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UNIVERSITY OF SOUTHAMPTON 

ABSTRACT 
FACULTY OF NATURAL AND ENVIRONMENTAL SCIENCES 

Synthetic Organic Chemistry 

Thesis for the degree of Doctor of Philosophy 

A SYNTHETIC APPROACH TO DETERMINE THE STEREOCHEMISTRY OF 

DIEPOMURICANIN A 

Mohammed Hussain Geesi 

The total synthesis of bis-epoxide acetogenin, diepomuricanin, has been investigated in 

order to determine the absolute stereochemistry within the bis-epoxide region. Two 

approaches (linear and tethered-metathesis) were attempted. In the linear approach, two 

routes were investigated. In the first one an intermediate aldehyde 248 was created in 

six steps in order to investigate the asymmetric α-oxidation and diastereoselective 

additions of organometallic reagents. Model studies using octanal met with moderate 

success, and highlighted the sensitivity of the α-oxidation products. The instability of 

the -oxidation products prevented a proper study of the additions of Grignard and 

organozinc reagents. In a second route, hydrolytic kinetic resolution of terminal 

epoxides was investigated in order to obtain optically enriched 1,2-diols suitable for 

elaboration to diepomuricanins. A revised, convergent approach to diepomuricanin A 

stereoisomers was developed based on a silicon-tethered metathesis of allylic alcohol 

fragments. Sharpless asymmetric kinetic resolution (SAKR) of allylic alcohols (±)-305 

and (±)-306 was the key step towards the left hand fragments (19S,20S)-302, and 

(19R,20R)-302, and the right hand fragments (15S,16S)-303, and (15R,16R)-303. 

Combining them together via a tethered alkene metathesis, led to the key siloxytriene 

308. 

An investigation of the Alder-ene reactions of right hand fragment (15S,16S)-303 

display the low selectivity of the less hindered and more electron-rich C27-C28 doble 

bond. Therefore, the route was modified to proceed by new right hand fragment 

epoxyalcohols (15S,16S)-354, and (15R,16R)-354, which allowed formation of 

butenolide 363 towards the synthesis of the diepomuricanin A stereoisomer (anti-5d). 



 

 

The synthesis was optimised using an asymmetric allylic esterification of 

trichloroacetimidate (Z)-370 in the re-synthesis of the left hand fragment (19S,20S)-302 

on large scale. Coupling of (19S,20S)-302 with the right hand fragment (15S,16S)-354 

allowed formation of the key butenolide intermediate 392 towards the synthesis of the 

diepomuricanin A stereoisomer (syn-5c).    
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1. Chapter 1: Introduction 

 General introduction 1.1

Annonaceous acetogenins form a large group of natural products that have been isolated 

from different species of the Annonaceae family of plants, which are spread throughout 

tropical and sub-tropical areas.
1
 Uvaricin (1) was the first Annonaceous acetogenin 

isolated (1982) from roots of Uvaria accuminata and was fully characterised (Figure 

1.1).
2
 The great interest in acetogenins was initiated from the biological activity of 

uvaricin (1) against P-388 lymphocytic leukaemia in mice.
3
 This significant discovery 

led to the isolation of more than 450 acetogenins since 1982.
4
 Annonaceous acetogenins 

are structurally a series of C35/C37 compounds derived from unbranched C32/C34 fatty 

acid chains, typically ending in a -lactone functionality.
5
 Generally, Annonaceous 

acetogenins possess single THF, adjacent THF, non-adjacent THF or THP rings 

between aliphatic chains, flanked by one or two hydroxyl groups. In addition, alkene, 

alkyne, hydroxyl, epoxide functional groups can be included in the aliphatic chains.
3
 

cis-Solamin B (2),
6
 squamotacin (3),

7
 cis-sylvaticin (4),

8
 and diepomuricanin A (5),

9
 are 

representative examples of acetogenins (Figure 1.1).  

 

Figure 1.1: Structures of uvaricin (1),
2
 cis-solamin B (2),

6
 squamotacin (3),

7
 cis-

sylvaticin (4),
8
 and diepomuricanin A (5).

9
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 Classification of acetogenins 1.2

Considering the large number of reported examples in this domain of natural products 

acetogenins have been classified according to the number of heterocyclic rings they 

contain. The classes include mono-THF, adjacent bis-THF, tris-THF, THP ring, non-

adjacent bis-THF, and non THF ring structures (Figure 1.2).
3,10

 

 

Figure 1.2: Acetogenin subclasses 

The subclasses can be broken down further by the type of lactone ring contained 

(Figure 1.3),
3,10,11

 among these, acetogenins containing the -methyl unsaturated--

lactones (butenolide) are most common.  

 

Figure 1.3: Terminal lactone subclasses 
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 Biological activity of acetogenins 1.3

Annonaceaous acetogenins have been shown to possess a variety of biological activities 

such as antibiotic, antiparasitic, cytotoxic, antitumoral and antimalarial activities.
12

 In 

addition, they possess a special selectivity of cytotoxicity against cancerous cells.
13

 

They have also been reported to demonstrate activity against multidrug resistant (MDR) 

tumors.
14 

Furthermore, they are among the most potent known compounds showing 

inhibition of mitochondrial complex 1 (NADH : ubiquinone oxidoreductase) in 

mammalian and insect mitochondrial electron transport systems.
3
 Moreover, they are 

potent inhibitors of NADH oxidase present in the plasma membranes of cancerous cells. 

Inhibition of complex 1 results in decreased ATP levels in cancerous cells, which have a 

higher requirement for ATP than non-cancerous cells.
15,16

 The significance of 

mitochondrial complex 1 is derived from its role in the mitochondrial electron transport 

chain. The electron transport chain provides aerobic energy to cells by synthesis of 

ATP. The oxidation of NADH occurs at the site of mitochondrial complex 1 which 

results in redox energy pumping protons into the intermembrane space of mitochondria, 

causing a battery effect which leads to ATP production (Figure 1.4).
17,18

  

 

Figure 1.4: Illustration of the electron transport chain in mitochondria
  

For example, longicin (6) which was isolated from Asimina longifolia (paw paw’s long 

leaves) displayed selective cytotoxicity (IC50 = 1.25 × 10
−9

 µg/mL) around a million 

times greater against pancreatic cell line Paca-2 compared with adriamycin (7) (an anti-

cancer drug) (IC50 = 1.95 × 10
−3

 µg/mL) (Figure 1.5).
19,20 
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Figure 1.5: Structure of longicin (6) and adriamycin (7) 

In addition, trilobacin (8) is one of the most potent cytotoxic compounds known in 

human tumor cell lines (ED50 <10
–15

 μg/mL) (Figure 1.6) 
21,22

  

 

Figure 1.6: Structure of trilobacin (8) 

The structure activity relationships (SAR’s) of acetogenins for cytotoxic antitumour 

activity resulted in the following general potency order:
11,23,24

 adjacent bis-THF > non-

adjacent bis-THF > mono-THF > non-THF ring. In addition, the epoxy acetogenins 

were ranked in order of potency tri-epoxy > di-epoxy > mono-epoxy.
11,25

 The 

butenolide and the polar THF ring core play critical roles in the activity, alongside the 

nature and length of the spacer between the THF core and butenolide ring.
11

 The 

following examples compare the bis-THF acetogenins trilobacin (8)
21,22

 against mono-

THF acetogenin longicoricin (9)
26

 (Figure 1.7) and (Table 1.1). 

 

Figure 1.7: Longicoricin (9)  
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Table 1.1: Comparison of the activity of trilobacin (8) and longicoricin (9), bis-THF 

and mono-THF acetogenins respectively. 

Compound ED50 µg/mL Cell line 

Trilobacin (8) < 1.0 × 10
–15

  Human colon adenocarcinoma (HT-29) 

Longicoricin (9) 1.36 × 10
–3

 Human colon adenocarcinoma (HT-29) 

 

There have been some efforts to exploit the bioactivities of acetogenins in commercial 

products. Based on the biological activity of acetogenins, McLaughlin developed a new 

kind of shampoo for head lice removal, a common problem all over the world. 

McLaughlin’s shampoo contains extract of paw paw (Asimina triloba, Annonaceae),
27

 

thymol, and tea tree oil. The biological activities of the paw paw (Asimina triloba 

Dunal) are assigned to a mixture of acetogenins which have a brine shrimp lethality test 

(BST) LC50 value of ca. 0.5 ppm. The active components (acetogenins) are acting by 

decreasing ATP levels, which is also believed to prevent ATP dependent pesticide 

resistance. Trilobacin (Figure 1.6), bullatacin (10), and asimicin (11) are three 

acetogenins present among these compounds (Figure 1.8).
28

 

 

Figure 1.8: Structures of bullatacin (10) and asimicin (11) 

MacLaughlin conducted various in vitro tests on healthy head lice with shampoos 

showing 100% success rate removing head lice after applying the shampoo to the dry 

hair of participants after three applications for eight days.
28

 The shampoo was also 

highly active in vitro for killing fleas and ticks.
27

 In addition, McLaughlin also 

introduced an acetogenin product called Paw Paw Cell-Reg to the market as a dietary 

supplement. The product was manufactured by Nature’s Sunshine Products (NSP) and 

previously tested in patients having advanced colorectal, lung, prostate, breast, and 

lymphatic cancer in the USA. The product was used as capsules (12.5 mg/capsule qid) 

and was found to be very effective and safe. However, their sale was discontinued 

because of the minor reported adverse efforts along with restriction of Paw Paw 

advertising in the United States of America.
27
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 Biosynthesis of acetogenins 1.4

Annonaceous acetogenins are assumed to be derived from the polyketide biosynthetic 

pathway.
10,29

 The biogenic synthesis pathway is thought to be started by placing the -

lactone ring in the fatty acid chain followed by partial or full oxidation of the acid chain. 

Subsequent intermolecular or intramolecular ring opening and closing reactions lead to 

THF and THP diols. For example, the biosynthesis of solamin (14) which contains a 

threo/trans/threo relative configuration illustrates this proposed pathway (Figure 1.9).
5
  

 

Figure 1.9: Proposed biosynthesis of solamin (14)
5
 

Faber et al.
30

 suggested two routes to explain the formation of threo/trans/threo 

(solamin (14)) and erythro/trans/threo configurations observed in mono-THF 

acetogenins, via epoxyalcohol intermediates 17 and 20 (Scheme 1.1). The 

threo/trans/threo configuration (pathway 1), which is the most common configuration 

in acetogenins, arises from enzymatic hydrolysis of the bis-epoxide 16 and nucleophilic 

ring closure via inversion of configuration. On the other hand, the erythro/trans/threo 

configuration is proposed to arise from the erythro diol 20 (obtained from enzymatic 

hydroxylation of a cis-double bond). Pathway 1 was supported by isolation of various 

bis-unsaturated, mono-epoxy- and bis-epoxy acetogenins from Annonaceae. In the case 

of solamin (14)
5
 unsaturated precursors as well as bis- and tris-epoxy intermediates for 



  Chapter 1: Introduction  

 7  

bis- THF acetogenins have all been isolated from Annonaceae.
30

 The existence of path 2 

was supported by isolation of mono- and bis-unsaturated diol precursors for the 

synthesis of mono and bis-THF cores.
4,30

 

 

Scheme 1.1: Faber’s proposed pathway for threo/trans/threo and erythro/trans/threo 

relative configurations in mono-THF acetogenins
30 

 Structural elucidation of acetogenins 1.5

 Determining the primary structure of acetogenins 1.5.1

The primary structures of acetogenins are generally established using a combination of 

IR, UV, 
1
H-NMR, 

13
C-NMR spectroscopies and mass spectrometry to identify gross 

structure and stereochemistry.
31

 In the following section an overview of each technique 

is provided in the context of acetogenin structure elucidation. 
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 UV Spectroscopy 1.5.2

Annonaceous acetogenins have a very weak absorption in UV spectroscopy at low 

wavelength (ca. λmax 220 nm ( = 1250)),
32

 for the α,β-unsaturated -lactone unit.
33

 The 

relatively weak absorbance makes them hard to detect in the presence of other aromatic 

compounds (which generally exist in crude natural products), resulting in complication 

of their chromatographic separation with uv detection.
31,32

 

 Thin layer chromatography (TLC) 1.5.3

TLC was used to visualize acetogenins during their separation and to aid functional 

group identification. Typically, acetogenins have Rf values between 0.2 and 0.7 in the 

following TLC systems: C6H6-EtOAc-MeOH (5:4:1), CH2Cl2-MeOH (19:l), C6H6-

EtOAc (4:6), and CHCl3-MeOH (9:l).
31

 Due to their weak uv absorbtion, many reagents 

have been employed to ease visualization. For example, Kedde’s reagent, which is a 2% 

solution of 3,5-dinitrobenzoic acid in 2 N methanolic KOH (1:l), is used to distinguish 

between the saturated -lactone and the unsaturated -lactone. The positive reaction of 

Kedde’s reagent is indicated by faint red-pink chromophores which disappear readily.
31

 

In addition, Legal’s reagent which is a 1% sodium nitroprusside in absolute EtOH in 1 

N NaOH (1:l) gives a positive reaction with α,β-unsaturated -lactones by the 

appearance of the red-violet colouration. No reaction is seen with α,β-saturated -

lactones.
31

 

 IR Spectroscopy  1.5.4

As acetogenins have a characteristic -lactone subunit, IR spectroscopy can be used to 

distinguish between the saturated (1770 cm
–1

) and unsaturated (1745 cm
–1

) lactone 

moieties (Figure 1.10).
31
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Figure 1.10: The unsaturated and saturated lactone moieties from uvaricin (1) and (2,4-

cis and trans)-bulladecinones (22) 

 Mass spectrometry  1.5.5

Mass spectrometry is essential to determine the molecular weight of acetogenins and 

their connectivity. EIMS fragmentation is used to establish the location of the THF/THP 

rings, epoxy rings, OH and other functional groups in the aliphatic chain of the 

molecule (Figure 1.11).
34

  

 

Figure 1.11: Diagnostic EIMS fragmentation for derivatised and un-derivatised cis-

sylvaticin (4)
34

 a
 number in brackets indicate EIMS peaks from un-derivatised cis-sylvaticin (4) 

 Determining the stereochemistry of mono-THF and epoxy 1.6

acetogenins 

Due to the large number of structural types of acetogenins, the focus here is on the 

stereochemical determination of mono-THF acetogenins and their epoxide precursors. 

There have been more than 200 mono-THF acetogenins isolated from various sources.
10

 

The relative stereochemistry across the THF ring can vary and the THF ring can be 

flanked either by one or two hydroxyl groups. In the majority of reported mono-THF 

acetogenins the relative configuration across the THF ring is found to be 

threo/trans/threo as illustrated in Table 1.2.
10,30
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Table 1.2: Relative configuration of THF diol portions in mono-THF acetogenins
30

  

mono-THF ring type Relative configuration Number of isolated 

mono-THF a b c 

 

threo trans threo 108 

threo cis threo 19 

erythro trans threo 40 

erythro cis threo 3 

 

trans threo  31 

cis threo 1 

trans erythro 2 

cis erythreo 1 

The four major configurations; threo/trans/threo, threo/cis/threo, erythro/trans/threo, 

and trans/threo were found in many of the isolated acetogenins such as cis-solamin B 

(2),
6
 gigantetrocin A (25),

35
 goniothalamicin (26),

35
 and jetein (27).

36
  

 

Figure 1.12: Examples of the most abundant relative configurations in mono-THF 

acetogenins: cis-solamin B (2),
6
 gigantetrocin A (25),

35
 goniothalamicin (26),

35
 and 

jetein (27).
36

  

In the following sections, the methods for determining the relative and absolute 

configurations of mono-THF acetogenins along with that of their proposed epoxide 

precursors will be discussed. To exemplify the main methods of stereochemical 

determination, specific examples will be detailed. 

 Determining the relative stereochemistry in mono-THF acetogenins 1.6.1

Acetogenins are waxy compounds and they are not suitable to be studied by X-ray 

diffraction.
37

 There
 
are many methods reported in the literature for determining the 
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relative stereochemistry of mono-THF acetogenins based on the comparison of their 
1
H-

NMR spectroscopic data with that for model compounds. In the following section an 

overview of these empirical approaches will be provided. 

 Hoye’s method (1988) and application 1.6.1.1

Hoye et al.
38

 reported the first approach for determining the stereochemistry of bis-THF 

acetogenin uvaricin (1) based on the comparison of 
1
H-NMR data from uvaricin acetate 

derivative 28 (Figure 1.13) with twelve synthetic bis-THF model compounds (Figure 

1.14). These findings have been applied to mono-THF acetogenins and therefore, will 

be discussed here.
39

 Hoye synthesised the twelve acetate model diastereoisomers 29-40 

of the bis-uvaricin core for comparison purposes (Figure 1.14). 

 

Figure 1.13: Uvaricin (1) and uvaricin acetate (28)  

 

Figure 1.14: Hoye’s bis-THF acetate synthetic model compounds 29-40 
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Based on the analysis of 
1
H-NMR data from model diacetates 29-40 (Table 1.3),  Hoye 

found that the methyl group of the acetate model compounds has a correlation with the 

relative configuration between the acetoxy group and the adjoined carbon in the THF 

ring. He concluded that acetoxy methyl groups with a threo relationship with respect to 

the THF ring can be observed at δ 2.075 ± 0.008 ppm whereas those with erythro 

relationships can be observed at δ 2.051 ± 0.007 ppm. In addition, Hoye
39,40

 summarised 

the key observations for the chemical shifts as follows: 

1) H16 and H19 in the trans/trans model compounds 29, 32, 35, and 38 appeared 0.04 - 

0.08 ppm downfield comparing to the cis/cis model compounds 31, 34, 37, and 40. 

2) For model compounds with either cis/cis or trans/trans configuration, the H19 signal 

is shifted more downfield for threo stereoisomers (C19/C20) compared to erythro 

stereoisomers (C19/C20).  

3) For the cis/trans (unsymmetrical) model compounds 30, 33, 36, and 39, H19 and 

H20 almost overlie for the erythro relationship (C19/C20), whereas they are separated 

in the threo isomers (C19/C20).  

Table 1.3: The 
1
H-NMR chemical shifts of methine protons and acetoxy methyl protons 

in Hoye’s bis-THF model compounds 29-40.  

 

 

 

 
1
H-NMR (300 MHz, CDCl

3
) δ (ppm)

 
 

model H15 H16 H19 H20 H23 H24 Ac Ac` configuration 

29 4.90 3.94 3.81 3.81 3.94 4.90 2.045 2.045 er/c/th/c/er 

30 4.91 3.93 3.76 3.88 4.01 4.91 2.053 2.048 er/t/th/c/er 

31 4.91 3.98 3.88 3.88 3.98 4.91 2.045 2.045 er/t/th/t/er 

32 4.95 3.91 3.71 3.71 3.91 4.95 2.045 2.045 er/c/er/c/er 

33 4.91 3.91 3.80 3.80 3.97 4.96 2.058 2.053 er/t/er/c/er 

34 4.92 3.99 3.84 3.84 3.99 4.92 2.050 2.050 er/t/er/t/er 

35 4.94 3.93 3.86 3.86 3.93 4.94 2.069 2.069 th/c/th/c/th 

36 4.88 3.91 3.84 3.93 4.08 4.88 2.077 2.077 th/t/th/c/th 

37 4.85 3.97 3.90 3.90 3.97 4.85 2.074 2.074 th/t/th/t/th 

38 4.84 3.93 3.77 3.77 3.93 4.84 2.073 2.073 th/c/er/c/th 

39 4.850 3.93 3.82 3.82 3.97 4.852 2.080 2.075 th/t/er/c/th 

40 4.84 3.97 3.84 3.84 3.97 4.84 2.071 2.071 th/t/er/t/th 
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On this basis, Hoye determined the stereochemistry of uvaricin (1) by making its acetate 

derivative 28.
40,41

 The 
1
H-NMR signals of the acetoxy methyl groups are reported for 

uvaricin (1) and its acetate derivative 28 in Figure 1.15, and based on these values 

Hoye determined the relative stereochemistry in uvaricin (1) to be threo between 

C15/C16 and erythro between C23/C24. 

 

Figure 1.15: Assigning the relative configuration at C15/C16 and C23/C24 in uvaricin 

(1) 

To complete the assignment of the full structure of uvaricin (1) Hoye compared the 
1
H-

NMR data of uvaricin acetate (28) for the remaining unassigned part of the structure 

(C16/C19, C19/C20 and C20/C23) with the model compounds 29-40, which resulted in 

very close agreement of uvaricin acetate (28)
41

 with model compound 37 

(…/trans/threo/trans/… relative configuration, Figure 1.16).
40,41

  

 

Figure 1.16: Comparison of 
1
H-NMR data of uvaricin acetate (28) with bis model 37 

Adding this information to the previous assignment of C15/C16 (threo) and C23/C24 

(erythro) it was concluded that the full assignment of uvaricin (1) was 

threo/trans/threo/trans/erythro (Figure 1.17).  

 

Figure 1.17: Full assignment of relative stereochemistry of uvaricin (1) 
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Finally, it should be noted that C24 can be assigned due to the presence of an acetate 

group at C24 in uvaricin (1) (indicated by fragment peak m/z 435 in EIMS), rather than 

a hydroxyl group, solving a problem referred to by Hoye as “endedness”. In other words 

if the acetate group was not present in uvaricin (1) it would not be possible to determine 

whether C15 or C24 was connected to butenolide linker or the C10H23 alkyl chain.
42

 

This problem will be discussed in more detail later, as it is an issue with many other 

acetogenins. 

 

Application of Hoye’s rule to mono-THF acetogenins 

McLaughlin and co-workers
26

 determined the relative configuration across the THF ring 

in mono-THF longicoricin (42) by making longicoricin tri-acetate (43) (Figure 1.18). 

The obtained 
1
H-NMR data were compared with Hoye’s bis-THF model compounds 

29-40 resulting in confirmation of the threo/trans/threo relative configuration of 

longicoricin acetate (43) based on its agreement with bis-THF model 37 (Figure 1.19). 

It should be noted that due to the C2 symmetry of the THF diol, there is no “endedness” 

problem in longicoricin. 

 

Figure 1.18: Structure of longicoricin (42) and longicoricin acetate (43) 

 

Figure 1.19: Comparison of 
1
H-NMR data of longicoricin acetate (43) data with model 

compound 37 
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In addition McLaughlin
26

 also assigned the relative stereochemistry at C13/C14 in 

mono-THF acetogenin (2,4-cis and trans)-gigantetroneninone (44) to be threo based on 

comparison of the chemical shift of H14 (4.80 ppm) for its triacetate (45) with that for 

Hoye’s bis-THF model compounds 29-40 (Figure 1.20). 

 

Figure 1.20: Structure of (2,4-cis and trans)-gigantetroneninone (44) and (2,4-cis and 

trans)-gigantetroneninone triacetate (45) 

 Born’s rule (1990) and application 1.6.1.2

Born et al.
43

 reported a rule to determine the relative stereochemistry at the THF ring 

flanked by carbinol centres in acetogenins. He synthesised the model compounds 

erythro 46 and threo 47 as a separable mixture of their acetate derivatives. The observed 

1
H-NMR coupling constant between H15 and H16 for the acetate derivatives was used 

to assigned them as threo and erythro. The threo relative configuration was indicated by 

a small coupling constant value of J15/16 = 5.2 Hz, whereas the erythro relative 

configuration was indicated by a larger coupling constant value of J15/16 = 6.0 Hz. The 

acetate derivatives were then converted to the models erythro 46 and threo 47, which 

were studied by 
1
H and 

13
C-NMR and a correlation between the configuration of the 

diastereoisomers (erythro 46 and threo 47) and their chemical shift data was found: the 

threo configuration can be indicated by the appearance of protons H15 and H16 at δ 

3.40 and 3.79 ppm, alongside the appearance of C15 and C16 at 73.87 and 82.47 ppm 

respectively. The erythro configuration can be indicated by the appearance of protons 

H15 and H16 at δ 3.84 and 3.84 ppm, and C15 and C16 at 71.83 and 82.29 ppm 

respectively (Table 1.4).
40,43
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Table 1.4: The diagonistic chemical shifts of protons and carbons of model compounds 

erythro 46 and threo 47 

Model  erythro 46 threo 47 

 

  
1
H-NMR

a
 H15 3.84 3.40 

H16 3.84 3.79 
13

C-NMR
b
 C15 71.83 73.87 

C16 82.29 82.47 
a
 (360 MHz, CDCl

3
) δ (ppm). 

b
 (90.56 MHz, CDCl

3
) δ (ppm). 

Born applied his rule to determine the relative stereochemistry of bis-acetogenin 

annonin I (48) which was assigned to have threo (C15/C16) and erythro (C23/C24) 

relative configurations (Table 1.5).
40,43

 

Table 1.5: Correlation of Born’s model compounds erythro 46 and threo 47 and 

comparison of their 
1
H-NMR and 

13
C-NMR data with that for annonin I (48)  

Model erythro 46 Model threo 47 Annonin I (48) 

   

The exact position of the threo and erythro relative configuration in annonin I (48) was 

confirmed by X-ray crystallographic analysis of its potassium salt derivative 49 

(Scheme 1.2).
43

 This is a rare example of an acetogenin derivative giving crystals 

suitable for x-ray structure determination. 

 

Scheme 1.2: Structure of annonin I (48) and its potassium salt 49 
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Application of Born’s rule in mono-THF acetogenins 

Guéritte and co-workers
44

 applied Born’s rule to determine the relative stereochemistry 

of plagionicins B (50). Comparison of 
1
H-NMR and 

13
C-NMR data with Born’s model 

compounds allowed Guéritte to conclude that, plagionicins B (50) possessed a threo 

relative configuration at C15/C16 and C19/C20 based on its agreement with model 

threo 47 (Figure 1.21).  

 

Figure 1.21: Comparison 
1
H-NMR and 

13
C-NMR data of model threo 47 and 

plagionicins B (50)  

 Harmange’s method (1992) and application 1.6.1.3

Harmange et al.
45

 described a method to establish the stereochemistry across the THF 

ring of mono-THF acetogenins which are either threo/trans/threo or erythro/trans/threo 

such as annonacin A (51), murisolin (52) and jetein (27)
36

 (Figure 1.22). 

 

Figure 1.22: Structure of annonacin A (51), murisolin (52), and jetein (27) 

He synthesised the model compounds 53 and 54 and compared them with other mono-

THF acetogenins possessing known stereochemistry.
45

 Both of the model compounds 

53 and 54 were prepared starting from L-glutamic acid (Figure 1.23).
45 



Chapter 1: Introduction 

 18 

 

Figure 1.23: Harmange’s model compounds 53 and 54 

Comparison of the chemical shift data for the model compounds 53 and 54 with 

annonacin A (51) and murisolin (52) is shown in (Table 1.6). Based on the chemical 

shift of C15, the relative stereochemistry for murisolin (52) was confirmed as 

threo/trans/threo. Jetein (27) and annonacin A (51) have the erythro/trans/threo relative 

stereochemistry. 

Table 1.6: 
1
H-NMR and 

13
C-NMR data for model substrates 53 and 54 with annonacin 

A (51) and murisolin (52)  

 
1
H-NMR and 

13
C-NMR data

a,b
 

15 16 19 20 
1
H

 13
C

 1
H 

13
C 

1
H 

13
C 

1
H 

13
C 

model 53
c
 3.41 74.04 3.80 82.71 3.80 82.71 3.41 74.01 

model 54
c
 3.82 71.56 3.82 83.24 3.82 82.15 3.38 74.33 

Annonacin A (51) 3.82 71.62 3.82 83.32 3.82 82.31 3.40 74.36 

Murisolin (52) 3.38 74.2 3.76 82.7 3.76 82.70 3.38 74.20 
a
 
1
H-NMR (200 MHz, CDCl

3
) δ (ppm). 

b
 
13

C-NMR (50 MHz, CDCl
3
) δ (ppm). 

c
 
1
H-NMR and 

13
C-NMR 

data for Harmange’s model 53 and 54 are similar to Born’s model. The only difference is that 

Harmange’s model 53 and 54 adjoined by two hydroxyl groups.  

The 
1
H-NMR chemical shifts of the methine protons are consistent with Born’s model 

compounds erythro 46 and threo 47.  

Application of Harmange’s rule in stereochemical determination of mono-THF 

acetogenins 

Gleye et al.
46

 used Harmange’s method to determine the relative stereochemistry of 

lepirenin (55) (Figure 1.24) as threo/trans/threo by comparing the 
1
H-NMR data of its 

core with the model compounds 53 and 54 (Table 1.7).  
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Figure 1.24: Structure of lepirenin (55)  

Table 1.7: Comparison of 
1
H-NMR and 

13
C-NMR data of lepirenin (55) with 

Harmange’s model 53 

 
1
H-NMR and 

13
C-NMR data 

15 16 19 20 
1
H

 13
C

 1
H 

13
C 

1
H 

13
C 

1
H 

13
C 

Model 53
a
                                                     

threo/trans/threo 

3.41 74.04 3.80 82.71 3.80 82.71 3.41 74.01 

Lepirenin (55)
b
 

threo/trans/threo 

3.41 73.5 3.81 82.6 3.81 82.70 3.41 74.1 

a
 
1
H-NMR (200 MHz, CDCl

3
) δ (ppm) and 

13
C-NMR (50 MHz, CDCl

3
) δ (ppm). 

b
 
1
H-NMR (400 MHz, 

CDCl
3
) δ (ppm) and 

13
C-NMR (400 MHz, CDCl

3
) δ (ppm). 

 Cassady’s rule (1993) and application 1.6.1.4

Cassady and co-workers developed a method to determine the relative stereochemistry 

of THF ring flanked by hydroxyl groups in mono-THF acetogenins.
47

 They reported the 

synthesis of six model diastereoisomeric dimesitoate esters 56-61 (Figure 1.25). Their 

1
H-NMR data were reported in C6D6 (Table 1.8). 

 

Figure 1.25: Six model dimesitoate esters 56-61 synthesised by Cassady et al. 
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Table 1.8: Significant 
1
H-NMR data for dimesitoate model esters 56-61 

Dimesitoates Relative configuration 
1
H-NMR shifts (ppm)

a
 

16, 19 15, 20 Me’s 

56 threo/cis/threo 3.97 5.29 2.45 

57 erythro/cis/erythro 3.93 5.45 2.40 

58 threo/cis/erythro 3.89, 3.97 5.37, 5.43 2.39, 2.48 

59 threo/trans/threo 4.09 5.35 2.45 

60 threo/trans/erythro 4.00, 4.11 5.30, 5.52 2.39, 2.51 

61 erythro/trans/erythro 4.05 5.48 2.40 
a
 
1
H-NMR data recorded in C6D6. 

1) The threo relationship between the mono-THF ring and the carbinol is indicated: 

when the chemical shift of the mesitoate ester methine proton (15,20) is ≤ 5.37 

ppm. Whereas an erythro relationship is indicated by a chemical shift of ≥ 5.43 

of the carbinol mesitoate ester derivatives. 

2)  The 2,6-dimethyl groups of dimesitoates have a chemical shift of ≥ 2.45 ppm in 

threo diastereoisomers whereas, chemical shifts of ≤ 2.40 ppm are observed for 

erythro diastereoisomers. 

3)  For the THF ring methine protons, a chemical shift in the range 3.89-3.97 ppm 

indicated the cis relationship between the two alkyl groups at the 16,19-

positions, whereas a trans relationship is indicated by resonance in the range 

4.00-4.11 ppm.  

Application of Cassady’s rule in stereochemical determination of mono-THF 

acetogenins 

Cassady and co-workers.
48

 applied the rules to determine the stereochemistry of 

acetogenins. For example, annonacin (62) was converted to its permesitoate and 
1
H-

NMR data were recorded in C6H6. A peak with a chemical shift at 4.13 ppm 

indicated the methine proton attached to THF ring and the mesitoate ester methine 

proton appeared at 5.32 ppm. The signals are consistent with a symmetrical mono-

THF with a threo/trans/threo relationship (Figure 1.26). 
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Figure 1.26: Annonacin (62) 

Unsymmetrical mono-THF acetogenins (eg. 66 & 67) give rise to two sets of signals 

for both the mesitoate ester methine and THF ring protons. In this case, the latter 

signal only can be employed to determine the cis/trans configuration. The methods 

above were also applied for determination of the relative stereochemistry of 

annonancin-10-one (63), isoannonancin-10-one (64), isoannonancin (65), 10,13-

trans-13,14-threo-densicomacin (66),
49

 and 10,13-trans-13,14-erythro-

densicomacin (67)
49

 (Figure 1.27). Their assignment is presented in (Table 1.9). 

 

Figure 1.27: Annonancin-10-one (63), isoannonancin-10-one (64), isoannonancin (65), 

10,13-trans-13,14-threo-densicomacin (66),
49

 and 10,13-trans-13,14-erythro-

densicomacin (67)
49

 a
 Dimesitoate esters 56-61 numbering used. 
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Table 1.9: Assignment of the relative configuration of mono-THF acetogenins 63, 64, 

65, 66,
49

 and 67
49

.
 1

H-NMR data recorded in C6D6. 

 δHobserved for 

THF methine
a 

(C16,C19)  

δHobserved for 

mesitoate methine 

Assignment 

Annonancin-10-one (63) 4.11 5.30
b
 threo/trans/threo 

Isoannonancin-10-one (64) 4.11 5.31
b
 threo/trans/threo 

Isoannonancin (65) 4.13 5.33
b
 threo/trans/threo 

10,13-trans-13,14-threo-

Densicomacin (66) 

4.09
d
 5.36

b
 threo/trans 

10,13-trans-13,14-erythro-

Densicomacin (67) 

4.12
d
 5.54

c
 erythro/trans 

a
 δHobs 4.00-4.11 ppm for trans THF in model compounds 59-61. 

b
 δHobs ≤ 5.37 for threo 

stereoisomers. 
c
 δHobs ≥ 5.43 for erythro stereoisomer. 

d
 δH reported for C19 only.  

The stereochemistry of mono-THF acetogenin annonacin (62) was compared with the 

model compounds 56-61 using the equation 1, which quantifies how good a fit the 

chemical shift data are with those for the model compounds. The best fit is found when 

δH is close to zero (0.07) for the threo/trans model. This is consistent with previous 

determination of the relative stereochemistry of annonacin (62) (Table 1.10).  

δH = │δHobserved – δHmodel│Ring methine + │δHobserved – δHmodel│mesitoate ester methine  (1) 

Table 1.10: Assignment the relative configuration of annonacin (62) using Cassady’s 

equation. 

 Ring methine 

(C16,C19) 

Ester methine 

(C15,C20) 

 

Annonacin (62) δHobserved = 4.13 δHobserved = 5.32 

potential stereochemistry δHmodel │δH│ δHmodel │δH│ δH 

threo/cis/threo model 3.97 0.16 5.29 0.03 0.19 

erythro/cis/erythro model 3.93 0.20 5.45 0.13 0.33 

threo/trans/threo model 4.09 0.04 5.35 0.03 0.07 

erythro/trans/erythro model 4.05 0.08 5.48 0.16 0.24 

 Fujimoto’s work (1994) and application 1.6.1.5

Fujimoto et al.
50

 devolped a methed for determining the relative stereochemistry in 

acetogenins based on comparison of 
13

C-NMR data for eight mono-THF model 

compounds 68-75 (Figure 1.28)
a
.  
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Figure 1.28: Fujimoto’s model compounds 68-75. a 
Acetogenin numbering was used for model 

compounds 68-75. 

Fujimoto used his model compounds to assign the stereochemistry of the non-adjacent 

bis-THF acetogenin squamostatin A (76) based on comparison of the 
13

C-NMR 

chemical shift data (Figure 1.29).  

 

Figure 1.29: Squamostatin A (76) 

Firstly, Fujimoto assigned the relative stereochemistry of the THF ring (A) which is 

flanked by one hydroxyl group. He compared the 
13

C-NMR chemical shift data for C12-

C14 of squamostatin A (76) with those for the model compounds 68-71. The model 

compound 68, with the threo/trans relative stereochemistry most closely matched the 

data for the natural product (Table 1.11). 

Table 1.11: 
13

C-NMR data comparison of Fujimoto’s model compound threo/trans 68 

with squamostatin A (76) (THF ring A). 13
C-NMR (125 MHz, CDCl3) δ (ppm).  

 threo/trans Model 68 Squamostatin A (76) (THF ring A) 

Entry position
a
 

13
C-NMR  Position

b
 

13
C-NMR  

1 15 35.7 11 35.6 

2 16 79.3 12 79.3 

3 17 32.4 13 32.4 

4 18 28.4 14 28.4 
a
 Model compounds 68-75 numbering used. 

b
 Squamostatin A (76) numbering used. 
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Secondly, Fujimoto assigned the stereochemistry of the THF ring (B) which is flanked 

by two hydroxyl groups. Based on the threo assignment of the first THF ring (A) either 

C19/C20 or C23/C24 must have threo relative configuration based on the 
1
H-NMR 

signals of the remaining methine protons at C19/C24, whereas the other must be 

erythro. Therefore, Fujimoto compared the 
13

C-NMR data of squamostatin A (76) with 

model compounds erythro/trans/threo 74, and erythro/cis/threo 75 for carbons C20-C24 

(Table 1.12). The 
13

C-NMR data match very closely with those of the 

erythro/trans/threo model compound 74, supporting the indicated, structure 76.  

Table 1.12: 
13

C-NMR data (125 MHz, CDCl3) for Fujimoto’s model compounds 

erythro/trans/threo 74, erythro/cis/threo 75 and squamostatin A (76) (THF ring B). 

 erythro/trans/threo 74 erythro/cis/threo 75 Squamostatin A (76) 

Entry  position
a
 

13
C-NMR

b
  position

a
 

13
C-NMR

b
  position 

13
C-NMR

b
  

1 16 83.3 16 82.3 20 83.4 

2 17 28.6 17 28.4 21 28.6 

3 18 25.2 18 24.1 22 25.4 

4 19 82.2 19 82.4 23 82.2 

5 20 71.6 20 72.1 24 71.6 
a
 Model compounds 68-75 numbering used. 

b
 
13

C-NMR (125 MHz, CDCl3) δ (ppm). 

Finally, the endedness problem needed to be solved; either end of the unsymmetrical 

THF C19,C24-diol unit could be connected to C18.
42,51

 Therefore, the data in Table 

1.12 could also fit an alternative structure with erythro/trans/threo relative 

stereochemistry (Figure 1.30). The solution to this problem will be described later. 

 

Figure 1.30: Alternative possible structure of squamostatin A of erythro/trans/threo 

relative stereochemistry 
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 Application of Fujimoto’s model compounds to assign mono-THF acetogenins 

McLaughlin and co-workers.
52

 assigned the relative stereochemistry of cis-

gigantrionenin (77) based on the comparison of its 
13

C-NMR data with Fujimoto’s 

threo/cis model compound 69 (Figure 1.31).
50

 McLaughlin confirmed that the relative 

stereochemistry was threo at C13/C14 with a cis configuration of the THF ring (Table 

1.13).  

 

Figure 1.31: cis-Gigantrionenin (77) a
 cis-Gigantrionenin numbering used. 

Table 1.13: 
13

C-NMR data (125 MHz, CDCl3) of Fujimoto’s model compound 

threo/cis 69 and cis-gigantrionenin (77) 

 threo/cis Model 69 cis-Gigantrionenin (77) 

Entry position
a
 

13
C-NMR  position 

13
C-NMR 

1 9 36.1 9 36.0 

2 10 79.9 10 80.0 

3 11 31.4 11 31.4 

4 12 27.8 12 27.8 

5 13 82.2 13 82.0 

6 14 74.5 14 74.2 
a
 cis-Gigantrionenin numbering used. 

 

 Formal acetal derivatisation method and application 1.6.1.6

Formal acetal derivatives can be useful to determine the relative stereochemistry of 1,2-

diols, 1,4-diols and/or 1,5-diols in acetogenins. The formal acetal is formed by 

converting a diol 78 to the formalaldehyde acetal 79 using chlorotrimethylsilane 

(Me3SiCl) and dimethyl sulfoxide (Me2SO) (Figure 1.32).
53

 It is important that the 

reaction proceeds without altering the stereochemistry of the diol group. 
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Figure 1.32: Formation of formal acetals 

The advantage of this method is that, the formal acectal products are stable and there is 

no overlap between the NMR signals of the acetal with other signals in acetogenins.
35

 

The importance of the formal acetal product is that the cis and trans stereoisomers are 

readily distinguishable on the basis of their acetal proton NMR signals. For example 

trans-4,7-dimethyl-l,3-dioxacycloheptane (80) is characterised by one signal for both of 

the acetal protons at 5.30 ppm. trans-4,7-Dimethyl-l,3-dioxacycloheptan (80) has twist-

chair conformations 81 and 82 which contain C2 axes, and equivalent acetal proton 

environment (Figure 1.33).
54

 

 

Figure 1.33: Twist-chair conformation 81 and 82 for trans-4,7-dimethyl-l,3-

dioxacycloheptane (80).  

cis-4,7-Dimethyl-1,3-dioxacycloheptanes (83) can be distinguished by the observation 

of two acetal proton signals at 5.47 ppm and 5.16 ppm. In the cis isomer, the C2 acetal 

protons are diastereotopic which produce AB nmr patterns (Figure 1.34).
54

 

 

Figure 1.34: Conformers of cis-4,7-dimethyl-1,3-dioxacycloheptanes (83) 
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Application of formal acetal derivatives in the stereochemical assignment of THF 

acetogenins 

Formation of formaldehyde acetal derivatives can help to assign the relative 

stereochemistry of acetogenins. For example, formation of the 16,19-formal acetal 

derivative 85 of bullatalicin (84);
35

 the acetal protons in formal acetal 85 appear as two 

doublets at 5.29 (d, J = 7.5 Hz) ppm and 4.64 (d, J = 7.5 Hz) ppm respectively, which is 

an indicator for the cis relative configuration of the acetal C16/C19. Furthermore, 

derivatisation of the C16/C19 diol as the formal acetal left the C24 hydroxyl group free, 

allowing the C23/C24 relative configuration to be determined to be erythro by 

comparison with Hoye’s bis-THF model compounds
41

 and Born’s model compounds.
43

  

 

Figure 1.35: Bullatalicin formal acetal derivative (85) 

In addition, since acetal formation does not influence the other hydroxyl groups, 

subsequent Mosher ester derivatisation can be used to assign the absolute 

stereochemistry of the acetogenin. Details of this approach will be presented in the next 

section.  

 Acetonide derivatives to determine the relative stereochemistry of 1,2-1.6.1.7

diols in acetogenins and application 

Gu et al.
55

 reported that the relative stereochemistry of 1,2-diol functionality present in 

acetogenins can be determined by formation of acetonide derivatives, followed by 

analysis of their 
1
H-NMR spectra. The threo relationship can be distinguished by a 
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single signal for the methyl groups at 1.37 ppm, whereas two individual signals at 1.43 

and 1.33 ppm are observed for the erythro stereoisomer (Table 1.14).
55

 

 

Acetonides 87 of threo 1,2-diols contain C2 axes which result in equivalence (or near 

equivalence) of the acetonyl methyls which is depicted by one signal at 1.37 ppm, 

whereas in meso acetonide erythro-86 the acetonyl methyls are diastereotopic producing 

2 signals at 1.33 ppm and 1.43 ppm. 

