium hydroxide in THF/MeOH/H20 (Scheme 62). The 

detai led spectroscopic data for (275) (See experimental 50) matched those given in 

the I iterature. 207 
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d,y THF, -10 °C 269 ' 

l,.~I 
THF,1:Js ~ 

(CH2) 1aCH3 

II_JN--N ~ Pcc,cH,a , ~ 

O(CH2), - - ~- ,\_I! + 0~ 271 1 OMe HO 270 1 OMe 

o I (cH,),,cH, (CH,>,,cH, 

O 272 I LiN(SiMe3)2, dry THF, -10 °C, 83 % 
Ph i 

O(CH, )7 

1,,~ /2 ' SiMe
2
1

Bu ~ 
~~ H2,Pd/C,THF/IMS,95 % 

. OMe 

273 1 
0 (CH2)21CH3 

0S1Me2
1Bu 0 

HO(CH2>,0~0Me 

275 ~ 
(CH2)21CH3 

Scheme 62: Extension of the side chain of the mycolic motif to give (275) 

83 



2.2.1.2 Synthesis of the meromycolate part 

Coupling the methoxy unit (276) with the cis-cyclopropane unit (277) in a Julia 

reaction is the standard method to prepare the meromycolate part required for methoxy 

mycolic acid (266). 

2.2.1.2.1 Synthesis of the proximal cis-cyclopropane unit (277) 

In order to extend the chain of the cyclopropane unit, the hydroxy-cyclopropyl 

monoester (278) was firstly oxidised to the a ldehyde (279). A typical modified Julia

Kocienski olefination using lithium bis(trimethylsilyl) amide as base, was performed 

between a ldehyde (279) and the sulfone (380) to give the olefin (381) as a mixture of 

(EIZ) isomers (Scheme 63). 

PCC, CH, Cl2 

80 % 

Scheme 63: Chain extension of the compound (279) 

Ring opening of a cyclopropane can occur under the conditions employed for the 

hydrogenation of a double bond using palladium on carbon and hydrogen gas.
23 

Hydrogenation was therefore performed by using di-imide (N2H2) which is a milder 

hydrogenation agent. 1t can reduce the double bond selectively in the presence of the 

cyclopropane ring. In t his study, 2,4,6-triisopropyl-benzenesulfony l hydrazide 

(TPBSH) was used. The a lkene (281) was dissolved in THF and TPBSH was then 

added and heated for 3 h. This was followed by the addition of a further equivalent of 

TPBSH and stirring for 24 h under the same conditions. This is illustrated in Scheme 

64. No signals for the alkene protons appeared in the 1H NMR spectrum of the product 

(282). Th is was deprotected using anhydroqs pot~ssjw-11 f;~PP{l~t\. in Pif anq 

methanol at 45 °C, to give alcohol (283). The resulting alcohol (2S3) was then oxidised 
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to aldehyde (277). The NMR spectra of this compound were similar to those that 

quoted in the literature.200
•
217 

TPBSH 
281 

66% 

Scheme 64: Synthesis of cis-cyclopropane unit (277) 

2.2.1.2.2 Synthesis of the full meromycolates (287) and (288) 

The aldehyde (277) was coupled with methoxy sulfone unit (276) in the presence of 

base to give alkene (284) as an (E/Z}-m ixture. TPBSH was used for the hydrogenation 

of this mixture so as to give the compound (285). 

OMe 

CH,(CH2ln, ~ IT N-N l '(CH,l,s-s---( II + 

LiN(Me3),, 

THF, -10 °C. 66 % 

Me 276 M r,N 
Ph 

OMe 
7 

CH,(CH2ln..__ J-..__ D,_ 
TPBSH, 62% r °'(CH2)1s~,,,,,•· \,.(CH,l,Br 

CH,(CH2)1100Me D. Me 284 

(CH,),,"''' ·,~(CH,),Br 1-Phenyl-1H-tetrazole-
5-thiol, K2CO3, acetone, 80 % 

285 
Me 

OMe 

CH3(CH2)110 D,_ N-N 
mcPBA, NaHCO,, (CH l, ~,,· ',<;, - // II 
CH,CI,, 82 % 2 6 286 (CH2h S~ _,,N 

N 
Me j 

Ph 

Scheme 65: Synthesis of the meromycolate intermediate (287) and (288) 
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The bromo-compound was reacted with J-phenyl-H-tetrazole-5-thiol in the presence 

of acetone and K2CO3 to give sulfide (286). This was then oxidised to the 

corresponding sulfone (287), using m-chloroperbenzoic acid in dichloromethane with 

sodium bicarbonate (Scheme 65). The spectroscopic data of this compound matched 

the data given in the literature.217 The 1H NMR, 13C NMR and IR data for the sulfone 

(288) were identical to those of the previously prepared sulfone (287), the only 

difference was in the stereochemistry of the cyclopropane.217 

2.2.1.3 Final coupling to form the full methoxy mycolic acid 

After preparation of the meromycolate moiety as the sulfone intermediate (287), it was 

coupled with the corynomycolate aldehyde (289), using a modified Julia-olefination. 

Lithium bis(trimethylsily)amide was used as the base in dry THF to give alkene 

mixture (290) in 77% yield. Hydrogenation of this product using di- potassium 

azodicarboxylate gave the saturated compound (291) in 83% yield. The TBDMS group 

was then deprotected using HF-pyridine complex to give the cis-cyclopropane 

methoxy-mycolic acid methyl ester (292) in 90% yield. Hydrolysis of the methy l ester 

was carried out us ing lithium hydroxide in THF, methanol and water to give the full 

methoxy-MA (266) in 89% yield (Scheme 66). The 1H NMR spectrum of compound 

(291) showed a multiplet between o 0.91-0.85 (9H) and two singlets at o 0.05 (3H) and 

0.03 (3H) for TBDMS group and a singlet at o 3.66 (3H) for the methy l ester. The 
13

C 

NMR spectrum showed s ignals at o 30.1 , 25.6, -4.5 and -5.0 for the tert-butyl dimethyl 

group, and at o 51.0 for the methyl ester. 

The I H NMR spectrum of the methoxy MA methyl ester (292) showed a s inglet at o 
3.71 (3H) for the methyl group in the MA motif, a multiplet at o 3.68-3.66 ( I H) for the 

proton on the p-carbon and a multiplet at o 2.46-2.42 (2H) for the proton on the a

carbon (CHCO, OH). The 11-I NMR signal for the methoxy group in the meromycolate 

chain appeared as a singlet at o 3.35 and the proton next to the methoxy group 

appeared as a broad pentet at o 2.96-2.95 (1 H). The spectrum showed a multiplet 

between o 0.66-0.64 (21-I), a doublet of triplets at o 0.57 ( I H) and a broad quartet at o -
0.31 (I H) for the cis-cyclopropane ring protons. The 13C NMR spectrum showed a 

carbonyl s ignal at o 176.3, a s ignal at o 85.5 for the carbon bearing the methoxy group 
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and a s igna l at o 57.8 for the carbon of the methoxy group, while the ~-carbon 

appeared at o 72.3 and the a-carbon at o 5 1.4. 

275 
N ~Pee. CH,Cl2 

N- 90% 

OMe O )l \ OSiMe2
1
Bu 0 

CH3(CH2)170 ,, •. D .. , )\ /+ ' ' . II 
,,, ,,,,, ✓ ~ 

(CH2ho 287 '(CH2)7 \ \ OCH(CH2)9 , OM 
0 ~ = i 8 

I LHMOS, THF (CH2h,CH3 

OMe t -10 "C, 77 % OSiMe2
1Bu 0 

CH,(CH, )170 ••. D .. , .~ .r-1'-.. ' . II 
,,,, ,,, ,!"' ~- ......... ~ 

(CH2l,a 290 '11(CH2)i (CH2)a , OMe 

!(NCOO"K'),, CH3COOH, (~H, )a,CH, 
THF, MeOH, 83 % 

OMe D OSiMe2'Bu O 

,,,, ,,,,, ~ CH,(CH, )17~ ••. .., ' . II 
(CH2h • '(CH2)11 , OMe 

291 I HF-py,-. pyridine. § 
t THF. 90 % (CH2>,1CH3 

CH3(CH2)170 0 Me , •. D ... r tt ,,,, ,,,,,. ~ 
(CH,J,• ! . '(CH, )11 , OMe 

292 L10H, :;: 
THF/MeOH/H20, 89 % = 

(CH2)21CH3 

CH,(CH, ),70 0M• , ••. 6.... r 0 
,,, ''11. ~ 

(CH2)10 
266 

' (CH2)11 

1 
OH 

(CH2)21CH3 

CH, (CH,>,1, J: A ~ T '(CH, ),. 263 (CH, ),7 1 OH 

(CH2)21CH, 

Scheme 66: Synthesis of the full methoxy mycolic acids (266) and (263) 

The 1H N MR spectrum of the methoxy mycolic acid (266) (See experimental 61 ) 

s howed a multiplet at o 3.73-3 .65 ( IH) for the proton on the ~-carbon, a multiplet 

between o 3.0-2.8 ( I H) for the C HCO proton and another multiplet between o 2.5-2.45 

( I H) for the a-carbon (C HOH). The methoxy group in the meromycolate cha in 

appeared as a sing let at o 3.37 (3H). The spectrum showed a multiplet between o 0.66-

0.60 (2H), a doublet of triplets at o 0.58 ( I H) and a broad quartet at o -0.3 I ( I H) for 

the cis-cyclopropane ring protons. The signal in the I H N MR spectrum for the methyl 

ester group in the MA motif at o 3.71 (3H) disappeared in the full mycolic acid. The 

13C NMR spectrum of the methoxy MA (266) showed a carbonyl signal at o 173 .4, a 

s ignal at o 85.6 for the carbon bearing the methoxy group and at o 57.6 for the carbon 
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of the methoxy group, wh ile the B-carbon appeared at 8 72.2 while the a-carbon 

appeared at 8 50.7. The 1H NMR, 13C NMR and JR data for the full MA (263) (See 

experimental 60) were identical to those of the previously prepared MA (266). 

2.2.2 Synthesis of keto-MA (293) 

Methoxy MA and keto MA are found in the cell wall of M kansasii, and these are the 

major oxygenated MAs. 

CH3(CH2)110° A ~ 
(CH,),. (CH,),5 l OH 

293 = 
Mc (CH2)21CH3 

Figure 29: The target keto-MA of M. kansasii 

Koza21 0 attempted to prepare the cis-keto mycolic acid present in M tb. Jt was reported 

that the final stage to deprotect the methyl ester and acetyl protecting groups using 

lithium hydroxide monohydrate, caused the epimerisation of the ch iral centre next to 

the carbonyl to give the keto-MA present in M tb. 

In this study, a new keto-MA present in M kansasii was made. The coupling of the 

mycolic motif (295) and the meromycolate part (294) was successfully undertaken. 

CH,(CH,)110° A ~ 
(CH2)18 (CH2)15 l OH 

293 = 
Me (CH2)z1CH3 

, I\ ' 
CH,(CH2)11 ~O 

(CH2),a 

Me 294 

Scheme 67: Full keto-MA disconnection 

2.2.2.1 Coupling to form keto-MA (293) 

To begin with, the alcohol meromycolate (296)217 was oxidised to the corresponding 

a ldehyde (294) usig PCC in dichloromethane (Scheme 68). A doublet at 8 9.36 

corresponding to the aldehyde proton was shown in the 1H NMR spectrum of (294). 

The data for this compound matched those in the literature.
220 
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1BuMe2SiO 

CH3(CH2)170 ~ OH 
(CH2l1e 

296 
Me 

PCC CH3(CH2)110'BuMe,SiO ~ o 

(CH2)18 

294 
Me 

Scheme 68: Oxidation of the keto meromycolate 

The sulfone (295) was coupled with the meromycolate aldehyde (294) in order to give 

a lkene in an (E/Z) mixture as shown in Scheme (69). The hydrogenation of the a lkene 

was achieved using dipotassium azodicarboxylate, as described previous ly. The proton 

N MR of compound (298) did not show any signals in the alkene region. The ~-proton 

next to the acetoxy group yielded a doublet of triplets at 8 5.10 (1H) while the proton 

next to the silyl group showed a multiplet between 8 3 .5 1-3.49 ( I H). The methoxy 

group showed as a s inglet at 8 3.68 (3H) and the methyl of the (acetyl group) a s inglet 

at 8 2.1 8 (3H). The a-proton displayed a doublet of doublets of doublets at 8 2.63 ( I H) 

w hile a mult iplet was seen between 8 0.67-0.64 (2H) for the two protons by the 

cyclopropane ring. One proton displayed a doublet of triplets at 8 0.57 ( lH), w hile 

another proton gave a broad quartet at 8 -0.32 ( I H). 

In the 13C NMR spectrum, the two carbony l carbons were observed at 8 173 .6 and 

170.3. There was an absence of a ll s ignals which be longed to the a lkene carbons. 

CH, (CH,),,0'BuM0
2

SiO ~ O 

(CH2ha + 

29-4 
Me 

CH,(CH, ),,:uMo,1 A ~ l "ccH,),a (CH,),s i OMe 

Me 298 (CH2b1CH3 

Scheme 69: The coupling to form the keto-MA 
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2.2.2.2 Deprotection of the silyl group in the meromycolate 

The TBDMS group was removed from compound (298) using HF-pyridine complex 

and pyridine in dry THF (Scheme 70). The product, (299), gave a double of triplets at 

o 5. 10 (1H) for the proton adjacent to the acetoxy group. The proton in the a-position 

showed as a doublet of doublets of doublets at o 2.63 (1 H). The proton adjacent to the 

resulting hydroxyl group showed a multiplet between o 3.5 1-3.48 (1 H). A broad band 

at 3449 cm-1 for the OH-stretch was seen in the IR spectrum. 

, OAc o 

CH,(CH,)17 A ~ 
(CH2)18 298 (CH2),s ! QMe 

Me ! HF-pyridine. (CH2)21CH3 

THF, 45 ' C, 81 % 

CH,(CH2)110 0 H A ~ 
(CH2),8 (CH2)1s i OMe 

299 = 
Me (CH2)21CH3 

Scheme 70: Deprotection of the silyl group of (298) 

2.2.2.3 Oxidation of the secondary alcohol to the ketone 

The last step for the creation of the keto-MA was oxidation. Oxidation of the hydroxy

MA (299) with PCC gave keto-MA (300) as a white solid (Scheme 71). The 
1
H NMR 

spectrum showed the cyclopropane protons between o 0.68-0.64 (2H), 0.57 (1 H) and -

0.32 (1 H). The IR spectrum showed no 0-H stretch and there was an absorbance at 

1708 cm-1 for the C=O stretch of the ketone. The specific rotations of keto mycolates 

(300) was found to be [a]; 0 = +7 .1 (c 1.0, CHCl3). 

CH3(CH2h1, I A ~ 
' "-(CH2>,8 299 (CH2),s ! OMe 

Me I PCC, (CH2)21CH3 t CH2Cl2, 99 % 

Scheme 71: Oxidation of the secondary alcohol to give keto-MA 
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2.2.2.4 The hydrolysis of the protected keto-MA 

The hydrolysis of the keto-MA methyl ester to the free acid was necessary for 

biological testing. The acetate and methy l ester groups were deprotected us ing 

LiOH.H2O in a mixture ofTHF, MeOH and H2O. The mixture was stirred at 45 °C for 

18 h to obtain the free hydroxy group (Scheme 72). The I H and 13C NMR data for the 

free keto-MA are given in (Table 6). The specific rotations of keto mycolates (293) 

was found to be [a]i0 = +4. 1 (c 1.0, CHCb). This compound was epimerised in order 

to be different form the other compounds which had been made before and see 

difference in biological assay. 

CH3(CH2)1h~ 1 ~ ~ 
' ' (CH2>,8 300 (CH2)15 ~ OMe 

Mo (CH,l21CH3 

l LIOH.H20 (30 mol oq.), 
THF / MeOl-t I water, 

4 5 °c, 85 "· 

CH,(CH,)11, l A ~ y '-(CH2>,8 293 (CH2)15 i OH 

Me (CH2)21CH3 

Scheme 72: Hydrolysis of the keto-MA with LiOH.H2O to give the free acid 

After base hydrolysis of the protected compounds (300) to yield free keto-MA (293), 

the rotation decreased from [a]b0 = +7.1 (c 1.0, CHCb) to [a]b0 = +4. 1 (c 1.0, 

C HC l3). The base hydrolysis reaction caused concern that it was responsible for 

causing the epimerization of the a.-methyl ketone, as shown in Scheme 72. The 

molecular rotation of compunds (293) and (300) can be calcu lated from the sp. 

rotation, by this relationship: 

MD = [a.] x O (mo lecular weight/I 00) 

Keto Mycolic Configuration MD protected MD deprotected 
Acid of the a- methyl keto mycolic keto mycolic acid 

ketone acid 

A s +90 +50 
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Hx 0 Multiplicity Integratio J(Hz) Cx 0 

n 

Ha 3.74-3.70 m I - c, 215.4 

Hb 2.5 m I - C2 179.6 

He 2.46 dt I 5.4, 8.8 C3 72.1 

Hd 2.43 dt I 2.0, 5.0 C4 50.8 

2.40 dt I 2.0, 5.0 

R(CH2)nR I. 74-1.12 br.m 140 - Cs 

He 1.05 d 3 7.7 c6 41. 1 

Hr 0.9 t 6 7.5 C1 16.4 

Hg 0.69-0.64 m 2 - Cs 15.8 

Hh 0.57 dt I 4. 1, 8.2 C9 14.1 0 

Hi - 0.32 br.q I 5.5 CIO 10.9 

IJ Table 6: The Hand C NMR analysis of the free keto-MA (293) 

T he reason for this cou ld be that during the hydrolysis of the protecting groups, the 

base removes the acid ic a-methyl ketone proton in (300) to give (300 A). Following 

acid work-up, reprotonation occurs from both faces to give the epimerised keto 

compound (293), Scheme (72 -A).270 
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Base 

CH3(CHz)~~i) O A ~ 
. (CH2)1a (CHz)1s i OMo 

300 : 
Me (CH2l,1CH3 

0 

CH3(CH2)11Y.:: 
(CH2)18R 

300A 
Mo 

! Acid work up 

CH1(CH2)11, l A ~ CH1(CH2)11, _ l y "'-(CH2l,a (CH2)15 i OH ----- H~ H +...._(CH2),aR 

Mo 293 (CH2)21CH3 Me 300 B 

Scheme 72-A: Mechanism for the epimerisation reaction 

2.2.3 Synthesis of a trehalose ester present in M. kansasii 

The aim of this section was to synthesise a TDM and TMM which were based on a 

synthetic M kansasii MA. 

2.2.3.1 Methoxy MA protection and esterification with trehalose 

It is necessary to protect the MA in the P-hydroxy acid pos ition as a TBDMS ether to 

avoid alcohol reactions. The methoxy MA (266), was first converted into (301) (See 

experimental 63) by the standard silylation method (Scheme 73). 

Scheme 73: Protection of methoxy-MA (266) 
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The 1H NMR spectrum included two singlets at o 0.16 (3H) and o 0.14 (3H) for the 

methyls substituents bound to the silicon. The nine protons of the tert-butyl portion of 

protecting group were displayed as a sing let at o 0.94. The s ignals in the 13C NMR 

spectrum were a lso consistent with the structure of (301). 

Esterification of trehalose (160) and (301) was achieved using EDCI and 4-DMAP as 

previous step to produce products (302-TDM) and (303-TMM), as is shown in 

Scheme (74) (See experimental 65). 

HO 

0
0Me D, 'BuMo,SJ fl Ma,SiO~ 

CH1(CH2)11 ,,,,,• ..• ,,, ~ Me,SiO 

(CH2);, '(CH2)11 j OH Me SiO 

™ I 
3 

o 
Me (CH,i,,cH, ?J1e,Si0 

lEOCL, 4-OMAP Me3SIO 
d,y CH,<:12, 6 day al r.t Me3Si0 O 

HO 160 
OMe A 'BuM•uo 

CH,(CH,J,,, _)-___ Ll T ·(CH,),."'''' -••• ,,,(CH,)17 i 0 

Me CH,(EH,l,, Me,S10 

302 Mo,SIO~ _,~ 
70% 

28% 

Scheme 74: Esterification of protected trehalose (160) with protected methoxy 

MA (301) 

The first product to be obtained was TOM (302) in a yie ld of 70%. Its structure was 

confirmed by 1H and 13C NMR spectroscopy and MALO[ mass spectrometry. The 1H 

NMR spectrum for (302-TDM) displayed signals for the tert-butyl protons of the s ilyl 

protecting group as a s inglet at o 0.89 (18H). Characteristic signals were still present 
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for the methoxy mycol ic acid component, such as the OMe substituent which gave a 

s ignal at 6 3.34 (3H) as a singlet, and also the proton next to the ~-hydroxy group 

which resonated at 6 3.95 the (2H) as a pentet. Similar signa ls to those which were 

observed for (301) were given by the cyclopropane ri ng protons. Signals for the s ix 

protons in the sugar core started at b 4.85 (2H) for HI close to the hemiacetal as a 

doublet, at 6 4.36 (2H) for H6 as a broad doublet, w hile the rema ining signals were 

seen at 6 4.04-3.97 (2H), 3.95 (2 H), 3.9 (2H), 3.53 (2H) and 3.39 (2H). The s ignals for 

the silyl protecting groups for the a lcohols on the sugar core were founds a singlet at 6 

0.16, 0.14 and 0.12, integrating to 18H each. The TMM (303) was the second fraction, 

obtained in a yie ld of 28%. The s igna ls for the sugar protons range between b 4.91 and 

b 3.37. Here the signals were not symmetrical. It was found that the methyl signals fo r 

the protecting groups on the sugar were divided into s ix groups, one for each (Me3) 

s ituated at C2-C3-C4, and which had a range of 6 0.17-0.12. In each case they 

corresponded to 91-1 and to 54 hydrogens in total. The methoxy mycolic acid displayed 

s ignals at b 3.82 for the ~-hydroxy acid and at b 3.34 (3H) for the OMe in the I H NMR 

spectrum. The signals fo r the rem inder of the groups did not change. However, the 13C 

NMR spectrum displayed s ignals at & 174.1 for the ester group and at 6 94.5 and 94.4 

for the C I in the sugar cores. Signals at 6 -4.5 and -4.7 were displayed for the two 

methyl groups bound to the silicon in the OSiMe2
1Bu group. 

T he next step was the deprotection of the sugars in these two products. Compounds 

(302) and (303) were both deprotected using TBAF in dry THF solution. This gave 

(304) (90%) (See experimental 67) and (305) (60%) (See experimental 69) as shown 

in Schemes (75) and (76). 

Scheme 75: Deprotection of the trehalose (302) 
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The I H NMR spectrum compound (304) had lost the signals for TMS groups. In 

addition, the 13C NMR spectrum did not display any signals at o 1.1 , 0.9 and 0.2 which 

corresponded to the carbons of these groups. 

OMe /\ 
1
BuMe2S10 0 

CH3(CH2)11'- ~ l_..:::,_ - ' Ii l (CH:zl,."''' ··,,,,,(CH2h1TO~ 

TBAF, 
dryTHF, 60 % 

303 ---

305 CH3(CH2l,1 HO 0 

HO 

HO 

Scheme 76: Deprotectioo of (305) 

HO 
HO 

HO 

0 

Compound (305) also lost the s ignals at o 0.1 7-0.12 in the 1H NMR spectrum. The 

next stage was the removal of the TBDMS ether protecting group from the ~-position 

of the methoxy mycolic acid (304). HF-pyridine complex and pyridine was used in dry 

T HF solution at 45 °C overnight, as illustrated Scheme 77. 

Scheme 77: Synthesis of free TDM of methoxy-MA (306) 

The 1H NMR spectrum established the structure of the free TOM (306), (See 

experimental 71). Tt displayed no signals for the TBDMS group. The hemiacetal 

protons displayed a doublet at o 4.96 (2H). The rest of the sugar protons resonated at o 
4.64 (2H), 4.22 (2H), 3.72 (2H), 3.62 (21-f), 3.42 (2H) and 3. 19 (2H), with an 

integration of two protons for each signal. The protons next to the ~-hydroxyl of the 

MA showed as a broad quartet at o 3.94. The methoxy groups of the MA yielded a 
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singlet at 8 3.29 (6H). A broad pentet signal showed at 8 2.93 (2H) for the protons next 

to the methoxy group. A multiplet occurred between 8 2.39-2.33 (2H) for the protons 

in the a-position adjacent to the a lky l chain of the mycolic acid. The terminal methyl 

groups showed as a triplet at 8 0.83 and this signal had an integration of twelve 

protons. The methyl next to the methoxy group showed as a doublet at 8 0.79 (6H). 

The protons of the cyclopropane ring showed as a multiplet between 8 0.60-0.59 (4H). 

Two protons were seen as a doublet of triplets at 8 0.52 and a broad quartet at 8 -0.37 

was displayed for another two protons. In addition, the 13C NMR spectrum showed no 

s ignals belonging to the tert-butyldimethylsilyl group. 

The method which was used for the deprotection of TOM (304) was deployed again in 

order to obtain the free TMM. The TBOMS group which was on the ~-position of 

compound (305) was removed using HF-pyridine complex and pyridine in dry THF, as 

in Scheme (78). 

OMe /\ OH 0 

CH, (CH, )11...,_ .)_ .~. ' II T (CH2)ut'' .,,,,,,cH,),,~O 

Me 307 CH,(CH,l,, H~o, 

HO~ 
HF-pyridine. pyridine, HO O 

THF, 43 ' C, 50 % if:10 
305 

HO 

HO O 

HO 

Scheme 78: Synthesis of free TMM of methoxy-MA (307) 

The 1H NMR spectrum of free TMM (307) (See experimental 73) showed no s ignals 

for the tert-butyl protons at 8 0.83. Nor were there signals for the protons of the two 

methyl groups bonded to silicon at 8 0.02 and 0.004. The hemiacetal protons showed 

as a singlet at 8 5.10 and 5.02. The remaining sugar protons resonated between 8 4.72 

and 3.22. The proton of the methoxy-MA gave signals which were similar to those of 

the free TOM, but with half the number of protons. The formation of free TMM was 

confirmed by the 13C NMR spectrum, which showed the loss of signals for the two 

methyl groups bonded to si licon. MALD[ MS showed for (307) an [M+Nat of 

I 573.3, while the calculated value was 1573.3. ln a similar way, compounds (308) and 

(309) were prepared. The 1H NMR, 13C NMR and JR data for the free TDM (308) and 
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free TMM (309) were identical to those of the previously prepared TDM (306) and 

TMM (307), the only difference being in the cyclopropane stereochernistry (Figure 

30). The biological properties of synthetic rnethoxy MA are currently being studied. 

OMe A OH o 

CH3(CH2)11, )..____ ' II T. (CH,h• (CH2)17YO~ 

CH3(CH,>,1 HO 0 

308 HO 

HO 

oMe A ~o"~ 
cH,<cH,>11, )..____ , 11 '7° l (CHz),s (CHz),,~O 

Me CH3(CH2l,, 
--------··············-··-········-···········---········· ·····-··· ··-··-······ ····-···· · 

OMe A OH O 
CH3(CH2)11 

Y'(CH,),. (CH2) 17~0~ 

Me 309 c H3(cH2l,, HO 0 

HO 

HO 

HO 
HO 

HO 

Figure 30: Synthesis of free TOM and TMM of methoxy-MA 

0 
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2.3 Synthesis of methoxy MA and trehalose 
ester (TDM) and (TMM) present in M. th 

2.3.1. Synthesis of cis-cyclopropane methoxy-MA of M. tb 

AI-Dulayymi et al. synthesised the full methoxy-MA (310) containing a proximal 

cyclopropane ring in the (R,S)-configuration, and with methoxy and methyl groups in 

the (S,S)-configuration in the distal position.217 This wou ld be coupled with trehalose 

to prepare new cord factors (TDM and TMM) so that they could be used as antigens in 

ELISA tests so as to check their abili ty to detect TB-antibodies. They would also be 

used to determine whether the stereochemistry of the MA in the TOM has any effect 

on its biological activities. The methoxy-MA can again be divided into the mycolic 

motif part and the meromycolate part (Scheme 79): 

Scheme 79: Retro synthesis of the full methoxy-MA 

2.3.2 Final coupling to form the full methoxy-MA 

In order to achieve the coupling between the mycolic motif aldehyde (312) and the 

meromycolate sulfone (387), a Julia reaction was used. The alkene product (314) was 

produced as an (EIZ) mixture as illustrated in Scheme 80. 
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1BuMe2SiO 0 

+ Q/'-(CHz)ov OMe 

311 (CH2)23CH3 

TT % ! LiN(SiMe~2, 
THF, -10 C, 

OMe D 1BuMe2S1O O 

CH3(CH2)11, ~ ,,,,,•' .•••• , /\.. .,e,..... - ' II l "-(CH2h, '111(CH2)o/ -~ '(CH2),~0M0 

Me 312 (CH2)23CH3 

Scheme 80: Tbe final coupling to form tbe methoxy-MA 

T he alkene (312) was dissolved in MeOH/ THF and an excess of dipotassium 

azodicarboxylate was added at O °C under nitrogen. A solution of glacia l acetic acid in 

the THF was s lowly added over 18 h (Scheme 81), to ensure that the saturation of the 

a lkene was complete, this procedure was repeated twice. 

312 

l 
KCOzN• NCOzK, 
AcOH. THF, MoOH, 82 % 

CH,(CH2h , 0 0Me ,, •. D ... , 'BuMe, S11 W 
,,, ,,,, ~ 

(CH,)10 313 1(CH2)11 ~ OMe 

Mo (CH2),3CH3 

Scheme 81: Hydrogenation with dipotassium azodicarboxylate 

Compound (313) gave the same 1H and 13C NMR spectra as in the literature.210 The 

TBDMS group of compound (313) was removed using HF-pyridine and pyridine in 

dry THF at 45 °C for 18 h. This gave the ester (314) (Scheme 82). Using an acid ic 

medium was not possible because of the reactivity of the cyclopropane ring.274 The last 

step to obtai n free methoxy-MA required the hydrolysis of the methyl ester group 

using lithium hydroxide monohydrate in a mixture of THF, water and methanol at 45 

°C for 18 h. Compound (310) which resu lted gave the same proton and carbon NMR 

spectra as in the literature.207 
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OMe 
1
BuM~2Si O 

CHl(CH,),1 ,, •. D .. , ,,, ,,,,, 
0 (CH2)1a 313 '(CH2)11 ~ OMe 

Me I HF-pyridine, (CH2)2lCH3 
pyridine, THF, 
45°C, 71 % 

CH, (CH,),10 0M• ,, •. D.... r w 
,,, ''11. ~ 

(CH2)1& 314 '(CH2)11 i OMe 

Me ! UOH.H2O,THF, (CH2)2lCHl 
MeOH, H20, 70 % 

Scheme 82: Deprotection and hydrolysis to obtain the free methoxy-MA 

2.3.3 Synthesis of trehalose esters present in M.tb 

Fo llowing the literature procedure, the synthesis of new TDMs of MA (310) was 

carried out.216 This involved the esterification of the protected MA with protected 

treha lose, then removal of both the protecting groups. 

2.3.3.1 Protection of the secondary hydroxyl group of methoxy-MA 

To avo id a lcoho l reactions, the hydroxyl group at the ~-position of methoxy-MA (310) 

was protected before esterification as a TBDMS ether (Scheme 83). 

Scheme 83: Protection of methoxy-MA (310) 

The 1H NMR spectrum identified the product giving a singlet at o 0.9 1 (9H) for the 

tert-butyl protons, and two singlets at o 0.16 (3H) and at o 0. 14 (3H) for the protons of 
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the methyl groups of the silyl group, (See experimental 74). This is shown in (Table 

7). 

Hx & Multiplicity Integration J(Hz) 

Ha 3.87-3.82 m I -

Hb 3.34 s 3 -

He 2.96 pent. I 4.5 

Hd 2.58-2.52 m I -
He 0.91 s 9 -

Hr 0.89 t 6 6.6 

Hg 0.86 m 3 -

Hh 0.67-.63 m 2 -

H; 0.58 dt 1 4.2, 8.2 
H; 0.14, 0.16 s 2x3H -
Hk -0.3 1 br.q I 5. 1 

Table 7: 1H NMR analysis of the protected methoxy-MA (315) 

2.3.3.2 Coupling of protected methoxy-MA with trehalose 

The esterification reaction was done as before between protected methoxy-MA (315) 

and protected trehalose (160) using EDC I as an activating agent and DMAP as 

catalyst.275 The fi rst fraction was TDM (316) and the second fraction was TMM (317), 

(See experimental 75). This is illustrated in Scheme 84. 
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30% 
Me3SiO 

Me3SiO 

HO 

0 

Scheme 84: Esterification of protected trehalose (160) with methoxy-MA (315) 

The 1H NMR spectrum of TOM (316) displayed a doublet at o 4.85 (2H) for the 

hemiacetal protons. The remaining signals corresponded to the sugar protons and the 

~-hydroxyl protons at o 4.37 (2H), 4.04-3.83 (8H), 3.53 (2H) and 3.39 (2H). The 

protons of the methoxy groups showed as a singlet at o 3 .34 (6H). The protons which 

were next to the methoxy groups were displayed as a broad pentet at 6 2.97 (2H). The 

a-protons of the mycolic acid showed a multiplet between o 2.57-2.53. The TMS

groups on the sugar showed l 8H-singlets at o 0.16, 0.14 and 0.13. The twelve protons 

of the silicon bound methyl groups, showed as a singlet at o 0.06. The protons of the 

cyclopropane ring were displayed as a multiplet between o 0.66-0.64 for four protons 

and a doublet of triplets at o 0.58 for two protons. It also showed a broad qua,tet at o -
0.31 for the other two protons. The I H NMR spectrum of the TMM (317) was more 

complex than the TDM due to loss of symmetry. The hemiacetal protons showed as 

doublets at o 4.91 (lH) and at o 4.84 (IH). There was an integration of one proton for 

each. The remaining sugar protons resonated between o 4.63-3.37. The s igna ls of the 

103 



methoxy-MA protons were very s imilar to those of the TDM (316), however 

integrating only to half the number of protons. 

2.3.3.3 Deprotection of TDM (316) 

The TMS groups were deprotected us ing TBAF in dry THF for I h at room 

temperature (Scheme 85) to give compound (318) (See experimental 76) as 

confirmed by the I Hand 13C NMR spectra which showed no TMS-signals. 

TBAF, 
dryTHF, 
90 % 

316 - - ----

Scheme 85: Deprotection of the trehalose moiety (316) 

The next stage was the removal of the TBDMS ether protecting group at the ~-position 

of the MA using HF-pyridine complex and pyridine in THF, (See experimental 78) 

(Scheme 86). 

OMe /\ OH O 

CH3(CH2J11, }____ ,L.:::,, ' II 1 (CH2)1."'
00 

••,,,,(CH2)17~0~ 

Me CH,(CH2)2> HO o 

HF-pyridine, 319 HO 
pyridine, THF, HO 
0 ~~% O 

311 ~ 
OMe /\ OH O H~ 

CH3(CH2)11, }____ _L.:::,_ ' II 1 (CH2)1,"°'' .,,,,,(CH2)17~0 

Mo CH3(CH2)23 

Scheme 86: Synthesis of free TDM of methoxy-MA (319) 

The hemiacetal protons displayed a doublet at 8 4.96 (2H) and the rest of the sugar 

protons showed 2H-signals at 8 4.8, 3.34, 3.89-3.84, 3.71-3.67, 3.53 and 3.21. T he 

protons next to the ~-hydroxyl of the MA showed a broad triplet at 8 3.79. A broad 
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pentet appeared at 8 2.96 for the protons next to the methoxy group and a multiplet 

occurred between 8 2.43-2.38(2H) for the protons in the a-position of the MA. The 

methyl groups next to the methoxy group showed as a doublet at 8 0.83 with an 

integration of six protons. The cyclopropane protons showed a multiplet between 8 

0.65-0.60 (4H), a doublet of triplets at 8 0.55 (2H) and a broad quartet at 8 -0.33 (2H). 

MALDI MS gave an [M+Nat of 2835.7 while the calculated value was 2835.6. 

2.3.3.4 Deprotection of TMM (317) 

The protecting groups of the sugar were removed by stirring compound (317) with 

TBAF in dry THF for one hour at room temperature, (See experimental 77) (Scheme 

87). 

Scheme 87: Deprotection of (317) 

The tert-butyldimethyls ilyl group on the P-position of compound (320) was then 

removed us ing HF-pyridine complex and pyridine in dry THF, as in Scheme (88). 

OMe /\ OH 0 

CH,(CH,),,, ~ -~- ' II T (CH2>,a"''" ··,,,,(CH,)17~0 

Me 321 c H,(CH,h, H~o 
HO 

HF-pyridine, pyridine, HO O 

320 THF. 43 ·c. 90 % ~ o 
HO 

HO O 

HO 

Scheme 88: Synthesis of the free TMM of methoxy-MA (321) 

In the 1H NMR spectrum of the free TMM (321) (See experimental 79) the 

hemiacetal protons showed as doublets at 8 5.12 and 5.05 whi le the remaining sugar 

protons resonated between 8 4.70 and 3.22. The signals for the methoxy-MA protons 
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were similar to those of the free TOM but with half the number of protons. MS 

showed for (321) an [M+Nar of 1600.3882, while the calculated value was 

1600.3897. 
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2.4 Synthesis of mixed trehalose esters present 
in M. kansasii and M. th 

The aim of this section was to prepare for the first time mixed TDMs which inc lude 

two different single enantiomers of MA bound to trehalose, in order to ascertain 

whether or not the immune activity is effect or increased. The natural TOM mixture 

consists of a complex mixture, thus preparing the mixed corf factors will allow their 

biological activity to be compared to that of those containing the same mycolic acid. It 

is also hoped that using these antigens wi ll lead to an improvement in the ELISA 

assay. G iven the potent immune signalling effects of cord factors, this research has the 

potential to cure, or improve the I ives of many people in the future. 

2.4.1 Synthesis of the first mixed TOM 

Esterification of protected mycolic acid (323) and protected TMM (322) was 

undertaken us ing EDCI as activating agent and 4-DMAP as catalyst to produce second 

ester bond. The reaction formed (324) in a yield 55% (See experimental 86) as is 

shown by Scheme 89. 

CH3(CH, ),,, ~ A 'BuM•u 
l (CH2ho 322 (CH2)11 ~ o 

Me CH3(CH2h,Me3S10 

Me3SiQ-..Ji,,-~ 

324 

Me3SiO 

Me3SiO 

HO 

0 

Scheme 89: Esterification of protected TMM (322) with protected MA (323) 
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The 1H NMR spectrum for TDM (324) showed a doublet for two acetal protons of the 

sugar moiety at 8 4.70. The remaining signals for the sugar protons and the P-hydroxyl 

protons resonated at 8 3 .94 ( 4H), 3 .85 ( 4H) and 3 .44 (2H). The protons of the OMe 

resonated at 8 3.26 (3H) as a singlet while the a-protons of the mycolic acid showed as 

a multiplet between 8 2.49-2.45 (2H). The t-butyl groups gave a singlet at 8 0.78 

integrating for 18 protons. The cis-cyclopropane ring protons showed as a multiplet for 

four protons between 8 0.57-0.55, a doublet of triplets for two protons at & 0.49, and a 

quartet at & -0.4. One of the protons directly bonded to the trans-cyclopropane ring 

showed as a multiplet between 8 0.40-0.32, and three remaining protons of this unite 

gave a multiplet between 8 0.07-0.05. The 13C NMR showed the carbonyl carbon at 8 

174.0, the anomeric carbon s ignal at 8 94.6 and the reminder of the sugar carbons 

between & 73.3 and 70.5. 

TDM (324) was stirred with TBAF in dry THF at room temperature for 1 h to give 

compound (325) in 97% yield (See experimental 87) (Scheme 90). The success of the 

deprotection was confirmed by the I H NMR spectrum which gave a doublet at 8 5.0 

(2H) for the hemiacetal protons with the rest of the sugar protons and the P-hydroxyl 

protons resonating at 8 4.26 (2H), 4.17 (2H), 3 .87-3 .83 ( 4H), 3. 70 (2H), 3 .41 (2H) and 

3 .32-3.23 (2H). The MA moiety showed a multiplet between 8 2.5 1-2.45 (2H) for the 

a-protons. The cis-cyclopropane ring protons showed a multiplet for four protons 

between & 0.61-0.65, a doublet of triplets for two protons at & 0.49 and a quartet at & -

0.40. The trans-cyclopropane ring gave a multiplet between 8 0.38-0.34 for one 

proton, with the remaining three protons giving a multiplet between 8 0.12-0.0 I. 

OMe A 1
BuMe2SIO 0 

°"""''"0""''" ''"'"'~'~ 
Me CH3(CH2h , HO O 

HO 

TBAF, dry THF, 97 % HO 
324 ---- 0 

A .~::lf,~ 
'"'""''" ''"''~ ''"'"''"' Me 

Scheme 90: Deprotection of the trehalose of (324) 
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The final step was to remove the T BDMS ether group from the alcohol in the B
position of the mycolic acid using HF.pyridine complex to give compound (326) in a 

yield of 45% (See experimental 88) (Scheme 91). The creation of the free mixed 

TDM (326) was confirmed by the 1H NMR spectrum, which gave for the hemiacetal 

protons a doublet at 8 4.96 (2H). The rema inder of the sugar protons and the B
hydroxyl protons resonated at 8 4.61 (2H), 4.17 (2H), 3 .97 (2H), 3. 70 (2H), 3 .62-3 .59 

(2H), 3.42 (2H) and 3.20 (2H) w ith two protons integrated in each signal. The a

protons of the myco lic moiety showed as a multiplet between 8 2.37-2.32 (2H) . The 

terminal CH3 groups gave a triplet at 8 0.81 with an integration of 12 protons while the 

a -methyl groups gave a doublet at 8 0.8 integrating to 6 protons. The cis-cyclopropane 

ring protons showed a four proton multiplet between 8 0.59-0.57, a doublet of triplets 

for two protons at 8 0.51 and a quartet at 8 -0.38 for the other two protons. The trans

cyclopropane ring gave a multiplet between 8 0.39-0.35 for one proton and a multiplet 

between 8 0.15-0.01 for three protons. T he 13C NMR showed the carbonyl carbon at 8 

175.4 while the anomeric carbon came at 8 95.1. The reminder of the sugar carbons 

resonated at 8 72.5 and at 69.7. The I.R spectrum showed a carbony l band at Vmax 1723 

cm-1 and an alcohol at 3468 cm-1
• MS showed for (326) an [M+Nat of 2761.5985, 

while the calculated value was 2761.6002. 

325 

OMe A OHO 

CH3(CH2l11-...__ )-____ ' rr 1 (CH2)1G (CH2)17YO 
Me CH3(CH2)21 H~o 

HF .pyridine, pyndme HO 

~~ ~ 
stirred at 43 °C, 17 hrs, 45 % Q 

.. ~o~ 
A - ~C",, .. Jfo:T" 

CH3(CH, )17 (CH,)( i 326 
(CH2l21CH3 

Me 

Scheme 91: Preparation of complete mixed TDM (326) 
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2.4.2 Synthesis of a second mixed TOM 

2.4.2.1 Synthesis of keto-MA (347) 

Metboxy-MA and keto-MA are found in the cell wall of M tb, and they are the major 

oxygenated MA. It is thought that the keto-MA (327), illustrated in Figure 31, has 

the same stereochemistry as the natural keto-MA.
221 In addition, it has been proved 

that the methyl branch next to the carbonyl group in the natural keto-MA exists in the 

S fi · 268 -con 1gurat1on. 

CH, (CH,),,0° _.D.. r ~ 
':'}'' ,,.,./. ~ 

(CH2)i, 327 '(CH2),s 1 OH 

Me (CH2l,3CH3 

Figure 31: The keto-MA present in M. tb 

2.4.2.2 Synthesis of a keto-MA containing a cis-cyclopropane (327) 

In this study, a keto-MA with the correct stereochemistry was made using the same 

method as Saleh.269 The coupling of the mycolic motif part (329) and the 

meromycolate part (328) was undertaken, the secondary a lcohols present in the two 

respective fragment bearing orthogonal protection. The silyl protecting group was 

replaced by a THP group, as this is res istant to basic media. lt is also easy to 

remove.254 The acetyl groups and methyl ester of (332) were deprotected in basic 

media. The next step was the re-protection of the hydroxyl group in the motif with a 

s ilyl group. Subsequently, the THP-group was deprotected and the resulting a lcohol 

was oxidised by PCC to give ketone (336). Lastly, the silyl group was removed with 

HF-pyridine complex to give the free keto-MA (327), (Scheme 92). 
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~ . D 
CH3(CH2)11 ,,. •,, //O ,,,, ,,,,,// 

(CH2lu1 328 + 

Me 

Scheme 92: The synthesis of a keto-MA (327)269 

2.4.2.3 Synthesis of mixed cord factors of protected keto-MA (336) and 
protected methoxy TMM (317) 

The method that was used to prepare the mixed TOM (326) present in M kansasii was 

also used to make the mixed TOM present in M tb. , coupling the protected keto-MA 

(336) was reacted with protected methoxy-TMM (317) in dry dichloromethane in the 

presence of DMAP and EDCl, as in Scheme 93, (See experimental 83). 
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Me3Si0 
Me3SiO 

HO 

CH, (CH2)11...,._ X D 'BuMe,Sif i 
T -(CH,>,i''' ··,,,q(CH,)17~0 

Me CH3(CH2)2JMe3SiO 

0 

Mc3SiO_,,._,.___,, 

0 

Me3S1 

O f\ 1BuMe,5iO O Me3SIO 

CH3(CH2)11..,,_ )-____ ,L...:::,,, - ' ~ 

1 -(cH,>,t'' ,,,,,,(CH,hs~O 

Me 337 CH3(CH2>,, 

Scheme 93: Esterification of protected keto-MA (336) with protected TMM (317) 

The successful formation of the mixed TOM (337) was confirmed by the 1 H NMR 

spectrum. The hemiacetal protons showed as a doublet at o 4.81 (2H), while the 

remaining sugar protons resonated between o 4.33 (2H), 4.00-3.94 (4H), 3.92-3.89 

(2H), 3.87 (2H), 3.49 (2H) and 3.35 (2H). This included the two protons at the ~

position of the motif part. The proton at the a-posit ion relative to the carboxyl group 

showed a multiplet between o 2.53-2.49. The protons of the methyl next to the 

carbonyl showed as a doublet at o 1.05 and had an integration of three protons. The 

terminal methy l groups showed as a triplet at 0.86 ( 12H) and the protons of the tert

butyl of the protecting group of the MA showed as a singlet at 0.84 (18H). The protons 

of the trimethyl si lyl protecting groups on the sugar, showed as singlets at o 0.12, 0.10 

and 0.09. The methyl groups bound to the silicon in the TBDMS groups of the MA 

showed as a singlet at o 0.02 ( 12H). The cyclopropane ring protons were displayed a 

four proton multiplet between o 0.62-0.6, a doublet of triplets at o 0.42 for two protons 

and a broad quartet at o -0.35 for a further two protons. The 13C NMR spectrum 

displayed two signals at o 215. 1 and at 173.8 for the carbonyl groups of the ketone and 
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carboxylic acid respectively . The anomeric carbon s ignal appeared at 8 94.8. The rest 

of the sugar carbons showed between 8 73.5-70.7. The methyl carbon s ignals of the 

protecting groups of the sugar showed at 8 I .0, 0.9 and 0.1 . In addition, the carbons of 

the methy l s ilyl groups bound to the si licon in the TBDMS groups of the MA appeared 

at 8 -4.5 and -4.6. 

The trimethylsilyl protecting groups of the TOM (337) were removed using TBAF in 

dry THF to yield (338), as shown by Scheme 94, (See experimental 84) . 