Table 1.14: Signals of threo and erythro acetonides of acetogenins in 
1
H-NMR spectra 

(500 MHz, CDCl3, δ).
55 

 
configuration methine protons acetonyl methyls 

Acetonide threo 3.58 (2H) ppm 1.37 (6H) ppm 

erythro 4.03, 4.00 ppm 1.43, 1.33 ppm 

 

Gu et al.
35

 formed acetonide derivative 88 to determine the relative stereochemistry at 

C23/C24 (1,2-diol) in bis-THF acetogenins (2,4-cis and trans)-bulladecinones 22 

(Figure 1.36). 

 

Figure 1.36: (2,4-cis and trans)-Bulladecinones (22) and acetonide derivatives 88 

The 
1
H-NMR spectrum of (2,4-cis and trans)-bulladecinone acetonides (88) displayed 

two signals at 4.03 and 4.00 ppm belonging to C23/C24 methine protons and the 
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acetonyl methyls appeared as two singlets at 1.44 and 1.33 ppm, confirming the cis 

(erythro) configuration.
56,57,58

 In addition, NOESY experiments also confirmed the cis 

configuration as the two methine protons methine (H23 and H24) displayed only one 

cross peak with the acetonyl methyl group at 1.33 ppm. 

Application of acetonide derivatives in stereochemical assignment for mono-THF 

acetogenins 

The acetonide derivative method has been used to determine the relative 

stereochemistry of 1,2-diol units in mono-THF acetogenins. For example, Rieser et al.
59

 

determined the threo relative configuration at C17/C18 in gigantetrocin A (25) based on 

acetonide derivative 89 (Figure 1.37). Acetonide derivative 89 displayed a singlet at δ 

1.35 (6H) for the acetonyl methyl groups, whereas multiplets at δ 3.59 (2H) indicated 

the methine protons of dioxolane ring.
56

 

 

Figure 1.37: Gigantetrocin A (25) and its acetonide derivative 89  

 Determining the relative stereochemistry of lactones and butenolide unit 1.6.2

in acetogenins 

 Hoye’s method for determination of the relative stereochemistry 1.6.2.1

between C2 and C4 in acetonylbutenolides  

Hoye et al.
60 

reported a method for determination of the relative configuration in 

acetogenins having C2 and C4 (acetonylbutenolides) which can be obtained by 

saponification of acetogenins (Scheme 1.3).  

 

Scheme 1.3: Formation of acetonylbutenolide (cis/trans-91) 
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Hoye synthesised model compounds cis-92 and trans-93 and used nOe experiments and 

coupling constant data in combination with conformational analysis to assign their 

relative configurations (Figure 1.38 and Figure 1.39).
60

  

 

Figure 1.38: Model compounds cis-92 and trans-93 

 

Figure 1.39: Conformational analysis of model compounds cis-92 and trans-93 with 

observed nOe data 

1
H-NMR data for the model compounds cis-92 and trans-93 were recorded in CDCl3 

and C6H6 and Hoye found a characteristic variance of their coupling constant and 

chemical shift data, then Hoye summarised: 

 1) In the trans isomer δ H4 appears > 0.1 ppm in comparison with the cis isomer 

 2) In the trans isomer the geminal hydrogens H(3α) and H(3β) have similar chemical 

shift values compared to the cis isomer (δ, of ~0.2 ppm vs. ~1.1 ppm) 

 3) In the trans isomer the H4 and H(3β) displays a relatively small coupling constant (J 

= 3.9 Hz) whereas in the cis isomer displays a large coupling constant (J = 9.8 Hz), 
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reflecting their favoured trans-diaxial-like orientation. Hoye compared the obtained 

result with the literature values for the natural products isoannonacine-10-one (64),
61

 

isoannonacin (65),
62

 and squamone (94),
62

 confirming the natural compounds possesed 

trans relationships (Figure 1.40 and Table 1.15). 

 

Figure 1.40: Structures of isoannonacine-10-one (64), and isoannonacin (65) and 

squamone (94)  

Table 1.15: Selected 
1
H-NMR data for isoannonacin-10-one (64) and model lactones 

cis-92 and trans-93 

 cis-92
a
 trans-93

a
 Isoannonacin-10-one (64)

b
 

 CDCl3   CDCl3  CDCl3  

δH (4) 4.41 ppm 4.54 ppm 4.55 ppm 

JH(3β)/H(4) 9.80 Hz 3.60 Hz 3.60 Hz 

ΔδH(3α)- H(3β) +1.09 ppm  ˗0.22 ppm ˗0.24 ppm 

configuration cis trans trans 
a
 
1
H-NMR (500 MHz, CDCl

3
) δ (ppm). 

b
 
1
H-NMR (470 MHz, CDCl

3
) δ (ppm). 

 Application of NOESY experiments and coupling constant data 1.6.2.2

Analysis of coupling constant data and NOESY experiments can be used to determine 

the stereochemistry of lactone rings containing β-hydroxyl groups. For example, Cortes 

et al.
36

 isolated jetein (27), which has a β-hydroxy group in its lactone ring, from 

Annona cherimolia seeds (Figure 1.41).  
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Figure 1.41: Jetein (27) 

The lactone configuration was confirmed to be cis based on observed nOes; (1%) 

between C33 and C34 protons and (3%) between C2 and C33 protons. In addition, 

further support was delivered by coupling constant data between H33 and H34 (J = 7.0 

Hz) and between H2 and H33 (J = 5.5 Hz).  

 Methods for determining the absolute stereochemistry in acetogenins 1.6.3

 Determining the absolute stereochemistry in mono-THF acetogenins 1.6.3.1

There are many methods reported for determining the absolute stereochemistry of 

acetogenins. In the following section an overview will be provided of the most 

important ones. 

 Mosher’s method 1.6.3.1.1

Mosher’s method is a derivatisation technique used to determine the absolute 

stereochemistry in enantiopure chiral synthetic compounds and natural products. 

Typically, Mosher used a chiral enantiomerically pure carboxylic acid, 2-methoxy-2-

phenyl-2-(trifluromethyl)acetic acid (MTPA-OH) 96R or 96S, as a reagent to derivatise 

chiral alcohol 95 of unknown absolute configuration (Figure 1.42).
63

 However, 

Mosher’s method can be used for other compounds including α-chiral amines and a 

variety of acids.
64,65

 

 

Figure 1.42: Formation of (R)-MTPA-98 and (S)-MTPA-98 esters.
63
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Mosher suggested that the carbinol proton, ester carbonyl and trifluromethyl groups of 

the MTPA lie in the same plane in solution. Therefore, based on Mosher’s suggested 

preferred conformation the L
2
 signals of (R)-MTPA ester appear upfield in the 

1
H-NMR 

spectrum relative to the corresponding signals of L
2
 of the (S)-MTPA ester (Figure 

1.43).
42,66,67,68

  

 

Figure 1.43: Prefered conformation of Mosher’s ester derivatives of secondary 

alcohols.  

The difference between the 
1
H-NMR chemical shifts of the (S)-MTPA and (R)-MTPA 

esters (∆δH = δS-δR) will have a positive value when correlated with L
2
 and negative 

value when correlated with L
3
. In addition, the 

19
F-NMR data can be also analysed 

based on the preferred conformations of trifluoromethyl group (CF3) of (S)-MTPA- and 

(S)-MTPA esters in Figure 1.43 as it depends on the interaction between the carbinol 

subtituents (L
2
 and L

3
) and phenyl group. For example, when L

2
 is smaller than L

3
 in 

(S)-MTPA and (R)-MTPA, the 
19

F-NMR of CF3 can present a negative value for ∆δF = 

δS-δR whereas it will present a positive value the L
2
 is larger than L

3
 in (S)-MTPA and 

(R)-MTPA.
42,66,67,68

 Therefore, the enantiomers will be distinguished based on the 
1
H-

NMR analysis (∆δH ) of Mosher ester derivatives and 
19

F-NMR (∆δF) analysis resulting 

in determination of the absolute stereochemistry of the carbinol. 

The limitation of Mosher’s method was that when it was developed in the 1970s the 

available NMR instruments were typically 60-100 MHz spectrometers. At these low 

fields it is not possible to assign proton signals in complex molecules.
67

 Alongside this, 

the ingrained ambiguity of assigning the configuration based on 
19

F-NMR data which 

was often in error was reported by Kakisawa and co-workers.
42,67
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Improvements in NMR instrumentation and techniques allowed Kakisawa, and co-

workers,
67,69,70

 to refine Mosher’s method (known as advanced or modified Mosher’s 

method) to determine the absolute stereochemistry of secondary alcohols using high-

field 
1
H-NMR spectroscopy. In addition, the 2D nmr techniques such as 

1
H-

1
H COSY 

and HOHAHA spectra can be used to analyse the chemical shifts more reliably in the L
2
 

and L
3
 substituents. Therefore, the absolute configuration of complex organic molecules 

can be assigned by analysing various protons within the L
2
 and L

3
 substituents (Figure 

1.44). 

 

Figure 1.44: Kakisawa’s modification of Mosher’s method showing the MTPA plane 

and model A 

The advanced Mosher’s
67,69,70

 method can be summarised based on the drawn 

conformation 99 in Figure 1.44 (MTPA plane model). Considering the diamagnetic 

effect of the benzene ring, the HA,B,C NMR signals of the (R)-MTPA ester appear 

upfield comparative to HA,B,C NMR signals of the (S)-MTPA ester. The opposite is true 

for HX,Y,Z. Therefore, the ∆δ = (δS-δR) protons on the right side of the MTPA plane 

(model A) are indicated by positive values of ∆δ > 0, whereas the protons on the left 

side of the MTPA plane are indicated by negative values of ∆δ < 0. Application of 

model A now works as follows:  

1) Assign 
1
H-NMR signals related to (S)-MTPA- and (R)-MTPA esters 

2) Report the value of ∆δ = (δS-δR) for protons 

3) Draw model A placing the MTPAO at the top, H at the bottom, protons with 

negative value (∆δ < 0) on the left side of MTPA plane and the protons with 

positive value (∆δ > 0) on the right side of MTPA plane 

4) Build the molecular model  

5) Determine the absolute configuration  
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 Application of the Mosher’s method in determining the 1.6.3.1.1.1

stereochemistry of mono-THF acetogennins 

The Mosher method has been used extensively to determine the absolute configuration 

in acetogenins. Our focus here will be in using the Mosher’s method to determine the 

stereochemistry in mono-THF acetogenins 

 Assigning the absolute configuration of carbinols flanking the THF 1.6.3.1.1.1.1

ring in mono-THF acetogenins 

The absolute configuration of hydroxyl groups flanking the THF ring in mono-THF 

acetogenins can be determined by 
1
H-NMR and 

19
F-NMR analysis of their Mosher ester 

derivatives. For example, Hoye et al.
42

 examined the mono-THF annonacin (62), 

(Figure 1.45). Analysing the 
1
H-NMR and 

19
F-NMR data for its Mosher ester 

derivatives confirmed that the absolute configuration was R for C15 based on the 

negative values of both ∆δH of H16 and ∆δF of C15. In addition, the absolute 

configuration of C20 was also R based on the negative value of both ∆δH of C19 and 

∆δF of C20 (Table 1.16).  

 

Figure 1.45: Structure of annonacin (62) 

Table 1.16: 
1
H-NMR (500 MHz, CDCl3) and 

19
F-NMR (CDCl3)  data for the (S)-

MTPA and (R)-MTPA-Mosher ester derivative of annonacin (62)
 

 1
H-NMR shift (ppm) 

19
F-NMR shift 

(CF3) 

H14 H16 H17 H19 H21 C15 C20 

(S)-MTPA-62 1.53/1.46 3.89 1.61/1.47 3.89 1.53/1.46 4.11 4.19 

(R)-MTPA-62 1.48/1.42 3.98 1.89/1.58 3.98 1.48/1.42 4.53 4.53 

∆δH = (S-R) pos neg neg neg pos   

∆δF = (S-R)      neg neg 

configuration 15R  20R 15R 20R 
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Furthermore, Hoye et al.
42

 also examined mono-THFs annonancin-10-one (63), and 

isoannonacin-10-one (64), reticulatacin (100)
 
(Figure 1.46).  

 

Figure 1.46: Annonancin-10-one (63), isoannonacin-10-one (64), and reticulatacin 

(100). a
 Annonacin-10-one (63) numbering used (C15, C16, C19 and C20 are C17, C18, C21 and C22). 

Analysis of the 
1
H-NMR and 

19
F-NMR data for their Mosher ester derivatives 

confirmed the absolute configuration as R for C15 based on the negative value of ∆δH of 

H16 and ∆δF of C15. The absolute configuration of C20 was also R based on the 

negative value of both ∆δH of C19 and ∆δF of C20. In addition, the advanced Mosher’s 

method was used by McLaughlin and co-workers
71

 to determine the stereochemistry of 

mono-THF acetogenins (2,4-cis and trans)-mosinone A (101) (Figure 1.47)  

 

Figure 1.47: (2,4-cis and trans)-mosinone A (101) 

The Mosher ester derivatives (R)-MTPA-101 and (S)-MTPA-101 were synthesised and 

their 
1
H-NMR data analysed as described (Figure 1.48 and Table 1.17). McLaughlin 

assigned the absolute stereochemistry of (2,4-cis and trans)-mosinone A (101) at 

stereogenic centre C15 and C19 based on the difference between the 
1
H-NMR chemical 

shifts (from the 
1
H-

1
H COSY).  
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Figure 1.48: Mosher ester derivatives (R)-MTPA-101 and (S)-MTPA-101 of 2,4-cis 

and trans-mosinone A (101) 

Table 1.17: Significant 
1
H-NMR data for Mosher esters (S)-MTPA-101 and (R)-

MTPA-101 

 

1
H-NMR (500 MHz, CDCl3) δ (ppm) 

14 16 17 18 19 21 

(S)-MTPA-101 1.64, 160 3.93 1.64, 1.38 1.64, 1.38 3.93 1.64, 160 

(R)-MTPA-101 1.60, 1.56 4.01 1.91, 1.57 1.91, 1.57 4.01 1.60, 1.56 

∆δH = (S-R) pos neg neg neg neg pos 

configuration 15R  20R  

 

Due to the symmetry within the THF diol, the above acetogenins were unambiguously 

assigned.
40

 However, as mosin B (102)
71

 does not possess local symmetry in the THF 

diol core, the position of attachment of the alkyl chains is not solved using the above 

methods alone. Which pair of stereogenic centres (C15/C16) or (C19/C20) has the threo 

or erythro relationship is not determined. This problem called endedness or difference 

between erythro/trans/threo and threo/trans/erythro was previously identified in 

unsymmetrical acetogenins (Figure 1.49).
40,71

 Therefore, the stereochemistry within the 

THF diol in mosin B remains unsolved.
51,71

 

 

Figure 1.49: Endedness problem in mosin B (102). Possible structures of mosin B. 
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 Assigning the absolute stereochemistry at C4 in mono-THF 1.6.3.1.1.1.2

acetogenins 

The majority of acetogenins possess a stereogenic centre at C4 as shown in annonacin 

(62) (Figure 1.45) and annonacine-10-one (63) (Figure 1.46). Hoye et al.
42

 reported a 

method for determination of the absolute configuration of the C4 carbinol in mono-THF 

acetogenins based on the studies carried out on model butenolide 107SS (Scheme 

1.4).
72

 The synthesis of butenolide 107SS was started by alkylation of the dianion of 

(phenylthio)acetic acid 104 with (S)-2-methyloxirane (108) which was followed by 

lactonization in the presence of H2SO4 to afford a mixture of cis-105S and trans-105S in 

83% yield in an approximate 1:1 ratio. Alkylation of the obtained mixture cis-105S and 

trans-105S with (S)-2-methyloxirane (108) gave an inseparable non-racemic mixture of 

trans-106SS and cis-106SS in 64% yield and approximately 5:1 ratio. Then the obtained 

mixture was oxidized with oxone to afford four sulfoxide diastereoisomers, which 

eliminated in refluxing toluene to yield butenolide 107SS in 67% (Scheme 1.4).
73

 

 

Scheme 1.4: Synthesis of butenolide 107SS. Reagents and conditions: (a) i. LDA, THF, 

ii. (S)-2-methyloxirane (108), 0 ºC to rt, iii. cat. H2SO4, C6H6; (b) i. LDA, THF, ii. (S)-

2-methyloxirane (108), 0 ºC to rt; (c) i. Oxone, MeOH, H2O, 0 ºC, ii. PhMe, . 

The configuration of butenolide 107SS was confirmed to be S for both C4 and C36 

(acetogenin numbering) based on the analysis of 
1
H-NMR and 

19
F-NMR data of its 

Mosher ester derivatives (S)-MTPA-107SS and (R)-MTPA-107SS (Scheme 1.5).
72
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Scheme 1.5: Mosher ester derivatives (S)-MTPA-107SS and (R)-MTPA-107SS and 

MTPA plane conformation of (R)-MTPA-107SS 

Hoye then synthesised the Mosher ester derivatives of annonacin (62), and then 

compared its 
1
H-NMR and 

19
F-NMR data with the model butenolide 107SS resulting in 

confirmation of the R configuration at C4 (Table 1.18).
42

 

Table 1.18: 
1
H-NMR (500 MHz, CDCl3) and 

19
F-NMR (CDCl3) chemical shift data for 

Mosher ester derivatives of butenolide 107SS, and annonacin (62)  

 1
H-NMR shifts (ppm) 

19
F-NMR 

(CF3) 

H5 H3 H35 H36 H37 C4 

butenolide 

107SS 

(S)-MTPA-107SS  1.35 2.60/2.68 6.98 4.90 1.34 4.33 

(R)-MTPA-107SS 1.42 2.57/2.59 6.66 4.73 1.28 4.46 

∆δH= (S-R) ˗0.07 +0.03 +0.32 +0.17 +0.06  

∆δF= (S-R)      ˗0.14 

configuration    S  S 

Annonacin 

(62) 

(S)-MTPA-62 1.61 2.57 6.70 4.84 1.26 4.87 

(R)-MTPA-62 1.56 2.62 6.94 4.88 1.28 4.67 

∆δH= (S-R) +0.05 ˗0.05 ˗0.24 ˗0.04 ˗0.02  

∆δF= (S-R)      +0.20 

configuration      R 
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 Assigning the stereochemistry between C4 and C36 in mono-THF 1.6.3.1.1.1.3

acetogenins 

Hoye et al.
72

 introduced a method to determine the stereochemical relationship between 

C4 and C36 in mono-THF acetogenins such as annonacin-10-one (63) and annonacin 

(62) based on the magnitude of their chemical shift difference (Figure 1.50). 

 

Figure 1.50: Annonacin-10-one (63) and annonacin (62) 

The assignment of the stereochemistry between C4 and C36 in mono-THF annonacin-

10-one (63) and annonacin (62), required use of the model compound 107SS which was 

previously employed to assign the stereochemistry at C4.
72

 In addition, a synthesis of 

two new stereoisomeric model compounds 109SR and 109RS was performed (Figure 

1.51).
73

  

 

Figure 1.51: Model compounds 109SR and 109RS and butenolide 107SS 

Model compounds 109SR and 109RS were prepared as a racemic mixture
73

 and 

derivatised as (S)-MTPA-109SR and (S)-MTPA-109RS esters which were separated by 

HPLC (Scheme 1.6).
72
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Scheme 1.6: Model compounds 109SR and 109RS with their Mosher ester derivatives 

(S)-MTPA-109SR and (S)-MTPA-109RS  

Hoye then compared the obtained 
1
H-NMR and 

19
F-NMR data with the Mosher ester 

data of annonacin-10-one (63) and annonacin (62). This confirmed that C36 has the S 

configuration as C4 was found to be R previously. 

 

 Assigning the stereochemistry of gigantetrocin A (25) by 1.6.3.1.1.1.4

combination of formal acetal derivatives with MTPA esters 

So far the focus has been on individual approaches to stereochemical determination. In 

practice, several techniques are used together to facilitate stereochemical determination 

of acetogenins. Combinations of Mosher’s methods and formal acetal derivatisation can 

help to determine the relative and absolute stereochemistry of mono-THF acetogenins. 

For example, assigning the stereochemistry of gigantetrocin A (25), firstly required 

formation of formaldehyde acetals 110 and 111 in order to determine the relative 

stereochemistry of 1,4,5-triol motif (Scheme 1.7). Gigantetrocin A (25) was converted 

to its formal acetals 110 in 35% and 111 in 4% yield respectively, which were separated 

by HPLC.
35
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Scheme 1.7: Formation of formal acetal derivatives 110 and 111  

The formation of the acetal product 111 was confirmed by a fragment peak at m/z 299 in 

EIMS, and also the observation of an AB system at δ 5.28 ppm and 4.62 ppm (Ha and 

Hb) in 111 which also confirmed its cis configuration. In addition, formation of the 

acetal product 110 was confirmed by a fragment peak at m/z 309 in EIMS, whereas the 

trans configuration of formal acetal 110 was emphasised by the appearance of a 2H 

singlet for the acetal protons at δ 4.96 ppm. Subsequently, Mosher esters of formal 

acetal 110 were formed (Scheme 1.8). 

 

Scheme 1.8: Mosher ester derivatives (S)-MTPA-110 and (R)-MTPA-110 

The obtained 
1
H-NMR data for (S)-MTPA-110 and (R)-MTPA-110 were analysed 

(Table 1.19); ∆δH(S-R) indicated the absolute configuration of C14 as S, and C4 as R. 
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Based on the knowledge of the relative stereochemical relationship between C14 and 

C17 (from 111), C17 could therefore be assigned to be (17R). Furthermore, the 

hydroxyl alkyl THF relative stereochemistry had been assigned as detailed in earlier 

schemes (Section 1.6.2). The absolute configuration of gigantetrocin A (25) was 

concluded to be 4R,10R,13S,14S,17R,18R,36S.
35

 

Table 1.19: Significant 
1
H-NMR data for Mosher esters (S)-MTPA-110 and (R)-

MTPA-110 

 

1
H-NMR shifts (ppm)

a
 

10 13 14 17 18 

(S)-MTPA-110 3.88 m 4.00 q 5.08 m 3.30 m 3.32 m 

(R)-MTPA-110 3.78 m 4.02 q 5.09 m 3.46 m 3.47 m 

∆δH= (S-R) +0.10 ˗0.02 ˗0.01 ˗0.16 ˗0.15 

configuration   S   

a
 The 

1
H-NMR solvent was not reported in the paper. 

 Stereochemical determination based on libraries of murisolin isomers 1.6.3.1.2

Accurate assignment of the stereochemistry of mono-THF acetogenins including those 

having local symmetry in the THF diol portion or remote stereocentres, can be tricky as 

the spectra can be practically identical.
74

 For example, the murisolin group of 

acetogenins which contains murisolin (52), 16,19-cis-murisolin (112) and murisolin A 

(113 or 114) illustrate this problem (Figure 1.52).
51,75

 Their structures were assigned by 

Cavé and co-workers,
76

 and McLaughlin and co-workers.
77

 Under standard conditions, 

none of the murisolin isomers present unique spectra. Therefore, Curran questioned 

whether their structures were correctly assigned.  

In order to answer this question Curran et al.
51

 synthesised a library of murisolin 

isomers, and obtained a comprehensive set of spectra for comparison. That required 

synthesising and characterizing a library of 28 (125-148 and murisolins 52, 112, 113 

and 114) of the 64 prospective isomers of murisolin, including 24 of the 32 potential 

diastereomers.
51,75

 Due to the local symmetry, arising from the similarity of the 

connecting alkyl chains, only six sets of “substantially identical” 
1
H-NMR spectra are 

displayed by the 32 diastereoisomers. 
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Curran sorted them according to 6 groups (A-F) of model dihydroxytetrahydrofurans 

115-124 (Table 1.20). The discussion can further be simplified by considering 

stereoisomers only containing the commonly occurring stereochemistry at C4 (R) and 

C34 (S) (HB1)
a
 (excluding HB2 (4R,34R), HB3 (4S,34R), and HB4 (4S,34S) which are 

indicated by dotted boxes in Table 1.20). That will leave only 16 possible 

diastereoisomers or 8 quasienantiomeric THF diol core units, due to the local similarity 

of the alkyl chains attached to the THF diol core.  

Curran’s goal was to investigate the spectroscopic and physical data for the 

stereoisomers of murisolin, and their corresponding tris-Mosher ester data. The data 

may be then used to confirm the stereochemistry of the natural products. In the 

following sections more detail will be provided. 

 

Figure 1.52: Structure of murisolin (52), 16,19-cis-murisolin (112), and murisolin A 

(113 or 114). a
 Hydroxybutenolide fragment.  
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Table 1.20: Structures of 28 of the 64 possible isomers of murisolin, grouped according 

to the local symmetry of the THF diol core, and their classification with model 

compounds 115-124
 

HB’s
a
 (types of hydroxybutenolide) 

 

Model symmetry
b,c

 Murisolin group of symmetry
d
 

G
ro

u
p

 A
 

 

 

G
ro

u
p

 B
 

 

 

G
ro

u
p

 C
 

 

 

a
 Hydroxybutenolide fragment. 

b 
Red double headed arrows indicate enantiomers. 

c
 t = trans; er = erythro; 

c = cis; th = threo.
 d
 Blue double headed arrows indicate end-switched isomers 
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Table 1.20 continuing: Structures of 28 of the 64 possible isomers of murisolin, 

grouped according to the local symmetry of the THF diol core, and their classification 

with model compounds 115-124
 
 

 Model symmetry
a,b

 Murisolin group of symmetry
c
 

G
ro

u
p

 D
 

 

 

G
ro

u
p

 E
 

 

 

G
ro

u
p

 F
 

 

 
a
 Red double headed arrows indicate enantiomers. 

b
 t = trans; er = erythro; c = cis; th = threo.

 c
 Blue 

double headed arrows indicate end-switched isomer. 

 Assigning the structure of murisolin (52)  1.6.3.1.2.1

Based on the 
1
H-NMR and 

13
C-NMR spectra of the six groups of murisolin 

diastereoisomers Curran placed murisolin (52) into group D with 8 candidate isomers. 

Six candidates with (4R,34R, 4S,34S, and 4S,34R) stereochemistry were excluded 

because the stereochemistry at C4 and C34 has been unambiguously determined.
72

 That 

left only two candidate isomers which are 52 and 142 (Figure 1.53). Application of 
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Mosher’s method is appropriate to distinguish between these two candidates by 

eliminating isomer 142 and leaving 52 as murisolin. In other words murisolin members 

52 and 142 have a local C2 symmetry which means that the configuration at C15 and 

C20 is either RR (52) or SS (142) at C15 and C20 respectively. Analysing their tris-

Mosher ester derivatives does not require assignment of which proton is H15 and which 

is H20 as there is no endedness problem
42

 and we do not need to know which side chain 

is where. Therefore, it is sufficient to assign the absolute stereochemistry at C15 and 

C20. In addition, the availability of the natural product sample enabled Curran to 

compare the natural sample of murisolin with the synthesised isomers 52 and 142 by 

chiral HPLC. In chiral HPLC experiment isomer 142 eluted two minutes later than 52 

whereas the natural sample of murisolin and the candidate isomer 52 eluted together, 

confirming that natural murisolin has the structure 52. The assignment was also 

consistent with observations of Tanaka et al.
78,79

 when their synthetic isomer 52 

matched with natural murisolin. 

 

Figure 1.53: Structures of murisolin candidate isomers 52 and 142  

 Assigning the structure of 16,19-cis-murisolin (112) 1.6.3.1.2.2

16,19-cis-Murisolin (112) was placed into group F based on the 
1
H-NMR spectra, with 

8 candidate isomers with local plane of symmetry (meso). Ruling out the candidates 

with 4R,34R, 4S,34S, and 4S,34R stereochemistry leaves only two isomers 112 and 148 

(Figure 1.54). Analysis of Mosher ester derivatives of the candidates 112 and 148 

provided substantially identical spectra.
51

 Tanaka and co-workers had previously 

synthesised isomers 112 and 148, and also reported that the synthetic samples provided 

“identical” spectra.
79

 The application of Mosher’s method is not helpful in this case due 

to the so-called endedness problem.
42,51

 In other words the absolute configurations at 
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C15 and C20 are either RS (112) or SR (148), which means that it is not possible to 

determine which side chain is attached to C15 or C20. In the absence of the natural 

product sample Curran was not able to confirm the structure of natural 16,19-cis-

murisolin to be either 112 or 148 by chiral HPLC comparison. Optical rotations and 

melting points need to be measured with very pure sample in order to use them in the 

comparison. Any impurity causes a variance in the measurement which can be seen in 

Table 1.21 for l6,19-cis-murisolin. However, Curran compared the melting points and 

optical rotations of the natural 16,19-cis-murisolin with synthetic isomers 112 and 148. 

He tentatively assigned 16,19-cis-murisolin to be isomer 148 based on melting point 

comparison. 

 

Figure 1.54: Structures of l6,19-cis-murisolin candidate isomers 112 and 148  

Table 1.21: Optical rotation and melting point comparison of natural 16,19-cis-

murisolin with synthetic isomers 112 and 148 

  [α]D M.p. 

Natural 16,19-cis-murisolin +11.0 (c 0.10, CH2Cl2)
a 
 67–68 °C

a
 

Synthetic isomers 112 +8.1 (c 0.10, MeOH)
b
 

+10.3 (c 0.11, MeOH)
b 

+10.3 (c 0.1, CH2Cl2)
c
 

72–73 °C
b 

– 

83–84 °C
c
 

Synthetic isomers 148 +4.5 (c 0.10, MeOH)
b  

+9.1 (c 0.50, CH2Cl2)
c 
 

63–64 °C
b 

65–66 °C
c
 

a
 From McLaughlin’s work.

77
 
b
 From Curran’s work.

51
 
c
 From Tanaka’s work.

79
 

However, during Curran’s study Brown and co-workers reported that natural cis-

solamin (threo/cis/threo) with local symmetry within the THF diol unit is a mixture of 

tetra-epimeric diastereoisomers (Figure 1.55).
6
 Brown’s discovery was based on the 

chiral HPLC comparison of the natural and synthetic samples of cis-solamin B (2B) 

(more detail in section 1.8). This discovery led Curran to suggest that natural 16,19-cis-
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murisolin (threo/cis/threo) could also be a mixture of isomers 112 and 148. However, 

Curran was not able to confirm his suggestion by chiral HPLC in the absence of a 

natural sample of 16,19-cis-murisolin. 

 

Figure 1.55: Structure of cis-solamin B (2B) 

 Assigning the structure of murisolin A (112 or 113) 1.6.3.1.2.3

Murisolin A (112 or 113) was placed into group A with 16 candidate isomers based on 

the 
1
H-NMR spectra. Twelve candidate isomers were ruled out (based on 

hydroxybutenolide stereochemistry) and that left only four isomers 113, 114, 125 and 

126. Curran prepared the tris-Mosher ester derivatives of the four candidates and based 

on the Mosher ester analysis Curran ruled out candidates 125 and 126, due to the 

determination of the threo and erythro absolute configurations. The threo has R,R 

configuration whereas erythro has S,S configuration. The remaining two end-switched 

isomers 113 and 114 provided identical tris-Mosher spectra. Therefore, Curran assigned 

murisolin A to be either 113 or 114 (Figure 1.56).
51

 Curran’s assignment agreed with 

McLaughlin’s assignment of natural murisolin A as either 113 or 114 based on the tris-

Mosher ester of the natural murisolin A.
77

 However, in the absence of the natural 

murisolin A sample Curran was not able to do the chiral HPLC comparison. Therefore, 

he tentatively assigned murisolin A to be 113 based on the melting point comparison 

(Table 1.22).  

 

Figure 1.56: Structures of murisolin A candidate isomers 113 and 114 
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Table 1.22: Optical rotation and melting point comparison of natural murisolin A with 

synthetic murisolin A 112 and 113 

  [α]D M.p. 

Natural murisolin A
77

 +17.0 (c 0.1, CHCl3)
 
 83–84 °C 

Curran’s synthetic murisolin 113A
51

 +9.5 (c 0.1, CH2Cl2)
 
 83–84 °C 

Curran’s synthetic murisolin 114A
51

 +14.0 (c 0.1, CH2Cl2)
 
 

 

74–75 °C 

 

In summary, Curran accurately confirmed the assignment of natural murisolin (52) by 

disproving all the incorrect candidate isomers using a combination of NMR database 

analysis of tris-Mosher ester derivatives and chiral HPLC methods. In addition he 

tentatively assigned the structures of natural l6,19-cis-murisolin and murisolin A by 

combination of NMR database analysis of tris-Mosher ester derivatives and comparison 

of physical data. 

 

 2-Naphthylmethoxy acetic esters derivatives (2-NMA) method 1.6.3.1.3

Duret and co-workers developed a method for determining the absolute configurations 

of carbinols in Annonaceous acetogenins using 2-naphthylmethoxyacetic acid esters (2-

NMA) (S)-149 and (R)-149 by employing the enhanced anisotropy of the naphthyl ring 

in comparision to Mosher ester derivatives. Duret applied this method to bis-THF 

acetogenin asimicin (11) (Figure 1.57).
80

  

 

Figure 1.57: Structure of asimicin (11) and (R)- and (S)-2-naphthylmethoxyacetic acids 

(S)-149 and (R)-149 
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Duret converted asimicin (11) to its per-2-NMA ester using (R)- and (S)-2-

naphthylmethoxyacetic acids
80,81,82

 and then analysed the obtained ∆δH = (S-R)
a
 and 

compared them with (S)-MTPA- and (R)-MTPA derivatives
42

 (Figure 1.58).  

 

Figure 1.58: Comparison of 2-NMA and Mosher ester derivatives of asimicin (11). a
 
1
H-

NMR spectra were recorded at 400 MHz in CDCl3. 

Following the rule of Trost
83

 and Latypov,
81

 Duret assigned the absolute configuration 

of asimisin (11) as 4R,15R,16R,19R,20R,23R,24R based on the large observed ∆δH = (S-

R) which was 2 to 17 times larger in 2-NMA derivatives in comparison to MTPA ester 

derivatives.
80

 We are not aware of any applications of this method to mono-THF 

acetogenins, although it should be equally useful in these systems. 

 

 p-Bromophenylurethane derivatisation method 1.6.3.1.4

Cortes and co-workers
84

 developed a new method for determining the absolute 

stereochemistry of carbinol centres in dihydroxylated bis-THF acetogenins by formation 

of monourethane or diurethane ester derivatives followed by mono-Mosher ester 

methodology. Cortes applied this method for determining the absolute stereochemistry 

of carbinol centres in rollimembrin (150)
15

 which possesses the 

threo/cis/threo/cis/erythro relative configuration (Figure 1.59).  
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Figure 1.59: Structure of rollimembrin (150) 

Treatment of rollimembrin (150) with p-bromophenylisocyanate afforded the desired 

diurethane product 151 (Scheme 1.9).
85

 The formation of 13-O-bromophenylurethane 

derivative was indicated by the appearance of the C13 methine proton at 4.85 ppm in 

the 
1
H-NMR spectrum and the loss of the 

1
H-NMR signal of hydroxymethine proton 

(H13) at 3.40 ppm (Table 1.23). The derivatisation at C4 and C13 was not supported by 

EIMS fragmentation in the paper. However, it is a solution for the endedness problem as 

the placement of the adjoined stereogenic centres at C13 and C22 and the bis-THF rings 

at C14 and C21 can be determined from EIMS fragment ions of the diurethane 

derivative 151.  

 

Scheme 1.9: Formation of rollimembrin diurethane (151) 
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Table 1.23: Comparison of 
1
H-NMR chemical shifts of rollimembrin (150) and 

rollimembrin diurethane (151) (monoalcohol). 

 1
H-NMR shifts (ppm) 

H3a H3b H4 H13 OH free 

Rollimembrin (150)
a
 2.39 2.52 3.81 3.40  

Rollimembrin diurethane (151)
b
 2.56 2.56 5.05 4.85 C22 

a
 
1
H-NMR (250 MHz, CDCl3). 

b
 
1
H-NMR (250 MHz, CDCl3). 

Rollimembrin diurethane (151) (monoalcohol) was then converted to its corresponding 

(S)-MTPA and (R)-MTPA Mosher ester derivatives (Figure 1.60). 
I
H-

1
H COSY 

analysis of the obtained derivatives resulted in assigning the absolute stereochemistry at 

C22 (S). Adding this assignment to the previous known relative stereochemistry within 

the bis-THF system completed the assignment of rollimembrin (150) as 

(13R,14R,17S,18S,21R,22S)-rollimembrin (150) (Table 1.24). 

 

Figure 1.60: Rollimembrin diurethane (S/R)-MTPA derivatives (152) 

Table 1.24: 
1
H-NMR data for Mosher esters (R)- and (S)-rollimembrin diurethane (152) 

(monoalcohol). 

 
1
H-NMR (400 MHz, CDCl3) δ (ppm) 

H21 H23 C22 

(S)-MTPA-152 3.900 1.573  

(R)-MTPA-152 3.830 1.615  

∆δH = (S-R) +0.070 ˗0.042  

configuration   S 
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 Application of total synthesis for determination of the absolute 1.6.3.1.5

stereochemistry in mono-THF acetogenins 

Total synthesis can, in principle, be used to confirm the absolute stereochemistry in 

mono-THF acetogenins by comparison of the natural product with a synthetic sample. 

Curran’s work described in section 1.6.3.1.2 provides an example of this approach, but 

also highlights some other difficulties. For example, in order to determine the unknown 

stereochemistry at C10 in the natural product corossolin (153), which was isolated from 

Annona muricata (Figure 1.61),
86

 Wu and co-workers
87

 synthesised (10S)-corossolin 

(155) and (10R)-corossolin (154) (Figure 1.62). 

 

Figure 1.61: Structure of corossolin (153) 

 

Figure 1.62: (10S)-corossolin (155) and (10R)-corossolin (154) 

Wu’s strategy was based on making two right hand fragments 157 and 158 followed by 

coupling them with the left hand fragment 156, towards the total synthesis of (10S)-

corossolin (155) and (10R)-corossolin (154) (Figure 1.63). 

 

Figure 1.63: Wu’s strategy towards (10S)-corossolin (155) and (10R)-corossolin (154). 
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 Synthesis of the right hand fragments 157 and 158  1.6.3.1.5.1

 

Scheme 1.10: Synthesis of the right hand fragments 157 and 158. Reagents and 

conditions: (a) red HgO, Br2, CCl4; (b) i) PPh3, 130 °C, ii) t-BuOK, (2R)-2,3-O-

isopropylideneglyceral, THF; (c) H2, 10% Pd-C; (d) LDA, HMPA, (2S)-O-

tetrahydropyranyl lactal; (e) Ac2O, pyridine; Amberlyst 15 resin, MeOH; (f) DBU, 

THF; (g) i) trimethyl orthoacetate, PPTS, CH2Cl2, ii) AcBr, CH2Cl2, iii) K2CO3, MeOH; 

(h) TBSCl, imidazole, DMAP, CH2Cl2; (l) i) MsCl, Py, CH2Cl2, ii) 40% HF, MeCN, iii) 

60% NaH, THF. 

Synthesis of the right hand fragments 157 and 158 started from azelic acid monoethyl 

ester 159 which was subjected to a Hunsdiecker reaction using red HgO and Br2 to 

afford bromide 160 in 72% yield.
88

 Bromide 160 underwent Wittig reaction with 2,3-O-

isopropylidene-D-glyceraldehyde to afford acetal 161 in 61% yield, which was followed 

by hydrogenation with 10% Pd-C to give acetal 162 in 94% yield. The aldol product 

163 was obtained in 80% yield via treatment of acetal 162 with LDA and (2S)-O-

tetrahydropyranyl lactal,
89,90

 which was then submitted to a one-pot reaction sequence 

including protection of the hydroxyl group as its acetate, acid-catalyzed ring closing of 

the latone, followed by acetal removal to give diol 164 in 85% yield. Butenolide 165 

was obtained in 92% yield via β-elimination of acetate using DBU. Treatment of 

butenolide 165 with trimethyl orthoacetate, acetyl bromide and K2CO3/MeOH in a one-
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pot reaction then afforded right hand fragment 158 in 82% yield.
91

 In addition, right 

hand fragment 157 was synthesised via selective protection of the hydroxyl group of 

butenolide 165 as its TBS ether to give alcohol 166 in 80% yield. This product was then 

subjected to mesylation, desilylation and ring closure with NaH to afford right hand 

fragment 157 in 62% yield.
92

 

 Synthesis of the left hand fragment 156 1.6.3.1.5.2

Preparation of the left hand fragment 156 started with a synthesis of aldehyde 167 on 

large scale from D-gluconolactone.
87,93

 Aldehyde 167 underwent Wittig reaction to give 

diacetal 168 in 92% yield, which was then subjected to hydrogenation to afford 

compound 169 in 97% yield. Mono-acetal 170 was obtained in 83% yield by selective 

cleavage/oxidation of the terminal acetal in compound 169 followed by Horner-

Emmons reaction (Scheme 1.11). Hydrogenation, and reduction with LiAlH4 afforded 

alcohol 171 in 72% yield. The alcohol 171 was subjected to Swern oxidation and 

Horner-Wadsworth-Emmons reaction of the obtained aldehyde to afford ester 172 in 

85% yield. Reduction of ester 172 with DIBAL-H afforded allylic alcohol (E)-173 in 

95% yield. Sharpless asymmetric epoxidation of allylic alcohol (E)-173 with L-(+)-

DIPT afforded epoxy alcohol 174 in 83% yield (de 95%, 
1
H-NMR). Acetal 175 was 

obtained in 90% yield via acid-catalyzed one-pot transformation of epoxy alcohol 174 

with camphorsulfonic acid. Protection of the hydroxyl group in acetal 175 as its TBS 

ether was achieved in 85% yield. The acetal protecting group of 176 was cleaved and 

the aldehyde obtained from diol cleavage was reacted with allenylboronic ester
94

 to give 

alcohol 177 in 85% yield (threo/erythro 18.8 : 1). Finally, the hydroxyl group of 177 

was protected as its TBS ether in 91% yield followed by converting the TBS ether to the 

MOM ether in 86% yield, which was achieved by selective deprotection using 40% HF, 

followed by reprotection with MOMCl, and 
i
Pr2NEt. 
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Scheme 1.11: Synthesis of the left hand fragments 156. Reagents and conditions: (a) 

C11H23PPh3
+
Br

–
, n-BuLi; (b) H2, 10% Pd-C; (c) i) H5IO6, Et2O, ii) 80% NaH, 

(OEt)2POCH2CO2Et; (d) i) H2, 10% Pd-C, ii) LAH, Et2O; (e) i) (COCl)2, DMSO, 80% 

NaH, ii) (OEt)2POCH2CO2Et; (f) DIBAL-H, CH2Cl2, –78 °C; (g) TBHP, Ti(O
i
Pr)4, L-

(+)-DIPT, 4Å MS, –20 °C; (h) CSA, Me2C(OMe)2, CH2Cl2; (i) TBSCl, imidazole, 

DMF; (j) i) H5IO6, Et2O, ii) 4 Å MS, allenylboronic acid, D-(–)-DIPT; (k) TBSCl, 

imidazole, DMF; (l) i) 40% HF, MeCN, ii) 
i
Pr2NEt, MOMCl. 

 Coupling of (10S)-corossolin (155) and (10R)-corossolin (154) 1.6.3.1.5.3

fragments 

Coupling of the right hand fragments 157 and 158 with the left hand fragment 156, 

followed by reduction of the alkyne and deprotection led to (10S)-corossolin (155) and 

(10R)-corossolin (154) (Scheme 1.12). 
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Scheme 1.12: Coupling of corossolin fragments (10S)-corossolin to give (155) and 

(10R)-corossolin (154). Reagents and conditions: (a) n-BuLi, BF3.OEt2, THF and 157 

(leading to 179) or 158 (leading to 181); (b) H2, RhCl(PPh3)3, PhH; (c) BF3.OEt2, DMS, 

0 °C. 