Scheme 94: Deprotection of the sugar protecting groups of compound (337) 

After this, the TBDMS protecting groups were removed using HF-pyridine complex 

and pyridine resulting in a free mixed TDM (339) which is shown in Scheme 95, (See 

experimental 85). The I H NMR spectrums of free mixed TDM (339) gave a doublet 

at 8 5.02 (2H) for the hemiacetal protons. The remaining sugar protons resonated 

between 8 4.7 1 (2H), 4.27 (2H), 3.76 (2H), 3.64 (2H), 3.49-3.47 (2H), 3.39 (2H) and 

3. 18 (2H), including the protons at the P-hydroxyl position. The proton at the a

position to the alkyl chain of the motif showed a multiplet between 8 2.59-2.49, with 

an integration of two protons. The cis-cyclopropane ring protons showed as a multiplet 

for four protons between 8 0.61-0.59, a doublet of triplets for two protons at 8 0.53 and 

a quartet at 8 -0.36 for the other two protons. MALDI MS showed for (339) an 

[M+Naf of2822.4, while the calculated value was 2822.6. 
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Scheme 95: Synthesis of free mixed TDM (339) of keto-MA and methoxy-MA 

2.4.3 Synthesis of a third mixed TDM 

2.4.3.1 a-MA protection and esterification with trehalose 

Compound (340) was si lylated with imidazole, TBDMS-CI and 4-DMAP to give (341) 

(Scheme 96), which a lso gave the same proton and carbon NMR spectra as in the 

literature.224 Then the a-MA (341) was esterified with trehalose to get the 

corresponding TMM using the same procedure as above (Scheme 97).224 

Scheme 96: Protected a-MA (341) 
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+ Me3Sl:O%A 

Me,S10 

Me3Si0 

lEDCI, +OMAP 
dry CH2Cl2• 6 day al r.l 

Me,Sio 
Me3SIO 

'BuMe,SIO O HO 160 

L ... , ... L ... ~ 
11-., ,,,, ,.,❖ 

(CH,),. (CH,)11 ' 0 

(~H2),,CH, ~ 
342 

Me3SIO O 
Me3Si0 

Me3Si 
Me3S10 

HO 

Me3Si0 
0 

0 

Scheme 97: Esterification of protected trehalose (341) with protected a-MA (160) 

2.4.3.2 Protection of the secondary hydroxyl group of the keto-MA 

The synthesis of keto-MA (343) was carried out in appendices secion. Ln order to 

avoid alcohol reactions, the secondary hydroxyl group at the ~-position of keto-MA 

(343) was protected as a tert-butyldimethylsilyl ether (Scheme 98). 

3"3 

I TBOMS. DMF, 

' lmldazol, 45 °C 

O 
1
BuMe2Sii fl 

CH,(CH2)110 & ~ 
(CH2)11 3"3 A (CH2hs i OSIMe,Bu' 

iK2C03 = 
Me (CH2)23CH3 

0 - ' '""~ 

'"'"""0""'"~ ""''" I 0

" 

Me (CH2)23CH3 

Scheme 98: Protection of keto-MA (361) 

2.4.3.3 Esterification of protected MA (349) with protected TMM 
(342) to form mixed TDM 

Esterification of TMM (342) and (349) was carried out using EDCJ and 4-DMAP as 

before From days 4-5 the reaction began to form product (350) (Scheme 99), (See 

experimental 80). 
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CH3(CH,)17+

0 A~uM•u 
CH2),. (CH2)15 [ OH 

3◄9 = 
Me (CH,l,,CH3 

l EOCI, ◄-OMAP 
dry CH2Cl2, 6 day al r.l. 68 % 

~uMe,SiO O 

D D~ 
CH

3
(CH,)~f .,,,,,_(CH2)f'' '••,,,-(CH2)11 1 0 

(CH2),:,CH3 Me,S10 
Me,S10~_,.~ 

0 

Scheme 99: Esterification of protected TMM (342) with protected keto-MA (349) 

The I H NMR spectrum for TOM (350) showed the seven signals which corresponded 

to the core sugar protons, beginning with the HI resonance at o 4.85 (2H), and with H6 

at ◊ 4.37 (2H) while the remaining s ignals appeared between ◊ 4.04-3 .99 (4H), 3.96-

3.93 (2H), 3.91 (2H) and at 3.53 (2H). The ~-hydroxy protected position displayed a 

proton at◊ 3.39 w hile the two protons in the a -position of the MAs appeared between 

◊ 2 .57-2.53 . The twelve protons signal at◊ 0.88 corresponded to the termina l methyl 

groups. The LR spectrum displayed absorbance characteristic for the ester at 1744 cm-1
• 

TBAF was employed in to remove the silyl protection group from the sugar core 

(352), as shown in Scheme (100), (See experimental 81). 
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Scheme 100: Deprotection of the sugar protecting groups of compound (351) 

The final step was the removal of the silyl protection group from the P-hydroxy ester 

us ing HF-pyridine complex, resulting in free mixed TDM (352) as shown in Scheme 

101, (See experimental 82). The 1H NMR spectrum of free mixed TDM (352) gave a 

doublet at o 4.97 (2H) for the hemiacetal protons. The rema ining protons of the sugar 

component resonated between o 4.7 (2H), 4.29 (2H), 3.90 (2H), 3.66-3.63 (2H), 3.49 

(2H) and 3. 19 (2H). The proton at the P-hydroxyl position of the mycolic acid 

component showed as a broad triplet at o 3.74. The protons at the a-position to the 

a lkyl cha in of the motif showed a two proton qua11et at o 2.49. The methyl group next 

to the ketone showed a doublet at o 1.00 (3H) and the terminal methy l groups showed 

as a multiplet between o 0.86-0.84 (12H). The cyclopropane ring gave a multiplet 

between o 0.61-0.59 for s ix protons, a doublet of triplets for three protons at o 0.53, 

and fin ally, a broad quartet at o -0.36 for three protons. The removal of the silyl group 

was confirmed by the 13C NMR spectrum, which demonstrated a loss of signals at o -
4.6 and -5 .0 fo r the carbons of the methyl groups bound to the s ilicon. The optical 

rotation was [a] g = + 11 (c 0.50, CHCl3) . 

.. l~... . ... Ls .. , t ~ ~ ,~ ,,,~ ".1.1 H )~O 
CH,(CHz)~s (CH, ),. (C 2 11 ~ ~ 

(CH2)23CH3 HO 0 

HF-pyrid;ne, THF, HO 

Pyrid;ne. 43 •c, 70 % HO 
351 0 

0 
O OH O H 

'"''"''"+cs,1,A,o<,h~o 
Me 352 (CH2)nCH3 

Scheme 101: Synthesis of free mixed TDM of keto MA and a-MA (352) 
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2.4.4 Synthesis of a fourth mixed TDM 

Esterification of trehalose TMM (342) and (353) was carried out using EDCI and 4-

DMAP as before. A reaction t ime of between 4-5 days was required for the formation 

of product (354), as shown by Scheme 102, (See experimental 89). 

",,, .. D .. ,,,,, ,,,,, ... D ... ,,~BuMe,sr ~ 
CH3(CH2)19 (CH, ),. (CH2)~0 

342 E 
(CH2)23CH3 

Me3SiO 
Me,SIO--..ll-~.,:. 

CH3(CH2)11--..... re A BuM•u l "1cH2),. 
353 

(CH2J17 i OH 

Mo (CH2l,, CH3 

! EDCI, 4-DMAP 
dry CH20,, 6 day at r.t. 62 % 

1
BuMe2S' fl 

", ... 6 ... _~ ",, .... 6 .... ,,, ~ 
cH,(CH,J~o '(CH2),. (CH2)11 ~ 0 

(CH2l,,CH3 Mo,SiO 

Me3SiO--..ll-~..:. 

0 

Scheme 102: Esterification of protected TMM (342) with protected methoxy-MA 

(353) 

The 1 H NMR spectrum for TDM (354) showed the seven signals for the sugar protons, 

beginning with the HJ resonance at o 4.85 (2H), the H6 proton at o 4.36 (2H) and the 

remaining signals between o 4.04-3.967 (4H), 3.96-3.93 (2H), 3.91 (2H) and at 3.53 

(2H). The proton at the ~-hydroxy protected pos ition displayed two protons at o 3.39 

(2H); that in the a-position of the a-MA showed a s ignal at o 2.57. The TMS 

protecting groups appeared at o 0.16 ( 18H), 0.1 4 ( 18H) and 0.13 ( 18H). The IR 

spectrum displayed a characterist ic band for the ester at 1744 cm·1
• 
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TBAF was again employed to remove the TMS-protection from (Scheme 103), (See 

experimental 90). 

Scheme 103: Deprotection of the sugar protecting groups of compound (354) 

The TBDMS-groups were then removed using HF-pyridine complex (Scheme 104), 

and this resulted in the free mixed T DM (356), (See experimental 91). The 1H NMR 

s pectrum of th is gave a doublet at 8 4.98 (21-1) for the hemiaceta l protons. The 

remaining protons of the sugar core resonated between 8 4. 73 and 3 .2 1. The protons at 

the P-hydroxyl position of the MA showed as a broad quartet at 8 3.9 1 (2H). The 

protons at the a-position to the a lkyl chain of the motif showed as a multiplet between 

o 2.4 1-2.36, with an integration of two protons. The methy l group next to the ketone, 

and the terminal methyl groups showed as a multiplet between 8 0.86-0.8 1 ( ! SH). The 

cyclopropane ring gave a multiplet between 8 0.64-0.60 for s ix protons, a doublet of 

triplets for three protons at 8 0.54, and finally, a broad quartet at 8 -0.35 for three 

protons. MALDI MS showed for (356) an [M+Nat of 2693.2, while the ca lculated 

value was 2693.5. 

_.ts. . .. D ... r IT 
~,, ,~4': ,,,,, 'lq ~Q 

CH3(CH2)~0 (CH,),. (CH2)11 1 ~ 
(CH2lz3CH3 HO O 

HF-pyrid;ne, THF, HO 

355 
Pyridine, 43 °C, 50 % HO 

OMe OH O :-
0

~ 

CH3(CH2h1, ~ A ~ '7° l 'iCH, ),. (CH, )17 ~ 0 

Me 356 (CH,>,,CH3 

Scheme 104: Synthesis of a free mixed TDM (356) of methoxy-MA and a-MA 
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2.5 Biological activity results 

2.5.1 ELISA assays 

Dr. Alison Jones has carried out ELJSA assays for the detection of anti-TB antibodies 

in both human and bovine serum samples using some of the synthetic treha lose esters 

discussed in thi s thesis. The ELISA experiment method is deta iled at the end of 

Chapter I. The results of these assays are now discussed. 

2.5.1.1 Bovine serum samples 

Twenty tuberculin skin test positive samples (natura lly infected) from cattle from 

farms with a confirmed history of bovine TB and 16 samples from non-vaccinated 

young cattle, which are expected to be TB negative (all from the Veterinary 

Laboratories Agency (VLA)), were tested us ing (319) and (321) as antigens. The 

graph below shows the average responses of the natura lly infected and non-vaccinated 

samples to each of the synthetic antigens along with the response to the natural bovine 

TDM, for comparison . All samples were run at a I in 20 serum di lution and anti

bovine IgG (Fe specific) secondary antibody conjugate was used. 

OMe /\ HO O 

CH3(CH2)11'-. ~ ,L..::;,,, ' II T -(CH2)1o"''' ·,,,,,(CH,),7YO~ 

Me CH3(CH2)23 HO 0 

HO 
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HO 

=· I\ "" 0 ,~"» 
CH3(CH,)17'-. ~ _L..::;,,_ ' II '7° T -(CH, >,s"''. ·,,,,,(CH,)17YO 

Me CH3(CH2>,3 

OMo /\ HO 0 

CH3(CH2)17'-. ~ _L..::;,,, ' II T (CH2),,i"''. .,,,"(CH2)17YO~ 

Me cH,(CH2>,, HO O 

HO 

HO 
321 

H 
HO 

HO 

0 
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Figure 32: Responses of sets of naturally infected and non-vaccinated bovine 

serum samples, to natural bovine TDM, synthetic methoxy TDM (319) and TMM 

(321) 

Figure 32 shows the average responses of the naturally infected and non-vaccinated 

serum samples from the VLA to the natural bovine TOM and the synthetic OMe TOM 

and TMM. None of the antigens show a good d istinction between the two sets. 

However, the TOM (319) shows a worse distinction than TMM (321). Also, the TOM 

shows a much lower response than the corresponding TMM. 

The sensitivity and specificity values for each of the antigens with this set of serum 

samples were a lso calcu lated. Sensitivity is defined as the percentage of positive 

samples that are corTectly identified, while specificity is defi ned as the percentage of 

negative samples that are correctly identified. By setting ' cut-off' values for each of 

the antigens and identifying a ll samples giving values above this ' cut-off' as positive 

and all those giving values below the 'cut-off as negative, the sensitivity and 

specificity of each antigen could be calculated. 

Natural 
TDM TMM 

bovine 

TOM 
(319) (321) 

Sensitivity(%) 63 26 63 

Specificity(%) 56 94 38 

Table 8: ELISA data natural methoxy (TDM and TMM) antigens 

The best combination of sensitivity and specificity for natural TDM from Mbovis was 

63% and 56% respectively. Although the synthetic MeO-TOM (319) had a high 
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specificity, with the chosen ' cut-off, the sensit iv ity was low. Changing the ' cut-off in 

order to achieve a sensiti vity of 53% reduced the specific ity to 69%. The problem with 

this antigen, however, is that the absorbance values for the majority of the serum 

samples were very low,< 0.30 which is similar to that observed for control wells. This 

antigen would therefore not be a good one to use in this kind of assay for the detection 

of bov ine TB. The MeO-TMM (321) showed a higher sensitivity than the 

corresponding TDM, the value of 63% being the same as that observed for the natural 

TOM. The specificity was lower at 38%. The sensitivity for this antigen compares to 

the values observed for other TMM, i.e. a- and keto, that were run with the same 

serum samples, which both gave values of 58%. The spec ificity of 38% was however 

much lower, the a- and keto TM Ms giving values of 69% and 81 % respectively. An 

interesting observation for the results obtained for the two methoxy-MA derived 

antigens, (319) and (321), is that the TMM performs better than the TDM. Generally 

for other TOM/TMM pairs, i.e. a- and keto-, the TOM performs as well as or better 

than the corresponding TMM. 

Two samples from cattle infected with M avium paratuberculosis (Map), one 

naturally and one experimentally, from Brussels were also tested using the same 

antigens. Both samples infected with Map gave high responses with a ll antigens 

(compared to the values obtained for the VLA samples). The values for (321) were 

high, those for (319) lower; this contrasts to other TMM/TOM pairs (a and keto), 

where the TOM gave a s imilar or higher response than the corresponding TMM. 

,oJ 

"' 
5.00 

fl 4.00 
C: 
~ 3.00 
... E 
Sl c: 2.00 

.C N 

: ~ 1.00 
bO 
~ 0.00 
§: 
<I: Natural 

bovine 
TOM 

319 321 

■ Map (experimentally 
infected) 

■ Map (Naturally 
infected) 

■ Naturally infected 

■ Non-vaccinated 

Figure 33: Absorbance of 2 individual samples infected with Map and average 

absorbance of a set of natural infected and non-vaccinated serum samples 
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The above graph (Figure 33) shows the absorbance at 492 nm for the two samples 

infected with Map and the average absorbencies for the naturally infected and non

vaccinated serum samples from VLA. The two samples infected with Map gave a 

higher absorbance than either of the two sets from the VLA. 

These are however values for individual samples so may not be a fair comparison. In 

order to determine whether this distinction between samples infected with Map and 

those infected with M bovis is 'real', a larger set of samples would need to be tested. 

2.5.1.2 Human serum samples 

A set of 64 serum samples from the World Health Organisation (WHO) from patients 

from Gambia were tested using (319) and (321) as antigens. Although all the patients 

had been hospitalised with TB related symptoms, only 9 were diagnosed as being TB+, 

with the other 55 being diagnosed as Tff. 

The graph below shows the results obtained for (319) and (321) at a I in 80 serum 

dilution. The data for another antigen (TDM-366), run with the same serum samples at 

a I in 20 and I in 80 serum dilution, which had given the best results in a previous 

blind test (unpublished results within the MSB group) is shown for comparison. Anti

human JgG (Fe specific) secondary antibody conjugate was used in each case. 
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Figure 34: Average absorbance of 9 TB positive and 55 TB negative serum 

samples form Gambia to various antigens 

As can be seen from Figure 34, a ll the antigens show a good distinction between the 

TB+ and Tff serum samples. A lthough the values for the samples run at a 1 in 80 

serum dilution are lower than those run at a 1 in 20 dilution they show a s imi lar 

d istinction to that obtained for (366) at a 1 in 20 serum di lution. 

T he sensitivity and specificity values for each antigen are shown in Table 9 below: 

(366) 
(366) 

(1 in 20) 
(319) (339) (321) 

Sensitivity(%) 89 89 78 78 78 

Specificity(%) 80 78 75 65 33 

Table 9: ELISA data from Keto-TDM, Methoxy-TDM and Mix-TDM antigens 
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• (366), run with serum samples at a 1 in 20 dilution, was the antigen that gave 

the best results in the blind test. This was subsequently run at a dilution of l in 

80 for comparison with other results and as can be seen above a s imilar 

sensitivity and specificity was obtained in both cases. 

• All the synthetic ant igens give a similar sensitiv ity using the ' cut-offs' chosen, 

however the specificities vary. Overall the TOM (319) gives the best result of 

the synthetic compounds with a sensit ivity and specific ity of 78 and 75% 

respectively. The mixed TOM (339) has a slightly worse specificity of 65%, 

while the specificity of the synthetic TMM (321) is low, 33%. 

• None of these antigens alone reaches the minimum required cut off of 85% 

sensitiv ity and 85% specific ity. 

2.5.2 Biological Assays with R. equi 

R. equi is described in detail in the Introduction. It causes chronic bronchopneumonia 

in young foals, (under 5 months), which have weak maternal immunity and immature 

immune systems. Horses carry a virulent strain a lmost exclus ively. This remains to be 

expla ined but it is thought to be plasmids encode antigen and that the presence of a 

polysaccharide capsule prevents phagocytosis by the innate immune system and the 

cell wall mycolic acids.272 Bacteria act as facultative intracellular pathogens. By 

inhibiting phagolysosomes fusion within the alveo lar macrophages it is able to res ist 

the innate immune system. Virulent strains can replicate inside the macrophages in 

about 6-8 h. Infection causes pyogranulomatous pneumonia. This is characterised by 

granuloma, which is a mass of immune cells which are made when the immune system 

is not able to destroy the bacteria. As the disease advances it causes necrosis and 

destroys the cells of the lungs, although this is true only of the virulent plasmid

posit ive strains. It has a lso been found that the disease disseminates into other areas 

and causes infections in the intestinal tract because of the infected sputum being 

ingested .272 

2.5.2.1 Phagosome-lysosome fusion Assays 

Phagosome-lysosome fus ion (PLF) in lung macrophages (LMs) and peritoneal 

macrophages (PMs) is vital in the inactivation of macrophage-ingested micro-
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organisms. The importance of the fusion event is to maintain a healthy lung and this is 

shown by the fact that some pathogenic organisms are resistant to intracellular killing 

and the cause disease by PLF in LMs. The physiopathology of R. equi infection 

enables us to have a better understanding of the interactions between intracellular 

pathogens and the immune system.273 

Cord factor is a cell wall glycolipid of Mycobacterium, Rhodococcus, Nocardia, and 

Corynebacterium. Observations of the effects of CF and related analogues have 

provided the basis for suggesting that this molecule plays a role in the persistence of 

the bacteria in the host cell. Indirect evidence has been provided that CF might be 

responsible for inhibiting fusion between adjacent membranes in vivo.274 However, in 

order for CF to inhibit PLF in vivo it must be found in the phagosomal membrane. 

U ntil now, there is no evidence that this molecule is transferred from the bacterial cell, 

where it is synthesized, to the phagosomal membrane.274 

Romana lcobescu in the group of Prof. Albert Haas in Bonn University has carried out 

PIF assays and data analys is for some synthetic treha lose esters to determine whether 

extension of TDM and TMM chain length beyond the R. equi-typical length will 

increase or decrease inhibitory effects on phagosome-lysosome fusion. Preliminary 

results are presented below. 

The protocol of this assay is to coat harmless E. coli with various lipids then to infect 

them with murine macrophages and test for phagosome-lysosome fusion after 30 

minutes of infection. Petrol ether (PE) is the control and the data from all experiments 

are shown relative to this (set as a relative 100%, which corresponds to an absolute 40-

60%). The effects are clear, but not dramatic. Natural TOM (second from left) inhibits 

by some 40% which is the order of magnitude (Figure 35). 
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Figure 35: The results of inhibitory effects on phagosome-lycosome fusion assays 

to determine the effects of extension of cord factor chain length beyond the R. 

equi-typical length 

Red bars show "significant" data (relative to "PE" sample). All data are from at least 

t hree experiments. Several samples were re-done in order to narrow the error further. 

This data is very interesting as the following is very clear: 

• Extension of TDM (240), (247) and (253) chain length beyond the R. equi

typical length does not increase the inhibitory effects on phagosome-lysosome 

fu sion. T MM (241) and (255) or GMM (256) do not have an effect on the 

assay, regardless of chain length. 

• Modification of treha lose OH groups o r of the s ide-cha in OH group by s ilyl 

groups (243) and (245) does not change the bio logical effects. 

• Modification of GMM OH groups o r of the side-cha in OH group by S n-groups 

(262) does not change the bio logical effects. 

Therefore, it appears that trehalose, as a particular sugar, is not required, but rather that 

the number of cha ins and also possibly their relative positioning is important. It 

demonstrates a role of MA chain length in the manipulation of phagosome trafficking. 

However, shorter-chain mutants were partly attenuated in their virulence, allowing the 

conc lusion that long-cha in TDM can be a virulence factor. 
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3. Conclusions 

Synthetic MA, cord factors and mixed cord factors could be important in the control, 

detection and treatment of mycobacterial infection. They can be used in developing 

biosensors to detect mycobacterial disease early. Also, total synthesis of these 

compounds can help in the identification of the fine structures of natural MA and their 

absolute stereochemistry. This could be very useful in finding new anti-mycobacterial 

drugs. 

The first part of this work were the synthesis of saturated MAs (167), (198) and (199) 

present in R. equi and unsaturated mycolic acid (219) as a model of a molecule from R. 

equi were the first part of this project. Compound (219) is only a model, as the exact 

position of the double bond in the natural compound has not been reported in the 

I iterature. 

lt was however hoped that the preparation of an unsaturated compound of this kind 

would give some insight into its effect on the biological activity. The syntheses of their 

trehalose esters (cord factors) (240,241,247,253,255 and 256) were also achieved. 
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T he reason for the preparation of these cord factors was to study the effect of cha in 

length on their biological activities, specifically in phagosomes-lysosome fus ion 

assays. Compounds were tested relative to a petrol ether (PE) control and in these 

init ia l studies it was found that the results for extension of TDMs chain length were 

significant and gave similar values to the natural TDM. The results also suggested that the 

presence of silyl groups does not have an effect on the outcome of the assay with, for 

example, compounds (243), (245) and (247) all showing s imilar results. The results 

also suggested that TMM and GMM compounds have no effect on the assay. Future 

work will also involve studies of other biological effects of the cord factors present in 

Nocardia (Nocardia being as close to M tb as to R. equi) . The results of these tests 
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will guide future synthetic targets. It would be very interesting if the inhibition, in this 

case, would go hand in hand with the inhibition in the macrophage, because then the 

surface receptors of the macrophage. It can also be seen that it would be quite likely 

that the effect of the lipids is in fact, through incorporation from the particle surface 

into the phagosome membrane. 

The second part of this work were the synthesis of two stereoisomers of the key 

homologue of the methoxy MAs (263), (266) and keto MA (293) present in M 

kansasii, which would then be coupled to trehalose to generate the corresponding 

synthetic trehalose dimycolates (306), (308), and trehalose monomycolates (307), 

(309). These compounds differ in their a.-chain length by two carbons from the 

corresponding compounds in M tb i.e. C22 compared to C24. By preparing these 

compounds and then tesing them in an ELISA assay it will allow the effect of this 

chain length to be investigated. 

The methoxy-MA was made by coupling a mycolic motif aldehyde to a methoxy 

meromycolate fragment by a Julia coupling reaction. A very good yield of a lkenes was 

obtained. The a lkene hydrogenation was done with di-imide as a mild hydrogenation 

system in order to avoid the hydrogenolysis of the cyclopropyl ring. HF-pyridine was 

used to remove the si lyl protecting group of secondary a lcohol on the ~-carbon. The 

ester group was hydrolysed using lith ium hydroxide wh ich gave free methoxy mycolic 

acid (263) and (266). 

The synthesis of the keto-MA was done by coupling the motif part (295) with the 

meromycolate part (294). This used different protecting groups. Following the 

hydrogenation of the alkenes, protecting and de-protecting was done. The last step was 

a deprotection in an acid media so, as a result, epimerisation of the methyl substituent 
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to the ketone group of the mycolic acid was achieved. The rotations were decreased 

from [ag0 = +7.1 (c 1.0, CHCb) to [ag0 = +4.l (c 1.0, CHCb). 

CH3(CH2)11, 1 A ~ y '(CH2)18 
293 

(CH2),s 

1 
OH 

Me (CH2),1CH3 

The starting materials for the preparation of four new cord factors were obtained by 

the completion of the synthesis of these MA. These were derivatives of MA (263) and 

(266). 

In order to synthesise the cord factors, the first stage was to protect the secondary 

hydroxyl groups in the trehalose sugar and MA. This was done with two different 

protecting groups; a trimethylsilyl group was used to protect the secondary hydroxyl 

groups in in the trehalose sugar and TBDMS group was used to protect the secondary 

hydroxyl groups in MA so as to permit selective deprotection in the synthesis later. 

An esterification reaction between the trehalose and the MA followed. The result was 

two protected cord factors (TOM and TMM). The protecting groups were cleaved in 

two stages. The first stage was to deprotect the trehalose sugar using TBAF. The 

second stage was the deprotection of the mycolic acid using HF-pyridine complex. 

This was to get the rree cord factors (TDM) (306), (308) and (TMM), (307), (309). 

Comparison of these compounds with the corresponding C24 a-cha in compounds in 

M tb, by using them as antigens in an ELJSA assay for the detection of TB, will a llow 

the effect of the a-chain length on the assay to be investigated. 
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ln similar way, the third part of this work were the synthesis of the cord factors of the 

cis-cyclopropane methoxy-MA of M tb to obtain TOM (319) and TMM (321) was 

achieved. 
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The fourth part entailed the synthesis of mixed cord factors-TOMs inc luding two 

d ifferent c lasses of MA (326,339, 352 and 356) which are known to be present in M 

kansasii and M tb respectively. Natural TOM consists of a very complex mixture of 

different molecules made in a bio logical syatem where there are many different types 

and homologues of MA present; unless there is a specific biological control system 

that introduces the same MA on both sugar rings of the TOM, it is therefore very 

unlike ly that natural molecules contain two identical MAs. Therefore it is important to 

prepare compounds of containing two different MA in order to investigate the ir 

biological activity and compare them to the TDMs that contain the same MA at both 

positions. In order to synthesise the cord factors, the first stage was to protect the 

secondary hydroxyl groups in one MA as in previous examples. An esterification 

reaction between the TMM and the protected mycolic acid followed. The result was a 

protected cord factor as a mixed TOM. The protecting groups were cleaved in two 

stages as before, first us ing TBAF, then us ing HF.pyridine complex. This gave the free 

mixed cord factors (326, 339, 352 and 356) containing different combinations of 

mycolic acid c lasses. 
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The final part of this research examined the possible application of the synthetic sugar 

esters as antigens in detecting TB. ELISA assays were carried out to look for 

antibodies responding to these compounds in both bovine and human serum samples. 

The bovine serum samples consisted of 20 naturally infected and 16 non-vaccinated 

(assumed to be negative) samples from the Veterinary Laboratories Agency (VLA) 

and the assay for these was run using the methoxy TDM (319) and TMM (321). 

Neither antigen showed a good distinction between the two sets, however the TMM 

had a sensitivity similer to that observed for natural bovine TOM (63%). The 

specificity was however lower at only 38% (compared to 56% for the natural mixture). 

The results for the methoxy antigens were also interesting as the absorbance values 

observed for the TDM (319) with the majority of the serum samples were very low< 

0.30, and also in the TDM/TMM pairs, i.e. a- an keto-, the TDM performs as well as 

or better than the TMM. 

Human serum samples were a lso tested using the methoxy TDM (319) and TMM 

(321) and also the mixed cord factor (339) as antigens. A sub-set of samples from the 

WHO, which consisted of 64 samples from Gambia, were used and all 3 antigens 

showed a relative ly good distinction between the TB+ and Tff samples. A sensitivity of 

78% was obtained with all 3 antigens; this was s lightly lower than was observed with 

the best synthetic antigen (366), which gave a sensitivity of 89% under the same 

cond it ions. The specificities for the antigens varied and were 75%, 65% and 33% for 

(319), (339) and (321) respectively. The value of 75% for (319) was comparable to 

that observed for the best synthetic antigen (366), i.e. 78%. Although the mixed cord 

factor 339 (which contained the same MeO-mycolic acid as the TMM (321) and TOM 

(319) at one position and the same keto-MA as the best synthetic antigen (366) at the 

other position) performed better than the TMM (321), it did not perform as well as the 

TOMs (319) and (366). These initial results suggest that the assay is not improved by 

having TDMs with different MAs at the two positions. A larger sam ple set will 

however need to be tested with this type of antigen and also a wider range of antigens 

of this type need to be tested in order to determine whether they can lead to an 

improvement in the assay. 
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4. Experimental Section 

Starting materials and reagents used were purchased from Alfa Aesar, Aldrich 

chemicals Co and Avocado Chemical Co. Solvent. The solvents which had to be dry, 

e.g., ether and tetrahydrofuran were dried over sodium wire in the Chemistry 

laboratory, wh ile dichloromethane and diisopropylamine were dried over calcium 

hydride. Organic solutions were dried over anhydrous magnesium sulfate. Silica gel 

(Merck 7736) and silica gel plates (Merck 7736) used for column chromatography and 

thin layer chromatography were obtained from Aldrich. Separated components were 

detected using variously UV light, h and phosphomolybdic acid solution in IMS 

fo llowed by charring. Triethylamine (0.1 mL) was added to si lica gel (] 00 gm) in 

column chromatography to make the products stable. Solvents were removed via 

vacuum evaporation at 14 mm Hg. Petrol was of boiling point 40-60 °C. Inert reaction 

conditions were carried out under a balloon of nitrogen gas. All glassware used for an 

an hydrous reaction was dried at 250 °C. Reactions carried out at low temperatures 

were cooled using a bath of IMS and liquid nitrogen. NMR spectra were recorded on a 

Bruker Avance 500 MHZ spectrometer or on a Bruker Advance 400 MHz 

spectrometer in CDCl3, if not indicated differently. All chemical sh ifts are quoted in 8 

re lat ive to the t race resonance of CDC13 (8 7.27 ppm) for proton NMR, and (8 77.00 

ppm) for carbon NMR. Infra- red spectra were carried out on a Perkin- Elemer I 600 

series FTIR spectrometer as liquid fi lms. Data were reported as fo llows: chemical 

shift, integration, multiplicity (br, broad; s, s inglet; d, doublet; t, triplet; q, quartet; 

pent, pentet; sext, sextet; hept, heptet, m, multiple), coupling constant. Optical 

rotations were recorded in CHC13 on a POLAAR 200 I Optical Activity polarimeter. 

Matrix Assisted Laser Desorption Ionisation (MALDI) mass spectra were obtained 

using a Bruker Daltonics Reflex instrument. 
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Experiment 1: Methyl (R)-2-((R)-1-((tert-butyldimethylsilyl)oxy)-3-hydroxy

propyl)hexadecanoate (187) 

L ithium bis(trimethylsilyl)amide (15. 1 mL, 15.9 mm ol, 1.06 M) was added to a stirred 

solution of (177) (3.0 g, 7.6 mmol) and (178) (4.00 g, 10.6 mmol) in dry THF (50 

mL) at - IO °C. The reaction turned bright yellow and was left to reach r.t. and stirred 

for l h under nitrogen atmosphere, then quenched by addition of sat. aq. NH4Cl. The 

product was extracted with petrol/ethyl acetate (2: I, 3 x 50 mL), dried over MgSO4, 

filtered and evaporated. The product was purified by column chromatography over 

s ilica gel. eluting with petrol/ethyl acetate (10: 1) gave a colourless oil of (E/Z) as a 

mixture in ratio 2: l of compound (179) (3.4 g, 85%). Palladium I 0% on carbon (1.0 g) 

was added to a stirred solution of the alkene mixture (179) (3 .4 g, 6.2 mmol) in lMS 

(20 mL) and THF (20 mL) under hydrogen atmosphere. Hydrogenation was carried 

out for one day. The mixture was filtered over a bed of celite and the solvent was 

evaporated. The crude product was purified by column chromatography eluting with 

petro l/ethyl acetate (20: 1) to g ive a colourless oil, the title compound (187) (2.0 g, 

83%), [a]1° = -2. 1 (c 0.5, CHCb) {MALDI Found [M+Nat: 481.4; C26Hs4NaO4Si 

requires: 481.3}, which showed 81-1 (400 MHz, CDCb): 4 .24 (11-1, dt, J 4. 1, 6.6 Hz), 

3.85-3.75 (2H, m), 3.67 (3H, s), 2.64 (1 H, ddd, J 3.7, 6.8, 10.7 Hz), 1.86-1.71 (2H, 

m), 1.65-1.50 (2H, m), 1.27 (25H, br.s), 0.97 (9H, s), 0.91 (3H, t, J 6.9 Hz), 0.11 (3 H, 

s), 0.07 (3H, s); 8c (l01 MHz, CDCb): 174.7, 72.1, 60.4, 59.5, 51.5, 5 1.4, 35. l , 3 1.9, 

29.7, 29.65, 29.6, 29.4, 29.3, 28.9, 27.8, 27.2, 25.8, 22.7, 22.3, 2 1.0, 17.8, 14.2, 14.1 , 

14.0, -4.5, -5 .0; Ymax: 3437, 2927, 2859, 1739, 1480, 1258, 1174, 1093, 838 cm-
1
• 

Experimental 2: Methyl (R)-2-((R)-1-((tert-butyldimethylsilyl)oxy)-3-hydroxy

propyl)tetradecanoate (205) 

Lithium bis(trimethylsilyl)amide ( 15.1 mL, 15.9 mmol, 1.06 M) was added to a stirred 

solution of (177) (3.0 g, 7.6 mmol) and (203) (4.10 g, 11 .3 mmol) in dry THF (50 mL) 

at -10 °C under nitrogen atmosphere. The reaction turned bright yellow, was left to 
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reach r.t. , stirred for 1 h, then worked up and purified as above to g ive a colourless oil 

as an E/Z-mixture in ratio 2:1 of (204) (3.3 g, 90%). Palladium 10% on carbon (l.0 g) 

was added to a stirred solution of the alkene (3.3 g, 6.2 mmol) in IMS (20 mL) and 

THF (20 mL) under hydrogen atmosphere. Hydrogenation was carried out for one day. 

The reaction mixture was worked up and purified as before to g ive a colourless oi l of 

the t itle compound (205) (2.3 g, 85%), [a]1° = -1 .7 (c 0.5, CHCb) {MALDI Found 

[M+Nat: 453.4 C24HsoNaO4Si requ ires: 453.3}, which showed ◊H (400 MHz, CDCl3): 

4.22 ( I H, dt, J 4.1 , 6 .6 Hz), 3.79-3.72 (2H, m), 3 .67 (3H, s), 2.64 (1 H, ddd, J 3.7, 6.8, 

10.7 Hz), 1.80-1.74 (2H, m), 1.67-1.44 (2H, m), 1.29 (21H, br.s), 0.98 (9H, s), 0.92 

(3H, t, J6.9 Hz), 0 .11 (3H, s), 0.06 (3H, s); 8c (101 MHz, CDCb): 174.7, 72.l , 60.4, 

59.5, 5 1.6, 5 1.4, 35 .1 , 3 1.9, 29.64, 29.6, 29.55, 29.5, 29.4, 29.3, 27.8, 27.1, 25.7, 22.7, 

2 1.0, 17.8, 14.17, 14.1 , -4.5, -5.0; Vmax: 3438, 2930, 2860, 1739, 1470, 1258, 1174, 

1098, 839 cm·1
• 

Experiment 3: Methyl (R)-2-((R)-1-((tert-butyldimethylsilyl)oxy)-3-oxopropyl)

tetradecanoate (206) 

(205) (2.2 1 g, 5.54 mmol) in dichloromethane (JO mL) was added to a stirred 

suspension of PCC (2.98 g, 13 .8 mmo l) in dichloromethane (70 mL). During the 

add it ion a black colour appeared and the reaction mixture was stirred for 2.5 h at r.t. , 

t hen petrol/ethyl acetate (10: I , 100 mL) was added. The mixture was filtered through a 

bed of silica gel and washed with petrol/ethyl acetate (3 x 30 mL). The combined 

filtrates were evaporated and the product was purified by column chromatography 

e luting with petrol/ethyl acetate ( I 0: I) to give a colourless o il (206) ( 1.8 g, 85%), 

[a]io = -6.1 (c 0.5, CHCl3) {MALDI Found [M+Nat: 451.2, C24H4sNaO4Si requires: 

451.3}, which showed ◊H (400 MHz, CDCb): 9.80 (lH, dd, J 1.8, 2.4 Hz), 4.43 ( IH, 

dt, J 6.0, 10.8 Hz), 3 .68 (3H, s), 2.67 (2H, dd, J 1.64, 4.7 Hz), 2.62-2.59 (2H, m), 1.68-

1.38 ( lH, m), 1.29 (20H, br.s), 0.9 (3H, t, J 6.6 Hz), 0.86 (9H, s), 0.07 (3H, s), 0.06 

(3H, s); 8c( l01 MHz, CDCb): 201.2, 174.0, 68.8, 52.2, 51.5, 48.0, 3 1.9, 29.63, 29.6 1, 

29.6, 29.5 , 29.4, 29.37, 29.3, 27.7, 27.0, 25.6, 22.6, 2 1.0, 17.8, 14.1 , 14.0, -4.6, -4.9; 

Vmax: 2928, 2859, 1740, 1461 , 1366, 1259, 11 99, 1005, 837, 777cm·
1
• 
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Experiment 4: Methyl (2R,3R)-3-((tert-butyldimethylsilyl)oxy)-2-dodecyl-14-

hydroxytetradecanoate (210) 

Lithium bis(trimethylsilyl)amide (8.4 mL, 8.8 mmol, 1.06 M) was added to a stirred 

solution of aldehyde (206) (1.80 g, 4.55 mmol) and (207) (2.58 g, 5.91 mmol) in dry 

THF (55 mL) at -10 °C under nitrogen atmosphere. The reaction turned bright yellow, 

was left to reach r.t. , stirred for 1 h, then the reaction was quenched with sat. aq. 

NH4CI (50 mL). The product was extracted with petrol/ethyl acetate (5:1, 2 x 50 mL), 

dried over MgSO4, filtered and evaporated. The crude product was purified by column 

chromatography, eluting with petrol/ethyl acetate (20:1) to give as a colourless oil as 

an (E/Z)-mixture in ratio 2 : 1 of (208) (2.6 g, 89%). Palladium 10% on carbon (0.5 g) 

was added to a stirred solution of the alkenes (2.6 g, 4.1 mmol) in IMS (30 mL) and 

THF (30 mL) under hydrogen atmosphere. Hydrogenation was carried out for 1 h. The 

reaction mixture was filtered over a bed of celite and the solvent was evaporated. The 

crude product was purified by column chromatography eluting with petrol/ethyl 

acetate (20: 1) to give a colourless oil (209) (2.3 g, 88%). This (2.3, 3.6 mmol) was 

added to a stirred solution of potassium hydroxide (3.23 g, 57.6 mmol) dissolved in a 

mixture of THF:MeOH:H2O (50:50:5, 105 mL). The mixture was refluxed at 70 °C 

and monitored by TLC. After 3 h, the mixture was quenched with water and extracted 

with ethyl acetate (3 x 100 mL). The combined organic layers were dried and the 

solvent was evaporated. The crude product was purified by column chromatography 

e luting with petrol/ethyl acetate ( I 0: 1) to give a semi-solid, the title compound (210) 

(1.4 g, 70%), [a]1° = -3.0 (c 0.5 , CHCl3) {MALDI Found [M+Nat: 579.6, 

C33H68NaO4Si requires: 579.4}, which showed 01-1 (400 MHz, CDCl3): 3.91-3.88 (lH, 

m), 3.75 (2H, t, J 6.6 Hz), 3.66 (3H, s), 2.53 (IH, ddd, J3.8, 7.1, 10.9 Hz), 1.56 (2H, 

q, J6.6 Hz), 1.25 (41H, s), 0.96 (9H, s), 0.91 (3H, t, J6.9 Hz), 0.04 (3H, s), 0.02 (3H, 

s); oc (400 MHz, CDCl3): 175.1 , 73.2, 67.9, 63.0, 51.5, 51.2, 33.6, 32.7, 31.9, 29.8, 

29.64, 29.6, 29.59, 29.5, 29.4, 29.3, 27.8, 27.5, 27.0, 25.8, 25 .74, 25.7, 25.6, 23.6, 

22.6, 17.9, 14.J , -4.3, -4.9; Vmax: 3400, 2930, 2859, 1742, 1644, 1466, 1254, 1180, 

1074, 839 c111· 1
• 
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Experiment 5: Methyl (R)-2-((R)-1-((tert-butyldimethylsilyl)oxy)-3-oxopropyl)

hexadecanoate (188) 

0S!Me2
1Bu 0 

o~o/ 
188 § 

(CH2)13CH3 

(187) (2.4 g, 5.9 mmol) in dichloromethane (10 mL) was added to a stirred suspension 

of PCC (3.17 g, 14.7 mmol) in d ichloromethane (70 mL). During the addition a black 

colour appeared; the mixture was stirred for 2.5 h at r.t. , then worked up and purified 

as before to give the title compound (188) as a colourless oi l (2.0 g, 86%), [ag0 = -6.3 

(c 0.5, C HC l3) {MALDI Found [M+Nat: 456.4, C26Hs2NaO4S i requires: 456.3} , 

w hich showed ◊H ( 400 MHz, CDC'3): 9 .80 ( I H, dd, J 2.4, 4 .1 Hz), 4.43 ( I H, dt, J 6.0, 

10.8 Hz), 3.68 (3H, s), 2.66 ( IH, ddd, J 1.5, 4.6, 6.3 Hz), 2.61 (lH, ddd, J2.8, 6.3, 8.9 

Hz), 2.62-2.59 (IH, m), 1.64- 1.48 (2H, m), 1.25 (24H, br.s), 0.9 (3H, t, J 6.6 Hz), 0.86 

(9H, s), 0.07 (3H, s), 0.06 (3H, s); <>c (101 MHz, CDC'3): 201.2, 174.0, 68.8, 52.2, 

5 l.5, 48.0, 31.9, 29.67, 29.64, 29.6, 29.5, 29.4, 29.38, 29.3, 27.7, 27.0, 25.6, 22.6, 

17.8, 14.1 , -4.6, -4 .9; Vmax: 2927, 2859, 1735, 1464, 1255, 11 96, I 097, IO I 5, 837 cm·'. 

Experiment 6: Methyl (R)-2-((R)-1-((tert-butyldimethylsilyl)oxy)-12-hydroxy

dodecyl)hexadecanoate (192) 

Lithium bis(trimethyl s ilyl)amide ( I 0.1 mL, I 0.7 mmo l, 1.06 M) was added to a 

stirred solution of a ldehyde (188) (2.1 2 g, 5. 18 mmol) and (189) (2.58 g, 5.9 l mmol) 

in dry THF (55 mL) at - I O °C under nitrogen atmosphere. The reaction turned bright 

yellow and allowed to reach r.t. , after stirring for I h, the reaction mixture was worked 

up as before to g ive as a colourless oi l of (EIZ) as a mixture in ratio 2: 1 (190) (2.9 g, 

85%). Pal ladium ( I 0% on carbon, 0.5 g) was added to a stirred solution of the alkene 

(190) (2.9 g, 4.4 mmol) in IMS (30 mL) and THF (30 mL) under hydrogen 

atmosphere. Hydrogenat ion was carried out for I h, then worked up and purified as 

before to g ive a colourless o il (191) (2.51 g, 88%). (191) (2.3, 3.6 mmol) was added to 

a stirred solution of potassium hydroxide (3.23 g, 57.5 mmol) in a mixture of 

THF:MeOH:H2O (50:50:5, 105 mL). The mixture was refluxed at 70 °C. After 3 h, the 

reaction mixture was worked up and purified as before to give a semi-solid of the t itle 

141 



compound (192) (1.2 g, 60%), [a]t0 = -3.1 (c 0.5, CHCb) {MALDI Found [M+Nat: 

607.6, C3sH12NaO4Si requires: 607.5}, which showed 8H (400 MHz, CDCb): 3.91(1 H, 

dd, J 4.8, 11.5 Hz), 3.71-3.6 (2H, m), 3.5 (3H, s), 2.53 ( IH, ddd, J3.8, 7.1 , 10.9 Hz), 

1.53-1.25 (47H, v.br.m), 0.93 (9H, s), 0.87 (3H, t, J7 .0 Hz), 0.04 (3H, s), 0.02 (3H, s); 

8c (l 0 I MHz, CDCl3): 175.1, 73.2, 63.0, 51.5, 51.2, 33.6, 32.8, 31.9, 29.8, 29.7, 29.66, 

29.65, 29.63, 29.6, 29.5 , 29.43, 29.4, 29.3, 27.8, 27.4, 27.0, 25.8, 25.75, 25.7, 23 .7, 

22.6, 17.9, 14.1 , -4.3, -4.9; Vmax: 3445, 2926, 2857, 1740, 1644, 1466, 1435, 1254, 

I 084, 837 cm-1
• 

Experiment 7: Methyl (R)-2-((R)-1-((tert-butyldimethylsilyl)oxy)-12-oxo-dodecyl

)hexadecanoate (193) 

OSiMe2
1Bu 0 

OCH(CH2) ,o~OMe 

193 (CH2)13CH3 

(192) (1.6 g, 2.8 mmol) in dichloromethane (10 mL) was added at r.t. to a stirred 

suspension solution of PCC ( 1.5 g, 6.9 mmol) in dichloromethane (50 mL). During the 

addition a black colour appeared. The reaction was stirred at r.t. for 2 h. The reaction 

mixture was worked up and purified as before to give a colourless oil of the title 

compound (193) (1.3 g, 86%), [ag 0 = -8 .1 (c 0.5, CHCl3) {MALDI Found [M+Nat: 

605.5, C3sH10NaO4Si requires: 605.4} , which showed 8H (400 MHz, CDCl3): 9.77 

( I H, t, J 1.8 Hz), 3.98-3.85 ( I H, m), 3.66 (3H, s), 2.53 ( IH, ddd, J 3.7, 7.3, I 0.8 Hz), 

2.45 (I H, dt, J 4.7, 8.3 Hz), 2.43 ( I H, td, J 1.8, 7.4 Hz), 1.63- 1.1 7 (44H, m), 0.99 (3H, 

t, J 7. 1 Hz), 0.84 (9H, s), 0.054 (3H, s), 0.03 (3H, s); 8c (101 MHz, CDCl3): 202.9, 

174.6, 73.2, 51.5, 51.2, 43.9, 33.6, 31.9, 29.8, 29.6, 29.57, 29.54, 29.5, 29.44, 29.4, 

29.3, 29. l , 27.8, 27.4, 25.76, 23.7, 22.6, 22.0, 14. 1, -4.3, -4.9; Vmax: 2925, 2854, 1745, 

1465, 1372, 1249, 1048, 836,785 cm-1
• 

Experiment 8: Methyl (2R,3R,z)-3-((tert-butyldimethylsilyl)oxy)-2-tetra

decyloctacos-14-enoate (195) 

OSiMe2
1Bu 0 

~ ~ ~ (CH2)12 (CH2l,o , OMe 

195 i 
(CH2)13CH3 

Sodium bis(trimethylsilyl)amide (3.6 mL, 3.8 mmol, 1.06 M in THF) was added to a 

stirred so lution of (194) ( 1.0 g, 1.8 mmol) in dry THF (50 mL) at -78 °C under 
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nitrogen atmosphere. The mixture was allowed to reach r.t., stirred for 30 min., cooled 

again to -78 °C and (193) (0.5 g, 0.8 mmol) in dry THF (6 mL) was added. The 

mixture was allowed to reach r.t. and stirred for IO h. The reaction was quenched with 

sat. aq. NfLiCI (10 mL) and the product was extracted with petrol/ethyl acetate (20: I , 4 

x 20 mL). The combined organic layers were dried over MgSO4, filtered and 

evaporated. Then residue was treated with petrol/ether (1: 1, l 00 mL) and refluxed for 

30 min. The precipitate was filtrate on celite and the fi ltrate was evaporated. The crude 

product was purified by column chromatography, eluting with petrol/ethyl acetate 

(40: l) then (20: I) to give the title compound (195) (0.4 g, 66%), [aJi0 = -6.2 (c 0.5, 

CHCb) {MALDI Found [M+Nat: 785.4, C49H9sNaO3Si requires: 785.7} , which 

showed OH (400 MHz, CDCl3: 5.38 (2H, t, JI0.8 Hz), 3.99-3.84 (1H, m), 3.66 (3H, s), 

2.53 (1 H , ddd, J 3.8, 7.1, 10.9 Hz) , 2. 13-1.94 (2H, m), 1.27 (68H, br.s), 0.88 (6H, t, J 

6.9 Hz), 0.84 (9H, s), 0.05 (31-I, s), 0.03 (3H, s); oc (400 MHz, CDCb): 175.1 , 129.9, 

129.8, 73.2, 59.9, 51.5, 51.2, 33.6, 31.9, 29.8, 29.79, 29.77, 29.7, 29.65, 29.6, 29.5 , 

29.4, 29.36, 29.33, 29.32, 27.8, 27.4, 27.2, 25.7, 23.6, 22.6, 17.9, 14.1 , -4.3, -4.9; Vmax: 

2923, 2852, 1745, 1470, 1439, 1361 , 1179, 836, 775, 730 cm-1. 