Wu assigned the absolute stereochemistry of natural corossolin to be R at C10 based on 

agreement of 
1
H-NMR, 

13
C-NMR and optical rotation data with those for (10R)-154. On 

the other hand Makabe et al.
92

 had previously synthesised both of diastereoisomers 

(10S)-155 and (10R)-154, and reported that, the 
1
H-NMR, 

13
C-NMR, IR data are very 

similar to the natural corossolin (153), but the melting point was different from the 

natural sample. A comparison between the data of natural corossolin (153) and both 

synthetic samples of (10S)-corossolin (155) and (10R)-corossolin (154) of Wu and 

Makabe is illustrated in (Table 1.25). 
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Table 1.25: Comparison between the data of natural corossolin (153) and synthetic 

samples of (10S)-corossolin (155) and (10R)-corossolin (154) of Wu and Makabe  

 
13

C-NMR data  [α] D M.p. 

 C10 C15 C16 C19 C20   

Natural
 a

 corossolin-

153 

71.60 73.90 82.60 82.60 73.90 +19.0 45–50 

°C 

Wu’s 

corossolin
 b
 

(10R)-154  71.897 74.099 82.616 82.616 74.099 +19.1 53–54 

°C 

(10S)-155 71.739 74.022 82.678 82.612 73.854 +24.6 56–57 

°C 

Makabe’s 

corossolin
 c
   

(10R)-154  71.67 74.03 82.68 82.62 73.84 +21.0 66–69 

°C 

(10S)-155 // // // // // +22.2 56.5–

58 °C 
a
 
13

C-NMR (CDCl3, 50 MHz). 
b
 
13

C-NMR (CDCl3, 150 MHz). 
c 13

C-NMR (CDCl3, 100 MHz). 

It can be seen from the data that the stereochemistry at C10 in (10R)-corossolin is not 

unambiguously proven on the basis of comparison. On the other hand Makabe
92

 also 

noted that, Chang and co-workers
95

 isolated corossolin (153) from Gonothalamus 

amuyon with [α]D of +64.0 and mp of 62 °C. These synthetic studies show the 

difficulties in assigning stereochemistry in acetogenins based on NMR data, optical 

rotation data and MP. 

 

 Determining the absolute stereochemistry of butenolide and lactone 1.6.3.2

units in acetogenins 

 Optical rotation data 1.6.3.2.1

Optical rotation can be used to determine absolute configuration by comparison with 

data for a model compound. Rieser et al.
96

 confirmed that natural muricatacin (183) is a 

mixture of (4R,5R) and (4S,5S) enantiomers with a surplus of (4R,5R) based on 

comparison of its optical rotation with the synthetic analogue (4S,5S)-5-

hydroxypentadecan-4-olide (184) (Table 1.26). The relative stereochemistry had been 

confirmed by NMR. 
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Table 1.26: Optical rotation of muricatacin (183) and synthetic analogue 184 

Muricatacin (183)
a
 Synthetic analogue 184 

  

[α]
20

D = –5.8 [α]
20

D = +29.2 

a
 The ee were not stated in the paper.

96
 

 Determination of the absolute stereochemistry in mono-THF 1.6.3.2.2

acetogenins using circular Dichroism (CD) spectroscopy technique  

Circular Dichroism (CD) spectroscopy relies on the measurement of the different 

absorption of right and left circularly polarised radiation by chromophores which are 

chiral or put in chiral enviroments.
97

 Acetogenins have a number of chromophores, 

including butenolides which can give rise to CD signals in the far UV at wavelengths 

205-265 nm.
31,98

 The appearance of Cotton effects originates from the carbonyl 

chromophore nπ* transition.
99,100

 In practice, CD was used to define the absolute 

stereochemistry at C36 in acetogenins (lactone unit) by comparison with previously 

assigned butenolides.
31

 McLaughlin and co-workers.
101

 used CD spectroscopy to 

determine the absolute stereochemistry of bullatacinone (185), which was concluded to 

have the S configuration. Their conclusions were based on CD comparison with two 

model compounds, rubrenolide 186 and rubrynolide (two 2,4-disubstituted--

butyrolactones) with known stereochemistry.
102

 The comparison was based on the 

modification of the Hudson lactone rule (Table 1.27).
103

 

 Table 1.27: CD comparison of bullatacinone (185) and rubrenolide (186)  

 Bullatacinone (185) Rubrenolide (186) 

 

 
 

Cotton effect (˗) (+) 

configuration 4S 4R 
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In addition, the absolute stereochemistry of C34 in longifolicin (187)
26

 was determined 

to be S based on comparison of its Cotton effect at 236.8 nm ( = ˗0.29) with CD data 

of previously assigned squamocin (188),
104

 which has the 36S configuration with a 

comparable negative Cotton effect at 236 nm ( = ˗0.33) (Figure 1.64).  

 

Figure 1.64: Structure of longifolicin (187) and squamocin (188)  

 Assigning the relative and absolute stereochemistry in mono-THF 1.6.4

acetogenins (full structure assignment) 

Representative examples illustrated below show how a combination of the methods 

described in this introduction for assigning the relative and absolute stereochemistry, 

can be applied to provide full structural and stereochemical assignment of mono-THF 

acetogenins.  

 Assigning the stereochemistry of cis-gigantrionenin (77) 1.6.4.1

Comparison of 
1
H-NMR data for cis-gigantrionenin (77)

52
 with Harmange’s model 

compound
45

 and Fujimoto’s model compound
50

 indicated the relative stereochemistry at 

C13/C14 to be threo with a cis configured THF ring. In addition NOESY experiments 

confirmed the cis configuration as a cross peak was observed between H10 (3.87 ppm) 

and H13 (3.73 ppm) (Figure 1.65). It should also be highlighted that resonance of the 

C14 methine proton at δ 3.41 ppm is characteristic of the C13/C14 threo relationship 

(Born’s rule). 

 

Figure 1.65: cis-Gigantrionenin (77) 
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Furthermore, the threo relative configuration at C17/C18 was confirmed by making 

acetonide derivative 189. The appearance of acetonyl methyl groups at 1.38 ppm as a 

singlet beside the two signals at 3.59 ppm and 3.61 ppm for the dioxolane ring protons
55

 

confirmed the threo configuration.
105

 The reported signals of the methine protons and 

acetonyl methyls are shown in (Figure 1.66). 

 

Figure 1.66: Acetonide derivative 189 of cis-gigantrionenin (77) 

The R configuration of C18, and S configuration of C14 was confirmed by Mosher ester 

data of (R)-MTPA-77 and (S)-MTPA-77 (Figure 1.67). The S configuration of C13 and 

C10 was confirmed from C14 having S configuration.  

 

Figure 1.67: Mosher ester derivative (S)-MTPA-77 and (R)-MTPA-77  

Finally, the negative Cotton effect at 238 nm for compound 77 in its CD spectrum 

confirmed the S configuration of C36. 

 Assigning the absolute stereochemistry of longifolicin (187) 1.6.4.2

The relative stereochemistry of longifolicin (187) was assigned to be threo at C13/C14 

and C17/C18 with trans configuration of the THF ring,
26

 based on the 
1
H-NMR and 

13
C-NMR chemical shift comparison with Harmange’s model compounds 53 and 54 

(Figure 1.68).
45

 

 

Figure 1.68: Structure of longifolicin (187)  
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In addition, determination of the relative relationship of the 1,4-diol (C13 and C10) 

required formation of formaldehyde acetal derivative 190 (Figure 1.69).
35

  

 

Figure 1.69: Longifolicin formal acetal 190  

From the 
1
H-NMR data of acetal, the configuration was assigned to be cis based on the 

pair of doublets at δ 5.15 ppm and 4.61 ppm (J = 7.5 Hz).
26,35

 In addition, the advanced 

Mosher ester method
42,59

 was employed to determine the absolute stereochemistry at the 

C18 carbinol centre in longifolicin formal acetal 190, which was confirmed to be R 

based on COSY 
1
H-NMR data analysis of its Mosher ester derivatives (S)-MTPA-190 

and (R)-MTPA-190. Then C10, C13, C14, and C17 were all R considering the relative 

stereochemistry (Table 1.28). 

Table 1.28: Mosher ester data of longifolicin formal acetal 190 

 

 

1
H-NMR (500 MHz, CDCl3) δ (ppm) 

13 14 15 16 17 18 19 

(S)-MTPA-190 3.57 3.92 1.78, 1.67 1.93, 1.53 4.08 5.06 1.63 

(R)-MTPA-190 3.65 4.02 1.93, 1.80 2.03, 1.60 4.08 5.05 1.50 

∆δH= (S-R) -0.08 -0.10 -0.15, -0.13 -0.10, -0.07 0  +0.13 

configuration      R  

 

A negative Cotton effect at 236.8 nm confirmed the stereochemistry at C34 to be S. 
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 Assigning the absolute stereochemistry of (2,4-cis- and trans)-1.6.4.3

gigantetroneninone (44) 

 

Figure 1.70: Structure of (2,4-cis and trans)-gigantetroneninone (44) 

Born’s model compound
43

 was used for comparison purposes to assign the relative 

configuration at C13/C14 which was determined to be threo based on the comparison of 

the 
13

C-NMR peak of C14 at 74.40 ppm and 
1
H-NMR signals at H13 (3.81 ppm) and 

H14 (3.44 ppm). In addition, the method of Hoye et al.
39,41

 also confirmed the relative 

stereochemistry at C13/C14 to be threo from its tri-acetate derivatives 45 (Figure 1.71).  

 

Figure 1.71: Structure of (2,4-cis and trans)-gigantetroneninone triacetate (45) 

The relative configuration of C17/C18 was determined to be threo based on the 

comparison of 
1
H-NMR data of H17 (3.44 ppm) and H18 (3.44 ppm) with erythro and 

threo compounds with previously assigned stereochemistry.
56,57

 Furthermore, NMR 

studies of acetonide derivative 191 also confirmed a threo configuration at C17/C18 as 

the two acetonyl methyl groups gave rise to a single peak at 1.38 (Figure 1.72).
55,106

  

 

Figure 1.72: (2,4-cis and trans)-gigantetroneninone acetonide (191) 

Mosher ester derivatives (S)-MTPA-44 and (R)-MTPA-44 were made and the absolute 

configuration was assigned for C17 and C18 to be R, and for C14 to have the S 
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configuration (Figure 1.73). The absolute stereochemistry at C13 was therefore 

deduced from the relative relationship C13/C14. 

 

Figure 1.73: Mosher ester derivatives (S)-MTPA-44 and (R)-MTPA-44 

In order to define the stereochemisty of the C4 carbinol in (2,4-cis and trans)-

gigantetroneninone (44),
26

 gigantetronenin (192),
107

 which was isolated from the same 

plant origin and has R stereochemistry at C4 (determined by advanced Mosher method), 

was transformed to (2,4-cis and trans)-gigantetroneninone (44) under basic conditions 

(Scheme 1.13). A negative Cotton effect at 223 nm was observed in the CD spectrum 

for the obtained mixture of compounds. Based on agreement of 
1
H-NMR data for 

synthetic gigantetroneninone (44) with natural (2,4-cis and trans)-gigantetroneninone 

(44), it was concluded that the two synthetic products
26

 possess the same absolute 

stereochemistry as gigantetronenin (192). Therefore, the stereochemistry at C4 in 

natural (2,4-cis and trans)-gigantetroneninone (44) was assigned to be R (this 

transformation does not affect the stereochemistry of C4).
108

 

 

Scheme 1.13: Transformation of gigantetronenin (192) to (2,4-cis and trans)-

gigantetroneninone (44) 
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 Assigning the stereochemistry of donnaienin (193) 1.6.4.4

Donnaienin (193) which contains a hydroxylated THF ring was isolated from the roots 

of Goniothalamus donnaiensis in 1998 by Jiang et al.
109

 (Figure 1.74).  

 

Figure 1.74: Structure of donnaienin (193) 

The threo relative configuration at C18/C17 and C13/C14 was assigned based on 

comparison with Born’s model compounds 46 and 47.
43

 The THF ring has a trans 

configuration and nOe experiments confirmed the threo relative configuration at 

C14/C15 (Figure 1.75).  

 

Figure 1.75: nOe correlations for the THF system of donnaienin (193) 

In addition the relative configuration at C10/C13 was assigned based on its formal 

acetal derivative 194 (Figure 1.76). 

 

Figure 1.76: Formal acetal of donnaienin derivative 194 

The absolute stereochemistry was deduced using the advanced Mosher method. Thus, 

acetonide derivative was formed at C10/C13 (the yield of formal acetal was poor) to 
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reduce the complexity, and then the Mosher ester derivatives (S)-MTPA-195 and (R)-

MTPA-195 were formed (Figure 1.77).  

 

Figure 1.77: (S)-MTPA-195 and (R)-MTPA-195 derivatives of donnaienin acetonide  

The obtained COSY 
1
H-NMR data were analysed resulting in confirmation of the C4 

stereochemistry as R, C15 as R and C18 as S. The S configuration at C4 was determined 

based on comparison of the ∆δH = (S-R) of its Mosher ester derivatives with that for 

Hoye’s model compounds 107SS, 109SR, and 109RS.
72

 Finally, the remaining 

stereogeninc centres at C10, C13, C14, and C17 were assigned as S, S, R and S 

respectively based on the previously determined relative relationships with C15.
109

 

 Determining the stereochemistry of epoxy acetogenins  1.6.5

Absolute configurations of epoxy acetogenins can be determined by either 

transformation of epoxides to the corresponding mono-THF, followed by use of the 

methods described above to determine absolute and relative stereochemistry of the 

corresponding mono-THF core. Alternatively, by total synthesis of compounds of 

known stereochemistry and comparison with the natural products. In the following 

section an overview of each method will be given. 

 

 Assigning the relative configuration of epoxy acetogenins by 1.6.5.1

transformation of epoxides to mono-THF acetogenins 

 Assigning the stereochemistry of sabadeline (196) 1.6.5.1.1

Gleye et al.
46

 determined the relative configuration of sabadelin (196) which required 

the formation of bis-epoxide 197 via oxidation of sabadeline (196) using m-CPBA 
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followed by HClO4 promoted cyclisation to give a mixture of mono-THFs 198 and 199. 

Comparison of 
13

C-NMR data of the obtained mono-THF acetogenins 198 and 199 with 

Fujimoto’s model compounds 68-75,
50

 confirmed the threo/cis/threo relative 

configuration for 198 and threo/trans/threo relative configuration for 199 (Scheme 

1.14). The absolute stereochemistry of the THF diols 198 and 199 was not determined. 

 

Scheme 1.14: Stereochemical determination of sabadeline (196). *Absolute 

stereochemistry at C17 and C18 (and C13/C14) may be inverted. 

 

 Assigning the stereochemistry of corepoxylone (200)  1.6.5.1.2

Corepoxylone 200 is thought to be a biogentic precursor of mono-THF corossolone 

(201). The bis-epoxide was treated with HClO4
110

 to give corossolone (201) with 

threo/trans/threo relative configuration,
111

 despite the possibility of the opening at 

either C15 or C20, corossolone with threo/cis/threo relative configuration was not 

obsevered as the TLC has shown only one spot for corossolone (201) 

(threo/trans/threo). The threo/trans/threo relative configuration of corossolone (201) 

was confirmed by comparison of its 
1
H-NMR data with Harmange’s model compound 

53 and 54.
45

 This threo/trans/threo relationship confirmed the cis stereochemistry of the 

epoxide rings in corepoxylone (200). According to the authors, the trans epoxides 
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would give a mono-THF product with the erythro/trans/erythro configuration (Scheme 

1.15), which is not observed.
111

 They assigned the stereochemistry of the bis-epoxide 

based on its conversion to corossolone (201), which has the threo/trans/threo 

relationship. They incorrectly assumed that acid-catalysed ring opening occurred at 

C15/C20, and therefore deduced the epoxide to be 15S*, 16R*,19S*,20R*. This was 

later shown to be in error by 
18

O labelling studies (see section 1.8). Corepoxylone 

therefore is likely to possess an “anti” relationship between the epoxide groups.    

 

Scheme 1.15: Stereochemical determination of corepoxylone (201) 

 

 Assigning the stereochemistry of anti-dieposabadelin (202) 1.6.5.1.3

Ndob et al.
112

 determined the relative stereochemistry of anti-dieposabadelin (202) by 

converting it to mono-THF diol 203 and then comparing the obtained 
1
H-NMR data 

with the data of Fujimoto’s model compounds 68-75
50

 and Harmange’s model 

compounds 53 and 54.
45

 Based on good agreement of the data, the threo/trans/threo 

configuration of anti-dieposabadelin 202 was confirmed. The anti relationship between 

the two epoxide rings in anti-dieposabadelin 202 was proposed based on the trans -THF 

ring in 203 considering the ring opening via SN2 by H2O attack at C14/C17 with 

inversion of configuration (Scheme 1.16).
6,50,113

 This internal opening was later 

demonstrated to be the major pathway in acidic hydrolytic opening of bis-epoxides in 

elegant 
18

O labelling studies carried out by Gleye et al.
113
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Scheme 1.16: Stereochemical determination of anti-dieposabadelin (202) 

 

 Assigning the absolute configuration of epoxy acetogenins by total 1.6.5.2

synthesis 

As mentioned before total synthesis is a very important method applied to determine the 

stereochemistry of acetogenins, and this approach has been used to determine the 

absolute configuration in epoxy acetogenins. For example, Makabe et al.
114,115

 

investigated the application of total synthesis to determine the stereochemistry of 

epoxyrollin A (204) (38 carbon atoms), which was isolated from Rollinia ulei as an 

inseparable mixture with epoxyrollin B (205) (36 carbon atoms).
116

 

 

Figure 1.78: Proposed structures of epoxyrollin A (204) and epoxyrollin B (205) 

The structures of both were proposed by tandem mass spectrometry by Cavé et al.
116

 

The relative stereochemistry of epoxide ring in epoxyrollin A (204) was determined to 

be cis based on 
1
H-NMR data, as appearance of two proton signals at 2.92 and 2.96 ppm 

(J = 4.5 ppm) is characteristic for a cis-disubstituted epoxide. Furthermore, the cis 

relative relationship is supported by the appearance of the oxygen-bearing carbons of 

the epoxide at 56.7 and 57.8 ppm in the heterocorrelated 
1
H-

13
C-NMR spectrum.

116
 

However, due to the local symmetry it is unlikely to have a significant difference in the 
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13
C chemical shifts of these two carbons (see below). The absolute stereochemistry of 

C36 was assumed to be S based on the precedent from other acetogenins. Therefore, 

Makabe suggested that the absolute stereochemistry of epoxyrollin A (204) should be 

either (20S,21R)-204 or (20R,21S)-204 (Figure 1.79). 

 

Figure 1.79: Proposed stereochemistry of epoxyrollin A (204) 

Therefore, Makabe proposed a synthetic route to (20S,21R)-204 and (20R,21S)-204 in 

order to use them for comparison with the natural sample. Makabe’s synthetic strategy 

required formation of 2 fragments 206 and 207, which would be coupled together to 

obtain (20S,21R)-204 and (20R,21S)-204 (Figure 1.80).  

 

Figure 1.80: Makabe’s synthesis strategy towards (20S,21R)-204 and (20R,21S)-204 

The right hand fragment 207 was synthesised following Makabe’s procedure (presented 

in section 1.8.1.2).
117

 The left hand fragment 206 was synthesised in nine steps starting 

from allylic alcohol 208 (Scheme 1.17).
114

 The oxygen bearing stereocentres were 

introduced using a sequence involving a Sharpless asymmetric dihydroxylation. 
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Scheme 1.17: Synthesis of the left hand alkyne fragment 206. Reagents and conditions: 

(a) TBDMSCl, imidazole, DMF; (b) AD-mix β, t-BuOH, H2O; (c) 2,2-dimethoxy 

propane, acetone; (d) TBAF, THF; (e) i) p-TsCl, pyridine, ii) HCl, MeOH, iii) KOH, 

MeOH, (94% ee), iv) recrystallisation (> 98% ee); (f) MOMCl, 
i
Pr2NEt, CH2Cl2; (g) 1-

octyne, n-BuLi, BF3.Et2O, THF; (h) Li, trimethylenediamine, t-BuOK. 

The alkyne 206 and the right hand vinyl iodide fragment 207 were coupled together in a 

palladium-catalysed cross coupling reaction (Sonogashira coupling).
118,119

 That afforded 

enyne 216 which led to (20S,21R)-204 and (20R,21S)-204 after reduction and epoxide 

formation (Scheme 1.18). 
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Scheme 1.18: Palladium-catalysed cross coupling reaction between the left hand 

fragment 206 and the right hand fragment 207. Reagents and conditions: (a) 207, 

Pd(PPh3)4, pyrrolidine, CuI; (b) H2, Rh(PPh3)3Cl, C6H6; (c) i) MsCl, Et3N, pyridine, ii) 

HCl, MeOH, THF, iii) KOH, THF; (d) i) m-CPBA, CH2Cl2, ii) toluene, reflux; (e) i) 

Ac2O, DMAP, pyridine, ii) PPTS, MeOH, CH2Cl2; (f) i) MsCl, Et3N, pyridine, ii) KOH, 

MeOH; (g) i) m-CPBA, CH2Cl2, ii) toluene, reflux.  

Makabe compared the 
13

C-NMR spectra and mass spectrometry data (FABMS, 

FABMS/MS) of the natural product epoxyrollin A (204)
116

 with the synthetic 

diastereoisomers (20S,21R)-204 and (20R,21S)-204 and he found that the data were not 

identical. Significantly, a single peak was observed in the 
13

C-NMR for C20/C21, as 

would be expected. Therefore, he concluded that the structure of (20S,21R)-204 should 

be revised, however, he did not propose an alternative structure. Makabe later noted that 

the structure of the natural products epoxyrollin A (204) and epoxyrollin B (205) had 

been incorrectly reported according to his private communication with Dr. Bruno 

Figadère.
114
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 Summary from the previous work 1.7

Methods used to establish relative and absolute stereochemistry in Annonaceous 

acetogenins have been reviewed. The waxy nature of acetogenins has meant that 

traditional approaches such as formation of crystalline derivatives and x-ray structural 

analysis have not been applicable. Therefore, stereochemical determination has relied 

heavily on solution methods, particularly NMR spectroscopy of the natural products and 

their derivatives. In addition, many research groups have synthesised acetogenins and 

THF model compounds to use them for 
1
H-NMR comparison with natural samples. In 

some cases, this has led to structural and stereochemical reassignments. However, there 

are still some difficulties in assigning the stereochemistry of certain groups of 

acetogenins, in particular the epoxy and bis epoxy-containing acetogenins. We are not 

aware of any studies where absolute stereochemistry has been determined for epoxy 

acetogenins to date. The solution to some of these difficulties will be the topic of 

research reported in this thesis. 
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 An introduction to the proposed work 1.8

The aim of the work described here was to investigate the chemical structure of the 

natural product diepomuricanin A (5) and to identify the absolute stereochemistry of the 

bis-epoxide system (Figure 1.81).
6
 

 

Figure 1.81: Diepomuricanins A (5) 

Diepomuricanin A (5) was isolated from the seeds, roots and stem barks of Annona 

muricata in 1992 by Cavé’s group.
113,120 

 Additionally, it has been isolated from the 

seeds of Rollina membrancea and leaves of Rollina Ulei.
113

 Natural diepomuricanin A 

(5) was later found to be a mixture of syn-diepomuricanin A (syn-5a) and anti-

diepomuricanin A (anti-5b) in 1:1 ratio when Gleye et al. investigated acidic hydrolytic 

epoxide opening-cyclisation reactions with 
18

O labelled water (Figure 1.82).
113

 

However, the absolute stereochemistry remains undetermined.  

 

Figure 1.82: Proposed structures of syn-diepomuricanin A (syn-5a) and anti-

diepomuricanin A (anti-5b). Relative stereochemistry shown for C15, C16, C19, and 

C20. 

In 2001 Gleye el al.
113

 investigated the mechanism of acid-catalysed epoxide opening in 

natural diepomuricanin (5)
120

 in 
18

O-labeled H2O using MS/MS spectrometry (Scheme 

1.19).
120
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Scheme 1.19: Ring opening of diepomuricanin A (syn-5a) with H2
18

O. a 
The 

18
O labelling 

at the labelled position indicated by high energy tandem mass spectrometry of [M – H]
–

 ions.
113

 

The obtained cis- and trans-solamins were labelled at all possible positions according to 

MS/MS spectrometry, which could only be explained by the existence of two 

diepomuricanin A diastereoisomers with syn and anti relationships for the bis-epoxide 

system (Scheme 1.20).  

Scheme 1.20: Ring opening of diepomuricanin A (anti-5b) with H2
18

O. a 
The 

18
O labelling 

at the labelled position indicated by high energy tandem mass spectrometry of [M – H]
– 

ions.
113
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Diepomuricanins A (syn-5a and anti-5b) have nearly identical 
1
H-NMR and 

13
C-NMR 

spectra (Table 1.29). In the case of anti-diepomuricanin A (anti-5b), both epoxide rings 

posses the same absolute stereochemistry, whereas in the case of syn-diepomuricanin A 

(syn-5a) the epoxide rings are pseudo enantiomers with local meso-symmetry.
113

  

Table 1.29: 
1
H-NMR and 

13
C-NMR data of natural diepomuricanin (syn-5a and anti-

5b) 

 

Gleye also noted that anti-diepomuricanin A (anti-5b) was mainly opened through 

epoxy diol (path c), confirmed by the major product trans-solamin (226) 

(threo/trans/threo) 73% and 93% labelled at C16. In addition, syn-diepomuricanin A 

(syn-5a) was also mainly opened through path c leading to cis-solamin (223) 

(threo/cis/threo) 54% labelled at C16.
113

 Finally, the relative configuration combined 

with the observed labelling patterns of the obtained mono-THF products resulted in 

confirmation that natural diepomuricanin A (5) is a mixture of syn- and anti-

diepomuricanin A in approximately 1:1 ratio. However, the absolute stereochemistry 

remains undetermined. 

Since diepomuricanins A (5) (syn-5a and anti-5b) have been isolated from the same 

plant origin as solamin (14) and cis-solamins (2),
6
 diepomuricanins A (5) are believed to 

be biogenetic precursors for solamin (14) and cis-solamin (2). Transformation of 

muricadienin (12) to either epoxymurin A (13a)
121

 or epoxymurin B (13b),
121

 and 

further oxidation to diepomuricanins (5), followed by cyclisation to solamin (14),
9
 and 

cis-solamin (2) is illustrated in the proposed biosynthetic pathway (Figure 1.83).
6
 

 Natural diepomuricanin  

Position 
1

H-NMR 

(400 MHz, CDCl
3
)
113

 δ (ppm) 

13

C-NMR 

(100 MHz, CDCl
3
)
113

 δ (ppm) 

15 2.95 57.3 

16 2.98 56.4 

19 2.98 56.4 

20 2.95 57.3 



Chapter 1: Introduction 

 78 

 

Figure 1.83: Proposed biosynthtic pathway of cis-solamins (2) and solamin (14).
6
 

In 2006 Brown and co-workers
6
 discovered that natural cis-solamin (2) is a mixture of 

two tetra-epimeric diastereoisomers cis-solamin A (2A) and cis-solamin B (2B) (Figure 

1.83).
6
 Brown’s discovery was based on chiral HPLC comparison of the synthetic 

samples
122,123

 of cis-solamin A (2A) and cis-solamin B (2B) with natural cis-solamin as 

the compounds 2A and 2B were not differentiated by 
1
H-NMR or optical rotation data.

6
 

Therefore, considering the local symmetry within the bis-epoxide system of the natural 
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product diepomuricanin A (5) we believed that diepomuricanin A (5) could also be a 

mixture of stereoisomers. Therefore, the following two stereoisomers 

(15R,16S,19R,20S,34S)-diepomuricanin A (syn-5c) and (15S,16R,19R,20S,34S)-

diepomuricanin A (anti-5d) could also be naturally occurring and they can not be 

readily differentiated from syn-diepomuricanin A (syn-5a) and anti-diepomuricanin A 

(anti-5b) using NMR, MS or other standard methods (Figure 1.84).  

 

Figure 1.84: Two suggested stereoisomers syn-diepomuricanin A (syn-5c) and anti-

diepomuricanin A (anti-5d) for natural diepomuricanins A. 

In order to identify the absolute stereochemistry of the natural product diepomuricanin 

A (5), we designed a synthetic route for the synthesis of the four possible stereoisomers 

(5a-d). We believed that HPLC comparison of the synthetic diastereoisomers with the 

natural product would then allow the stereoisomers of the natural product to be defined. 

The proposal that the diepomuricanins may also exist in nature as mixtures of 

diastereoisomers was built on Brown’s proposals for the biosynthetic origin of the 

solamin stereoisomers. The first hypothesis is shown in Scheme 1.21 and it is based on 

the non-enzymatic cyclisation of bis-epoxides (syn-diepomuricanin A1 (syn-5c) and 

anti-diepomuricanin A2 (anti-5b).
9,29,120,121

 cis-solamin A (2A) and cis-solamin B (2B) 

would result from water attacking C15, C16, C19 or C20 by an SN2 mechanism.
113

 

However, 15,16,19,20-tetra-epi-solamin (227) has not been observed in natural isolates, 

therefore, uncontrolled hydrolysis of syn-diepomuricanin A (syn-5c) or anti-

diepomuricanin A (anti-5d) is not likely to explain the biosynthesis of 

solamins.
117,124,125,126
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Scheme 1.21: The possible non-enzymatic hydrolytic cyclisation pathway of bis-

epoxides (syn-diepomuricanin A (syn-5c) and anti-diepomuricanin A (anti-5b)) 

The rigorous explanation of the observation of only three isomers, cis-solamin A (2A), 

cis-solamin B (2B) and solamin (14) is most arise by enzyme-catalysed opening of the 

bis-epoxides (Scheme 1.22). Considering the local symmetry of the diepomuricanin bis-

epoxides, syn-diepomuricanins (5a, 5c) have pseudo-meso bis-epoxide, whereas anti-

diepomuricanins (5b and 5d) have pseudo-C2-symmetric bis-epoxide units. Therefore, 

cis-solamin A (2A), and cis-solamin B (2B) could be obtained via enzyme catalysed 

reaction of either epoxide in the core of pseudo-C2-symmetric bis-epoxides (anti-5b and 

anti-5d) at C15 or C20. The same outcome would be obtained from reaction of 5b 

(Scheme 1.22). 
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Scheme 1.22: Proposed enzyme controlled pathway to cis-solamins from either anti-

diepomuricanin (anti-5b or anti-5d). 

For syn-diepmuricans A1 (syn-5a and syn-5c), solamin (14) is also obtained as a result 

of differentiation of the two epoxides in the pseudo-meso bis-epoxides (syn-5a and syn-

5c) by the enzyme (Scheme 1.23). The two ends of the diol system are diastereotopic, 

and can in principle be differentiated by a chiral catalyst such as an enzyme. 

 

Scheme 1.23: Formation of solamin (14) via stereoselective reaction of the pseudo-

meso bis-epoxide core (syn-5a and syn-5c), controlled by an enzyme. 

To complete this picture, and refine the biosynthesis of mono-THF acetogenins, the 

absolute stereochemistry of syn- and anti-diepomuricans needs to be defined. 

 Total synthesis of syn-diepomuricanin A (syn-5a) by Makabe 1.8.1

At the time when Makabe et al.
9
 (1996) reported their total synthesis of diepomuricanin 

(5), the absolute and relative stereochemistry of diepomuricanin (5) were unknown, so 

Makabe designed his route based on the proposed biosynthetic pathway assuming 

diepomuricanin (5) to be the precursor for solamin (14) arising from nucleophilic attack 
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by water at C15 or C20.
120

 The absolute stereochemistry of solamin (14) had previously 

been determined.
117,125,126

 Therefore, Makabe et al. considered the cis configuration of 

the two epoxide rings in the natural product diepomuricanin A (5).
121

 That led Makabe 

et al. to suggest two possible stereoisomers for diepomuricanin A (5) which are 

(15S,16R,19S,20R,34S)-diepomuricanin A (syn-5a) and (15R,16S,19R,20S,34S)-

diepomuricanin A (syn-5c) (Figure 1.85). However, only the (15S,16R,19S,20R,34S)-

diepomuricanin A (syn-5a) was synthesised.  

 

Figure 1.85: Structures of (15S,16R,19S,20R,34S)-diepomuricanin A (syn-5a) and 

(15R,16S,19R,20S,34S)-diepomuricanin A (syn-5c)  

Makabe’s total synthesis of diepomuricanin A (syn-5a) required preparation of two 

fragments; alkyne 228 and lactone 229 to be coupled using a Pd-mediated cross-

coupling reaction (Figure 1.86).
118,119

  

 

Figure 1.86: Makabe’s planned synthesis of syn-diepomuricanin A (syn-5a) 

The synthesis of the two fragments alkyne 228 and lactone 229 and their coupling 

reaction will be described in the following section.  

 Synthesis of alkyne 228 1.8.1.1

Synthesis of alkyne 228 started from the natural product (–)-muricatacin (183)
127

 which 

was converted to lactol 230 via protection and reduction with DIBAL (Scheme 1.24). 

The lactol 230 underwent Horner-Wadsworth-Emmons reaction to afford (E)-ester 231, 
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which was protected as its EE ether followed by Sharpless asymmetric dihydroxylation 

to give ester 232.
128 

Diol protection and reduction of ester 232 with LiAlH4 afforded 

alcohol 233. Subsequent treatment with p-TsCl, deprotection of the EE ethers and 

epoxide formation afforded 234 with 92% de (
1
H-NMR). Epoxide 235 was then 

obtained via reprotection of epoxide 234 as its EE ether. Ring opening of epoxide 235 

with lithium acetylide in the presence of BF3.Et2O gave alkyne 236 in 96% yield. 

Finally, the alkyne fragment 228 was obtained after MOM ether protection and EE ether 

deprotection.  

 

Scheme 1.24: Synthesis of alkyne 228. Reagents and conditions: (a) i) MOMCl, 

i
Pr2NEt, CH2Cl2, ii) DIBAL-H, CH2Cl2; (b) (EtO)2P(O)CH2CO2Et, NaH, THF; (c) i) 

EtOCH=CH, PPTS, CH2Cl2, ii) AD-mix α, CH3SO2NH2, t-BuOH-H2O; (d) i) 

EtOCH=CH, PPTS, CH2Cl2, ii) LiAlH4, Et2O; (e) i) p-TsCl, pyridine, ii) PPTS, 

MeOH, iii) KOH; (f) EtOCH=CH, PPTS, CH2Cl2; (g) LiC≡CH, BF3.Et2O, THF; (h) 

i) MOMCl, 
i
Pr2NEt, CH2Cl2, ii) PPTS, MeOH.    



Chapter 1: Introduction 

 84 

 Synthesis of lactone 229 1.8.1.2

Synthesis of the lactone 229 required formation of -lactone ring 237 and diiodide 238 

(Figure 1.87). 

 

Figure 1.87: Retrosynthesis of lactone 229 

Makabe et al.
9
 synthesised the -lactone 237 using White’s technique.

129
 Diiodide 238 

was synthesised in seven steps
117

 starting by alkylation of bromide 239
130

 to give 

alcohol 240 in 95% yield, which underwent a zipper reaction to afford acetylene 241 in 

91% yield (Scheme 1.25).
131

 The hydroxyl group of acetylene 241 was protected as its 

TBS ether and treatment with tributyltin hydride followed by iodine afforded iodide 242 

as an E/Z mixture
a
 in 90% yield.

132
 Then the TBS ether was deprotected and the 

obtained product was submitted to tosylation and iodination to give diiodide 243 in 41% 

yield. Finally, lactone 229 was obtained via reaction of the sodium enolate of -lactone 

237 with diiodide 238. 

 

Scheme 1.25: Synthesis of lactone 229. Reagents and conditions: (a) 2-propyn-1-ol, 

LiNH2, liq. NH3; (b) KNH(CH2)3NH2; (c) i) TBDMSCl, imidazole, DMF, ii) Bu3SnH, 

AIBN, then I2; (d) i) TBAF, THF, ii) p-TsCl, pyridine, iii) NaI, acetone; (e) 237, 

NaHMDS, THF, HMPA. a
 The E/Z ratio were not stated in the paper.

9
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 Coupling of diepomuricanin A fragments 1.8.1.3

A Pd-mediated cross-coupling reaction between alkyne 228 and vinyl iodide 229 

afforded enyne 244 in 53% yield (Scheme 1.26).
118,119

 Then catalytic hydrogenation of 

enyne 244 gave compound 245 in 77% yield. Subsequently, treatment of 245 with 

MsCl/Et3N, dil.HCl/MeOH and KOH/THF furnished bis-epoxide 246 which was 

oxidized by m-CPBA/NaHCO3 followed by thermal sulfoxide elimination to form the 

butenolide and give (15S,16R,19S,20R,34S)-diepomuricanin A (syn-5a). 

 

Scheme 1.26: Coupling of diepomuricanin A (syn-5a) fragments. Reagents and 

conditions: (a) Pd(Ph3P)4, CuI, pyrrolidine; (b) H2, Rh(Ph3P)3Cl, PhH; (c) i) MsCl, 

Et3N, CH2Cl2, ii) HCl, MeOH, iii) KOH (powder), THF; (d) i) m-CPBA, NaHCO3, 

MeOH, ii) toluene, reflux. 

Makabe et al. concluded the absolute configuration of natural diepomuricanin A is 

likely to be 15S,16R,19S,20R,34S-diepomuricanin A (syn-5a) based on comparison of 

the IR, 
1
H-NMR, 

13
C-NMR and optical rotation data for the synthetic and natural 

samples (Table 1.30).
9,120

 However, he noted that, the direct comparison with the 

natural sample of diepomuricanin A (5) would be needed in order to confirm his 

determination,
9
 and the assignment remains tentative. The natural product was 

subsequently shown to be a mixture of isomers by Gleye et al. as discussed earlier.
113

 

The total synthesis itself can not solve the problem of the absolute stereochemistry as 

the 
1
H-NMR are identical or “substantially identical” for the syn and anti isomers. 
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Furthermore, the pseudo-enantiomeric bis-epoxide core structures are also likely to give 

rise to “substantially identical” spectroscopic data. We therefore believe that 

stereochemical assignment of diepomuricanins is unresolved. 

Table 1.30: Comparison of 
1
H-NMR, 

13
C-NMR and optical rotation data for synthetic 

syn-diepomuricanin (syn-5a) and natural diepomuricanin
9,120

  

 Natural diepomuricanin  Synthetic syn-diepomuricanin (syn-

5a) 

Position 
1

H-NMR 

(200 MHz, 

CDCl
3
)
120

 δ (ppm) 

13

C-NMR 

(50 MHz, 

CDCl
3
)
120

 δ 

(ppm) 

1

H-NMR 

(400 MHz, CDCl
3
)
9
 

δ (ppm) 

13

C-NMR 

(100 MHz, 

CDCl
3
)
9
 δ (ppm) 

15 2.93 57.3 2.94 57.3 

16 2.93 56.4 2.94 56.8 

19 2.93 56.4 2.94 56.8 

20 2.93 57.3 2.94 57.3 

M.p. 57-59 °C Waxy sample 

[α]
 D

 [α]
 D 

+13.5 (c 0.2, MeOH) [α]
22

D 
+16.7 (c 0.30, CHCl

3
),

9
 [α]

22

D 

+17.0 (c 0.047, MeOH)
9
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2. Chapter 2: The linear approach towards the total 

synthesis of diepomuricanins A (5a-d) 

 

Figure 2.1: The four possible diepomuricanin A stereoisomers (5a-d) 

Several approaches towards the total synthesis of diepomuricanins A (5a-d) (Figure 

2.1) are described through this thesis. They are divided into two general approaches 

which are: 

1) A linear approach, where the oxidised carbon chain is assembled using enantio- and 

diastereoselective reactions. 

2) Tethered metathesis approach where 2 oxidised, chiral non-racemic fragments are 

combined in the key step. 

Each approach will be discussed in detail in independent chapters. In this chapter we 

discuss the linear approaches where two routes were investigated towards the total 

synthesis of diepomuricanins A (syn-5c) and (anti-5d). The two routes are based on 

aldehyde α-oxidation and hydrolytic kinetic resolution and more details will be provided 

below in separate sections. 
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 Aldehyde α-oxidation route 2.1

 

Scheme 2.1: Proposed α-oxidation route to the total synthesis of diepomuricanins A 

(syn-5c) and (anti-5d) 

Aldehyde α-oxidation was the key step in the first designed route towards the total 

synthesis of diepomuricanins A (5a-d). It was investigated in our synthesis of the key 

aldehyde intermediate (S)-249 towards the total synthesis of diepomuricanins A (syn-

5c) and (anti-5d) (Scheme 2.1). α-Oxidation will be followed by protection of the 
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secondary alcohol and diastereoselective addition of a Grignard reagent to give 

(15S,16S)-251, a key intermediate in the synthesis of the diastereomers (syn-5c) and 

(anti-5d). The diastereoselective addition to the α-carbonyl adjacent to the asymmetric 

centre can be predicted using the Cram-chelate model (Scheme 2.2).
133,134

 Cram 

reported that when an asymmetric α-carbon is present next to a carbonyl, which has a 

coordinating substituent such as OR (e.g. OMOM) which can chelate a metal (e.g. 

Mg
2+

) the conformation will be fixed, favouring nucleophilic attack at the less hindered 

face (major product). The synthesis will be completed by an Alder-ene reaction,
135

 

followed by selective Jacobsen epoxidation,
136,137,138

 of the cis-disubstituted alkene 

(15S,16S)-252 and reduction
139

 leading to (15S,16S,19R,20S,34S)-254 a precursor to 

diepomuricanin A (syn-5c) and (anti-5d). The other diepomuricanin A stereoisomers 

(syn-5a) and (anti-5b) will be synthesised following the same general strategy and 

using the opposite enantiomer of Jacobsen’s catalyst. A short overview of α-

hydroxylation methods is provided in the following section. 

 

Scheme 2.2: Cram-chelation model for diastereoselctive addition to aldehyde (S)-250 
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 Synthesis of aldehyde (248) 2.1.1

 

Scheme 2.3: Synthesis of aldehyde 248. Reagents and conditions: (a) DIBAL-H, 

CH2Cl2, –78 ºC, 30 min, HCl (10%), 0
 
ºC, 1 h; (b) PhH, ethylene glycol, p-TsOH, 

reflux, 3 h; (c) Lithium acetylide ethylenediamine complex, DMSO, 8
 
ºC, 2 h; (d) THF, 

n-BuLi, –78
 
ºC, 40 min, HMPA, H25C12Br, rt, 16 h; (e) H2, Pd/CaCO3 (5% by wt), 

EtOH, quinoline, 23
 

ºC, 80 min; (f) mixture of 1,4-dioxane/water/conc.H2SO4 

(49.5:49.5:1), reflux, 4.5 h. 

The first step of our synthesis was reduction of the commercially available ester 247 

with DIBAL-H to give aldehyde 256,
140

 which was sufficiently pure to use directly in 

the next reaction (Scheme 2.3). Aldehyde 256 was protected as the acetal 257 in 

56%.
141

 Acetylene 258 was formed in 47% yield by displacing the bromide in acetal 

257 with lithium acetylide ethylenediamine complex.
142 

Acetylene 258 was 

deprotonated using n-BuLi (1 equiv) at –78 
o
C, then HMPA (2.1 equiv) and H25C12Br 

were added sequentially and the mixture was allowed to react at rt to give the desired 

alkylated acetylene 259 in 49%.
139

 Partial-hydrogenation of the alkyne 259 afforded 

olefin (Z)-260 in 81% yield.
143 

Finally, aldehyde 248 was formed in 85% yield by 

refluxing acetal (Z)-260 in a mixture of 1,4-dioxane/water/conc.H2SO4.
144
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The next step required was an asymmetric α-hydroxylation of aldehyde 248 to give 

hydroxyaldehyde (S)-249. α-Hydroxycarbonyl functionality is present in many natural 

products.
145

 Therefore, organocatalytic asymmetric α-oxidation reactions of aldehydes 

have been a topic of great interest.
146,147

 In our route we tried the α-aminoxylation and 

α-benzoyloxylation reaction of aldehydes. Initially, model aldehydes were used as 

substrates to explore these reactions. More detail will be provided in sections 2.1.2 and 

2.1.3. 

 Asymmetric α-aminoxylation reaction of aldehydes 2.1.2

 Introduction to asymmetric α-aminoxylation reaction of aldehydes 2.1.2.1

Asymmetric α-aminoxylation of aldehydes
146

 using L-proline (263) as a catalyst
148,149

 

and nitrosobenzene (262)
145,150

 as a source of oxygen, was reported with high 

enantiomeric excess. The unstable α-aminoxaldehyde intermediate was converted in situ 

to the stable α-aminoxalcohol 265 by reduction (Scheme 2.4).
151,152 

L-Proline (263) 

catalyses the reaction and controls the facial selectivity of the addition of the enamine 

intermediate to nitrosobenzene (262) giving aldehyde 264 as the major 

enantiomer.
151,153  

 

Scheme 2.4: α-Aminoxylation reaction of aldehyde 261. 

The α-aminoxylation of aldehydes is practically one of the easiest α-oxidation methods 

and is reported to proceed with high ee using inexpensive reagents. Therefore, α-

aminoxylation was chosen to prepare the key aldehyde intermediate (S)-249 via the 

intermediate α-aminoxyaldehyde, followed by hydrogenolysis to cleave the N-O 

bond.
149,151
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 Synthesis of model α-aminoxyaldehyde (264a-c) 2.1.2.2

In order to explore the potential of the α-aminoxylation reaction, we used model 

aldehydes 261a-c to prepare α-aminoxyaldehydes 264a-c (Figure 2.2). 

                   

 

Figure 2.2: Chemical structures for the model aldehydes 261a-c, and α-

aminoxyaldehydes 264a-c. 

The reactions were carried out using the method described by MacMillan et al.
151

 

Reacting aldehydes 261a-c with nitrosobenzene (262) in the presence of L-proline (263) 

afforded α-aminoxyaldehydes 264a-c (Scheme 2.5). Unfortunately, and as anticipated, 

the desired products 264a-c could not be isolated due to their oligomeric nature in 

solution.
149

               

 

Scheme 2.5: α-Oxidation of aldehyde 261a-c. Reagents and conditions: (a) CHCl3, L-

proline, 4
 
ºC, 2 h; (b) DMSO, L-proline, rt, 26 h; (c) NaBH4, EtOH, 4 ºC, 30 min; (d) 

NaBH4, MeOH, 0
 
ºC, 1 h.  

Due to the problems in the isolation of the intermediates 264a-c we decided to 

investigate the reaction of the α-aminoxyaldehyde 264c in situ, initially with NaBH4 to 

afford α-aminoxyalcohol 266c. This would allow us to determine the selectivity of the 

α-aminoxylation reaction by HPLC, and also to confirm that the oxidation was 

proceeding efficiently.
151 

The reaction was first carried out using limiting 

nitrosobenzene (0.3 equiv) and L-proline (20 mol %) as described in the literature, 
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followed by NaBH4 (0.5 equiv). α-Aminoxyalcohol 266c was obtained as a mixture 

with octanol (from unreacted starting aldehyde 261c) due to the low conversion. 

Therefore, in order to improve the conversion the procedure of Cordova et al.
149 

was 

chosen to produce α-aminoxyalcohol 266c in situ. Thus, we proceeded by reacting 

aldehyde 261c with nitrosobenzene (0.5 equiv), and L-proline followed by reducing α-

aminoxyaldehyde 264c in situ using excess of NaBH4. However, diol 267c was afforded 

in 7% yield instead of α-aminoxyalcohol 266c. By optimizing the reaction conditions, 

diol 267c was afforded in slightly greater yield (15%) by increasing the reaction times. 

However, the isolated yield was not sufficient to carry forward the synthesis. Therefore, 

as a result of additional difficulties encountered in the purification/isolation of α-

aminoxyaldehydes 264a-c and the low yield, the α-benzoyloxylation reaction was 

chosen as an alternative α-oxidation method. 

 α-Benzoyloxylation reaction of aldehydes 2.1.3

 Introduction to the α-benzoyloxylation reaction of aldehydes 2.1.3.1

The asymmetric α-benzoyloxylation reaction of aldehydes was reported by the 

Tomkinson’s group in 2009 as a new method for preparing α-hydroxyaldehydes 

selectively.
154

 α-Benzoyloxyaldehydes 270 can be synthesised by reacting aldehyde 261 

with benzoyl peroxide (BPO) (268) in the presence of 20 mol % of MacMillan’s 

imidazolidinone catalyst 269,
155 

followed by reduction with NaBH4 at 0 ºC (Scheme 

2.6).
156

 

 

Scheme 2.6: α-Benzoyloxylation reaction of aldehyde and reduction. 

The proposed mechanism of the α-benzoyloxylation involves formation of a chiral 

enamine which reacts with benzoyl peroxide (268) to deliver the enantiomerically pure 

α-benzoyloxyaldehyde 270 after hydrolysis (Scheme 2.7).
154
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Scheme 2.7: Mechanism of the α-benzoyloxylation reaction of aldehydes 

 Synthesis of model α-benzoyloxyaldehydes 2.1.3.2

As an initial investigation of the reaction we used aldehyde 261c as a model for 

preparing α-benzoyloxyaldehyde 272c. We wished to explore the direct addition of 

either Grignard or organozinc reagents to the crude α-benzoyloxyaldehyde to produce 

α-benzoyloxyalcohols 273a-c (Figure 2.3). It was hoped that a diastereoselective 

addition could be achieved. 

 

Figure 2.3: Chemical structures for the model aldehyde 261c, α-benzoyloxyaldehyde 

272c, α-benzoyloxyalcohols 273a-c.  

Firstly, racemic aldehyde (±)-272c was afforded in 73% yield by reacting aldehyde 

261c (1 equiv) with BPO (268) and pyrrolidine (10 mol %) as a catalyst in the presence 

of hydroquinone (10 mol %) (Scheme 2.8).
156

 The next step was to react the 

intermediate aldehyde (±)-272c (1 equiv) with R
2
MgBr (C2H5MgBr and C12H25MgBr) 

(2 equiv) in THF at –78
 
ºC for 3 h. However, these reactions were not successful, again 

because of the instability of -benzoyloxyaldehyde (±)-272c.
157     
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Scheme 2.8: Preparation and addition of alkylmagnesium bromides to aldehyde (±)-

272c. Reagents and conditions: (a) BPO, pyrrolidine, hydroquinone, THF, rt, 4 h; (b) 

THF, R
2
MgBr (C2H5MgBr and C12H25MgBr), –78 ºC, 3 h. 

The enantioselective α-benzoyloxylation was investigated in order to obtain α-

benzoyloxyaldehyde (S)-272c in high enantiomeric purity. Following Tomkinson’s 

method,
154

 using MacMillan’s catalyst 269 instead of pyrrolidine to control the 

stereoselectivity,
155

 aldehyde 261c was reacted with BPO and 4-nitrobezoic acid (20 

mol %) in THF (Scheme 2.9). 

  

Scheme 2.9: Addition of alkylmagnesium bromides, and Et2Zn to aldehyde (S)-272c. 

Reagents and conditions: (a) THF, MacMillan catalyst 269, 4-nitrobenzoic acid, BPO, 

hydroquinone, rt, 24 h; (b) NaBH4, MeOH, 0
 
ºC, 1 h; (c) THF, R

2
MgBr (C6H13MgBr, 

C2H5MgBr, and C12H25MgBr), –78
 
ºC, 3 h; (d) Et2Zn, CpClTi.TADDOL 275, toluene, 0

 

ºC, 3 h. 

However, the conversion was very low and the desired aldehyde (S)-272c was not 

obtained in pure form due to decomposition on the column. We believe that difficulties 

were experienced due to the presence of excess benzoyl peroxide in the product, which 

was indicated by Whatman starch iodide test paper. Consequently, the aldehyde was 

reduced in situ using NaBH4, obtaining alcohol (S)-274c in 56% yield. Aldehyde (S)-

272c was also reacted with alkylmagnesium bromides R
2
MgBr (C2H5MgBr, and 

C12H25MgBr) (5 equiv), however, the desired products were not obtained. Therefore, we 

decided to use organozinc reagents, initially choosing diethylzinc due to its commercial 
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availability. Following the procedure of Solà et al.
158

 we reacted crude aldehyde (S)-

272c with Et2Zn (2.2 equiv) in the presence of CpClTi.TADDOL 275 (6 mol %) as a 

catalyst,
159,160

 however, the desired alcohol (S)-273b was not obtained. The ee of 

alcohol (S)-274c was not determined due to the inefficiency of this route, which was not 

followed any further. 

 Conclusion 2.1.4

The key aldehyde 248 was successfully synthesised in six steps with 9% overall yield. 

Investigation of α-oxidation reactions using model aldehydes 261a-c met with 

difficulties including the isolation and purification of the desired α-aminoxyaldehydes 

264a-c. Formation of α-aminoxyaldehyde 264c was confirmed by in situ reduction 

using NaBH4. In addition, α-benzoyloxylation of model aldehyde 261c was 

investigated. However, reactions of α-benzoyloxyaldehyde products (S)-272c and (±)-

272c with Grignard, and organozinc reagents were not successful. The successful 

formation of the intermediate aldehyde (S)-272c was confirmed by in situ reduction to 

afford alcohol (S)-274c. The suitability of this route to complete the synthesis was 

affected by instability of α-oxidation intermediates and failure of subsequent reactions 

with organomagnesium and organozinc reagents. Consequently, the route was 

abandoned and a new approach was developed, which is be presented in the following 

section.  
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 The hydrolytic kinetic resolution route towards 2.2

diepomuricanins A (5a-d) 

As a result of the difficulties encountered with the α-oxidation reaction of aldehydes 

261a-c, we decided to follow a revised route to prepare key aldehydes (R)-250 and (S)-

250 towards the total synthesis of diepomuricanins A (syn-5c) and (syn-5a) (Scheme 

2.10).  

 

Scheme 2.10: The proposed hydrolytic kinetic resolution route towards the total 

synthesis of diepomuricanins A (syn-5c) and (syn-5a).  

Hydrolytic kinetic resolution (HKR) of terminal epoxides was reported by Jacobsen as 

an efficient route to enantiomerically enriched 1,2-diols.
161,162

 The method employs a 

chiral Lewis acid, such as the oligomeric Co(salen) catalyst (S,S)-282 (Figure 2.4).
163

 

The hydrolytic kinetic resolution of terminal epoxide (±)-277 has the advantage that 

both enantiomers (R)-278 and (S)-277 can be obtained. That will be followed by 
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protecting the key diol (R)-278 as acetal (R)-279. Alkynylation of acetal (R)-279 and 

reduction will give alkene (R)-280. Selective reaction of the acetal (R)-280 will lead to 

mono-MOM ether (R)-281.
164

 Oxidation of alcohol (R)-281 will give the key aldehyde 

(R)-250 leading to diepomuricanin A (syn-5a). Diepomuricanin A (syn-5c) will be 

synthesised from epoxide (S)-277 (obtained from HKR) in the similar manner to 

diepomuricanin A (5a).
161,162

 The other stereoisomers (anti-5b) and (anti-5d) will be 

synthesised by following the same general strategy using the other enantiomer of 

Jacobsen’s catalyst. 

 

 

Figure 2.4: Structure of oligomeric Co(salen) catalyst (S,S)-282. 

 Synthesis of acetal (R)-279 2.2.1

Initially, epoxidation of commercially available bromoalkene 276 with a mixture of 

oxone (2 equiv) and NaHCO3 (4 equiv) in the presence of substoichometric amounts of 

either ethyl pyruvate (283) or pyruvic acid (284) (Figure 2.5) and phosphate buffer pH 

7.5 gave epoxide (±)-277 with a disappointing yield of 29% (Scheme 2.11).
165

 The low 

yield was at least in part due to the volatility of epoxide (±)-277.
166 

 

 

Figure 2.5: Structures of ethyl pyruvate (283) and pyruvic acid (284).  

The next step was to perform the hydrolytic kinetic resolution of epoxide (±)-277. Here, 

(S,S)-282 was employed as a catalyst to selectively activate one of the epoxide 



  Chapter 2: Results and discussion  

 99  

enantiomers, and also the nucleophile (H2O) to direct it to open the epoxide ring. Diol 

(R)-278 was prepared in 26% yield by reacting epoxide (±)-277 with water (0.55 equiv) 

in the presence of (S,S)-282 (0.25 mol %). Epoxide (S)-277 was recovered in 22%. The 

diol (R)-278 was protected using paraformaldehyde which yielded acetal (R)-279 in 

58% yield.
157  

 

Scheme 2.11: Synthesis of acetal (R)-279. Reagents and conditions: (a) Ethyl pyruvate 

(283, 27 mol %), phosphate buffer (0.3 M, pH 7.5), oxone/NaHCO3, CH3CN, 0 ºC, 2 h; 

(b) (S,S)-282 (0.25 mol %), H2O (0.55 equiv), THF, 0 °C→rt, 16 h; (c) p-TsOH, 

paraformaldehyde, benzene, reflux, 2 h. 

 Preparation and hydrolytic kinetic resolution of epoxide (±)-287 2.2.2

 

Scheme 2.12: Preparation and hydrolytic kinetic resolution of epoxide ((±)-287). 

Reagents and conditions: (a) TsCl, DMAP, Et3N, CH2Cl2, rt, 27 h; (b) ethyl pyruvate 

(283, 1 mol %), phosphate buffer (0.3 M, pH 7.5), oxone/NaHCO3, EtOH, rt; (c) m-

CPBA, K2CO3, 0 °C→rt, 4 h; (d) pyruvic acid (284, 30 mol %), phosphate buffer 0.3 M, 

pH 7.5, oxone/NaHCO3, CH3CN, rt, 2 h; (e) TsCl, DMAP, Et3N, CH2Cl2, rt, 16 h; (f) 

(S,S)-282 (0.25 mol %), H2O (0.45 equiv), THF, 0 °C→rt, 36 h. 
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As described above, volatility of the bromo compound 277 was a problem that we 

encountered leading to reduced isolated yields. Consequently, the tosylate series was 

investigated. Tosylate 286 was prepared in 83% yield by reacting alcohol 285 with TsCl 

in the presence of DMAP and Et3N (Scheme 2.12).
167

 The alkene was epoxidised with a 

mixture of oxone (2 equiv) and NaHCO3 (4 equiv) in the presence of substoichiometric 

amount of pyruvate derivatives under different conditions.
166

 

Unfortunately, the conversion was low because of the low solubility of alkene 286 in 

aqueous mixtures. The maximum conversion achieved (50%) was in EtOH. Therefore, 

we tried to solve this problem by preparing epoxyalcohol (±)-290 in situ, by reacting 

alkenol 285 with a mixture of oxone (2 equiv) and NaHCO3 (4 equiv) in the presence of 

pyruvic acid 284 at rt for 2 h in CH3CN.
48 

Epoxyalcohol (±)-290 was then distilled and 

tosylated to afford epoxide (±)-287 in low yield. m-CPBA epoxidation of alkene 286, 

yielded epoxide (±)-287 in 35% (54% brsm).
168

 This was followed by kinetic resolution, 

by reacting epoxide (±)-287 with H2O (0.45 equiv) in the presence of the salen catalyst 

(S,S)-282 to return the (S)-289 in 20% (52% ee, HPLC). The diol (R)-288 was not 

isolated. We believed that diol (R)-288 was possibly cyclising to cyclic alcohol (R)-291 

either under the reaction conditions or during the work up (Scheme 2.13).
169 

 

Scheme 2.13: Possible side reaction of alcohol (R)-288 

 Conclusion 2.2.3

Although the bromo epoxides (±)-277 and (±)-290 were obtained, difficulties were 

experienced in their isolation due to their volatility. Moreover, we encountered a 

problem with the solubility of alkene 286 in water after we changed the leaving group to 

tosylate limiting the effectiveness of the oxone epoxidation. Ultimately, epoxide (S)-289 

was obtained in 20% yield but with low ee. The route was abandoned as a result of 

failure to isolate the key diol (R)-288.  
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 Modification of the hydrolytic kinetic resolution route towards 2.2.4

diepomuricanin A (syn-5c) and (syn-5a) 

As a result of the difficulties (solubility and volatility) encountered when handling 

epoxides (±)-277, (±)-287 and (S)-289, a modified synthetic route was developed   

(Scheme 2.14). The key modification in this route was preparation of epoxyalkyne (±)-

293 with a long alkyl chain to reduce volatility. In addition, epoxyalkyne (±)-293 is easy 

to handle and it is a precursor for epoxide (±)-294 which is the key compound for the 

hydrolytic kinetic resolution. Therefore, the synthesis commenced with preparation of 

epoxyalkyne (±)-293 from bromoacetal 292 (3 or 4 steps). 

 

Scheme 2.14: Modification of the hydrolytic kinetic resolution route towards the total 

synthesis of diepomuricanin A (syn-5c), and (syn-5a) 

 Synthesis of epoxyalkyne (±)-293 2.2.4.1

We prepared epoxyalkyne (±)-293 in either 3 or 4 steps starting from bromoacetal 292 

(Scheme 2.15). Coupling bromoacetal 292 with lithiated alkyne 297 afforded alkyne 

298 in 60% yield.
139

 This was followed by acetal deprotection to afford aldehyde 299 in 

55% yield.
144 

Aldehyde 299 was reacted with MePPh3I and n-BuLi (1.1 equiv) in THF 

to afford enyne 300 in 45% yield.
170

 Attempted epoxidation of enyne 300 with m-CPBA 
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or Oxone® in the presence of ethyl pyruvate 383 (10 mol %) resulted in very low 

conversions. 

 

Scheme 2.15: Synthesis of epoxyalkene ((±)-393). Reagents and conditions: (a) n-BuLi, 

HMPA, –78 °C→rt, 20 h; (b) mixture of 1,4-dioxane/water/conc.H2SO4 (49.5:49.5:1), 

reflux for 5 h; (c) PPh3CH3I, n-BuLi, –78 °C→rt, 18 h; (d) ethyl pyruvate (383, 10 mol 

%), phosphate buffer (0.3 M, pH 7.5, oxone/NaHCO3, EtOH, rt, 24 h; (e) pyruvic acid 

(384, 60 mol %), phosphate buffer (0.3 M, pH 7.5, oxone/NaHCO3, CH3CN, rt, 20 h; (f) 

m-CPBA, K2CO3, 0
 
ºC to rt, 5 h; (g) (CH3)3SI, NaH (60% dispersion in oil), DMSO, 

(CH3)3SI, rt, 24 h; (h) dimsyl sodium, (CH3)3SI, DMSO/THF (1:4), 0 °C→rt, 21 h. 

Therefore, we decided to use sulfur ylid chemistry to prepare epoxide (±)-293 directly 

from aldehyde 299.
171,172

 Initially, reacting aldehyde 299 with trimethylsulfonium 

iodide and NaH in the presence of DMSO did not allow for the isolation of 293.
173 

However, under the modified conditions of Hilt et al.,
174

 reacting aldehyde 299 with 

dimsyl sodium
175

 and trimethylsulfonium iodide in DMSO/THF (1:4) gave epoxide (±)-

293 in 43% yield. Under the same conditions octanal gave epoxide (±)-301 in 70% yield 

(Scheme 2.16).
175
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Scheme 2.16: Synthesis of epoxide ((±)-301). Reagents and conditions: (a) dimsyl 

sodium, (CH3)3SI, DMSO/THF (1:4), 0 °C→rt, 4 h. 

Due to the overall low yield for the synthesis of epoxyalkene (±)-293, the synthesis of 

the key epoxide (±)-294 for the hydrolytic kinetic resolution was not continued.  

 Conclusion 2.2.4.2

The epoxide (±)-293 was prepared over three steps, although in moderate overall yield. 

However, attempted epoxidation of enyne 300 was not successful. The efficiency of this 

approach was rather low, and it was not considered to be suitable for further 

development. Therefore, a new approach, described in the following section, was 

investigated. 
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3. Chapter 3: The tethered-metathesis approach 

towards the total synthesis of diepomuricanins A 

(5a-d) 

This chapter describes a tethered metathesis approach, where two oxidised, chiral non-

racemic fragments are combined in the key step (Scheme 3.1). Two routes were 

investigated: Sharpless asymmetric epoxidation (SAE) was the key step in the first route 

towards diepomuricanins A. In the second route, Overman allylic esterification was the 

key step. To clarify the discussion the first route is referred to as the Sharpless 

asymmetric epoxidation route and the second route as the Overman allylic esterification 

route. These routes will be discussed in detail in sections 3.1 and 3.2 

 

Scheme 3.1: Tethered metathesis approach 

 Sharpless asymmetric epoxidation route towards 3.1

diepomuricanins A (5a-d) 

Sharpless asymmetric epoxidation (SAE) will be a key step in the proposed tethered-

metathesis route towards the total synthesis of diepomuricanins A (5a-d). It will be 

employed to control the stereochemistry at C15, C16, C19 and C20 in the 

diepomuricanin A fragments. The strategy for the fragment synthesis is presented in 

Figure 3.1. 



Chapter 3: Results and discussion 

 106 

 

Figure 3.1: Retrosynthetic analysis of diepomuricanin A fragments.  

Our strategy involves synthesising the left hand fragment (19R,20R)-302 and the right 

hand fragment (15R,16R)-303 (Figure 3.1), with their single enantiomers (19S,20S)-

302 and (15S,16S)-303 (Figure 3.2). 

 

Figure 3.2: Enantiomeric right and the left hand fragments  

This will be followed either by 

1) Introducing the butenolide ring prior to tethered metathesis (path a) (Scheme 3.2). 

The right hand fragments will then be coupled with the left hand fragments via a 

tethered alkene ring closing metathesis, leading to diepomuricanin A (anti-5b) or, 

 2) By coupling the left hand fragment (19R,20R)-302 and the right hand fragment 

(15R,16R)-303 followed by introduction of the butenolide (path b).  

Key challenges in the synthesis will be:  

 The selective application of the Ru-catalysed Alder-ene reaction to a diene or 

triene system: a selective reaction of the terminal C3 alkene is required.  

 The tethered diene metathesis as the key fragment linking step, possibly in the 

presence of another alkene. 
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The scheme below provides an overview of the synthesis plan for diepomuricanin A 

(anti-5b), and the other stereoisomers (5a, 5c, and 5d) will be synthesised following the 

same strategy.  

 

Scheme 3.2: The planned synthesis of diepomuricanin A (anti-5b). 

In the following section a brief overview of the SAE will be provided followed by the 

synthesis of the diepomuricanin A fragments. 
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 Introduction to Sharpless asymmetric epoxidation 3.1.1

 

Scheme 3.3: Sharpless asymmetric epoxidation. 

Sharpless asymmetric epoxidation is an enantioselective reaction to prepare enantiopure 

epoxides 311 or 312 from chiral or prochiral allylic alcohols of general structure 310 

(Scheme 3.3). Sharpless and Katsuki discovered that, a combination of titanium 

tetraisopropoxide Ti(O
i
Pr)4, diisopropyl tartrate L-(+)-(DIPT) or D-(–)-(DIPT) and tert-

butyl hydroperoxide (TBHP) can oxidise a wide range of allylic alcohols with very high 

enantiomeric excess.
176,177 

The transition metal centre in Ti(O
i
Pr)4 provides the catalyst 

for the Sharpless asymmetric epoxidation, and stereocontrol is achieved by the addition 

of chiral ligands such as DIPT or DET. The proposed mechanism involves exchange of 

two isopropyl ligands from Ti(O
i
Pr)4 with DET to make a bimetallic complex 313 

(Scheme 3.4). This is followed by coordination of TBHP (complex 314) and the allylic 

alcohol (complex 315). The reaction is believed to proceed via transition state 316 to 

afford epoxyalcohol 312 with a high level of stereocontrol.
178
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Scheme 3.4: Proposed mechanism of the Sharpless asymmetric epoxidation.
178

  

The major advantage of Sharpless asymmetric epoxidation is that it is a predictable 

enantioselective reaction as seen in Scheme 3.3. In addition, in the case of chiral allylic 

alcohols, Sharpless asymmetric kinetic resolution (SAKR) can be carried out due to a 

significant difference in the rate of epoxidation often observed for different 

enantiomers.
177

 Moreover, it is a chemoselective reaction and the chiral ligands are 

cheap and commercially available.
177 

The reaction is carried out at low temperature (–20 

ºC) to reduce the rate of competing transesterification of the tartarate with alcohols 311 

or 312 which is also effectively catalysed by titanium alkoxide species at rt. 

Furthermore, higher enantioselectivities can be achieved at lower temperature.
176
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 Synthesis of the diepomuricanin A fragments  3.1.2

 Synthesis of the left hand fragments (19S,20S)-302 and (19R,20R)-302 3.1.2.1

 

Scheme 3.5: Synthesis of allylic alcohols (19S,20S)-302, and (19R,20R)-302. Reagents 

and conditions: (a) C12H25MgBr, THF, –30 ºC, 3 h; (b) molecular sieves 3 Å, L-(+)-

DIPT (1.2 equiv), Ti(O
i
Pr)4 (1 equiv), TBHP (0.6 equiv), CH2Cl2, –20 ºC, 12 days; (c) 

molecular sieves 3 Å, D-(–)-DIPT (1.5 equiv), Ti(O
i
Pr)4 (1 equiv), TBHP (2 equiv), 

CH2Cl2, –20 ºC, 6 days; (d) PPh3, DIAD, PNBOH, –30 ºC to rt, 4 h; (e) (1:1) 

MeOH/NaOH, THF, 0 ºC, 1 h; (f) MOMCl, DIPEA, 0 ºC to rt, 20 h; (g) Me3SI, n-BuLi, 

THF, –10 ºC, 4 h. 

The route towards allylic alcohols (19S,20S)-302, and (19R,20R)-302 commenced by 

preparing racemic allylic alcohol (±)-305 in 68% yield, by addition of 

dodecylmagnesium bromide to acrolein (317) (Scheme 3.5).
179

 Allylic alcohol (±)-305 

was subjected to Sharpless kinetic resolution. This was achieved by reacting allylic 

alcohol (±)-305 with (0.6 equiv) of TBHP in the presence of (1.2 equiv) of L-(+)-DIPT 

and Ti(O
i
Pr)4 yielding erythro epoxyalcohol (19R,20S)-318 in 22% yield, and allylic 

alcohol (20R)-305 in 43% yield.
176,180

 Sharpless asymmetric epoxidation (SAE) was 

then employed to convert allylic alcohol (20R)-305
 
to erythro epoxyalcohol (19S,20R)-

318 in 60% yield, using 2 equiv of TBHP, 1 equiv Ti(O
i
Pr)4 and 1.5 equiv D-(–)-
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DIPT.
176,180

A Mitsonobu reaction was then employed to invert the stereochemistry of 

the hydroxyl group in erythro epoxyalcohol (19S,20R)-318, to give the threo epoxy 

ester (19S,20S)-319 in 82%.
144

 The enantiomeric excess of epoxide (19S,20S)-319 was 

determined to be greater than 99% ee by chiral HPLC. Hydrolysis of (19S,20S)-319 

with a mixture of NaOH/MeOH (1:1) afforded threo epoxyalcohol (19S,20S)-320 in 

87%.
181

 One concern with this transformation was the potential for unwanted Payne 

rearrangement: In 1962 Payne reported the equilibration of 2,3-epoxyalcohol 322 under 

basic condition at rt to give epoxide 323 (Scheme 3.6).
182

 

 

Scheme 3.6: Equilibration of 2,3-epoxyalcohols in NaOH (0.5 N). 

Angyal and Gillham reported that, the hydroxyl group near to the ring of epoxide 324 

can react as a nucleophile leading to epoxide 325 (Payne rearrangement) (Scheme 

3.7).
183 

 

Scheme 3.7: Payne rearrangement. 

The Payne rearrangment product is useful to make polyfunctional compounds such as 

326 by regioselective ring opening of epoxide 325 (Scheme 3.8).
183

  

 

Scheme 3.8: Ring opening of epoxide 325. 

To avoid the possible epoxide migration (Payne rearrangement) in aqueous basic 

conditions, the reaction was performed at 0 ºC for a short period of time. Protection of 

the hydroxyl group in epoxyalcohol (19S,20S)-320 as its MOM ether afforded epoxide 

(19S,20S)-321 in 97% yield.
184

 Ring opening of epoxide (19R,20S)-321 using 
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trimethylsulfonium iodide and n-BuLi gave allylic alcohol fragment (19S,20S)-302 in 

98% yield.
144

 Allylic alcohol (19R,20R)-302 was synthesised in a similar manner to 

afford allylic alcohol (19R,20R)-302 in four linear steps with 40% overall yield.  

 Synthesis of the right hand fragments (15S,16S)-303 and (15R,16R)-303 3.1.2.2

 

Scheme 3.9: Synthesis of the right hand fragments (15S,16S)-303, and (15R,16R)-303. 

Reagents and conditions: (a) PBr3, DMF, 0 °C→rt, 24 h; (b) CH3CN, n-BuLi, –

78 °C→rt, THF, 1 h; (c) DIBAL-H, –78 °C→rt, CH2Cl2, 5 h; (d) CH2=CHMgBr, 0 ºC, 

THF, 13 h; (e) molecular sieves 3 Å, L-(+)-DIPT (1.5 equiv), Ti(O
i
Pr)4 (1 equiv), TBHP 

(2 equiv), CH2Cl2, –20 ºC, 65 h; (f) sieves 3Å, D-(–)-DIPT (1.5 equiv), Ti(O
i
Pr)4 

(1equiv), TBHP (2 equiv), CH2Cl2, –20 ºC, 125 h; (g) PPh3, DIAD, PNBOH, –

30 °C→rt, 4 h; (h) MeOH/NaOH (1:1), THF, 0 ºC, 1 h; (i) MOMCl, DIPEA, 0 °C→rt, 

20 h; (j) Me3SI, n-BuLi, THF, –10 ºC, 4 h. 

The fragments (15S,16S)-303, and (15R,16R)-303 were synthesised in a similar manner 

to the left hand fragments (19S,20S)-302 and (19R,20R)-302, by employing the SAKR 

reaction on racemic allylic dienol (±)-306 (Scheme 3.9).
180-184

 It was important to 
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synthesise the key racemic allylic dienol (±)-306 cheaply in a few steps. The first 

reaction was the Appel reaction of alcohol 327.
185 

Reaction of alcohol 327 with carbon 

tetrabromide and PPh3 gave bromide 328 in 66% yield contaminated with bromoform 

CHBr3 which was not easily removed by chromatography. An additional problem was 

the large amount of triphenyl phosphine oxide by-product, which could result in a 

difficult purification upon scale up. Therefore, bromide 328 was produced in 95% yield 

by reaction of alcohol 327 with PBr3 in dry DMF.
186

 Deprotonation of acetonitrile with 

n-BuLi and subsequent reaction with bromide 328 permitted a two carbon 

homologation, giving nitrile 329 in 66% yield.
187 

Aldehyde 330 was obtained in 81% 

yield by reduction of nitrile 329 with DIBAL-H.
188

 Finally, addition of aldehyde 330 to 

vinylmagnesium bromide afforded racemic allylic dienol (±)-306 in 52% yield.
189

 

Subjecting allylic dienol (±)-306 to SAKR and sequence reactions in the similar manner 

to the left hand fragments led to the right fragments (15S,16S)-303 and (15R,16R)-303 

with 13% and 26% overall yields in 6 and 5 steps respectively from allylic dienol (±)-

306. 

 Investigation of the fragment coupling reactions and Model studies for 3.1.3

tethered metathesis 

Before assembling of the diepomuricanin (anti-5c) fragments, we synthesised alkynes 

(±)-337a, (34S)-337a, (±)-337b, and (34S)-337b and investigated the Alder-ene 

reaction and tethered metathesis reactions using model compounds. In the following 

sections more detail will be provided. 

 Synthesis of alkyne fragments 3.1.3.1

The alkynes (±)-337a, (34S)-337a, (±)-337b and (34S)-337b, which will be used as 

starting materials for the Alder-ene reactions, were synthesised using a one-pot 

procedure described by Jordan et al.
190

 Firstly, we synthesized the racemic alkynes (±)-

337a and (±)-337b starting by reacting alkynol (±)-335 with HMDS to protect the 

hydroxyl group as its silyl ether (Scheme 3.10). That was followed by deprotonation of 

the alkyne with LiHMDS (produced in situ from n-BuLi and HMDS),
191

 and addition of 

the anion to either chloroformate 336a or 336b to produce the alkynoate. This was 

followed by desilylation affording the desired racemic alkynes (±)-337a and (±)-337b in 
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good yield. However, scaling up these reactions led to low yields, possibly due to 

desilylation of the protected alcohol intermediate. 

 

Scheme 3.10: Synthesis of racemic alkynes (±)-337a and (±)-337b. Reagents and 

conditions: (a) HMDS, H2SO4, 70 ºC, 3 h, THF; (b) i) HMDS, n-BuLi,–40 ºC, 30 min, 

ii) ethyl chloroformate (336a), 1 h; (c) 6 N H2SO4, 10 min; (d) i) HMDS, n-BuLi, –40 

ºC, 1 h, ii) 4-nitrobenzyl chloroformate 336b. 

An adaptation of the silylation procedure using iodine was found to be effective in 

synthesising alkynes (34S)-337a and (34S)-337b
192

 in good yield and high ee (Scheme 

3.11). The ee for (34S)-337a was 94%, and was estimated from the reported optical 

rotation of alkyne (34S)-337a.
135

 In addition, the ee for alkyne (34S)-337b was 

determined by HPLC (96.4%).  

 

Scheme 3.11: Synthesis of chiral alkynes, (34S)-337a and (34S)-337b. Reagents and 

conditions: (a) HMDS, I2 (1 mol %), rt, 2 h, THF; (b) i) HMDS, n-BuLi, –35 ºC, 1 h, ii) 
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ethyl chloroformate (336a), 1 h; (c) 6 N H2SO4, 1 h; (d) i) HMDS, n-BuLi, –40 ºC, 1 h, 

ii) 4-nitrobenzyl chloroformate (336b). 

 Introducing the butenolide into the right hand fragments  3.1.3.2

 

Scheme 3.12: Introduing the butenolide into the right hand fragment. Reagents and 

conditions: (a) [CpRu(CH3CN)3]
+
PF6

–
, (20 mol %), DMF, 3 h.  

A Ru-catalysed Alder-ene reaction was employed to introduce the butenolide into the 

terminal C27–C28 double bond of dienol (15S,16S)-303 yielding enol (15S,15S,34S)-

338 in 36% as a mixture with the uncyclized β-isomer (15S,16S,34S)-339 in 5:1 ratio 

and ketone (16S,34S)-340 in 8% yield (Scheme 3.12).
135 

The reaction of allylic dienol 

(15S,16S)-303 with alkyne (34S)-337a was performed in the precence of ruthenium 

catalyst [CpRu(CH3CN)3]
+
PF6

–
 (20 mol %) in DMF.

135
 However, the Alder-ene reaction 

displayed low selectivity for the less hindered and more electron-rich C27–C28 double 

bond (shown in red). Therefore, significant amounts of ketone (16S,34S)-340 were 

isolated (reaction of the C13–C14 double bond which is electronically and sterically 

deactivated). The ketone was fully characterized. In addition, beside the low selectivity 

of the Alder-ene reaction, difficulty was encountered with the separation of alcohols 

(15S,16S,34S)-338 and (15S,16S,34S)-339, which eluted together by column 

chromatography. The same Alder-ene reaction but with PNB ester (34S)-337b led to an 

improved ratio (10:1) and separation, but the yield (21%) was lower than before (36%) 

(Scheme 3.13). 
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Scheme 3.13: Inserting the butenolide ring into the right hand fragments (15S,16S)-

303. Reagents and conditions: (a) alkyne (34S)-337b, [CpRu(CH3CN)3]
+
PF6

–
 (10 mol 

%), DMF, 3 h.  

We believed that the low yield may have resulted from the formation of the complex 

343 which inhibited the reaction (Figure 3.3).
193

 Since alkyne (34S)-337b bears a p-

nitrobenzoic group (PNB) that could form a [CpRu(η
6
-arene]

+
 complex 343.

193,194,195
 

 

Figure 3.3: Possible [CpRu(η
6
-arene]

+
 complex 343 

In order to confirm the formation of the ketone form the Alder-ene with allylic alcohols 

we carried out a model reaction using racemic allylic alcohol (±)-305 (Scheme 3.14). 

The expected ketone 344 was formed in 36% (53%, brsm) yield confirming the 

proposed reactivity of allylic alcohols in the Ru-catalysed Alder-ene.
135

 

 

Scheme 3.14: Synthesis of ketone 344. Reagents and conditions: (a) 

[CpRu(CH3CN)3]
+
PF6

–
 (10 mol %), DMF, 3 h.  

Additionally, allylic dienol (15R,16R)-303 was subjected to the Alder-ene reaction with 

similar results, yielding enol (15R,16R,34S)-307 in 37% with uncyclized β-isomer 

(15R,16R,34S)-345 (Scheme 3.15). However, we faced similar difficulties with 

separation and selectivity again. In this case, ketone (16R,34S)-346 was not observed.  
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Scheme 3.15: Inserting the butenolide ring into the right hand fragments: Reagents and 

conditions: (a) [CpRu(CH3CN)3]
+
PF6

–
 (10 mol %), DMF, 3 h.  

 Synthesis of siloxyalkene 350 3.1.3.3

In order to explore the tethering reaction of the left hand fragments, allylic alcohols 

(19S,20S)-302, and (19R,20R)-302, and to test their reactivity under RCM conditions, a 

model study was carried out. Racemic allylic alcohol (±)-305 was reacted with 

dichlorodiisopropyl silane to afford dienoxysilane 347 as mixture of stereoisomers in 

68% (Scheme 3.16).
144

  

 

Scheme 3.16: Synthesis of dienoxysilane 347. Reagents and conditions: (a) 
i
Pr2SiCl2 (1 

equiv), imidazole, CH2Cl2, rt, 3.5 h. 

The conditions were then used to explore the ring closing metathesis reaction, which is 

a key challenge in our route towards the total synthesis of diepomuricanins A (5a-d). 

Tethering the enatiomeric allylic alcohols (19S,20S)-302, and (19R,20R)-302 afforded 

meso siloxydiene 349 in 32% yield
144

 with silanol 348 as byproduct in 22% yield as a 

mixture of enantiomers (19S,20S)-348, and (19R,20R)-348 (Scheme 3.17). By 

stoichiometric sequential reaction of dichlorodiisopropylsilane with the left and then 

right-hand fragments (19R,20R)-302 and (15S,16S)-302 effected efficient tethering. 

Meso siloxydiene 349 underwent ring closing metathesis using Grubbs II (20 mol %) in 
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dry toluene, which afforded siloxyalkene 350 in 36% yield (49% brsm).
135

 This result 

has provided encouragement to continue the synthesis even though the isolated yields 

were low, we hoped they could be improved in later studies. 

 

Scheme 3.17: Synthesis of siloxane 350. Reagents and conditions: (a) 
i
Pr2SiCl2 (1 

equiv), imidazole, then (19S,20S)-302, CH2Cl2, rt, 3 h; (b) Grubbs II (20 mol %), 

toluene, 75 ºC, 24 h. 

 Assembly of diepomuricanin A (anti-5b) fragments 3.1.4

To avoid the low selectivity of the Alder-ene reaction with the C27–C28 double bond 

(shown in red) and the difficulty of separation, we decided to tether allylic dienol 

(19R,20R)-302 and (15R,16R)-303 using a temporary silicon-tether (Scheme 3.18). 

Siloxytriene 304 was obtained in 64% yield with silanol (19R,20R)-348 in 8% yield.
144

 

The Alder-ene reaction then proceeded selectively with the C27–C28 double bond 

(shown in red) of the siloxytriene 304, yielding siloxytriene 308 in 29% yield.
135

 

Siloxytriene 308, was successfully separated from the byproducts, allowing us to 

investigate the tethered metathesis reaction.
144

 Unfortunately, RCM of siloxytriene 308 

was unsuccessful due to the higher reactivity of the C26–C27 double bond. The reaction 

was carried out in small scale and decomposition was noticed.
135
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Scheme 3.18: Assembly of diepomuricanin A (anti-5b) fragments (19R,20R)-302 and 

(15R,16R)-303. Reagents and conditions: (a) (19R,20R)-302, imidazole, 
i
Pr2SiCl2 (1 

equiv) then (15R,16R)-303, CH2Cl2, rt, 3 h; (b) Grubbs II (10 mol %), toluene, 75 ºC, 3 

h; (c) alkyne (34S)-337a, [CpRu(CH3CN)3]
+
PF6

–
 (10 mol %), DMF, 3.5 h; (d) Grubbs II 

(20 mol %), toluene, 75 ºC, 24 h. 

Furthermore, attempting RCM of siloxytriene 304 was not selective for the desired ring 

formation. Instead reaction occurred preferentially at the terminal C27–C28 double 

bond (shown in red). Therefore, macrocyclisation was observed, and the formation of 

macrocyclic products 352 and 353 was confirmed by NMR spectroscopy as signals 

from the terminal double bond of the long alkyl chain were largely absent. The CH=CH 

proton signals of the metathesis products appeared at 5.78 ppm. In addition, mass 

spectrometry confirmed the proposed structures 352 and 353 from observation of 

molecular ions at m/z 705.5 (100%, [M+Na]
+
) (Figure 3.4).  
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Figure 3.4: Proposed structures of RCM products 352 and 353 (from 304) 

 Conclusion 3.1.5

In conclusion we have synthesised the left hand fragments (19S,20S)-302, and 

(19R,20R)-302 in 7 and 6 linear steps with 6% and 2% overall yield respectively. In 

addition, the right hand fragments (15S,16S)-303 and (15R,16R)-303 were also 

synthesised in 10 and 9 linear steps with 3% and 7% overall yield respectively. 

Moreover, the selective Alder-ene reactions of right hand diene fragments (15S,16S)-

303, and (15R,16R)-303 were investigated and the preferential reaction of the C27–C28 

double bond was observed, to give the right hand fragment 307 containing the 

butenolide.  

Furthermore, the tethered metathesis approach was demonstrated by synthesis of the 

model siloxyalkene 350. Successful formation of siloxytriene 304 allowed the selective 

Alder-ene reaction of the C27/C28 double bond to be investigated. Finally, RCM 

reactions of siloxytrienes 304 and 308 highlighted the competing steric and electronic 

influences on the reaction which was emphasised by the formation of the macrocylic 

products 352 and 353. That resulted in the modifying of our route to avoid this effect. A 

more detailed describtion of this modification will be provided in the following section. 