Experiment 9: Methyl (2R,3R)-3-((tert-butyldimethylsilyl)oxy)-2-tetradecyl

octacosanoate (196) 

OSiMe2
18u 0 

"' AA (CH,>,, ~ OMe 

196 (CH, ),,CH, 

Palladium ( I 0% on carbon, 0.2 g) was added to a stirred solution of the alkene (195) 

(0.4 g, 0.5 mmol) in IMS (10 mL) and THF (10 mL) under hydrogen atmosphere. 

Hydrogenation was carried out for I h. The reaction mixture was filtered over a bed of 

celite and the solvent was evaporated. The crude product was purified by column 

chromatography eluting with petrol/ethyl acetate (20: I) to give the title compound 

(196) (0.4 g, 88%), [ag0 = - 10 (c 0.50, CHCl3) {MALDI Found [M+Nat: 787.4, 

C49H100NaO3Si requires: 787.7} , which showed OH (400 MHz, CDCb: 3.91 (lH, dd, J 

4.7, 11.6 Hz), 3.66 (3H, s), 2.53 ( IH, ddd, J3.8, 7.1, 10.9 Hz), 1.62-1.13 (74H, m), 

0.94 (6H, t, J 6.8 H z), 0.90 (9H, s), 0.05 (3H, s), 0.03 (3H, s); oc (10 I MHz, CDCb): 

175.1 , 73.2, 51.5, 51.2, 33.6, 31.9, 29.8, 29.7, 29.6, 29.5, 29.4, 29.3, 27.8, 27.5, 25.7, 

23.6, 22.6, 17.9, 14.1 , -4.3, -4.9; Vmax: 2929, 2842, 1741 , 1468, 1180, 11 20, 846, 775 

cm-1• 
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Experiment 10: Methyl (2R,3R)-3-hydroxy-2-tetradecyloctacosanoate (197) 
OH 0 

"AA (CH2):;, i OMe 

197 (CH,)13CH3 

(196) (0.41 g, 0.43 mmol) was stirred in dry THF (12 mL) in a dry polyethylene vial 

under a nitrogen atmosphere at r.t. then pyridine (0.1 mL), followed by HF-pyridine 

(1.0 mL) were added and the mixture was stirred for 18 h at 45 °C. The reaction was 

poured slowly to a sat aq. of NaHCO3 and extracted with petrol/ethyl acetate (1: 1, 10 

mL). The mixture was separated and the aqueous layer was re-extracted with 

petrol/ethyl acetate (l: l , 4 x 20 mL). The combined organic layers were washed with 

brine, dried and evaporated. The crude product was purified by column 

chromatography eluting with petrol/ethyl acetate (10:1) to give the title compound 

(197) (0.3 g, 76%), [a)1° = + 10 (c 0.50, CHCb) {MALDI Found [M+Nat: 673.4, 

C43Hs6NaO3 requires: 673.6}, which showed 01-1 (400 MHz, CDCb): 3.76 (1 H, t, J 6.6 

Hz), 3.72 (3H, s), 2.51-2.36 (lH, m), 1.79-1.39 (2H, m), 1.26 (73H, br.s), 0.89 (6H, t, 

J 6.8 Hz); oc (101 MHz, CDCl3): 176.4, 77.3 , 51.5, 50.9, 35.7, 31.9, 29.7, 29.65, 

29.5, 29.49, 29.4, 29.3 , 27.4, 25.7, 22.6, 14.1; Vmax: 3454, 2929, 2851 , 1720, 1645, 

1464, 1177, 1052, 721 cm-1
• 

Experiment 11: (2R,3R)-3-Hydroxy-2-tetradecyloctacosanoic acid (167) 
OH 0 

"'~ (CH2h, b OH 

167 = 
(CH2)13CH, 

Lithium hydrogen monohydrate (0.3 g, 6.7 mmol) was added at r.t. to a stirred solution 

of methyl (197) (0.31 g, 0.43 mmol) in THF ( 12 mL), water (2 mL), MeOH (1 mL). 

The mixture was stirred for 18 hat 45 °C then dissolved in warmed petrol/ethyl acetate 

5:1 (50 mL) and acidified with 5% HCI until pH 1-2. The organic layers were 

separated and the aq. layer then re-extracted with (3 x 50 mL). The combined organic 

layers were dried, evaporated. The crude product was purified by column 

chromatography eluting with petrol/ethyl acetate (7:2) to give the title compound 

(167) (0.27 g, 93%), [ag0 = + 12 (c 0.50, CHCb) {MALDI Found [M+Nat: 659.4, 

C42Hs4NaO3 requires: 659.6}, which showed 01-1 (400 MHz, CDCb): 3.84-3.66 (1 H, 

m), 3.62-3 .60 (1 H, m), 2.53-2.43 (lH, m), 1.57-1.45 (2H, m), 1.42-1.38 (2H, m), 1.45-

1.14 (71H, m), 0.89 (6H, t, J6.8 Hz); oc( I0l MHz, CDCl3): 177.9, 72.1 , 60.4, 50.6, 
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35.5, 31.9, 29.7, 29.6, 29.5, 29.49, 29.4, 29.3, 27.3, 25.7, 22.6, 2l.0, 14.l; Vmax: 3530, 

2928, 2882, 1687, 1472, 1385, 1206, 965, 720cm- 1
• 

Experiment 12: (2R,3R)-3-((tert-Butyldimethylsilyl)oxy)-2-tetradecylocta

cosanic acid (233) 

0SiMe2
18 u 0 

'--...,_(CH2)~ 0 H 

233 (~H2)13CH3 

Imidazole (0.26 g, 3.82 mmol) was added to a stirred solution of (167) (0.27 g, 0.38 

mmol) in dry DMF (2 mL) and dry toluene (3 mL) at r.t. fo llowed by the add ition of 

tert-butyldimethylsi lylchloride (0.6 g, 3.9 mmol) and 4-DMAP (0.05 g, 0.41 mmol). 

The reaction mixture was stirred at 70 °C for 18 h. The solvent was removed under 

high vacuum and the residue was diluted with petrol/ethyl acetate 5: I (100 mL) and 

water ( 10 mL). The organ ic layer was separated and the aqueous layer was re

extracted with petrol/ethyl acetate (3 x 20 mL). The combined organ ic layers were 

washed with water, dried and evaporated to give a colourless oi l residue (232). The 

residue (232) was dissolved in THF (6 mL), water (2 mL), and methanol (1 mL), and 

to this was added potassium carbonate (0.2 g, 1.4 mmol). The reaction mixture was 

stirred at 45 °C for 3 h. The mixture was diluted with petrol/ethyl acetate I 0: 1, ( 40 mL) 

and water (3 mL) then acidified with potassium hydrogen sulphate to pH 2. The 

organic layer was separated and the aqueous layer was re-extracted with petrol/ethyl 

acetate (10: 1, 4 x 20 mL). The combined organic layers were washed with water, dried 

and evaporated to give a residue, which was purified by column chromatography 

e luting with petrol/ethyl acetate I 0: 1 to give the title compound (233) (0.2 g, 86%), 

[ag0 = +8.2 (c 0.5, CHCb) {MALDI Found [M+Nat: 773.4, C4gH9gNaO3Si requires: 

773.7}, which showed OH (400 MHz, CDC13): 3.90-3.80 (1 H, m), 2.53 ( 1 H, ddd, J 3.3, 

5.7, 9.2 Hz), 1.70 (2H, dt, J7.l , 10.4 Hz), 1.53-1.49 (2H, m), 1.26 (71H, br.s), 0.92 

(9H, s), 0.90-0.79 (6H, t, J7.J Hz), 0.14 (3H, s), 0.13 (3H, s); oc(l0l MHz, CDCb): 

175.5, 73.6, 50. 1, 35.6, 3 1.9, 29.8, 29.7, 29.65, 29.6, 29.5, 29.46, 29.4, 29.39, 29.3, 

27.4, 25.7,25.0, 22.6, 17.9, 14.1 ,-4.2, -4.8; Vmax:3435, 2927, 2858, 1700, 1638, 1463, 

1070, 886, 775 cm-1
• 
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Experiment 13: ( (2R,2 'R ,4S,4 'S,SR,5' R,6R,6' R)-Oxybis(3,4,Stris( ( trimethylsilyl)

oxy)tetrahyd ro-2H-pyran-6,2-diyl) )bis( methylene )(2R,2 'R,3R,3 'R)-bis(3-( (tert

butyldimethylsilyl)oxy)-2-tetradecyloctacosanoate (236) and ((2R,4S,SR,6R)-6-

( ( (2R,3R,4S ,6R)-6-(hyd roxymethyl)-3,4,Stris( ( trimethylsily l)oxy )tetrahyd ro-2H

pyran-2-yl)oxy )-3 ,4,5-tris( ( trimethylsilyl)oxy )tetrahyd ro-2H-pyran-2~ 

y I) methyl(2R ,3R)-3-( (tert-bu tyldimethylsilyl)oxy )-2-tetrad ecy locosan oa te (23 7) 

"-.. 'BuMD 
(CH2),. 

1 
0 

(CH2)13CH3 
Me3SiO 

Mo3SiO _ _,...._ 

"-..

1BuMD 
(CH, >,, i o 

(CH2)13CH3 

236 

"-.. 'BuMD 
(CH,):,

4 
, 0~ 

0 (~H2)13CH3 0 
Me3S10 

Me, S,O 

Me3S10 

O Me3SiO~ 

Me3Si0~

7

cf 

HO 

1-(3-DimethylamiDopropyl)-3-ethylcarbodiimide hydrochloride (EDCI) (0.3 g, 1.4 

11111101) and 4-DMAP (0.1 g, 1.2 mmol) were added to a stirred solut ion of (233) (0.22 

g, 0.29 mmol) and (160) (0.1 4, 0.18 mmol) and powdered 4 A molecular s ieves in dry 

dichloromethane (4 mL) at r.t. under a nitrogen atmosphere. The mixture was st irred 

for 6 days at r.t., then diluted with dichloromethane (5 mL) and silica gel (1 g) was 

added. The mix ture was evaporated under reduced pressure to give a residue, which 

was purified by co lumn chromatography eluting with petrol/ethyl acetate (20: 1) to 

give the first fraction (236) as a colourless thick o il (0. 1 g, 28%), [a]t/ = +80 (c 0.50, 

CHCb) {MALDI Found [M+Nat: 2263.7, C 126H262NaO 15Sis requires: 2262.7}, which 

showed ◊1➔ (400 MHz, CDCl3): 4.85 (2H, d, J3 .0 Hz), 4 .67 ( 1H, br.dd, J2.4, l 1.0 Hz), 

4.53-4.40 (]H, m), 4 .08-3.95 (4H, m), 3.88-3.84 (4H, m), 3.56-3.48 (2H, m), 3.38 (2H, 

dt, J 3.0, 9.3 Hz), 2.57-2.53 (2H, m), 1.64-l.30 (6H, m), 1.26 (142H, br.s), 0.9 ( l 8H, 

s), 0.88-0.85 (12H, t, J 7.0 Hz), 0.16 (18H, s), 0. 14 ( l8H, s), 0. 13 ( 18H, s), 0.06 (3H, 

s), 0.05 (3H, s), 0.04 (3H, s), 0.03 (3H, s); &c (1 01 MHz, CDCb): 173.8, 94.8, 73.5, 

73.4, 72.8, 71.8, 70.7, 62.3, 5 1.8, 33.4, 3 1.9, 29.85, 29.8, 29.7, 29.68, 29.6, 29.5, 29.3, 

28. l , 26.2, 25.9, 25.8, 25 .1, 22.6, 18.0, 14. 1, 1.0, 0.98, 0.94, 0.1, -4.2, -4.4, -4.5, -4.6; 

Vrnax: 2926, 2857, 1750, 1607, 1493, 1413, 1251, 1076, 1080, 686 cm·' . 

The second fraction was the (237) as a colourless th ick oil (0.1 g, 37%), [a];/=+ 45 

(c 0.50, CHCb) {MALDI Found [M+Nat : 1530.4, C78H166NaO13Sh requires: 
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1530.1 }, which showed 811 (400 MHz, CDCl3): 4.92 (IH, d, J 3.1 Hz), 4.85 (lH, d, J 

3.1 Hz), 4.35 (lH, dd, J 2.1 , l 1.8 Hz), 4.08 (lH, dd, J 2.1 , 11.8 Hz), 4.02-3.81 (2H, 

m), 3.76-3.63 (4H, m), 3.56-3.46 (2H, m), 3.39-3.33 (2H, m), 2.56 (1 H, ddd, J 3.2, 

5.3, 9.2 Hz), 1.72 (]H, dd, J 5.5, 7.3 Hz), 1.68-1.54 (2H, m), 1.53-1.36 (4H, m), 1.26 

(69H, br.s), 0.91 (9H, s), 0.89-0.85 (6H, t, J7.3 Hz), 0.17 (18H, s), 0.16 (18H, s), 0.15 

(18H, s), 0.06 (3H, s), 0.05 (3H, s); 8c (101 MHz, CDCl3): l 74.0, 94.5, 94.3, 73 .4, 

73.3, 72.87, 72.8, 72.7, 71.9, 71.4, 70.7, 62.4, 61.6, 51.8, 33.4, 31.9, 29.8, 29.78, 29.7, 

29.6, 29.5, 29.3, 28. 1, 26.3, 25.8, 24.8, 22.6, 18.0, 14.1 , 1.05, 1.0, 0.9, 0.8, 0.1 , 0.04, -

4.4, -4.6; Ymax: 3610, 2935, 2855, 1745, 1493, 1607, 1493, 1076, 1050, 1016, 874,686 
- 1 cm. 

Experiment 14: ((2R,2'R,4S,4'S,5R,5'R,6R,6'R)-(Oxybis(3,4,5-trihydroxy 

tetra-hydro-2H-pyran-6,2-diyl))bis(methylene)(2R,2'R,3R,3'R)-bis(3-((tert

butyldimethylsilyl)oxy)-2-tetradecyloctacosanoate) (238) 

"--'BuMU 
(CH

2
)
24 

, 0~ 
(~H2)13CH3 0 

HO 

HO 

HO 

H 

HO 

HO O 

1BuM~ 
"-(CH,),. , 0 238 

(CH,),,CH, 

Tetrabutylammonium fluoride (0.2 mL, 0.2 mmol, 1.0 M) was added to a stirred 

solution of TDM (236) (0.16 g, 0.07 mmol) in dry THF (15 mL) at 5 °C under a 

nitrogen atmosphere. The mixture was allowed to reach r. t. and stirred for 1 h, then 

evaporated to give a residue, which was purified by column chromatography eluting 

with CHCl3/MeOH (10: I) to give the title compound (238) as a colourless thick oi l 

(0. l g, 83%), [ag 2 = +45 (c 0.50, CHCb) {MALDI Found [M+Nat: 1831 .3, 

C1osH214NaO15Si2 requires: 1830.5}, which showed 81-1 (400 MJ-lz, C DC13 + few drops 

of CD3OD): 5.06 (2H, d, J 3.6 Hz), 4.67-4.60 (2H, br.dd, J2.2, 11.8 Hz), 4.33 (2H, dd, 

J2.3 , 12.2 Hz), 4.21 (2H, dd, J 2.5, 11.9 Hz), 3.94-3.85 (4H, m), 3.76 (2H, m), 3.46 

(2H, dt, J 2.6, 9.7 Hz), 2.56-2.49 (2H, m), 1.91 - 1.77 (2H, m), 1.53-1.4 1 (4H, m), 1.21 

(148H, v.br.s), 0.90 (12H, t, J 6.9 Hz), 0.87 (18H, s), 0.01 (6H, s), -0.01 (6H, s); 8c 

(10 1 MHz, CDCb + few drops of CD3OD): 175.2, 93.4, 73 .2, 73.0, 71.6, 70.2, 69.9, 
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62.8, 51.5, 33.5, 31.8, 29.7, 29.64, 29.6, 29.5, 29.2, 27.7, 26.9, 25.7, 25.6, 24.l, 22.5, 

17.8, 13.9, -4.5, -4.9; Vmax: 3378, 2927, 2850, 1745, 1467, 1076, 846 cm-1. 

Experiment 15: ((2R,2'R,4S,4'S,5R,5'R,6R,6'R)-Oxybis(3,4,5-trihydroxy 

tetrahydro-2H-pyran-6,2-diyl))bis(methylene)(2R,2'R,3R,3'R)-bis(3-hydroxy-2-

tetradecyloctacosanoate) (240) 
HO 0 

"---ccH,~ 0 

(~H2)13CH3~ 
HO 

HO 

HO 

H 

HO 

"'~ (CH2)24 ~ 0 

(CH2)13CH3 

0 0 

A dry polyethylene vial equipped with an acid proof rubber septum was charged with 

(238) (0.09 g, 0.05 mmol) and pyridine (O. l mL) in dry THF (IO mL) and stirred at r.t. 

under nitrogen. HF-pyridine (0.8 mL) was added at 5 °C. The mixture was stirred at 43 

°C for 17 h, then neutralised by slowly pouring the mixture into sat. aq. sodium 

hydrogen carbonate (10 mL) until no more carbon dioxide was liberated. The product 

was extract with CHCb (3 x 25 mL), dried and evaporated to give a white solid. This 

was purified by column chromatography eluting with CHCl3/MeOH (l 0: l) to give the 

title compound (240) (0.04 g, 51%), [a]E/ = +32 (c 0.50, CHCl3) {MALDl Found 

[M+Nat: 1602.9, C96H1s6O1sNa requires: 1602.3}; which showed ◊H (400 MHz, 

CDCl3 + few drops of CD3OO): 4.98 (2H, d, J 3 .4 Hz), 4.67 (2H, br.d, J I 0.6 Hz), 

4.22 (2H, t, J 8.8 Hz), 3.98-3.88 (2H, m), 3.76 (2H, t, J 9.3 Hz), 3.65-3.61 (2H, m), 

3 .45 (2H, dd, J 2.8, 9. 7 Hz), 3 .2 (2H, t, J 8. l Hz), 2.37 (2H, td, J 4.8, 9 .6 Hz), l.55-

1.45 (4H, m), 1.27 (152H, v.br.s), 0.84 (l 2H, t, J 6.9 Hz); 8c( I 01 MHz, CDCl3 + few 

drops of CD3OD): 175.4, 94.9, 72.5, 72.3, 71.2, 71 .1 , 69.8, 64.4, 52.1 , 34.6, 31.8, 29.6, 

29.59, 29.5, 29.4, 29.3, 29.2, 27.1 , 25.0, 22.5, 13.9; Vmax: 3382, 2920, 2850, 1726, 

1476, 1376, 1078cm-1. 

Experiment 16: ( (2R,4S ,SR,6R)-3,4,5-Trihyd roxy-6-( ( (2R,3R,4S,6R)-3,4,5-tri

hydroxy-6-hyd roxymethyl)tetrahyd ro-2H-pyran-2-yl)oxy )tetrahydro-2H-pyran-

2-yl)methy1(2R,3R)-3-((tert-butyldimethylsilyl)oxy)-2-tetradecyloctacosanoate 
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(239) 

"-~uMU 
(CH

2
),. , 0~ 

(~H2)13CH3 O 
HO 
HO 

HO 

239 

HO 
HO 

HO 

0 

Tetrabutylammonium fluoride (0.3 mL, 0.3 mmol, I .0 M) was added to a stirred 

solution of TMM (237) (0. 14 g, 0.09 mmol) in dry THF (15 mL) at 5 °C under a 

nitrogen atmosphere. The mixture was allowed to reach r.t. and stirred for 3 h, then 

evaporated to give a residue, which was purified by column chromatography eluting 

with CHCb/MeOH (5:1) to give the title compound (239) (0.08, 80%), [a]59 = +10 (c 

0.50, CHCl3) {Found [M+Nat: 1097.8229, C60Hll8NaO13Si required 1097.8239}, 

which showed ◊H (400 MHz, CDCl3 + few drops of CD3OD): 5.04 ( I H, d, J 3.3 Hz), 

4.46 ( I H, d, .J 1.2 Hz), 4.24 ( I H, dd, J 3 .5 , I 1.0 Hz), 4.11 ( I H, br.d, J 11.2 Hz), 3.95-

3 .73 (lH, m), 3.72-3.59 (2H, t, J 6.6 Hz), 3.47 (lH, d, J 9.8 Hz), 3.36-3.26 (JH, d, J 

9.0 Hz), 3.20 (6H, t, J 6.6 Hz), 2.54-2.45 (I H, m), 1.97 ( I H, d, J 6.0 Hz), 1.81 (6H, t, J 

4.7 Hz), 1.3 1-0.94 (74H, m), 0.87 (6H, t, J 5.7 Hz), 0.83 (9H, s), -0.01 (3H, s), -0.03 

(3H, s); 8c (101 MHz, CDCl3+ few drops ofCD3OD): 175.0, 93 .5, 93.4, 73.1 , 72.9, 

72.6, 72.1 , 71.5, 70.6, 70. l , 69.9, 62.6, 6 1.9, 51.6, 33.4, 31.7, 29.6, 29.57, 29.55, 29.5, 

29.2, 27.6, 26.8, 25.5, 24.1, 22.5, 17.8, 13.9, -4.6, -5.0; Vmax: 3388, 2926, 2844, 1751 , 

1468, l 085, 840 cm-1. 

Experiment 17: ((2R,4S,5R,6R)-3,4,5-Trihydroxy-6-(((2R,3R,4S,6R)-3,4,5-

trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)tetrahydro-2H

pyran-2-yl)methy1(2R,3R)-3-hydroxy-2-tetradecyloctacosanoate (241) 
HO 0 

"AA 
(CH

2
),

4 

, 0~ 

(~H2)13CH3 O 
HO 
HO 

HO 
241 

HO 
HO 

HO 

0 
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A dry polyethylene vial equipped with an acid proof rubber septum was charged with 

(239) (0.08 g, 0.07 mmol) and pyridine (0.1 mL) in dry THF (IO mL) and stirred at r.t. 

under nitrogen. HF-pyridine (0.8 mL) at 5 °C was added. The mixture was stirred at 43 

°C for 17 h, then neutralized by triethyl amine drop wise until pH 5. The product was 

evaporated to give a residue which was purified by chromatography eluting with 

CHCb/MeOH (10:1) to give the title compound (241) as a syrup (0.035 g, 50%), [a]i1 

= +3 1 (c 0.50, CHCl3) {MALDI Found [M+Nat: 983 .6, C54H104NaO13 requires: 

983.7}, which showed ◊H (400 MHz, CDCb + few drops of CD3OD): 5.11 ( I H, d, J 

2.5 Hz), 5.06 (1 H, d, J 2.5 Hz), 4.61 (I H, d, JI 0.8 Hz), 4.14 (1 H, br.t, J7.4 Hz), 4.07 

(1 H, br.t, J 6.7 Hz), 3.9 1 (4H, br.pent., J 9.1 Hz), 3.68-3.66 (2H, m), 3.59 (lH, dd, J 

2.1 , 9.6 Hz), 3.54 (lH, dd, J2.l, 9.5 Hz), 3.38-3.26 (2H, m), 2.40-2.37 (lH, m), 1.55 

( 1 H, d, J 8.2 Hz), 1.48-1.33 (2H, m), 1.24 (79H, br.s), 0.86 (6H, t, J 6.6 Hz); 8c (IO 1 

MHz, CDCb + few drops of CD3OD): 175.4, 94.2, 72.8, 72.6, 72.3, 71.5, 71.4, 71.0, 

70.2, 64.1 , 62.2, 52.3, 34.7, 3 1.8, 29.67, 29.63, 29.6, 29.5, 29.38, 29.3, 29.2, 27.2, 

25.1 , 22.5, 13.9; Vmax: 3376, 2926, 2845, 1741 , 1468, I 075, 849 cm-1. 

Experiment 18: Methyl (2R,3R)-3-((tert-butyldimethylsilyl)oxy)-2-dodecyl-14-

oxotetradecanoate (211) 

OSiMe2
1Bu 0 

OCH(CH1) 10~0Me 

211 .: 
(CH1l,1CH3 

(210) (1.2 g, 2.2 mmol) in dichloromethane (10 mL) was added at r.t. to a stirred 

suspension solution of PCC (1.2 g, 5.5 mmol) in dichloromethane (50 mL). During the 

addition a black colour appeared. The reaction was stirred at r.t. for 2 h. The reaction 

mixture was worked up and purified as before to give a colourless oil of the title 

compound (211) (1.0 g, 90%), [a]b2 = -7.2 (c 0.50, CHCl3) {MALO! Found [M+Nat: 

577.2, C33H66NaO4Si requires: 577.4} , which showed 01-1 (400 MHz, CDCl3): 9.76 

(lH, t, J 1.8 Hz), 3.90 (lH, dt, J 4.7, 7.0 Hz), 3.65 (3H, s), 2.52 (lH, ddd, J 3.7, 7.2, 

10.9 Hz), 2.45(1H, dt, J 4.7, 8.3 Hz), 2.41 (lH, td, J 1.8, 7.4 Hz), 1.66-1.58 (2H, m), 

1.56-1.12 (38H, m), 0.90 (3H, t,J7.l Hz), 0.84 (9H, s), 0.03 (3H, s), 0.01 (3H, s); oc 
( 101 MHz, CDCl3): 202.8, 175.1 , 73. 1, 60.3, 51.5, 51.1 , 43.8, 33.5, 32.6, 31.8, 29.7, 

29.63, 29.61, 29.54, 29.5, 29.46, 29.4, 29.35, 29.32, 29. l, 27.79, 27.4, 25.79, 25.71, 

23.62, 22.6, 22.0, 21.0, 17.9, 14.1 , 14.0, -4.4, -4.9; Vmax'. 2925, 2843, 1745, 1465, 1372, 

1249, 1168, 1048, 836, 765 cm-1
• 
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Experiment 19: Methyl (2R,3R,2)-3-((tert-butyldimethylsilyl)oxy)-2-dodecyl

triacont-14-enoate (212) 

OSiMe2
1Bu 0 

"-- ~ AA (CH,),, (CH,>,o ~ OMe 

212 (CH2)11CH3 

Sodium bis(trimethylsilyl)amide (3.8 mL, 3.8 mmo l, 1.0 M in THF) was added to a 

stirred solution of (200) (1.12 g, 1.83 mmol) in dry THF (50 mL) at -78 °C under 

nitrogen atmosphere. The mixture was allowed to reach r.t., stirred for 30 min., cooled 

again to -78 °C and (211) (0.5 g, 0.9 mmol) in dry THF (6 mL) was added. The 

mixture was allowed to reach r.t. and stirred for IO h. The reaction was quenched with 

sat. aq. NH4CI (IO mL) and the product was extracted with petrol/ethyl acetate (20: I, 4 

x 20 mL). The combined organic layers were dried over MgS04, filtered and 

evaporated. Then residue was treated with added petrol/ether ( 1: I, 100 mL) and 

reflexed for 30 min. The precipitate was filtrate on celite and the filtrate was 

evaporated. The crude product was purified by column chromatography, eluting with 

petrol/ethyl acetate (40: I) then (20: I) to give the title compound (212) (0.4 g, 58%), 

[a]T/ = -9.2 (c 0.5, CHCl3) {MALDJ Found [M+Nat: 827.3, Cs2H104Na03Si requires: 

827.7}, which showed 31-1 (400 MHz, CDCl3: 5.38 (2H, t, J 10.8 Hz), 3.9 1 (lH, dd, J 

4.8, 11.5 Hz), 3.6 1 (3H, s), 2.53 (1 H, ddd, J 3.8, 7. 1, I 0.9 Hz), 2.07-1.98 (2H, m), 

1.59-1 .15 (74H, br.s), 0.93 (6H, t, J 6.9 Hz), 0.85 (9H, s), 0.05 (3H, s), 0.03 (3H, s); Sc 

(101 MHz, CDCIJ): 175.1 , 129.9, 129.8, 73.2, 51.5, 51.2, 36.3, 34.1 , 33.6, 32.6, 31.9, 

29.8, 29.78, 29.7, 29.67, 29.66, 29.6, 29.5, 29.4, 29.35, 29.3, 29. 1, 28.9, 28.8, 27.8, 

27.5, 27.2, 25.8, 25.7, 23.6, 22.69, 22.6, 22.3 , 17.9, 14.2, 14.1 , 14.0, 8.8, -4.3 , -4.9; 

Vmax: 2924, 2853, 1745, 1468, I 179, 1 120, 836, 775, 720, 695 cm-I. 

Experiment 20: Methyl (2R,3R,2)-3-((tert-butyldimethylsilyl)oxy)-2-dodecyl

tetracos-14-enoate (215) 

0S1Me2
1Bu 0 

"--~ AA (CH2), (CH2)10 ~ OMe 

215 §. 
(CH 2h 1CH3 

Sodium bis(trimethylsilyl)amide (3.8 mL, 3.8 mmol, 1.0 M in THF) was added to a 

stirred solution of (202) (0.8 g, 1.8 mmol) in dry THF (50 mL) at -78 °C under 

nitrogen atmosphere. The mixture was allowed to reach r.t. stirred for 30 min., cooled 

again to -78 °C and (214) (0.5 g, 0.9 mmol) in dry THF (6 mL) was added. The 
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mixture was allowed to reach r.t. and stirred for 10 h. The reaction mixture was 

worked up and purified as before to give the tit le compound (215) (0.3 g, 60%), [aJi2 

= +5.5 (c 0.5 , CHCb) {MALDI Found [M+Nat: 701.3, C43Hs6NaO3Si requires: 

701.6}, which showed 8H (400 MHz, CDCl3): 5.38 (2H, t, J 10.8 Hz), 3.91 ( l H, dd, J 

4.8, 11.6 Hz), 3.67 (3H, s), 2.55 (1 H, ddd, J 3.8, 7.1 , 10.9 Hz) , 2.07-1 .97 (2H, m), 

1.70-1.1 7 (56H, m), 0.90 (6H, t, J 6.8 Hz), 0.84 (9H, s), 0.05 (3H, s), 0.03 (3H, s); 8c 

(101 MHz, CDCl3): 175.1 , 129.9, 129.8, 73.2, 51.5, 51.2, 33.6, 32.6, 31.9, 29.8, 29.78, 

29.7, 29.67, 29.64, 29.62, 29.6, 29.58, 29.5, 29.4, 29.34, 29.3, 28.8, 28.5, 27.8, 27.4, 

27.2, 26.7, 26.0, 25.9, 25.7, 23.6, 22.6, 17.9, 14.2, 14.1 , -4.3, -4.9; Vmax: 2926, 2855, 

1745, 1468, 11 79, 11 20, 836,775, 720,695 cm-1
• 

Experiment 21: Methyl (2R,3R)-3-((tert-butyldimethylsilyl)oxy)-2-dodecyl

triacontanoate (213) 

0S1Me2
1Bu 0 

"' AA (CH2)29 i OMo 

213 = 
(CH2)11CH3 

Palladium (I 0% on carbon, 0.2 g) was added to a stirred solut ion of the a lkene (212) 

(0.37 g, 0.45 mmol) in [MS (10 mL) and THF ( 10 mL) under hydrogen atmosphere. 

Hydrogenation was carried out for I h. The reaction mixture was fil tered over a bed of 

celite and the solvent was evaporated. The crude product was purified by column 

chromatography eluting with petrol/ethyl acetate (20: 1) to give the title compound 

(213) (0.25 g, 64%), [a)13 = -15 (c 0.5, CHC l3) {MALDI Found [M+Nat: 829.7, 

C52H106NaO3Si requires: 829.7}, which showed 81-1 (400 MHz, C DCb): 3.91 ( lH, dd, 

J 4.7, 11.6 Hz), 3.66 (3 H, s), 2.53 ( IH, ddd, J3.8, 7.1 , 10.9 Hz), 1.61-1.1 6 (80H, m), 

0.94 (6H, t, J 6.8 Hz), 0.9 1 (9H, s), 0.05 (3H, s), 0.03 (3H, s); 8c (I 01 MHz, CDCb): 

175.l , 73.2, 51.5, 5 1.2, 33 .6, 31.9, 29.8, 29.7, 29.6, 29.5, 29.4, 29.3, 27.8, 27.5 , 25.7, 

23.6, 22.6, 17.9, 14.1 , -4.3, -4.9; Vmax : 2928, 2854, 174 1, 1458, 1437, 11 79, 11 30, 836, 

775,72 1, 696 cm-1
• 

Experiment 22: Methyl (2R,3R)-3-((tert-butyldimethylsilyl)oxy)-2-dodecyl

tetracosanoate (216) 

OSiMe2
1Bu 0 

"' AA (CH2l,0 ~ OMe 

216 (CH2)11CH3 
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Palladium ( I 0% on carbon, 0.2 g) was added to a stirred so lution of the alkene (215) 

(0.27 g, 0.45 mmol) in TMS (10 mL) and THF (10 mL) under hydrogen atmosphere. 

Hydrogenation was carried out for l h. The reaction mixture was filtered over a bed of 

celite and the solvent was evaporated. The crude product was purified by column 

chromatography eluting with petrol/ethyl acetate (20: I) to give the title compound 

(216) (0.2 g, 74%), [a]E,2 = +9.2 (c 0.5, CHCl3) {MALDI Found [M+Nat: 703.6, 

C43HssNaO3Si requires: 703.6}, which showed ◊H (400 MHz, CDCIJ): 3.91 (IH, dd, J 

4.7, 11.6 Hz), 3.66 (3H, s), 2.53 (lH, ddd, J3 .8, 7.2, 10.9 Hz) , 1.61-1.17 (62H, m), 

0 .94 (6H, t, J 6.8 Hz), 0.90 (9H, s),0.05 (3H, s), 0.03 (3H, s); 8c (IO I MHz, CDCl3): 

175.1 , 73.2, 59.9, 51.5, 5 1.2, 45.7, 33 .6, 32.5, 31.9, 29.8, 29.7, 29.67, 29.6, 29.5, 

29.48, 29.4, 29.3, 27.8, 27.5, 25.9, 25.7, 23.6, 22.6, 17.9, 14.2, 14.1, -4.3, -4.9; Vmax: 

2926, 2855, 1745, 1468, 1437, 11 79, 11 20, 836,775, 725, 695 cm-1
• 

Experiment 23: Methyl (2R,3R)-2-dodecyl-3-bydroxytritriacontanoate (217) 
OH 0 

"' AA (C H2)29 I OMe 

217 :. 
(CH2h 1CH3 

(213) (0.25 g, 0.31 mmol) was stirred in dry THF (12 mL) in a dry polyethylene vial 

under a nitrogen atmosphere at r.t. then pyridine (0.1 mL) followed by HF-pyridine 

(1.0 mL) were added and the mixture was stirred for 18 h at 45 °C. The reaction was 

poured slowly to a sat. solution of NaHCO3 and extracted with petrol/ethyl acetate 

(]: 1, IO mL). The mixture was separated and the aqueous layer was re-extracted with 

petrol/ethyl acetate (1:1 , 4 x 20 mL). The combined organic layers were washed with 

brine, dried and evaporated. The crude product was purified by column 

chromatography eluting with petrol/ethyl acetate (10: 1) to give the title compound 

(217) (0. 15 g, 71%), [a]11 = + 12 (c 0.50, CHCl3) {MALDI Found [M+Nat: 715.7, 

C46H92NaO3 requires: 715.6} , which showed 81-1 (400 MHz, CDCb): 3.77 (IH, t, J 6.6 

Hz), 3.72 (3H, s), 2.48-2.39 ( IH, m), 1.71 (IH, dt, J8.7, 13.2 Hz), 1.65-1.54 (2H, m), 

1.27 (78H, br.s), 0.89 (6H, t, J 6.8 Hz); 8c (101 MHz, CDCb): 176.2, 72.2, 60.3 , 51.4, 

50.9, 35.6, 31.9, 29.69, 29.65, 29.63, 29.6 1, 29.6, 29.57, 29.55, 29.53, 29.5, 29.4, 

29.35, 29.3 , 27.4, 25.7, 22.6, 21.0, 14. 18, 14.1; Vmax: 3446, 2925, 2854, 1720, 1644, 

1474, 1377, 1195, 1052, 722 cm-1
• 
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Experiment 24: Methyl (2R,3R)-2-dodecyl-3-hydroxytetracosanoate (218) 
OH 0 

'--....(CH2)~0Me 

218 : 
(CH2)11CH3 

(216) (0.2 g, 0.3 mmol) was stirred in dry THF (10 mL) in a dry polyethylene vial 

under a nitrogen atmosphere at r.t. then pyridine (0.1 mL) and HF-pyridine ( 1.0 mL) 

were added and the mixture was stirred for 18 h at 45 °C. The reaction was poured 

s lowly on to sat. solution ofNaHCO3 ( 10 mL) and extracted with petrol/ethyl acetate 

( 1 :J, 10 mL). The mixture was separated and the aqueous layer was re-extracted with 

petrol/ethyl acetate (1:1, 4 x 20 mL). The combined organ ic layers were washed w ith 

brine, dried and the solvent was evaporated. The crude product was purified by 

column chromatography eluting with petrol/ethyl acetate (10: 1) to give the title 

compound (218) (0. 11 g, 62%), [a]i2 = +9. 1 (c 0.5, CHCl3) {MALDL Found 

[M+Nat: 589.6, C37H72NaO3 requires: 589.5}, which showed ◊H (400 Ml-lz, CDCl3): 

3.75 (IH, t, J 6.5 Hz), 3.72 (3H, s), 2.48-2.39 (lH, m), 1.71 (1H, dt, J 8.7, 13.2 Hz), 

1.65- 1.54 (2H, m), 1.27 (58H, br.s), 0.89 (6H, t, J 6.8 Hz); 8c ( IOI MHz, CDC13): 

176.2, 72.2, 60.3, 51.4, 50.9, 50.8, 35.6, 3 l.9, 29.69, 29.64, 29.62, 29.58, 29.56, 29.54, 

29.52, 29.5, 29.40, 29.34, 29.3 , 27.4, 25.7, 22.6, 21.0, 14. 1, 14.0; Vmax: 3444, 2925, 

2854, 1720, 1645, 1464, 1377, 1195, 1167, 1052, 721 cm-1
• 

Experiment 25: (2R,3R)-2-Dodecyl-3-hydroxytritriacontanoic acid (198) 
OH 0 

'--.... AA 
(CH2)29 i OH 

198 (CH2)11CH3 

Lithium hydroxide monohydrate (0.11 g, 2.62 mmol) was added at r.t. to a stirred 

solution of (217) (0.13 g, 0.18 mmol) in THF (10 mL), water (1 mL), MeOH (0.5 mL). 

The mixture was stirred for 18 h at 45 °C. The mixture was dissolved in warmed 

petrol/ethyl acetate 5: I (50 mL) and acidified with 5% HCI until pH 1-2. The organic 

layer was separated and the aqueous layer was re-extracted with (3 x 50 mL). The 

combined organic layers were dried, evaporated. The crude product was purified by 

column chromatography eluting with petrol/ethyl acetate (7:2) to give the title 

compound (198) (0.1 g, 83%), [a]53 = + 15 (c 0.50, CHCb) {Found [M+Nat: 

701.6777, C45H90NaO3 requires: 701.6787}, which showed ◊H (400 MHz, CDCb): 

3.73 ( IH, dt, J4.6, 9.2 Hz), 3.62-3.59 (lH, rn), 2.52-2.45 (lH, rn), 1.81-1.69 (2H, rn), 
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1.68-1.58 (2H, m), 1.29 (77H, br.s), 0.89 (6H, t, J 6.8 Hz); 8c (101 MHz, CDC'3): 

174.1 , 72. I, 50.6, 35.5, 31.9, 29. 7, 29.6, 29 .5, 29 .49, 29.4, 29 .3 , 27.3, 25. 7, 22.6, 14.1 , 

14.0; Vmax: 3559, 2929, 2842, 2361, 1688, 1462, 1375, 965, 725 cm-I. 

Experiment 26: (2R,3R)-2-Dodecyl-3-hydroxytetracosanoic acid (199) 

"'~ (CH2ho ~ OH 

199 = 
(CH2)11CH3 

Lithium hydroxide monohydrate (0. 13 g, 3.09 mmol) was added at r.t. to a stirred 

solution of (218) (0.11 g, 0.19 mmol) in THF ( 10 mL), water ( 1 mL), MeOH (0.5 mL). 

The mixture was stirred for 18 h at 45 °C. The reaction mixture was worked up and 

purified as before to give the title compound (199) (0.1 g, 93%), [a]I} = +8.9 (c 0.5, 

CHCb) {MALDl Found [M+Nat: 575.9, C36HnNaO3 requires: 575.5}, which 

s howed ◊H (400 MHz, CDCb): 3.72 (JH, d, J 4.6 Hz), 3.62-3.58 (IH, m), 2.46 (1 H, 

dd, J5.4, 14.2 Hz), 1.73 (IH,dt, J8.4, 16.5 Hz), 1.63 (lH, td, J5.9, 14.1 Hz), l.57-

1.44 (2H, m), 1.44-1.18 (59H, br.s), 0.84-0.82 (6H, m); oc (I0l MHz, CDCb): 180.3, 

72.1, 50.9, 35.4, 3 1.9, 29.7, 29.67, 29.6, 29.59, 29.5, 29.45, 29.4, 29.3 , 27.33, 25.7, 

22.6, 14.1 , 14.0;vmax:3549,2928,2845, 1690, 1462, 1375, 1206,965, 720cm-
1
• 

Experiment 27: (2R,3R)-3-((tert-Butyldimethylsilyl)oxy)-2-dodecyltritria

contanoic acid (234) 

lmidazole (0 .1 g, 1.4 mmol) was added to a stirred solution of (198) (O. l l g, 0.14 

mmol) in dry DMF (1 m.L) and dry toluene (2 mL) at r.t. followed by the addition of 

tert-butyldimethylsilyl (0.22 g, 1.46 mmol) and 4-DMAP (0.0 I g, 0.08 mmol). The 

reaction mixture was stirred at 70 °C for 18 h. The solvent was removed under high 

vacuum and the residue was diluted with petrol/ethyl acetate 5:1 (100 mL) and water 

(10 mL). The organic layer was separated and the aqueous layer was re-extracted with 

petrol/ethyl acetate (3 x 20 mL). The combined organic layers were washed with 

water, dried and evaporated to g ive a colourless oil residue. The residue was dissolved 

in THF (1.6 mL) then was added tetra butylammonium hydroxide 40% (1 mL), (0.1 

mL from Bu4NOH in 0.9 mL H2O). The reaction mixture was stirred at room 
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temperature for 15 min.The mixture was diluted with petrol/ethyl acetate 10: 1, (40 

mL) and brine (3 mL). The organic layer was separated and the aqueous layer was re

extracted with petrol/ethyl acetate (I 0: l , 4 x 20 mL). The combined organic layers 

were washed with water, dried and evaporated to give a residue, which was purified by 

column chromatography e luting with petrol/ethyl acetate 10: 1 to give the title 

compound (234) (0. 1 g, 86%), [a]z? = + 12 (c 0.50, CH Cb) {MALDI Found [M+Nat: 

815.2, C51H104NaO3Si requires: 815.7} , which showed SH (400 MHz, CDCb): 3.86 

( 1 H, dd, J 5.8, 10.0 Hz), 2.56-2.50 ( 1 H, m), 1.67 (2H, ddd, J 6.8, 11.6, 15.0 Hz), 1.61-

1.44 (2H, m), 1.37-1.18 (77H, br.s), 0.92 (9H, s), 0.9-0.79 (6H, t, J 7.1 Hz), 0.13 (3H, 

s), 0.12 (3H, s); Sc ( I 01 MHz, CDCb): 176.5, 73.6, 60.3, 50.4, 37.0, 35.3, 32.7, 3 1.9, 

29.7, 29.65, 29.6, 29.5 , 29.49, 29.45, 29.4, 29.3, 27.4, 25.7, 25.5, 24.8, 22.6, 21.0, 

19.7, 17.9, 14.1 , -4.2, -4.9; Vmax: 3435, 2927, 2856, 1709, 1658, 1463, 1254, 1074, 836, 

778 cm-1. 

Experiment 28: (2R,3R)-3-((tert-Butyldimethylsilyl)oxy)-2-dodecyltetra

cosanoic acid (235) 

"' J:l (CH2lzo i OH 

235 = (CH2) 11CH3 

lmidazole (0. 12 g, 1.76 mmol) was added to a stirred solution of (199) (0. 1 g, 0.2 

mmol) in dry DMF (I mL) and dry toluene (2 mL) at r.t. followed by the addition of 

tert-butyldimethylsilylchloride (0.27 g, 1.79 mmol) and 4-DMAP (0.02 g, 0.16 mmol). 

The reaction mixture was stirred at 70°C for 18 b. then the reaction mixture was 

worked up and purified as before to give the title compound (235) (0. 1 g, 83%), [a]14 

= +6.4 (c 0.5, CHCl3) {MALDI Found [M+Nat: 689.3, C42 Hs6NaO3Si requires: 

689.6} , which showed SH (400 MHz, CDCb): 3.87 (lH, dd, J5.2 , 10.7 Hz), 2.53 ( lH, 

dt, J 4.8, 9.7 Hz), l.71- 1.59 (2H, m), l.59-1.42 (2H, m), 1.37-1.18 (58H, br.s), 0.94 

(9H, s), 0.92-0.79 (6H, t, .f 6.9 Hz), 0.12 (3H, s), 0.10 (3H, s); Sc ( l 0 l MHz, CDCb): 

177.4, 73.5, 50.6, 35.0, 3 1.9, 29.7, 29.68, 29.65 , 29.6, 29.56, 29.5, 29.48, 29.4, 29.3 , 

29.0, 27.5 , 25.7, 24.6, 22.6, 17.9, 14. 1, -4.3 , -4.9; Vmax: 3435, 2926, 2855, 1709, 1638, 

1466, 1254, 1075, 836, 778 cm-1. 
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Experiment 29: ((2R,2'R,4S,4'S,5R,5'R,6R,6'R)-Oxybis(3,4,5-tris((tri

methylsilyl)oxy)tetrahydro-2H-pyran-6,2-diyl))bis(methylene)2R,2'R, 

3R,3'R)-bis(3-((tert-butyldimethylsilyl)oxy)-2-dodecyltetracosanoate) (243) 

"~uMU 
(CH2)20 Ee 0 

(CH2)11CH3 
Me3Si0 

0 

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimidehydrochloride (0. 11 g, 0.57 mmol) 

and 4-DMAP (0.06 g, 0.48 mmol) were added to a stirred solution of (235) (0. 1 I g, 

0.1 5 mmol) and (160) (0.06 g, 0.07 mmol) and powdered 4 A molecular s ieves in dry 

dichloromethane (4 mL) at r.t. under nitrogen atmosphere. The mixture was stirred for 

6 days at r.t., then the reaction mixture was diluted with dichlorometbane (5 mL) and 

s ilica gel ( 1.0 g) was added. The mixture was evaporated under reduced pressure to 

g ive a residue, which was purified by column chromatography eluting with 

petrol/ethyl acetate (20: I) to give the title compound as (243) (0.09 g, 30%), [a]b3 = 

+60 (c 0.50, C HCb) {MALDI Found [M+Nat: 2094.4, C114H238NaO,sSis requires: 

2094.5}, which showed 61-1 (400 MHz, CDCl3): 4.85 (2H, d, J 3.0 Hz), 4.37 (2H, br.d, 

JI 0. 1 Hz), 4.06-3 .95 (4H, m), 3.88-3.86 (4H, m), 3 .53 (2H, t, J 8.9 Hz), 3.38 (2H, dd, 

J 3.0, 9.3 Hz), 2.59-2.52 (2H, m), 1.64-1.30 (6H, m), 1.29-1.10 (136H, br.s), 0.9 

(18H, s), 0.88-0.85 (12H, t, J 7.0 Hz), 0.16 (18H, s), 0.15 ( 18H, s), 0. 14 ( 18H, s), 0.06 

( 12H, br.s); 6c ( 101 MHz, CDCl3): 173.8, 94.8, 73 .5, 73.4, 72.82, 7 1.8, 70.7, 62.4, 

62.3, 51.8, 33.4, 3 1.9, 29.85, 29.8, 29.7, 29.67, 29.6, 29.5, 29.3, 28.1, 25.8, 22.7, 14.1 , 

1.0, 0.9, 0.1 , -4.4, -4.6; Vmax: 2925, 2855, 1748, 1607, 1493, 1251, I 076, 686, 828 cm-I. 

Experiment 30: ((2R,2'R,4S,4'S,5R,5'R,6R,6'R)-Oxybis(3,4,5-tris((tri 

methyl-sily)oxy)tetrahydro-2H-pyran-6,2-diyl))bis(methylene)(2R,2'R, 

3R,3'R)-bis(3-((tert-butyldimethylsilyl)oxy)-2-dodecyltritriacontanoate) (242) 
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'----._ 

1BuMU 
(CH2m i O 

(CH2)11CH3 
Me3SiO 

Me3SiQ, _____ _,.._ 

'----._

1BuMU 
(CH2)29 i O 

(CH, ),,CH3 

0 

EDCl (0.09 g, 0.46 mmol) and 4-DMAP (0.06 g, 0.48 mmol) were added to a st irred 

solution of (234) (0.1 I g, 0.12 mmol) and (160) (0.05, 0.06 mmol) and powdered 4 A 

molecular sieves in dry dichloromethane (3 mL) at r.t. under a nitrogen atmosphere. 