 Modification of the Sharpless asymmetric epoxidation route towards 3.1.6

diepomuricanin A (anti-5d) 

To avoid the low selectivity observed in the Alder-ene reactions of siloxytriene 308, and 

dienols (15R,16R)-303 and (15S,16S)-303, we modified our route to proceed via 

revised right hand fragment epoxyalcohol (15S,16S)-354 (Scheme 3.19). This avoided 

the undesired double bond selectivity problems observed in the previous right hand 

diene fragments (15S,16S)-303 and (15R,16R)-303.  
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Combination of the left hand fragment (19S,20S)-302, and the right hand fragment 

(15S,16S)-354 using a tethered alkene metathesis, followed by extension of the C14 

chain will lead to diepomuricanin A (anti-5d).  

 

Scheme 3.19: Assembly of diepomuricanin A (anti-5d) fragments 

An added advantage of using the new right hand fragment (15R,16R)-354 and 

(15S,16S)-354 to introduce the C15 and C16 in diepomuricanin A stereoisomers (5a-d) 

is that they are more easily synthesised in large quantity and in few steps by Sharpless 

asymmetric epoxidation of commercially available divinylcarbinol (357) with high ee 

(> 99%). In addition, we could avoid the Sharpless asymmetric kinetic resolution, which 

is limited to a maximum 50% yield. Divinylcarbinol (357) is achiral with two pairs of 

stereo-heterotopic π-faces.
196

 Selectivity under Sharpless asymmetric epoxidation 

conditions is controlled by the enantiomer of the Sharpless reagent. For example, when 

L-(+)-diisopropyl tartarate is used, divinylcarbinol (357) is preferentially epoxidized 

from the Re,Re-face, whereas it is epoxidized from the Si,Si-face when D-(–)-

diisopropyl tartarate is employed (Figure 3.5).
196

 

 

Figure 3.5: Re,Re facial selectivity observed in SAE of divinylcarbinol (357) with L-

(+)-diisopropyl tartarate 
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Schreiber et al.,
 
in their mathematical and experimental study, confirmed that one of the 

four faces of divinylcarbinol (357) would react faster than the other three faces. 

Therefore, epoxyalcohol (15R,16S)-358 and (15S,16R)-358 can be prepared with high 

enantiomeric excess from divinylcarbinol (357) proceeding with diastereotopic face and 

enantiotopic group selectivity under Sharpless asymmetric epoxidation conditions 

(Scheme 3.20).
197

 

 

Scheme 3.20: Sharpless asymmetric epoxidation of divinylcarbinol (357) 

In addition, Schreiber determined the absolute configuration of epoxyalcohol 

(15S,16R)-358 by converting it to (–)-riboflavin.
197,198

 The Figure 3.6 below shows the 

different reactivity of the enantiotopic groups of divinylcarbinol in desymmetrization 

with Sharpless asymmetric epoxidation catalyst. The mismatched double bond is 

directed away from the catalyst resulting in minimizing the activation energy of 

epoxidation.
199

 

 

Figure 3.6: Model structures showing the different reactivity of the enantiotopic groups 

of divinylcarbinol (357) in Sharpless asymmetric epoxidation. 
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 Synthesis of epoxyalcohols (15S,16S)-354, and (15R,16R)-354 3.1.6.1

The epoxyalcohol (15S,16R)-358 was synthesised in 92% yield, by employing 

Sharpless asymmetric epoxidation (SAE) on divinycarbinol (357) (Scheme 3.21).
200,201

 

Epoxyalcohol (15S,16R)-358 was contaminated with approximately 5% of D-(–)-DIPT, 

which was difficult to remove by column chromatography or by Kugelrohr distillation. 

Similar problems have been described by Dong et al.
202

 Therefore, epoxyalcohol 

(15S,16R)-358 was converted to threo epoxy para-nitrobenzoate (15S,16S)-359 in 55% 

yield with no further purification required (99% ee, HPLC),
 
by treatment with PPh3 and 

PNBOH in the presence of DIAD.
202

 Threo epoxy para-nitrobenzoate (15S,16S)-359 

was then hydrolysed with a mixture of anhydrous MeOH and K2CO3 to afford threo 

epoxyalcohol (15S,16S)-354 in 70% yield.
203

 The reaction was run at –7 ºC (ice salt 

bath) and quenched after 5 min with glacial acetic acid to neutralize the base. Under 

these conditions we were able to avoid the Payne rearrangement.
182

  

Similarly, epoxyalcohol (15R,16R)-354 was obtained in three steps from 

divinylcarbinol (357). The SAE reaction was quenched after 18 h (the reaction finished 

within 6 h, TLC) to explore the effect of time on the enantiomeric excess. No significant 

difference in the ee (98%) was observed.
182,200

 

 

Scheme 3.21: Synthesis of epoxyalcohols (15S,16S)-354, and (15R,16R)-354. Reagents 

and conditions: (a) MS 4 Å, D-(–)-DIPT (6 mol %), Ti(O
i
Pr)4 (5 mol %), CHP (2 

equiv), CH2Cl2, –23 ºC to –20 ºC (freezer), 6 days; (b) PPh3, DIAD, PNBOH, 0 °C→rt, 

3 h; (c) MeOH, K2CO3, THF, –7 ºC, 5 min. 

In order to explore the tethering reaction of the new right hand fragments, (15S,16S)-

354 and (15R,16R)-354, and to test their reactivity under RCM conditions epoxide 
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(15S,16S)-354 was tethered to give diepoxydiene 360 in 58% yield (Scheme 3.22).
2
 

Diepoxydiene 360 then underwent RCM using Grubbb II catalyst to give the 

diepoxyalkene 361 in 61% yield demonstrating the viability of this approach.
204

 

 

Scheme 3.22: Synthesis of diepoxyalkene 361. Reagents and conditions: (a) 
i
Pr2SiCl2 (1 

equiv) imidazole, CH2Cl2, rt, 4 h; (b) Grubbb II, (5 mol %), CH2Cl2, rt, 19 h. 

 Assembly of diepomuricanin A fragments 3.1.6.2

Tethering the allylic alcohol (19S,20S)-302 with epoxide (15S,16S)-354 gave the 

desired epoxydiene 355 in 55% yield, and silanol (19S,20S)-348 in 5% yield (Scheme 

3.23).
144

 By stoichiometric sequential reaction of dichlorodiisopropylsilane with the left 

and then right-hand fragments (19S,20S)-302 and (15S,16S)-354 effected efficient 

tethering. Epoxydiene 355, then underwent RCM using Grubbs II, giving epoxyene 362 

in 67% yield.
204

 The successful RCM shows the viability of our modification of the 

route by using the new right hand fragment (15S,16S)-354. This underlines the steric 

hindrance, along with the electronic influence of the C26-C27 double bond which 

caused macrocyclisation in the previous route. The epoxyene 362 was then opened 

using undec-10-enylmagnesium bromide in the presence of copper iodide, to afford 

siloxydienol 356 in 67% and 73% yield (depending on the reaction conditions).
11,139

 

Siloxydienol 356 then underwent the Alder-ene reaction using the ruthenium 

cyclopentadienyl catalyst, affording the desired butenolide 363 in 53% yield with 

uncyclised product 364 in (5:1) ratio.
135

 This completed the synthesis of the carbon 

framework of diepomuricanins for the first time in the Brown’s group. This again shows 

the efficiency of using the new right hand fragment (15S,16S)-354, allowing for the 

successful Alder-ene reaction with increased selectivity and yield when compared to 

previous route.  
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Scheme 3.23: Towards the synthesis of diepomuricanin A (anti-5d). Reagents and 

conditions: (a) (19S,20S)-302, imidazole, 
i
Pr2SiCl2 (1 equiv) then epoxide (15S,16S)-

354 (2 equiv), CH2Cl2, rt, 18 h; (b) Grubbs II, (20 mol %), CH2Cl2, rt, 19 h; (c) undec-

10-enylmagnesium bromide, CuI, –60 °C→ –30 °C, 20 min, THF, then epoxyene 362, –

60 °C→–20 °C, 1 h; (d) undec-10-enylmagnesium bromide, CuI, 0 °C, 10 min, THF, 

then epoxyene 362, –78 °C, 3 h, then –20 °C, 30 min; (e) alkyne (34S)-337a, 

[CpRu(CH3CN)3]
+
PF6

–
 (20 mol %), DMF, rt, 3 h. 

On the other hand, an interesting result was the successful fragment coupling towards 

diepomuricanin A (anti-5d) by cross metathesis reaction of the new right hand fragment 

(15S,16S)-354 with the left hand fragment (19S,20S)-302 in the presence of Grubbs II 

affording the desired epoxydiol 365 in 27% yield (45% brsm), with dimer 366 in 4% 

yield (the E/Z ratio were not determined due to 
1
H-NMR signals overlapping) (Scheme 

3.24).
204

 However, the low yield of the CM reaction confirmed the superiority of our 

RCM approach in Scheme 3.23. 
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Scheme 3.24: Cross metathesis reaction of (19S,20S)-302, and (15S,16S)-354. 

Reagents and conditions: (a) Grubbs II, (10 mol %), CH2Cl2, rt, 15 h. 

 Conclusions 3.1.6.3

The efficiency of the modified route resulted from the successful synthesis of the new 

right hand fragments (15S,16S)-354, and (15R,16R)-354. That led to the important 

achievement of installing the correct stereochemistry at C15 and C16 in diepomuricanin 

A (anti-5d) via formation of tethered epoxydiene 355. RCM of epoxydiene 355 was 

successfully carried out leading to the key siloxydienol 356. In addition, selective 

Alder-ene reaction of siloxydienol 356 successfully produced the butenolide 363, 

completing the framework of diepomuricanin (anti-5d) with the correct stereochemistry 

at all five stereogenic centres. That showed the viability of the modified approach. 

However, the materials in hand were not sufficient to complete the synthesis of 

diepomuricanin A (anti-5d). Therefore, we needed to resynthesise the left hand 

fragments; allylic alcohol (19S,20S)-302 with its enantiomer (19R,20R)-302. A further 

improved route to prepare them will be presented in the following section. 
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  Overman asymmetric allylic esterification route towards 3.2

diepomuricanin A (syn-5c) 

A general approach to assemble the fragments of diepomuricanins A (syn-5c) had been 

established (Scheme 3.25), as described for diepomuricanin A (anti-5d) in Scheme 

3.23. Joining the left hand fragment (19S,20S)-302 with the right hand fragment 

(15R,16R)-354 via a tethered alkene metathesis, will lead to the stereoisomer (syn-5c). 

Stereoisomers 5a, 5b, and 5d will be synthesised following the same strategy for the 

assembly of stereoisomer (syn-5c), by using suitable fragments. 

 

 

Scheme 3.25: Towards the total synthesis of diepomuricanin A (syn-5c) 

In this section a new route to prepare the left hand fragments, allylic alcohol (19S,20S)-

302 and its enantiomer (19R,20R)-302, was designed to allow access to them in higher 

yield and quantity utilizing the Overman asymmetric allylic esterification of 

trichloroacetimidate (Z)-370 in the presence of (S)-(+)-COP-OAc catalyst 374 as the 

key step (Figure 3.7).
205

  

 

Figure 3.7: New retrosynthesis analysis of the left hand fragment (19S,20S)-302 
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This methodology was chosen to avoid the low substrate conversion observed in the 

Sharpless asymmetric kinetic resolution of racemic allylic alcohol (±)-305, and also to 

increase the ee during the synthesis. A short overview of the Overman asymmetric 

allylic esterification will be provided in the next section. 

 Introduction to the Overman asymmetric allylic esterification 3.2.1

In 2004 Overman and co-workers reported that chiral allylic ester 373 can be synthsised 

in high enantiselectivity when prochiral trichloroacetimidate (Z)-371 reacts with a 

carboxylic acid 372 in the presence of either palladium(II) acetate catalystst (R)-(–)-

COP-OAc 374 or (S)-(+)-COP-OAc 374 (Scheme 3.26) and (Figure 3.8).
205

  

 

Scheme 3.26: Overman asymmetric allylic esterification 

 

Figure 3.8: The palladium (II) acetate catalysts (R)-(–)-COP-OAc 374, and (S)-(+)-

COP-OAc 374. 

The mechanism of the Overman asymmetric allylic esterification includes reversible 

coordination of (S)-(+)-COP-OAc 376 (after loss of acetate) to the nitrogen of imidate 

to afford complex 375 which activates the prochiral alkene for nucleophilic attack by 

carboxylic acid 372 to produce the palladacyclic intermediate 377. Deoxypalladation of 

377 then delivers complex 379, 3-acyloxy-1-alkene and 2,2,2-trichloroacetamide 

(Scheme 3.27).
205
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Scheme 3.27: Proposed mechanism of the Overman asymmetric allylic esterification 

catalysed by (S)-(+)-COP-OAc
205

 

 Synthesis of left hand fragment allylic alcohol (19S,20S)-302 3.2.2

Synthesis of the allylic alcohol (19S,20S)-302 commenced by preparing alkynol 383 in 

67% yield, by reacting propargyl alcohol 382 with bromododecane in the presence of n-

BuLi and HMPA (Scheme 3.28).
206

 The over alkylated product 381, was also observed 

as an impurity (Figure 3.9). Alkynol 383 was then hydrogenated using Lindlar catalyst, 

which afforded the alkene (Z)-384 in 97% yield.
127

 Acetimidate (Z)-370 was 

synthesised in 94% yield, by reacting alkene (Z)-384 with trichloroacetonitrile in the 

presence of DBU.
207

 Purification by column chromatography afforded a small amount 

of imine 380 as a side product of the acetimidate (Z)-370 by rearrangement on silica gel 

(Figure 3.9). 

 

Figure 3.9: Imine 380 and over alkylated product 381. 
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To avoid this undesired rearrangement the crude acetimidate was rapidly passed through 

a short plug of silica gel eluting with 25% Et2O/hexane, to afford pure acetimidate (Z)-

370 in 99%. 

 

Scheme 3.28: Synthesis of the left hand fragment (19S,20S)-302. Reagents and 

conditions: (a) n-BuLi (2 equiv), HMPA, –78 °C→–30 °C, then 1-bromododecane, –

30 °C→rt, 48 h, THF; (b) Lindlar catalyst (5% Pd/CaCO3 poisoned with Pb), H2, rt, 

MeOH, 4.5 h; (c) Cl3CCN, DBU, CH2Cl2, 0 °C→rt, 3 h; (d) (S)-(+)-COP-OAc 374 (1 

mol %), PNBOH, CH2Cl2, rt, 61 h; (e) (S)-(+)-COP-OAc (1 mol %), benzoic acid, 

CH2Cl2, rt, 61 h; (f) (S)-(+)-COP-OAc 374 (1 mol %), acetic acid, CH2Cl2, rt, 20 h; (g) 

(1:1) MeOH/NaOH, THF, 0 ºC, 1 h; (h) molecular sieves 3 Å or 4 Å, D-(–)-DIPT, 

Ti(O
i
Pr)4, TBHP (2 equiv), CH2Cl2, –20 ºC, 17 d; (i) PPh3, DIAD (2 equiv), PNBOH, –

30 °C→rt, 3 h; (j) (1:1) MeOH/NaOH, THF, 0 ºC, 1 h; (k) MOMCl, DIPEA, 0 °C→rt, 

23 h; (l) Me3SI, n-BuLi, THF, –10 ºC, 1 h. 

Acetimidate (Z)-370 then underwent asymmetric esterification using PNBOH, in the 

presence of (S)-(+)-COP-OAc 374 (0.5 mol %), which afforded ester (20R)-385 in 47% 

yield, (59% brsm). The reaction was slow and the yield was disappointing so catalyst 
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loading was increased to 1 mol %, which gave ester (20R)-385 in 70% yield (75% 

brsm) (ee 97%, HPLC). In order to measure the ee of ester (20R)-385 by chiral HPLC 

we prepared its enantiomer (20S)-385. Reaction of allylic alcohol (20R)-305 using PPh3 

and 4-nitrobenzoic acid in the presence of DIAD afforded (20S)-385 in 64% yield 

(Scheme 3.29).
202

 The ee was determined to be > 99% ee by HPLC for (20S)-385 and 

97% ee by HPLC for (20R)-385. 

 

Scheme 3.29: Synthesis of ester (20S)-385. Reagents and conditions: (a) PPh3, 

PNBOH, DIAD, THF, 0 ºC to rt, 1 h. 

The solubility of PNBOH in CH2Cl2 was low, and scale up would require a large 

amount of solvent which is undesirable. To avoid this problem benzoic acid was 

employed in place of PNBOH. However, the yield of the reaction decreased giving the 

ester (20R)-386 in only 52% yield.
207

 The solubility of BzOH in CH2Cl2 was also found 

to be low. Therefore glacial acetic acid was selected as the nucleophile. Acetimidate 

(Z)-370 was esterified under different conditions (Table 3.1), using acetic acid with 

different loadings of the (S)-(+)-COP-OAc catalyst (374), which afforded acetate (20R)-

369 in high yield and ee (GC). 

Table 3.1: Overman asymmetric allylic eserification of acetimidate (Z)-370.    

Entry Product  (S)-(+)-COP-OAc 374  ee (GC) Time (h) Yield % 

1 (20R)-369
a
 1 mol % 94.1% 20 84% 

2 (20R)-369 1 mol % 91.38% 22 84% 

3 (20R)-369 1 mol % 96.13% 96 82% 

4 (20R)-369 1 mol % 85.62% 21 80% 

5 (20R)-369 0.5 mol % Not 

determined 

120 35% 

a 
This material was used in subsequent reactions. 

In order to measure the ee of the acetates (20R)-369 by GC, the formation of racemic 

acetate (±)-369 was required. This was synthesised in 64% yield, by reacting racemic 

allylic alcohol (±)-305 with acid acetyl chloride (387) in the presence of DIPEA 

(Scheme 3.30).
208
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Scheme 3.30: Synthesis of ester (±)-369. Reagents and conditions: (a) DIPEA, CH2Cl2, 

0 ºC to rt, 6 h.  

Acetate (20R)-369 was hydrolysed to allylic alcohol (20R)-305 in high yield.
181

                  

Sharpless asymmetric epoxidation of allylic alcohol (20R)-305 afforded the erythro     

epoxyalcohol (19S,20R)-318 in good yield using different loadings of the Ti(O
i
Pr)4,    

and D-(–)-DIPT in the presence of either TBHP or CHP as oxidising agent (Table 

3.2).
176,180,200

 The reaction proceeded faster and with high ee using CHP as oxidant with 

catalytic and stoichiometric Ti(O
i
Pr)4 (Table 3.2, entry 3, 4) compared to use of TBHP 

as oxidant. However, the obtained erythro epoxyalcohol (19S,20S)-318 was 

contaminated with cumene alcohol which made it difficult to purify.
200

 Therefore, 

TBHP was used as the oxidant in the presence of stoichiometric Ti(O
i
Pr)4 to give 

erythro epoxyalcohol (19S,20S)-318 (Table 3.2, entry 1) with good yield and high ee. 

The synthesis was carried forward with this material.  

Table 3.2: The result of Sharpless asymmetric epoxidation of allylic alcohol (20R)-305. 

 

Entry Product Oxidant 

(2equiv) 

MS Ti(O
i
Pr)4 D-(–)-

DIPT 

Time Yield ee
b
 

1 (19S,20R)-318
a
 TBHP 3Å 1 equiv 1.5 equiv 17 d 65% >99% 

2 (19S,20R)-318 TBHP  3Å 1 equiv 1.2 equiv 22 d 59% 98% 

3 (19S,20R)-318 CHP 4Å 10 mol % 15 mol % 141 h 64% >99% 

4 (19S,20R)-318 CHP 4Å 1 equiv 1.5 equiv 44 h 62% >99% 

a 
The synthesis was carried forward with this material. 

b
 ee was measured by HPLC after inversion of the 

stereochemistry of erythro (19S,20R)-318 to threo (19S,20S)-319. 

A Mitsunobu reaction was then employed to invert the hydroxyl group in erythro 

epoxyalcohol (19S,20R)-318 to give threo epoxybenzoate (19S,20S)-319. This was 

achieved in high yield (89%) and ee (> 99% ee, HPLC), using PPh3 and 4-nitrobenzoic 

acid in the presence of DIAD.
144

 Hydrolysis of threo epoxybenzoate (19S,20S)-319 
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(Table 3.2, entry 1) with a mixture of (1:1) NaOH/MeOH afforded threo epoxyalcohol 

(19S,20S)-320 in 99%.
181

 Protection of the hydroxyl group in (19S,20S)-320 as its 

MOM ether afforded (19S,20S)-321 in 97%.
184

 Ring opening of epoxide (19S,20S)-321 

with trimethylsulfonium ylide  gave allylic alcohol (19S,20S)-302 in 99% yield.
144

  

The enantiomeric left hand fragment (19R,20R)-302 will be completed using the same 

sequence of reactions (Scheme 3.31). 

 

Scheme 3.31: Synthesis of the left hand fragment (19R,20R)-302. Reagents and 

conditions: (a) MOMCl, DIPEA, 0 °C→rt, 23 h; (b) Me3SI, n-BuLi, THF, –10 ºC, 1 h; 

(c) PPh3, DIAD (2 equiv), PNBOH, –30 °C→rt, 3 h; (d) (1:1) MeOH/NaOH, THF, 0 ºC, 

1 h. 
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 Assembly of diepomuricanin A (syn-5c) fragments (19S,20S)-302, and 3.2.3

(15R,16R)-354 

 

Scheme 3.32: Assembly of diepomuricanin A (syn-5c) fragments (19S,20S)-302 and 

(15R,16R)-354. Reagents and conditions: (a) (19S,20S)-302, imidazole, 
i
Pr2SiCl2 (1 

equiv) then (15R,16R)-354, CH2Cl2, rt, 18 h; (b) Grubbs II, (20 mol %), CH2Cl2, rt, 22 

h; (c) undec-10-enylmagnesium bromide, CuI, –30 °C→–20 °C, 20 min, THF, then 

epoxyene 391, –78 °C, 1h; (d) alkyne (34S)-337a, [CpRu(CH3CN)3]
+
PF6

–
 (20 mol %), 

DMF, rt, 1 h. 

The assembly of the diepomuricanin A (syn-5c) fragments followed the route described 

for the diastereoisomer (anti-5d) (see Scheme 3.23). Tethering right hand fragment 

(15R,16R)-354 with the left hand fragment (19S,20S)-302 gave the desired epoxydiene 

367 in 70% yield (Scheme 3.32).
144

 Epoxydiene 367, then underwent RCM using 

Grubbs II, giving epoxyene 391 in 70% yield.
204

 Hoveyda-Grubbs II was also effective 

for the RCM of epoxydiene 367, delivering the desired product 391 in similar yield 

(69%).
204

 The first attempt to open epoxyene 391 ring with undec-10-enylmagnesium 

bromide produced a major side product 393, which resulted from the opening of the 
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seven membered siloxane ring by the second alkyl substituent of the organocuprate 394 

(Scheme 3.32). The side product siloxytriene 393 was obtained in 63% yield with none 

of the desired epoxydiene 368 observed (Table 3.3, entry 1). This may be explained 

based on the stereochemistry of the epoxyene 391. After delivery of the first alkyl group 

to open the epoxide, the resulting proposed intermediate 396 adopts a conformation in 

which the second alkyl chain is positioned close to the seven membered ring (alkyl 

chain in axial position) allowing for delivery of the second alkyl group to open the ring 

giving the side product 393 (Figure 3.10).
209

 

 

Figure 3.10: Proposed structure of the intermediate 396 with alkyl chain in an axial 

orientation 

This problem was not observed during the earlier reaction of diastereoisomeric 

epoxyene 362 as the siloxydiene 356 was obtained in 67% and 73% yields respectively 

without any unwanted siloxane opening (second alkyl chain in equatorial position) 

(Figure 3.11).  

 

Figure 3.11: Proposed structure of the intermediate 397 with alkyl chain in equatorial 

orientation  

To avoid this side reaction of 391 we investigated different reaction conditions (Table 

3.3). The desired siloxydiene 368 was obtained with 25% isolated yield with 42% yield 

of recovered starting material when the reaction carried out at –78 °C for a short time, 

(Table 3.3, entry 3).
139

 Using copper bromide as a catalyst returned the desired product 
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in 8% whereas side product 393 was not isolated. 47% starting material was recovered 

(Table 3.3, entry 2). We decided to use CuBr.DMS in place of Cu(I) as the copper 

source to catalyse the ring-opening of epoxyene 391, by producing the soluble and more 

thermally stable organocopper 395 with one alkyl chain (Scheme 3.32).
210

 Thus, the 

desired product siloxydiene 368 was obtained in 56% yield without any trace of the side 

product 393 (Table 3.3, entry 6). This was carried out by addition of 2 equiv undec-10-

enylmagnesium bromide to a mixture of epoxyene 391 and CuBr.DMS at –78 °C. We 

noticed that the reaction proceed very rapidly (Table 3.3, entry 7).
209

 Finally, ruthenium 

catalysed Alder-ene reaction of siloxydiene 368 afforded butenolide 392 in 44% yield as 

a mixture with uncyclised β-isomer 398 in a 5:1 ratio (Figure 3.12).
135 

Purification 

afforded pure butenolide 392 in 25% yield. 

 

Figure 3.12: Uncyclised β-isomer 398 

Table 3.3: The optimization of conditions for ring opening of epoxyene 391.  

Entry Catalyst 

 

Loading Temp. Time Product 

368  

Side 

product 

393  

SM (%) 

1 CuI 1.1 equiv –60 →–20 

°C 

1 h 0% 63% 0% 

2 CuBr 1.1 equiv –60 →0 °C 0.5 h 8% 0% 47% 

3 CuI 1.1 equiv –78 °C 25 min 25% 0% 42% 

4 CuI 2.5 equiv –78 →70 °C 2 h 10% 15% not 

isolated 

5 CuI 1.1 equiv –78 °C 30 min 21% 17% 0% 

6 CuBr.SMe2 13 mol % –30 →25 °C 0.5 h 56% 0% 0% 

7 CuBr.SMe2 10 mol % –30 °C 5 min 45% 0% 0% 

 Conclusion 3.2.4

The Overman asymmetric esterification of acetimidate (Z)-370 provided allylic alcohol 

(19R,20R)-302 in 27% overall yield over 10 linear steps with very high ee. In addition, 

the major fragments were joined together by silicon tethered RCM. A reliable protocol 
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for the coupling of the C14-C15 chain was developed using organocopper CuBr.DMS.  

Finally, the butenolide ring was successfully introduced using the Ru-catalysed Alder-

ene reaction completing the framework of diepomuricanin (syn-5c) with the correct 

stereochemistry at all five stereogenic centres. This has demonstrated the viability of 

this approach and it is hoped that the synthesis will be completed in the near future. 
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4. Chapter 4: Conclusions and future work 

 Conclusions 4.1

Two general approaches were investigated towards the total synthesis of 

diepomuricanins (5a-d). The first involved linear assembly of the carbon back bone, 

using α-oxidation and hydrolytic kinetic resolution as key steps. During the α-oxidation 

route we successfully synthesised aldehyde 248 in six steps in a 9% overall yield 

(Scheme 4.1). However, we were unable to synthesise the key α-oxidation product (S)-

249, despite attempting many α-oxidation methods. The instability of the α-oxidation 

products due to oligomerization made their isolation challenging. Therefore, the route 

towards diepomuricanin (syn-5c) was not continued. 

 

Scheme 4.1: Linear approach to diepomuricanin (syn-5c) via α-oxidation of aldehyde 

248 

A modified approach based on hydrolytic kinetic resolution of terminal epoxides was 

investigated. The key epoxides (±)-277 and (S)-277 were synthesised (Scheme 4.2). 

However, volatility complicated the isolation of 277 impacting upon the yield.  

 

Scheme 4.2: Approach to diepomuricanin (syn-5a) via HKR 

The volatility problem was addressed by changing the leaving group to tosylate, but this 

caused an undesired in situ cyclization of the tosylated diol. An alternative was to make 
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epoxide (±)-293, containing a long alkyl chain, as a substrate for the HKR. However, 

the moderate yield of epoxide (±)-293 limited the practicality of this route, leading us to 

consider a tethered-metathesis approach. 

In the tethered-metathesis approach two oxidised, chiral non-racemic fragments are 

combined in the key step. We investigated two routes: the first required the left hand 

fragments (19S,20S)-302 and (19R,20R)-302 and the right hand fragments (15S,16S)-

303 and (15R,16R)-303 from Sharpless kinetic resolution of allylic alcohols (±)-305 and 

(±)-306 respectively. We then successfully tethered the left and right hand fragments 

together installing the correct stereochemistry at the C15, C16, C19 and C20 of 

diepomuricanin (anti-5b) by making the key siloxytrienes 304 and 308 (Scheme 4.3). 

However, we were not able to complete the framework of diepomuricanin (anti-5b) due 

to the low selectivity of Alder-ene reaction of the less hindered C27-C28 double bond. 

Additionally, failure of the RCM reaction of the key siloxytrienes 304 and 308 due to 

steric and electronic effects, made us consider modified fragments.  

 

Scheme 4.3: Approach to diepomuricanin (anti-5b) 

The problem was solved by introducing the new right hand fragments (15S,16S)-354 

and (15R,16R)-354, prepared in 3 steps with 35% and 27% overall yields respectively. 

That allowed us to complete the framework of diepomuricanin (anti-5d) by making 

butenolide 363 via tethered-RCM and Alder-ene reactions (Scheme 4.4). 
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Scheme 4.4: Approach to diepomuricanin (anti-5d) 

However, the practicality of this route towards diepomuricanin (anti-5d) was limited by 

the low quantity of the left hand fragment (19S,20S)-302. Therefore, we developed an 

improved synthesis using Overman asymmetric allylic esterification of acetimidate (Z)-

370. The tethered-RCM strategy with (19S,20S)-302 and (15R,16R)-354 led to 

butenolide 392 (Scheme 4.5). That completed the framework of diepomuricanin (syn-

5c) with the required stereochemistry at all five stereogenic centres.  

 

Scheme 4.5: Approach to diepomuricanin (syn-5c) 

Despite the potential of this route as a means to access all four stereoisomers of 

diepomuricanin A starting from compound 392 (Scheme 4.6), the limitation of research 

time did not allow us to complete the synthesis. However, it is hoped that the synthesis 

will be completed in the future and more detail will be provided in section 4.2.   
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Scheme 4.6: Approaches to diepomuricanins A (5a-d) 

 Future work  4.2

As mentioned above we can synthesise all four diepomuricanin A stereoisomers (5a-d) 

starting from butenolide 392. However, due to the large number of synthetic required 

steps to access diepomuricanin A (anti-5b) and (anti-5d) (Scheme 4.6), the synthesis 

plan will be described below for diepomuricanin A (syn-5c) and (syn-5a) (Scheme 4.7). 

A shorter route to diepomuricanin A (anti-5b) and (anti-5d) can be achieved by 

replacing the left hand fragment (19S,20S)-302 with its enantiomer (19R,20R)-302 in 

the tethered metathesis step as in Scheme 4.5. 

 Synthesis of diepomuricanins A (syn-5c) and (syn-5a) 4.2.1

Synthesis of diepomuricanin (syn-5c) and (syn-5a) will be completed by selective 

hydrogenation of butenolide 392 using Wilkinson's catalyst to give alcohol 399 

(Scheme 4.7). A sequence of protection, deprotection and epoxide formation will 

follow, leading to diepomuricanins A (syn-5c) and (syn-5a). It is important to comment 

here on the selective deprotection of MOM ether protecting group in the presence of 

silyl ether, which can be carried out under mild conditions with magnesium bromide in 

ether.
211
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Scheme 4.7: Proposed synthesise of diepomuricanins A (syn-5c) and (syn-5a). 

Reagents and conditions: (a) Wilkinson’s catalyst (H2, Rh(Ph3P)3Cl), benzene; (b) 

MOMCl, DIPEA, CH2Cl2, 0 °C→rt; (c) AcOH, MeOH; (d) MsCl, Et3N, CH2CI2; (e) 

HCl, MeOH, THF; (f) KOH, THF; (g) MgBr2.Et2O, EtSH, rt, ether. 
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5. Chapter 5: Experimental  

 General Methods 5.1

Chemicals were purchased from Sigma-Aldrich, Fisher Scientific, Alfa Aesar, 

Fluorochem or Apollo Scientific. All air / moisture sensitive reactions were carried out 

under an inert atmosphere, in oven-dried or flame dried glassware. The solvents THF 

and Et2O (from Na/benzophenone), CH3CN, MeOH and CH2Cl2 (from CaH2) were 

distilled before use, and where appropriate, other reagents and solvents were purified by 

standard techniques.
212

 TLC was performed on aluminium-precoated plates coated with 

silica gel 60 with an F254 indicator; visualised under UV light (254 nm) and / or by 

staining with ceric ammonium molybdate, phosphomolybdic acid, potassium 

permanganate or vanillin. Flash column chromatography was performed using high 

purity silica gel, Geduran®, pore size 60 Å, 230-400 mesh particle size, purchased from 

Merck. 

Fourier-transform infrared (FT-IR) spectra are reported in wavenumbers (cm
–1

) and 

were collected as solids or neat liquids on a Nicolet 380 fitted with a Smart Orbit 

Goldengate attachment using OMNIC software package. The abbreviations s (strong), 

m (medium), w (weak) and br (broad) are used when reporting the spectra. Optical 

rotations were collected on an Optical Activity PolAAr 2001 machine. The solvents 

used for the measurement of the optical activity are detailed in the experimental. 

1
H NMR and 

13
C NMR spectra were recorded in CDCl3 solutions (purchased from 

Cambridge Isotope Laboratories, Inc.) at 298 K using Bruker AC300, AV300 (300 and 

75 MHz respectively) or Bruker DPX400 (400 and 100 MHz respectively) 

spectrometers. Chemical shifts are reported in δ units using CHCl3 as an internal 

standard (δ 7.27 ppm 
1
H, δ 77.00 ppm 

13
C). All spectra were reprocessed using 

ACD/Labs software version: 12.1. Coupling constants (J) were recorded in Hz. The 

following abbreviations for the multiplicity of the peaks are s (singlet), d (doublet), t 

(triplet), q (quartet), quin (quintet), sxt (sextet), br (broad), and m (multiplet).  

Melting points were obtained using a Gallenkamp Electrothermal apparatus and are 

uncorrected. Analytical HPLC was performed on an Agilent 1220 Infinity LC System 

utilising the Agilent EZChrom software package eluting either from Daicel Chiralcel
®
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OD-H, OB-H and AD-H columns eluting with IPA/n-hexane mixtures (details in the 

experimental). Electrospray low resolution mass spectra were recorded on a Waters 

ZMD quadrupole spectrometer. High resolution mass spectra were recorded on a Bruker 

APEX III FT-ICR mass spectrometer. Analytical GC was performed using a Perkin 

Elmer clacus 400 system. Chromatographic separation was carried out using Varian 

Column: CP-Cyclodextrin-B-236-M-19 (50 × 0.25 mm) with helium as the carrier gas 

(details in experimental). 

 

4-Bromobutanal (256)  

 

The procedure was carried out using the method described by Koch et al.
140

 To a 

solution of ethyl 4-bromobutanoate (247) (10.27 mL, 71.77 mmol) in CH2Cl2 (130 mL) 

at –78 
o
C, was added dropwise a solution of DIBAL-H (100 mL of 1M in hexane, 100 

mmol). During the addition the temperature was maintained below –65 °C. After 30 

min, the reaction mixture was poured into an ice-cold solution of 10% aqueous HCl 

(150 mL) and the mixture was stirred for 1 h. The organic layer was separated, and the 

aqueous layer was extracted with CH2Cl2 (2 × 150 mL). The combined organic layers 

were washed with water (150 mL), dried (MgSO4), and concentrated in vacuo to give 

the crude aldehyde 256 (12.55 g) as a colourless liquid which was used without further 

purification in the next reaction. Spectroscopic and physical data are consistent with 

those reported.
140,213

  

FT-IR max (neat) 2963 (m), 2721 (w), 1704 (s), 1435 (m), 1409 (m) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 9.82 (1H, t, J = 1.0 Hz, CHO), 3.47 (2H, t, J = 6.6 

Hz, CH2Br), 2.68 (2H, td, J = 6.6, 1.0 Hz, CH2CHO), 2.20 (2H, quin, J 

= 6.6 Hz, CH2CH2Br). 

13
C-NMR  (75 MHz, CDCl3) δ 200.8 (CHO), 42.1 (CH2CHO), 32.7 (CH2Br), 24.9 

(CH2CH2CHO). 

LRMS  (ES
+
) m/z 153 and 151 ([M+H]

+
). 
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2-(3-Bromopropyl)-1,3-dioxolane (257)  

 

To a solution of aldehyde 256 (6.00 g, 39.73 mmol) in benzene (130 mL) were added 

ethylene glycol (15.73 mL, 281.1 mmol) and p-TsOH (300 mg, 1.57 mmol). The 

reaction mixture was heated at reflux removing water using a Dean Stark trap. After 3 h, 

the mixture was allowed to cool, then NaHCO3 (1.25 g) was added portionwise. After 

stirring for 10 min the organic layer was separated, washed with sat. aqueous NaHCO3 ( 

50 mL), dried (K2CO3), and concentrated in vacuo to give the crude product as a yellow 

oil (6.40 g). purification by column chromatography (silica gel, 50→70% Et2O/hexane) 

gave acetal 257 as a colourless oil (4.30 g, 22.05 mmol, 56%). 
1
H-NMR, 

13
C-NMR and 

physical data are consistent with those reported.
141,214 

FT-IR max (neat) 2955 (m), 2881(m), 1438 (m), 1408 (m), 1128 (s) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 4.90 (1H, t, J = 4.4 Hz, CH), 4.00–3.95 (2H, m, 

Hz, CH2O), 3.88–3.83 (2H, m, CH2O), 3.46 (2H, t, J = 6.8 Hz, CH2Br), 

2.07–1.95 (2H, m, CH2CH) 1.87–1.77 (2H, m, CH2CH2Br). 

13
C-NMR  (75 MHz, CDCl3, ppm) δ 103.7 (CH), 64.9 (2 × CH2O), 33.6 (CH2Br), 

32.2 (CH2CH), 27.1 (CH2CH2Br). 

LRMS  (EI) m/z 195 (43%,[M
+•

]), 107 (7%, [M–C4H7O2]
+
), 79 (3%, [M–

C6H11O2]
+
), 73 (100%, [M–C3H5O2]

+
). 

 

2-(Pent-4-ynyl)-1,3-dioxlane (258) 

 

 

 

To a stirred suspension of lithium acetylide ethylenediamine complex (460 mg, 4.96 

mmol) in DMSO (3 mL) under N2 at 8 
o
C (bath), was added dropwise acetal 257 (775 

mg, 3.97 mmol) in DMSO (300 µL). The mixture was stirred at this temperature for 2 h. 

Excess lithium acetylide was destroyed by addition of sat. aqueous NH4Cl (3 mL). The 

mixture was extracted with CH2Cl2 (3 × 7 mL). The organic layer was separated, 

washed with water (15 mL), dried (NaHCO3), and concentrated in vacuo to give the 

crude product as a brown oil (510 mg). Purification by column chromatography (silica 
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gel, 30→70% Et2O/hexane) gave the title acetylene 258 as a colourless oil (260 mg, 

1.85 mmol, 47%).  

FT-IR max (neat) 3289 (m), 2955 (m), 2881 (m), 2116 (w), 1139 (s), cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 4.81 (1H, t, J = 4.4 Hz, CHO2), 3.96–3.86 (2H, m, 

CH2O), 3.81–3.72 (2H, m, CH2O), 2.19 (2H, td, J = 7.0, 2.6 Hz, 

HC≡CCH2), 1.89 (1H, t, J = 2.6 Hz, HC≡CCH2), 1.77–1.67 (2H, m, 

CH2CHO2), 1.66–1.53 (2H, m, HC≡CCH2CH2). 

13
C-NMR  (75 MHz, CDCl3) δ 104.1 (CH), 84.0 (HC≡C), 68.6 (HC≡C), 64.8 (2 × 

CH2O), 32.7 (CH2), 22.9 (HC≡CCH2), 18.3 (HC≡CCH2CH2). 

LRMS  (EI) m/z 140 (2%, [M
+•

]), 73 (100%, [M–C5H7]
+
). 

 

2-(Heptadec-4-yn-1-yl)-1,3-dioxolane (259)  

                                 

To a solution of acetylene 258 (144 mg, 1.03 mmol) in dry THF (3.5 mL) was added n-

BuLi (410 µL of 2.5 M in hexane, 1.03 mmol). After 40 min at –78 
o
C, HMPA (360 µL, 

2.07 mmol) and 1-bromododecane (310 µL, 1.29 mmol) were added. The reaction 

mixture was allowed to warm to rt. After 16 h, sat. aqueous NH4Cl (7 mL) was added. 

The organic layer was separated and the aqueous layer was extracted with Et2O (3 × 3 

mL). The combined organic layers were washed sequentially with water (7 mL), brine 

(7 mL), dried (MgSO4), and concentrated in vacuo to give the crude product as a yellow 

oil (524 mg). Purification by column chromatography (silica gel, 1→7% Et2O/hexane) 

gave the title acetylene 259 as a colourless oil (155 mg, 0.500 mmol, 49%). 

FT-IR max (neat) 2922 (s), 2853 (s), 2193 (w), 1458 (m), 1141 (m) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 4.88 (1H, t, J = 4.8 Hz, CH), 4.01–3.93 (2H, m, 

CH2O), 3.88–3.80 (2H, m, CH2O), 2.21 (2H, tt, J = 7.2, 2.2 Hz    

CH2C≡CCH2), 2.12 (2H, tt, J = 7.2, 2.2 CH2C≡CCH2), 1.81–1.74 (2H, 

m, CH2CH), 1.69–1.55 (2H, m, CH2CHO), 1.45 (2H, quin, J = 7.2 Hz, 

CH2C≡CCH2CH2CH2), 1.31–1.37 (2H, m, CH2CH3), 1.41–1.26 (16H, 

m, 8 × CH2), 0.88 (3H, t, J = 6.9 Hz, CH3).  
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13
C-NMR  (75 MHz, CDCl3) δ 104.3 (CH), 80.8 (≡C), 79.4 (C≡), 64.8 (2 × 

CH2O), 32.9 (CH2), 31.9 (CH2), 29.6 (CH2), 29.5 (CH2), 29.3 (CH2), 

29.2 (CH2), 29.1 (CH2), 28.9 (CH2), 23.6 (CH2), 22.6 (CH2), 18.7 

(CH2), 18.7 (CH2), 14.1 (CH3). (2 carbon signals are overlapping). 

LRMS  (EI) m/z 308 (2%, [M
+•

]), 73 (19%, [M–C17H31]
+
). 

 

(Z)-2-(Heptadec-4-en-1-yl)-1,3-dioxolane ((Z)-260)   

 

To a solution of acetylene 259 (37 mg, 0.12 mmol) in EtOH (500 µL) under an 

atmosphere of nitrogen were added Lindlar catalyst (5% Pd/CaCO3 poisoned with Pb) 

(7.0 mg, 0.003 mmol) and quinoline (31 mg, 0.24 mmol). The nitrogen atmosphere was 

replaced by H2 by repetative evacuation and filling with hydrogen (three times) 

CAUTION: Explosive gas. The reaction mixture was then stirred under a balloon of H2 

gas for 80 min. The reaction mixture was diluted with Et2O (500 µL) and organic layer 

was separated, washed with H2O (3 × 500 µL), dried (Na2SO4), filtred through a pad of 

celite/silica gel to remove residual palladium, and concentrated in vacuo to give the 

crude product (32 mg) as a yellow oil. Purification by column chromatography (silica 

gel, 1→10% Et2O/hexane) gave the title dioxolane (Z)-260 as a colourless oil (30 mg, 

0.097 mmol, 81%). 