The mixture was stirred for 6 days at r.t. Then the reaction mixture was worked up 

and purified as before to give the title compound (242) (0.08 g, 28%), [a]i4 = +80 (c 

0.50, CHC l3) {MALDI Found [M+Nat: 2346.1, C 132H274NaO1sSis requires: 2346.8}, 

which showed oH ( 400 MHz, CDCl3): 4.85 (2H, d, J 2.9 Hz), 4.40-4.32 (2H, m), 4.15-

3.95 (4H, m), 3.88-3.81 (4H, m), 3.73-3.65 (2H, m), 3.44 (2H, dt, J 3.0, 9.3 Hz), 2 .59-

2 .52 (2H, m), 1.75-1.07 (164H, m), 0.90 (18H, s), 0.88-85 (12H, t, J 7.0 Hz), 0.17 

(]8H, s), 0.1 5 (18H, s), 0.14 (181-:1, s), 0.06 (1 2H, br.s); oc (l0l MHz, CDC IJ): 173.8, 

94.3, 73 .5, 73.4, 73.3 , 72.88, 72.8, 72.7, 71.9, 71.8, 71.4, 70.7, 62.3, 61.6, 51.8, 33.4, 

3 1.9, 29.8, 29.7, 29.6, 29.5, 28.1, 26.2, 25.9, 25.8, 25.7, 25 .1 , 22.7, 14.1 , 1.2, 0.9, -4.5, 

-4.6; Vmax : 2925, 2856, 1750, 1610, 1452, 1403, I 076, l 050, 686, 835 cm-I. 

Experiment 31: (Oxybis(3,4,5-trihydroxytetrahydro-2H-pyran-6,2-diyl)) 

bis-((methylene)(2R,2'R,3R,3'R)-bis(3-((tert-butyldimethylsilyl)oxy)-2-doecyl

tetracosanoate) (245) 

'----._ 

1BuMU 
(CH2)20 : O~ 

(~H2)11CH3 O 
HO 

HO 

HO 

H 
HO 

1BuMe2Sf ?i 

'------ ~ (CH,no i O 

(CH2l,,CH3 

0 

Tetrabutylammonium fluoride (0.1 mL, 0.1 mmol, 1.0 M) was added to a stirred 
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solution of (243) (0.1 g, 0.5 mmol) in dry THF (5 mL) at 5 °C under a nitrogen 

atmosphere. The mixture was allowed to reach r.t. and stirred for 1 h. The reaction 

mixture was evaporated to give a residue, which was purified by column 

chromatography eluting with CHCb/MeOH (I 0: 1) to give the title compound (245) 

(0.5 g, 70%), [aJi4 = +30 (c 0.50, CHCb) {MALDI Found [M+Nat: 1662.6, 

C96H1 90NaO1sSi2 requires: 1662.3}, which showed 8H (400 MHz, CDCb + few drops 

of CD3OD): 5.06 (2H, d, J3.4 Hz), 4.67-4.66 (2H, br.dd, J2.2, I l.1 Hz), 4.33 (2H, dd, 

J 3.7, 11.9 Hz), 4.22 (2H, d, J 10.9 Hz), 3.89 (2H, dt, J 9.4, 14.9 Hz), 3.76 (2H, m), 

3.47 (2H, dd, J 3.3, 9.7 Hz), 3.33 (2H, t, J 9.4 Hz), 2.56-2.50 (2H, m), 1.93-1.78 (2H, 

m), 1.56-1.06 (128H, m), 0.86 (12H, t, J 7.0 Hz), 0.83 (18H, s), 0.01 (6H, s), -0.004 

(6H, s); 8c (101 MHz, CDCb + few drops of CD3OD): 175.2, 93.3, 73.3, 73.2, 72.8, 

7 1.6, 70.2, 69.9, 67.9, 62.8, 51.6, 34.7, 33.5, 32.5, 31.8, 30.7, 29.7, 29.65, 29.6, 29.59, 

29.57, 29.5, 29.29, 29.2, 28.3, 27.7, 27.5, 26.9, 25.7, 25.6, 25.5, 24.6, 24.2, 22.6, 20.9, 

18.7, 18.0, 17.8, 14.1, 13.9, J.O, -4.5, -4.9; Vmax: 3377, 2927, 2850, 1735, 1465, 1076, 

835 cm-1. 

Experiment 32: ((2R,2'R,4S,4'S,5R,5'R,6R,6'R)-Oxybis(3,4,5-trihydroxy

tetrahydro-2H-pyran-6,2-diyl))bis(methylene)(2R,2'R,3R,3'R)-bis(3-((tert

butyldimethylsilyl)oxy)-2-dodecyltritriacontanoate) (244) 

Tetrabutylammonium fluoride (O. l mL, 0.1 mmol, 1.0 M) was added to a stirred 

so lution of (242) (0.08 g, 0.03 mmol) in dry THF (5 mL) at 5 °C under nitrogen 

atmosphere. The mixture was allowed to reach r.t. and stirred for 1 h. Then the 

reaction mixture was worked up and purified as before to give the title compound 

(244) (0.43 g, 71 %), [aJi4 = +50 (c 0.50, CHCl3) {MALDf Found [M+Nat : 1914.5, 

C114H226NaO1sSi2 requires: 1914.6} , which showed 8H (400 MHz, CDCb + few drops 

of CD3OD): 5.05 (2H, d, J 3.5 Hz), 4.67-4.6 (2H, m), 4.33 (2H, dd, J 4.0, 12.1 Hz), 
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4.20 (2H, d, J 10.5 Hz), 3.97-3.83 (4H, m), 3.78 (2H, t, J 9.3 Hz), 3.46 (2H, dd J 3.5, 

9.7 Hz), 2.61-2.47 (2H, m), l.93-1.78 (2H, m), 1.64-0.93 (164H, m), 0.93 (12H, t, J 

6.90 Hz), 0.79 (18H, s), 0.01 (6H, s), -0.01 (6H, s); oc (10 1 MHz, CDCb + few drops 

ofCD3OD): 175.1 , 93.4, 73.4, 73 .2, 72.9, 71.7, 70.2, 69.9, 67.9, 62.8, 51.6, 37.0, 34.7, 

33.5, 32.6, 32.5, 31.86, 31.8, 29.9, 29.7, 29.68, 29.6, 29.58, 29.5, 29.4, 29.3, 29.2, 

28.3 , 27.7, 27.5, 27.3, 26.9, 25.7, 25.6, 25.5, 25.4, 24.7, 24.5, 24.2, 22.6, 22.5, 19.6, 

18.8, 17.8, 14.31, 14.0, 11.3, 1.0, -3 .8, -4.5, -5.0; Vmax: 3377, 2927, 2859, 1745, 1468, 

1076, 846 cm-1. 

Experiment 33: ((2R,2'R,4S,4'S,5R,5'R,6R,6'R)-Oxybis(3,4,5-trihydroxy

tetrahydro-2H-pyran-6,2-diyl))bis(methylene)(2R,2'R,3R,3'R)-bis(2-dodecyl-3-

hydrox-ytetracosanoate) (247) 
HO 0 

"' ~ (CH
2
J,

0 
, 0 ~ 

(~H2)11CH3 o 
HO 

HO 

HO 

HO 
HO 

HO 0 

"'~ (C H2ho i O 

(CH,),,CH, 

0 

A dry polyethylene vial equipped with an acid proof rubber septum was charged with 

(245) (0.04 g, 0.02 mmol) and pyridine (0.05 mL) in dry THF (7 mL) and stirred at r.t. 

under nitrogen. HF-pyridine (0.6 mL) was added at 5 °C. The mixture was stirred at 43 

°C for 17 h., then neutralized by triethylamine dropwise until pH 5. The product was 

evaporated to give a white solid. This was purified by column chromatography eluting 

with CHCb/MeOH (10:1) to give the title compound (247) (0.01 g, 30%), [a]I/ = +25 

(c 0.50, CHCl3) {MALDI Found [M+Nat: 1434.3, Cs4H162NaO1s requires: 1434.1} , 

which showed 0,-1 ( 400 MHz, CDCb + few drops of CD3OO): 4.97 (2H, d, J 3 .6 Hz), 

4.68 (2H, d, J I 0.6 Hz), 4.28-4.21 (2H, m), 3.91 (2H, dd, J 8.0, 11.9 Hz), 3.76 (2H, t, 

J 9.1 Hz), 3.65-3 .61 (2H, m), 3.47 (2H, dd, J 3.5, 9.8 Hz), 3.19 ( 2H, t, J9.6 Hz), 2.37 

(2H, ddd, J 4.7, 7.9, JO. I Hz), 1.55 (2H, t, J l 8.2 Hz), 1.11 (130H, v.br.s), 0.83 (12H, 

t, J 6.9 Hz); oc ( 10 I MHz, CDCb + few drops of CO3OD): 175.3, 94.7, 72.4, 71.1 , 

71.0, 69.7, 64.1, 52.2, 51.5, 45.8, 34.5, 31.7, 30.5, 29.48, 29.46, 29.4, 29.3, 29.2, 29.l, 

27 .1 , 25.5, 25 .0, 22.4, 13 .8; Vmax : 3372, 2922, 2851 , 171 7, 1466, 1386, 1088 cm-'. 
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Experiment 34: ((2R,2'R,4S,4'S,SR,S'R,6R,6'R)-Oxybis(3,4,5-trihydroxy

tetrahydro-2H-pyran-6,2-diyl))bis(methylene)(2R,2'R,3R,3'R)-bis(2-dodecyl-3-

hydroxyt.-itriacontanoate) (246) 

"'-(cH,Mo~ 
(~H2)11CH, O 

HO 
HO 

HO 

HO 
HO 

"~ (CH2)29 1 O 

(CH2)11CH, 

HO O 

A dry polyethylene vial equipped with an acid proof rubber septum was charged with 

(244) (0.038 g, 0.021 mmol) and pyridine (0.05 mL) in dry THF (7 mL) and stirred at 

r.t. under nitrogen . HF-pyridine (0.6 mL) was added at 5 °C. The mixture was stirred 

at 43 °C for 17 h. The mixture was neutralised by slowly pouring the mixture into sat. 

aq. sodium hydrogen carbonate (IO mL) until no more carbon dioxide was liberated. 

The product was extract with CHCl3 (3 x 25 mL), dried and evaporated to g ive a white 

solid. This was purified by column chromatography eluting with CHCb/MeOH (10:1) 

to give the title compound (246) but the 1 H NMR of the crude showed a broad multiple 

peak for a long chain hydrocarbon and no peak for sugar protons. 

Experimental 35: Methyl (R)-2-((R)-1-((tert-butyldimethylsilyl)oxy)-3-hydroxy

propyl)octadecanoate (223) 
OSiMe2

1Bu 0 

HO(CH,l,NlO/ 

223 

Lithium bis(trimethylsilyl)amide (7.0 mL, 7.4 mmol, 1.06 M) was added to a stirred 

solution of (177) (1.5 g, 3.8 mmol) and (221) (2.0 g, 4.9 mmol) in dry THF (10 mL) at 

-1 O °C. The reaction turned bright yellow and was left to reach r.t. and stirred for 1 h 

under nitrogen atmosphere. The reaction mixture was quenched by addition of sat. aq. 

NH4CI. The product was extracted with petrol/ethyl acetate (2: 1, 3 x 50 mL), dried 

over MgSO4, filtered and evaporated. The crude product was purified by column 

chromatography over silica gel, eluting with petrol/ethyl acetate ( l 0: 1) gave a 

colourless oil of (E/Z) as a mixture in ratio 2: 1 of (222) (1.3 g, 65%). Palladium 10% 
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on carbon (0.5 g) was added to a stirred solution of alkene mixture (222) (1.3 g, 2.3 

mmol) in IMS (20 mL) and THF (20 mL) under hydrogen atmosphere. Hydrogenation 

was carried out for one day. The mixture was filtered over a bed of celite and the 

solvent was evaporated. The crude product was purified by column chromatography 

e lut ing with petro l/ethyl acetate (20:1) to g ive a colourless o il of the title compound as 

w hite sold (223) (1.0 g, 90%), [aJi2 = -1.8 (c 0.5, CHCb) {MALDJ Found [M+Nat: 

509.7, C2sHssNaO4Si requires: 509.4 }, w hich showed 8H (400 MHz, CDCb): 4.25 

( I H, dt, J 4.2, 6.7 Hz), 3.85-3.77 (2H, m), 3.66 (3 H, s), 2.67-2.63 ( I H, m), 1.60-1.50 

(2H, m), 1.50-1.40 (2H, m), 1.27 (29H, br.s), 0.87 (3 H, t, J 7.6 Hz), 0.86 (9H, s), 0. 1 

(3H, s), 0.06 (3H, s); 8c (10 I MHz, CDC13): 174.9, 64.6, 60.3, 59.4, 5 1.5, 35.2, 29.67, 

29.64, 29.6, 29.5 , 29.4, 29.3, 27.8, 27.5, 25.6, 22.6, 21 .1 , 17.9, 17.8, 14.1 , 14.0, -4.5, -

4.9; Vmax: 3435, 2926, 2854, 1739, 1470, 1258, 11 74, 1093, 856 cm-1
. 

Experiment 36: Methyl (R)-2-( (R)-1-( (tert-butyldimetbylsilyl)oxy)-3-oxo

propyl)octadecanoate (224) 

(223) ( I.I g, 2 .1 mmol) in dichloromethane (1 0 mL) was added to a st irred 

suspens ion solution of PCC (1. I g, 5. 1 mmol) in dichloromethane (50 mL) at r.t. 

During the addition a black colour appeared and the reaction mixture was stirred for 

2.5 h at r.t. , then petro l/ethy l acetate ( I 0: 1) was added. The mixture was filtered 

through a bed of silica gel and washed w ith petrol/ethyl acetate (3 x 30 mL). The 

solvent was evaporated and the crude product was purified by column chromatography 

eluting with petrol/ethy l acetate ( 10: 1) to give a colourless oi l of the title compound 

(224) (0.87 g, 87%), (ag0 = -5.8 (c 0.5, CHCl3) {MALDI Found [M+Nat : 507.9, 

C28H56NaO4Si requires: 507.3}, w hich showed 8H (400 MHz, CDC l3): 9.8 1 (lH, t, J 

2.5 Hz), 4.44 (I H, dt, J 6.0, l 1 .8 Hz), 3.68 (3H, s), 2.67 (2H, dd, J 1.6, 4.7 Hz), 2.64-

2.56 ( I H, m), 1.60-1.50 (2H, m), 1.26 (28H, br.s), 0.9 (3H, t, J 6.6 Hz), 0.84 (9H, s), 

0.08 (3H, s), 0.07 (3H, s); 8c ( 10 I MHz, CDCb): 201.2, 174.5, 68.8, 52.2, 5 1.5, 48.0, 

31.9, 29.68, 29.65, 29.6, 29.53, 29.5, 29.38, 29.3 , 27.7, 27.0, 25.87, 25.8, 22.5, 20.4, 

17.8, 14 .2, -4.6, -4.9; Vmax: 2926, 2855, 1745, 1464, 1362, 1265, 1196, 1097, 1005, 

837, 778 cm-1
• 

162 



Experiment 37: Methyl (R)-2-((R)-1-((tert-butyldimethylsilyl)oxy)-11-

(pivaloyloxy)undecyl)octadecanoate (227) 

Lithium bis(trimethylsilyl)amide (3 .3 mL, 3.5 mmol, 1.06 M) was added to a stirred 

solution of aldehyde (224) (0.87 g, 1.81 mmol) and (225) (0.98 g, 2.32 mmol) in dry 

THF at -10 °C. The reaction turned bright yellow and was left to reach r.t. and stirred 

for I h under a nitrogen atmosphere. The reaction was quenched by addit ion of sat. aq. 

N H4C I. The product was extracted with petrol/ethy l acetate (5 :1 , 2 x 50 mL), dried 

over MgSO4, fil tered and evaporated. The crude product was purified by column 

chromatography, eluting with petrol/ethyl acetate (20: I) to give a colourless of (E/Z) 

as a mixture in ratio 2 : I (226) ( I.I g, 84%). Pa lladium I 0% on carbon (0.2 g) was 

added to a stirred solution ofalkene mixture (226) ( I.I g, 1.6 mmol) in IMS (20 mL) 

and THF (20 mL) under hydrogen. Hydrogenation was carried out for 1 h. The 

solut ion was filtered over a bed of celite and the solvent was evaporated. The product 

was purified by column chromatography eluting with petrol/ethyl acetate (20: I) to 

give a colourless oil , the title compound (227) ( 1.0 g, 90%), [ag3 = -4.2 (c 0.5, 

C HCb) {MALDI Found [M+Nat: 705.2, C41 Hs2NaOsSi requires: 705.5}, which 

showed 01-1 (400 MHz, CDCl3): 4.04 (2H, t, J 6.6 Hz), 3.91 ( I H, 111), 3.66 (3H, s), 2.52 

( IH, ddd, J3 .8, 6.9, 10.7 Hz), 1.65-1.43 (2 H, m), 1.3 1-1.20 (46H, v.br.s), 1.1 8 (9H, s), 

0.89 (3H, t, J 6.9 Hz), 0.87 (9H, s), 0.04 (3 H, s), 0.02 (3H, s); oc ( I 01 MHz, CDCl3): 

178.6, 175.0, 64.4, 5 1.5, SI . I , 50.2, 38.7, 33.6, 3 1.9, 29.7, 29.67, 29.66, 29.63, 29.6, 

29.5, 29.44, 29.4, 29.3, 29.1 , 29.0, 28.6, 27.8, 27.4, 27.1, 25.9, 25.8, 25.7, 23.7, 22.6, 

22.5, 17.9, 14.0, 11.3, -4.3, -4.9; Vmax: 2927, 2855, 1732, 1463, 1362, 1254, I 156,856, 

774 cm-1• 

Experiment 38: Methyl (R)-2-((R)-1-((tert-butyldimethylsilyl)oxy)-11-hydroxy

undecyl)octadecanoate (228) 

0S1Me2
1Bu 0 

HO(CH2)10~0Me 

228 E. 
(CH2),sCH3 

(227) ( 1.0 g, 1.4 mmol) was added to a stirred solut ion of potassium hydroxide ( 1.2 1 g, 
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21.3 mmol) dissolved in a mixture of THF:MeOH:H20 (50:50:5, 105 mL). The 

mixture was refluxed at 70 °C. After 3 h, the reaction was quenched with water and 

extracted with ethyl acetate (3 x l 00 mL), dried and the solvent was evaporated. The 

crude product was purified by column chromatography e luting with petrol/ethyl 

acetate (5:2) to give a semi-solid, the title compound (228) (0.7 g, 87%), [ag0 = -3.0 

(c 0.5, CHCl3) {MALDI Found [M+Nat: 621.1 , C36H14Na04Si requires: 62 1.5} , 

which showed b1-1 (400 MHz, CDCIJ): 3.91-3.89 (lH, m), 3.66 (3H, s), 3.63 (2H, t, J 

6.6 Hz), 2.55 ( l H, ddd, J3.8, 6.9, 10.7 Hz), 1.58 (2H, q, J 6.6 Hz), 1.25 (47H, s), 

0.92-0.83 ( 12H, 111), 0.04 (3H, s), 0.02 (3H, s); be (10 1 MHz, CDCl3): 175.3, 73.1, 

63.0, 62.9, 51.5, 51.2, 33.6, 32.7, 31.5, 29 .7, 29.67 (br.), 29.65, 29.6, 62.5, 29.56, 29.5, 

29.4, 29.3, 27.8, 27.4, 26.8, 25.7, 25.6, 23.6, 22.6, 17.9, 14.0, -4.4, -4.9; V111ax: 3435, 

2928, 2867, 1743, 1644, 1466, 1366, 1254, 1074, 836 cm-1. 

Experiment 39: Methyl (R)-2-((R)-1-((tert-butyldimethylsilyl)oxy)-11-oxo

undecyl)octadecanoate (229) 

(228) (0.7 g, I .l mmol) in dichloromethane (5 mL) was added at r.t. to a stirred 

solution of PCC (0.6 g, 2.9 mmol) in dichloromethane (50 mL). During the addition a 

black colour appeared, and then the reaction mixture was stirred at r.t. for 2 h. The 

reaction mixture was worked up and purified as before to give a colourless oi l, the title 

compound (239) (0.6 g, 86%), [a]io = -7. 1 (c 0.5 , CHCl3) {MALDI Found [M+Nat: 

619.0, C36Hn Na04Si requires: 619.5} , which showed bH (400 MHz, CDCb): 9.77 

(]H, t, J l .8 Hz), 3.91-3.85 (lH, m), 3.66 (3H, s), 2.54 ( lH, ddd, J3.6, 7.3 , l l.0, Hz), 

2.44 (2H, td, J 1.6, 7.3, Hz), l.64 (2H, q, J 6.9 Hz), 1.25 (44H, br.s), 0.90 (3H, t, J 7.0 

Hz), 0.85 (9H, s), 0.04 (3H, s), 0.02 (3H, s); bc( l0l MHz, CDCIJ): 202.8, 175.0, 73.1 , 

51.5, 5 1.2, 43.9, 33.8, 31.9, 31.5, 29.67, 29.66, 29.63, 29.62, 29.6, 29.5, 29.4, 29.3, 

29.2, 29.0, 27.8, 27.4, 25.7, 23.6, 22.6, 22.0, 17.9, 14.1 , -4 .3, -4.9; Vmax : 2924, 2873, 

1745, 1465, 1372, 11 67, 1058, 836,775 cm-
1
. 
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Experiment 40: Methyl (2R,3R,2)-3-((tert-butyldimethylsilyl)oxy)-2-hexa

decyltricos-13-enoate (230) 

0SiMe2
1Bu 0 

"~ AA (CH2)o (CH2),j , OMe 

2J0 ~ 
(CH2)15CH3 

Sodium bis(trimethylsi lyl)amide (2.8 mL, 2.8 mmol, 1.0 M in THF) was added to a 

stirred solution of (202) (0.7 g, 1.4 mmol) in dry THF (20 mL) at -78 °C under 

nitrogen atmosphere. The mixture was allowed to reach r.t. and stirred for 30 min., 

then cooled again to -78 °C and (229) (0.4 g, 0.7 mmol) in dry THF (5 mL) was added. 

The mixture was a llowed to reach r.t. and stirred for IO h. The reaction was quenched 

with sat. aq. NH.iCI (10 mL) and the product was extracted with petrol/ethyl acetate 

(20: I, 4 x 20 mL). The combined organic layers were dried over MgSO4, filtered and 

the solvent was evaporated. Then residue was treated with petrol/ether (l: 1, 100 mL) 

and reflexed for 30 min. The precipitate was fi ltered on celite and the filtrate was 

evaporated. The crude product was purified by column chromatography, eluting with 

petrol/ethyl acetate (40:1) to give the t itle compound (230) (0.3 g, 64%), [aJi0 = -5.4 

(c 0.5, CHCl3) {MALDI Found [M+Na( 743.4, C46H92NaO3Si requires: 743.6}, 

which showed 8H (400 MHz, CDCb): 5.38 (2H, t, JI 0.8 Hz), 3.92 (lH, m), 3 .66 (3H, 

s), 2.55 ( IH, ddd, J3.8, 7.2, 11.1 Hz) , 2.03-1.97 (4H, m), 1.27 (60H, br.s), 0.90 (6H, 

t , J 6.8 Hz), 0.84 (9H, s), 0.05 (3H, s), 0.02 (3H, s); 8c (IO I MHz, CDCb): 175.1 , 

129.9, 129.8, 73.2, 51.5, 51.2, 33.6, 3 1.9 , 29.8, 29.77, 29.7, 29.6, 29.58, 29.5 , 29.4, 

29.36, 29.3, 27.8, 27.5, 27.2, 25.7, 23.6, 22.6, 17.9, 14.1 , -4.3, -4.9; V,nax: 2923, 2852, 

1741 , 1468, 1437, 1361 , 1179, 1120, 836, 775, 720, 695cm-
1
• 

Experiment 41: Methyl (2R,3R,2)-2-hexadecyl-3-hydroxytricos-13-enoate (231) 
OH 0 

"~ ~ (CH2)8 (CH2)9 , OMe 

2J1 ~ 
(CH2)15CH3 

(230) (0.45 g, 0.62 mmol) was stirred in dry THF (20 mL) in a dry polyethylene vial 

under nitrogen atmosphere at r.t. then pyridine (0.1 mL) and HF-pyridine (0.7 mL) 

were added and the mixture was stirred for 18 h at 45 °C. The reaction was poured 

slowly on to sat. aq. solution of NaHCO3 (10 mL) and extracted with petrol/ethyl 

acetate (1: l , 10 mL). The mixture was separated and the aqueous layer was re

extracted with petrol/ethyl acetate ( I : 1, 4 x 20 mL). The combined organic layers were 
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washed with brine, dried and the solvent was evaporated. The crude product was 

purified by column chromatography eluting with petrol/ethyl acetate ( 10: 1) gave the 

title compound (231) as a colourless oil (0.3 g, 80%), [a]i0 = +7.2 (c 0.5, CHCb) 

{MALDI Found [M+Nat: 629.3, C40H78NaO3 requires: 629.5} , which showed ◊H 

( 400 MHz, CDCl3): 5.37 (2H, t, J 10.8 Hz), 3.71 (3H, s), 3.67-3.63 (1 H, m), 2.45 (1 H, 

dt, J 5.3, 9.1 Hz), 2.05 (2H, q, J 6.3 Hz), 1.75-1.67 (2H, m), 1.53-1.44 (2H, m), 1.27 

(59H, br.s), 0.88-0.83 (6H, m); oc (101 MHz, CDCb): 176.2, 129.9, 129.7, 72.7, 60.3, 

51.4, 50.9, 35.6, 31.9, 3 1.79, 29.7, 29.66, 29.63, 29.60, 29.5, 29.49, 29.48, 29.44, 29.4, 

29.3, 29.2, 28.9, 27.4, 27.17, 27.1 , 25.7, 22.6, 22.6, 14.1 , 14.0; Vrnax: 3445, 2925, 2864, 

1720, 1655, 1465, 1377, 1052, 721 cm-1
• 

Experiment 42: (2R,3R,-Z)-2-Hexadecyl-3-hydroxytricos-13-enoic acid (219) 
OH 0 

"' ~ ~ (CH2), (CH2>, , OH 
219 : 

(CH2hsCH3 

Lithium hydroxide monohydrate (0.3 g, 6.7 mmol) was added at r.t. to a stirred 

solution of (231) (0.26 g, 0.42 mmol) in THF (7 mL), water (l .5 mL), MeOH (0.7 

mL). The mixture was stirred for 18 h at 45 °C. The mixture was dissolved in wanned 

petrol/ethyl acetate 5: 1 (50 mL) and acidified with 5% HCI until pH 1-2. The organic 

layer was separated and the aqueous layer was re-extracted (3 x 50 mL). The 

combined organic layers were dried, evaporated. The crude product was purified by 

column chromatography with warm eluting petrol/ethyl acetate (7:2) to give the title 

compound (219) (0.24 g, 96%), [aJi2 = + 11 (c 0.50, CHCl3) {MALDI Found 

[M+Nat: 615.l , C39H16NaO3 requires: 615.5} , which showed ◊H (400 MHz, CDCb): 

5.37 (2H, t, J 10.8 Hz), 3.67-3.63 (1H, m), 2.44 (IH, dt, J 5.3, 9. 1 Hz), 2.05 (4H, q, J 

6.3 Hz), 1.74-1.39 (2H, m), 1.27 (60H, br.s), 0.88-0.83 (6H, m); oc (101 MHz, CDCb): 

180.5, 129.9, 129.7, 60.4, 5 1.0, 35.3, 31.9, 31.7, 29.73, 29.7, 29.69, 29.67, 29.65, 29.6, 

29.5 , 29.49, 29.4, 29.3, 29.2, 28.9, 27.3, 27.2, 27.1, 25.6, 22.67, 22.6, 14.4; Yrnax: 3540, 

29 18, 2842, 2365, 1687, 1462, 1365, 965, 719cm-1
• 
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Experiment 43: (2R,3R,z)-3-((tert-Butyldimethylsilyl)oxy)-2-hexa

decyltricos-13-enoic acid (249) 

0S1Me2
1Bu 0 

'--,~.-~ '"''y '" 
(CH2),sCH3 

lmidazole (0.26 g, 3.82 mmo l) was added to a stirred solution of (219) (0.23 g, 0.38 

mmol) in dry DMF (2 mL) and dry toluene (3 mL) at r.t. fo llowed by the addition of 

tert-butyldimethylsilylchloride (0.58 g, 3.85 mmol) and 4-DMAP (0.05 g, 0.41 mmol). 

The reaction mixture was stirred at 70 °C for 18 h. Then the solvent was removed 

under high vacuum and the residue was diluted with petrol/ethyl acetate 5: 1 ( I 00 mL) 

and water (10 mL). The organic layer was separated and the aqueous layer was re

extracted with petrol/ethyl acetate (3 x 20 mL). The combined organic layers were 

washed with water, dried and evaporated to give a co lourless oil residue (248). The 

residue (248) was dissolved in THF (5 mL), water (2 mL), and methanol (1 mL), and 

to this was added potassium carbonate (0.21 g, 1.41 mmol) . The reaction mixture was 

stirred at 45 °C for 3 h. The mixture was diluted with petrol/ethyl acetate 10: 1, (40 mL) 

and water (3 mL) then acidified with potassium hydrogen sulfate to pH 2. The organ ic 

layer was separated and the aqueous layer was re-extracted with petrol/ethyl acetate 

( 10: 1, 4 x 20 mL). The combined organic layers were washed with water, dried and 

evaporated to g ive a residue, which was purified by column chromatography eluting 

with petrol/ethyl acetate 10: I to give the title compound (249) as colourless oil (0.24 g, 

88%), [ag0 = +7.0 (c 0.5, CHCl3) {MALDI Found [M+Nat: 729.3, C4sH90NaO3Si 

requires: 729.6} , which showed 81-1 (400 MHz, C DC'3): 5.38 (2H, t, J 10.8 Hz), 3.84 

( I H, dt, J 5.9, 9.8 Hz), 2.54 ( I H, dt, J 4.3, 9.3 Hz), 2.03 (4H, q, J 6.5 Hz), 1.73-1.46 

( 4H, m), 1.62-1.60 ( IH, m), l.56- 1.52 (2H, m), 1.45-1.42 (lH, m), 1.25 (53H, br.s), 

0.9 (9H, s), 0.89 (6H, t, J7.5 Hz), 0. 14 (3H, s), 0. 13 (3H, s); oc (l0I MHz, CDCl3): 

177.7, 129.9, 129.7, 73.5, 50.7, 31.9, 29.73, 29.7, 29.69, 29.65, 29.6, 29.5 , 29.4, 29.3, 

28.9, 25.7, 25.68, 25.6, 24.4, 22.68, 22.6, 18.1 , 17.9, 14.1 , -4.3 , -4.9; V 111ax: 3450, 2927, 

2845 , 17 10, I 638, 1463 , l 070, 836, 774 cm·1
• 

Experiment 44: (2R,2'R,3R,3'R,13Z,13'Z)-((2R,2'R,3R,3'R,4S,4'S,5R,5'R,6R,-

6'R)-6,6'-Oxybis(3,4,5-tris((trimethylsilyl)oxy)tetrahydro-2H-pyran-6,2-diyl))bis 

(methylene)bis(3-((tert-butyldimethylsilyl)oxy)-2-hexadecyltricos-13-enoate) (250) 

and (2R ,3R ,z)-( (2R,3R ,4S ,SR ,6R)-6-( ( (2R ,3R ,4S ,SR ,6R)-6-(hyd roxy-methyl)-3 ,4,5-
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tris((trimethylsilyl)oxy)tetrahydro-2H-pyran-2-yl)oxy)-3,4,5-tris((tris((trimethyl

silyl)oxy)tetrahydro-2H-pyran-2-yl)methyl-3-((tert-butyldimeth-ylsilyl)oxy)-2-

hexadecyltricos-13-enoate (251) 

'BuMU 
'-----cctt,>~cctt,>. b 0 

(CH,),.CH3 
Me3SiO 

'BuMe,Sf ~ 

'~ AA '-(CH2)1 (CH,), b 0 

0 

(C H2),5CH3 
Me3SiO 

Me3SiO'-..Jli_,~ 

0 

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.3 g, 1 .4 mmol) and 

4-DMAP (0.15 g, 1.22 mmol) were added to a stirred solution of (249) (0.22 g, 0.3 I 

mmol) and (160) (0.14 g, 0. 18 mmol) and powdered 4 A molecular sieves in dry 

dichloromethane (4 mL) at r.t. under a nitrogen atmosphere. The mixture was stirred 

for 6 days at r.t., the reaction mixture was diluted with dichloromethane (5 mL) and 

s ilica gel ( 1.0 g) was added. The mixture was evaporated under reduced pressure to 

g ive a residue, which was purified by column chromatography eluting with 

petrol/ethyl acetate (20: I) to g ive the first fractions (250) as a colourless thick oi l (0.2 

g, 33%), [a]t>0 = +90 (c 0.50, CHC'3) {MALDI Found [M+Nat: 2174.7, 

C t20H246NaO1sSis requires: 2174.6}, which showed 01-1 (400 MHz, CDCl3): 5.35 (4H, t, 

J 10.8 Hz), 4.84 (2H, d, J 3.0 Hz), 4.37 (2H, br.d, ./9.8 Hz), 4.20-4.0 I (4H, m), 3.87-

3.72 (4H, m), 3.53 (2H, t, J 9.0 Hz), 3.38 (2H, dd, J 2.9, 9.2 Hz), 2.56 (2H, ddd, J 

3.4, 9.5, 13.4 Hz), 2.04 (8H, q, J 4.8 Hz), 1.15-1.06 (120H, m), 0.90 ( 18H, s), 0.88 

(12H, t, J3.8 Hz), 0.16 (18H, s), 0.14 (18H, s), -0.013 (18H, s), -0.06 ( 12H, br.s); oc 
( IO I MHz, CDCl3): 173.8, 129.8, 129.6, 94.8, 73.5, 73.4, 72.8, 71.8, 70.7, 62.3, 51.8, 

41.3, 33.4, 31.9, 29.8, 29.79, 29.7, 29.6, 29.57, 29.5, 29.36, 29.3, 29.0, 28.1 , 27.6, 

27.2, 26.2, 25.9, 25.8, 25.6, 25. 1, 22.69, 22.6, 20.4, 19.4, 18.0, 14.3 , 14.1, 11.4, 1.0, 

0.9, 0.1 , -4.5, -4.6; Vmax: 2925, 2855, 1750, 1607, 1493, 1452, 1413, 1252, 1076, 1050, 

686, 825 cm·1. 

The second fractions (251) as a colourless thick oil (0. 13 g, 34%), [a] t>1 = +42 (c 0.50, 

CHCb) {MALDI Found [M+Nat: 1486.1 , C1sH1ssNaO13Si1 requires: 1485.9}, which 

showed 01-1 (400 MHz, CDCb): 5.35 (2H, t, J 10.7 Hz), 4.91 (I H, d, J 3.1 Hz), 4.84 
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(IH, d, J2.8 Hz), 4.36 (lH, dd, J 2.3, 11.8 Hz), 4.09 (lH, dd, J7.6, 11.9 Hz), 4.0 1 

( 1 H, dt, J 2.2, 6.3 Hz), 3.95-3.93 (3H, m), 3.84 (1 H, td, J 4.7, 8.2 Hz), 3.76-3.65 (2H, 

m), 3.50 (2H, dt, J 5.7, 8.9 Hz), 3.43 ( I H, dd, J 3. 1, 9.1 Hz), 3.40 (lH, dd, J 2.7, 9.2 

Hz), 2.57 (IH, ddd, J 3.2, 5.3, 9.2 Hz), 2.02 (4H, br. q, J 6.8 Hz), 1.26 (70H, s), 0.9 1 

(9H, s), 0.88 (6 H, t, J 6.0 Hz), 0.18 (9H, s), 0.17 (9H, s), 0.16 (9H, s), 0.156 (9H, s), 

0.15 (9H, s), 0.12 (9H, s), 0.061 (3H, s), 0.05 (3H, s); oc (101 MHz, CDCl3): 173.9, 

129.8, 129.6, 94.5, 94.3, 72.87, 72.8, 72.7, 7 1.9, 7 1.4, 70.7, 62.4, 6l.6, 5 1.8, 41.3, 

33.4, 31.9, 29.72, 29.7, 29.59, 29.5, 29.36, 29.3, 29.0, 28. 1, 27.6, 27.2, 26.3, 25.8, 

24.8, 22.68, 22.6, 20.4, 18.0, 14.3 , 14. l , 1.05, 1.0, 0.9, 0.8, 0. 1, 0.0, -4.4, -4.6; Vmax: 

3619, 2927, 2855, 1744, 1490, 1607, 1493, 1453, 1403, 125 1, 11 76, 1050, 1006,874, 

748, 688 cm-1
• 

Experiment 45: (2R,2'R,3R~'R,13Z,13'Z)-((2R,2'R,4S,4'S,5R,5'R,6R,6'R)-6,6'-0xy 

-bis(3,4,5-trihydroxytetrahydro-2H-pyran-6,2-diyl)bis(methylene)-bis(3((tert

butyldimethylsilyl)oxy)-2-hexadecyltricos-13-enoate) (252) 

252 

Tetrabutylammonium fluoride (0.3 mL, 0.3 mmol, 1.0 M) was added to a stirred 

solution of (250) (0.2 g, 0.1 mmo l) in dry THF ( 15 mL) at 5 °C under nitrogen 

atmosphere. The mixture was allowed to reach r.t. and stirred for I h, then the reaction 

mixture was diluted with CHCl3 (50 mL) and evaporated to give a residue, which was 

purified by column chromatography eluting with C HCb/MeOH ( I 0: 1) to give the title 

compound (252) as a colourless thick oi l (0. 13 g, 86%), [aJi0 = +42 (c 0.50, C HCl3) 

{MALDl Found [M+Nat: 1742. 1, C1o2H198NaO15Si2 requires: 1742.4}, which showed 

01-1 (400 MHz, CDC l3 + few drops ofCD3OD): 5.33 (4H, t, J I 0.3 Hz), 5.03 (2H, d, J 

3. 1 Hz), 4.33 (2H, br.d, J 11.0 Hz), 4.25 (21-1, d, J 8.1 Hz), 3.97 (2H, dd, J 6.9, l 0.8 

Hz), 3.79 (2H, t, J 9.0 Hz), 3.72-3 .60 (4H, m), 3.49 (2H, dd, J 2.7, 9.1 Hz), 2.36 (2H, 

ddd, J 5.0, 8.2, 1 1.6 Hz), 1.98 ( 4H, q, J 6.6 Hz), 1.20 ( 130H, v.br.s), 0.85 ( 18, s), 0.81 

(12H, t, J 6.6 Hz), 0.08 (6H, s), 0.01 (6H, s); oc (10 1 MHz, CDCl3 + few drops of 
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CD3OO): 175.4, 129.7, 129.5, 94.8, 72.5 , 71.2, 71.1, 69.7, 64.3, 34.6, 31.7, 29.5, 

29.46, 29.4, 29.3, 29.2, 29.1, 27.1, 27.07, 27.0, 25.7, 25.4, 25.0, 22.5, 18.2, 13.9, -3.9, 

-6.0; Vmax: 3386, 2927, 2859, 1735, 1456, 1086, 866 cm-1. 

Experiment 46: (2R,2'R;JR;J'R,13Z,13'Z)-((2R,2'R,4S,4'S,5R,5'R,6R,6'R)-6,6'-0xy 

-bis(3,4,5-trihydroxytetrahydro-2H-pyran-6,2diyl))bis(methylene)-bis(2-hexa

decyl-3-hydroxytricos-13-enoate) (253) 
OH O 

'-....,(CH2~ (CH,M,0 ~ 
(CH2)1s~'63 O 

HO 

HO 

Ho/10 
HO 

OH o 

'-..,(CH2~(CH2M,0 

253 
(CH2)15CH3 

A dry polyethylene vial equipped with an acid proof rubber septum was charged with 

(252) (0.11 g, 0.06 mmol) and pyridine (0.1 mL) in dry THF (10 mL) and stirred at r.t 

under nitrogen. HF-pyridine (0.3 mL) at 5 °C was added. The mixture was stirred at 43 

°C for 17 h., then neutralized by triethylamine drop wise until pH 5. The product was 

evaporated to give a residue which was purified by chromatography eluting with 

CHCb/MeOH (10:1) to give the title compound (253) as a syrup (0.05 g, 55%), [a]t/ 

= +30 (c 0.50, CHCl3) {MALDl Found [M+Nat: 15 l 5.7, C90H11oO1sNa requires: 

1515.2}. which showed ◊H (400 MHz, CDCb + few drops ofCO3OD): 5.33 (4H, t, J 

10.7 Hz), 5.03 (2H, d, J 3.1 Hz), 4.33 (2H, br.d, J 11.0 Hz), 4.20 (2H, d, J 9.1 Hz), 

3.97 (2H, dd, J 6.9, I 0.8 Hz), 3.79 (2H, t, J 8.8 Hz), 3.72-3 .60 (2H, m), 3.55 (2H, dt, J 

3.0, 8.0 Hz), 3.45 (2H, dd, J 2.8, 9.1 Hz), 2.36 (2H, ddd, J 5.05, 8.2, 11 .6 Hz), 1.96 

(4H, q, J 6.6 Hz), 1.20 (132H, v.br.s), 0.85-0.8l(l2H, m); 8c(101 MHz, CDCb + few 

drops of CD3OD): 175.4, 129.8, 129.7, 94.9, 72.4, 72.3 , 71.3, 71.0, 69.8, 64.5, 52.0, 

34.6, 3 1.84, 3 1.8, 29.7, 29.68, 29.63, 29.6, 29.54, 29.53, 29.5, 29.39, 29.3, 29.28, 

29.26, 29.2, 27.2, 27.15, 27.12, 25.0, 22.6, 14.0; Vmax: 3392, 2920, 2850, 1716, 1466, 

1376, 1078 cm-1. 
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Experiment 4 7: (2R,3R,z)-((2R,4S,5R,6R)-3,4,5-Trihyd roxy-6-( ( (2R,3R,4S,6R)-

3,4,5-trihydroxy-6-(hyd roxymethyl)tetrahydro-2H-pyran-2-yl)oxy )tetrahyd ro-

2H-pyran-2-yl)methyl-3-((tert-butyldimethylsilyl)oxy)-2-hexadecyltricos-13-

enoate (254) 

Tetrabutylammonium fluoride (0.3 mL, 0.3 mmol, 1.0 M) was added to a stirred 

so lution of (251) (0.12 g, 0.08 mmol) in dry THF (5 mL) at 5 °C under nitrogen 

atmosphere. The mixture was a llowed to reach r.t. and stirred for 3 h, then the reaction 

mixture was evaporated to give a residue, which was purified by column 

chromatography elut ing with C HCb/MeOH (5: I) to give the tit le compound (254) as a 

colourless thick oil (0.09 g, 95%), [a]19 = +7.9 (c 0.5, CHCl3) {MALDI Found 

[M+Nat: 1053 .9, Cs1H110NaO13Si required 1053.7}, which showed OH (400 MHz, 

C DCb + few drops of CD3OD): 5.28 (2H, t, J 10.8 Hz), 5.00 ( I H, d, J 3.8 Hz), 4.65 

( I H, d, J 3.8 Hz), 4.35 ( I H, dd, J 3.7, I 1.7 Hz), 4.18 (l H, br.d, J 12.3 Hz), 3.90-3.75 

(3H, rn), 3.70 (2H, t, J 6.1 Hz), 3.37 ( I H, d, J 8.2 Hz), 3.30 (2H, d, J 8.5 Hz), 3.26 

(2H, t, J 12.5 Hz), 3.21-3 .1 3 (I H, m), 2.53-2.3 1 ( I H, rn), 2.28 ( l H, t, J 8. 1 Hz), 1.82-

1.20 (70H, m), 0.87 (6H, t, J 6.0 Hz), 0.83 (9H, s), 0.0 (3 H, s), -0.02 (31-1, s); oc ( l O I 

MHz, CDCb+few dropsof CD3OD): 174.5, 129.8, 129.7, 93.4, 73.1, 72.2, 72.0, 70.8, 

70. 1, 62.8, 62. 1, 58.7, 5 1.8, 33.3, 3 1.88, 3 1.8, 29.8, 29.7, 29.69, 29.65, 29.6, 29.59, 

29.55, 29.5 1, 29.3, 29.29, 29.2, 27.7, 27.1 , 27.1 , 26.4, 25.7, 24.4, 23.9, 22.64, 22.6, 

19.6, 17.9, 14.07, 13.6, -4.5, -4.8; vmax:3388, 2926, 2844, 1745, 1469, 1075, 849cm-1. 

Experiment 48: (2R,3R,z)-((2R,4S,5R,6R)-3,4,5-Trihydroxy-6-(((2R,3R,-

4S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)

tetrahydro-2H-pyran-2-yl)methyl-2-hexadecyl-3-hydroxytricos-13-enoate (255) 
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OH 0 

"-ccH,~(CH,M,0~ 

(CH7)15~~3 0 

HO 

255 HO 

"~ 
HO 

A dry polyethylene vial equipped with an acid proof rubber septum was charged with 

(254) (0.08 g, 0.07 mmol) and pyridine (0.1 mL) in dry THF (IO mL) and stirred at r.t. 

under nitrogen. HF-pyridine (0.3 mL) at 5 °C was added. The mixture was stirred at 

43 °C for 17 h, then neutralized by triethylam ine drop wise unti l pH 5. The product 

was evaporated to give a residue which was purified by chromatography e lut ing with 

CHClJIMeOH ( I 0: 1) to give the title compound (255) as a syrup (0.04 g, 57%), [ago 

= +30 (c 0.50, CHCl3) {MALDI Found [M+Nat : 939.8, Cs1 H96NaO13 requ ires: 

939.6} , which showed 01➔ (400 MHz, CDCl3 + few drops of CD3OD): 5.3 1 (2H, t, J 

I 0.8 Hz), 5.09 ( 1 H, d, J 2.9 Hz), 5.02 ( I H, d, J 3 .0 Hz), 4.69 ( I H, dd, J3. 7, 11.7 Hz), 

4.24 ( I H, br.d, J 12.3 Hz), 3 .9-3.8 (3 H, m), 3.65 (2H, t, J 6. 1 Hz), 3 .50 ( 1 H, d, J 8.2 

Hz), 3.48 (I H, d, J8.5 Hz), 3.36 (2H, t, J 12.5 Hz), 3.3 1-3. 10 (2H, m), 2.53-2.3 1 (1 H, 

m), 2.28 ( I H, t, J 8.0 Hz), 1.64-1.21 (7 lH, m), 0.87 (6H, t, J 6.3 Hz); oc(l O I MHz, 

CDCb+fewdropsofCD3OD): 175.4, 129.7, 129.7, 94.1 , 72.5, 72.4, 72.2, 71.3 , 71.2, 

70.7, 70.0, 63.9, 61 .9, 58.6, 52.3, 46.4, 45.8, 34.5, 3 1.8, 29.7, 29.64, 29.6, 29.56, 29.5, 

29.49, 29.4, 29.3, 29.28, 29.25, 29.2, 29.1 , 27.0, 25.0, 23.7, 23.1 , 22.5, 19.5, 16.8, 

13.9, 13.4; Vmax: 3388, 29 17, 2864, 1745, 1468, 1075, 849 cm·1. 

Experiment 49: (R)-2-[ (R)-1-(tert)-Butyldimethylsilanyloxy)-11-(2,2-di-methyl

propionyloxy)undecyl] tetracosanoic acid methyl ester (274) 

Lithium bis(trimethylsilyl)amide (13.9 mL, 14.7 mmol, 1.06 M) was added dropwise 

to a stirred solution of (271) ( 4.5 g, 7.5 mmol) and (272) ( 4.1 g, 9.7 mmol, 1.3 mol. 

equiv.) in dry THF ( 100 mL) at -15 °C. The mixture was then stirred for 3 h at r.t., 

when TLC analysis indicated completion of the reaction, sat. aq. ammonium ch loride 

(50 mL) and petrol/ethyl acetate (1: 1, 200 mL) were added. The aqueous layer was re-
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extracted with petrol/ether (1: I, 2 x 50 mL) and the combined organic extracts washed 

w ith brine (50 111 L), dried and evaporated to give yellow oi I. The crude product was 

purified by column chromatography eluting with petrol/ether (20: 1) to give a 

colourless oil, (273) (5.0 g, 83%) as a mixture in ratio (2: I). Pa lladium ( I 0% on 

carbon, 0.25 g) was added to a stirred solution of (EIZ) as a mixture in ratio (2: I) (273) 

(5 .0 g) in JMS (25 mL) and THF (25 mL) under hydrogen atmosphere. The mixture 

was stirred while being hydrogenated at atmospheric pressure, when hydrogen 

absorption was complete the mixture was filtered through a pad of celite and washed 

w ith THF ( I 00 mL). The filtrate was evaporated to give the title compound (274) as a 

colourless oil (4.9 g, 95%), [a];/ = -3.2 (c 1.0, CHCl3) {MALDI Found [M+Nat: 

789.1 C41H94NaOsSi requ ires: 789.6} , which showed OH (400 MHz, CDCl3): 4.02 (2H, 

t, J 7.0 Hz), 3.95-3.86 ( I H, m), 3.76 (3H, s), 2.53-2.48 ( I H, m), 1.66-1.24 (60H, m), 

1.2 (91:-1, s), 0.87 (3 H, t, J 6.9 Hz), 0.84 (9H, s) 0.04 (3H, s), 0.02 (3H, s); oc (l 01 MHz, 

C DCb): 178.9, 175.1, 73.2, 64.5, 51.6, 51.2, 38.7, 33.7, 31.9, 29.9, 29.7, 29.6, 29.57, 

29.5, 29.46, 29.4, 29.3, 29.2, 28.6, 27.8, 27.5, 27.2, 25.9, 25.8, 25.79, 23.7, 22.7, 17.9, 

14.l, -4.4, -4.9; Vmax: 2943, 2876, 1743, 1467, 11 54 cm-1
• 

Experiment 50: (R)-2-[ (R)-1-(tert-Butyldimethylsilanyloxy)-11-hydroxy

undecyl]tetracosanoic acid methyl ester (275) 

J:::l / 
HO (CH2)10 

1 
0 

275 
(CH2l,,CH3 

Ester (274) (9.38 g, 11.6 mmol) in THF (50 mL) was added to a stirred so lution of 

potassium hydroxide (9.7 1 g, 172 mmol, 15 mol. equiv.) in THF (140 mL), methanol 

( 140 mL) and water (14 mL). The mixture was heated to 70 °C for 2 h, then cooled to 

r.t. and quenched with water (10 mL) and the aqueous layer was extracted with ethyl 

acetate (3 x 40 mL). The combined organic extracts were dried and evaporated and the 

crude product purified by column chromatography eluting with petrol/ether (5:2) to 

g ive the title compound (275) as a colourless o il (6.6 g, 80%), [a)l,3 = -5.1 (c 1.0, 

CHCl3) [MALDl found [M+Nat: 721.2; C42Hs6NaO4Si requires: 721.6], which 

showed 01-1 (400 MHz, CDC13): 3.90-3.84 ( IH, m), 3.60 (3H, s), 3.58 (2H, t, J 7.0 Hz), 

2.50 (IH, ddd, J 3.8, 7.0, I I.I Hz), 1.60-1.20 (6 lH, m), 0.92 (3H, t J 7.0 Hz), 0.85 

(9H, s), 0.04 (3H, s), 0.02 (3H, s); oc (lOI MHz, CDCb): 175.1 , 73.2, 63.1 , 51.6, 51.2, 
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33.7, 32.8, 31.9, 29.8, 29 .7, 29.6, 29.58, 29.5, 29.42, 29.4, 29.3, 27.9, 27.5, 25 .8, 25.7, 

23.8, 22.7, I 8.0, 14. 1, -4.4, -4.9; Vmax: 3323, 2943, 2854, 1753, 1434 cm-
1
. 

Experiment 51: (R)-2-[(R)-1-(tert-Butyldimethylsilanyloxy)-11-oxoundecyl]tetra

cosanoic acid methyl ester (289) 

(275) (6.6 g, 9.2 mmol) in dichloromethane (50 mL) was added to a stirred suspens ion 

of PCC (5 .10 g, 23. 1 mmol, 2.5 mo l. equiv.) in dichloromethane (400 mL) at r.t. The 

mixture was stirred vigorously for 2 h. The mixture was diluted with petrol/ethyl 

acetate (5: 1) (100 mL) and filtered through a bed of silica gel. The filtrate was 

evaporated to g ive a residue which was purified by column chromatography eluting 

with petrol/ether ( 10:1 ) to give the title compound (289) as a colourless o il (5.8 g, 

90%), [a]E/ = -4.2 (c 1.0, CHC'3) [M.ALDI Found [M+Nar : 719.3 ; C42Hs4NaO4Si 

requires: 7 19.5], which showed b 1-1 (500 MHz, CDCb): 9.8 (IH, t, J2.5 Hz), 3.90-3.86 

( IH, m), 3.61 (3 H, s), 2 .5 (lH, ddd, J 4.3, 7.2, I 1.1 Hz), 2.45 (2H, dt, J2.2, 7.5 Hz), 

1.70 (2H, m), l.54-1.2 1 (56H, m), 0.9 (3H, t, J7.7 Hz), 0.86 (9H , s), 0.04 (3H, s), 0.02 

(3H, s); 3c ( l26 MHz, CDCb): 202.8, 175. 1, 73 .2, 51.6, 5 1.2, 43.9, 33.7, 3 1.9, 29.8, 

29.7, 29.6, 29.59, 29.5, 29.4, 29.38, 29.3 , 29.2, 27.9, 27.5, 25.8, 23.8, 22.7, 22 .1, 18.0, 

I 4.1, -4.4, -4.9; Vmax: 2943, 2843 , 1784, 1423 cm-I . 

Experiment 52: (R)-2-( (R)-1-Acetoxy-16-{ (1R,2S)-2-[ (19S,20S)-19-(tert-bu tyl

dimethyl-silanyloxy )-20-methyl-octatriacontyl]-cyclopropyl} hexadecyl)tetra

cosanoicacid methyl ester (298) 

Bu'Me,SiO A OAc 0 

CH3(CH2)11, -.;____ ~ 
' '(CH2),a 298 (CH2)15 ~ OMe 

Me (CH2l,,CH, 

L ith ium bis-(trimethylsily l)amide (3.6 mL, 3.7 mmol, 1.06 M) was added to a stirred 

solution of ester (295) (2.2 g, 2.4 mmol) and aldehyde (294) ( l.7 g, 2 .2 mmol) in dry 

THF ( 110 mL) at - IO °C under nitrogen atmosphere. The reaction mixture was allowed 

to reach r.t. and stirred for 2 h, then sat. aq. ammonium chloride (30 mL) and ethyl 

acetate were added. The organic phase was separated and the water layer was extracted 
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with petrol/ethy l acetate (5:1, 3 x 100 mL). The combined organic layers were dried 

and the solvent was evaporated. Chromatography eluting with petrol/ethyl acetate 

(30:1 ) gave a colourless oil of a mixture of(EIZ) isomers in ratio (4:1) (297) (2. 1 g, 

68%). Di potassium azod icarboxylate (2.1 0 g, 10.3 mmol) was added to a stirred 

so lution of the above alkenes mixture (297) (2.1 g, 1.5 mmol) in THF (60 mL) and 

methano l ( 10 mL) at 5 °C under nitrogen, resulting in a yellow suspension. A solution 

of glac ia l acetic acid (5 mL) and THF (5 mL) was added dropwise over 48 h, after a 

white precipitate had formed. The mixture was cooled to O °C and poured slowly into 

sat. aq . ammonium chloride, extracted with petrol/ethyl acetate (5: 1, 3 x 80 mL) and 

the combined organic layers were washed with water (50 mL) and evaporated. The 

procedure was repeated. Chromatography e luting with petrol/ether (20: I) gave a white 

semi-solid of t itle compound (298) (2.0 g, 95%), [a]52 = -6.6 (c 1.0, CHCl3) {MALDI 

Found [M+Nat: 1404.3, C91H1soNaO5Si requires: 1404.3} , which showed OH (500 

MHz, CDCl3): 5. 10 ( 1 H, dt, ./ 4.0, 8.1 Hz), 3.68 (3H, s), 3.5 1-3.49 ( I H, m), 2.63 ( 1 H, 

ddd, J 4.3, 6.5, 10.7 Hz), 2.18 (3H, s), 1.68-1.1 4 (142H, v.br.m), 1.07-1.02 ( lH, m), 

0.9 1- 0.88 (15H, including a singlet at 0.84), 0.81 (3H, d, ./ 6.7 Hz), 0.67-0.64 (2H, m), 

0.57 (IH, br.dt, ./ 4.1, 8.3 Hz), 0.03 (3H, s), 0.02 (3 H, s), -0.32 (1 H, br.q, ./ 5.2 Hz); oc 
( 126 MH z, CDCl3): 173.6, 170.3 , 75 .9, 74.1 , 5 1.5, 49.6, 37.7, 33.6, 32.5, 31.9, 3 1.7, 

30.2, 30.0, 29.9, 29.72 (v.br.), 29.7, 29.6, 29.5, 29.46, 29.44, 29.4, 28.7, 28. 1, 27.7, 

27.5, 26.0, 25.9, 25 .0, 22. 7, 21.0, 18.2, 15 .8, 14.4, 14.1, I 0.9, -4.2, -4.0; Vn,a.~: 2924, 

2853, 1747, 1465, 1372, 1236 cm-1
• 

Experiment 53: (R)-2-{(R)-l-Acetoxy-16-[(1R,2S)-2-((19S,20S)-19-hydroxy-20-

methyl-octatriacontyl)-cyclopropyl]-hexadecyl}tetracosanoicacid-

methyl ester (299) 

The s ilyl ether (298) (2.0 g, 1.3 mmol) was dissolved in dry THF (1 5 mL) in a dry 

polyethylene vial under nitrogen at r.t. and stirred. Then pyridine (0.9 mL) and HF

pyridine (1.2 mL) were added at 5 °C and the mixture was stirred for 17 h at 5 °C. The 

reaction mixture was poured s lowly to sat. aq. NaHCO3 until no more carbon dioxide 

was liberated. The mixture was extracted with petrol/ethyl acetate ( l:1 , 3 x 50 mL). 

The combined organic layers were washed with brine and dried. The solvent was 
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evaporated and the crude product was purified by column chromatography eluting 

with petrol/ethyl acetate (5: 1) to give the title compound (299) as a white solid ( 1.5 g, 

81%), m.p.: 47-48 °C, [a]E/ = -9.2 (c 1.0, C HC l3) {MALDI Found [M+Nat: 1290.2, 

CssH166NaOs requires: 1290.2}, which showed 8H (500 MHz, CDCl3): 5. 10 ( 1H, dt, J 

3 .9, 8.0 Hz), 3.68 (3H, s), 3.51-3.48 (1 H, m), 2.63 ( I H, ddd, J 4.3, 6.8, I 0.7 Hz), 2.04 

(3 H, s), 1.66-1.1 2 ( 147H, v.br.m), 0.9 (3H, t, J7.0 Hz), 0.86 (3H, d, J7.7 Hz), 0.67-

0.64 (2H, m), 0.57 (l H, br.dt, J4.1, 8.2 Hz), -0.32 ( 1H, br.q, J 5.4 Hz); 8c (l26 MHz, 

CDCb): 173.7, 170.3, 75.2, 74.1 , 51.5, 49.6, 38.2, 34.5, 33.4, 3 1.9, 3 1.7, 30.2, 27.0, 

29.8, 29.7 (v.br.), 29.6, 29.57, 29.47, 29.44, 29.4, 29.36, 28.7, 28. 1, 27.5, 27.4, 26.3, 

25.0, 22.7, 2 1.0, 15.8, 14.1, 13.6, 10.9; Vmax: 3449, 2918, 2850, 1743, 1470, 1374, 

123 8, 1 022 cm_,. 

Experiment 54: (R)-2-{(R)-l-Acetoxy-16-[(1R,2S)-2-((S)-20-methyl-19-oxo

octatriacontyl)-cyclopropyl]-hexadecyl}-tetracosanoic acid methyl ester (300) 

CH3(CH2l,1, 1 A ~ 
' "-(CH2l,1 300 (CH2hs i OMe 

Me (CHzJ,,cH, 

The a lcohol (299) (0.5 g, 0.3 mmol) in CH2C l2 (30 mL) was added to a stirred so lution 

of PCC (0.25 g, 1. 15 mmol) in CH2Cli ( 10 mL) at r.t. during the addit ion a black 

colour appeared. The mixture was stirred for 3 h at r.t. The mixture was diluted with 

ethy l acetate (40 mL) and petrol (40 mL) then filtered through a bed of s ilica gel. The 

solvent was evaporated and the product was purified by column chromatography 

eluting w ith petrol/ether ( I 0: 1) to give a white solid, the title compound (300) (0.5 g, 

99%), m.p.: 49-50 °C, [ag0 =+7.1 (c 1.0, C HC l3) {MALDI Found [M+Nat: 1288.1, 

C85H164NaO5 requires: 1288.2} , which showed <>H (500 MHz, CDCl3): 5. 1 (1 H, dt, J 

3.9, 8. L Hz), 3.68 (3 H, s), 2.63 ( I H, ddd, J 4.3, 6.9, l 0.7 Hz), 2.50 (1 H, m), 2.43 (1 H, 

dt, .J 7.3, 14. 7 Hz), 2.4 ( 1 H, dt, .J 7.3, 14.7 Hz), 2.03 (3 H, s), 1.68- 1.14 ( 140H, v .br.m), 

1.05 (3H, d, J 7. 7 Hz), 0.89 (6H, t, .J 7.6 Hz), 0.68-0.64 (2 H, m), 0.57 ( 1 H, br.dt, J 4.1, 

8.2 Hz), -0.32 (1H, br.q, ./5.2 Hz); 8c ( l26 MHz, CDCb): 215. 1, 173.6, 170.3, 74.1 , 

51.5, 49.6, 46.3, 41. I, 33.1 , 31.9, 31.7, 30.2, 29.8, 29.7 (v.br.), 29.65, 29.63, 29.6, 

29.56, 29.5, 29.49, 29.46, 29.44, 29.4, 29.3, 28.7, 28. 1, 27.5, 27.3, 25.0, 23.7, 22.7, 

2 1.1 , 16.4, 15.8, 14.1 , 10.9; Vmax: 29 19, 2850, 1740, 1708, 147 1, 1376, 1241 , 1166, 

1020 cm-'. 
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Experiment 55: (R)-2-{(R)-1-Hydroxy-16-[(1R,2S)-2-((S)-20-methyl-19-

oxo-octatriacontyl)-cyclopropyl]-hexadecyl}-tetracosanoic acid (293) 

CH,(CH,),,, l A ~ y "'-(CH2he 293 (CH2)15 ~ OH 

Me (CH2)21CH3 

Lithium hydrox ide monohydrate (0.24 g, 5.7 1 mmol) was added to a stirred solution of 

the acetyl protected methyl ester (300) (0.5 1 g, 0.42 mmol) in THF (I 5 mL), methano l 

( 1.5 mL) and water (2 mL) at r.t. The mixture was stirred at 45 °C for 18 h. It was 

coo led to r.t. and a mixture of petrol/ether ( I: I, IO mL) and then sat aq. NH4C I ( I 0 

mL) was added and the mixture was acidified with 5% HC I until pH l . Furthe r 

petrol/ether (1:1 , 20 mL) were added and the organic layer was separated. The aq . 

layer was re-extracted w ith petrol/ether ( I : I, 2 x 20 mL). The combined organic layers 

were washed with water ( 15 mL), dried and the solvent was evaporated. The product 

was purified by column chromatography eluting with petrol/ethyl acetate (7:2) to give 

a white solid, title compound (293) (0.4 g, 85%), m.p.: 70-72 °C; [a] i 0 = +4.1 (c 1.0, 

C HCl3) {MS Found [M+Nat: 1232.2 197, Cs2H160NaO4 requires: 1232.2294}. This 

showed; ◊H (500 MHz, C DCl3): 3.74-3.70 ( I H, m), 2.5 1 ( I H, m), 2.46 ( I H, dt, J 5.4, 

8.8 Hz), 2.43 ( lH, dt, J 2.0, 5.0 Hz), 2.40 ( IH, dt, J 2.0, 5.0 Hz), 1.75- 1.1 2 ( 140H, 

v.br.m), 0.9 (3H, d, J 7.7 Hz), 0.86 (6H, t, J 7.5 Hz), 0.69-0.64 (2H, m), 0.57 (I H, 

br.dt, J 4.1 , 8.2 Hz), -0.32 ( I H, br.q, J 5.5 Hz); 8c ( 126 MHz, CDCb): 215.4, 179.6, 

72. 1, 50.8, 46.3, 4 1.l , 35.5, 33.0, 3 1.9, 30.2, 29.7 (v.br.), 29 .66, 29.6, 29.52, 29.5, 

29.46, 29.4, 29.36, 29.3, 28.7, 27.3, 25.7, 23.7, 22.7, 16.4, 15.8, 14.1 , 10.9; Vmax : 3285, 

29 19, 2850, 1707, 1470, 1377, 1204, 101 9 cm-1
• 

Experiment 56: (R)-2-{(R)-1-(tert-Butyldimethylsilanyloxy)-18-[(lR,2S)-2-

( (17 S ,18S)-17-methoxy-18-methylhexatriacontyl)cyclopropyl]octadecyl}

tetracosanoic acid methyl ester (359) 

CH,(CH,),,, J: A J::l T ~ (CH2)16 359 (CH2)11 ! OMo 

(CH2)21CH, 

Lithium bis(trimethyls ilyl)amide (4 .3 mL, 4.5 mmol, 1.06 M ) was added dropwise to a 

stirred solution of (289) (2.0 g, 2.8 mmol) and (357) (2.7 g, 3.0 mmol) in dry THF (80 

mL) under nitrogen at -1 2 °C. The reaction was exothermic and the temperature rose 

to -5 °C resulting in dark orange solution. The mixture was allowed to reach r.t. and 
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stirred for 2 h, then cooled to 0 °C and quenched with sat. aq. ammonium chloride (25 

mL). The product was extracted with petrol/ethyl acetate (1: I, 3 x 60 mL). The 

combined organic extracts were dried and evaporated, the crude product was purified 

by column chromatography eluting with petrol/ethyl acetate (20: 1) to give a colourless 

oil (358) (3.0 g, 78%) as mixture in ratio of (2; I). Di potassium azodicarboxylate (8.10 

g, 43.0 mmol) was added with stirring to above alkene mixture (358) (3.0 g, 2 .1 mmol) 

in dry THF (55 mL) and methanol (55 mL) at 10 °C under nitrogen, resulting in a 

yellow suspension. A solution of glacial acetic acid (10 mL) in dry THF (10 mL) was 

added dropwise over 16 h, after that a white precipitate had fonned. The mixture was 

cooled to 0 °C and poured slowly into satd. aq. NaHCO3 (50 mL). The product was 

extracted with petrol/ether (1 :l , 3 x 50 mL). The combined organic layers were 

washed with water (100 mL), dried and evaporated to give a thick oil, which solidified 

s lowly; however, the 1H NMR spectra showed that there was still starting material left. 

The procedure was repeated twice for another 24 h and the crude product was purified 

by column chromatography eluting with petrol/ether (20: 1) to give a colourless oil, the 

title compound (359) (2.5 g, 83%), [a]t0 = -4.2 (c l.2, CHCl3) [MALDI Found 

[M+Naf : 1376.2; C90H1soNaO4Si requires: 1376.3]; which showed DH (400 MHz, 

CDCb): 3.92-3.89 (IH, 111), 3.66 (3H, s), 3.34 (3H, s), 2.96-2.94 (IH, 111), 2 .55 (lH, 

ddd, J 4.0, 7.0, 11.1 Hz), 1.67-1.09 (143H, 111), 0.90-0.84 (18H, including a doublet 

integrating to 3H, a triplet integrating to 6H and a singlet integrating to 9H), 0.71-0.67 

(2H, 111), 0.60 (IH, dt, J3.7, 7.6 Hz), 0.05 (3H, s), 0.02 (3H, s), -0.32 (IH, br.q, J5.0 

Hz); Sc (I0I MHz, CDC13): 175 .0, 85.3, 73.1 , 57.6, 51.5, 51.1 , 35.3, 33.6, 32.3, 31.9, 

30.4, 30.2, 30.1, 29.88, 29.8, 29.7, 29.6, 29.5, 29.4, 29.3, 28.6, 27.7, 27.5 , 27.4, 26. L, 

25 .7, 23 .6, 22.6, 18.0, 15.7, 14.7, 14.1 , 10.9, -4.4, -5 .0; Vmax: 2924, 2853, 1741 , 1465, 

I 099 cm-1
• 

Experiment 57: (R)-2-( (R)-1-(tert-Butyldimetbylsilanyloxy )-18-[ (1S ,2R)

-2( (17 S,18S)-17-methoxy-18-metbylbexatriacontyl)cyclopropyl]octadecyl)

tetracosanoic acid methyl ester (291) 

Lithium bis(trimethylsilyl)amide (2.0 mL, 2.1 mmol, 1.06 M) was added dropwise to a 

stirred solution of (289) ( 1.2 g, 1.3 mmol) and (287) (0.9 g, 1.3 mmol) in dry THF (30 
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mL) under nitrogen at -12 °C. The reaction was allowed to reach r.t. and stirred for 2 h. 

Then the reaction mixture was worked up and purified as before to give a colourless 

oil of (290) (1.45 g, 77%) as mixture in ratio (1 :3). Hydrogenation was carried out 

with dipotassium azocarboxylate as before and the crude product was purified as 

before to give a colourless oil, title compound (291) (1.4 g, 83%), [a];} = -4.1 (c 1.2, 

CHCl3) {MALDI Found [M+Nar: 1376.25; C90H1soNaO4Si requires: 1376.3548}, 

w hich showed 8H (400 MHz, CDCl3): 3.93-3.90 (1 H, m), 3.66 (3H, s), 3.35 (3H, s), 

2.97-2.95 (lH, m), 2.55 (1 H, ddd, J 4.0, 7.0, 11.2 Hz), 1.65-1.09 (143H, m), 0.91-0.85 

( 18H, m, including a doublet integrating to 3H, a triplet integrating to 6H and a singlet 

integrating to 9H), 0.66-0.64 (2H, m), 0.6 (lH, dt, J 3.7, 7.6 Hz), 0.05 (3H, s), 0.03 

(3H, s), -0.31 (1 H, br.q, J 5.1 Hz); 8c (10 l MHz, CDCb): 175.0, 85.3 , 73.2, 57.5, 51 .4, 

51.0, 35.2, 33.5, 32.2, 31.8, 30.4, 30.2, 30.1 , 29.9, 29.8, 29.7, 29.6, 29.5, 29.4, 29.3, 

28.6, 27.7, 27.5, 27.4, 26.0, 25.6, 23.6, 22.5, 17.8, 15.6, 14.8, 14.0, 10.8, -4.5, -5.0; 

Ymax: 2927, 2854, 1717, 1466, 1093 cm-1. 

Experiment 58: (R)-2-{(R)-1-Bydroxy-18-[(1R,2S)-2-((17S,18S)-17-methoxy-

18-meth ylh exa triacon ty l)cyclop ropyl] ctadecyl} tetracosanoic acid-

methyl ester (360) 

CH,(CH,),,, r A ~ T '(CH2)15 360 (CH2)11 

1 
OMe 

(CH2)21CH3 

A dry polyethylene vial equipped with a rubber septum was charged with (359) (2.0 g, 

1.4 mmol) and pyridine (2 mL) in dry THF (50 mL) and stirred at r.t. under nitrogen. It 

was added HF-pyridine (6 mL). The mixture was stirred at 43 °C for 17 h, the mixture 

was neutralised by slowly pouring the mixture into sat. aq. sodium hydrogen carbonate 

(50 mL) until no more carbon dioxide was liberated. The product was extract with 

petrol/ethyl acetate (5:2, 3 x 50 mL), dried and evaporated to give a wh ite solid. This 

was purified by column chromatography eluting with petrol/ethyl acetate ( 10: 1 ), (5: l) 

to give a white solid, the title compound (360) (1.5 g, 83%), m.p.: 59-61 °C, [a]i3 = -

1.1 (c l.2, CHCb) [MALDI Found [M+Nar: 1262.2; Cs4H166NaO4 requires: 1262.2], 

which showed 8H (400 MHz, CDCb): 3.72 (3H, s), 3.68-3.64 ( IH, m), 3.34 (3H, s), 

2.97-2.94 (IH, br.pent, J 4.4 Hz), 2.46-2.41 (2H, m, including OH-group), 1.74- l. 12 

(143H, m), 0.90-0.83 (9H, including t, J 7.0 Hz, for 2 x CH3, d, J 7.0 Hz, for CHCH3), 

0.68-0.64 (2H, 111), 0.57 (1 H, dt, J 4. 1, 8.2 Hz), -0.3 1 (lH, br.q, J 5.1 1 Hz); 8c (101 
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MHz, CDCb): 176.2, 85.4, 72.3 , 57.7, 51.5, 50.9, 35.7, 35.3, 32.4, 31.9, 30.5, 30.2, 

30.0, 29.9, 29.74, 29.7, 29.64, 29.6, 29.58, 29.56, 29.55, 29.5, 29.4, 29.3, 28.7, 27.5, 

27.4, 26.2, 25.7, 22.7, 15.8, 14.9, 14.1 , 10.9; Vmax: 3524, 2920, 2850, 1711 , 1470 cm-
1
. 

Experiment 59 : (R)-2-((R)-1-Hydroxy-18-[(1S,2R)-2((17S,18S)-17-methoxy-18-

methylhexatriacontyl)cyclopropyl]octadecyl)-tetracosanoic acid-

methyl ester (292) 

A dry polyethylene vial equipped with a rubber septum was charged with (291) (1.2 g, 

0.8 mmol) in dry THF (25 mL) under nitrogen at O °C. Pyridine (l.6 mL) and HF

pyridine (1 mL) were added and the mixture was stirred for 18 hat 43 °C. The reaction 

mixture was worked up and purified as before to give a white solid, the title compound 

(292) (0.9 g, 90%), m.p.: 62-65 °C, [aJi6 = -1.4 (c 1.0, CHCb) {MALO£ Found 

[M+Nar: 1262.2, Cs4H166NaO4 requires: 1262.2}, which showed 81-1 (400 MHz, 

CDCb): 3.71 (3H, s), 3.68-3.66 (lH, m), 3.35 (3H, s), 2.96-2.95 (lH, br.pent, J 4.4 

Hz), 2.46-2.42 (2H, m, including OH-group), 1.74-1.12 (143H, m), 0.90-0.84 (9H, 

including t, J 7.0 Hz, for 2 x CH3 and d, J 7.0 Hz, for CHCH3), 0.66-0.64 (2H, m), 

0.57 ( 1 H, dt, J 4.1, 8.2 Hz), -0.3 1 ( l H, br.q, J 5 .1 Hz); 8c (10 I MHz, CDCl3): I 76.3, 

85.5, 72.3, 57.8, 51.4, 50.9, 35.7, 35.3, 32.4, 31.9, 30.5, 30.2, 30.0, 29.95, 29.9, 29.7, 

29.61 , 29.6, 29.58, 29.56, 29.55, 29.5, 29.4, 29.3, 28.7, 27.5, 27.4, 26.2, 25.7, 22.7, 

15.7, 14.8, 14.0, I0.9; vmax:3524, 2920, 2850, 1711 , 1470cm-
1
. 

Experiment 60: (R)-2-{(R)-1-Hydroxy-18-[(1R,2S)-2-((17S,18S)-17-methoxy-18-

methylhexatriacontyl)cyclopropyl]octadecyl} tetracosanoic acid (263) 

CH3(CH2l11, J: A ~ T '(CH2h• 263 (CH,)17 1 OH 

(CH2l,1CH3 

Lithium hydroxide monohydrate (0.71 g, 16.6 mmol) was added to a stirred solution of 

(360) (1.5 g, 1.1 mmol) in THF (30 mL), methanol (2 mL) and water ( 1 mL) at r.t. The 

mixture was stirred at 43 °C for 24 h. It was cooled to r.t. quenched with satd. 

ammonium ch loride (5 mL), diluted with petrol/ethyl acetate (5:1) (3 x 30 mL) and 

then acidified with 5% HCI. The organic layer was separated and the aqueous layer 
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was re-extracted with petrol/ethyl acetate (5:1) (2 x 50 mL). The combined organic 

layers were dried, evaporated and purified by chromatography on silica e luting with 

warm petrol/ethyl acetate (7:2) to give tit le compound (263) as a white solid (I. I g, 

78%), m.p.: 65-67 °C, [aJi3 = - 1.9 (c 1.0, CHCb) {Found [M+Nat: 1248.2558; 

C s3H164NaO4 requires: 1248.2461}, which showed 81-1 (400 MHz, CDCl3): 3.73-3.72 

( IH, m), 3.36 (3 1-1, s), 3.0-2.8 ( IH, m), 2.48-2.46 ( IH, m), 1.76-1.73 (I H, m), .1.65-

1.63 (2H, m), 1.53-1.12 ( 142H, m), 0.9 1-0.86 (9H, including t, J6.61 Hz, for 2 x CH3 

and a doublet J 6.62, for CHCH3), 0.65 (2H, m), 0.58 (I H, dt, J 3.7, 7.9 Hz), -0.32 

( IH, br.q, J5.0 Hz); 8c ( I0I MHz, CDCb): 173.3, 85.6, 72. 1, 57.7, 50.7, 35.6, 35.3, 

32.4, 3 1.9, 30.5, 30.2, 30.0, 29.9, 29.7, 29.66, 29.6, 29.5, 29.4, 29.3 , 28.7, 27.6, 27.3 , 

26. 1,25.7,22.7, 15.8, 14.9, 14. 1, I0.9;vmax:3396,2922,2851, 1707, 1467cm-1. 

Experiment 61: (R)-2-[(R)-1-Hydroxy-18-[(1S,2R)-2((17S,18S)-17-methoxy-18-

methylhexatriacontyl)cyclopropyl]octadecyl]-tetracosanoic acid (266) 

Lithium hydrox ide monohydrate (0.4 g, 9.5 mmol) was added to a stirred solution of 

(292) (0.91 g, 0.72 mmol) in THF (15 mL), methanol ( 1.5 mL) and water (2 mL) at r.t. 

The mixture was stirred at 43 °C for 18 h. The reaction mixture was worked up and 

purified as before to give the t itle compound as a white solid (266) (0.6 g, 89%), [a)51 

= -1.2 (c 1.0, C HCb) {MS Found [M+Nat: 1248.2558; Cs3H1 64NaO4 requires: 

1248.246 1}, which showed 81-1 (400 MHz, CDCl3): 3.73-3.65 ( IH, m), 3.37 (3 H, s), 

3.0-2.8 (lH, m), 2.5 1-2.45 ( IH, m), 1.75-1.72 ( 11-1 , m), 1.64-1.61 (2H, m), 1.53- 1.12 

( 142H, m), 0.90-0.85 (9H, including t, J 6.6 Hz, for 2 x C H3 and a doublet J 6.6 Hz, 

for CHCH3), 0.66-0.60 (2H, m), 0.58 ( 1 H, dt, J3.7, 7.9 Hz), -0.3 1 (1 H, br.q, J 5.0 Hz); 

8c (400 MHz, CDCb): 173.4, 85.6, 72.2, 57.6, 50.7, 35.5, 35.4, 32.3, 32.0, 30.5, 30.3, 

30.0, 29.9, 29.7, 29.66, 29.6, 29.5, 29.4, 29.37, 28.7, 27.5, 27.3, 26.2, 25.7, 22.7, 15.8, 

14.9, 14.2, l 1.0; Vmax: 34 19, 2927, 2854, 1702, 1466 cm-1. 

Experiment 62: (R)-2-{(R)-1-(tert-Butyldimethylsilanyloxy)-18-[(lR,2S)-2-

( (17 S,18S)-17-methoxy-18-methyl-hexatriacontyl)cyclopropyl]octadecyl}

tetracosanoic acid (361) 
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CH,(CH,),,, J: A J:l T ' (CH2)16 361 (CH2)17 ! OH 

(CH2)21CH3 

lm idazole ( 1. 11 g, 16.3 mmol) was added to a stirred solution of (263) (2.0 g, 1.6 

mmol) in dry DMF (6 mL) and dry toluene ( IO mL) at r.t. followed by the addition of 

tert-butyldimethy lsi ly lchloride (2 .41 g, 16.0 mmol) and 4-DMAP (0.1 2 g, 0.81 mmol). 

The reaction mixture was stirred at 70 °C for 24 hand at r.t. for 8 h. The solvent was 

removed under high vacuum and the residue was diluted with petrol/ethyl acetate 

( 10: 1, 100 mL) and water (50 mL). The organic layer was separated and the aqueous 

layer was re-extracted with petrol/ethyl acetate ( I 0: 1, 2 x 30 mL). The combined 

organic layers were washed with water, dried and evaporated to give a colourless oil 

res idue. The res idue was dissolved in THF (20 mL), water (4 mL), and methanol (4 

mL), to this was added potassium carbonate (0.72 g, 5.22 mmol). The reaction mixture 

was stirred at 45 °C for 18 h. The mixture was diluted with petrol/ethy l acetate (10:1 , 

50 mL) and water ( IO mL) then acidified with potassium hydrogen sul fate to pH 2. 

The organic layer was separated and the aqueous layer was re-extracted with 

petrol/ethyl acetate (2 x 20 mL). The combined organic layers were washed with 

water, dried and evaporated to give a residue, which was purified by column 

chromatography on silica gel elut ing with petrol/ethyl acetate (20: 1 ), ( I 0: I) to give 

t itle compound (361) as colourless oil (1.9 g, 90%), (a]19 = -0.7 (c 1.5 , CHCl3) 

{MALDI Found [M+Nar : 1362.3; Cs9H)78O4SiNa requires: I 362.3}; which showed 

◊H (400 MHz, CDCl3): 3.86-3.8 (1 H, m), 3.35 (3 H, s), 2.97 ( IH, br.pent, ./ 4.5 Hz), 

2.53 ( I H, m), 1.75-1.05 ( 144H, m), 0.93 (91-1, s), 0.9 (6H, t, J 5.5 Hz), 0.85 (3 H, m), 

0.68-0.63 (2H, m), 0.59 ( IH, dt, JS.I , 10.0 Hz), 0. 16 (3H, s), 0. 14 (3H, s), -0.3 1 (l H, 

br.q, J6.0 Hz); oc ( I0l MHz, CDC13): 177.2, 85.5, 73.6, 57.7, 50.0, 35.3, 35.0, 32.4, 

3 1.9, 30.5, 30.2, 30.0, 29.9, 29.78 (very broad), 29.7, 29.56 29.53, 29.5, 29.42, 29.4, 

29.0, 28.7, 27.6, 27.5, 26.1, 25.7, 24.6, 22.6, 17.9, 15.7, 14.8, 14. 1, 10.9, -4.3, -4.9; 

Vmax: 3471 (broad, OH for the carboxylic group), 2924, 2853, 1744, 1464, 1360, 1300, 

1237, 1099, 1048, 939, 836 cm-i. 

Experiment 63: (R)-2-{(R)-1-(tert-Butyldimethylsilanyloxy)-18-[(lS,2R)-2-

( (17 S,18S)-17-methoxy-18-methyl-hexatriacontyl)cyclopropyl]octadecyl}

tetracosanoic acid (301) 
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OMe D OSiMe2
1
Bu o 

CH,(CH,)170 ,,.. .,,, ' - II ,,, ,,,, ~ 
(CH2),6 301 

'(CH2)11 

1 
OH 

(CH,),,CH, 

Im idazole (0.24 g, 3 .52 mmol) was added to a stirred solution of (266) (0.45 g, 0.35 

mmol) in dry DMF (2 mL) and dry toluene (3.5 mL) at r.t. followed by the addition of 

tert-butyldimethylsilylchloride (0.5 g, 3.5 mmol) and 4-DMAP (0.04 g, 0.32 mmol). 

The reaction mixture was stirred at 70 °C for 24 h at r.t. The reaction mixture was 

worked up and purified as before to give a colourless oil residue. The residue was 

dissolved in THF (8 mL), water (1.5 mL), and methanol (1.3 mL), to this was added 

potassium carbonate (0.1 g, 1 .2 mmol). The reaction mixture was stirred at 45 °C for 

18 h. The reaction mixture was worked up and purified as before to give the title 

compound (301) as colourless oil (0.39 g, 90%), [a]19 = -0.7 (c 1.5, CHC'3) {MALDI 

Found [M+Nat: 1362.3; C89HJ78O4SiNa requires: 1362.3} , which showed ◊H (400 

MHz, CDC'3): 3.85-3.82 (lH, m), 3.35 (3H, s), 2.97 (1 H, hr.pent, J 4.5 Hz), 2.55-2.5 1 

(lH, m), 1.63- 1.06 (144H, m), 0.94 (9H, s), 0.9 (6H, t, J 5.5 Hz), 0.86 (3H, m), 0.65-

0.63 (2H, m), 0.58 ( IH, dt,J5.0, 7.1 Hz), 0.16 (3H, s), 0.14 (3H, s), -0.31 ( lH, br.q, J 

6.0 Hz); 8c (101 MHz, CDC13): 177.2, 85.4, 73.7, 57.7, 50.0, 35.2, 35.1, 32.4, 31.9, 

30.5 , 30.2, 30.0, 29.9, 29.72, 29.7, 29.56, 29.53 , 29.5, 29.43, 29.4, 29.0, 28.7, 27.5 , 

27.4, 26.1 , 25.7, 25. l , 22.6, 17.9, 15.7, 14.8, 14.1, 10.9, -4.2, -4.l; Vmax: 3471 (broad, 

OHforthecarboxylicgroup), 2924, 2853, 1744, 1464, 1360, 1300, 1237, 1099, 1048, 

939, 836 cm·' . 

Experiment 64: 6,6'-bis-O-(R)-2-{(R)-1-(tert-Butyldimetbylsilanyloxy)-18-

[(lR,2S)-2-((l 7S,18S)-17-methoxy-18-metbylhexatriacontyl)cyclopropyl]

octadecyl}-tetracosanoic-2,3,4,2' ,3' ,4' ,-hexakis-O-( trimethylsilyl)-u,u'-trehalose 

(362) and 6-O-(R)-2-{(R)-l-(tert-butyl-dimetbyl-silanyloxy)-18-[ (IR,2S)-2-

((17 S,18S)-17-metboxy-18-metbylhexatriacontyl)-cyclopropyl]-octadecyl}

tetracosanoic-2,3,4,2 ',3' ,4'-hexakis-O-(trimethylsilyl)-u,a'-trebalose (363) 
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EDCl (0.9 g, 4.6 mmol) and 4-DMAP (0.5 g, 4.0 mmol) were added to a stirred 

solution of (361) ( 1.5 g, I. I mmol) and (160) (0.45 g, 0.58 mmol) and powdered 4 A 

molecular sieves in dry dichloromethane (20 mL) at r.t. under nitrogen. The mixture 

was stirred for 6 days at r.t. The mixture was then diluted w ith dichloromethane (5 

mL) and filtered. The filtrate was evaporated under reduced pressure to give a residue, 

w hich was purified by column chromatography on silica gel e luting w ith petrol/ethyl 

acetate 20: 1, 10: 1 to g ive the first fraction as a colourless thick o il (362) (0.75 g, 

62%); [a]i3 = +20 (c 1.00, CHCl3) {MALDI Found [M+Nat: 3442.7; C2osHm NaO11 

S is requires : 3441.0} ; which showed ◊H (400 MHz, CDC h): 4.85 (2H, d, J 3.9 Hz), 

4.36 (2H, br.d, J 12.7 Hz), 4.04-3.97 (2H, m), 3.95 (2H, br.pent, J 4.2 Hz), 3.93 (2H, 

br.q, J 5 .0 Hz), 3 .9 (2H, t, J 9 .0 Hz), 3 .53 (2H, t, J 11.1 Hz), 3 .39 (2H, dd, J 3 .4, I 1.6 

Hz), 3.34 (6H, s), 2 .96 (2H, br.pent, J 5. 1 Hz), 2.56 (2H, m), l.63-1.61 (4H, m), 1.52-

1.0 I (282H, m), 0.9 ( 12H, t, J 7.0 Hz), 0.89 (18H, s), 0.84 (6H, d, J7.0 Hz), 0.66-0.63 

( 4H, br.m), 0.57 (2H, dt, J 4.5, 9.5 Hz), 0. 16 ( 18H, s), 0.14 ( 18H, s), 0.13 ( 18H, s), 

0 .06 (12H, s), -0.32 (2H, br.q, J 6.2 Hz); 8c (101 MHz, CDCl3): 173.8, 94.8, 85.4, 

73.5, 73.4, 72.8, 7 1.8, 70.7, 62.4, 57.7, 5 1.9, 35.4, 33.7, 32.4, 3 1.9, 30.5, 30.2, 30.0, 

29.98, 29.9, 29.7 (very broad), 29.6, 29.5, 29.4, 28.7, 28.1 , 27.6, 26.2, 25.8, 25.2, 22.7, 

18.0, 15.8, 14.9, 14.l , 10.9, 1.1, 0.9, 0.2, -4.5, -4.6; Vmax: 2925 , 2854, 1734, 1494, 

125 1.6, 1077, 1050, 907, 825 cm-1. 

The second fraction was (363) (0.36 g, 30%), [an3 = +43 (c 1.00, CHCh) {MALDI 

Found [M+Naf: 2118.8, C 119H246NaO14Si1 requires: 2 118.6}; wh ich showed 81-1 (400 

MHz, CDCh): 4.91 ( lH, d, J3 .6 Hz), 4.84 ( 1H, d, J3 .7 Hz), 4.36 ( l H, dd, J2.1 , 14.5 

Hz), 4.09 ( 1 H, dd, J 5. 1, 14.5 Hz), 4.0 1 ( 1 H, m), 3 .94 (1 H, m), 3 .91 (2H, dt, J 6.6, 9 .0 

Hz), 3.82 (lH, br.td, J 3.4, 9.5 Hz), 3 .70-3.65 (2H, m), 3.50 (2H, m), 3 .43 (lH, m), 

3.37 ( l H, m), 3.34 (3H, s), 2.96 (lH, br.pent, J 5.3 Hz), 2.57-2.54 (] H, m), 1.72 ( 1H, 

m), 1.62- 1.56 (2H, m), 1.51- 1.06 (144H, m), 0.90 (3H, t, J 7.0 Hz), 0.88 (9H, s), 0.85 
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(3H, d, J 7.0 Hz), 0.66-0.64 (2H, m), 0.57 (IH, dt, J 4.9, 9.9 Hz), 0.17 (9H, s), 0. 16 

(9H, s), 0. 15 (9H, s), 0.15 (9H, s), 0.14 (9H, s), 0.12 (9H, s), 0.058 (3 H, s), 0.054 (3H, 

s), -0.32 ( I H, br.q, J 5.9 Hz); oc (10 I MHz, CDCb): 174.1, 94.5, 94.4, 85.4, 73.43, 

73.4, 72.9, 72.8, 72.7, 72.0, 71 .4, 70.7, 62.4, 61.7, 57.7, 51.8, 35.4, 33.4, 32.4, 31.9, 

30.5, 30.2, 30.0, 29.93, 29.9, 29.8, 29.7, 29.6 (v.br.), 29.5, 29.4, 28.7, 28.1, 27.6, 26.4, 

26.2, 25.8, 24.8, 22.7, 18.0, 15.8, 14.9, 14. 1, I 0.8, 1.2, 1.1, 1.0, 0.9, 0.8, 0.2, 0.03, -4.5, 

-4.7; Vmax: 3436, 2926, 2856, 1733, 1494, 1252, 1215, 1076, 907 cm·1. 

Experiment 65: 6,6'-bis-O-(R)-2-{ (R)-l-(tert-Butyldimethylsilanyloxy)-18-

[(1S,2R)-2-((17 S,18S)-l 7-methoxy-18-methylhexatriacontyl)-cyclopropyl]

octadecyl}-tetracosanoic-2,3,4,2 ',3 ',4' ,-hexakis-O-(trimethylsilyl)-a,a '-trehalose 

(302) and 6-O-(R)-2-{ (R)-1-(tert-bu tyl-d imethyl-silanyloxy )-18-[ (1S,2R)-

2-( (17 S,l 8S)-17-meth-oxy-18-methylhexa triacon tyl)-cyclopropyl]-octadecyl}

tetracosanoic-2,3,-4,2 ',3'-,4'-hexakis-O-(trimethylsilyl)-a,a '-trehalose (303) 

EDCI (0.14 g, 0.77 mmol) and 4-DMAP (0.08 g, 0.67 mmol) were added to a stirred 

solution of (301) (0.33 g, 0.24 mmol) and (160) (0.07 g, 0.09 mmol) and powdered 4 

A molecular sieves in dry dichloromethane (3.5 mL) at r.t. under nitrogen. The 

mixture was stirred for 6 days at r.t. The mixture was worked up and purified as before 

to give the first fraction as a colourless th ick oil as (302) (0.23 g, 70%), [ag1 =+20 (c 

1.00, CHCl3) {MALDI Found [M+Nat: 3442.7, C20sH422O11S isNa requires: 3441.0}, 

which showed ◊H (400 MHz, CDCb): 4.85 (2H, d, J 3.9 Hz), 4.36 (2H, br.d, J 12.7 

Hz), 4.04-3.97 (2H, m), 3.95 (2H, br.pent, J 4.2 Hz), 3.93 (2H, br.q, J 5.0 Hz), 3.9 

(2H, t, J 9.0 Hz), 3.53 (2H, t, J 11.1 Hz), 3.39 (2H, dd, J 3.4, 11.6 Hz), 3.34 (6H, s), 

2.96 (2H, br.pent, JS.I Hz), 2.56 (2H, m), 1.63- 1.61 (4H, m), 1.52-1.01 (282H, m), 

0.90 (12H, t, J7.0 Hz), 0.89 ( 18H, s), 0.84 (6H, d, J7.0 Hz), 0.66-0.63 (4H, br.m), 

0.57 (2H, dt, J 4.5, 9.5 Hz), 0.16 ( 18H, s), 0.14 ( 18H, s), 0.13 (18H, s), 0.06 (12H, s), -
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0.32 (2H, br.q, J 6.2 Hz); oc (101 MHz, CDCb): 173.8, 94.8, 85.4, 73.5, 73.4, 72.8, 

7 1.7, 70.7, 61.3, 57.7, 51.9, 35.3, 33.5, 32.3, 31.9, 30.5, 30.2, 30.0, 29.98, 29.9, 29.7 

(v.br.), 29.6, 29.5, 29.4, 28.7, 28. l , 27.6, 26.2, 25.8, 25.2, 22.7, l 8.0, 15.8, 14.9, 14.1 , 

10.9, l.1, 0.9, 0.2, -4.5, -4.6; Ymax: 2925, 2854, 1734, 1494, 125 l.6, I 077, l 050, 907, 

825 cm-1
• 

The second fraction was (303) (0.1 g, 28%); [aJi1 = +44 (c 1.00, CHCl3) {MALDI 

Found [M+Nat: 2118.7; C119H246O14Si1Na requires: 2118.7} , which showed OH (400 

MHz, CDCb): 4.9 I ( l H, d, J 3 .6 Hz), 4.84 (1 H, d, J3. 7 Hz), 4.36 ( I H, dd, J 2.1, 8.0 

Hz), 4.09 (]H, dd, J5.1, 9.0 Hz), 4.0 (lH, m), 3.94 (lH, m), 3.9 (2H, dt, J 6.6, 9.0 Hz), 

3.82 (IH, br.td, J3.4, 9.5 Hz), 3.70-3.65 (2H, m), 3.5 (2H, m), 3.43 (IH, m), 3.37 (IH, 

m), 3.34 (3H, s), 2.96 (IH, br.pent, J 5.3 Hz), 2.57-2.54 (]H, m), 1.72 (lH, m), 1.62-

1.56 (2H, m), 1.51-1.06 (144H, m), 0.9 (3H, t, J7.0 Hz), 0.88 (9H, s), 0.85 (3H, d, J 

7.0 Hz), 0.66-0.64 (2H, m), 0.57 (IH, dt, J 4.9, 9.8 Hz), 0.17 (9H, s), 0.1.6 (9H, s), 

0.15 (9H, s), 0.15 (9H, s), 0.14 (9H, s), 0.12 (9H, s), 0.058 (3H, s), 0.054 (3H, s), -0.32 

(JR, br.q, J 5.9 Hz); oc (101 MHz, CDCb): 174.1 , 94.5, 94.4, 85.4, 73.5, 73.4, 72.9, 

72.8, 72.7, 72.0, 71.4, 70.7, 62.4, 61.7, 57.7, 51.8, 35.4, 33.4, 32.4, 31.9, 30.5, 30.2, 

30.0, 29.93, 29.9, 29.8, 29.7, 29.6 (v.br.), 29.5, 29.4, 28.7, 28.1, 27.6, 26.4, 26.2, 25.8, 

24.8, 22.7, 18.0, 15.8, 14.9, 14.1, 10.8, 1.1 , 1.0, 0.9, 0.8, 0.2, 0.03, -4.5, -4.7; Ymax: 

3436, 2926, 2856, 1733, 1494, 1252, 1215, I 076, 907 cm_,. 