 
FT-IR max (neat) 2922 (s), 2853 (m), 1465 (w), 1141 (w) cm

–1
. 

1
H-NMR  (300 MHz, CDCl3) δ 5.40 (1H, m, CH=CH), 5.33 (1H, m, CH=CH),  

4.86 (1H, t, J = 4.8 Hz, CHO2), 4.00–3.95 (2H, m, CH2O), 3.87–3.83 

(2H, m, CH2O), 2.12–1.98 (2H, m, CH2CH=CH), 2.12–1.98 (2H, m, 

CH2CH=CH), 1.73–1.63 (2H, m, CH2CHO2), 1.55–1.41 (2H, m, 

CH2CH3), 1.40–1.27 (20H, m, 10 × CH2), 0.88 (3H, t, J = 6.6 Hz, 

CH3). 

13
C-NMR  (75 MHz, CDCl3) δ 130.5 (=CH), 129.1 (CH=), 104.6 (CHO2), 64.8 (2 

× CH2O), 33.4 (CH2), 31.9 (CH2), 29.7 (CH2), 29.7 (CH2), 29.5 (CH2), 

29.3 (CH2), 27.2 (CH2), 27.0 (CH2), 24.1 (CH2), 22.7 (CH2), 14.1 

(CH3). (5 carbon signals are overlapping). 
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LRMS  (EI) m/z 310 (4%, [M
+•

]), 73 (100%, [M–C17H33]
+
). 

 

(Z)-Octadec-5-enal (248)  

 

A solution of dioxolane (Z)-260 (22 mg, 0.071 mmol) in 1,4-dioxane/water/conc. 

H2SO4 (49.5 : 49.5 : 1) (3 mL) was refluxed for 4.5 h. Et2O was added and the organic 

layer was separated, washed with water (4 mL), sat. aqueous NaHCO3 (4 mL), brine (4 

mL), dried (MgSO4), and concentrated in vacuo to give the title aldehyde 248 as a 

yellow oil (16 mg, 0.060, 85%). 

FT-IR max (neat) 2924 (s), 2853 (m), 2708 (w), 1727(s) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 9.78 (1H, t, J = 1.8 Hz, CHO), 5.34 (1H, m, 

CH=CH), 5.43 (1H, m, CH=CH), 2.44 (2H, td, J = 7.5, 1.8 Hz, 

CH2CHO), 2.09 (2H, q, J = 7.5 Hz, CH2CH=CH), 2.01 (2H, q, J = 7.5 

Hz, CH=CHCH2), 1.70 (2H, quin, J = 7.5 Hz, CH2CH2CHO), 1.36–

1.27 (20H, m, 10 × CH2), 0.88 (3H, t, J = 7.0 Hz, CH3). 

13
C-NMR 

  

(75 MHz, CDCl3) δ 202.7 (CHO), 131.4 (=CH), 128.2 (CH=), 43.3 

(CH2), 31.9 (CH2), 29.7 (CH2), 29.6 (CH2), 29.5 (CH2), 29.36 (CH2), 

29.3 (CH2), 27.2 (CH2), 26.5 (CH2), 22.6 (CH2), 22.1 (CH2), 

14.1(CH3). (3 carbon signals are overlapping). 

LRMS  (EI) m/z 223 (7%, [M–C2H3O]
+
), 98 (100%, [M–C12H25]

+
)  

 

(R)-Octane-1,2-diol (267c)  

     

To a solution of nitrosobenzene (170 mg, 1.60 mmol) and L-proline (30 mg, 0.26 mmol, 

10 mol %) in DMSO (8 mL) was added aldehyde 261c (410 mg, 3.20 mmol) at rt. After 

26 h, the temperature was lowered to 0
 
°C, followed by dilution with anhydrous MeOH 

(3 mL) and careful addition of excess NaBH4 (400 mg, 10.57 mmol). The reaction was 

quenched after 1 h by pouring of the reaction mixture into a vigorously stirred biphasic 
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solution of Et2O (20 mL) and aqueous HCl (1M) (20 mL). The organic layer was 

separated, and the aqueous layer was extracted with EtOAc (30 mL). The combined 

organic layers were dried (MgSO4), and concentrated in vacuo to give the crude 

product. Purification by column chromatography (silica gel, 30→100% EtOAc/hexane) 

gave the desired diol 267c (69 mg, 0.47 mmol, 15%) as a brown oil. Spectroscopic and 

physical data are consistent with those reported.
215

  

[α]
26

D –1.2 (c 1.00, CHCl3); [Lit.
215

 [α]
23

D –2.16 (c 1.00, CHCl3)]; [Lit.
216

 

[α]
27

D +0.18 (c 1.00, CHCl3)]. 

FT-IR max (neat) 3332 (br), 2954 (s), 2925 (s), 2856 (m) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 3.70 (1H, m, CHOH), 3.67 (1H, dd, J = 11.1, 3.0 

Hz, CHHOH), 3.44 (1H, dd, J = 11.1, 7.6 Hz, CHHOH), 2.60–2.07 

(2H, m, 2 × OH), 1.35–1.25 (8H, m, 4 × CH2), 0.88 (3H, t, J = 7.1 Hz, 

CH3). 

13
C-NMR  (100 MHz, CDCl3) δ 72.3 (CHOH), 66.8 (CH2OH), 33.2 

(CH2CHOHCH2OH), 31.7 (CH2), 29.3 (CH2), 25.5 (CH2), 22.6 (CH2), 

14.0 (CH3). 

LRMS  (ES
+
) m/z 147 ([M+H]

+
).  

 

1-Oxooctan-2-yl benzoate ((±)-272c)  

 

To a flask containing pyrrolidine (26 µL, 0.31 mmol, 10 mol %) was added aldehyde 

261c (410 mg, 3.20 mmol) in THF (16 mL) at rt. The mixture was stirred for 30 minutes 

at rt, and BPO (1.21 g of 30% hydrate, 3.51 mmol) and hydroquinone (35 mg, 0.32 

mmol, 10 mol %) were added. After stirring for 4 h at rt, the reaction mixture was 

poured into (1N) HCl (20 mL) and extracted with EtOAc (30 mL). The organic layer 

was separated, washed with brine (30 mL), and sat. aqueous NaHCO3 (30 mL), dried 

(Na2SO4), and concentrated in vacuo to give the crude product as a brown oil (946 mg). 
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Purification by flash column chromatography (silica gel, 10→40% EtOAc/hexane) gave 

the corresponding α-benzoyloxyaldehyde (±)-272c (584 mg, 2.35 mmol, 73%) as a red 

oil. 

FT-IR max (neat) 2953 (w), 2925 (w), 2857 (w), 1716 (s), 1451 (w) cm
–1

. 

1
H-NMR  (300 Hz, CDCl3) δ 9.65 (1H, d, J = 1.1 Hz, CHO), 8.15–8.08 (2H, m, 2 

× CArH), 7.62 (1H, m, CArH), 7.53–7.42 (2H, m, 2 × CArH), 5.23 (1H, 

m, CHOBz), 2.00–1.85 (2H, m, CH2CHOBz), 1.60–1.13 (8H, m, 4 × 

CH2), 0.88 (3H, t, J = 7.0 Hz, CH3). 

13
C-NMR  (75 MHz, CDCl3) δ 198.6 (CHO), 166.2 (PhCO), 133.5 (CArH), 129.8 

(CAr), 129.7 (2 × CArH), 128.5 (2 × CArH), 78.8 (CHOBz), 31.5 (CH2), 

29.0 (CH2), 28.9 (CH2), 24.9 (CH2), 22.5 (CH2), 14.1 (CH3).  

LRMS  (EI) m/z 105 (100%, [M–C8H15O2]
+
), 127 (1%, [M–C7H5O2]

+
). 

 

(S)-1-Hydroxyoctan-2-yl benzoate ((S)-274c) 

  

To a solution of aldehyde 261c (164 mg, 1.28 mmol) in THF (3 mL) at rt was added 

MacMillan’s catalyst 269 (56 mg, 0.25 mmol, 20 mol %). The mixture was stirred for 

30 minutes, then BPO (300 mg of 30% hydrate, 0.87 mmol), 4-nitrobenzoic acid (40 

mg, 0.24 mmol) and hydroquinone (14 mg, 0.13 mmol, 10 mol %) were added. The 

reaction mixture was stirred for 24 h, then transferred to a suspension of NaBH4 (90 mg, 

2.38 mmol) in MeOH (3 mL) at 0 °C. After 1 hour, the reaction was treated with sat. 

aqueous NaHCO3 (10 mL). The organic layer was separated and the aqueous layer was 

extracted with CH2Cl2 (3 × 45 mL). The combined organic layers were dried (Na2SO4), 

and concentrated in vacuo to give the crude product (529 mg) as a yellow oil. 

Purification by column chromatography (silica gel, 40→60% EtOAc/hexane) gave the 

title benzoate (S)-274c (179 mg, 0.710 mmol, 56%) as a yellow oil. 

[α]
26

D   –12.2 (c 1, CHCl3). 
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FT-IR max (neat) 3431 (br), 2926 (m), 2857 (m), 1716 (s) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 8.08 (1H, m, CArH), 8.05 (1H, m, CArH), 7.58 

(1H, tt, J = 7.1, 1.5 Hz, CArH), 7.50–7.42 (2H, t, J = 7.5 Hz, 2 × CArH), 

5.18 (1H, m, CHOBz), 3.85 (1H, dd, 12.1, 3.5 Hz, CHHOH), 3.78 (1H, 

dd, 12.1, 6.1 Hz, CHHOH), 2.35 (1H, t, J = 7.5 Hz, OH), 1.85–1.63 

(2H, m, CH2CHOBz), 1.49–1.20 (8H, m, 4 × CH2), 0.88 (3H, m, CH3). 

13
C-NMR 

  

 (100 MHz, CDCl3) δ 167.0 (PhCO), 133.1 (CArH), 130.2 (CAr), 129.7 

(2 × CArH), 128.4 (2 × CArH), 76.5 (CHOBz), 65.0 (CH2OH), 31.7 

(CH2), 30.6 (CH2), 29.1 (CH2), 25.3 (CH2), 22.5 (CH2), 14.0 (CH3).  

LRMS  (ES
+
) m/z 524 ([2M+Na]

+
). 

 

2-(2-Bromoethyl)oxirane ((±)-277) 

 

To a solution of 4-bromobutene (276) (376 µL, 3.70 mmol) in CH3CN (20 mL) at 0
 
°C 

was added ethyl pyruvate (283) (116 mg, 1.00 mmol, 27 mol %), and phosphate buffer 

(20 mL, 0.30M, pH 7.5). The solution was rapidly stirred, and a mixture of oxone (4.50 

g, 7.32 mmol)/NaHCO3 (1.25 g, 14.88 mmol) were added over 1 h (four portions). After 

2 h, the reaction was diluted with water (30 mL). The organic layer was extracted with 

Et2O (50 mL), dried (Na2SO4), and concentrated in vacuo to give the crude product as a 

yellow oil (599 mg). Purification by column chromatography (silica gel, 20→35% 

EtOAc/hexane) gave epoxide (±)-277 as a yellow oil (164 mg, 1.08 mmol, 29%).
 1

H-

NMR and 
13

C-NMR data are consistent with those reported.
217

 

FT-IR max (neat) 2981 (w), 2925 (w), 1483 (w), 949 (w), 563 (m) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 3.51 (2H, dd, J = 7.3, 5.9 Hz, CH2Br), 3.09 (1H, 

m, CHO), 2.83 (1H, dd, J = 5.1, 4.0 Hz, CHHO), 2.57 (1H, dd, J = 5.1, 

2.7 Hz, CHHO), 2.23–1.98 (2H, m, CH2CH2Br). 

13
C-NMR  (75 MHz, CDCl3) δ 50.7 (CHO), 47.0 (CH2O), 35.7 (CH2CH2Br), 28.9 

(CH2Br). 

LRMS  (ES
+
) m/z 173 ([M+Na]

+
). 
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The Hydrolytic Kinetic Resolution of epoxide ((±)-277)  

 

To a stirred solution of epoxide (±)-277 (160 mg, 1.06 mmol) and oligomeric Co(salen) 

((S,S)-282) (2.40 mg, 0.0027 mmol, 0.25 mol %) in THF (1 mL) at 0 °C was added H2O 

(10.40 µL, 0.58 mmol). The reaction mixture was warmed to rt. After 16 h, the reaction 

mixture was filtered through a plug of silica, washed with Et2O (100 mL), and 

concentrated in vacuo to give the crude product as a yellow oil (115 mg). Purification 

by column chromatography (silica gel, 50→70% EtOAc/hexane) gave enantiometrically 

enriched (R)-4-Bromobutane-1,2-diol ((R)-278) (46 mg, 0.27 mmol, 26%) as a red oil, 

and (S)-2-(2-Bromoethyl)oxirane ((S)-277) as a yellow oil (35 mg, 0.23 mmol, 22%). 

Data for (S)-2-(2-Bromoethyl)oxirane ((S)-277)   

 

FT-IR max (neat) 2923 (m), 2851 (w), 1446 (m), 912 (m), 637 (w) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 3.47 (2H, dd, J = 7.3, 5.9 Hz, CH2Br), 3.05 (1H, 

m, CHO), 2.79 (1H, dd, J = 5.1, 4.4 Hz, CHHO), 2.53 (1H, dd, J = 5.1, 

2.6 Hz, CHHO), 2.16–2.06 (2H, m, CH2CH2Br). 

13
C-NMR  (75 MHz, CDCl3) δ 50.6 (CHO), 46.9 (CH2O), 35.6 (CH2CH2Br), 28.8 

(CH2Br). 

LRMS  (ES
+
) m/z 173 ([M+Na]

+
). 

 

Data for (R)-4-Bromobutane-1,2-diol ((R)-278)  

 

 [α]
24

D +31.2 (c 0.20, CHCl3). 

FT-IR max (neat) 3345 (br), 2928 (w), 1258 (m), 730 (s), 571 (w) cm
–1

. 



  Chapter 5: Experimental  

 155  

1
H-NMR  (300 MHz, CDCl3) δ 3.98 (1H, m, CHOH), 3.88 (1H, m, CHHOH), 

3.65 (1H, dd, J = 11.5, 2.4 Hz, CHHOH), 3.56–3.40 (2H, m, CH2Br), 

2.00–1.80 (2H, m, CH2CH2Br). 

13
C-NMR  (75 MHz, CDCl3) δ 70.1 (CHOH), 66.2 (CH2OH), 35.6 (CH2CH2Br), 

30.0 (CH2Br). 

LRMS  (ES
+
) m/z 209 and 207 ([M+K]

+
). 

 

(R)-4-(2-Bromoethyl)-1,3-dioxolane ((R)-279)  

 

 

To a mixture of diol (R)-278 (40 mg, 0.24 mmol) and paraformaldehyde (6.80 mg, 0.21 

mmol) in benzene (8 mL) was added p-TsOH (2.00 mg, 0.011 mmol). The reaction 

mixture was heated at reflux for 2 h.
 
The mixture was allowed to cool and NaHCO3 (10 

mg) was added. After stirring for 10 min at rt, the organic layer was separated, washed 

with sat. aqueous NaHCO3 (10 mL), dried (K2CO3), and concentrated in vacuo to give 

the crude product as a brown oil (25 mg, 0.14 mmol, 58%). 

FT-IR max (neat) 2857 (m), 1083 (s), 936 (s), 565 (w) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.03 (1H, s, CHHO), 4.88 (2H, br.s, OCH2O), 

4.22 (1H, dtd, J = 8.2, 6.3, 4.0 Hz, CHO), 3.57–3.53 (1H, s, CHHO), 

3.52–3.50 (2H, m, CH2Br), 2.24–1.96 (2H, m, CH2CH2Br). 

13
C-NMR  (75 MHz, CDCl3) δ 94.9 (OCH2O), 73.9 (CHO), 69.2 (CH2O), 36.3 

(CH2CH2Br), 29.3 (CH2Br). 

LRMS  (EI) m/z 179 (10%, [M–H]
+
), 73 (100%, [M–C2H4Br]

+
). 

 

But-3-en-1-yl 4-methylbenzenesulfonate (286)  

 

The procedure was carried out using the method described by Wang et al.
167

 To a stirred 

solution of 3-buten-1-ol (285) (1.25 mL, 13.86 mmol) and DMAP (17 mg, 0.14 mmol) 
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in CH2Cl2 (50 mL), were added sequentially TsCl (4.00 g, 15.84 mmol) and Et3N (2.20 

mL, 15.81 mmol). The mixture was stirred at rt for 27 h and then poured into water (50 

mL). The organic layer was separated and the aqueous layer was extracted with CH2Cl2 

(3 × 50 mL). The combined organic layers were washed with brine (50 mL), dried 

(Na2SO4), and concentrated in vacuo to give the crude product as a colourless oil (4.60 

g). Purification by column chromatography (silica gel, 5→35% EtOAc/hexane) gave the 

title alkene 286 (2.60 g, 11.49 mmol, 83%) as a colourless oil. Spectroscopic and 

physical data are consistent with those reported.
218,219

 

FT-IR max (neat) 3080 (w), 2982 (w), 1642 (w), 1597 (w), 1355 (s), 1173 (s) 

cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 7.79 (2H, d, J = 8.1 Hz, 2 × CArH), 7.35 (2H, d, J 

= 8.1 Hz, 2 × CArH), 5.66 (1H, ddt, J = 17.2, 10.5, 6.6 Hz, CH=CH2), 

5.11– 5.05 (2H, m, CH=CH2), 4.07 (2H, t, J = 6.8 Hz, TsOCH2), 2.45 

(3H, s, CH3), 2.42–2.36 (2H, m, TsOCH2CH2). 

13
C-NMR 

  

(75 MHz, CDCl3) δ 144.7 (CArSO3), 133.1 (CArCH3), 132.4 (CH=CH2), 

129.8 (2 × CArH), 127.9 (2 × CArH), 118.2 (CH=CH2), 69.4 (TsOCH2), 

33.1 (TsOCH2CH2), 21.6 (CH3). 

LRMS  (EI) m/z 211 (2%, [M–CH3]
+
), 155 (100%, [M–C7H7O]

+
).  

 

2-(Oxiran-2-yl)ethyl 4-methylbenzenesulfonate ((±)-287) 

 

To a solution alkene 286 (500 mg, 2.21 mmol) in CH2Cl2 (5 mL) at 0 °C, was added m-

CPBA (420 mg, 2.43 mmol) in small portions followed by K2CO3 (32 mg, 0.23 mmol). 

The reaction mixture was warmed up to rt and stirred for 4 h, then quenched with sat. 

aqueous Na2S2O3 (15 mL). The organic layer was separated, washed with sat. aqueous 

NaHCO3 (5 × 15 mL), and brine (20 mL), dried (MgSO4), and concentrated in vacuo to 

give the crude product as a brown oil (450 mg). Purification by column chromatography 

(silica gel, 20→40% EtOAc/hexane) gave starting material alkene 286 (150 mg, 0.663 

mmol, 30%) as colourless oil and epoxysulfonate (±)-287 (190 mg, 0.78 mmol, 35%, 
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51% brsm) as a colourless oil. Spectroscopic and physical data are consistent with those 

reported.
169

 

FT-IR max (neat) 2995 (w), 1597 (w), 1354 (s), 1173 (s), 969 (s) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 7.80 (2H, d, J = 8.1 Hz, 2 × CArH), 7.36 (2H, d, J 

= 8.1 Hz, 2 × CArH), 4.16 (2H, dd, J = 6.8, 5.7 Hz, TsOCH2), 2.96 (1H, 

m, CHO), 2.75 (1H, t, J = 4.9 Hz, CHHO), 2.48 (1H, dd, J = 4.9, 2.7 

Hz, CHHO), 2.45 (3H, s, CH3), 2.00 (1H, m, TsOCH2CHH), 1.79 (1H, 

dq, J = 14.7, 5.7 Hz, TsOCH2CHH). 

13
C-NMR  (75 MHz, CDCl3) δ 144.9 (CArSO3), 132.8 (CArCH3), 129.9 (2 × CArH), 

127.8 (2 × CArH), 67.1 (TsOCH2), 48.7 (CHO), 46.9 (CH2O), 32.0 

(TsOCH2CH2), 21.6 (CH3). 

LRMS  (EI) m/z 242 (9%, [M
+•

]), 91 (100%, [M–C4H7O4S]
+
).  

 

(S)-2-(Oxiran-2-yl)ethyl 4-methylbenzenesulfonate ((S)-289) 

 

To a stirred solution of epoxysulfonate (±)-287 (151 mg, 0.62 mmol) and oligomeric 

Co(salen) ((S,S)-282) (1.30 mg, 0.0015 mmol, 0.25 mol %) in THF (1 mL) at 0 °C was 

added H2O (5.00 µL, 0.28 mmol). The reaction was warmed to rt and stirred for 36 h. 

The reaction mixture was filtered through a plug of silica, washed with Et2O (30 mL), 

and concentrated in vacuo to give the crude product as a colourless oil (120 mg). 

Purification by column chromatography (silica gel, 50→100% EtOAc/hexane) gave 

enantiometrically enriched (S)-289 as a colourless oil (30 mg, 0.124 mmol, 20%). 

Spectroscopic and physical data are consistent with those reported.
220,221

 

HPLC (e.e. 52%) Chiral HPLC: Chiralcel ODH column, eluent 10% IPA : 

hexane, UV 254 nm, flowrate: 1.0 mL min
–1

(peak 1 14.93 min, 

24.16%; peak 2 16.01 min, 75.83%).    

[α]
25

D –44.1 (c 1.50, CHCl3); [Lit.
220

[α]
25

D –14.6 (c 4.725, acetone)]; [Lit.
221

 

[α]
25

D –17 (c 0.57, CH2Cl2)]. 
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FT-IR max (neat) 2926 (w), 1597 (w), 1357 (m), 1176 (s) cm
–1

.  

1
H-NMR  (300 MHz, CDCl3) δ 7.79 (2H, d, J = 8.4 Hz, 2 × CArH), 7.35 (2H, d, J 

= 8.4 Hz, 2 × CArH), 4.16 (2H, dd, J = 6.8, 5.7 Hz, TsOCH2), 2.95 (1H, 

m, CHO), 2.75 (1H, t, J = 4.9 Hz, CHHO), 2.48 (1H, dd, J = 4.9, 2.7 

Hz, CHHO), 2.45 (3H, s, CH3), 1.99 (1H, m, TsOCH2CHH), 1.78 (1H, 

dq, J = 14.9, 5.7 Hz, TsOCH2CHH). 

13
C-NMR 

  

(75 MHz, CDCl3) δ 144.9 (CArSO3), 132.8 (CArCH3), 129.9 (2 × CArH), 

127.8 (2 × CArH), 67.1 (TsOCH2), 48.7 (CHO), 46.9 (CH2O), 32.0 

(TsOCH2CH2), 21.6 (CH3). 

LRMS  155 (34%, [M–C4H7O2]
+
), 91 (79%, [M–C4H7O4S]

+
), 71 (13%, [M–

TsO]
+
).  

 

2-(Oxiran-2-yl)ethanol ((±)-290) 

 

To a solution of 3-butene-1-ol (285) (620 µL, 6.93 mmol) in CH3CN (20 mL) at rt was 

added ethyl pyruvate (284) (190 mg, 2.16 mmol, 30 mol %), and (20 mL) of phosphate 

buffer (0.30 M, pH 7.5). The solution was rapidly stirred, and a mixture of oxone (8.90 

g, 14.43 mmol)/NaHCO3 (2.40 g, 28.57 mmol) were added over 1 h (four portions). 

After stirring for 16 h, the reaction was diluted with water (30 mL). The organic layer 

was separated, the aqueous phase was extracted with Et2O (50 mL). The combined 

organic phase were then dried (MgSO4), and concentrated in vacuo to give the crude 

product as a yellow oil (1.10 g). Purification by column chromatography (silica gel, 

05→70% EtOAc/hexane) gave the title epoxide (±)-290 as a yellow oil (91.0 mg, 1.03 

mmol, 15%).
 1

H-NMR and 
13

C-NMR data are consistent with those reported.
222

 

FT-IR max (neat) 3378 (br), 2924 (s), 1412 (m), 1259 (w), 1055 (s) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 3.80 (2H, t, J = 6.0 Hz, CH2OH), 3.10 (1H, ddt, J 

= 8.8, 4.9, 2.7 Hz, CHO), 2.81 (1H, t, J = 4.9 Hz, CHHO), 2.59 (1H, 

dd, J = 4.9, 2.7 Hz, CHHO), 1.97 (1H, m, CHHCH2OH), 1.70 (1H, dq, 

J = 14.6, 6.0 Hz, CHHCH2OH). 

13
C-NMR (75 MHz, CDCl3) δ 59.8 (CH2OH), 50.5 (CHO), 46.5 (CH2O), 34.6 
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  (CH2CH2OH). 

LRMS  (EI) m/z: 88 (6%, [M
+•

]), 70 (2%, [M–H2O]
 +

). 

 

2-(Hexadec-3-yn-1-yl)-1,3-dioxolane (298)  

   

To a solution of 1-tetradecyne (297) (2.50 mL, 10.18 mmol) in dry THF (40 mL) at –78 

°C was added a solution of n-BuLi (5.20 mL of 2.17 M in hexane, 11.30 mmol) 

dropwise. After 40 min at –78 °C, HMPA (3.70 mL, 21.27 mmol) and 2-(2-

bromoethyl)-1,3-dioxolane (292) (1.30 mL, 11.07 mmol) were added and the reaction 

mixture was allowed to warm to rt. After 20 h sat. aqueous NH4Cl (40 mL) was added, 

and the resulting mixture was extracted with Et2O (3 × 50 mL). The combined organic 

layers were washed with water (40 mL), brine (40 mL), dried (MgSO4), and 

concentrated in vacuo to give the crude product as a yellow oil (3.16 g). Purification by 

column chromatography (silica gel, 5→25% EtOAc/hexane) gave the title alkyne 298 as 

a colourless oil (1.81 g, 6.14 mmol, 60%).
139

 

FT-IR max (neat) 2922 (s), 2852 (s), 2197 (w), 1464 (w), 1140 (m) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 4.98 (1H, t, J = 4.8 Hz, CH), 3.99–3.95 (2H, m, 

CH2O), 3.88–3.83 (2H, m, CH2O), 2.29 (2H, tt, J = 7.4, 2.3 Hz, 

CH2C≡C), 2.12 (2H, tt, J = 7.4, 2.3 Hz, C≡CCH2), 1.84 (2H, td, J = 7.4, 

4.8 Hz, CH2CH), 1.51–1.42 (2H, m, CH2CH2C≡), 1.34–1.26 (18H, m, 9 

× CH2), 0.88 (3H, t, J = 7.0 Hz, CH3). 

13
C-NMR  (75 MHz, CDCl3) δ 103.4 (CH), 80.6 (C≡), 78.8 (≡C), 64.9 (2 × 

CH2O), 33.4 (CH2), 31.9 (CH2), 29.6 (CH2), 29.5 (CH2), 29.3 (CH2), 

29.2 (CH2), 29.1 (CH2), 28.9 (CH2), 22.6 (CH2), 18.7 (CH2), 14.1 

(CH3), 13.7 (CH2). (2 carbon signals are overlapping). 

LRMS  (EI) m/z 294 (16%, [M
+•

]), 73 (100%, [M–C16H29]
+
). 
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Heptadec-4-ynal (299)   

   

A solution of alkyne 298 (1.05 g, 3.57 mmol) in 1,4-dioxane/water/conc. H2SO4 (49.5: 

49.5:1) (135 mL) was refluxed for 5 h. Et2O was added and the organic layer was 

separated, washed with water (20 mL), sat. aqueous NaHCO3 (20 mL), brine (20 mL), 

dried (MgSO4) and concentrated in vacuo to give the crude product as a yellow oil (1.10 

g). Purification by column chromatography (silica gel, 5→30% EtOAc/hexane) gave the 

title aldehyde 299 as a yellow oil (489 mg, 1.95 mmol, 55%). 

FT-IR max (neat) 2921 (s), 2852 (s), 2721 (w), 1727 (s), 1464 (w) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 9.80 (1H, t, J = 1.5 Hz, CHO), 2.65–2.59 (2H, m, 

CH2CHO), 2.45–2.38 (2H, m, CH2C≡C), 2.12 (2H, tt, J = 7.0, 2.3 Hz, 

C≡CCH2), 1.50–1.41 (2H, m, CH2CH2C≡C), 1.40–1.26 (18H, m, 9 × 

CH2), 0.88 (3H, t, J = 6.9 Hz, CH3). 

13
C-NMR 

  

(75 MHz, CDCl3) δ 201.1 (CHO), 81.6 (≡C), 77.7 (C≡), 43.0 

(CH2CHO), 31.9 (CH2), 29.6 (CH2), 29.5 (CH2), 29.3 (CH2), 29.1 

(CH2), 28.9 (CH2), 28.8 (CH2), 22.7 (CH2), 18.6 (CH2), 14.1 (CH3), 

12.2 (CH2). (2 carbon signals are overlapping). 

LRMS  (EI) m/z 250 (1%, [M
+•

]), 249 (3%, [M–H]
+
), 95 (100%, [M–C11H23]

+
). 

 

Octadec-1-en-5-yne (300)  

   

To a suspension of Ph3PCH3I (225 mg, 0.560 mmol) in THF (25 mL) was added a 

solution of n-BuLi (296 µL of 1.84 M in hexane, 0.55 mmol) at –78 °C under N2. The 

resulting bright yellow solution was stirred for 30 min, then warmed to rt. The flask was 

recooled to –78 °C and a solution of aldehyde 299 (223 mg, 0.93 mmol) in THF (10 

mL) was added dropwise, turning the solution colourless. The reaction was stirred for 

15 min and warmed to rt. After 18 h, the reaction was quenched with H2O (15 mL) and 

the organic layer was separated and the aqueous layer was extracted with EtOAc (3 × 20 
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mL). The combined organic layers were dried (MgSO4) and concentrated in vacuo to 

give the crude product as a yellow oil (233 mg). Purification by column 

chromatography (silica gel, 20→30% CH2Cl2/hexane) gave the title enyne 300 (105 mg, 

0.42 mmol, 45%). 

FT-IR max (neat) 2921 (s), 2852 (s), 2157 (w), 1642 (w), 1463 (m), 911 (s) 

cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.87 (1H, ddt, J = 16.9, 10.1, 6.5 Hz, CH=CH2), 

5.10 (1H, m, CH=CHH), 5.02 (1H, m, CH=CHH), 2.26–2.24 (2H, m, 

CH2CH=CH2), 2.23–2.21 (2H, m, C≡CCH2CH2CH=CH2), 2.14 (2H, t, 

J = 7.0 Hz, CH2C≡CCH2CH2CH=CH2), 1.47 (2H, quin, J = 7.7 Hz, 

CH2CH2C≡C), 1.42–1.27 (18H, m, 9 × CH2), 0.89 (3H, t, J = 7.0 Hz, 

CH3). 

13
C-NMR  (75 MHz, CDCl3) δ 137.3 (CH=CH2), 115.3 (CH=CH2), 80.8 (C≡), 

79.3 (≡C), 33.4 (CH2), 31.9 (CH2), 29.6 (CH2), 29.6 (CH2), 29.4 

(CH2), 29.2 (CH2), 29.1 (CH2), 28.8 (CH2), 22.7 (CH2), 18.7 (CH2), 

18.7 (CH2), 14.1 (CH3). (2 carbon signals are overlapping). 

LRMS  (EI) m/z 248 (2%, [M
+•

]), 247 (8%, [M–H]
+
), 55 (100%, [M–C14H25]

+
). 

 

Hexadec-3-yn-1-yl)oxirane ((±)-293)  

   

A suspension of NaH (32.16 mg, 0.80 mmol, 60% in mineral oil) in DMSO (1 mL) was 

carefully heated at 55-60 °C until gas evolution started. Then the solution was stirred for 

20 min, THF/DMSO (1:4) (5 mL) was added and the solution/suspension cooled to 0 

°C. After the addition of trimethylsulfonium iodide (164 mg, 0.80 mmol) the solution 

was stirred for 1 h at 0 °C and then aldehyde 299 (100 mg, 0.40 mmol) was added. The 

resulting mixture was warmed to rt, then after 21 h the reaction was diluted with water 

(5 mL) and Et2O (5 mL) was added. The organic layer was separated and the aqueous 

layer was extracted with Et2O (3 × 5 mL). The combined organic layers were washed 

with water (10 mL) and brine (10 mL), dried (Na2SO4), and concentrated in vacuo to 

give the crude product as a yellow oil (92 mg). Purification by column chromatography 
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(silica gel, 3→9% EtOAc/hexane) gave the title epoxyalkyne (±)-293 (44 mg, 0.17 

mmol, 43%) as a yellow oil. 

FT-IR max (neat) 3051 (w), 2923 (s), 2853 (m), 1464 (w), 909 (w) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 3.06 (1H, m, CHO), 2.79 (1H, dd, J = 5.1, 4.0 Hz, 

CHHO), 2.55 (1H, dd, J = 5.1, 2.5 Hz, CHHO), 2.32 (2H, tt, J = 7.1, 

2.5 Hz, CH2C≡C), 2.14 (2H, tt, J = 7.1, 2.5 Hz, C≡CCH2), 1.84–1.63 

(2H, m, C≡CCH2CH2), 1.53–1.40 (2H, quin, J = 7.6 Hz CH2CH2C≡C), 

1.42–1.24 (18H, 9 × CH2), 0.89 (3H, t, J = 6.6 Hz, CH3). 

13
C-NMR 

  

(100 MHz, CDCl3) δ 81.1 (C≡), 78.7 (≡C), 51.4 (CHO), 47.2 (CH2O), 

32.1 (CH2), 31.9 (CH2), 29.7 (CH2), 29.6 (CH2), 29.6 (CH2), 29.4 

(CH2), 29.2 (CH2), 29.0 (CH2), 28.9 (CH2), 22.7 (CH2), 18.7 (CH2), 

15.6 (CH3). (2 carbon signals are overlapping). 

LRMS  (EI) m/z 264 (2%, [M
+•

]), 43 (69%, [M–C16H29]
+
). 

 

2-Heptyloxirane ((±)-301)  

   

The procedure was carried out using the method described by Sankaranarayanan et 

al.
175

 A suspension of NaH (374 mg, 9.35 mmol, 60% in mineral oil) in DMSO (12 mL) 

was carefully heated at 55-60 °C until gas evolution started. The solution was stirred for 

20 min, THF/DMSO (1:4) (62 mL) was added and the solution/suspension cooled to 0 

°C. After the addition of trimethylsulfonium iodide (1.91 g, 9.35 mmol) the solution 

was stirred for 1 h at 0 °C and then aldehyde 261c (300 mg, 2.33 mmol) was added. The 

resulting was warmed to rt, then after 4 h at rt the reaction was diluted with water (50 

mL) and Et2O (50 mL) was added. The organic layer was separated and the aqueous 

layer was extracted with Et2O (3 × 50 mL). The combined organic layers were washed 

with water (50 mL) and brine (50 mL), dried (Na2SO4), and concentrated in vacuo to 

give the crude product (326 mg). Purification by column chromatography (silica gel, 

2→10% EtOAc/hexane) gave the title epoxide (±)-301 as a colourless oil (233 mg, 1.64 

mmol, 70%). Spectroscopic and physical data are consistent with those reported.
223

 

FT-IR max (neat) 2925 (m), 2855 (w), 2252 (w), 906 (s), 728 (s) cm
–1

. 
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1
H-NMR  (300 MHz, CDCl3) δ 2.90 (1H, m, CHO), 2.74 (1H, dd, J = 5.0, 4.0 Hz,  

CHHO), 2.46 (1H, dd, J = 5.0, 2.7 Hz, CHHO), 1.59–1.40 (2H, m, 

CH2CHO), 1.39–1.28 (10H, m, 5 × CH2), 0.88 (3H, t, J = 7.0 Hz, CH3). 

13
C-NMR  (75 MHz, CDCl3) δ 52.4 (CHO), 47.1 (CH2O), 32.5 (CH2), 31.7 (CH2), 

29.4 (CH2), 29.2 (CH2), 25.9 (CH2), 22.6 (CH2), 14.0 (CH3). 

LRMS  (EI) m/z 99 (5%, [M–C2H3O]
+
), 85 (33%, [M–C3H5O]

+
), 71 (100%, 

[M–C4H7O]
+
). 

 

Pentadec-1-en-3-ol ((±)-305)  

 

 

To mechanically stirred magnesium turnings (3.50 g, 145.83 mmol) in THF under 

nitrogen was added dropwise a solution of 1-bromododecane (17.63 mL, 73.42 mmol) 

in dry THF (20 mL) until reaction commenced. Further THF (40 mL) was added via the 

septum cap using a syringe and the addition of the 1-bromododecane solution allowed 

to continue dropwise over 20 min. The resulting solution was refluxed for 3 h to ensure 

complete formation of the Grignard reagent, which was titrated: 0.70 M (the 

concentration was determined by titrating Grignard reagent at rt with 0.50 M solution of 

iodine in THF).
224

 The above reaction mixture was added dropwise to a pre-coold 

solution of acrolein (317) (2.45 mL, 36.74 mmol) at –30 °C in THF (10 mL) over 30 

min. The solution was stirred for 3 h and quenched by careful addition of H2O (40 mL) 

at –30 ºC. EtOAc (50 mL) was added and the organic phase separated. The aqueous 

phase was extracted with EtOAc (2 × 50 mL) and the combined organic solution was 

dried (MgSO4), filtered, and concentrated in vacuo to yield the crude alcohol (±)-305 

(12.40 g) as a red oil. Purification by column chromatography (silica gel, 5→20% 

EtOAc/hexane) gave the title alcohol (±)-305 (5.64 g, 24.91 mmol, 68%) as a low-

melting white solid. Spectroscopic are consistent with those reported.
225,226 

M.p. 27–28 °C; [Lit.
227

 25 °C]. 

FT-IR max (neat) 3346 (br), 2921 (s), 2852 (s), 1464 (m), 989 (m) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.87 (1H, ddd, J = 17.1, 10.7, 6.2 Hz, CH=CH2), 
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5.22 (1H, d, J = 17.1 Hz, CH=CHH), 5.11 (1H, d, J = 10.7 Hz, 

CH=CHH), 4.10 (1H, ddt, J = 12.8, 6.2, 1.1 Hz, CHOH), 1.58 (1H, m, 

OH), 1.57–1.50 (2H, m, CH2CHOH), 1.47–1.26 (20H, m, 10 × CH2), 

0.88 (3H, t, J = 6.6 Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 141.3 (CH=CH2), 114.5 (CH=CH2), 73.3 (CHOH), 

37.1 (CH2CHOH), 31.9 (CH3CH2CH2), 29.6 (CH2), 29.6 (CH2), 29.3 

(CH2), 25.3 (CH2CH2COH), 22.7 (CH3CH2), 14.1 (CH3). (4 carbon 

signals are overlapping). 

LRMS  (ES
+
) m/z 475 ([2M+Na]

+
).  

 

Sharpless asymmetric kinetic resolution of allylic alcohol ((±)-305) 

 

To a stirred solution of Ti(
i
PrO)4 (6.62 mL, 22.39 mmol) and preactivated crushed 3 Å 

molecular sieves (636 mg) in dry CH2Cl2 (224 mL) at –20 °C was added dropwise L-

(+)-DIPT (5.60 mL, 26.87 mmol). The solution was stirred for 20 min at –20 °C, and 

alcohol (±)-305 (5.07 g, 22.39 mmol) was added dropwise. After a further 20 min,  

anhydrous TBHP (3.67 mL of 3.66 M in toluene, 13.43 mmol) was added dropwise. 

The homogeneous reaction mixture was maintained at –20 ºC in a freezer for 12 days 

and swirled regularly (the reaction conversion was determine by NMR). After 

conversion the cold reaction mixture was poured into a precooled (–20 °C) solution of 

acetone (248 mL) containing H2O (6.62 mL). The resulting mixture was stirred for 2 h, 

while allowing it to warm to ambient temperature and then filtered. Concentration of the 

filterate in vacuo gave a yellow solid. This yellow solid was dissolved in ether (60 mL), 

the resulting solution was cooled in an ice bath and then 1M NaOH (30 mL) was added. 

This produced a two-phase mixture which was stirred at 0 °C for 30 min. The Et2O 

phase was separated. The aqueous phase was extracted with Et2O (2 × 50 mL) and the 

combined organic extracts were washed with brine (100 mL), dried (Na2SO4) and 

concentrated in vacuo to give the crude product as a yellow oil (4.30 g). Purification by 
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column chromatography (silica gel, 5→30% EtOAc/hexane) gave alcohol (R)-

pentadec-1-en-3-ol ((20R)-305) (2.16 g, 9.54 mmol, 43%) as a white solid, and erythro 

epoxyalcohol (S)-1-((R)-oxiran-2-yl)tridecan-1-ol ((19R,20S)-318) (1.10 g, 4.54 

mmol, 22%) as white solid. Spectroscopic and physical data for alcohol (R)-pentadec-

1-en-3-ol ((20R)-305) are consistent with those reported.
228

 

Data for (R)-pentadec-1-en-3-ol ((20R)-305)  

 

[α]
26

D –7.2 (c 1.00, CHCl3); [Lit.
228

 [α]
20

D –6.2 (c 0.80, CHCl3)].  

M.p. 28–30 °C; [Lit.
228

 28–30 °C]. 

FT-IR 3331 (br), 2955 (s), 2848 (s), 1468 (m), 925 (m) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.87 (1H, ddd, J = 17.0, 10.4, 6.2 Hz, CH=CH2), 

5.22 (1H, d, J = 17.0 Hz, CH=CHH), 5.11 (1H, d, J = 10.4 Hz, 

CH=CHH), 4.09 (1H, m, CHOH), 1.58 (1H, d, J = 4.0 Hz, OH), 1.56–

1.48 (2H, m, CH2CHOH), 1.47–1.26 (20H, m, 10 × CH2), 0.88 (3H, t, J 

= 7.0 Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 141.3 (CH=CH2), 114.5 (CH=CH2), 73.3 (CHOH), 

37.1 (CH2CHOH), 31.9 (CH3CH2CH2), 29.6 (CH2), 29.5 (CH2), 29.3 

(CH2), 25.3 (CH2CH2CHOH), 22.7 (CH3CH2), 14.1 (CH3). (4 carbon 

signals are overlapping). 

LRMS  (ES
+
) m/z 249 ([M+Na]

+
). 

Note: The above alcohol (20R)-305 was also prepared via hydrolysis of acetate (20R)-

269 and the method is described below 

(R)-Pentadec-1-en-3-ol ((20R)-305)  

 

To a solution of enantiomerically enriched acetate (20R)-269 (ee 94.1%, GC) (5.68 g, 

21.16 mmol) in THF (100 mL) was added a mixture of MeOH (100 mL), and aqueous 
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(2 N) NaOH (100 mL). The mixture was vigorously stirred for 1 h at 0 °C and quenched 

with sat. aq. NH4Cl (100 mL). The reaction mixture was extracted with EtOAc (3 × 150 

mL). The combined extracts were washed with brine (150 mL), dried (MgSO4) and 

concentrated in vacuo to give enantiomerically enriched alcohol (20R)-305 as a white 

solid (ee 94.1%, based on ee of starting material) (4.50 g, 19.87 mmol, 94%). 