Experiment 66: 6,6'-bis-O-(R)-2-{(R)-1-(tert-Butyldimethylsilanyloxy)-18-[(1R,-

2S)-2-((17S,18S)-17-methoxy-18-metbylhexatriacontyl)cyclopropyl]octadecyl}

tetracosanoic-a,a' -trebalose (364) 

OMe A 'BuMezSiO 0 

CH3(CH2)11 

~ (CH2)10 (CH2)17JJ---O~ 

Me CH,(CH2)21 HO 0 

HO 

HO 
0 

H 

OMe A 'BuMe2SiO O HO 

CH,(CH2)11'- ~ - ' \I l (CH,hs 364 (CH2h,~o 

Me CH3(CH2)21 

Tetrabutylarnrnoniurn fluoride (0.3 rnL, 0.3 rnmol, 1.0 M) was added to a stirred 

solution of (362) (0.36 g, 0.10 rnrnol) in dry THF (10 rnL) at 5 °C under nitrogen 

atmosphere. The mixture was allowed to reach r.t. and stirred for 1 h. The reaction was 
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cooled to 5 °C and quenched with sat. aq. sodium bicarbonate (3 mL) then diluted with 

cold CHCb (50 mL). The organic layer was separated and the aqueous layer was re

extracted with CHCl3 (2 x 50 mL). The combined organic layers were washed with 

brine (50 mL), dried and evaporated to give a residue, which was purified by column 

c lu-omatography on silica gel eluting with CHCb/MeOH 10: I to give the title 

compound as a colourless thick oil (364) (0.27 g, 87%), [a]i3 = + 10 (c 1.00, CH Cb) 

{MALO[ Found [M+Nat: 3009.9; C190H316NaO 17Si2 requ ires: 3009.7}; which 

showed oH ( 400 MHz, CDCb + few drops of CO3OD): 4.91 (2H, d, J 3 .0 Hz), 4 .1 3 

(2H, br.m), 4.1 (2H, br. m), 3.96-3.92 (2H, m), 3.78 (2H, br.t, J 13.4 Hz), 3.66-3.58 

(2H, m), 3.38-3.18 (8H, including a singlet for the methoxy groups resonated at 3.30), 

2.90-2.83 (2H, m), 2.45-2.34 (2H, m), l.5-1 .05 (292H, m), 0.80 (12H, m), 0.78 (18H, 

s), 0.73 (6H, m), 0.54-0.46 (4H, m), 0.41 (2H, dt, J 5.2, 9.6 Hz), -0.10 (6H, s), -0. 12 

(6H, s), -0.4 (2H, br.q, J 5.2 Hz); oc(l 01 MHz, CDCb + few drops of CD3OO): 175.0, 

93 .3, 85.5, 73.l , 72.9, 71.6, 70.2, 70.0, 62.8, 57.4, 51.5, 35.2, 33.6, 32.3, 31.9, 3 1.2, 

30.4, 30.3, 30.2, 30.1 , 30.0, 29.87, 29.82, 29.74, 29.7, 29.6, 29.53, 29.5, 29.41, 29.4, 

29.3, 28.7, 27.8, 27.6, 27.0, 26.0, 25.8, 25.7, 24.2, 22.7, 18.2, 15.7, 14.7, 14.2, 10.9, -

4.4, -4.8; Vmax: 3436, 2925, 2853, 1734, 1456, 1252, 1100, 1078, 992, 874, 825, 760, 

720, 672 cm-1. 

Experiment 67: 6,6'-bis-O-(R)-2-{(R)-1-(tert-Butyldimethylsilanyloxy)-18-[(1S,-

2R)-2-( (17 S,18S)-17-methoxy-18-methylhexatriaconty l)cyclopropyl ]octadecyl}

tetracosanoic-a,a'-trehalose (304) 

OMe f\ 'BuMe2SiO O 

CH, (CH2)11....._ ~ ~ - ' 1i 1 (CH2),,"'•·· ·,,,,,,(CH2) 17~0~ 

Me CH,(CH2h, HO 0 

HO 

HO 
0 

H 

OMe /\ 'BuMe2SiO O HO 

CH3(CH2)110 ~ - ' 1i 
(CH2),s"'

000 

'•,,,,,(CH,),,~O 

304 : 
Me CH3(CH2)21 

Tetrabutylammonium fluoride (0.2 mL, 0.2 mmol, LO M) was added to a stirred 

solution of (302) (0.23 g, 0.06 mmol) in dry THF (10 mL) at 5 °C under nitrogen 

atmosphere. The mixture was allowed to reach r.t. and stirred for I h. The reaction 

mixture was worked up and purified as before to give the title compound (304) as a 
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colourless thick oil (0.17 g, 90%), [a)t3 = + 11 (c 1.00, CHCl3) {MALDI Found 

[M+Nat: 3009.9; C 190H376O 11Si2Na requires: 3009.7} , which showed 81-1 (400 MHz, 

C DCb + few drops of CD3OD): 5.01 (2H, d, J 3 .0 Hz), 4.28 (2H, br.dd, J 5.9, 15.7 

Hz), 4.2 (2H, br.d, J 13.6 Hz), 3.89-3.84 (2H, m), 3.72 (2H, br.t, J 11.4 Hz), 3 .44-3.43 

(2H, m), 3.38-3.20 (8H, including a s inglet for the methoxy groups resonated at 3.3), 

2.92-2.9 1 (2H, m), 2.50-2.46 (2H, m), 1.5-1.03 (292H, m), 0.81 ( 12H, m), 0.79 ( 18H, 

s ), 0.78 (6H, m), 0.57-0.5 1 (4H, m), 0.49 (2H, dt, J 5.2, 9.6 Hz), 0.008 (6H, s), -0.02 

(6H, s), -0.40 (2 H, br.q, J 5.2 Hz); 8c (IO l MHz, CDC l3 + few drops of CD3OD): 

175.0, 93.3, 85.5, 73 .1, 72.9, 7 1.6, 70.3, 70.0, 62.8, 57.6, 5 1.6, 35.2, 33.6, 32.3, 31.9, 

3 1.2, 30.4, 30.3, 30.2, 30.1 , 30.0, 29.87, 29.8, 29.75, 29.7, 29.6, 29.56, 29.5, 29.47, 

29.4, 29 .3, 28.7, 27.8, 27.6, 27.0, 26.0, 25.8, 25.7, 24.2, 22.7, 18.2, 15.7, 14.7, 14.2, 

10.9, -4 .4, -4.7; Vmax: 3436, 2925, 2853, 1734, 1456, 1252, 1100, 1078, 992, 874, 825, 

760, 720, 672 cm-1. 

Experiment 68: 6-0-(R)-2-{(R)-1-(tert-Butyldimethylsilaoyloxy)-18-l(lR,2S)-2-((-

17 S,18S)-17-methoxy-18-methyl-hexatriacontyl)-cyclopropyl]-octadecyl} tett-a

cosanoic-a,a '-trehalose (365) 

OMe A 'BuMe2S10 0 

CH, (CH2l11-..._. ~ - ' \f 
1 ·(CH,l,s (CH2)11~0~ 

Me CH, (CH2)21 HO 0 

HO 

365 HO 

,# 
HO 

Tetrabutylammonium fluoride (0.3 mL, 0.3 mmol, 1.0 M) was added to a stirred 

so lution of (363) (0.20 g, 0.09 mmol) in dry TI-IF (7 mL) at 5 °C under nitrogen. The 

mixture was allowed to reach r.t. then stirred for I h. The reaction mixture was worked 

up and purified as before to give the title compound as a colourless syrup (365) (0. 13 

g, 82%), [ag4 = +27 (c 1.00, C HCl3) {MALDI Found [M+Nat: 1686.9; C 101 H198NaO 

14Si requires: 1686.4], which showed 8H ( 400 MHz, CDCl3 + few drops of CD3OD): 

5 .01 (2H, d, J 3.2 Hz), 4.32-4.24 (2H, m), 3.94 ( I H, br.d, J 12.7 Hz), 3 .90 (3 H, br.t, J 

I 0.5 Hz), 3.82-3.80 (2H, br.m), 3.69 ( I H, br.d, J 8.5 Hz), 3.50 (2H, br.d, J 11 .6 Hz), 

3.37 (2H, br.d, J I 0.8 Hz), 3.3 (3H, s), 2.94 (1 H, br.pent, J 5.2 Hz), 2.50 ( 1 H, m), 

1.59-1.02 ( l 50, m), 0.87 (6H, t, J 8.1 Hz), 0.83 (9H, s), 0.8 (3H, d, J 6. 1 Hz), 0.62-
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0.60 (2H, m), 0.54 (1 H, dt, J 4.9, 9.5 Hz), 0.02 (3H, s), -0.00 (3H, s), -0.35 (1 H, br.q, J 

6.2 Hz); oc (101 MHz, CDCl3 + few drops of CD3OD): 175.1 , 93.5, 93.4, 85.5, 73.1 

(broad), 72.9, 72.6, 72.1 , 71.6, 70.7, 70.1, 69.8, 62.7, 62.0, 57.3, 51.5, 35.1 , 33.4, 29.7, 

29.65, 29.6, 29.54, 29.5, 29.2, 28.5, 27.5, 27.3, 26.8, 26.0, 25.5, 24.0, 22.5, 17.7, 15.5, 

14.6, 13.8, 10.6, -4.7, -5.1; Vmax: 3400, 2926, 2854, 1716, 1464, I 078, 824, 760 cm-I. 

Experiment 69: 6-O-(R)-2-{(R)-1-(tert-Butyldimethylsilanyloxy)-18-[(1S,2R)-2-(

(l 7 S,18S)-17-methoxy-18-methyl-hexatriacontyl)-cyclopropyl]-octadecyl}-tetra

cosanoic-a,a '-trehalose (305) 

OMe /\ 'BuMe2SiO O 

CH,(CH2).,....._ .A ~ - ' w 1 (CH2),t••· ·••,,,(CH2)17y-O~ 

Me CH3(CH2n1 HO 0 

305 HO 

HO 

HO~ H070 

HO 

Tetrabutylammonium fluoride (0.2 mL, 0.2 mmol, 1.0 M) was added to a stirred 

so lut ion of (303) (0.09 g, 0.04 mmol) in dry THF (6 mL) at 5 °C under nitrogen. The 

mixture was allowed to reach r.t. and then stirred for I h. The reaction mixture was 

worked up and purified as before to give the title compound as a colourless syrup 

(305) (0.04 g, 60%), [aJi4 = +28 (c 1.00, CHCl3) {Found Maldi [M+Nat: 1686. 1; 

C1o,H,98NaO14Si requires: 1686.4}, wh ich showed OH (400 MHz, CDC'3 + few drops 

of CD3OD): 5.0 (2H, d, J3.2 Hz), 4.32-4.24 (2H, m), 3.94 (]H, br.d, J 12.7 Hz), 3.9 

(3H, br.t, J 10.5 Hz), 3.82-3.80 (2H, br.m), 3.69 ( I H, br.d, J 8.5 Hz), 3.5 (2H, br.d, J 

11.6 Hz), 3.35 (2H, br.d, J 10.8 Hz), 3.30 (3H, s), 2.94 (1 H, br.pent, J 5.2 Hz), 2.54-

2.49 ( I H, m), 1.5- 1.02 ( 150, m), 0.86 (6H, t, J 8. 1 Hz), 0.83 (9H, s), 0.8 (3H, d, J 6.0 

Hz), 0.62-0.55 (2H, m), 0.54 (I H, dt, J 4.9, 9.5 Hz), 0.02 (3H, s), -0.004 (3H, s), -0.35 

(1 H, br.q, J 6.2 Hz); oc ( I 01 MHz, CDCb + few drops of CD3OD): 175.1 , 93.5, 93.4, 

85.5, 73. 1 (broad), 72.9, 72.6, 72.1, 71.6, 70.7, 70.2, 69.9, 62.7, 62.0, 57.5, 51.6, 35.2, 

33.5, 29.68, 29.65, 29.6, 29.53, 29.5, 29.2, 28.6, 27.6, 27.4, 26.9, 26.0, 25.6, 24.2, 

22.6, 17.8, 15.6, 14.7, 13.9, 10.8, -4.6, -5.0; Vmax: 3400, 2926, 2854, 1716, 1464, 1078, 

824, 760 cm-1
• 
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Experiment 70: ((2R,2'R,4S,4'S,SR,S'R,6R,6'R)-Oxybis(3,4,S-trihydroxytetra

hydrdro-2H-pyran-6,2-diyl))bis(methylene)(2R,2'R)-bis(2-((R)-1-hydroxy-18-

((1R,2S)-)-2-((17S,18S)-17-methoxy-18-methylhexatriacontyl)cyclopropyl)

octadecyl)tetrac-osanoate) (308) 

OMe A OHO 
CH,(CH2ln 

Y.'(CH2l,s (CH2)17~0~ 

CH3(CH2lz1 HO 0 

HO 

HO 

H 

OMe OH O HO 

CH3(CH2)11 

Y"(cH,l,.A(CH,l,,~o 

Me 308 = 
CH3(CH2lz1 

0 

A dry polyethylene vial equipped with a rubber septum was charged with (364) (0.27 

g, 0.09 mmol) and pyridine (0.40 mL) in dry THF (20 mL) was stirred at r.t. under 

nitrogen atmosphere. HF-pyridine (2 mL) was then added. The mixture was stirred at 

43 °C for 17 h, then the reaction mixture was cooled to r.t. and slowly poured it into 

sat. aq. sod ium bicarbonate until no more CO2 was liberated. The product was 

extracted with chloroform (3 x 50 mL), then the combined organic layers were dried 

and evaporated to give a residue which was purified by column chromatography 

e luting with CHCb/MeOH I 0: 1 to give the title compound as a syrup (308) (0.016 g, 

70%), [a]T} = +3 1 (c 1.00, CHCl3) {MALDl Found [M+Nat: 2779.6; C178H346NaO11 

requires: 2779.6}, which showed ◊H (400 MHz, CDCb + few drops of CO3OO): 5.0 

(2H, d, J 3.5 Hz), 4 .80 (2H, br.d, J 13 .6 Hz), 4.34 (2H, br.t, J 12. 1 Hz), 3 .87 (2H, br.q, 

J 1 l.9 Hz), 3. 78 (2H, t, J 8.1 Hz), 3.69 (2H, br. m), 3 .53 (2H, dd, J 4.4, 11.8 Hz), 3 .28 

(6H, s), 3.21 (2H, t, J 11.9 Hz), 2.95 (2H, br.pent, J 5.0 Hz), 2.43-2.37 (2H, m), 1.58-

1.05 (294H, m), 0.87 (12H, t, J 8.1 Hz), 0.83 (6H, d, J 8.9 Hz), 0.64-0.62 (4H, m), 

0.56 (2H, dt, J 4.7, 9.7 Hz), -0.33 (2H, br.q, J 6.1 Hz); 8c (IO I MHz, CDCl3 + few 

drops of CD3OD): 175.2, 94.6, 85.4, 72.4, 71.2, 71.1 , 69. 7, 64.1 , 57.4, 52.2, 35.2, 34.5, 

32.2, 31.7, 30.3, 30.1, 30.0, 29.7, 29.62, 29.6, 29.57, 29.55, 29.5, 29.4, 29.3, 29.2, 

29.1, 28.5, 27.3, 27.2, 25.9, 25.0, 22.5, 15.5, 14.4, 13.7, I 0.6; Vmax: 3436, 2922, 2852, 

1721, 1466, 1098, 734 cm-1. 

Experiment 71: ( (2R,2 'R,4S ,4' S ,SR,5' R,6R,6' R)-Oxybis(3,4,S-trihyd roxytetra

hydro-2H-pyran-6,2-diyl) )bis( methylene )(2R,2 'R)-bis(2-( (R)-1-hyd roxy-18-

( (1S,2R)-2-( (17 S,18S)-17-methoxy-18-methylhexatriacontyl)cyclopropyl)-
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octadecyl)tetracosanoate) (306) 

O1\Ae f\ OH 0 

CH3(CH2)11, ~ L...::,. ' II T ·(CH,),,,,,,·· ···,,,,(CH,),,y-0~ 

Mo CH3(CH,►.,, HO O 

HO 

HO 
0 

H 

O1\Ae f\ OH O HO 

CH3(CH2)11 L...::,. 
0(CH2),.~,,•· ··,,,,,(CH, ),,y--0 

~ ~6 ~ 
CH3(CH2)21 

A dry po lyethylene vial equipped with a rubber septum was charged with (304) (0.17 

g, 0.05 mmol) and pyridine (0.2 mL) in dry THF (20 mL) was stirred at r.t. under 

ni trogen. HF-pyridine ( I mL) was added. The mixture was stirred at 43 °C for 17 h. 

The reaction mixture was worked up and purified as before to give the title compound 

as a syrup (306) (0. 13 g, 86%), [aJi3 = +3 1 (c 1.00, CHCl3) {MALDI Found 

[M+Nat: 2779.6; Cl78H346O11Na requires: 2779.6], which showed o1.1 (400 MHz, 

C DCl3 + few drops of CO3OO): 4.96 (2H, d, J 4.0 Hz), 4.64 (2H, br.d, J 13 .3 Hz), 

4 .22 (2H, br.t, J 12.8 Hz), 3 .94 (2H, br.q, J 9 .2 Hz), 3. 72 (2H, t, J 11 .4 Hz), 3 .62 (2H, 

br.m), 3.42 (2H, dd, J 4.4, 12.5 Hz), 3.29 (6H, s), 3.1 9 (2H, t, J 11 .9 Hz), 2 .93 (2H, 

br.pent, J 5.3 Hz), 2.39-2.33 (2H, m), 1.57- 1.02 (294H, m), 0.83 ( 12H, t, J 8. 1 Hz), 

0.79 (6H, d, J 8.9 Hz), 0.60-0.59 (4H, m), 0.52 (2H, dt, J 4.8, 9.7 Hz), -0.37 (2H, br.q, 

J 6. 1 Hz); oc (I O I MHz, CDCl3 + few drops of CD3OO): 175.4, 94.9, 85.5, 72.4, 7 I. I, 

7 I. I , 69.7, 64.4, 57.4, 52.2, 35.2, 34.6, 32.2, 3 1.7, 30.8, 30.5, 30.0, 29.7, 29.65, 29.6, 

29.58, 29 .55, 29.5, 29.4, 29.3, 29.2, 29.0, 28.5, 27.3, 27. 1, 25.9, 25. 1, 22.5, 15.6, 14 .6, 

13.9, I0 .7; vmax:3436, 2922,2852, 172 1, 1466, 1098, 734cm-1
• 

Experiment 72: ((2R,4S,SR,6R)-3,4,5-Trihydroxy-6-(((2R,3R,4S,6R)-3,4,5-tri

hydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)tetrahydro-2H

pyran-2-yl)methyl(2R)-2-((R)-l-hydroxy-18-((1R,2S)-2-((17S,18S)-17-methoxy 

-18-methyl h-exa triacon tyl)cyclop ropyl)octadecyl)tetracosa n oate (309) 
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OMe A OHO 

CH3(CH2)11, .A ' II T ·(CH,),. (CH2)11~0~ 

Me CH,(CH2)21 HO 0 

HO 
309 

HO ,# 
HO 

A dry polyethylene vial equipped with a rubber septum was charged with (365) (0. 13 g, 

0.07 mmol) and pyridine (0.2 mL) in dry THF (15 mL) and stirred at r.t. under nitrogen 

atmosphere. HF-pyridine ( I mL) was added. The mixture was stirred at 43 °C for 17 h., 

then it was worked up and purified as before to give a title compound (309) as a syrup 

(0.09 g, 73%), [a]i3 = +49 (c 1.00, CHCl3) {MALDI Found [M+Nat: 1573.3, 

C9sH1 s4O14Na requires: 1573.3}; which showed &1.1 (400 MHz, CDC b + few drops of 

C D3OD): 4.97 ( I H, br.d, J 4.2 Hz), 4.93 ( I H, br.d, J 4.2 Hz), 4.49 ( I H , br.d, J I 0.1 

Hz), 4.08-4.06 ( I H, br.m), 4.01-3 .97 (I H, br.m), 3.94-3.89 (4H, m), 3.73-3.66 (2H, m), 

3.6 (1 H, br.d, J 7.9 Hz), 3.5 (I H, br.d, J 7.5 Hz), 3.37-3.27 (4H, including a s inglet 

(OMe) resonated at 3.31 ), 3.22 ( I H, br.t, J 12.2 Hz), 2.88-2.85 ( I H, m), 2.32-2.27 ( I H, 

m), 1.77-1.73 (2H, m), 1.45-1.02 ( 149H, m), 0.76 (6H, t, J 7.7 Hz), 0.72 (3H, d, J 8.3 

Hz), 0.63-0.52 (2H, m), 0.44 (1 H, dt, J 4. 7, I 0.2 Hz), -0.44 ( I H, br.q, J 6.2 Hz); &c ( IO I 

MHz, C DCl3 + few drops of CD3OD): 175.3, 94.2, 85.5, 72.3 (broad), 72.3 , 7 1.3, 71 .1, 

71.0, 70.7, 70.5, 70.0, 64.0, 62.0, 57.4, 52.3, 35.0, 34.4, 32. l , 3 1.7, 30.4, 30.1 , 29.96, 

29.9, 29.7, 29.65, 29.6, 29.5, 29.3, 29.2, 28.5, 27.2, 27.0, 26.0, 25.2, 22.9, 15.4, 14.4, 

13.7, 10.5; Vmax : 3400, 2924, 2853, 1721, 1466, 993 cm· '. 

Experiment 73: ((2R,4S,SR,6R)-3,4,5-Trihydroxy-6-(((2R,3R,4S,6R)-3,4,5-tri

hyd roxy-6-hyd roxymethyl)tetrahyd ro-2H-pyran-2-yl)oxy )tetrahydro-2H

pyran-2-yl)-methyl(2R)-2-((R)-1-hyd roxy-18-( (1S,2R)-2-( (17 S,18S)-17-methoxy-

18-metbylhex-atriacon tyl)cyclopropyl)octadecyl)tetracosanoa te (307) 
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A dry polyethylene vial equipped with a rubber septum was charged with (305) (0.04 g, 

0.02 mmol) and pyridine (0.15 mL) in dry THF (IO mL) and stirred at r.t. under 

nitrogen atmosphere. HF-pyridine (0.7 mL) was then added. The mixture was stirred at 

43 °C for 17 h, then it was worked up and purified as before to give the title compound 

(307) as a syrup (0.02 g, 50%), [a]f,3 = +49 (c 1.00, CHCl3) {MALDI Found 

[M+Nat: 1573 .3; C9s H1s4O14Na requires: 1573.3} , which showed 01-1 (400 MHz, 

CDCl3 + few drops ofCD3OD): 5.11 ( IH, br.s), 5.02 ( lH, br.s), 4.72 (IH, br.d, J 10.1 

Hz), 4.26 (1 H, br.s), 3.97-3.92 (1 H, br.m), 3.88-3.76 (4H, m), 3.65-3.61 (2H, m), 3.51 

( IH, br.d, J 4.0 Hz), 3.49 (lH, br.d, J 4.1 Hz), 3.3 1-3.27 (4H, inc luding a s inglet 

(OMe) resonated at 3.3), 3.22 ( I H, br.t, J 12.2 Hz), 2.96-2.95 ( I H, m), 2.37 (1 H, m), 

1.58-1.57 (2H, m), 1.35-1.0 (149H, m), 0.86 (6H, t, J 7.6 Hz), 0.83 (3H, d, J 8.7 Hz), 

0.62-0.58 (2H, m), 0.55 (1 H, dt, J 4.5, I 0.5 Hz), -0.34 (1 H, br.q, J 4.5 Hz); oc ( I O I 

MHz, CDC '3 + few drops of CD3OD): 175.4, 94.5, 85.5, 72.5 (broad), 72.5, 72.3, 71.4, 

71.2, 7 1.0, 70.8, 70.0, 64.2, 62.0, 57.5 , 52.3, 35.2, 34.6, 32.2, 3 1.8, 30.4, 30.1 , 29.83 , 

29.8, 29.7, 29.65, 29.6, 29.5, 29.3, 29.2, 28.6, 27.4, 27.2, 26.0, 25.1 , 22.5, 15.6, 14.7, 

13.9, 10.7; Vmax: 3400, 2924, 2853, 172 1, 1466, 993 cm-1. 

Experiment 7 4: (R)-2-((R)-1-((tert-Butyldimethylsilyl)oxy)-18-((lS,2R)-2-((17 S,-

18S)-17-methoxy-18-methylhexatriacontyl)cyclopropyl)octadecyl) hexacosanoic

acid (315) 

OMe D OSiMe2
1
Bu o 

CH,(CH2)110 ,,.. '•, ' - II 
\\\ '''It.~ 

(CH, lto 
315 

1(CH2lt1 ; OH 

(CH,l,:,CH3 

Jmidazole (0.27 g, 3.97 mmol) was added to a stirred solution of (310) (0.5 1 g, 0.39 

mmol) in dry DMF (2 mL) and dry toluene (3.5 mL) at r.t. followed by the add ition of 

tert-butyld imethyls ilylchloride (0.61 g, 4.00 mmol) and 4-DMAP (0.048 g, 0.391 

mmol). The reaction mixture was stirred at 70 °C for 24 h, and at r.t. The solvent was 

removed under high vacuum and the residue was diluted with petro l/ ethyl acetate 

(I 0: I , 100 mL) and water (50 mL). The organic layer was separated and the aqueous 

layer was re-extracted with petrol/ethyl acetate ( I 0: I, 2 x 30 mL). The combined 

organic layers were washed with water, dried and evaporated to give a colourless oi l 

res idue. The residue was dissolved in THF (8 mL), water (1.3 mL), and methanol (1.5 

mL), then potassium carbonate (0.24 g, 1.73 mmol) was added. The reaction mixture 

was stirred at 45 °C for 18 h. The mixture was diluted with petrol/ethyl acetate ( I 0: 1, 
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50 mL) and water (10 mL) then acidified with potassium hydrogen sulfate to pH 2. The 

organic layer was separated and the aqueous layer was re-extracted with petrol/ethyl 

acetate (2 x 20 mL). The combined organic layers were washed with water, dried and 

evaporated to give a residue, which was purified by column chromatography on silica 

gel eluting with petrol/ethyl acetate (20: l ), ( I 0: l ) to give the title compound (315) as a 

colourless oil (0.5 g, 92%). [a]i4 = -1.0 (c 1.0, CHCl3) {MALDI Found [M+Nat : 

1390.2; C91H1s2O4SiNa requires:1390.3} , which showed ◊H (400 MHz, CDCl3): 3.87-

3.82 (] H, 111), 3.34 (3H, s), 2.96 (1 H, br.pent, J 4.5 Hz), 2.58-2.52 ( I H, m), 1.73-1.10 

(148H, m), 0.91 (9H, s), 0.89 (6H, t, J 6.6 Hz), 0.86 (3H, m), 0.67-0.63 (2H, m), 0.58 

(1H, dt, J 4.2, 8.2 Hz), 0.16 (3H, s), 0.14 (3H, s), -0.31 (IH, br.q, J 5.1 Hz); <>c (101 

MHz, CDCIJ): 177.2, 85.4, 73.7, 57.7, 50.1 , 35.2, 35.1, 32.4, 31.9, 30.5, 30.2, 30.0, 

29.9, 29.72, 29.71 , 29.7, 29.54, 29.5, 29.45, 29.4, 29.0, 28.7, 27.5, 27.4, 26. 1, 25.7, 

25.1 , 22.6, 18.0, 15.7, 14.8, 14.1, 10.9, -4.2, -4.l; Vmax: 3676 (broad, OH for the 

carboxylic group), 2925, 2853 , 1708, 1465, 1361 , 1301 , 1254, 1098, 1050, 907, 835 

-1 cm . 

Experiment 75: (S.,S,R.,S,R,2R,2'R)-((2R,2'R,3R,3'R,4S,4'S,5R,5'R,6R,6'R)-6,6'-

0xybis(3,4,5tris((trimethylsilyl)oxy)tetrahydro-2H-pyran-6,2diyl))bis(methylene)

bis(2-((R)-l-( (tert-butyldimethylsilyl)oxy)-18-((lS ,2R)-2-( (17 S,18S)-17-methoxy-

18-methylhexatriacontyl)cyclopropyl)octadecyl)bexacosanoate) (316) and (R)-

( (2R ,3-R ,4S ,SR ,6R)-6-( ( (2R,3 R,4S ,5R,6R)-6-(hyd roxymethyl)-3,4,Stris( ( trimethyl

silyl)oxy )tetrahyd ro-2H-pyran-2-yl)oxy )-3,4,5-tris( ( trim ethylsilyl)oxy )tetra

hydro-2H-pyran-2-yl)methyl-2-((R)-1-((tert-butyldimethylsilyl)oxy)-18-((1S,2R)-2-

((17-((17S,1-8S)-17-methoxy-18-methylhexatriacontyl)cyclopropyl)octadecyl)

hexacosanoate (317) 

EDCI (0.29 g, 1.51 mmol) and 4-DMAP (0.16 g, 1.31 mmol) were added to a stirred 

solution of (315) (0.50 g, 0.36 mmol) and (160) (0. 16 g, 0.22 mmol) and powdered 4 A 
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molecular sieves in dry dichloromethane (5 mL) at r.t. under nitrogen. The mixture was 

stirred for 6 days at r.t. The mixture was then diluted with dichloromethane (5 mL). 

The mixture was evaporated under reduced pressure to give a residue, which was 

purified by column chromatography on silica gel eluting with petro l/ethyl acetate 50: I, 

20: 1, 10: I to g ive, the first fraction (316) as a colourless thick oil (0.25 g, 70%), [a go 
= + 17 (c 0.50, CHCl3) {MALDl Found [M+Nat: 3496.4; C212H430NaO1 7Si8 requires: 

3496.0}, which showed bH (400 MHz, CDCl3): 4.85 (2H, d, J2.9 Hz), 4.37 (2H, br.d, J 

10.4 Hz), 4.04-3.97 (4H, m), 3.95-3.88 (41-1, m), 3.53 (2H, t, J8.8 Hz), 3.39 (2H, dd, J 

2.4, 8.9 Hz), 3.34 (6H, s), 2.97 (2H, br.pent, J 4.0 Hz) 2.57-2.53 (2H, m), l.64- 1.58 

(41-1, m), 1.52-1.01 (2901-1, m), 0.89 (12H, br.t, J 6.5 Hz), 0.88 ( 18H, s), 0.85 (6H, d, J 

6.8 Hz), 0.66-0.64 (4H, br.m), 0.58 (2H, dt, J3.8, 7.7 Hz), 0.16 ( 18H, s), 0.14 (18H, s), 

0.13 (181-1, s), 0.06 (12H, s), -0.31 (2H, br.q, J 5. 1 Hz); be ( I 01 MHz, CDC13): 173.8, 

94.8, 85.4, 73.5, 73.4, 72.8, 71.8, 70.7, 62.3, 57.7, 51.8, 35.3, 33.4, 32.3, 31.9, 30.4, 

30.2, 30.0, 29.9, 29.7, 29.5, 29.3, 28.7, 28.1 , 27.5, 26.1, 26.0, 25.8, 25.6, 25. 1, 22.6, 

18.0, 15.7, 14.8, 14.1, 10.9, 1.9, 1.0, 0.9, 0.1 , -4.5, -4.6; Vmax: 2925, 2854, 1734, 1494, 

1251.6, 1077, 1050, 907, 825 cm-1. 

The second fraction was (317) (0.1 6 g, 30%), [a]19 = +45 (c 0.50, CHCl3) {MALO! 

Found [M+Nat: 2147.2; C121H2s0NaO14Si1 requires: 2147.7}, which showed bH (400 

MHz, CDCb): 4.91 (IH, d, J3.0 Hz), 4.84 (]H, d, J2.9 Hz), 4.36 (1 H, dd, J2.0, 11.8 

Hz), 4.09 ( I H, dd, J 4.0, 11.8 Hz), 4.01-3.97 (I H, m), 3.95-3.87 (4H, m), 3.86 (IH, t, J 

3.4 Hz), 3.83 (lH, t, J3 .3 Hz), 3.71 -3.67 (lH, m), 3.5 1-3.45 (21-1, m), 3.44-3.37 (2H, 

m), 3.34 (3H, s), 2.97 ( IH, br.pent, J4.1 Hz), 2.58-2.53 (IH, m), 1.73-1.70 (IH, m), 

1.64-1.59 (2H, m), 1.39-1.26 (148H, m), 0.90-0.84 ( 15H, including s at 0.88), 0.66-0.64 

(21-1, m), 0.58 (IH, dt, J3.8, 7.6 Hz), 0.17 (9H, s), 0.16 (9H, s), 0.15 (9H, s), 0.14 (9H, 

s), 0.12 (9H, s), 0.09 (91-1, s), 0.07 (3H, s), 0.06 (3 H, s), -0.3 I ( I 1-J, br.q, J 5.0 I Hz); be 

( 101 MHz, CDCl3): 174.0, 94.5, 94.3, 85.4, 73.4, 73.3, 72.87, 72.8 1, 72.7, 71.9, 71.4, 

70. 7, 62.4, 61.6, 57. 7, 5 1.8, 35.3, 33 .4, 32.3, 32.0, 30.4, 30.2, 30.0, 29.9, 29 .8, 29. 7, 

29.6, 29.5, 29.3, 28.7, 28.1 , 27.5, 26.3, 26.1, 25.8, 24.8, 22.6, 18.0, 15.7, 14.8, 14.1 , 

I 0.9, 1.9, 1.05, 1.01, 0.9, 0.8, 0.1 , 0.0, -4.4, -4.6; V111ax: 3436, 2926, 2856, 1733, 1494, 

1252, 1215, 1076, 907 Clll-l. 

Experiment 76:(S,S,R,S,R,2R,2'R)-((2R,2'R,4S,4'S,5R,5'R,6R,6'R)-6,6'-0xybis(3,4, 

5-trihydroxytetrahydro-2H-pyran-6,2-diyl))bis(metbylene)bis(2-((R)-1-((tert-

bu tyldimethylsilyl)oxy)-18-( (lS ,2R)-2-( (17 S,18S)-17-methoxy-18-metbylhexa-
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triacontyl)cyclopropyl)octadecyl)hexacosanoate) (318) 

Tetrabutylammonium fluoride (0.2 mL, 0.2 mmol, 1.0 M) was added to a stirred 

solution of (316) (0.23 g, 0.06 mmol) in dry THF (10 mL) at 5 °C under nitrogen 

atmosphere. The mixture was allowed to reach r.t. and stirred for 1 h. The reaction was 

cooled to 5 °C and quenched with sat. aq. sodium bicarbonate (3 mL) then diluted with 

cold CHCl3 (50 mL). The organic layer was separated and the aqueous layer was re

extracted with CHCIJ (2 x 50 mL). The combined organic layers were washed with 

brine (50 mL), dried and evaporated to give a residue, which was purified by column 

chromatography on silica eluting with CHCl3/MeOH I 0: I to give title compound (318) 

as a colourless thick oi l (0.2 g, 90%), [ag0 = +12 (c 0.50, CHCl3) {MALDI Found 

[M+Nat: 3063.8; C1 94H3&2NaO11Si2 requires: 3063.8}, which showed 8H (400 MHz, 

CDCb + few drops of CD3OD): 5.26 (2H, d, J 3.2 Hz), 4.32 (21-1, br.dd, J 3.7, 11.9 

Hz), 4.20 (2H, br.d, .J 11.7 Hz), 3.92-3.86 (4H, m), 3.76 (2H, br.t, J 9.6 Hz), 3.46 (2H, 

dd, J 3.5, 9.6 Hz), 3.35-3.33 (2H, m), 3.29 (6H, s), 2.92-2.90 (2H, m), 2.52-2.48 (2H, 

m), 1.32-1.09 (298H, m), 0.86-0.84 (12H, m), 0.83 (18H, s), 0.81-0.79 (6H, m), 0.61-

0.58 (4H, m), 0.53 (2H, dt, J3.76, 7.48 Hz), 0.00 (6H, s), -0.02 (6H, s), -0 .36 (2H, br.q, 

J 5.2 Hz); 8c( l 01 MHz, CDCl3 + few drops of CD3OD): 175.1 , 93.5, 85.5, 73.1 , 73.0, 

72.5, 71.6, 70.2, 69.8, 67.8, 62.8, 57.5, 51.6, 35.2, 33.5, 32.2, 31.8, 30.3, 30.l, 29.8, 

29.7, 29.6, 29.5, 29.2, 28.6, 27.6, 27.4, 27.1, 26.9, 25.9, 25.7, 25.6, 25.46, 25.43, 24.1, 

22.5, 17.8, 15.6, 14.6, 13.9, 10.7, -4.6, -5 .0; Vmax: 3436, 2925, 2853, 1734, 1456, 1252, 

l I 00, 1078, 992, 874, 825, 760, 720, 672 cm-1. 

Experiment 77: (2R)-( (2R,4S,SR,6R)-3,4,5-Trihyd roxy-6-( ( (2R,3R ,4S,6R)-3,4,5-tri

hyd roxy-6-(hyd roxymethyl)tetrahydro-2H-pyran-2-yl)oxy )tetrahyd ro-2H-pyran-

2-yl)methyl-2-((R)-l-( (tert-butyldimethylsilyl)oxy)-18-( (1S,2R)-2-( (17 S,18S)-17-

methoxy-18-methylhexa triacontyl)cyclopro pyl)octadecyl)hexacosanoa te (3 20) 
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OMc /\ 
1
8uMe2SiO O 

CH,(CH,)11'- ,,,l___ L_.:::,. - ' II 1 ·(CH,>,,"'''' ·•,,,,,(CH2)17~0~ 

Me 320 CH3(CH2h3 HO O 

HO 

HO 

H 
HO 

HO 

0 

Tetrabutylammonium fluoride (0.04 mL, 0.04 mmol, 1.00 M) was added to a stirred 

solution of (317) (0.03 g, O.Ql mmol) in dry THF (6 mL) at 5 °C under nitrogen. The 

mixture was allowed to reach r.t. then stirred for I h. The mixture was evaporated and 

purified by column chromatography on silica eluting w ith CHCl3/MeOH I 0: 1 to give 

the title compound (320) as a colourless syrup (0 .02 g, 88%), [aJi0 = +30 (c 0.50, 

CHC'3) {MALDI Found [M+Nat: 1714.6; C1o3H202NaO14Si requires: 1714.4}, which 

showed ◊H (400 MHz, CDCl3 + few drops of CO3OD): 5.03 (2H, d, J 3. 1 Hz), 4.27-

4.21 (2H, m), 3.92 (lH, br.d,J9.7 Hz), 3.85 (3H, br.t, J8.4 Hz), 3.79-3.76 (2H, br.m), 

3.65 ( 1 H, br.q, J 5.5 Hz), 3.46 (2H, br.d, J 9.9 Hz), 3.32 (2H, br.d, J 9.7 Hz), 3.28 (3H, 

s), 2.97-2.90 (lH, m), 2.51-2.46 (]H, m), 1.27-1.19 (150, m), 0.82 (6H, t, J 6.4 Hz), 

0.79 (9H, s), 0.77 (3H, d, J 4.9 Hz), 0.59-0.57 (2H, m), 0.51 (1 H, dt, J 3.8, 7.7 Hz), -

0.0 I (3H, s), -0.03 (3H, s), -0.38 ( I H, br.q, J 4.9 Hz); oc ( 101 MHz, CDC l3 + few drops 

of CO3OD): 175.1 , 93.5, 93 .3, 85.3, 72.9, 72.7, 72.3, 71.9, 71.3 , 70.4, 70.0, 69.6, 62.4, 

6 L.7, 57.3, 51.7, 51.3, 34.9, 33.2, 31.9, 3 1.5, 30.1 , 29.8, 29.6, 29.5, 29.48, 29.4, 29.36, 

29.35, 29.3, 29.2, 29.0, 28.3, 27.4, 27. 1, 26.6, 25.7, 25.3, 24.8, 23 .8, 22.3, 19.6, 15.4, 

14.4, 13.7, 13.1, 10.5, -4.6, -5.0; Vmax: 3400, 2926, 2854, 1716, 1464, 1078, 824, 760 

-1 cm. 

Experiment 78: (S,S,R,S,R,2R,2'R)-((2R,2'R,4S,4'S,5R,5'R,6R,6'R)-6,6'-0xybis(3,-

4,5-trihyd roxytetrahyd ro-2H-pyran-6,2-diyl) )bis( methylene )bis(2-( (R)-1-hyd roxy-

18-( (1S,2R)-2-( (17 S ,18S)-17-methoxy-18-methylhexatriacontyl)cyclopropyl)-octa

decyl)hexacosanoate) (319) 
OMe /\ OH O 

CH,(CH,)11, ,,,l___ _L_.:::,._ ' II 1 (CH,>,,"''' '•,,,,(CH2)17~0~ 

Me CH3(CH2)i3 HO 0 

HO 

HO 
0 

H 

OMo /\ OH O HO 

CH.-,{CH2)11 -~-
0 (CH2>,o"''' .,,,,,(CH

2
>,

7
Jy-O 

Me 319 CH3(CH2)23 
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A dry polyethylene vial equipped with a rubber septum was charged with (318) (0.17 g, 

0.05 mmol) and pyridine (0.15 mL) in dry THF ( 15 mL) was stirred at r.t. under 

nitrogen atmosphere. HF-pyridine (1 mL) was then added. The mixture was stirred at 

43 °C for 17 h, then it was neutralized by pouring it slowly into sat. aq. sodium 

bicarbonate until no more CO2 was liberated. The product was extracted with 

chloroform (3 x 50 mL), then the combined organic layers were dried and evaporated to 

give a residue which was purified by column chromatography eluting with 

CHC13/MeOH 10:1 to give title compound (319) as a syrup (0. 1 g, 63%), [ag3 = +27 

(c 0.50, CHCl3) {MALDI Found [M+Nat: 2835.7; C1s2H3s4NaO11 requires: 2835.6}; 

which showed 81-1 (400 MHz, CDC13 + few drops of CD3OO): 5.0 (2H, d, J3.0 Hz), 4.8 

(2H, br.d, J 11.8 Hz), 4.34 (2H, br.t, J 8.3 Hz), 3.89-3.84 (2H, m), 3.79 (2H, t, J 10.0 

Hz), 3.71-3.67 (2H, br.m), 3.53 (2H, dd, J2.3 , 11.2 Hz), 3.32 (6H, s), 3.21 (2H, t, J9.5 

Hz), 2.96 (2H, br.pent, J 4.2 Hz), 2.43-2.38 (2H, m), 1.39-1.10 (302H, m), 0.88 ( 12H, t, 

J 6.6 Hz), 0.83 (6H, d, J 6.8 Hz), 0.65-0.60 (4H, m), 0.55 (2H, dt, J3.8, 7.6 Hz), -0.33 

(2H, br.q, J 5.0 Hz); 8c (101 MHz, COCl3 + few drops of CD3OO): 175.3, 94.9, 85.5, 

72.4, 72.3, 71.2, 71.0, 70.8, 69.76, 69.7, 64.3 , 57.4, 52.2, 36.9, 35. 1, 34.5, 32.5, 32.2, 

31.7, 30.3, 30.0, 29.8, 29.79, 29.7, 29.6, 29.5, 29.4, 29.3, 29.2, 28.5, 27.3 , 27.1, 26.9, 

25.9, 25.0, 22.5, 19.5, 15.6, 14.6, 13.8, 10.7; Vma,x : 3436, 2922, 2852, 1721 , 1466, 1098, 

734 cm-1. 

Experiment 79: (2R)-( (2R,4S ,SR,6R)-3,4,5-Trihyd roxy-6-( ( (2R,3R,4S,6R)-3,4,5-tri

hyd roxy-6-(hyd roxymethyl)tetrahyd ro-2H-pyran-2-yl)oxy )tetrahyd ro-2H-pyran-

2-yl)methyl-2-( (R)-1-hyd roxy-18-((1S,2R)-2-( (17 S,18S)-17-methoxy-18-methyl

hexatriacontyl)cyclopropyl)octadecyl)hexacosanoate (321) 

A dry polyethylene vial equipped with a rubber septum was charged with (320) (0.02 g, 

0.01 mmol) and pyridine (0.05 mL) in dry THF (6 mL) and stirred at r.t. under nitrogen 

atmosphere. HF-pyridine (0.7 mL) was then added. The mixture was stirred at 43 °C 

for 17 h, then neutralized by triethyl amine drop wise until pH 5. The product was 
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evaporated to give a residue which was purified by column chromatography eluting 

with CHCb/MeOH 10: l then 1: I to give the title compound (321) as a syrup (0.01 g, 

90%), [an° = +46 (c 0.50, CHCb) {MS Found [M+Nat: 1600.3882; C91H 1ssNaO14 

requires: 1600.3897} , which showed OH (400 MHz, CDCb + few drops of CD3OD): 

5.12 (I H, br.s), 5.05 (I H, br.s), 4.70 (1 H, br.d, J 10.3 Hz), 4.2 1-4.20 (lH, m), 3 .90-3.84 

(4H, br.m), 3.66-3.62 (4H, m), 3.54-3.5 1 (2H, m), 3.33-3.30 (4H, including a singlet 

(OMe) resonated at 3.32), 2.96-2.92 (IH, m), 2.41-2.23 (lH, m), l.62-1.54 (2H, m), 

1.37-1.09 (153H, m), 0.86 (6H, t, J 6.6 Hz), 0.82 (3H, d, J 6.8 Hz), 0.63-0.61 (2H, m), 

0.55 ( IH, dt, J 3.8, 7.5 Hz), -0.33 (IH, br.q, J 5.0 Hz); oc (101 MHz, CDCb+ few 

drops of CD3OD): 175.4, 94.5, 85.5, 72.53 (br.), 72.5, 72.3, 71.4, 71.2, 7 1.0, 70.8, 70.0, 

64.2, 62.0, 57.5, 52.3, 35.2, 34.6, 32.2, 31.8, 30.4, 30.1, 29.86, 29.8, 29.7, 29.64, 29.6, 

29.5, 29.3, 29.2, 28.6, 27.4, 27.2, 26.0, 25 .1 , 22.5, 15.6, ]4.7, 13.9, 10.7; Ymax: 3400, 

2924, 2853, 172 1, 1466, 993 cm·1
• 

Experiment 80: (2R)-( (2R,3R ,4S,5R,6R)-6-( ( (2R,3R,4S,5R,6R)-6-( ( ( (R)-2-( (R)-1-(

(tert-Butyldimetbylsilyl)oxy)-12-( (lS,2R)-2-(14-( (1S ,2R)-2-icosylcyclopropyl)tetra

decyl)cyclopropyl)dodecyl)bexacosanoyl)oxy)metbyl)-3,4,5-tris((trimethylsilyl)

oxy)tetrahydro-2H-pyran-2-yl)oxy)3,4,5-tris((trimetbylsilyl)oxy)tetrabydro-2H

pyran-2-yl)metbyl-2-((lR)-1-((tert-butyldimetbylsilyl)oxy)-16-((lR,2S)-2-(20-

metbyl-19-oxoocta triacon tyl)cyclop ro pyl) bexadecyl) bexacosanoate (3 50) 

/D .. ,,,,, ,,,,,,.D ... ,,,~BuM•u 
CH3(CH2)~a (CH2)1.- (CH2)11 ~ 0 

(CH2l-.uCH3 Mc3SiO 

Mo3Si01-.Ji,,...,...~ 

0 

MelSio•--r---, _ __, 

CH,(CH,),,.._,_ 1 A BuMe~ e3s;o 

y "-jcH,),. (CH2hs ! 0 

Mo 350 (CH2)z.3CH3 

EDCI (0.03 g, 0.15 mmol) and 4-DMAP (0.02 g, 0.16 mmol) were added to a stirred 

solution of (342) (0. 11 g, 0.05 mmol) and (349) (0.20 g, 0.14 mmol) and powdered 

molecular sieves 4 A in dry dichloromethane ( 4 mL) at r.t. under nitrogen atmosphere. 

The mixture was stirred for 6 days at r.t. then the mixture was diluted with d ich loro

methane (5 mL) and mixed with si lica gel (2 g) then the solvent was evaporated under 

reduced pressure to give a residue, w hich was purified by column chromatography on 

s ilica gel eluting with petrol/ethyl acetate (30: 1, 10: I) to give the title compound (350) 

199 



as a colourless oil (0.1 l g, 68%); [a]E,0 = +18 (c 0.50, CHCb) {MALDI Found 

[M+Nat: 3363.8; C204H410NaO16Sis requires: 3363.9} , which showed OH (400 MHz, 

CDCl3): 4.85 (2H, d, J 2.9 Hz), 4 .37 (2H, br.d, J 10.1 Hz), 4.04-3.99 (4H, m), 3.96-

3.93 (2H, m), 3.91(2H, t,J8.9 Hz), 3.53 (2H, t,J8.9 Hz), 3.39 (2H, dd, J3.1 , 9.3 Hz), 

2.57-2.53 (2H, m), 2.50 (1H, pent, J 6.8 Hz), 2.39 (2H, dt, J 1.2, 7.2 Hz), 1.38-1.14 

(278H, m), 1.05 (3H, d, J 6.9 Hz), 0.90-0.86 (30H, inc luding 2 x tert-butyl groups and 

4 x terminal CH3 groups), 0.66-0.64 (6H, br.m), 0.58 (3H, dt, .!3.8, 7.6 Hz), 0.16 (18H, 

s), 0.14 (18H, s), 0.13 (18H, s), 0.06 (12H, s), -0.31 (3H, br.q,J5.1 Hz); oc (l0I MHz, 

C DCl3): 215. l , 173.8, 94.8, 73.5, 73.4, 72.8, 71.8, 70.7, 62.3, 51.8, 46.3, 41.1 , 33.4, 

33.0, 31.9, 30.2, 29.9, 29.8, 29.74, 29.71, 29.7, 29.6, 29.5 , 29.4, 29.37, 29.3, 28.7, 28.1 , 

27.3, 26.2, 25.9, 25.8, 25.7, 25.1 , 23.7, 22.6, l 8.0, 16.3, 15.7, 14.1 , 10.9, 1.0, 0.9, 0.1, -

4.5, -4.6; Ymax: 2923, 2853, 1744, 1465, 1251 , 1099, 1010, 899,839 cm·1. 