Spectroscopic and physical data for alcohol (R)-pentadec-1-en-3-ol ((20R)-305) are 

consistent with reported values.
228

 

Data for (S)-1-((R)-oxiran-2-yl)tridecan-1-ol ((19R,20S)-318)  

 

[α]
25

D +13.7 (c 1.05, CHCl3).  

M.p. 41–43 °C.  

FT-IR max (neat) 3376 (br), 2954 (s), 2848 (s), 1462 (m), 925 (m) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 3.83 (1H, m, CHOH), 3.01 (1H, m, CHO), 2.81 

(1H, dd, J = 4.9, 2.7 Hz, CHHO), 2.73 (1H, J = 4.9, 4.0 Hz, CHHO), 

1.88 (1H, d, J = 2.2 Hz, OH), 1.65–1.45 (2H, m, CH2CHOH), 1.45–

1.26 (20H, m, 10 × CH2), 0.88 (3H, t, J = 7.0 Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 68.4 (CHOH), 54.5 (CHOCH2), 43.4 (CH2O), 33.4 

(CH2CHOH), 31.9 (CH3CH2CH2), 29.7 (CH2), 29.6 (CH2), 29.5 (CH2), 

29.3 (CH2), 25.3 (CH2CH2CHOH), 22.7 (CH3CH2), 14.1 (CH3). (3 

carbon signals are overlapping). 

LRMS  (ES
+
) m/z 306 ([M+Na+CH3CN]

+
). 

HRMS (ES
+
) for C15H30NaO2

+
, calculated 265.2143, found 265.2138. 
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(R)-1-((S)-Oxiran-2-yl)tridecan-1-ol ((19S,20R)-318)  

 

Following the method described for the preparation of (19R,20S)-318 from (±)-305: To 

a solution of Ti(
i
PrO)4 (5.84 mL, 19.74 mmol), preactivated crushed 3 Å molecular 

sieves (560 mg) and D-(–)-DIPT (6.32 mL, 29.61 mmol), was added alcohol (20R)-305 

(4.47 g, 19.74 mmol) dropwise. The reaction mixture was treated with anhydrous TBHP 

(7.18 mL of 5.50 M in nonane, 39.50 mmol). That gave the title erythro epoxyalcohol 

(19S,20R)-318 (3.12 g, 12.87 mmol, 65%) as a white solid. 
1
H, 

13
C-NMR and physical 

data are consistent with reported values,
227,229 

and with those reported above for the 

enantiomer (19R,20S)-318. 

[α]
27

D –13.4 (c 1.00, CHCl3); [Lit.
227

 [α] D –12.1 (c 1.00, CHCl3)]; [Lit.
229

 

[α]
24

D –11.0 (c 1.00, CHCl3)]. 

M.p. 41–43 ºC; [Lit.
227

 38 ºC]. 

 

(S)-1-((S)-Oxiran-2-yl)tridecyl 4-nitrobenzoate ((19S,20S)-319)  

 

To a stirred solution of erythro epoxyalcohol (19S,20R)-318 (3.09 g, 12.75 mmol), PPh3 

(7.02 g, 26.78 mmol), and 4-nitrobenzoic acid (7.46 g, 44.63 mmol) in dry THF (80 

mL) was added dropwise DIAD (5.54 mL of 95%, 26.78 mmol) at –30 °C. The reaction 

was allowed to warm to rt over 4 h and stirred for a further 1 h at this temperature.
 
The 

reaction was concentrated in vacuo to afford the crude as a yellow oil (18.00 g). 

Purification by column chromatography (silica gel, 5%→25% Et2O/hexane) gave the 

title ester (19S,20S)-319 (4.45 g, 11.37 mmol, 89%) as a white solid. 

[α]
27

D –0.7 (c 1.08, CHCl3) 

HPLC  (e.e. > 99%) Chiralcel ODH column, eluent 2% IPA : hexane, UV 254 

nm, flowrate: 1.0 mL min
–1 

(peak 1 13.47 min
–1

, 100%). 
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M.p. 32–34 °C.  

FT-IR max (neat) 2924 (s), 2853 (m), 1726 (s), 1529 (s), 1269 (s), 1273 (s), 

1103 (m), 719 (m) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 8.30 (2H, m, 2 × CHAr), 8.24 (2H, m, 2 × CHAr), 

4.98 (1H, td, J =7.3, 6.3, CHOCOPhNO2), 3.23 (1H, ddd, J = 6.3, 4.0, 

2.6 Hz, CHO), 2.90 (1H, dd, J = 4.8, 4.0 Hz, CHHO), 2.71 (1H, dd, J = 

4.8, 2.6 Hz, CHHO), 1.93–1.75 (2H, m, CH2CHOCOPhNO2), 1.50–

1.25 (20H, m, 10 × CH2), 0.88 (3H, t, J = 6.6 Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 164.0 (COPhNO2), 150.6 (CArNO2), 135.4 

(CArCO), 130.8 (2 × CHArCO), 123.5 (2 × CHArCNO2), 76.1 

(CHOCOPhNO2), 52.9 (CHCH2O), 45.0 (CH2O), 31.9 

(CH2CHOCOPhNO2), 31.4 (CH3CH2CH2), 29.6 (CH2), 29.5 (CH2), 

29.4 (CH2), 29.4 (CH2), 29.3 (CH2), 25.1 (CH2CH2CHOPNB), 22.6 

(CH2CH3), 14.1 (CH3). (2 carbon signals are overlapping).  

LRMS  (ES
+
) m/z 414 ([M+Na]

+
). 

HRMS  (ES
+
) for C22H33NNaO5

+
, calculated 414.2256, found 414.2251.  

 

(R)-1-((R)-Oxiran-2-yl)tridecyl 4-nitrobenzoate ((19R,20R)-319)  

 

Following the method described for the preparation of (19S,20S)-319 from (19S,20R)-

318: From erythro epoxyalcohol (19R,20S)-318 (1.04 g, 4.30 mmol), PPh3 (2.37 g, 9.03 

mmol), 4-nitrobenzoic acid (2.51 g, 15.06 mmol) and DIAD (1.33 mL of 95%, 6.43 

mmol) was obtained the title ester (19R,20R)-319 (849 mg, 2.17 mmol, 50%) as a white 

solid. Spectroscopic data are identical with those reported above for the enantiomer 

(19S,20S)-319. 

[α]
28.5

D +0.7 (c 0.90, CHCl3). 
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M.p. 31–33 °C. 

HPLC 

 

(e.e. 95.7%) Chiralcel ODH column, eluent 2% IPA : hexane, UV 254 

nm, flowrate: 1.0 mL min
–1 

(peak 1 12.30 min, 97.87%; peak 2 13.56 

min, 2.13%). 

HRMS (ES
+
) for C22H33NNaO5

+
, calculated 414.2256, found 414.2254. 

 

(S)-1-((S)-Oxiran-2-yl)tridecan-1-ol ((19S,20S)-320)  

 

Following the method described for the preparation of alcohol (20R)-305 by hydrolysis 

of acetate (20R)-369: Ester (19S,20S)-319 (4.42 g, 11.29 mmol) gave threo 

epoxyalcohol (19S,20S)-320 as a white solid (2.66 g, 10.97 mmol, 97%), which was 

used in the next step without further purification. 
1
H-NMR are consistent with those 

reported.
227

 

[α]
26

D +3.4 (c 0.85, CHCl3); [Lit.
2
 [α] D –2 (c 1.00, CHCl3)]. 

M.p. 46–48 C; [Lit.
227

 44 C]. 

FT-IR max (neat) 3343 (br), 2915 (s), 2847 (s), 1466 (m), 875 (w) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 3.44 (1H, m, CHOH), 2.99 (1H, ddd, 5.1, 4.1, 2.7 

Hz, CHO), 2.83 (1H, dd, J = 5.0, 4.1 Hz, CHHO), 2.72 (1H, dd, J = 

5.0, 2.7 Hz, CHHO), 1.89 (1H, d, J = 5.9 Hz, OH), 1.69–1.53 (2H, m, 

CH2CHOH), 1.50–1.26 (20H, m, 10 × CH2), 0.88 (3H, t, J = 7.0 Hz, 

CH3).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 71.7 (CHOH), 55.4 (CHO), 45.2 (CH2O), 34.4 

(CH2CHOH), 31.9 (CH3CH2CH2), 29.6 (CH2), 29.6 (CH2), 29.5 (CH2), 

29.3 (CH2), 25.3 (CH2CH2CHOH), 22.7 (CH2), 14.1 (CH3). (4 carbon 

signals are overlapping). 

LRMS  (ES
+
) m/z 507 ([2M+Na]

+
).  
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(R)-1-((R)-Oxiran-2-yl)tridecan-1-ol ((19R,20R)-320)  

 

Following the method described for the preparation of alcohol (20R)-305 by hydrolysis 

of acetate (20R)-369: Ester (19R,20R)-319 (805 mg, 2.06 mmol) gave the title threo 

epoxyalcohol (19R,20R)-320 (420 mg, 1.73 mmol, 84%) as a white solid. Spectroscopic 

and physical data are consistent with reported values,
89,230

 and with those reported 

above for the enantiomer (19S,20S)-320. 

[α]
26

D –2.7 (c 0.85, CHCl3); [Lit.
89

 [α]
20

D –3.84 (c 0.37, CHCl3)]; [Lit.
230

 [α] D 

+2.0 (c 1.32, CH2Cl2)].  

M.p. 46–48 C; [Lit.
89

 40–42 C]. 

 

5.2.9-(S)-2-((S)-1-(Methoxymethoxy)tridecyl)oxirane ((19S,20S)-321)  

 

To a solution of threo epoxyalcohol (19S,20S)-320 (2.60 g, 10.72 mmol) in CH2Cl2 

(100 mL) at 0 °C were added dropwise DIPEA (9.30 mL, 53.60 mmol) and MOMCl 

(2.44 mL, 32.16 mmol). The solution was allowed to warm to rt and stirred for 23 h.  

The resulting orange solution was diluted with ether (100 mL), washed with 10% 

aqueous HCl (3 × 100 mL) and brine (100 mL), dried (MgSO4) and evaporated in vacuo 

to give the desired product (19S,20S)-321 (2.96 g, 10.33 mmol, 96%) as an orange oil 

which was used without further purification in the next reaction. 

[α]
28

D –37.3 (c 1.03, CHCl3) 

FT-IR max (neat) 2924 (s), 2853 (s), 1465 (w), 1036 (m), 920 (w) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 4.88 (1H, d, J = 6.6 Hz, OCHHO), 4.67 (1H, d, J 

= 6.6 Hz, OCHHO), 3.39 (3H, s, CH3O), 3.26 (1H, td, J = 7.0, 5.5 Hz, 

CHOMOM), 2.98 (1H, ddd, J = 7.0, 4.0, 2.9 Hz, CHO), 2.78 (1H, dd, J 

= 4.9, 4.0 Hz, CHHO), 2.53 (1H, dd, J = 4.9, 2.9 Hz, CHHO), 1.66–
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1.54 (2H, m, CH2CHOMOM), 1.52–1.26 (20H, m, 10 × CH2), 0.88 

(3H, t, J = 7.0 Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 95.5 (OCH2O), 77.9 (CHOMOM), 55.6 (CHO), 

54.7 (CH3O), 43.8 (CH2O), 32.3 (CH2CHOMOM), 31.9 

(CH3CH2CH2), 29.6 (CH2), 29.6 (CH2), 29.5 (CH2), 29.3 (CH2), 25.4 

(CH2CH2CHOMOM), 22.6 (CH2CH3), 14.0 (CH3). (3 carbon signals 

are overlapping). 

LRMS  (ES
+
) m/z 595 ([2M+Na]

+
). 

HRMS  (ES
+
) for C17H34NaO3

+
, calculated 309.2406, found 309.2400. 

 

(R)-2-((R)-1-(Methoxymethoxy)tridecyl)oxirane ((19R,20R)-321)  

 

Following the method described for the preparation of (19S,20S)-321 from (19S,20S)-

320: Threo epoxyalcohol (19R,20R)-320 (376 mg, 1.55 mmol) gave the desired product 

(19R,20R)-321 (440 mg, 1.53 mmol, 99%) as an orange oil, which was used without 

further purification in the next reaction. Spectroscopic data are identical with those 

reported above for the enantiomer (19S,20S)-321. 

[α]
28.5

D +35.6 (c 1.00, CHCl3).  

 

(3S,4S)-4-(Methoxymethoxy)hexadec-1-en-3-ol ((19S,20S)-302)  

 

To a suspension of Me3SI (21.22 g, 101.93 mmol) in THF (250 mL) at –10 °C was 

added n-BuLi (40.76 mL of 2.5 M in hexanes, 101.93 mmol). After 30 min at –10 °C a 

solution of epoxide (19S,20S)-321 (2.92 g, 10.19 mmol) in THF (10 mL) was added. 

The reaction was allowed to warm to rt for 4 h and stirred for a further 1 h. The reaction 
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was then quenched with water (100 mL) and extracted with EtOAc (3 × 150 mL). The 

combined organic layers were washed with brine (100 mL), dried (MgSO4) and 

evaporated in vacuo to give the allylic alcohol (19S,20S)-302 as an orange oil (3.06 g, 

10.18 mmol, 100%). The product was used without further purification in the next 

reaction. 

[α]
26

D +6.4 (c 1.00, CHCl3). 

FT-IR max (neat) 3451 (br), 2923 (s), 2853 (m), 1465 (w), 1041 (m), 920 (w) 

cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.85 (1H, ddd, J = 17.0, 10.4, 6.2 Hz, CH=CH2), 

5.36 (1H, d, J = 17.0 Hz, CH=CHH), 5.22 (1H, d, J = 10.4 Hz, 

CH=CHH), 4.74 (1H, d, J = 7.0 Hz, OCHHO), 4.66 (1H, d, J = 7.0 Hz, 

OCHHO), 4.03 (1H, m, CHOH), 3.42 (3H, s, CH3O), 3.39 (1H, m, 

CHOMOM), 3.08 (1H, d, J = 4.0 Hz, OH), 1.62–1.26 (22H, m, 11 × 

CH2), 0.88 (3H, t, J = 7.0 Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3, ppm) δ 137.5 (CH=CH2), 116.8 (CH=CH2), 97.3 

(OCH2O), 83.6 (CHOMOM), 74.7 (CHOH), 55.8 (CH3O), 31.9 

(CH2CH2CH3), 31.3 (CH2CHOMOM), 29.7 (CH2), 29.6 (CH2), 29.6 

(CH2), 29.3 (CH2), 25.7 (CH2CH2CHOMOM), 22.7 (CH3CH2), 14.1 

(CH3). (3 carbon signals are overlapping). 

LRMS  (ES
+
) m/z 323 ([M+Na]

+
). 

HRMS  (ES
+
) for C18H36NaO3

+
, calculated 323.2562, found 323.2557. 

 

(3R,4R)-4-(Methoxymethoxy)hexadec-1-en-3-ol ((19R,20R)-302) 

 

Following the method described for the preparation of (19S,20S)-302 from (19S,20R)-

321: Epoxide (19R,20R)-321 (400 mg, 1.39 mmol) afforded allylic alcohol (19R,20R)-

302 (399 mg, 1.32 mmol, 95%) as an orange oil. The product was used without further 
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purification in the next reaction. Spectroscopic and physical data are consistent with 

reported values,
231

 and with those reported above for the enantiomer (19S,20S)-302. 

 [α]
26.5

D –6.9 (c 1.00, CHCl3); [Lit.
231

 [α]
26

D –3.2 (c 0.87, CHCl3)]. 

 

11-Bromoundec-1-ene (328)  

 

To DMF (400 mL) stirred at 0 °C (ice-bath) was added PBr3 (33.8 mL, 360 mmol) 

dropwise. After allowing the mixture to come to rt, a solution of alcohol 327 (36.0 mL, 

180 mmol) in DMF (100 mL) was added slowly. The mixture was heated at 60 °C for 1 

h until the white solid dissolved. The reaction mixture was then cooled and stirred for 

24 h at rt. The mixture was poured into cold H2O (1 L). The organic layer was separated 

and the aqueous layer was extracted with Et2O (2 × 400 mL). The combined organic 

layers was washed with H2O (400 mL), and sat. aqueous NaHCO3 (400 mL), dried 

(MgSO4) and concentrated in vacuo to give the crude bromide 328 as a yellow oil (39.8 

g, 171 mmol, 95%), which was used in the next step without further purification. 

Spectroscopic data were consistent with reported values.
232 

FT-IR max (neat) 3076 (w), 2924 (s), 2858 (m), 1640 (w), 907 (s), 732 (s) cm
–

1
. 

1
H-NMR  (300 MHz, CDCl3) δ 5.82 (1H, ddt, J = 17.0, 10.2, 6.7 Hz, CH2=CH), 

5.01 (1H, m, CHH=CH), 4.94 (1H, m, CHH=CH), 3.41 (2H, t, J = 6.8 

Hz, CH2Br), 2.08–2.01 (2H, m, CH2=CHCH2), 1.86 (2H, quin, J = 6.8 

Hz, CH2CH2Br), 1.50–1.30 (12H, m, 6 × CH2).  

13
C-NMR 

  

(75 MHz, CDCl3, ppm) δ 139.2 (CH2=CH), 114.1 (CH2=CH), 34.0 

(CH2=CHCH2), 33.8 (CH2Br), 32.8 (CH2CH2Br), 29.4 (CH2), 29.1 

(CH2), 28.9 (CH2), 28.7 (CH2), 28.2 (CH2). (one carbon signal is 

overlapping). 

LRMS  (ES
+
) m/z 271 ([M+K]

+
). 
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Tridec-12-enenitrile (329)  

 

 

To a solution of CH3CN (2.00 mL, 38.3 mmol) in THF (40 mL) at –78 °C was added n-

BuLi (26.0 mL of 1.66 M in hexane, 43.2 mmol) dropwise via syringe. After 15 min, a 

solution of bromide 328 (10.0 g, 42.9 mmol) in THF (20 mL) was added dropwise at the 

same temperature. After addition, the reaction mixture was allowed to warm to rt over 1 

h. The reaction was quenched by addition of sat. aqueous NH4Cl (200 mL). The organic 

layer was separated and the aqueous layer was extracted with Et2O (3 × 100 mL). The 

combined organic layers were washed with brine (300 mL), dried (MgSO4), and 

concentrated in vacuo to give the crude product as a brown oil (9.13 g). Purification by 

column chromatography (silica gel, 2→14% Et2O/hexane) gave the title nitrile 329 

(4.86 g, 25.1 mmol, 66%) as a colorless oil.
 1

H-NMR and IR were consistent with 

reported values.
233 

FT-IR max (neat) 3076 (w), 2925 (s), 2854 (m), 2247 (w), 1640 (w), 909 (w), 

723 (w) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.83 (1H, ddt, J = 17.0, 10.2, 6.7 Hz, CH2=CH), 

5.00 (1H, m, CHH=CH), 4.94 (1H, m, CHH=CH), 2.34 (2H, t, J = 7.1 

Hz, CH2CN), 2.04 (2H, m, CH2=CHCH2), 1.71–1.60 (2H, m, 

CH2CH2CN), 1.47–1.29 (14H, m, 7 × CH2).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 139.1 (CH2=CH), 119.8 (CN), 114.0 (CH2=CH), 

33.8 (CH2=CHCH2), 29.4 (CH2), 29.2 (CH2), 29.0 (CH2), 28.9 (CH2), 

28.7 (CH2), 28.6 (CH2), 25.3 (CH2), 17.1 (CH2CN). (one carbon 

signal is overlapping). 

LRMS  (ES
+
) m/z 216 ([M+Na]

+
). 

 

Tridec-12-enal (330)  

 

To a solution of nitrile 329 (4.64 g, 24.0 mmol) in CH2Cl2 (50 mL) at –78 °C was added 

DIBAL-H (48.0 mL of 1.00 M in hexane, 48.0 mmol) over 30 min via a dropping 
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funnel. The resulting mixture was stirred for an additional 3 h at this temperature. A sat. 

aqueous solution of Rochelle’s salt (100 mL) was added dropwise via syringe. The 

white, ice-cooled solution was allowed to warm to rt and stirred for 2 h. The organic 

layer was separated and the aqueous layer was extracted with CH2Cl2 (3 × 100 mL). 

The combined organic layers were washed with brine (100 mL), dried (MgSO4) and 

concentrated in vacuo to give the crude aldehyde 330 as a yellow oil (3.81 g, 19.4 

mmol, 81%), which was used in the next step without further purification. 

Spectroscopic and physical data were consistent with reported values.
234 

FT-IR max (neat) 3076 (w), 2923 (s), 2853 (m), 2725 (w) 1726 (w), 1640 (w), 

1462 (w), 908 (w) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 9.77 (1H, t, J = 1.6 Hz, CHO), 5.83 (1H, ddt, J = 

16.9, 10.2, 6.6 Hz, CH2=CH), 4.99 (1H, m, CHH=CH), 4.94 (1H, m, 

CHH=CH), 2.42 (2H, td, J = 7.3, 1.8 Hz, CH2CHO), 2.04 (2H, q, J = 

6.6 Hz, CH2=CHCH2), 1.65–1.56 (2H, m, CH2CH2CHO), 1.45–1.28 

(14H, m, 7 × CH2).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 202.9 (CHO), 139.2 (CH2=CH), 114.1 (CH2=CH), 

43.9 (CH2CHO), 33.8 (CH2=CHCH2), 29.5 (CH2), 29.4 (CH2), 29.4 

(CH2), 29.3 (CH2), 29.2 (CH2), 29.1 (CH2), 28.9 (CH2), 22.1 (CH2).  

LRMS  (EI) m/z 178 (1.30%, ([M–H2O]
+
), 41 (100%, [M–C10H19O]

+
).  

 

Pentadeca-1,14-dien-3-ol ((±)-306) 

 

To a solution of vinylmagnesium bromide (37.9 mL of 0.65 M in THF, 24.6 mmol) in 

THF (50 mL) at 0 °C was added aldehyde 330 (3.72 g, 19.0 mmol) dropwise. After 

addition the reaction mixture was allowed to warm to rt and stirred for 13 h. The 

reaction mixture was quenched with sat. aqueous NH4Cl (100 mL). The organic layer 

was separated and the aqueous layer was extracted with EtOAc (3 × 100 mL), washed 

with sat. aqueous NaHCO3 (100 mL) and water (100 mL), dried (Na2SO4), and 

concentrated in vacuo to give the crude product as a yellow oil (4.02 g). Purification by 
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column chromatography (silica gel, 2→12% EtOAc/hexane) gave the title dienol (±)-

306 (2.22 g, 9.89 mmol, 52%) as a yellow oil. 
 

FT-IR max (neat) 3355 (br), 3077 (w), 2923 (s), 2853 (m), 1640 (w), 1462 

(w), 910 (m) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.88 (1H, m, HOCHCH=CH2), 5.81 (1H, m, 

CH2CH=CH2), 5.23 (1H, dt, J = 17.7, 1.0 Hz, HOCHCH=CHH), 5.11 

(1H, dt, J = 10.1, 1.0 Hz, HOCHCH=CHH), 5.00 (1H, m, 

CHH=CHCH2), 4.94 (1H, m, CHH=CHCH2), 4.10 (1H, q, J = 6.4 Hz, 

CHOH), 2.05 (2H, q, J = 7.1 Hz, CH2=CHCH2), 1.57–1.47 (2H, m, 

CH2CH2CHOH), 1.44–1.28 (16H, m, 8 × CH2).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 141.3 (HOCHCH=CH2), 139.3 (CH2CH=CH2), 

114.5 (CH2CH=CH2), 114.1 (HOCHCH=CH2), 73.3 (CHOH), 37.1 

(CH2CHOH), 33.8 (CH2CH=CH2), 29.6 (CH2), 29.5 (CH2), 29.1 

(CH2), 28.9 (CH2), 25.3 (CH2). (3 carbon signals are overlapping). 

LRMS  (ES
+
) m/z 263 ([M+K]

+
). 

 

Sharpless asymmetric kinetic resolution of allylic alcohol ((±)-306) 

 

Following the method described for the preparation of (19R,20S)-318 from (±)-305: To 

a solution of Ti(
i
PrO)4 (6.45 mL, 21.8 mmol), preactivated crushed 3 Å molecular sieves 

(620 mg), and L-(+)-DIPT (6.90 mL, 32.8 mmol) was added dropwise dienol (±)-306 

(4.98 g, 22.2 mmol). The reaction mixture was treated with anhydrous TBHP (11.9 mL 

of 3.66 M in toluene, 43.6 mmol). The homogeneous reaction mixture was maintained 

at –20 ºC in a freezer for 65 h and swirled regularly (the reaction conversion was 

determine by NMR). Purification by column chromatography (silica gel, 5→40% 

EtOAc/hexane) gave the enantiomerically enriched dienol (R)-pentadeca-1,14-dien-3-

ol (16R)-306 (2.03 g, 9.05 mmol, 41%) as a colourless oil, and erythro epoxyalcohol 
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(S)-1-((R)-oxiran-2-yl)tridec-12-en-1-ol ((15R,16S)-331) (1.63 g, 6.78 mmol, 31%) as 

low melting white solid. 

Data for (R)-Pentadeca-1,14-dien-3-ol ((16R)-306)  

 

IR, 
1
H-NMR, 

13
C-NMR and MS data are identical with those reported for the racemate 

(±)-306 

[α]
25.5

D –4.1 (c 1.75, CHCl3). 

 

Data for (S)-1-((R)-Oxiran-2-yl)tridec-12-en-1-ol ((15R,16S)-331)  

 

[α]
26.5

D +5.5 (c 2.00, CHCl3).  

M.p. 28–30 °C. 

FT-IR max (neat) 3425 (br), 3066 (w), 2922 (s), 2852 (m), 1640 (w), 1463 

(w), 908 (m) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.81 (1H, ddt, J = 17.0, 10.3, 6.6 Hz, CH2=CH), 

4.99 (1H, m, CHH=CH), 4.93 (1H, m, CHH=CH), 3.82 (1H, m, 

CHOH), 3.01 (1H, m, CHO), 2.81 (1H, dd, J = 5.1, 2.5 Hz, CHHO), 

2.73 (1H, dd, J = 5.1, 4.0 Hz, CHHO), 2.04 (2H, m, CH2CH=CH2), 

1.89 (1H, br, OH), 1.64–1.45 (2H, m, CH2CHOH), 1.44–1.26 (16H, m, 

8 × CH2).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 139.2 (CH2=CH), 114.1 (CH2=CH), 68.4 

(CHOH), 54.5 (CHO), 43.4 (CH2O), 33.7 (CH2CHOH), 33.4 

(CH2=CHCH2), 29.6 (CH2), 29.5 (CH2), 29.5 (CH2), 29.4 (CH2), 29.1 

(CH2), 28.9 (CH2), 25.3 (CH2CH2CHOH). (one carbon signal is 

overlapping).  
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LRMS  (ES
+
) m/z 263 ([M+Na]

+
). 

HRMS (ES
+
) for C15H28NaO2

+
, calculated 263.1987, found 263.1982. 

 

(R)-1-((S)-Oxiran-2-yl)tridec-12-en-1-ol ((15S,16R)-331)  

 

Following the method described for the preparation of (19R,20S)-318 from (±)-305: To 

a solution of Ti(
i
PrO)4 (2.25 mL, 7.60 mmol), preactivated crushed 3 Å molecular sieves 

(248 mg), and D-(–)-DIPT (2.80 mL, 13.1 mmol) was added dienol (16R)-306 (2.00 g, 

8.91 mmol) dropwise. The reaction mixture was treated with anhydrous TBHP (4.80 

mL of 3.66 M in toluene, 17.6 mmol). erythro Epoxyalcohol (15S,16R)-331 was 

obtained as a low melting white solid (1.70 g, 7.07 mmol, 79%), which was used in the 

next reaction without further purification.
 
Spectroscopic data are identical with those 

reported above for the enantiomer (15R,16S)-331. 

[α]
25

D –8.6 (c 1.25, CHCl3). 

M.p. 30–32 °C.  

 

(S)-1-((S)-Oxiran-2-yl)tridec-12-en-1-yl 4-nitrobenzoate ((15S,16S)-332)  

 

Following the method described for the the preparation of (19S,20S)-319 from 

(19S,20R)-318: From erythro epoxyalcohol (15S,16R)-331 (1.70 g, 7.07 mmol), PPh3 

(3.89 g, 14.8 mmol), 4-nitrobenzoic acid (4.13 g, 24.71 mmol) and DIAD (2.90 mL of 

95%, 14.0 mmol) was obtained the title ester (15S,16S)-332 (1.64 g, 4.21 mmol, 60%) 

as a yellow oil.  

HPLC (e.e. > 99%) Chiralcel ODH column, eluent 1% IPA : hexane, UV 254 

nm, flowrate: 1.0 mL min
–1 

(peak 1 21.28 min, 100%).  

[α]
28

D +2.3 (c 0.085, CHCl3) 

FT-IR max (neat) 3076 (w), 2925 (m), 2853 (w), 1726 (s), 1528 (s), 1641 (w), 

1270(s), 910 (w) cm
–1

.  



  Chapter 5: Experimental  

 179  

1
H-NMR  (400 MHz, CDCl3) δ 8.32–8.28 (2H, m, 2 × CHAr), 8.27–8.23 (2H, m, 2 

× CHAr), 5.81 (1H, m, CH2=CH), 5.01 (1H, m, CHH=CH), 4.97 (1H, 

m, CHH=CH), 4.93 (1H, m, CHOCOPhNO2), 3.23 (1H, ddd, J = 6.3, 

4.0, 2.5 Hz, CHO), 2.91 (1H, dd, J = 4.6, 4.0 Hz, CHHO), 2.72 (1H, 

dd, J = 4.6, 2.5 Hz, CHHO), 2.04 (2H, q, J = 7.1 Hz, CH2=CHCH2), 

1.90–1.80 (2H, m, CH2CHOCOPhNO2), 1.46–1.26 (16H, m, 8 × CH2).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 164.1 (COPhNO2), 150.6 (CArNO2), 139.2 

(CH2=CH), 135.5 (CArCO), 130.9 (2 × CHArCO), 123.6 (2 × 

CHArCNO2), 114.1 (CH2=CH), 76.1 (CHOCOPhNO2), 52.9 (CHO), 

45.0 (CH2O), 33.8 (CH2=CHCH2), 31.5 (CH2CHOCOPhNO2), 29.5 

(CH2), 29.5 (CH2), 29.4 (CH2), 29.4 (CH2), 29.1 (CH2), 28.9 (CH2), 

25.2 (CH2). (one carbon signal is overlapping). 

LRMS  (ES
+
) m/z 453 ([M+Na+CH3CN]

+
). 

HRMS (ES
+
) for C22H32NO5

+
, calculated 390.2280, found 390.2277. 

 

(R)-1-((R)-Oxiran-2-yl)tridec-12-en-1-yl 4-nitrobenzoate ((15R,16R)-332)  

 

Following the method described for the the preparation of (19S,20S)-319 from 

(19S,20R)-318: From erythro epoxyalcohol (15R,16S)-331 (1.60 g, 6.67 mmol), PPh3 

(3.66 g, 14.0 mmol), 4-nitrobenzoic acid (3.89 g, 23.3 mmol) and DIAD (2.75 mL of 

95%, 13.3 mmol) was obtained the the title ester (15R,16R)-332 (1.86 g, 4.78 mmol, 

72%) as a yellow oil. Spectroscopic data are identical with those reported above for the 

enantiomer (15S,16S)-332. 

[α]
27.5

D –1.7 (c 0.85, CHCl3). 

HPLC  (e.e. 81.4%) Chiralcel ODH column, eluent 1% IPA : hexane, UV 254 

nm, flowrate: 1.0 mL min
-1 

(peak 1 19.11 min, 90.70%; peak 2 21.39 

min, 9.30%). 

HRMS (ES
+
) for C22H31NNaO5

+
, calculated 412.2100, found 412.2100. 
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(S)-1-((S)-Oxiran-2-yl) tridec-12-en-1-ol ((15S,16S)-333)  
 

 

Following the method described for the preparation of (19S,20S)-320 from (19S,20S)-

319: Ester (15S,16S)-332 (1.50 g, 3.85 mmol) gave epoxyalcohol (15S,16S)-333 as a 

low melting white solid (802 mg, 3.34 mmol, 87%), which was used in the next reaction 

without further purification. 

[α]
30

D +1.2 (c 1.25, CHCl3). 

M.p. 32–34 °C. 

FT-IR max (neat) 3354 (br), 3080 (w), 2997 (w), 2916 (s), 2848 (m), 1642 

(w), 1456 (w), 912 (m) cm
–1

.  

1
H-NMR  (400 MHz, CDCl3) δ 5.82 (1H, ddt, J = 17.1, 10.2, 6.6 Hz, CH2=CH), 

5.00 (1H, m, CHH=CH), 4.93 (1H, m, CHH=CH), 3.44 (1H, quin, J = 

6.1 Hz, CHOH), 2.98 (1H, m, CHO), 2.83 (1H, t, J = 4.5 Hz, CHHO), 

2.72 (1H, dd, J = 4.5, 2.5 Hz, CHHO), 2.04 (2H, q, J = 7.1 Hz, 

CH2=CHCH2), 1.91 (1H, d, J = 6.1 Hz, OH), 1.65–1.55 (2H, m, 

CH2CHOH), 1.52–1.28 (16 H, m, 8 × CH2).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 139.2 (CH2=CH), 114.1 (CH2=CH), 71.7 

(CHOH), 55.4 (CHO), 45.2 (CH2O), 34.4 (CH2CHOH), 33.7 

(CH2=CHCH2), 29.6 (CH2), 29.6 (CH2), 29.5 (CH2), 29.5 (CH2), 29.4 

(CH2), 29.1 (CH2), 28.9 (CH2), 25.3 (CH2CH2CHOH).  

LRMS  (ES
+
) m/z 263 ([M+Na]

+
). 

HRMS (ES
+
) for C15H28NaO2

+
, calculated 263.1987, found 263.1982. 

 

 

(R)-1-((R)-Oxiran-2-yl)tridec-12-en-1-ol ((15R,16R)-333)  

 

 
Following the method described for the preparation of (19S,20S)-320 from (19S,20S)-

319: Enantiomerically enriched ester (15R,16R)-332 (1.70 mg, 4.36 mmol, 81.4% ee) 
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gave epoxyalcohol (15R,16R)-333 as a low melting white solid (965 mg, 4.01 mmol, 

92%), which was used in the next reaction without further purification.
 
Spectroscopic 

data are identical with those reported above for the enantiomer (15S,16S)-333. 

[α]
30.5

D –1.0 (c 1.25, CHCl3). 

M.p. 31–33 °C. 

 

(S)-2-((S)-1-(Methoxymethoxy)tridec-12-en-1-yl)oxirane ((15S,16S)-334) 

 

Following the method described for the preparation of (19S,20S)-321 from (19S,20S)-

320: Epoxyalcohol (15S,16S)-333 (767 mg, 3.19 mmol) gave the desired MOM ether 

(15S,16S)-334 (891 mg, 3.13 mmol, 98%) as a yellow oil, which was used in the next 

reaction without further purification. 

[α]
28

D –34.6 (c 0.82, CHCl3) 

FT-IR  max (neat) 3076 (w), 2924 (s), 2853 (m), 1640 (w), 1462 (w), 1101 (w), 

1033 (m), 916 (m) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.81 (1H, ddt, J = 17.1, 10.2, 6.6 Hz, CH2=CH), 

4.99 (1H, m, CHH=CH), 4.93 (1H, m, CHH=CH), 4.88 (1H, d, J = 6.6 

Hz, OCHHO), 4.67 (1H, d, J = 6.6 Hz, OCHHO), 3.40 (3H, s, CH3O), 

3.26 (1H, q, J = 6.6 Hz, CHOMOM), 2.98 (1H, ddd, J = 6.6, 4.1, 2.5 

Hz, CHO), 2.78 (1H, t, J = 4.8 Hz, CHHO), 2.53 (1H, dd, J = 4.8, 2.5 

Hz, CHHO), 2.04 (2H, q, J = 7.6 Hz, CH2=CHCH2), 1.69–1.50 (2H, m, 

CH2CHOMOM), 1.49–1.27 (16H, m, 8 × CH2).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 139.2 (CH2=CH), 114.1 (CH2=CH), 95.5 

(OCH2O), 77.9 (CHOMOM), 55.5 (CHO), 54.7 (CH3O), 43.8 (CH2O), 

33.8 (CH2=CHCH2), 32.3 (CH2CHOMOM), 29.6 (CH2), 29.5 (CH2), 

29.5 (CH2), 29.5 (CH2), 29.4 (CH2), 29.1 (CH2), 28.9 (CH2), 25.4 

(CH3).  
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LRMS  (ES
+
) m/z 307 ([M+Na]

+
). 

HRMS (ES
+
) for C17H32NaO3

+
, calculated 307.2249, found 307.2240 Da 

 

(R)-2-((R)-1-(Methoxymethoxy)tridec-12-en-1-yl)oxirane ((15R,16R)-334)  

 

Following the method described for the preparation of (19S,20S)-321 from (19S,20S)-

320: Enantiomerically enriched threo epoxyalcohol (15R,16R)-333 (930 mg, 3.87 

mmol, 81.4% ee) gave the desired epoxide (15R,16R)-334 (1.08 g, 3.80 mmol, 98%) as 

yellow oil, which was used in the next reaction without further purification.
 

Spectroscopic data are identical with those reported above for the enantiomer 

(15S,16S)-334. 

[α]
29

D +27.2 (c 1.09, CHCl3). 

 

(3S,4S)-4-(Methoxymethoxy)hexadeca-1,15-dien-3-ol ((15S,16S)-303)  

 

Following the method described for the preparation of (19S,20S)-302 from (19S,20S)-

321: Epoxide (15S,16S)-334 (861 mg, 3.02 mmol) gave allylic alcohol (15S,16S)-303 

as an orange oil (963 mg, 3.23 mmol), which was used in the next reaction without 

further purification. 

[α]
27

D +7.0 (c 0.86, CHCl3). 

FT-IR max (neat) 3453 (br), 3064 (w), 2922 (s), 2852 (m), 1640 (w), 1463 

(w), 1102 (w) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.87 (1H, m, HOCHCH=CH2), 5.81 (1H, m, 

CH2=CHCH2), 5.37 (1H, dt, J = 17.2, 1.5 Hz, HOCHCH=CHH), 5.22 

(1H, dt, J = 10.6, 1.5 Hz, HOCHCH=CHH), 5.00 (1H, m, 

CHH=CHCH2), 4.93 (1H, m, CHH=CH), 4.74 (1H, d, J = 6.6 Hz, 

OCHHO), 4.68 (1H, d, J = 6.6 Hz, OCHHO), 4.03 (1H, m, CHOH), 
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3.39 (1H, m, CHOMOM), 3.43 (3H, s, CH3O), 3.07 (1H, d, J = 4.0 Hz, 

OH), 2.04 (2H, m, CH2=CHCH2), 1.61–1.53 (2H, m, CH2CHOMOM), 

1.52–1.27 (16H, m, 8 × CH2).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 139.2 (CH2=CH), 137.5 (HOCHCH=CH2), 116.8 

(HOCHCH=CH2), 114.1 (CH2=CH), 97.3 (OCH2O), 83.6 

(CHOMOM), 74.7 (CHOH), 55.8 (CH3O), 33.8 (CH2=CH2CH2), 31.3 

(CH2CHOMOM), 29.7 (CH2), 29.5 (CH2), 29.5 (CH2), 29.1 (CH2), 

28.9 (CH2), 25.2 (CH2). (2 carbon signals are overlapping). 

LRMS  (ES
+
) m/z 337 ([M+K]

+
), 321 ([M+Na]

+
).   

HRMS  (ES
+
) for C18H34NaO3

+
, calculated 321.2406, found 321.2400. 

 

(3R,4R)-4-(Methoxymethoxy)hexadeca-1,15-dien-3-ol ((15R,16R)-303)  

 

Following the method described for the preparation of (19S,20S)-302 from (19S,20S)-

321: Enantiomerically enriched epoxide (15R,16R)-334 (1.05 mg, 3.69 mmol, 81.4% 

ee) gave allylic alcohol (15R,16R)-303 as an orange oil (1.09 g, 3.65 mmol, 99%), 

which was used in the next reaction without further purification.
 
Spectroscopic data are 

identical with those reported above for the enantiomer (15S,16S)-303.  

[α]
27

D –5.5 (c 1.05, CHCl3). 

 

Ethyl 4-hydroxypent-2-ynoate ((±)-337a) 

 
 

The procedure was modified from a one pot reaction developed by Jordan et al.
190

 To a 

solution of 3-butyn-2-ol (±)-335 (1.20 mL, 14.8 mmol) in THF (8 mL) was added conc. 

H2SO4 to adjust the pH to 6.5. Then, HMDS (1.70 mL, 8.10 mmol) was added, and the 

white mixture obtained was heated at 70 °C for 3 h. The reaction was cooled to rt, and a 

second portion of HMDS (343 µL, 1.62 mmol) was added. After cooling the reaction to 
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–40 °C, a solution of n-BuLi (7.30 mL of 2.22 M in hexane, 16.2 mmol) was added 

dropwise. The resulting yellow solution was stirred for 30 min, and then added 

dropwise via a cannula to another flame-dried flask containing ethyl chloroformate 

336a (1.70 mL, 17.3 mmol) in THF (8 mL) at –40 °C over a period of 5 min. After 

stirring for 1 h, the reaction was quenched by adding dropwise a solution of sulfuric 

acid (6N, 25 mL) at –40 °C and stirred for 10 min. The reaction mixture was diluted 

with EtOAc (25 mL). The organic layer was separated and the aqueous layer was 

extracted with EtOAc (2 × 25 mL). The combined organic layers were dried (MgSO4), 

and concentrated in vacuo to give the crude product (2.69 g) as a brown oil. Purification 

by column chromatography (5→50% EtOAc/hexane) gave alkyne (±)-337a as a yellow 

oil (1.45 g, 10.2 mmol, 69%). Spectroscopic and physical data were consistent with 

reported values.
190 

FT-IR max (neat) 3398 (br), 2986 (m), 2937 (w), 2244 (w), 1709 (s), 1244 (s), 

742 (w) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 4.64 (1H, qd, J = 6.8, 5.5 Hz , CH3CH), 4.24 (2H, 

q, J = 7.0 Hz, CH3CH2O), 2.45 (1H, d, J = 5.5 Hz, OH), 1.51 (3H, d, J 

= 6.8 Hz, CH3CH), 1.30 (3H, t, J = 7.0 Hz, CH3CH2O).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 153.4 (CO), 88.4 (C≡CCH), 75.7 (C≡CCH), 62.2 

(CH2O), 57.9 (CH3CH), 23.2 (CH3CH), 13.9 (CH3CH2O). 

LRMS  (ES
+
) m/z 307 ([2M+Na]

+
). 