Experiment 81: (2R)-((2R,4S,5R,6R)-6-( ( (2R,3R,4S,6R)-6-( ( ( (R)-2-( (R)-1-((tert

Butyldimethylsilyl)oxy )-12-( (lS,2R)-2-(14-( (1S,2R)-2-icosylcyclopropyl)tetra

decyl)cyclopropyl)dodecyl)hexacosanoyl)oxy)methyl)-3,4,5-trihydroxytetra

hydro-2H-pyr-an-2-yl)oxy)-3,4,5-trihydroxytetrahydro-2H-pyran-2-yl)methyl-2-

( (lR)-1-( (tert-butyldimethylsilyl)oxy)-16-((1R,2S)-2-(20-methyl-19-oxoocta

triacontyl)cycloprop-yl)hexadecyl)hexacosanoate (351) 

Tetrabutylammonium fluoride (0.2 mL, 0.2 mmol, 1.0 M) was added to a stirred 

solution of (350) (0.1 1 g, 0.03 mmol) in dry THF (10 mL) at 5 °C under nitrogen 

atmosphere. The mixture was a llowed to reach r.t. and then it was stirred for 20 min. 

The solvent was evaporated and the residue was purified by column chromatography 

on silica gel eluting with CHCb/MeOH (l 0: 1) to give the title compound (351) as a 

colourless thick oi l (0.06 g, 84%), [a]E,0 = +12 (c 0.50, CHCb) {MALDI Found 

[M+Nat: 2931.2; C1 s6HJ62NaO16Si2 requires: 2931.6}, which showed OH (400 MHz, 

CDCb + few drops of CD3OD): 5.05 (2H, d, J 3.5 Hz), 4.33 (2H, br.dd, J 4.2, 12.3 
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Hz), 4.2 (2H, br.dd, J4.1 , 10.6 Hz), 3.93-3.85 (4H, m), 3.76 (2H, br.t, J9.2 Hz), 3.47 

(2H, dd, J3.52, 9.6 Hz), 3.31 (2H, t, J 9.5 Hz), 2.55-2.50 (2H, m), 2.48 (1 H, pent, J 6.8 

Hz), 2.39 (2H, t, J 7 .1 Hz), 1.42-1.07 (286H, m), 1.0 I (3H, d, J 6.9 Hz), 0.86 ( 12H, t, J 

6.7 Hz), 0.82 (18H, s), 0.62-0.59 (6H, m), 0.54 (3H, dt, J 3.7, 7.8 Hz), 0.01 (6H, s), -

O.Ql (6H, s), -0.35 (3H, br.q, J 5.0 Hz); «Sc ( 101 MHz, CDCl3 + few drops of CD3OD): 

2 16.0, 175.1, 93 .4, 73 .1 , 72.9, 71.6, 70.1 , 70.0, 62.8, 51.5, 46.2, 41.0, 33 .5, 32.9, 31.8, 

30.1 , 29.7, 29.6, 29.5, 29.41 , 29.4, 29.34, 29.3, 29.1, 28.6, 27.6, 27.2, 27.0, 25.6, 25 .4, 

24. 1, 23.6, 22.5, 17.8, 16.2, 15.6, 13.9, 10.7, -4.6, -5.0; Vmax: 3401 , 2926, 2854, 1724, 

1466, 1215, I 093, I 078, 991 , 929, 836, 757, 736, 669 cm-1
• 

Experiment 82: (2R)-((2R ,4S,5R,6R)-3,4,5-Trihyd roxy-6-( ( (2R,3R,4S,6R)-3,4,5-tri

hyd roxy-6-( ( ( (2R)-2-( (1R)-1-hyd roxy-16-( (1R,2S)-2-(20-methyl-19-oxooctatria

contyl)cyclopropyl)hexadecyl)hexacosanoyl)oxy)methyl)tetrahydro-2H-pyran-2-

yl)o-xy)tetrahydro-2H-pyran-2-yl)methyl-2-((R)-1-hydroxy-12-((1S,2R)-2-(l4-

((1S,2R)-2-icosylcyclopropyl)tetradecyl)cyclopropyl)dodecyl)hexacosanoate (352) 

t fl 
* __ .. L ..... ,, ,,,, .... 6. ..... ,, ~ o 

CH3(CH2h9 (CH2h,1 (CH2h1 g ~ 
(CH2)23CH3 HO O 

HO 

HO 
0 

0 
O OH O H 

CH3(CH2)11 A 
+CH,),. (CH2l~ O 

Me 352 (CHz)z3CH3 

A dry po lyethylene vial equipped with a rubber septum was charged with (351) (0.06 g, 

0.02 mmol) and pyridine (0.05 mL) in dry THF ( 12 mL) was stirred at r.t. under nitrogen. 

HF-pyridine (0.3 mL) was added. The mixture was stirred at 43 °C for 15 h. Then it was 

neutralized by pouring it slowly into sat. aq. sodium bicarbonate unt il no more CO2 was 

liberated. The product was extracted with chloroform (3 x 50 mL), then the combined 

organic layers were dried and evaporated to give a residue which was purified by column 

chromatography eluting with CHC'3/MeOH ( 10: 1) to give the title compound (352) (0.04 

g, 70%), [a]1° = +3 1 (c 0.50, CHC b) {MS Found [M+Nat: 2704.5255; C174H334NaO1 6 

requires: 2704.52 19}, which showed ◊H (400 MHz, CDC l3 + few drops ofCD3OD): 4.97 

(2H, d, J 3.0 Hz), 4.72 (2H, br.d, J 12 .1 Hz), 4.29 (2H, br.t, J 9.8 Hz), 3.90 (2H, br.t, J 

11.5 Hz), 3.74 (2H, t, J9.4 Hz), 3.66-3.63 (2H, m), 3.49 (2H, dd, J2.8, 8.9 Hz), 3.19 

(2H, t, J 9.4 Hz), 2.49 (2H, br.q, J 6.8 Hz), 2.40-2.36 (3H, m), l.64-1.00 (286 H, m), 1.00 
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(3H, d, J 6.9 Hz), 0.84 (12H, m), 0.61-0.59 (6H, m), 0.53 (3H, dt, J 3.9, 7.6 Hz), -0.36 

(3H, br.q, J4.9 Hz); 8c (101 MHz, CDCb + few drops ofCD3OD): 2 16.3, 175.3, 94.7, 

72.4 (br.), 71.0 (br.), 69.6 (br.), 64.0, 52.2, 46.1 , 41.0, 34.5, 32.8, 31.9, 31.7, 30.0, 29.4, 

29.37, 29.34, 29.3, 29.26, 29.2, 29.1, 29.0, 28.5, 27.0, 26.1 , 25.0, 23.4, 23.1 , 22.4, 16.0, 

15.5, 13.8, 10.7, 10.6; Vmax: 3368, 2920, 285 1, 1727, 1467, 1101 , 720 cm-
1
. 

Experiment 83: (R)-((2R,3R,4S,5R,6R)-6-(( (2R,3R,4R,5R,6R)-6-(( ( (R)-2-( (R)-1-

((tert-Butyldimethylsilyl)oxy )-16-( (1S,2R)-2-( (S)-20-methyl-19-oxoocatriacontyl)

cyclopropyl)hexadecyl)hexacosanonyl)oxy)methyl)-3,4,5tris((trimethylsilyl)oxy)

tetrahydro-2H-pyran-2-yl)methyl-3,4,5-tris((trimethylsilyl)oxy))tetrahydro-2H

pyran-2-yl)methyl2-( (R)-1-( (tert-bu tyldimethylsilyl)oxy)-18-( (1S,2R)-2-( (17 S,18S)-

17-methoxy-18-methylhexatriacontyl)cyclopropyl)octadecyl)hexacosanoate (337) 

CH3(CH2h,-...._ ~ D,_ 'BuMe,siJ W l ·(CH,),."''.. ·,,,,,(CH2)17~0 

Me CH3(CH2)2JMe3SiO•~--'--

Me3Si0>-...11-~ 

0 

Me3Si 
O I\ 'BuMe2SiO 0 Me3SiO 

CH3(CH2)110 ~ - ' " 
(CH2hs".._,•' ···,.,❖(CH2)1s~O 

337 = 
Me cH3(CH2),3 

EDCI (0.05 g, 0.26 mmol) and 4-DMAP (0.02 g, 0.16 mmol) were added to a stirred 

solution of (336) (0. 11 g, 0.07 mmol) and (317) (0.15 g, 0.07 mmol) powdered 

molecular sieves 4 A in dry dichloromethane (3 mL) at r.t. under nitrogen atmosphere. 

The mixture was stirred for 6 days at r.t. then the mixture was then diluted with 

dichloromethane (5 mL) and mixed with s ilica gel (l g) then the solvent was 

evaporated under reduced pressure to give a residue, which was purified by column 

chromatography on silica gel e luting with petrol/ethyl acetate (20: 1, IO: I) to give a 

colourless thick oil, the title compound (337) (0.06 g, 40%), [a]1° = +20 (c 0.50, 

CHCb) {MALDl Found [M+Nat: 3480.9; C211H426NaO11Sis requires: 3480.8}, which 

showed 8H (400 MHz, CDCb): 4.8 1 (2H, d, J 2.9 Hz), 4.33 (2H, br.d, JI 0.0 Hz), 4.00-

3.94 (4H, m), 3.92-3.89 (2H, m), 3.87 (2H, t, J 8.8 Hz), 3.49 (2H, t, J 8.9 Hz), 3.35 

(2H, dd, J 2.9, 9.3 Hz), 3.3 (3H, m), 2.93 (1 H, br.pent, J 4. 1 Hz), 2.53-2 .49 (2H, m), 

2.46 ( lH , t, J6.8 Hz), 2.39 (2H, dt, J 1.2, 7.2 Hz), 1.34-1.13 (288H, m), 1.01 (3H, d, J 

6.9 Hz), 0.86 (12H, t, J7.1 Hz), 0.84 (18H, s), 0.8 (6H, d, J7.0 Hz), 0.62-0.6 (4H, 

br.m), 0.54 (2H, dt, J 3 .8, 7.5 Hz), 0.12 (18H, s), 0.10 ( 18H, s), 0.09 (18H, s), -0.02 
202 



(12H, s), -0.35 (2H, br.q, J 5.0 Hz); 8c (101 MHz, CDCl3): 215.1 , 173.8, 94.8, 85.4, 

73.5, 73.4, 72.8, 71.8, 70.7, 62.3, 57.7, 51.8, 46.3 , 41.1 , 35.3, 33.4, 33.0, 32.3, 31.9, 

30.4, 30.2, 30.0, 29.9, 29.8, 29.77, 29.7, 29.66, 29.6, 29.5, 29.4, 29.34, 29.3, 28.7, 28.1 , 

27.5, 27.3, 26.2, 26.1 , 25.9, 25.8, 25.1, 23.7, 22.6, 18.0, 16.3, 15.7, 14.8, 14.1 , 10.9, 

1.0, 0.9, 0.1, -4.5, -4.6; Vmax : 2924, 2853, 1744, 1464, 1251 , 1099, 1047, 872, 842 cm-1. 

Experiment 84: (2R)-( (2R,4S,SR,6R)-6-( ( (2R,3R,4S,6R)-6-(( ( (R)-2-( (R)-1-((tert

Butyld imethylsilyl)oxy )-16-( ( lS ,2R)-2-( (S)-20-methyl-19-oxooctatriacon tyl)-

cyclo p ropy l) h exad ecyl) hexacosan oyl)oxy) meth yl)-3,4,5-trih yd roxytetrahyd ro-2H

pyran-2-yl)oxy)-3,4,5-trihydroxytetrahydro-2H-pyran-2-yl)methyl-2-((R)-1-((tert

bu tyldimethylsilyl)oxy )-18-( (1S,2R)-2-((17 S,18S)-17-methoxy-18-methylhexa

triacontyl)cyclopropyl)octadecyl)hexacosanoate (338) 

OMe /\ 1BuMe2SiO O 

CH3(CH2)11....._ ,,;.___ L..::::,. - ' \I l -1cH,),.,,,,·· ·•,,,,,(CH,J,,~O~ 

Mo CH3(CH2)23 HO O 

HO 

HO 
0 

H 

O /\ 1BuMe2SiO O HO 

CH3(CH2)11 .~. 

0(CH2)1,"''" .,,,,,(CH2)1s~O 

Me 338 CH3(CH2)23 

Tetrabutylammonium fluoride (0.1 mL, 0.1 mmol, 1.0 M) was added to a stirred 

solution of (337) (0.06 g, 0.02 mmol) in dry THF (3 mL) at 5 °C under nitrogen 

atmosphere. The mixture was allowed to reach r.t. and stirred for 15 min. The reaction 

mixture was worked up and purified as before to give title compound (338) as a 

colourless thick oil (0.04 g, 72%), [a]1>0 = +l I (c 0.50, CHCl3) {MALDI Found 

[M+Nat: 3053.6; C193H3s4NaO,1Si2 requires: 3053.8}, which showed ◊H (400 MHz, 

CDC'3 + few drops of CD3OD): 5.04 (2H, d, J 3.5 Hz), 4.34 (2H, br.dd, J 4.4, 12.1 

Hz), 4.21 (2H, br.dd, J 4.6, 12.2 Hz), 3.91-3.84 (4H, m), 3.75 (2H, br.t, J9.2 Hz), 3.46 

(2H, dd, J 3.5, 9.6 Hz), 3.35-3.27 (SH, including s for the methoxy groups resonated at 

3.3), 2.94 (lH, br.pent, J 4.4 Hz), 2.54-2.49 (2H, m), 2.47 (IH, br.t, J 6.8 Hz), 2.38 

(2H, br.t, J 7.2 Hz), 1.56-1.05 (300H, m), 1.00 (3H, d, J 6.9 Hz), 0.85 (12H, t, J 6.9 

Hz), 0.81 (18H, s), 0.79 (3H, d, J 6.9 Hz), 0.76 (3H, d, J 6.5 Hz), 0.61-0.59 ( 4H, m), 

0.53 (2H, dt, J3.7, 7.5 Hz), 0.0 (6H, s), 0.01 (6H, s), -0.36 (2H, br.q, JS.O Hz); 8c (10l 

MHz, CDC'3 + few drops ofCD3OD): 216.0, 175.2, 93.4, 85.5, 73. 1, 73.0, 71.6, 70.l , 

69.8, 62,8, 57.5, 51.5, 46.2, 41.0, 35.2, 33.5, 32.9, 32.2, 31.8, 30.3, 30.1, 29.8, 29.6, 

203 



29.5, 29.4, 29.34, 29.3, 29.1 , 28.6, 27.6, 27.4, 27.2, 26.9, 25.9, 25.7, 25.6, 24.1, 23.5, 

22.5, 17.8, 16.2, 15.6, 14.6, 13.9, 10.7, -4.6, -5.0; Vmax: 3523, 2918, 2850, 1701 , 1467, 

1215, I 093, 1050, 908, 874, 824, 759, 736, 669 cm-1
• 

Experiment 85: (2R)-( (2R ,4S ,SR,6R)-3,4,5-Trihyd roxy-6-( ( (2R,3R,4S,6R)-3,4,5-tri

hyd roxy-6-( ( ( (R)-2-( (R)-1-hyd roxy-16-((1S,2R)-2-((S)-20-methyl-19-oxoocta tria

conty)cyclopropyl)hexadecyl)hexacosanoyl)oxy)methyl)tetrahydro-2H-pyran-2-

yl)oxy)tetrahydro-2H-pyran-2-yl)methyl-2-((R)-1-hydroxy-18-((1S,2R)-2-((17S,-

18S)-17-methoxy-18-methylhexa triacontyl)cyclop ro pyl)octadecyl) hexacosanoa te 

(339) 
OMe f\ OH O 

CH, (CH,>11, A L._..:::,_ ' II 1 (CH,),,t'''' '•,,,,,(CH2),,~0~ 

Me CH,(CH,)23 HO O 

HO 

HO 
0 

H 

0 I\ OH O HO 

CH3(CH2)11 ~ 
Y"(CH, ),~''''' .. ,,,,,(CH2l,5Jyl--O 

Me 339 CH3(~H2)23 

A dry polyethylene vial equipped with a rubber septum was charged with (338) (0.04 g, 

0.01 mmol) and pyridine (0. 1 mL) in dry THF (3 mL) was stirred at r.t. under nitrogen. 

HF-pyridine (0.3 mL) was added. The mixture was stirred at 43 °C for 17 h, then the 

reaction mixture was worked up and purified as before to give the title compound (339) 

as a syrup (0.01 g, 40%), [a]15 = +30 (c 0.50, CHCb) {MALDl Found [M+Nat: 

2822.4; C 1s1H353NaO 17 requires: 2822.6} , which showed 81-1 (400 MHz, CDCb + few 

drops ofCD3OD): 5.02 (2H, d, J3.7 Hz), 4.71 (2H, br.d, J 10.9 Hz), 4.27 (2H, br.t, J 

12.1 Hz), 3.76 (2H, br.q, J 8.2 Hz), 3.64 (2H, t, J 8.0 Hz), 3.49-3.47 (2H, br.m), 3.39 

(2H, dd, J2.1 , 13.6 Hz), 3.35 (3H, s), 3.18 (2H, m), 2.94 (lH, br.pent,J 3.4 Hz), 2.54-

2.49 (2H, m), 2.47-2.40 ( lH, m), 2.38 (2H, br.t, J 7.2 Hz), 1.54-1.06 (299H, m), 1.0 

(3H, d, J 6.9 Hz), 0.85-0.80 (18H, m), 0.61 -0.59 (4H, m), 0.53 (2H, dt, J 3.9, 8.4 Hz), -

0.36 (2H, br.q, J 5.0 Hz); 8c (10 I MHz, CDCl3 + few drops of CD3OD): 2 16.3, 175.2, 

94.5 , 85.5, 73.0, 72.5, 72.4, 7 1.1 , 70.9, 69.7, 63.9, 57.4, 52.3, 51.5, 46.1, 40.9, 35.1 , 

34.5, 32.8, 32. 1, 3 1.7, 30.2, 30.0, 29.7, 29.6, 29.5, 29.4, 29.3, 29.27, 29.24, 29.2, 29.1 , 

29.0, 28.5, 27,2, 27. 1, 27.0, 25.8, 25.5, 25.0, 23.4, 22.4, 16.0, 15,5, 14.5, 13.7, 10.6; 

Vmax: 3369, 2920, 2851 , 1727, 1467, 1101 , 720 cm-
1
. 
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Experiment 86: (2R)-((2R,3R,4S,5R,6R)-6-(((2R,3R,4S,5R,6R)-6-((((R)-2-((R)-1-((

tert-Butyldimethylsilyl)oxy)-18-( (1R,2S)-2-( (17 S,18S)-17-methoxy-18-methyl

hexa triaconyl)cyclopropyl)octadecyl)tetracosanoyl)oxy )methyl)-3,4,5-tris( (tri

methylsilyl)oxy)tetrahydro-2H-pyran-2-yl)oxy)-3,4,5-tris((trimethylsilyl)oxy)

tetrahydro-2H-pyran-2-yl)methyl-2-((1R)-1-((tert-Butyl-dimethyl-silyl)oxy)-19-(2-

( (S)-16-( (lR ,2S)-2-octadecyclo pro pyl)hexad ecan-2-yl)cyclo pro pyl)no nadecyl)

tetracosanoa te (324) 

EDCJ (0.05 g, 0.26 mmol) and 4-DMAP (0.02 g, 0.16 mmol) were added to a stirred 

solution of (323) (0.11 g, 0.08 mmol) and (322) (0. I 5 g, 0.07 mmol) and powdered 

molecular sieves 4 A in dry dichloromethane (3 mL) at r.t. under nitrogen atmosphere. 

The mixture was stirred for 6 days at r.t. then the reaction mixture was worked up and 

purified as before to give the title compound (324) as a colourless th ick oil (0.11 g, 

55%), [ag0 = +24 (c 0.50, CHCl3) {MALDI Found [M+Nat: 3422.5; C20sH420NaOw 

Sis requires: 3422.0}, which showed ◊H (400 MHz, CDCl3): 4.70 (2H, d, J 2.7 Hz), 

4.26 (2H, br.d, J 10.7 Hz), 3.95 (4H, br.t, J 12.1 Hz), 3.85 (4H, br.q, J 4.6 Hz), 3.44 

(2H, t, J 8.8 Hz), 3.32-3.27 (2H, m), 3.26 (3H, s), 2.90 ( I H, hr.pent, J 4.9 Hz), 2.49-

2.45 (2H, m), 1.28-1.08 (284H, m), 0.80-0.75 (36H, including 2 x tert-butyl groups as 

s, 4 x terminal CH3 groups as tat 0.79 and d for 2 x Cl-13), 0.57-0.55 (4H, br.m), 0.49 

(2H, dt, J 4.7, 10.0 Hz), 0.40-0.32 ( l H, m), 0.07-0.05 (3H, m), 0.07 (18H, s), 0.058 

(18H, s), 0.054 (18H, s), -0.028 (12H, s), -0.40 (2H, br.q, J 4.9 Hz); 8c ( 101 MHz, 

CDC'3): 174.0, 94.6, 85.5, 73.3, 73.2, 72.6, 71.6, 70.5, 62.4, 57.4, 51.5, 37.9, 37.2, 

35.1, 34.3, 33.3, 32.1 , 31.7, 30.2, 30.0, 29.8, 29.7, 29.5, 29.2, 29.1, 28.5, 27.8, 27.3, 

27.0, 26.l, 25.9, 25.8, 25.7, 25.6, 24.8, 22.4, 19.4, 18.4, 17.8, 15.5, 14.5, 13.8, 10.6, 

10.2, 0.8, 0.6, -0.0, -4. 7, -4.9; Vmax: 2924, 2853, 173 7, 1493, 1252, 1077, 1045, 898, 

842 cm-1• 
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Experiment 87: (2R)-((2R,4S,5R,6R)-6-(( (2R,3R,4S,6R)-6-(( ( (R)-2-( (R)-1-( (tert-

Bu tyldimethyl-silyl)oxy)-18-( (1R,2S)-2-((17 S,18S)-17-methoxy-18-methylhexa

triaconyl)cyclopropyl)octadecyl)tetracosanoyl)oxy)methyl)-3,4,5-trihydroxytetra

hydro-2H-pyran-2-yl)-3,4,5,-trihydroxytetrahydro-2H-pyran-2-yl)methyl-2-((1R)-

1-((tert-butyl-dimethyl-silyl)oxy)-19-(2-((S)-16-((1R,2S)-2-octadecyclopropyl)

hexadecan-2-yl)cyclopropyl)nonadecyl)tetracosanoate (325) 

Tetrabutylammonium fluoride (0.1 mL, 0.1 mmol, I .0 M) was added to a stirred 

solution of (325) (0.11 g, 0.03 mmol) in dry THF (10 mL) at 5 °C under nitrogen 

atmosphere. The mixture was allowed to reach r.t. and stirred for l h. The reaction 

mixture was worked up and purified as before to give the title compound (324) as a 

co lourless thick oi l (0.09 g, 97%), [a]12 = +12 (c 0.50, CHCl3) {MALDI Found 

[M+Nat: 2989.9; C190HmNaO1 6Si2 requires: 2989.7} , wh ich showed 31-1 (400 MHz, 

CDCb + few drops of CO3OO): 5.0 (2H, d, J 2.9 Hz), 4.26 (2H, br.dd, J 4.0, 12.0 Hz), 

4.17 (2H, br.d, J 11.1 Hz), 3.87-3 .82 (4H, m), 3.70 (2H, br.t, J 9.4 Hz), 3.41 (2H, dd, J 

3.0, 9.4 Hz), 3.32-3.23 (SH, including a singlet for the methoxy groups resonated at 

3.2), 2.91-2.88 (IH, m), 2.51-2.45 (2H, m), 1.46-0.97 (290H, m), 0.79-0.76 (36H, 

including 2 x tert-butyl groups as a s inglet, 4 x terminal CH3 groups as triplet at 0.77 

and a doublet for 2 x CH3), 0.61-0.56 (4H, m), 0.49 (2H, dt, J 3.7, 8.2 Hz), 0.38-0.34 

(lH, m), 0.12-0.0J (3H, m), 0.034 (6H, s), -0.05 (6H, s), -0.40 (2H, br.q, J 4.4 Hz); 3c 

(10 I MHz, CDCb + few drops of CD3OD): 175. 1, 93.3, 85.5, 73.1 , 71.5, 70.2, 69.8, 

62.8, 57.4, 51.5, 37.9, 37.2, 35.l, 34.3, 33.4, 32.1 , 31.7, 30.3, 30.0, 29.8, 29.7, 29.6, 

29.5, 29. l , 28.5, 27.6, 27.3, 27.0, 26.8, 25.9, 25.8, 25.6, 25.5, 24.0, 22.4, 19.4, 18.4, 

17.7, 15.5, 14.5, 13.8, 10.6, 10.2, -4.7, -5 .1 ; Ymax: 3523, 2918, 2850, 1701 , 1467, 1215, 

1093, 1050, 908, 874, 824, 759,736,669 cm-1. 

Experiment 88: (2R)-((2R,4S,5R,6R)-3,4,5-Trihydroxy-6-(((2R,3R,4S,6R)-3,4,5-tri

hyd roxy-6-( (R)-1-hyd roxy-19-(2-( (S)-16-( (1R,2S)-2-octadecylcyclopropyl)hexa-
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decane-2-yl)cyclopropyl)nonadecyl)tetracosanoyl)oxy)methyl)tetrahydro-2H

pyran-2-yl)-tetrahyd ro-2H-pyran-2-yl)metbyl-2-((R)-1-hyd roxy-18-( (lR ,2S)

( (1R,2S)-2-( (17 S,18S)-17-methoxy-18-methylhexatricontyl)cyclopropyl)octa

decyl)tetracosanoate (326) 

A dry polyethylene vial equipped with a rubber septum was charged with (325) (0.08 g, 

0.02 mmol) and pyridine (0.15 mL) in dry THF (10 mL) was stirred at r.t. under 

nitrogen. HF-pyridine (0.6 mL) was added. The mixture was stirred at 43 °C for 17 h, 

then the mixture was worked up and purified as before to give the title compound (326) 

as a colourless oil (0.03 g, 45%), [arn3 =+30 (c 0.50, CHCb) {MS Found [M+Nat: 

2761.5985; C178H344NaO16 requires: 2761.6002}, which showed ◊H (400 MHz, CDCh 

+ few drops ofCD3OD): 4.96 (2H, d, J2.2 Hz), 4.61 (2H, br.dd, J 1.8, 1 l.7 Hz), 4.17 

(2H, br.t, J 8.0 Hz), 3.97 (2H, br.q, J 8.9 Hz), 3.70 (2H, t, J 8.3 Hz), 3.62-3.59 (2H, 

br.m), 3.45 (2H, dd, J2.2, 9.4 Hz), 3.35 (3H, s), 3.20 (2H, t, J9.2 Hz), 2.93-2.90 (IH, 

m), 2.37-2.32 (2H, m), 1.48-1.03 (292H, m), 0.83-0.77 (18H, m, 4 x terminal CH3 

groups as tat 0.81 and ad for 2 x CH3), 0.59-0.57 (4H, m), 0.51 (2H, dt, J 4.2, 8.1 Hz), 

0.39-0.35 (lH, m), 0.15-0.01 (3H, m) -0.38 (2H, br.q, J 4.3 Hz); 8c ( I 01 MHz, CDCl3 

+ few drops of CD3OD): 175.4, 95. 1, 85.5, 72.5, 72.3, 71.4, 71.0, 69.7, 67.8, 64.5, 

57.5, 52.1, 38.0, 37.3, 35.2, 34.6, 34.3, 32.2, 31.8, 30.3, 30. 1, 29.9, 29.8, 29.7, 29.67, 

29.6, 29.58, 29.5, 29.4, 29.3 , 29.2, 28.6, 27.4, 27.2, 27.1 , 26.0, 25.9, 25.6, 25.4, 25.0, 

22.5, 19.5, 18.5, 15.6, 14.6, 13.9, I 0.7, ] 0.3; V 111ax : 3468, 2925, 2854, 17235, 1459, 

1076, 735 cm-1
• 

Experiment 89: (2R)-( (2R,4S,5R,6R)-6-(( (2R,3R,4S,6R)-6-( ( ( (R)-2-( (R)-1-( (tert

Butyldimethylsilyl)oxy )-18-( (1R,2S)-2-( (17 S ,18S)-17-methoxy-18-methylhexa

triaconyl)cyclopropyl)octadecyl)tetracosanoyl)oxy )methyl)-3,4,5-tri( ( trimethyl-
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silyl)oxy)tetrahydro-2H-pyran-2-yl)oxy)-3,4,5-tris((trimethylsilyl)oxy)tetrahydro-

2H-pyran-2-yl)methyl-2-( (R)-1-( (tert-bu tyld imethylsilyl)oxy )-12-( ( 1S,2R)-2-( 14-

( ( 1S ,2R)-2-icosy lcyclo pro pyl)tetradecyl)cyclo pro py l)dodecyl)hexacosan oate (354) 

~uMe,SJ fl 
*, •.. L ... ,,,, ,,,, .... L .... ,,, ~ 

CH3(CH2)~9 (CH,),. (CH2)11 i 0 

(i:H2)23CH3 Mo3SiO 

Me3SiO-...!lo.-~ 

0 

EDCI (0.03 g, 0.15 mmol) and 4-DMAP (0.02 g, 0.16 mmol) were added to a stirred 

solution of (342) (0. 11 g, 0.05 mmol) and (353) (0.06 g, 0.04 mmol) and powdered 

molecular sieves 4 A in dry dichloromethane (2 mL) at r.t. under nitrogen atmosphere. 

The reaction mixture was stirred for 6 days at r.t. then the reaction mixture was then 

diluted with dichloromethane (5 mL) and mixed with silica gel (2 g) then the solvent 

was evaporated under reduced pressure to give a residue, which was purified by 

column chromatography on silica gel eluting with petrol/ethyl acetate (30: I, 10: 1) to 

give the title compound as a colourless oi l (354) (0.l g, 62%), [a]t0 = +20 (c 0.50, 

CHCl3) {MALDI Found [M+Nat : 3359.4; C203Hm NaO16Sis requires: 3359.9}, which 

showed 81.1 ( 400 MHz, CDCb): 4.85 (2H, d, J 3 .0 Hz), 4.36 (2H, br.d, JI 0. I Hz), 4.04-

3.97 ( 4H, m), 3 .96-3 .93 (2H, m), 3.9 1 (2H, br.t, J 8.8 Hz), 3 .53 (2H, t, J 8.9 Hz), 3 .39 

(2H, dd, .!2.9, 9.2 Hz), 3.34 (3H, s), 2.97 (IH, br.pent, J 4.2 Hz), 2.57 (2H, pent, .!3.5 

Hz), 1.64-1.13 (285H, m), 0.90-0.84 (33, including a singlet at 0.9 for 2 x tert-butyl 

groups, a doublet at 0.88, J 6.92 for a I x CH3 group and a triplet at 0.86 for the 

terminal methyl groups), 0.67-0.64 (6H, br.m), 0.58 (3H, dt, .!3.8, 7.6 Hz), 0.16 (18H, 

s), 0.14 (18H, s), 0.13 (18H, s), 0.06 (12H, s), -0.31 (3H, br.q, J 5.0 Hz); 8c ( l 0 1 MHz, 

CDCl3): 173 .8, 94.8, 85.4, 73.5 (broad), 73.4, 72.8, 7 1.8, 70.7, 62.3, 57.7, 51.8, 35.3, 

33.4, 32.3, 31.9, 30.5, 30.2, 30.0, 29.9, 29.8, 29.74, 29.7, 29.6, 29.5, 29.3, 28.7, 28.1 , 

27.5 , 26.2, 26.1, 25.9, 25.8, 25.1 , 22.7, 18.0, 15.7, 14.8, 14. l , 10.9, 1.0, 0.9, 0 .1, -4.5, -

4.6; Ymax: 2923, 2853, 1744, 1465, 1251, 1099, 1010, 899, 839 cm-1
. 

Experiment 90: (2R)-((2R,4S ,5R,6R)-6-( ( (2R,3R,4S,6R)-6-(( ( (R)-2-( (R)-1 -( (tert

Butyldimethylsilyl)oxy )-18-((1R,2S)-2-( (17 S,18S)-17-methoxy-18-methylhexa

triacontyl)cyclopropyl)octadecyl)tetracosanoyl)oxy)methyl)-3,4,5-trihyd roxy-
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tetrahydro-2H-pyran-2-yl)oxy)-3,4,5-trihydroxytetrahydro-2H-pyran-2-yl)

methyl-2-( (R)-1-( (tert-bu tyldimethylsilyl)oxy)-12-( (1S,2R)-2-(l 4-( (1S,2R)-2-

icosylcyclopropyl)tetradecyl)cyclopropyl)dodecyl)hexacosanoate (355) 

Tetrabutylammonium fluoride (0.2 mL, 0.2 mmol, 1.0 M) was added to a stirred 

solution of (354) (0. 11 g, 0.03 mmol) in dry THF (10 mL) at 5 °C under nitrogen 

atmosphere. The mixture was a llowed to reach r.t. and then it was stirred for 20 min. 

The reaction was worked up and purified as before to give the title compound (355) as 

a colourless thick oi l (0.08 g, 91%), [a]15 = +12 (c 0.50, CHCl3) {MALDT Found 

[M+Nat: 2923.2; C,ssH366NaO16Si2 requires: 2923.7} , which showed ◊H (400 MHz, 

CDC'3 + few drops of CD3OD): 5.02 (2H, d, J3.2 Hz), 4.29 (2H, br.d, J 11 .1 Hz), 4.20 

(2H, br.d, J 10.9 Hz), 3.91 (2H, br.d, J9.5 Hz), 3.87 (2H, br.q, J 4.7 Hz), 3.80 (2H, br. 

t , J 9.2 Hz), 3.45 (2H, dd, J 2.9, 9.6 Hz), 3.32-3.28 (SH, including s for the methoxy 

groups at 3.2), 2.93-2.90 (IH, m), 2.52-2.47 (2H, m), 1.57-0.91 (287H, m), 0.84-0.77 

(33H, including s at 0.84 for 2 x tert-butyl groups, a d at 0.81 , J 6.9 for the methyl 

group and tat 0.79 for the terminal methyl groups), 0.60-0.57 (6H, m), 0.52 (3H, dt, J 

3.8, 7.7 Hz), -0.007 (6H, s), -0.02 (6H, s), -0.37 (3H, br.q, J 4.7 Hz); 0c (] 01 MHz, 

CDC'3 + few drops ofCD3OD): 175.1 , 93.4, 85.5, 73.1, 72.9, 71.6, 70.2, 69.8, 62.8, 

57.5, 51.5, 35.2, 33.5, 32.2, 31.7, 30.3, 30.0, 29.8, 29.7, 29.6, 29.58, 29.5, 29.4, 29.2, 

28.5 , 27 .6, 27.3, 26.8, 25.9, 25. 7, 25.6, 24.1 , 22.5, 17 .8, 15.6, 14.6, 13.9, 10. 7, -4.6, -

5.0; Vmax: 3401 , 2926, 2854, 1724, 1466, 1215, 1093, 1078, 99] , 929,836, 757, 736, 

669 cm-1. 

Experiment 91: (2R)-((2R,4S,5R,6R)-3,4,5-Trihydroxy-6-(((2R,3R,4S,6R)-3,4,5-tri

hyd roxy-6-((((R)-2-((R)-1-hydroxy-18-((1R,2S)-2-((17 S,18S)-17-methoxy-18-

methylhexatriacontyl)cyclopropyl)octadecyl)tetracosanoyl)oxy)methyl)tetra

hydro-2H-pyran-2-yl)oxy)tetrahydro-2H-pyran-2-yl)methyl-2-((R)-1-hydroxy-

12-((1S,2R)-2-(14-((1S,2R)-2-icosylcyclopropyl)tetradecy)icosylcyclopropyl)-
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tetradecyl)cyclopropyl)dodecyl)hexacosanoate (356) 

* __ .. D ..... , ,,,,,, .. D .... ,❖ ~
0 

cH3(cH2)~s (CH2)u (CH2h1 1 ~ 
(CH2),,CH3 HO 0 

HO 

HO 

Wo o, 0 # 
CH,(CH2)17+CH,),~(CH,)!y1-__0 

Me (CH2l21CH3 

A dry polyethylene vial equipped with a rubber septum was charged with (355) (0.08 g, 

0.02 mmol) and pyridine (0.1 mL) in dry THF (12 mL) was stirred at r.t. under nitrogen 

atmosphere. HF-pyridine (0.8 mL) was then added. The mixture was stirred at 43 °C for 

15 hs, then the reaction was worked up and purified as before to give the title compound 

(356) as a colourless thick o il (0.04 g, 50%), [aJi0 = +32 (c 0.50, CHCl3) {MALDI 

Found [M+Nat: 2693 .2; CmH336NaO16 requires: 2693.5}, which showed 8H (400 MHz, 

CDCh + few drops of CD3OD): 4.98 (2H, br.d, J 2.4 Hz), 4.73 (2H, br.d, J 10.8 Hz), 

4.28 (2H, br.t, J 8.8 Hz), 3.91 (2H, br.q, J 11 .8 Hz), 3.49 (2H, t, J 11 .3 Hz), 3.37-3 .36 

(2H, br.m), 3.53 (2H, dd, J 3.8, 11.7 Hz), 3.31 (3H, s), 3.21 (2H, t, J 9.2 Hz), 2.95 (2H, 

hr.pent, J 4.2 Hz), 2.41-2.36 (2H, m), l.31- l.22 (286H, m), 0.86-0.81 ( 15H, including d 

at 0.85 for the methy l group and tat 0.83 for terminal methyl groups), 0.62-0.60 (6H, m), 

0.54 (3H, dt, J3.9, 7.7 Hz), -0.35 (3H, br.q, J 4.8 Hz); 8c (IO 1 MHz, CDCl3 + few drops 

of CD3OD): 175.4, 95.0, 85.5, 72.5, 72.3 , 71. l , 69.8, 64.6, 57.5, 52.0, 35.2, 34.6, 32.2, 

3 1.8, 30.7, 30.3, 30. 1, 29.87, 29.8, 29.7, 29.63, 29.6, 29.3, 29.2, 28.6, 27.4, 27.2, 26.0, 

25.6, 25.0, 22.5, 15.6, 14.7, 13.9, 10.8; Vmax: 3368, 2920, 2851 , 1727, 1467, 110] , 720 
-1 cm . 

Experimental 92: (2R,3R,4S,5R,6R)-2,3,4,5-Tetrakis(benzyloxy )-6-( (benzyloxy )

metbyl)tetrabyd ro-2H-pyran (259) 

-~~ ~·- ~ :o~ 
259 OBn 

NaH (8.0 g of 60% dispers ion in mineral oil, 20 mmol) was washed twice with hexane 

at r.t. then a suspension of D-glucose (258) ( I 0.0 g, 55.5 mmol) in anhydrous DMF 

(300 mL) was added at r.t. The suspension was stirred for 1 h then cooled in an ice 

bath. Benzyl bromide (23.11 mL, 187.2 mmol) was added drop w ise over a 30 min 
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period, and after I h the ice bath was removed. After stirring at r.t. for 4 h, then the 

second addition of the same quantities of NaH and benzyl bromide were added 

consecutively at O °C. The reaction mixture was stirred overnight for 18 h, and then (30 

mL) of anhydrous MeOH was added slowly to react with the excess of the NaH. DMF 

was removed under reduced pressure at 55 °C. The residue was dissolved in CH2C h 

(200 mL) and washed with water and brine, dried (MgSO4) filtered and evaporated to 

give a yellow oil, Flash chromatography on silica gel eluting with petrol/ethyl acetate 

(9:1 , 5:2) yielded a light yellow solid. Recrystallization from MeOH to give the title 

compound (259) as a white solid (6.0 g, 17%), m.p.: 83-86 °C: lit 83-86 °C; [aJi1 = -

10 (c 1.00, CHCl3) lit. [ag0 = -9.1 261 {MALDI Found [M+Nar : 653. l , C41H42NaO6 

requ ires: 653.2}, which showed 81-1 (400 MHz, CDCl3 ):7.40-7.28 (23H, m), 7. 18 (2H, 

dd, J 2.2, 7 .2 Hz), 5 .00-4.92 (3 H, m), 4.84-4.51 (8H, m), 3. 78 ( I H, dd, ./ 1.9, 10.8 Hz), 

3.72 ( lH, dd, ./ 4.8, 10.8 Hz), 3.69-3.59 (2 H, m), 3.54 (l H, t, ./ 8.30 Hz), 3.5 1-3.46 

( IH, m); oc ( I OI MHz, CDCl3): 138.4, 138. l , 128.38, 128.36, 128.3, 128.l , 127.9, 

127.8, 127.75, 127.7, 127.6, 127.5, 102.6, 84.7, 82.3, 77.9, 75.6, 74.98, 74.92, 74.8, 

73.4, 71. 1, 68.9.261 

Experimental 93: ((2R,3R,4S,5R,6R)-3,4,5,6-Tetrakis(benzyloxy)tetrahydro-2H

pyran-2-yl)methyl acetate (260) 

'"' i _..-o, """ :no~ 
260 OBn 

Zinc chloride (4.31 g, 31.6 mmol) has been dried under high vacuum for 1 h, and then 

acetic acid-acetic anhydride (I : I, 30 mL) were added. The mixture was cooled down to 

-5 °C, and then a so lution of (259) (4.0 g, 6.3 mmol) in acetic acid-acetic anhydride 

( I : 1, 20 mL) was added drop wise. The reaction mixture was stirred at r.t. for 4 h, and 

then ice water ( 180 mL) was added. The resulting light-brown precipitate was extracted 

with CH2Cli (3 x 50 mL). The combined organic layers were dried over MgSO4 and 

the filtrate was evaporated. The residue was purified by flash chromatography on s ilica 

gel eluting with petrol/ethyl acetate (5: I) gave the t itle compound (260) as a white solid 

(2.5 g, 67%): m.p. : 1! 6-11 7 °C, lit. 116- 11 7 °C; [arn1 = -3.2 (c 1.0, CHCb) lit. [a]i 0 

= -2.9261 {MALDI Found [M+Nar: 605.5, C36H3sNaO1 requires: 605.2} ; which showed 

81-1 (400 MHz, CDCb ): 7.39-7.25 (20H, m) 5.00-4.93 (3H , m ), 4.87 (lH, d, J 10.8 

Hz), 4.80 (1 H, d, J 10.9 Hz), 4. 74 (] H, d, .J I 0.9 Hz), 4.67 (1 H, d, J 11 .9 Hz), 4.58 ( I H, 
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d, J 10.8 Hz), 4.52 (1H, d, J7.8 Hz), 4.38 (lH, dd, J2.0, 11.9 Hz), 4.26 (lH, dd, J 4.7, 

11.9 Hz), 3.68 (IH, t, J 8.8 Hz), 3.59-3.49 (3H, m), 2.07 (3H, s); 8c (101 MHz, CDC'3 

): 170.7, 138.4, 138.2, 137.7, 137.l , 128.49, 128.44, 128.4, 128.3, 128.1, 128.09, 128.0, 

127.9, 127.8, 127.7, 102.4, 84.6, 82.2, 75.7, 75.0, 74.89, 72.87, 71.2, 63.1 , 20.9.261 

Experimental 94: ((2R,3R,4S,5R,6R)-3,4,5,6-Tetrakis(benzyloxy)tetrahydro-2H

pyran-2-yl)methanol (261) 

BnO~OH O 

OBn 
BnO 

261 OBn 

Lithium hydroxide monohydrate (J .20 g, 25.7 mmol) was added to the stirred solution 

of (260) (1.0 g, 1.7 mmol) in THF (50 mL), water (4 mL), MeOH (2 mL). The mixture 

was stirred for 18 h at 45 °C. The mixture was dissolved in warmed petrol/ethyl acetate 

5:1 (50 mL) and an aqueous solution ofKHSO4 was added until the water layer was pH 

1-2. The organic phase was separated and the aqueous layer was re-extracted with ethyl 

acetate (2 x I 00 mL) and then combined organic layers were dried and evaporated. The 

crude product was purified by column chromatography eluting with petrol/ethyl acetate 

(5:1) to give the title compound (261) (0.8 g, 70%), m.p.: 104-106 °C, lit. 104-106 °C; 

[a]14 = -11 (c 1.00, CHC'3), lit. [a]1° = -9.2261 {MALDI Found [M+Naf: 563.4, 

C34H36NaO6 requires: 563.2} ; which showed 81-1 (400 MHz, CDC'3); 7.39-7.29 (20H, 

m), 4.98-4.94 (IH, m), 4.92 (lH, d, J 4.7 Hz), 4.87 (1 H, d, J 11.2 Hz), 4.82 (IH, d, J 

10.9 Hz), 4.72 (lH, dd, J 11 .4, 13.8 Hz), 4.65 (1 H, d, J 10.9 Hz), 4.58 (lH, d, J 7.8 

Hz), 3.88 (lH, ddd, J 2.7, 5.6, 11.9 Hz), 3.7 1 (2H, m), 3.58 (IH, t, J9.3 Hz), 3.50 (IH, 

dd, J7.9, 9.1 Hz), 3.37 ( lH, ddd, J2.8, 4.7, 9.6 Hz); 8c (101 MHz, CDCl3 ): 138.4, 

138.2, 137.7, 137.1 , 128.5, 128.44, 128.4, 128.3, 128.1 , 128.09, 128.0, 127.9, 127.8, 

127.7, I 02.4, 84.6, 82.2, 75.7, 75.0, 74.89, 72.8, 71.2, 63.1.261 

Experimental 95: ( (2R,3R,4S,5R,6R)-3,4,5,6-Tetrakis(benzyloxy)tetrahyd ro-2H

pyran-2-yl)metbyl-4-methy4-methylbenzenesulfonate (257) 

~o,,J: ~o, oo, :no~ 
257 OBn 

Pyridine (5 mL), 4-DMAP (0.1 g, 0.8 mmol) and tosyl chloride (1.3 g, 9.2 mmol) were 

sequentially added to a stirred solution of (261) (1.0 g, 1.8 mmol) in dichloromethane 
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(20 mL) at O °C. The mixture was warmed to r.t. and was stirred overnight. The 

mixture was diluted with CH2Cli and hydrolyzed with HCI (10 mL, 3M). The organic 

phase was separated and the aqueous layer was re-extracted with CH2C'2 (2 x I 00 mL), 

then combined organic layers were washed with saturated solution of NaHCO3 and 

brine. The combined organic layers were dried, evaporated. The crude product was 

purified by column chromatography eluting with petrol/ethyl acetate (5: 1) to give the 

title compound (257) (0.9 g, 75%); [a]5° = -4.6 (c 1.0, CHC13) lit [a]5° = -4.1 262 

{MAL-DI Found [M+Nat: 717.3, C41H42NaOsS requires: 717.2}, Which showed 01-1 

( 400 MHz, CDCIJ): 7.80 (2H, d, J 8.3 Hz), 7.37-7.26 (20H, m), 7.19 (2H, dd, J 2.5, 

6.9 Hz), 4.93 (2H, dd, J 3.5, 10.9 Hz), 4.85 (2H, t, J 1 l. l Hz), 4.76 (1 H, d, J 10.9 Hz), 

4.70 (lH, d, JI 0.9 Hz), 4.59 ( IH, d, J 11.9 Hz), 4.51 (I H, d, J 10.8 Hz), 4.46 ( IH, d, J 

7.8 Hz), 4.45-4.44 (1 H, m), 4.27 (IH, dd, J 4.8, 10.5 Hz), 3.62 (lH, t, J 8.6 Hz), 3.53-

3.41 (3H, 111), 2.41 (3H, s); oc ( 101 MHz, CDC13): 144.8, 138.2, 138.1, 137.5, 137.0, 

132.8, 129.7, 128.5, 128.4, 128.39, 128.3, 128.1, 128.08, 128.0, 127.97, 127.9, 127.85, 
?62 127.8, 127.7, 127.6, 102.1 , 84.4, 81.9, 75.6, 74.9, 74.8, 72.6, 7 1.0, 68.6, 21.6.-

E xperimental 96: ((2R,4S,5R,6R)-3,4,5,6-Tetrakis(benzyloxy)tetrnhydro-2H

PY ra n-2-yl) methyl-(2R ,3R)-3-hyd roxy-2-tetrad ecyloctacosa no ate (262) 

"'~ (CH, ),. i 0 

(CH2),3CH3 

262 
BnO 

OBn 

OBn 

(167) (0.04 mg, 0.06 mmol) was dissolved in THF/DMF (1: 1, 2 mL) at r.t., then warm 

up very gently until all mycolic acid been dissolved. Dry cesium hydrogen carbonate 

(0.1 mg, 0.5 mmol) was added to a stirred solution and the mixture left at r.t. for 1 h. 

Tosylate (257) (0.04 mg, 0.05 mmol) was added. The mixture was stirred at 70 °C for 

18 h, then the reaction was quenched with water (7 mL). The product was extracted 

with CH2C'2 (3 x 60 mL), dried over MgSO4, filtered and evaporated. The crude 

product was purified by chromatography over silica gel, eluting with petrol/ethyl 

acetate (4: 1) to give the title compound (262) (0.035 mg, 46%). {MS Found [M+Nat: 

I I 81.8737; C76H11 sNaOs requires: 1181.8724}, which showed 01-1 (400 MHz, CDCl3): 

7.36-7.23 (20H, m), 4.93 (2H, dd, J3.5 , I 1.0 Hz), 4.88 (2H, d, J 12.0 Hz), 4.77 (1 H, d, 

J I 0.9 Hz), 4.69 (lH, d, J 10.9 Hz ), 4.64-4.56 (2H, m), 4.54-4.49 (2H, m), 4.23-4.1 8 
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(IH, m), 3.65 (2H, t, J 8.8 Hz), 3.53-3.45 (3H, m), 2.49-2.42 (lH, m), 1.78-1.38 (6H, 

m), 1.37-1.13 (69H, m), 0.87 (6H, t, J6.8 Hz); oc (101 MHz, CDCb): 175.2, 138.3, 

138.2, 137.7, 137.1 , 128.5, 128.44, 128.4, 128.3, 128.1 , 128.0, 127.9, 127.87, 127.8, 

127.6, 102.3, 84.5, 82.2, 77.8, 75.7, 75.1, 74.9, 72.8, 72.3, 71.1 , 62.8, 51.2, 35.6, 31.9, 

29.69, 29.65, 29.63, 29.59, 29.5, 29.4, 29.3, 27.5, 25.8, 22.6, 21.0, 14.1 ; Vmax: 3539, 

2918, 2842, 2364, 1687, 1506, 1462, 1375, 1206, 1035, 738 cm-1
• 

Experimental 97: ((2R,4S,5R)-3,4,5,6-Tetrahydroxytetrahydro-2H-pyran-2-yl)

methyl-(2R,3R)-3-hydroxy-2-tetradecyloctacosanoate (256) 
OH 0 

"--,~,~ o 
(CH2),,CH, 

256 

HO 
OH 

OH 

(262) (0.03 mg, 0.02 mmol) was dissolved in a mixture of hexane and ethyl acetate (I 

mL of a 1: l mixture) and treated under a hydrogen atmosphere with a catalytic amount 

of 10% palladium hydroxide on charcoal. The mixture was stirred for 18 h at r.t. and 

the residue was filtered and washed with CHCl3 and evaporated to give the title 

compound (256) as a mixture a:p in ratio 0.4:0.6 as semi solid (0.01 mg, 50%), [a]i4 = 

8.1 (c 1.0, CHCl3) {MS Found [M+Nat : 821.6861 ; C4sH94NaOs requires: 821.6846} ; 

the mixture showed ◊H (400 MHz, CDCl3): 5.15 (0.4H, d, J 3.8 Hz (H a1)), 4.51 (0.6H, 

d, J7.7 Hz (H P1)), 4.43 (IH, dd, J 3.71 , 12.6 Hz), 4.32 (11-I, dd, J 5.61, 11.71 Hz), 

3.67-3 .57 (2H, m), 3.46-3.35 (2H, m), 3.24-3.21 (lH, m), 2.46-2.36 (lH, m), 2.31-2.24 

(1 H, m), 1.62-1.15 (78H, m), 0.87-0.83 (6H, m); oc (a, p isomers) (101 MHz, CDCh): 

175.0, 96.5, 92.2, 74.4, 73 .5, 73.4, 72.3, 72.1 , 70.3, 69.0, 63.4, 52.6, 52.5, 37.2, 36.8, 

34.8, 33.4, 32.5, 31.7, 29.8, 29.5, 29.45, 29.4, 29.3, 29.2, 29.1 , 29.0, 27.7, 27.2, 26.8, 

25 .2, 25. 1, 24.2, 22.4, 22.3, 19.4, 18.9, 14. 1, 13 .8, 1 1.1; Vmax: 3501 , 2918, 2845 , 1730, 

1462, 1206 cm-1
• 
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6. Appendix 

6.1 Synthesis of keto-MA present in M. tb (343) 

Keto-MA are found in the cell wall of M tb and they are the major oxygenated MA. 

CH, (CH, ).,, l A ~ y "-...(CH2)1e 3~3 (CH,),5 i OH 

Me (CHz),3CH3 

Figure 36: The keto-MA of derived from M. th 

rn this study, a keto-MA present in M tb was made by a known method. The coupling 

of the mycol ic motif part (329) and the meromycolate part (344) was undertaken. 

Scheme 105: Full keto-MA disconnection 

6.1.1 Coupling to form keto-MA (343) 

To begin with, the alcohol meromycolate (345) was oxidized to the corresponding 

a ldehyde (344), using PCC in dichloromethane solution, as in Scheme 106. The 

spectroscopic data of this compound matched the data given in the literature.217 

PCC 

Scheme 106: Oxidation of the keto-meromycolate 
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Sulfone (329) was coupled with meromycolate aldehyde (344) to give a lkene (345) in 

an (EIZ) mixture as shown in Scheme (107). The hydrogenation of the a lkene was 

achieved as described previously using di potass ium azod icarboxylate. 

CH, (CH2h,0'BuMe,SiO P-vo 
(CH2) 18 + 

344 
Me 

O ~ OAc 0 

N- N II liN(SiMe~ 2, • 

II )-s- (CH ) THF,-10 C, 78 I'-

ll 
2 1◄ : OMe 

N-....._ : 
N 329 = I O (CH, ),, CH, 

Ph 

1BuMe2SiO /\. OAc 0 

CH,(CH2)11, -~ ~ Nl 
' '(CH, ),o (CH, ),s 1 OMe 

Me 346 (CH2)23CH3 

Scheme 107: The coupling to form keto-MA 

6.1.2 Deprotection of the silyl group in meromycolate 

The sily l protecting group was removed from compound (346), us ing HF-pyridine 

complex and pyrid ine in dry THF solution, as shown in Scheme (108) . 

, · OAc o 

CH3(CH2l11 A ~ 
(CH2),a 3-46 (CH2)15 1 OMe 

Me l HF-pyridine, (CH2)23CH, 

THF. 45 °C,70 % 

CH3(CH2)11, I A ~ 
' ' (CH2)18 347 (CH, )1s ~ OMe 

Me (CH2)23CH3 

Scheme 108: Deprotection of the silyl group of (346) 

6.1.3 Oxidation of the secondary alcohol to form a ketone 

Oxidation of the hydroxy-MA (347) with PCC gave keto-MA (348) as a white solid 

(Scheme 109). 
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CH3(CH2)11, i A Dl 
' '(CH2)18 3-4? (CH2),s ~ OMe 

Me ! PCC, (CH,),,cH, 
CH2Cl2,80 % 

CH3(CH2)11, 1 A Dl 
' '(CH2)18 3-48 (CH2)1s 1 OMe 

Me (CH2),3CH3 

Scheme 109: Oxidation of the secondary alcohol to give the protected keto-MA 

6.1.4 The hydrolysis of the keto-MA 

The hydrolysis of the keto-MA methyl ester to the free acid was necessary for 

biological testing. The acetate and methyl ester groups were deprotected using 

LiOH.H2O in a mixture of THF, MeOH and H2O. The mixture was stirred at 45 °C for 

18 h to obtain the free hydroxy acid in Scheme (110). The reason for epimerised keto 

compound (343) was explained in chapter resu lt and discussion.270 

CH,(CH2)11, 1 ~ Dl 
' '(CH2)18 3-48 (CH2)1s 1 OMe 

Me (CH2)23CH3 

l LiOH.H20 (30 mol eq.), 

THF / MeOH / water, 

45 °c. 85% 

CH,(CH2)11, 1 A Dl 
'( '-(CH2ho 3-43 (CH2)1s 

1 
OH 

Me (CH2),,CH3 

Scheme 110: Hydrolysis of the keto-MA with LiOH.H20 to give the free acid270 
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6.2 Experimental Section 

(R)-2-((R)-3-Benzyloxy-1-hydroxy-propyl)-pent-4-enoic acid methyl ester (175)2°7 

OH 0 

BnO~OMo 

175 ~ 

Diisopropylamine (I 0.61 g, I 04.8 mmol) was dissolved in dry THF (60 mL) and 

cooled to -20°C. BuLi ( 44.0 m L, 66.0 mmol, l.5M) was added between -20 °C to -10 

°C, then stirred to + 16 ·c for 20 min. then re-cooled to -65 ·c and (171) (10.0 g, 41.9 

mmol) in dry THF ( 10 mL) was added and the mixture was stirred at - 45 ·c for 1 h, -

25 ·c for 40 min. and then at -20 ·c to -10 ·c for 20 min. It was re-cooled to -65 ·c 
and ally! iodide (5.77 mL, 62.8 mmol) in dry THF (15 mL) and HMPA (7.27 mL, 83.9 

mmol) were added and the mixture was stirred at - 45 ·c for I h, - 45 ·c to - 20 ·c for 

30 min and then -20 ·c to -10 ·c for 30 min. sat. aq. NH4CI (70 mL) was added and the 

product was extracted with ethyl acetate (3 x I 00 mL). The combined organ ic layers 

were dried and evaporated. The crude product was purified by column chromatograph 

eluting with petrol/ethyl acetate (2: 1) to give the title compound (175) as a colourless 

oil (9.0 g, 77%), which showed ◊H (500MHz, CDCb), 0c (126MHz, CDCb), Vmax 

identical to the literature.207 

(R)-2-[ (R)-3-Benzyloxy-1-(tert-butyldimethylsilanyloxy )propyl]-pent-4-enoic

acid methyl ester (176)2°7 

Imidazole (22.55 g, 331.2 mmol) was added to a stirred solution of (175) (37.10 g, 

132.2 mmol) in dry DMF (100 mL) at r.t. and stirred for 30 min. the mixture was then 

cooled to o·c and tert-butyldimethylch lorosilane (26. 11 g, 172.4 mmol) in dry DMF 

(10 mL) was added. The coo ling bath was removed and the reaction mixture was 

stirred at 45 ·c for 20 h . DMF was removed by flash dist illation under high vacuum. 

Water (1000 mL) was added and the product was extracted with dichloromethane (3 x 

400 mL). The combined organic layers were washed with water (200 mL), dried and 

evaporated . The crude product was purified by column chromatography eluting with 

petrol/ethyl acetate (5: 1) to give the title compound (176) as a colorless oil (46.1 g, 
232 



88%), which showed ◊H (500MHz, CDCb), be ( 126MHz, CDCb), Vrnax identical to the 

I iterature.207 

(2R,3R)-5-Benzyloxy-3-(tert-butyldimethylsilanyloxy)-2-(oxoethyl)pentanoic

acid methyl ester (177)207 

'BuMe, si1 11 

Bno~OMe 

111 ~o 

T he alkene (176) (I 0.0 g, 25.5 mmol) was weighed in a dry three necked round bottom 

flask and then dry THF (I 00 mL) with MeOH (100 mL) added and cooled to -70 °C. 

0 3 was added and stirred for 10 min. Reaction mixture allowed to warm to -34 °C. 

Acetic acid (25 mL) and water (I mL) were added to reaction after remove 0 3 from 

reaction and Zn (2 g) was added s lowly to reaction until gray colour disappear and t. 

going up, NaHCO3 (200 mL) was added s lowly and the mixture was stirred for 1 h then 

added water (200 mL) and extracted with petrol/ethyl acetate (1 :1, 3 x 100 mL), dried 

and the solvent was evaporated. Crude product was purified by column 

chromatography eluting with petrol/ethyl acetate (5: 1) to give the title compound (177) 

as a colourless oil (9.7 g, 97%), which showed 81-1 (500MHz, CDCl3), be ( 126MHz, 

CDC'3), Vrnax identical to the literature.207 

2 17 
(1S,2R)-1-Butyryloxymethyl-2-formyl-cyclopropane (279) 

6 o 
~o'-..___,,,,,,,,• ... ,,,,,/ 

II 279 

0 

(1S,2R)-2-hydroxymethyl-cyclopropyl-methylbutyrate (278) ( I 0.1 g, 58.1 mmo l) in 

dichloromethane (50 mL) was added in portions to a st irred solution of PCC (1.08 g, 

5.02 mmol) in dichloromethane (30 mL) at room temperature. The mixture was stirring 

vigorous ly for 2 h. It was poured in petrol/ethyl acetate (I 0: l , 500 mL), filtered through 

a pad of silica and the solvent evaporated. The crude product was evaporated and 

purified by chromatography e lut ing with petrol/ethyl acetate (10: 1) to give the title 

comound (279) as a colourless oil (8.0 g, 80%), which showed 81-1 (500MHz, CDCb), 

be (126MHz, CDCb), Vrnax identical to the literature.
2 17 
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((1R,2S)-2-(7-Bromoheptyl)cyclopropyl butyrate (282)2 17 

~o, , ... L ... , 
11 ......,,,,,, 282 '111l (CH,),B, 

0 

The procedure used in Experiment 1 was repeated in order to couple (279) (8.20 g, 47.0 

mmol) and (280) (22.7 g, 6 1.1 mmol) using lithium bis (trimethylsi lyl) am ide (76,5 

mL, 81.1 mmol, 1.06 M) in dry THF (200 mL), The crude product was purified by 

column chromatography eluting with petrol/ethyl acetate (20: l) to give a th ick oil of 

(281) (6.0 g, 75%) as a mixture. Hydrogenation was carried out with dipotassium 

azodicarboxylate (3 .5 I g, 18.1 mmol), wh ich was added to a stirred solution of the 

above alkenes mixture (281) (6.J 0 g, 18.9 mmol) in THF (60 mL) and methanol (20 

mL) at 5 ·c. A so lut ion of glacial acetic acid (20 mL) in THF (20 mL) was added 

dropwise over a period of two days. Further portions dipotassium azod icarboxylate (2.5 

g) and glacial acetic acid ( IO mL) were added and the mixture was stirred overnight. 

This mixture was added s lowly to a sat. aq, NaHCO3 and the product was extracted 

with petrol/ethyl acetate ( I: l , 5 x 80 mL) and the combined organic layers were 

washed with water (200 mL) dried and evaporated. The crude product was purified by 

column chromatography eluting with petrol/ethyl acetate ( I 0: I) to give the title 

compound (282) as yellow oi l (4.0 g, 66%), which showed 81-1 (500MHz, CDCl3), 8c 

( 125MHz, CDCb), Vmax identical to the literature.2 17 

[(1R,2S)-2-(7-Bromoheptyl)cyclopropyl] methanol (283)217 

HO ,.D .. 
'-......,,,,,,~• 283 ,,,,,,,(CH2),Br 

Anhydrous potassium carbonate (4.5 1 g, 32.6 mmol) was added to a stirred solution of 

(282) (4.21 g, 12.5 mmol) in methanol (30 mL) and THF (20 mL) at room temperature. 

After 2 h at 45 ·c, it was diluted with water (150 mL) and ether (100 mL). The aqueous 

layer was re-extracted with ether (2 x 50 mL). The combined organic layers were 

washed with brine, dried and evaporated. The product was purified by column 

chromatography eluting with petrol/ethyl acetate (5: l) to give the title compound (283) 

as a colourless oil (2.5 g, 80%), which showed 8H (500MHz, CDCl3), 8c (126MHz, 

CDCh), Vmax identical to the literature.217 
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(lR,2S)-2-(7-Bromoheptyl)cyclopropane carbaldehyde (277)217 

o~,,, .. 6 .. ,,, 
~,,,, 277 1111(CH2hBr 

The procedure used in Experiment 3 was repeated in order to to oxidise (283) (2.51 g, 

10.0 mmol) using PCC (5.45 g, 25.2 mmol) in dichloromethane (200 mL). The product 

was purified by chromatography with petrol/ethyl acetate (10:1) to give the title 

compound (277) as a colourless oil (2.1 g, 87%) which showed 81.1 (500MHz, CDCb), 

8c ( 126MHz, CDCl3), Vmax identical to the literature.
2 17 

(lS ,2R)-1-(7-Bromobeptyl)-2-(17 S,18S)-17-metboxy-18-metbyl-hexatriacontenyl)

cyclopropane (285)2 17 

The procedure used in Experiment 1 was repeated in order to couple (277) (2.0 g, 8. 1 

mmol) and (276) (6.1 g, 8.2 mmol) using lithium bis (trimethylsilyl) amide (11.5 mL, 

12.2 mmol, 1.06 M) in dry THF (80 mL). The crude prodect was purified by column 

chromatography eluting with petrol/ethyl acetate (20: 1) to give a colourless o il of 

(284) (4.0 g, 66%) as a alkenes mixture. Hydrogenation was carried out with 

dipotassium azodicarboxylate (3.51 g, 18.l mmol), which was added to a stirred 

so lution of the above alkenes mixture (284) (4.0 g, 5.2 mmol) in THF (60 mL) and 

methanol (20 mL) at 5 ·c. A solution of glacial acetic acid (20 mL) in THF (20 mL) 

was added dropwise over a period of two days. Further portions dipotassium 

azodicarboxylate (2.0 g) and glacial acetic acid (5 mL) were added and the mixture was 

stirred overnight. This mixture was added slowly to a sat. aq. NaHCO3 and the product 

was extracted with petrol/ethyl acetate (1 :1 , 6 x 80 mL) and the combined organic 

layers were washed with water (200 mL) dried and evaporated. The crude product was 

purified by column chromatography eluting with petrol/ethyl acetate (20: 1) to give the 

title compound (285) as a viscous co lourless oil (2.5 g, 62%), which showed 81-1 

(500MHz, CDCb), 8c (126MHz, CDCb), Vmax identical to the literature.2
17 

5-{7-[ (1S,2R)-2-( (17 S,18S)-17-Methoxy-18-metbylbexatriacontenyl)cyclopropyl]

beptylsulfanyl}-l-pbenyl-1H-tetrazole (286)217 
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1-Phenyl-JH-tetrazole-5-thiol (0.4 g, 2. 1 mmol) and (285) (1.4 g, 1.8 mmol) in THF (5 

mL) and anhydrous potassium carbonate (0.95 g, 6.87 mmol) in acetone (25 mL) were 

mixed at r.t. then the mixture was vigorously stirred for I 8 h. Water (50 mL) was added 

to the mixture and the product was extracted with dichloromethane (I x 50 mL, 1 x 

100 mL). The combined organic layers were washed with brine (2 x 50 mL), dried and 

evaporated. The crude product was purified by column chromatography e luting with 

petrol/ethyl acetate ( I 0: I) to give the title compound (286) as a sem i-solid (1.2 g, 

80%), which showed DH (500MHz, CDCl3), De (126MHz, CDCl3), V max identical to the 

literature.2 17 

5-{7-[ (1S,2R)-2-( (17 S,18S)-17-Methoxy-18-methylhexatriacontenyl)cyclopropyl]

heptylsulfonyl}-1-phenyl-1H-tetrazole (287)217 

m-Chloroperbenzoic acid (0.8 g, 4.9 mmol) in dichloromethane (15 mL) was added at 0 

°C to a stirred solution of (286) ( l .2 g, 1.3 mmol) and NaHCO3 (0.5 g, 5.9 mmol) in 

dichloromethane (25 mL) and stirred at r.t. for 20 h. The mixture was quenched by 

addition of a sat. aq. NaOH (30 mL) and extracted with dichloromethane (4 x 50 mL). 

The combined organic layers were washed with water (100 mL), dried and evaporated. 

The crude product was purified by column chromatography eluting with petrol/ethyl 

acetate (5: 1) to give the t itle compound (287) as a white solid (0.8 g, 82%), which 

showed DH (500MHz, CDCb), De (126MHz, CDC b), Vmax identical to the literature.217 

5-{7-[ (lR,2S)-2-( (17 S,18S)-17-Methoxy-18-methylhexatriacontenyl)cyclopropyl]

heptylsulfonyl}-1-phenyl-1H-tetrazole (288)2 17 

m-Chloroperbenzoic acid (1.0 g, 5.8 mmol) in dichloromethane (15 mL) was added at 0 

°C to a stirred solution of 5-{7-[(IR,2S)-2-((17S,18S)-1 7-methoxy-18-methylhexa-
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triacontenyl)cyclopropyl]heptylsu lfanyl }-1-phenyl- l H-tetrazole ( 1.5 g, 1. 7 mmol) and 

NaHCO3 (0.8 g, 9.5 mmol) in dichloromethane (25 mL) and stirred at r.t. for 20 h. The 

mixture was quenched by addition of a sat. aq. NaOH (30 mL) and extracted with 

dichlorornethane (2 x 30 mL). The combined organic layers were washed with water 

( 100 mL), dried and evaporated. The crude product was purified by column 

chromatography eluting with petrol/ethyl acetate (5: 1) to give the t itle compund (288) 

as a white solid (0.9 g, 80%), which showed 81-1 (500MHz, CDCl3), be ( 126MHz, 

CDCb), Vma,, identical to the literature.
217 

(1R,2S)-2-[(19S,20S)-19-(tert-butyldimethylsilanyloxy)-20-methyl-octatriacontyl]

cyclopropanecarbaldehyde (294)2 17 

CH3(CH2)170'BuMe,SIO ~ o 

(CH2)1B 
29-4 

Me 

(296) (1 .9 g, 2.5 mmol) in dichloromethane (40 mL) was added in portions to a stirred 

solut ion of PCC (1.6 g, 7.6 mrno l) in dichloromethane (60 mL) at r.t. and st irred 

vigorously for 2 h. It was poured in petrol/ethyl acetate ( 10: 1, l 00 mL), filtered through 

a pad of silica gel and the solvent evaporated. The crude product was purified by 

chromatography e luting with petrol/ethyl acetate (l 0: 1) to give the title compound 

(294) as colourless oil (1.7 g, 89%), which showed ◊1-1 (500MHz, CDCl3), Sc (126MHz, 

CDCb), V111ax identical to the literature.
2 17 

(R)-2-{(R)-1-(tert-butyldimethylsiloxy)-18-[(lS,2R)-2-(17S,18S)-17-methoxy-18-

methylhexatricontyl)cylopropyl]octadecyl} hexacosanoic acid methyl ester (313)21
7 

CH3(CH2)1100Me ,,,.D.,, Bu'Me,sJ ~ 
,,, ,,,,, ~ 

(CH2)1• 313 '(CH2ln ~ OMe 

Me (CH2)23CH3 

Lithium bis(trimethylsilyl)amide (2.5 mL, 2.7 mmol, 1.06 M) was added dropwise to a 

stirring solution of (311) (1 .7 g, 2.1 mmol) and (287) (1.5 g, ] .8 mmol) in dry THF (50 

mL) at -10 'C under ni trogen. The reaction turned bright yellow and was left to reach 

r.t. and stirred for I h under ni trogen. The reaction was quenched by adding sat. aq. 

NH4C I. The product was extracted with petrol/ethyl acetate ( 10: 1) (3 x 100 mL), dried 

over MgSO4, filtered and the solvent evaporated. The crude product was purified by 

column chromatography over silica gel, eluting solvent with petrol/ethyl acetate (20: I) 
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to give the mixture of alkene (312) as a colourless oil (1.7 g, 77%). Hydrogenation was 

carried out with dipotassium azodicarboxylate (2.10 g, 10.3 mmol), which was added 

to a stirred solution of the above alkenes (312) (1.7 g, 1.2 mmol) in THF (30 mL) and 

methanol (7 mL) at 5 °C. A solution of glacial acetic acid (5 mL) in THF (5 mL) was 

added dropwise over a period of two days. Further portions dipotassium 

azodicarboxylate ( 1 g) and glacial acetic acid (I mL) were added and the mixture was 

stirred overnight. This mixture was added s lowly to a sat. aq. NaHCO3 and the product 

was extracted with petrol/ethyl acetate (1:1, 3 x 80 mL) and the combined organic 

layers were washed with water ( I 00 mL) dried and evaporated. The crude product was 

purified by column chromatography elut ing with petrol/ethyl acetate (20: I) to give the 

title compund (313) as a colourless oil (1.4 g, 82%), which showed ◊H (500MHz, 

CDCb), oc(l 26MHz, CDC'3), Vmax identical to the literature.
2 17 

(R)-2-{(R)-1-Hydroxy-18-[ (1S,2R)-2-((17 S,18S)-17-methoxy-18-methylhexatri

contyl)cyclopropyl]octadecyl} hexacosanoic acid methyl ester (314)2 17 

CH3(CHz)170 0 Me ,,.D..,, r ~ ,,,\ ,,,,,, ~ 
(CH2) 16 31, (CH2),, 

1 
OMe 

Me (CH2)23CH3 

(313) (J .4 g, 1.0 mmol) was dissolved in dry THF (20 mL) in a dry polyethylene vial 

under nitrogen at 0 °C. Pyridine (0.1 mL) and HF-pyridine (1.2 mL) were added and 

the mixture was stirred at 45 ·c for 18 h. The mixture was added slowly to sat. aq. 

NaHCO3 (20 mL). The product was extracted with petrol/ethyl acetate (5: I, 3 x 50 mL) 

and the combined organic extracts were dried, filtered and evaporated. The crude 

product was purified by column chromatography eluting with petrol/ethyl acetate 

(10: 1) to give the title compund (314) as a wh ite solid (1.0 g, 7 1%), which showed ◊H 

(500MHz, CDCl3), oc (126MHz, CDC'3), Ymax identical to the literature.
2 17 

(R)-2-{(R)-1-Hydroxy-18-[(1S,2R)-2-((17S,18S)-17-methoxy-18-methylhexatri

contyl)cyclopropyl]octadecyl} hexacosanoic acid (310)2
17 

OMe 

6 
OH 0 

CH3(CH,)170 ,,.. ..,, ' II 
,,, ''11. ~ 

(CH2)16 310 '(CH2)11 

1 
OH 

Me (CH2),,CH3 

Lithiwn hydroxide monohydrate (0.51 g, 11 .9 mmol) was added to a stirred solution of 

(314) (1.0 g, 0.8 mmol) in THF (13 mL), methanol (I mL) and water (0.5 mL) at r.t. 
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The mixture was stirred at 45 ·c for 24 h. The reaction was acidified with 5% HCI and 

the product was extracted with petrol/ethyl acetate (5: 1) (2 x 50 mL), dried and 

evaporated to give a white solid. The crude product was purified by column 

chromatography eluting w ith petrol/ethyl acetate (7:2) gave the title compund (310) as 

a white solid (0.7 g, 70%), which showed OH (500MHz, CDCl3), oc (126MHz, CDCb), 

Vmax identical to the literature.
2 17 

(1S,2R)-2-[(19S,20S)-19-(tert-butyldimethylsilanyloxy)-20-methyl-octatriacontyl]

cyclopropanecarbaldebyde (328)217 

1BuMe2SiO 

CH3(CH2)n, -1 ,,, .. D .,,,,, .✓.:;, O i '(CH2)i 328 't/?' 

Mo 

( 1S,2R)-2-[( 19S,20S)-19-(tert-butyldimethylsi lany loxy)-20-methyloctatriacontyl]cyclo 

-propyl}methanol (1.0 g, 1.1 mmol) in dichloromethane (10 mL) was added in portions 

to a stirred solution of PCC (0.7 g, 3.3 mmol) in dichlorometbane (20 mL) at r.t. then 

stirred vigorously for 2 h. It was poured in petrol/ethyl acetate (10:1, 100 mL), fi ltered 

through a pad of si lica and the solvent evaporated. The crude product was purified by 

chromatography eluting with petrol/ethyl acetate (10: I) to give the title compound 

(328) as a colourless oi l (0.8 g, 88%), which showed 01-1 (500MHz, CDCl3), oc 
( 126MHz, CDC 13), V111ax identical to the I iterature. 

2 17 

Methyl (R)-2-((R)-1-Acetoxy-16-{(1S,2R)-2-[(19S,20S)-19-(tert-butyldimethyl

silanyloxy)-20-methyloctatriacontyl]cyclopropyl}hexdecyl)hexacosanoate (330)2
69 

The procedure used in Experiment 1 was repeated in order to couple (328) (1.7 g, 2.2 

mmol) and (329) (2 .2 g, 2.5 mmol) using lithium bis(trimethylsilyl)amide (3 .5 mL, 3.7 

mmol, 1.06 M) in dry THF (30 mL) at -1 0 ·c. The crude prodect was purified by 

column chromatography e luting with petrol/ethyl acetate (20: I) to give a colourless oil 

as mixture of a lkene (2.10 g, 65%). Hydrogenation was carried out using di potassium 

azodicarboxylate (2. IO g, I 0.3 mmol) which was added to a stirred so lution of the 

above alkenes (2. I g, 1.4 mmol) in THF (30 mL) and methanol (IO mL) and a solution 

of glacial acetic acid ( 10 mL) and THF (10 mL) was added as before. The crude 
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product was purified by column chromatography eluting with petrol/ethyl acetate 

(20:1) to give the title compund (330) as a white semi-solid (1.5 g, 71%), wbich 

showed 01-1 (500MHz, CDC'3), Oc (126MHz, CDC'3), Vmax identical to the literature.
269 

(R)-2-((R)-1-Acetoxy-16-{(1S,2R)-2-[(19S,20S)-19-hydroxy-20-methylocatria

contyl]cyclopropyl}hexadecyl)hexacosanoic acid methyl ester (331)269 

CH,(CH
2
),,, i ,, .. D .. ,, fAc ~ ! ' (CH,),t 331 ''''(CHz)~OMo 

Me (CH2)23CH3 

The procedure used in Experiment 24 was repeated using (330) (0.8 g, 0.5 mmol) 

pyridine (0.1 mL) and HF-pyridine (1.0 mL) in dry THF (20 mL). The product was 

purified by column chromatography eluting with petrol/ethyl acetate (20: I) to give the 

title compund (331) as a white semi-solid (0.7 g, 80%), which showed 01-1 (500MHz, 

CDC'3), Oc (126MHz, CDC'3), Vmax identical to the literature.
269 

(R)-2-( (R)-l-Acetoxy-16-{ (1S,2R)-2-[ (19S,20S)-19-( tetrahydropyran-2-yloxy)octa

triacontyl]cyclopropyl} hexadecyl)hexacosanoic acid methyl ester (332)269 

CH3(CH2)11-...... ;:_p ,, .. D .. ,, ,U..... T '(CHz>,f 332 
1

'
1
l(CH2>,5 ~ OMe 

Me (CH,),3CH3 

Pyridinium-p-toluene sulfonate (0.04 g, 0.15 mmol) in dry dichloromethane (8 mL) 

was added with stirring of (331) (0.5 g, 0.4 mmol) and freshly distilled dihydro-2H

pyran (0.3 mL, 3.8 mmol) in dry dichloromethane (20 mL) at r.t. under nitrogen. After 

3 h, the reaction was quenched with a sat. aq. NaHC03 (IO mL), extracted with 

dichloromethane (4 x 50 mL) and the combined organic layers were dried and 

evaporated. The product was purified by chromatography eluting with petrol/ethyl 

acetate ( I 0: I) to give the title compund (332) as a white semi-solid (0.5 g, 94%), which 

showed ◊H (500MHz, CDC'3), Oc (126MHz, CDC'3), Vmax identical to the literature.
269 

(R)-2-((R)-1-Hydroxy-16-{(1S,2R)-2-[(19S,20S)-19-(tetrahydropy-ran-2-yloxy)

octatriacontyl]cyclopropyl} bexadecyl)hexacosanoic acid (333)2
69 

CH,(CH, ),,...._ ;:_p , .. D .. , ' H ~ T '(CHzhf 333 ,,,,,(CH,)~OH 

Me (CH2lz,CH3 
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The procedure in Experiment 25 was repeated to hydrolyse (332) (0.5 g, 0.4 mmol) 

using lithium hydroxide monohydrate (0.2 g, 5.5 mmol) in THF (20 mL), methanol 

(1.5 mL) and water (2 mL). The crude product was purified by column chromatography 

e luting with petrol/ethyl acetate (10:1) to give the title compund (333) as a white semi 

sol id (0.38 g, 80%), which showed ◊H (500MHz, CDCh), oc (126MHz, CDCb), Vmax 

ident ical to the literature.269 

(R)-2-((R)-1-(tert-butyldimethylsilanyloxy)-16-{(1S,2R)-2-[(19S,20S)-19-(tetra

h yd ro py ran-2-y loxy )octatriaconty I] cyclo pro pyl} hexadecyl)hexacosan oic

acid(334 )269 

Imidazole (0.2 g, 2.8 mmol) was added with stirring to (333) (0.38 g, 0.28 mmol) in 

dry DMF (2 mL) and dry toluene (3 mL) at r.t. fo llowed by the add ition of 

te1ibutyldimethylsi lyl ch loride (0.43 g, 2.85 mmol) and 4-DMAP (0.03 g, 0.24 mmol). 

The reaction mixture was stirred at 70 °C for 18 h at r.t. The solvent was removed 

under high vacuum and the residue was diluted with petrol/ethyl acetate (I 0: 1) (30 mL) 

and sat. aq. NaHCO3 ( 10 mL). The organic layer was separated, and the aqueous layer 

was re-extracted with petrol/ethyl acetate (4 x 20 mL). The combined organic layers 

were washed with water, dried and evaporated. The res idue was dissolved in THF (6 

mL), water (l mL) and methanol (0.5 mL); to this was added a potassium carbonate 

(0.15 g, 1.08 mn10I). The reaction mixture was stirred at 45 °C for 6 h. The mixture was 

diluted w ith petrol/ethyl acetate (10:1 , 40 mL) and water (1 mL), then acidified with 

potassium hydrogen sulfate to pH 2. The organic layer was separated and the aqueous 

layer was re-extracted with petrol/ethyl acetate (2 x 20 mL). The combined organic 

layers were washed with water, dried and evaporated to give a res idue, which was 

purified by column chromatography e luting with petrol/ethyl acetate (20: I) to give the 

title compund (334) as a white semi-solid (0.2 g, 50%), which showed ◊H (500MHz, 

CDCl3), oc (126MHz, CDCb), Vmax identical to the literature.
269 

(R)-2-{ (R)-1-(tert-butyldimethylsilanyloxy )-16-[ (1S,2R)-2-[ (19S ,20S)-19-hyd roxy-

20-methyloctatriacontyl)cyclop ropyl]hexadecyl} hexacosanoic acid (335)2
69 
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Pyridinium-p-toluenesulfonate (0.3 g, 1.2 mmol) was added of (334) (0.2 g, 0.1 

mmol ) in THF (7 mL), MeOH (0.5 mL) and stirred at 47 ·c for 7 h. Sat. aq. sodium 

bicarbonate (0.5 mL) was added and the product was extracted with petrol/ethyl acetate 

(5 x 25 mL, 1 :1). The combined organic layers were dried and evaporated. The product 

was purified by column chromatography e luting with petrol/ethyl acetate (10: 1) to give 

the title comound (335) as a white semi solid (0.14 g, 73%), which showed 81-1 

(500MHz, CDCb), 8c (126MHz, CDCb), vmax identical to the literature.269 

(R)-2-{ (R)-1-(tert-butyldimetbylsilanyloxy )-16-( (1S,2R)-2-( (S)-20-methyl-19-oxo-

20-octatriacontyl)cyclopropyl] hexadecyl}-hexacosanoic acid (336)269 

The procedure used in Experiment 3 was repeated in order to oxidise of (335) (0.24 g, 

0.17 mmol) us ing PCC (0.15 g, 0.69 mmol) in dichloromethane (15 mL). The crude 

product was purified by chromatography e luting with petrol/ethyl acetate ( I 0: 1) to give 

the titel compound (336) as a white semi-solid (0.2 g, 86%), which showed 81.1 

(500MHz, CDCb), Sc ( 126MHz, CDCb), Ymax identica l to the literature.269 

(R)-2-{ (R)-1-Hyd roxy-16- ( (1S,2R)-2-( (S)-20-methyl-19-oxo-20-octatriacon tyl)

cyclopropyl] hexadecyl} hexacosanoic acid (327}269 

CH3(CH2)11, 1 , ... D .. ,, ~ 
' "-(CH2l,f 327 ''''(CH2l,s 1 OH 

Me (CH,),3CH3 

The procedure used in Experiment 23 was repeated us ing (336) (0. 10 g, 0.08 mmol), 

pyridine (0.1 mL) and HF.pyridine (0.5 mL) in dry THF (10 mL) The crude product 

was purified by column chromatography e luting with petrol/ethyl acetate ( 10: I) to give 

the title compund (327) as a white solid (0.07 g, 65%), which showed bi; (500MHz, 

CDCb), Sc (126MHz, CDCl3), Vmax identical to the literature.
269 

(R)-2-( (R)-1-(tert-butyldimetbylsilanyloxy )-12-{ (1S,2R)-2-[ 14-( (1S,2R)-2-eicosyl

cyclop ropyl)-tetradecyl]-cyclopropyl}-dodecyl)-bexacosanoic acid (341)
224 
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lmidazole (0.2 g, 0.3 mmol) was added to a stirred solution of (339) (0.3 g, 0.2 mmol) 

in dry DMF (2 mL) and dry toluene (3 mL) at r.t. followed by the addition of tert

butyldimethylsilylchloride (0.6 g, 4.0 mmol) and 4-DMAP (0.05 g, 0.41 mmo l). The 

reaction mixture was stirred at 70 °C for 24 h. The solvent was removed under reduced 

vacuum and the residue was diluted with petrol/ethy l acetate I 0: 1 (l l mL) and water (5 

mL). The organic layer was separated and the aqueous layer was re-extracted with 

petrol/ethyl acetate (5: 1, 2 x 40 mL). The combined organic layers were washed with 

water, dried and evaporated to give a colourless oil residue. The residue was dissolved 

in THF (8 mL), water (1.5 mL), and methanol (1.2 mL), to this was added potassium 

carbonate (0.2 g, l.4 mmol). The reaction mixture was stirred at 45 °C overnight. The 

mixture was diluted with petrol/ethyl acetate (10:1 , 20 mL) and water (2 mL) then 

acidified with KHSO3 to pH 2. The organic layer was separated and the aqueous layer 

was re extracted with petrol/ethyl acetate (5 :1 , 2 x 50 mL). The combined organ ic 

layers were washed with water, dried and evaporated to give a residue, which was 

purified by column chromatography eluting with petrol/ethyl acetate (20: I), (10: I) to 

give the title compound (341) as a colourless oil (0.3 g, 90%), which showed ◊H 

(500MHz, CDCb), oc( l26MHz, CDCb), Ymax identical to the literature.
224 

6-O-(R)-2-((R)-1-(tert-butyldimethylsilanyloxy)-12-{(1R,2S)-2-[14-((1R,2S)-2-

eicosylcyclop ropy 1)-tetrad ecyl]-cyclopropyl}-dod ecyl)-hexacosanoic-2,3 ,4,2 ',3' ,4 ' -

hexakis-O-( trimethylsilyl)-a,a' -trehalose (342)224 

._,,,, .. D .. ,,,, ,,,,, .. D .. ,,,,, 'BuMe

2

Sf ~ 
CH3(CH2)19 ~(CH,);', (CH2)~0 

(CH2)23CH3 

342 

Me3Si 

Me3Si0 

HO 

0 

(EDCI) (0.3 g, 1.5 mmol) and 4-DMAP (0.16 g, 1.31 mmol) were added to a stirred 

solution of (341) (0.30 g, 0.24 mmol) and (160) (0.15 g, 0.19 mmol) powdered 4 A 
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molecular sieves in dry dichloromethane (4 mL) at r.t. under nitrogen atmosphere. The 

mixture was stirred for 6 days at r.t. then diluted with dichloromethane (5 mL) and 

filtered. The filtrate was evaporated under reduced pressure to give a residue, which 

was purified by column chromatography elut ing with petrol/ethyl acetate (20: 1) to give 

the title compound (342) as colourless oil (0.24 g, 57%), which showed 81-1 (500MHz, 

CDCl3), be (126MHz, CDCb), Vmax identical to the literature.224 

(R)-2-( (E/Z)-(R)-1-Acetoxy-16-{ (1R,2S)-2-l (l 9S, 20S)-19-(tert-bu tyl-dimethyl

silanyloxy )-20-methyl-octatriacon tyl]-cyclopropyl}-hexadec-15-enyl)hexa

cosanoicacid methyl ester (345)270 

OAc 0 

CH3(CH2)11+'BuMe2SiO ~ ~ OMe 

{CH2)18 (CH2)12 ~ 

345 = (CH2),3CH3 
Me 

(329) (2.2 g, 2.5 mmol) was dissolved in dry THF (30 mL) and a solution of (344) (1.7 

g, 2.3 mmol) in dry THF (70 mL) was added at r.t. This solution was cooled to -1 2 °C 

and lithium bis(trimethylsilyl) amide (3.4 mL, 3.6 mmol, 1.06 M) was added at -12 °C. 

The solution was a llowed to reach r.t. and stirred for 2 h. Petrol/ethyl acetate ( 100 mL) 

and sat. aq. ammonium chloride (] 00 mL) were added. The organic phase was 

separated and water layer was extracted with petrol/ether (20: 1, 3 x 100 mL). The 

combined organic layers were dried and the solvent was evaporated. The crude product 

was purified by column chromatography eluting w ith petrol/ether (20: l) to give the 

title compound (345) as a mixture of EIZ isomers in ratio 4: 1 and as a colourless oil 

(345) (2.50 g, 78%), which showed 81-1 (500MHz, CDCb), 8c (126MHz, CDC'3), vmax 

identical to the I iterature. 270 

(R)-2-((R)-l-Acetoxy-16-{(1R,2S)-2-[(19S,20S)-19-(tert-butyl-dimethylsilanyl-oxy)-

20-methyloctatriacontyl]cyclopropyl}-octadec-yl)-hexacosanoic acid methyl ester 

(346)270 

Dipotassium azodicarboxylate (4. 10 g, 20.2 mmol) was added to a stirred solution of 

(345) (2.5 g, l.7 mmol) in THF (50 mL) and methano l (10 mL) at 5 °C. A solution of 

glacial acetic acid (10 mL) and THF (5 mL) was prepared and half of this solution was 

added dropwise at 5 °C and the mixture was stirred at r.t. for 2 b. The other half of the 
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glacial acetic acid solution was added dropwise at r.t and the mixture was stirred at r.t. 

for 18 h. Further di potassium azodicarboxylate (2.0 g) was added and glacial acetic 

acid(] 0 mL) was added and the mixture was stirred another I 8 h. and then the reaction 

was quenched by slow addition to sat. aq. NH4CI (100 mL). The organ ic component 

was extracted with petrol/ethyl acetate (1: 1, 3 x 80 mL) and the combined organic 

layers were washed with water (50 mL), dried and evaporated. The procedure was 

repeated and the product was purified by column chromatography, eluting with petrol/ 

ether (20:1) to give the title compound (346) as a white semi-solid (2.0 g, 80%), which 

showed ◊H (500MHz, CDCl3), oc (126MHz, CDCl3), Vmax identical to the literature.
270 

(R)-2-((R)-1-Acetoxy-18-{(1R,2S)-2-[(19S,20S)-19-hydroxy-20-methyloctatria

contyl]-cyclopropyl}-octadecyl)-hexacosanoic acid methyl ester (347)270 

CH3(CH2h,, I ~ ~ l "-(CH2),8 
347 (CH,)15 

1 
OMe 

Mo (CH,h,CH, 

(346) (0.8 g, 0.5 mmol) was dissolved in dry THF (12 mL) in a dry polyethylene vial 

under argon at r.t and stirred. Pyridine (0. 1 mL) and HF-pyridine ( 1.0 mL) was added 

and the mixture was stirred for 17 h at 40 °C. The reaction was diluted with petrol/ether 

(1: I, 70 mL) and neutralized with sat.aq. NaHCO3 until no more carbon dioxide was 

liberated. The organic layer was separated and the aqueous layer was re-extracted with 

petrol/ethyl acetate (I: l, 2 x 50 mL). The combined organic layers were washed with 

brine and dried. The solvent was evaporated and the crude product was purified by 

column chromatography eluting with petrol/ether (5:2) to give the title compound (347) 

as a wh ite solid (0.5 g, 70%), which showed OH (500MHz, CDCl3), oc ( 126MHz, 

C DCl3), Vmax identical to the literature.
270 

(R)-2-{ (R)-1-Acetoxy-16-[ (1R,2S)-2-( (S)-20-methyl-19-oxo-octatriacontyl)

cyclopropyl]-hexadecyl}-hexacosanoic acid methyl ester (348)270 

CH3(CH2)11, 1 ~ ~ l '(CH2ha 3• 8 (CH2)15 

1 
OMe 

Mo (CH2),,CH3 

(347) (0.5 g, 0.4 mmol) was dissolved in dichloromethane (IO mL) and added in 

portions to a stirred solution of PCC (0.2 g, I. I mmol) in dichloromethane (IO mL) at 

r.t. The mixture was stirred for 3 hat r.t., then diluted with ether (10 mL) and filtered 

through a bed of silica gel. The solvent was evaporated and the crude product was 

245 



purified by column chromatography eluting with petrol/ether (5: I) to give the title 

compound (348) as a white solid (0.4 g, 80%), which showed 8H (500MHz, CDCb), 8c 

( 126MHz, CDCb), Vmax identical to the literature.270 

(R)-2-{(R)-1-Hydroxy-16-[(1R,2S)-2-((S)-20-methyl-19-oxo-octatriacontyl)

cyclopropyl]hexadecyl}-hexacosanoic acid (343)270 

""""''"0""'''~'""''lyl'" Me (CH2)23CH3 

Lithium hydroxide monohydrate (0.2 g, 5.7 mmol) was added to a stirred so lution of 

(348) (0.5 1 g, 0 .38 11111101) in THF ( 15 mL), methanol ( 1.5 mL) and water (2 mL) at r.t., 

then stin-ed at 45 °C for 18 h. It was cooled to r.t. and a mixture of petrol/ethyl acetate 

( 1: 1, 20 mL) was added and the mixture was acidified with 5% HC I until pH 1. Further 

petrol/ethyl acetate (5:2, 40 mL) was added and the organic layer was separated. The 

aq. layer was re-extracted with petrol/ethy l acetate (5 :2, 4 x 20 mL). The combined 

organic layers were washed with water (20 mL), dried and evaporated. The product 

was purified by column chromatography e luting with petrol/ ethyl acetate (7 :2) to give 

the title compound (343) as a white solid (0.4 g, 85%), which showed 81-1 (500MHz, 

CDCb), 8c(126MHz, CDCl3), Vmax identical to the literature.
270 

(R)-2-{ (R)-1-(tert-butyldimethylsilanyloxy )-16-[ (1R,2S)-2-( (S)-20-methyl-19-oxo-

20-octatriacontyl)cyclopropyl] hexadecyl} hexacosanoic acid (349)2
70 

Im idazole (0. I 1 g, 1.61 mmol) was added to a stin-ed solution of (343) (0.2 1 g, 0.16 

mmol) in dry DMF (0.5 mL) and dry toluene ( I mL) at r.t. followed by the addit ion of 

ter t-butyldimethylsilylchloride (0.24 g, 1.59 mmol) and 4-DMAP (0.01 g, 0.08 mmo l). 

The reaction mixture was stirred at 70 °C for 24 h. The solvent was removed under 

reduced vacuum and the res idue was diluted with petro l/ethyl acetate 10: I (20 mL) and 

water (5 mL). The organic layer was separated and the aqueous layer was re-extracted 

with petrol/ethyl acetate (5: 1, 2 x 40 mL). The combined organic layers were washed 

with water, dried and evaporated to give a colourless oi l residue. The residue was 

dissolved in THF (2 mL), water (0.5 mL) and methanol (0.3 mL) to this was added 

potassium carbonate (0.15 g, 1.08 mmol). The reaction mixture was stirred at 45 °C 
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overnight. The mixture was diluted with petrol/ethyl acetate ( I 0: I, 11 mL) and water (2 

ml) then acidified with KHS03 to pH 2. The organ ic layer was separated and the 

aqueous layer was re extracted with petrol/ethyl acetate (5: I, 2 x 50 mL). The 

combined organic layers were washed with water, dried and evaporated to give a 

residue, which was purified by column chromatography e luting with petrol/ethyl 

acetate ( LO: I) to give the title compound (349) as a colourless oil (0.18 g, 90%), wh ich 

showed ◊H (500MHz, CDCb), De ( 126MHz, CDCb), Vmax identical to the literature.270 
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