 

(S)-Ethyl 4-hydroxypent-2-ynoate ((34S)-337a)  

 

To a stirred solution of alcohol (34S)-335 (583 µL, 7.13 mmol) and I2 (19 mg, 0.075 

mmol) in THF (36 mL) at rt was added HMDS (1.20 mL, 5.80 mmol) dropwise over 5 

min. After completion of the protection (2 h, TLC), a second portion of HMDS (170 µL, 

0.82 mmol) was added. The reaction mixture was cooled to –35 °C and a solution of n-

BuLi (3.70 mL of 2.22 M in hexane, 8.21 mmol) was added dropwise. The resulting 

yellow solution was stirred for 1 h, then transferred via a cannula to another flame-dried 

flask containing ethyl chloroformate 336a (870 µL, 8.82 mmol) in THF (5 mL) at –35 
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°C over a period of 10 min. After stirring for 1 h, the reaction was quenched by adding 

dropwise a solution of H2SO4 (6N, 20 mL) at –35 °C. The reaction mixture was warmed 

to rt for 1 h and diluted with EtOAc (15 mL). The organic layer was separated, and the 

aqueous layer was extracted with EtOAc (2 × 15 mL). The combined organic layers 

were dried (MgSO4), and concentrated in vacuo to give the crude product (1.18 g) as a 

brown oil. Purification by column chromatography (5→35% EtOAc/hexane) gave 

alkyne (34S)-337a as a yellow oil (614 mg, 4.32 mmol, 61%). Spectroscopic and 

physical data were consistent with reported above values for racemate (±)-337a and 

literature value.
135 

e.e. 93.7% (based on optical rotation in literature).
135

 

[α]
24.5

D –26.6 (c 0.97, CHCl3); [Lit.
135

 [α]
25

D –28.4 (c 2.06, CHCl3)]. 

 

Nitrobenzyl 4-hydroxypent-2-ynoate ((±)-337b) 

 

Following the method described for the preparation of (±)-337a: From 3-butyn-2-ol (±)-

335 (288 µL, 3.56 mmol) and 4-nitrobenzyl chloroformate 336b (950 mg, 4.27 mmol) 

was obtained alkyne (±)-337b as a yellow solid (672 mg, 2.70 mmol, 76%).  

M.p. 38–41 °C. 

FT-IR max (neat) 3405 (br), 2986 (w), 2239 (w), 1709 (s), 1225 (s) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 8.22 (2H, d, J = 8.8 Hz, 2 × CHArCNO2), 7.57 

(2H, d, J = 8.8 Hz, 2 × CHArCCH2), 5.28 (2H, s, CH2O), 4.66 (1H, m, 

CH3CHO), 2.54 (1H, d, J = 4.0 Hz, OH), 1.52 (3H, d, J = 6.6 Hz, 

CH3CH).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 152.8 (CO), 147.8 (CArNO2), 141.8 (CArCH2O), 

128.6 (2 × CHArCCH2O), 123.8 (2 × CHArCNO2), 90.0 (C≡CCH), 74.9 

(C≡CCH), 66.0 (CH2O), 57.9 (CH3CH), 23.1 (CH3CH). 

LRMS  (ES
+
) m/z 521 ([2M+Na]

+
). 

 

 



Chapter 5: Experimental 

 186 

(S)-4-Nitrobenzyl 4-hydroxypent-2-ynoate ((34S)-337b)  

 

Following the method described for the preparation of (34S)-337a : From alcohol (34S)-

335 (290 µL, 3.56 mmol), I2 (9.0 mg, 0.035 mmol) and 4-nitrobenzyl chloroformate 

336b (978 mg, 4.40 mmol) was obtained alkyne (34S)-337b as a yellow solid (479 mg, 

1.92 mmol, 54%). Spectroscopic and physical data were consistent with reported above 

values for racemate (±)-337b and literature value.
139 

HPLC (e.e. 96.4%) Chiral HPLC: Chiralcel ODH column, eluent 1% IPA : 

hexane, UV 254 nm, flowrate: 1.0 mL min
–1 

(peak 1 32.81 min, 

1.81%; peak 2 35.13 min, 98.19%). 

M.p. 54–57 °C; [Lit.
139

 61–63 °C]. 

[α]
28

D –17 (c 2.00, CHCl3); [Lit.
139

 [α]
28

D –12.3 (c 0.50, CHCl3)]. 

 

Alder-ene reaction of allylic alcohol (15S,16S)-303 

 

To a solution of allylic alcohol (15S,16S)-303 (50 mg, 0.17 mmol) and alkyne (34S)-

337a (24 mg, 0.17 mmol) in DMF (5mL) was added [CpRu(CH3CN)3]
+
PF6

– 
(15 mg, 

0.035 mmol, 20 mol %). The reaction was stirred at rt for 3 h, then diluted with ether 

(30 mL) and filtered through a plug of silica gel and washed with Et2O (30 mL). The 

ether layer was washed with water (5 × 25 mL), dried (MgSO4), and concentrated in 

vacuo to give the crude product as a yellow oil (65 mg). Purification by column 

chromatography (silica gel, 20→50% EtOAc/hexane) gave starting material alcohol 

(15S,16S)-303 (7.0 mg, 0.023 mmol, 14%) as an orange oil, butenolide (15S,16S,34S)-
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338 (24 mg, 0.061 mmol, 36%, 42% brsm) as an inseparable mixture with the 

uncyclized β-isomer (15S,16S,34S)-339 in a (5:1) ratio as a yellow oil, and ketone 

(16S,34S)-340 (6.40 mg, 0.013 mmol, 8%, 9% brsm) as a yellow oil. 

 

Data for (S)-3-((13S,14S,E)-14-Hydroxy-13-(methoxymethoxy)hexadeca-2,15-dien-

1-yl)-5-methylfuran-2(5H)-one ((15S,16S,34S)-338)  

 

[α]
30

D +27.8 (c 0.94, CHCl3). 

FT-IR max (neat) 3467 (br), 2925 (s), 2853 (m), 1754 (s) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 6.99 (1H, q, J = 1.5 Hz, CH=C), 5.85 (1H, ddd, J 

= 17.2, 10.2, 5.9 Hz, HOCHCH=CH2), 5.57 (1H, m, 

CH=CCH2CH=CHCH2), 5.46 (1H, m, CH=CCH2CH=CHCH2), 5.34 

(1H, dt, J = 17.2, 1.5 Hz, HOCHCH=CHH), 5.23 (1H, dt, J = 10.2, 1.5 

Hz, HOCHCH=CHH), 5.00 (1H, qd, J = 7.0, 1.5, CHCH3), 4.74 (1H, d, 

J = 7.0 Hz, OCHHO), 4.65 (1H, d, J = 7.0 Hz, OCHHO), 4.05 (1H, m, 

CHOH), 3.57 (1H, m, CHOMOM), 3.42 (3H, s, CH3O), 3.06 (1H, d. J 

= 4.0 Hz, OH), 2.96 (2H, d, J = 6.6 Hz, CH=CCH2CH=CHCH2), 2.00 

(2H, m, CH=CCH2CH=CHCH2), 1.59–1.48 (2H, m, CH2CHOMOM), 

1.41 (3H, d, J = 7.0 Hz, CHCH3), 1.36–1.27 (14H, m, 7 × CH2).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 173.5 (CO), 149.3 (CH=C), 137.5 (CH2=CH), 

134.1 (CH=CCH2CH=CH), 133.5 (CH=CCH2CH=CH), 124.3 (CH=C), 

116.8 (HOCHCH=CH2), 97.3 (OCH2O), 83.5 (CHOMOM), 77.5 

(OCHMe), 74.7 (CHOH), 55.8 (CH3O), 32.5 (CH2), 31.3 

(CH2CHOMOM), 29.7 (CH2), 29.5 (CH2), 29.4 (CH2), 29.3 (CH2), 

29.1(CH2), 28.4 (CH2), 25.2 (CH2CH2CHOMOM), 19.1 (CHCH3). 

(one carbon signal is overlapping).  

LRMS  (ES
+
) m/z 417 ([M+Na]

+
). 

HRMS (ES
+
) for C23H38NaO5

+
, calculated 417.2617, found 417.2611. 
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Data for ethyl (2Z,5E,17S)-17-hydroxy-3-((S)-1-hydroxyethyl)-16-

(methoxymethoxy)nonadeca-2,5,18-trienoate ((15S,16S,34S)-339) 

 

FT-IR max (neat) 3467 (br), 2925 (s), 2853 (m), 1754 (s) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 6.00 (1H, br.s, CH=C), 5.85 (1H, ddd, J = 17.2, 

10.2, 5.9 Hz, HOCHCH=CH2), 5.57 (1H, m, CH=CCH2CH=CHCH2), 

5.46 (1H, m, CH=CCH2CH=CHCH2), 5.34 (1H, dt, J = 17.2, 1.5 Hz, 

HOCHCH=CHH), 5.23 (1H, dt, J = 10.2, 1.5 Hz, HOCHCH=CHH), 

5.00 (1H, qd, J = 7.0, 1.5, CHCH3), 4.74 (1H, d, J = 7.0 Hz, OCHHO), 

4.65 (1H, d, J = 7.0 Hz, OCHHO), 4.33 (1H, m, CH3CHOH), 4.17 (2H, 

q, J = 7.3 Hz, OCH2CH3), 4.05 (1H, m, CH2=CHCHOH), 3.57 (1H, m, 

CHOMOM), 3.42 (3H, s, CH3O), 3.06 (1H, d. J = 4.0 Hz, 

CH2=CHCHOH), 2.96 (2H, d, J = 6.6 Hz, CH=CCH2CH=CHCH2), 

2.00 (2H, m, CH=CCH2CH=CHCH2), 1.59–1.48 (2H, m, 

CH2CHOMOM), 1.41 (3H, J = 7.0 Hz, CHCH3), 1.36–1.27 (14H, m, 7 

× CH2), 1.25–1.21 (3H, m, OCH2CH3).   

13
C-NMR 

  

 (75 MHz, CDCl3) δ 166.5 (CO), 163.3 (CH=C), 136.4 

(CHOHCH=CH2), 133.5 (CH=CCH2CH=CH), 133.0 

(CH=CCH2CH=CH), 116.8 (CH=C), 116.5 (CHOHCH=CH2), 97.7 

(OCH2O), 84.7 (CHOMOM), 74.7 (CH2=CHCHOH), 70.7 

(CH=CCHCH3), 59.8 (OCH2CH3), 55.9 (CH3O), 32.4 

(CH=CCH2CH=CHCH2), 31.2 (CH2CHOMOM), 29.7 (CH2), 29.5 

(CH2), 29.4 (CH2), 29.3 (CH2), 29.1 (CH2), 28.4 (CH2), 26.0 

(CH2CH2CHOMOM), 22.3 (CH=CCHCH3), 19.1 (CHCH3), 14.3 

(OCH2CH3). 

LRMS  (ES
+
) m/z 463 ([M+Na]

+
). 
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Data for (5S,5'S)-3,3'-((13S,14S,E)-14-Hydroxy-13-(methoxymethoxy)hexadec-2-

ene-1,16-diyl)bis(5-methylfuran-2(5H)-one) ((16S,34S)-340) 

 

 

 

[α]
27.5

D +5.3 (c 0.26, CHCl3). 

FT-IR max (neat) 3072 (w), 2926 (m), 2853 (w), 1752 (s), 1711 (m), 1642 (w), 

1319 (w), 1026 (m) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 7.07 (1H, q, J = 1.5 Hz, CH=C), 7.00 (1H, q, J = 

1.5 Hz, CH=C), 5.57 (2H, m, CH=CCH2CH=CH), 5.47 (2H, m, 

CH=CCH2CH=CH), 5.00 (2H, m, 2 × CHCH3), 4.65 (1H, d, J = 6.6 

Hz, OCHHO), 4.62 (1H, d, J = 6.6 Hz, OCHHO), 3.98 (1H, dd, 7.1, 6.1 

Hz, CHOMOM), 3.37 (3H, s, CH3O), 2.96 (2H, m, 

CH=CCH2CH=CH), 2.91–2.76 (2H, m, COCH2CH2), 2.59 (2H, t, J = 

7.1 Hz, COCH2CH2), 2.05–1.95 (2H, m, CH=CCH2CH=CHCH2), 

1.69–1.61 (2H, m, CH2CH=CHCH2), 1.51–1.42 (2H, m, 

CH2CHOMOM), 1.40 (6H, d, J = 7.1 Hz, 2 × CH3), 1.36–1.27 (18H, 

m, 9 × CH2).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 210.2 (CH2COCH2), 173.6 (CO), 173.4 (CO), 

150.5 (CH=C), 149.4 (CH=C), 134.1 (CH=CCH2CH=CH), 133.5 

(CH=CCH2CH=CH), 124.3 (9 × CH=C), 96.6 (OCH2O), 82.6 

(CHOMOM), 77.5 (CHCH3), 77.2 (CHCH3), 56.1 (CH3O), 35.8 

(COCH2CH2C=CH), 32.5 (COCH2CH2C=CH), 32.1 (CH2CHOMOM), 

29.4 (CH2), 29.4 (CH2), 29.3 (CH2), 28.4 (CH2), 25.1 

(CH2CH2CHOMOM), 22.3 (CH2), 19.1 (CHCH3), 19.0 (CHCH3). (4 

carbon signals are overlapping).  

LRMS  (ES
+
) m/z 515 ([M+Na]

+
). 

HRMS (ES
+
) for C28H42NaO7

+
, calculated 513.2828, found 513.2823. 
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Methyl-3-(3-oxopentadecyl)furan-2(5H)-one ((±)-344)  
 

 
Following the method described for the preparation of butenolide (15S,16S,34S)-338: 

ruthenium-catalyzed Alder–ene reaction of alcohol (±)-305 (100 mg, 0.44 mmol) and 

alkyne (34S)-337a (63 mg, 0.44 mmol) in the presence of [CpRu(CH3CN)3]
+
PF6

– 
(9.0 

mg, 0.044 mmol, 10 mol %) gave starting material alcohol (±)-305 (28 mg, 0.124 mmol, 

28%) as a low-melting white solid and the title butenolide (±)-344 (52 mg, 0.16 mmol, 

36%, 51% brsm) as a yellow solid. 

M.p. 38–41 °C. 

FT-IR max (neat) 2923 (m), 2852 (m), 1746 (s), 1712 (s), 1038 (w) cm
–1

. 

1
H-NMR (400 MHz, CDCl3) δ 7.04 (1H, q, J = 1.5 Hz, CH=C), 4.97 (1H, qd, J = 

7.1, 1.5 Hz, CHCH3), 2.70 (2H, t, J = 6.6 Hz, COCH2CH2C=CH), 2.54 

(2H, tt, J = 6.6, 1.5 Hz, COCH2CH2C=CH), 2.38 (2H, t, J = 6.6 Hz, 

CH2CO), 1.57–1.50 (2H, m, CH2CH2COCH2CH2C=CH), 1.38 (3H, d, J 

= 7.1 Hz, CHCH3), 1.34–1.24 (18H, m, 9 × CH2), 0.87 (3H, t, J = 6.6 

Hz, CH3).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 209.4 (CH2COCH2), 173.4 (CO), 150.4 (CH=C), 

132.6 (CH=C), 77.5 (CHCH3), 42.8 (CH2COCH2CH2C=CH), 39.7 

(CH2COCH2CH2C=CH), 31.8 (CH2COCH2CH2C=CH), 29.6 (CH2), 

29.5 (CH2), 29.4 (CH2), 29.3 (CH2), 29.2 (CH2), 23.8 (CH2), 23.3 

(CH2), 19.4 (CHCH3), 14.0 (CH3). (3 carbon signals are 

overlapping). 

LRMS  (ES
+
) m/z 345 ([M+Na]

+
). 

 

Alder-ene reaction of allylic alcohol (15S,16S)-303 
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Following the method described for the preparation of butenolide (15S,16S,34S)-338: 

ruthenium-catalyzed Alder–ene reaction of olefin (15R,16R)-303 (50 mg, 0.17 mmol) 

and alkyne (34S)-337a (24 mg, 0.17 mmol) in the presence of [CpRu(CH3CN)3]
+
PF6

– 

(7.5 mg, 0.017 mmol, 10 mol %) gave starting material olefin (15R,16R)-303 (4.7 mg, 

0.016 mmol, 9%) as a yellow oil and butenolide (15R,16R,34S)-307 (25 mg, 0.063 

mmol, 37%, 41% brsm) as inseparable yellow oil with uncyclized β-isomer 

(15R,16R,34S)-345 in (5:1) ratio. 

 

Data for (S)-3-((13R,14R,E)-14-Hydroxy-13-(methoxymethoxy)hexadeca-2,15-dien-

1-yl)-5-methylfuran-2(5H)-one ((15R,16R,34S)-307)  

 

 

 [α]
30

D +13.7 (c 1.11, CHCl3). 

FT-IR max (neat) 3452 (br), 3076 (w), 2925 (s), 2853 (m), 2159 (m), 2031 

(m), 1755 (s), 1034 (m) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 6.99 (1H, q, J = 1.5 Hz, CH=C), 5.85 (1H, ddd, J 

= 17.0, 10.1, 6.2 Hz, HOCHCH=CH2), 5.56 (1H, m 

CH=CCH2CH=CH), 5.46 (1H, m, CH=CCH2CH=CH), 5.35 (1H, dt, J 

= 17.2, 1.8 Hz, HOCHCH=CHH), 5.21 (1H, dt, J = 10.7, 1.8 Hz, 

HOCHCH=CHH), 5.00 (1H, qd, J = 7.0, 1.8 Hz, CHCH3), 4.74 (1H, d, 

J = 7.0 Hz, OCHHO), 4.68 (1H, d, J = 7.0 Hz, OCHHO), 4.02 (1H, m, 

CHOH), 3.41 (3H, s, CH3O), 3.38 (1H, m, CHOMOM), 3.06 (1H, m, 

OH), 2.95 (2H, d, J = 6.1 Hz, CH=CCH2CH=CH), 2.01 (2H, m, 

CH2CH=CHCH2), 1.58–1.51 (2H, m, CH2CHOMOM), 1.41 (3H, d, J = 

7.0 Hz, CHCH3), 1.35–1.27 (14H, m, 7 × CH2).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 173.4 (CO), 149.3 (CH=C), 137.5 

(CHOHCH=CH2), 134.1 (CH=CCH2CH=CH), 133.5 

(CH=CCH2CH=CH), 124.3 (CH=C), 116.7 (CHOHCH=CH2), 97.3 

(OCH2O), 83.5 (CHOMOM), 77.3 (CHCH3), 74.7 (CHOH), 55.8 

(CH3O), 32.4 (CH=CCH2CH=CHCH2), 31.2 (CH2CHOMOM), 29.7 
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(CH2), 29.5 (CH2), 29.4 (CH2), 29.3 (CH2), 29.1 (CH2), 28.4 (CH2), 

25.2 (CH2CH2CHOMOM), 19.1 (CHCH3). (one carbon signal is 

overlapping). 

LRMS  (ES
+
) m/z 417 ([M+Na]

+
). 

HRMS (ES
+
) for C23H38NaO5

+
, calculated 417.2617, found 417.2611. 

 

Data for ethyl ethyl (2Z,5E,17R)-17-hydroxy-3-((S)-1-hydroxyethyl)-16-

(methoxymethoxy)nonadeca-2,5,18-trienoate ((15R,16R,34S)-345) 

 

FT-IR max (neat) 3452 (br), 3076 (w), 2925 (s), 2853 (m), 2159 (m), 2031 

(m), 1755 (s), 1034 (m) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 6.00 (1H, br.s, CH=C), 5.85 (1H, ddd, J = 17.0, 

10.1, 6.2 Hz, HOCHCH=CH2), 5.56 (1H, m CH=CCH2CH=CH), 5.46 

(1H, m, CH=CCH2CH=CH), 5.35 (1H, dt, J = 17.2, 1.8 Hz, 

HOCHCH=CHH), 5.21 (1H, dt, J = 10.7, 1.8 Hz, HOCHCH=CHH), 

5.00 (1H, qd, J = 7.0, 1.8 Hz, CHCH3), 4.74 (1H, d, J = 7.0 Hz, 

OCHHO), 4.68 (1H, d, J = 7.0 Hz, OCHHO), 4.33 (1H, m, 

CH3CHOH), 4.17 (2H, q, J = 7.3 Hz, OCH2CH3), 4.02 (1H, m, 

CH2=CHCHOH), 3.41 (3H, s, CH3O), 3.38 (1H, m, CHOMOM), 3.06 

(1H, m, CH2=CHCHOH), 2.95 (2H, d, J = 6.1 Hz, CH=CCH2CH=CH), 

2.01 (2H, m, CH2CH=CHCH2), 1.41 (3H, d, J = 7.0 Hz, CHCH3), 

1.58–1.51 (2H, m, CH2CHOMOM), 1.35–1.27 (14H, m, 7 × CH2), 

1.25–1.21 (3H, m, OCH2CH3).   

13
C-NMR 

  

(100 MHz, CDCl3) δ 166.6 (CO), 163.3 (CH=C), 136.4 

(CHOHCH=CH2), 133.5 (CH=CCH2CH=CH), 133.0 

(CH=CCH2CH=CH), 116.6 (CH=C), 114.1 (CHOHCH=CH2), 97.7 

(OCH2O), 84.7 (CHOMOM), 74.4 (CH2=CHCHOH), 70.6 

(CH=CCHCH3), 59.8 (OCH2CH3), 56.0 (CH3O), 32.7 

(CH=CCH2CH=CHCH2), 31.1 (CH2CHOMOM), 29.7 (CH2), 29.5 
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(CH2), 29.4 (CH2), 29.3 (CH2), 29.1 (CH2), 28.4 (CH2), 25.9 

(CH2CH2CHOMOM), 22.2 (CH=CCHCH3), 19.1 (CHCH3), 14.3 

(OCH2CH3).  

LRMS  (ES
+
) m/z 463 ([M+Na]

+
). 

 

Temporary silicon tethered of pentadec-1-en-3-ol ((±)-305) 

 

To a stirred solution of allylic alcohol (±)-305 (200 mg, 0.88 mmol) in dry CH2Cl2 (2 

mL) at rt was added imidazole (300 mg, 4.41 mmol) followed by 
i
Pr2SiCl2 (80 µL, 0.44 

mmol). The reaction was stirred for 3.5 h and then purified directly by silica gel column 

chromatography (10% EtOAc/hexane) to give starting material allylic alcohol (±)-305 

(15.4 mg, 0.068 mmol, 8%) as a low-melting white solid and dienoxysilane (±)-347 as a 

colourless oil (169 mg, 0.30 mmol, 68%, 74% brsm).  

Data for diisopropylbis(pentadec-1-en-3-yloxy)silane ((±)-347)  

 

FT-IR max (neat) 3064 (w), 2923 (s), 2853 (m), 1646 (w), 1464 (w) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.82 (2H, 2 × ddd, J = 17.1, 10.5, 6.3 Hz, 2 × 

CH2=CH), 5.15 (2H, dd, J = 17.1, 1.6 Hz, 2 × CHH=CH), 5.04 (2H, dd, 

J = 10.5, 1.6 Hz, 2 × CHH=CH), 4.30 (2H, q, J = 6.3 Hz, 2 × CHOSi), 

1.67–1.45 (4H, m, 2 × CH2CHOSi), 1.42–1.27 (40 H, m, 20 × CH2), 

1.10–1.03 (12H, m, 2 × SiCH(CH3)2), 1.00–0.93 (2H, m, 2 × CH(CH3)2 

, 0.89 (6H, t, J = 6.6 Hz, 2 × CH3). 

13
C-NMR (75 MHz, CDCl3) δ 141.5 (2 × CH2=CH), 113.6 (2 × CH2=CH), 73.5 
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  (CHOSi), 73.5 (CHOSi), 38.1 (CH2CHOSi), 38.1 (CH2CHOSi), 31.9 

(2 × CH2CH2CH3), 29.8 (CH2), 29.8 (CH2), 29.7 (CH2), 29.7 (CH2), 

29.4 (CH2), 24.7 (CH2), 24.7 (CH2), 22.7 (CH2), 22.7 (CH2), 17.5 (2 × 

SiCH(CH3CH3), 17.2 (2 × SiCH(CH3CH3), 14.3 (CH3), 14.1 (CH3), 

12.8 (2 × SiCH(CH3)2). (9 carbon signals are overlapping). 

LRMS  (ES
+
) m/z 645 ([M+CH3CN+K]

+
). 

Temporary silicon tethered of allylic alcohols (19R,20R)-302 and (19S,20S)-302 

 

To a stirred solution of allylic alcohol (19R,20R)-302 (50 mg, 0.166 mmol) in dry 

CH2Cl2 (500 µL) at rt was added imidazole (56.60 mg, 0.83 mmol) followed by 

i
Pr2SiCl2 (30 µL, 0.166 mmol). The reaction was stirred for 20 min, then allylic alcohol 

(19S,20S)-302 (50 mg, 0.166 mmol) in dry CH2Cl2 (500 µL) was added dropwise. The 

reaction was stirred for 3 h and then purified directly by silica gel column 

chromatography (5→40% EtOAc/hexane) to give starting material allylic alcohol 

(19R,20R)-302 (18 mg, 0.060 mmol, 36%) as an orange oil and the title siloxydiene 349 

as a colourless oil (38 mg, 0.053 mmol, 32%, 50% brsm) and silanol 348 as a mixture of 

(19R,20R)-348 and (19S,20S)-348 (16 mg, 0.037 mmol, 22%, 35% brsm). 

Data for (5R,6R,10S,11S)-5,11-Didodecyl-8,8-diisopropyl-6,10-divinyl-2,4,7,9,12,14-

hexaoxa-8-silapentadecane (349)  
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FT-IR max (neat) 2922 (s), 2853 (m), 1464 (w), 918 (w) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.94 (2H, ddd, J = 16.8, 11.7, 6.6 Hz, 2 × 

CH=CH2), 5.31 (2H, m, 2 × CH=CHH), 5.20 (2H, m, 2 × CH=CHH), 

4.75 (2H, d, J = 6.6 Hz, 2 × OCHHO), 4.66 (2H, J = 6.6 Hz, 2 × 

OCHHO), 4.51 (2H, tt, J = 5.5, 1.5 Hz, 2 × CHOSi), 3.55 (2H, m, 2 × 

CHOMOM), 3.39 (6H, s, 2 × CH3O), 1.67–1.26 (44H, m, 22 × CH2), 

1.10–1.03 (12H, m, 2 × SiCH(CH3)2), 1.03–0.96 (2H, m, 2 × 

CH(CH3)2), 0.89 (6H, t, J = 6.6 Hz, 2 × CH3).   

13
C-NMR 

  

(75 MHz, CDCl3) δ 137.1 (2 × CH=CH2), 115.8 (2 × CH=CH2), 97.0 (2 

× OCH2O), 81.6 (CHOMOM), 81.5 (CHOMOM), 73.8 (2 × CHOSi), 

55.6 (2 × CH3O), 31.9 (2 × CH3CH2CH2), 29.7 (2 × CH2), 29.7 (2 × 

CH2), 29.4 (2 × CH2), 29.2 (2 × CH2), 26.0 (2 × CH2), 22.0 (2 × CH2), 

17.4 (2 × SiCH(CH3CH3), 17.4 (2 × SiCH(CH3CH3), 14.1 (2 × CH3), 

12.8 (2 × SiCH(CH3)2). (8 carbon signals are overlapping). 

LRMS  (ES+) m/z 736 ([M+Na]
+
). 

 

Data for (5R,6R)-5-dodecyl-8-isopropyl-9-methyl-6-vinyl-2,4,7-trioxa-8-siladecan-

8-ol ((19R,20R)-348) and (5S,6S)-5-dodecyl-8-isopropyl-9-methyl-6-vinyl-2,4,7-

trioxa-8-siladecan-8-ol ((19S,20S)-348)  

 

[α]
27.5

D –6.1 (c 0.50, CHCl3)  

FT-IR max (neat) 3427 (br), 2923 (s), 2118 (w), 1664 (w), 688 (w) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.92 (1H, ddd, J = 17.0, 10.8, 5.9 Hz CH=CH2), 

5.33 (1H, d, J = 10.8 Hz, CH=CHH), 5.20 (1H, d, J = 17.0 Hz, 

CH=CHH), 4.78 (1H, d, J = 6.6 Hz, OCHHO), 4.70 (1H, d, J = 6.6 Hz, 

OCHHO), 4.41 (1H, tt, J = 5.9, 1.1 Hz, CHOSi), 3.47 (1H, m, 
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CHOMOM), 3.41 (3H, s, CH3O), 2.54 (1H, s, OH), 1.68–1.26 (22H, m, 

11 × CH2), 1.10–1.03 (12H, m, 2 × SiCH(CH3)2), 1.03–0.95 (2H, m, 2 

× SiCH(CH3)2), 0.89 (3H, t, J = 6.6 Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 137.4 (CH=CH2), 116.0 (CH=CH2), 97.4 (2 × 

OCH2O), 82.2 (CHOMOM), 74.8 (CHOSi), 55.8 (CH3O), 31.9 

(CH3CH2CH2), 30.1 (CH2CHOMOM), 29.8 (CH2), 29.7 (CH2), 29.6 

(CH2), 29.4 (CH2), 25.3 (CH2), 22.7 (CH2), 17.1 (2 × SiCH(CH3CH3), 

17.3 (2 × SiCH(CH3CH3), 14.1 (CH3), 12.7 (SiCH(CH3)2), 12.6 

(SiCH(CH3)2). (3 carbon signals are overlapping).  

LRMS  (ES+) m/z 453 ([M+Na]
+
). 

 

(4R,7S)-2,2-Diisopropyl-4-((R)-1-(methoxymethoxy)tridecyl)-7-((S)-1-

(methoxymethoxy)tridecyl)-4,7-dihydro-1,3,2-dioxasilepine (350)  

 

To a solution of siloxydiene 349 (33 mg, 0.046 mmol) in dry degassed toluene (1 mL) 

was added Grubbs’s 2
nd

 generation catalyst (2.60 mg, 0.003 mmol, 4 mol %). The 

reaction mixture was heated at 75 °C for 40 min. A second batch of catalyst was then 

added (2.61 mg, 0.003 mmol, 4 mol %) and the reaction heated again for 40 min. This 

process was repeated a further 3 times, to a total catalyst loading of 20 mol%. The 

reaction was concentrated in vacuo and purified directly by silica gel column 

chromatography (5→20% EtOAc/hexane) to give starting material siloxydiene 349 (9.0 

mg, 0.013 mmol, 27%) as a colourless oil and the title siloxyene 350 as a colourless oil 

(11 mg, 0.016 mmol, 36%, 46% brsm). 

FT-IR max (neat) 2924 (s), 2854 (m), 1464 (w) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.84 (2H, d, J = 2.0 Hz, CH=CH), 4.79 (2H, d, J 

= 6.6 Hz, 2 × OCHHO), 4.75 (2H, m, 2 × CHOSi), 4.69 (2H, d, J = 6.6 

Hz, 2 × OCHHO), 3.56 (2H, m, 2 × CHOMOM), 3.39 (6H, s, 2 × 
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CH3O), 1.68–1.27 (44H, m, 22 × CH2), 1.11–1.01 (12H, m, 2 × 

SiCH(CH3)2), 1.01–0.93 (2H, m, 2 × SiCH(CH3)2), 0.89 (6H, t, J = 6.6 

Hz, 2 × CH3).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 132.3 (CH=CH), 97.1 (2 × OCH2O), 81.2 (2 × 

CHOMOM), 72.6 (2 × CHOSi), 55.7 (2 × CH3O), 31.9 (2 × 

CH3CH2CH2), 30.1 (2 × CH2CHOMOM), 29.8 (2 × CH2), 29.7 (2 × 

CH2), 29.7 (2 × CH2), 29.6 (2 × CH2), 29.4 (2 × CH2), 26.0 (2 × 

CH2CH2CHOMOM), 22.7 (2 × CH3CH2), 17.5 (SiCH(CH3CH3)), 17.3 

(SiCH(CH3CH3), 17.3 (SiCH(CH3CH3), 17.1 (SiCH(CH3CH3)), 14.1 (2 

× CH3), 12.7 (SiCH(CH3)2), 12.6 (SiCH(CH3)2). (4 carbon signals are 

overlapping). 

LRMS  (ES+) m/z 724 ([M+K]
+
). 

HRMS  (ES
+
) for C40H80NaO6Si

+
, calculated 707.5622, found 707.5616. 

 

Temporary silicon tethered of allylic alcohols (19R,20R)-302 and (15R,16R)-303  

 

 

To a solution of allylic alcohol (19R,20R)-302 (100 mg, 0.33 mmol) in CH2Cl2 (1 mL) 

was added imidazole (113 mg, 1.66 mmol) followed by 
i
Pr2SiCl2 (60 µL, 0.33 mmol). 

Then a solution of allylic alcohol (15R,16R)-303 (99 mg, 0.33 mmol) in CH2Cl2 (1 mL) 

was added dropwise. After 3 h the solvent was evaporated in vacuo and the crude 

product was purified directly by column chromatography (silica gel, 5→30% 

EtOAc/hexane) to give siloxytriene 304 as a yellow oil (149 mg, 0.21 mmol, 64%) then 

silanol (19R,20R)-348 as a colorless oil (12 mg, 0.028 mmol, 8%). 
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Data for (5S,6S,10S,11S)-5-(Dodec-11-en-1-yl)-11-dodecyl-8,8-diisopropyl-6,10-

divinyl-2,4,7,9,12,14-hexaoxa-8-silapentadecane (304) 

 

[α]
28

D +38.7 (c 0.36, CHCl3). 

FT-IR max (neat) 3072 (w), 2924 (s), 2854 (m), 1642 (w), 1464 (w), 1041 (s) 

cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.93 (2H, ddd, J = 15.7, 10.6, 5.6 Hz, 2 × 

CH2=CHCHOSi), 5.82 (1H, ddt, J = 17.1, 10.2, 6.6 Hz, CH2CH=CH2), 

5.31 (2H, dt, J = 17.1, 1.5 Hz, 2 × CHH=CHCHOSi), 5.19 (2H, dt, J = 

10.2, 1.5 Hz, 2 × CHH=CHCHOSi), 5.00 (1H, dq, J = 17.2, 1.5 

CH2CH=CHH), 4.94 (1H, m, CH2CH=CHH), 4.76 (2H, d, J = 6.6 Hz, 

2 × OCHHO), 4.68 (2H, d, J = 6.6 Hz, 2 × OCHHO), 4.51 (2H, tt, J = 

5.6, 1.5 Hz, 2 × CHOSi), 3.56 (2H, m, 2 × CHOMOM), 3.39 (6H, s, 2 

× CH3O), 2.05 (2H, m, CH2CH=CH2), 1.66–1.61 (4H, m, 2 × 

CH2CHOMOM), 1.40–1.26 (46H, m, 23 × CH2), 1.06–1.03 (12H, d, J 

= 5.6 Hz, 2 × SiCH(CH3)2), 1.01–0.93 (2H, m, 2 × SiCH(CH3)2), (0.89 

(3H, t, J = 6.6 Hz, CH3).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 139.2 (CH2CH=CH2), 137.1 (2 × 

CH2=CHCHOSi), 115.7 (2 × CH2=CHCHOSi), 114.1 (CH2CH=CH2), 

97.1 (2 × OCH2O), 81.6 (2 × CHOMOM), 73.9 (2 × CHOSi), 55.6 

(2×CH3O), 33.8 (CH2CH=CH2), 31.9 (2 × CH2), 29.8 (2 × CH2), 29.7 

(2 × CH2), 29.5 (2 × CH2), 29.4 (2 × CH2), 29.3 (2 × CH2), 29.1 (2 × 

CH2), 29.0 (2 × CH2), 26.0 (CH2), 22.7 (CH2), 17.4 (SiCH(CH3CH3)), 

17.4 (SiCH(CH3CH3), 17.2 (2 × SiCH(CH3)2), 14.1 (CH3), 12.8 (2 × 

SiCH(CH3)2). (5 carbon signals are overlapping). 

LRMS  (ES+) m/z 734 ([M+Na]
+
). 

HRMS (ES
+
) for C42H82NaO6Si

+
, calculated 733.5778, found 733.5773.  
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Data for 5.2.15-(5R,6R)-5-Dodecyl-8-isopropyl-9-methyl-6-vinyl-2,4,7-trioxa-8-

siladecan-8-ol ((19R,20R)-348) 

 

[α]
28

D +31.4 (c 0.56, CHCl3).  

FT-IR max (neat) 3437 (br), 3072 (w), 2924 (s), 2855 (m), 1638 (w), 1464 

(w), 1036 (m) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.92 (1H, ddd, J = 16.5, 10.6, 5.9 Hz, CH2=CH), 

5.33 (1H, dt, J = 16.5, 1.7 Hz, CHH=CH), 5.20 (1H, dt, J = 10.6, 1.7 

Hz, CHH=CH), 4.78 (1H, d, J = 6.6 Hz, OCHHO), 4.70 (1H, d, J = 6.6 

Hz, OCHHO), 4.41 (1H, tt, J = 5.9, 1.5 Hz, CHOSi), 3.47 (1H, m, 

CHOMOM), 3.41 (3H, s, CH3O), 2.58 (1H, s, OH), 1.68–1.26 (22H, m, 

11 × CH2), 1.13–1.02 (12H, m, 2 × SiCH(CH3)2), 1.01–0.94 (2H, m, 2 

× SiCH(CH3)2), 0.89 (3H, t, J = 7.0 Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 137.4 (CH2=CH), 116.0 (CH2=CH), 97.4 

(OCH2O), 82.2 (CHOMOM), 74.8 (CHOSi), 55.8 (CH3O), 31.9 

(CH3CH2CH2), 30.1 (CH2CHOMOM), 29.8 (CH2), 29.7 (CH2), 29.6 

(CH2), 29.3 (CH2), 25.3 (CH2), 22.7 (CH2), 17.1 (2 × SiCH((CH3)2), 

14.1 (CH3), 12.7 (SiCH(CH3)2), 12.6 (SiCH(CH3)2). (5 carbon signals  

are overlapping). 

LRMS  (ES+) m/z 453 ([M+Na]
+
). 

 

 

(S)-3-((5R,6R,10R,11R,E)-5-dodecyl-8,8-diisopropyl-11-(methoxymethoxy)-6,10-

divinyl-2,4,7,9-tetraoxa-8-silatricos-21-en-23-yl)-5-methylfuran-2(5H)-one (308) 
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Following the method described for the preparation of butenolide (15S,16S,34S)-338: 

ruthenium-catalyzed Alder–ene reaction of siloxytriene 304 (29 mg, 0.041 mmol) and 

alkyne (34S)-337a (6.0 mg, 0.042 mmol) in the presence of [CpRu(CH3CN)3]
+
PF6

– 
(1.8 

mg, 0.0041 mmol, 10 mol %) gave the title butenolide 308 (9.20 mg, 0.012 mmol, 29%) 

as colourless oil. 

FT-IR max (neat) 3019 (w), 2924 (w), 2853 (w), 1758 (w), 905 (m), 727 (s) 

cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 6.99 (1H, q, J = 1.5 Hz, CH=C), 5.93 (2H, ddd, J 

= 17.2, 10.6, 5.6 Hz, 2 × CH2=CHCHOSi), 5.58 (1H, m, 

CH=CCH2CH=CH), 5.47 (1H, m, CH=CCH2CH=CH), 5.30 (2H, d, J = 

17.2 Hz, 2 × CHH=CHCHOSi), 5.19 (2H, d, J = 10.6, 2 × 

CHH=CHCHOSi), 5.01 (1H, qd, J = 7.1, 2.0 Hz, CHCH3), 4.75 (2H, d, 

J = 6.6 Hz, 2 × OCHHO), 4.68 (2H, d, J = 6.6 Hz, 2 × OCHHO), 4.51 

(2H, t, J = 5.6, Hz, 2 × CHOSi), 3.56–3.53 (2H, m, 2 × CHOMOM), 

3.39 (6H, s, 2 × CH3O), 2.96 (2H, d, J = 6.1 Hz, CH=CCH2CH=CH), 

2.03 (2H, q, J = 7.0 Hz, CH2=CCH2CH=CHCH2), 1.70–1.58 (2H, m, 

Hz, 2 × CH2CH2CHOMOM), 1.48–1.44 (2H, m, 2 × CH2CHOMOM), 

1.42 (3H, d, J = 7.1, CHCH3), 1.38–1.29 (40H, m, 20 × CH2), 1.10–

1.04 (12H, d, 5.1, 2 × SiCH(CH3)2), 1.03–0.93 (2H, m, 2 × 

SiCH(CH3)2), 0.89 (3H, t, J = 6.6 Hz, CH3).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 173.5 (CO), 149.3 (CH=C), 137.0 (CH=CH2), 

134.1 (CH=CH2), 124.3 (CH=C), 115.7 (2 × CH2=CHCHOSi), 97.1 (2 

× OCH2O), 81.6 (2 × CHOMOM), 77.5 (2 × CHOSi), 73.9 (OCHCH3), 

55.6 (2 × CH3O), 32.5 (CH=CCH2CH=CHCH2), 31.9 (CH3CH2CH2), 

29.8 (CH2), 29.7 (2 × CH2CHOMOM), 29.7 (CH2), 29.5 (2 × CH2), 

29.4 (2 × CH2), 29.3 (2 × CH2), 29.2 (2 × CH2), 28.4 (CH2), 26.1 (2 × 

CH2), 22.7 (CH3CH2), 19.1 (2 × CHCH3), 17.4 (SiCH(CH3CH3), 17.3 

(SiCH(CH3CH3), 14.1 (CH3), 12.8 (SiCH(CH3CH3). (8 carbon signals  

are overlapping). 

LRMS  (ES+) m/z 830 ([M+Na]
+
) 

HRMS (ES
+
) for C47H86NaO8Si

+
, calculated 829.5990, found 829.5984. 
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 (R)-1-((S)-Oxiran-2-yl)prop-2-en-1-ol ((15S,16R)-358)  

 
 

To a stirred solution of Ti(
i
PrO)4 (1.75 mL, 5.91 mmol) and preactivated crushed 4 Å 

molecular sieves (4.00 g) in dry CH2Cl2 (120 mL) at –23 ºC was added dropwise D-(–)-

DIPT (1.50 mL, 7.13 mmol). The solution was stirred for 30 min at –23 ºC, 

divinylcarbinol 357 (11.5 mL, 119 mmol) was added dropwise, and the reaction stirred 

for a further 30 min. Then cumene hydroperoxide (CHP), (43.9 mL of 20% hydrate, 238 

mmol) was added dropwise, and the reaction was stirred for a further 30 min at –23 ºC. 

The homogeneous reaction mixture was maintained at –20 ºC in a freezer for 6 days, 

and swirled regularly. After completion (TLC and NMR) sat. aqeuous Na2SO4 (10 mL) 

was added, and the mixture was diluted with Et2O (100 mL) then stirred at rt for 3 h. 

The resulting slurry was filtered through a pad of celite, and washed with several 

portions of Et2O. The celite was broken up and filtred through a new pad of celite and 

washed with several portions of Et2O. The resulting filtrates were concentrated in vacuo 

with no heating to give the crude product as a colourless liquid (61.3 g). Excess cumene 

alcohol and CHP were removed by column chromatography (silica gel, 30%→70% 

Et2O/Pentane) to give the title erythro epoxy alcohol (15S,16R)-358 as a colourless oil
 

(10.9 g, 109 mmol, 92%, contaminated with approximately 5% of D-(–)-DIPT). 
1
H-

NMR, 
13

C-NMR and physical data are consistent with those reported.
235

  

[α]
29

D –34.8 (c 1.18, CHCl3); [Lit.
236

 [α]
24

D –38.4 (c 0.86, CHCl3)]; [Lit.
235

 

[α]
29

D –53 (c 0.73, CHCl3)]; [Lit.
196

 [α]
25

D –49 (c 0.73, CHCl3)]. 

FT-IR max (neat) 3415 (br), 3076 (w), 2988 (w), 1642 (w), 727 (s) cm
–1

. 

1
H-NMR 

 

(300 MHz, CDCl3) δ 5.84 (1H, ddd, J = 17.0, 10.4, 6.2 Hz , CH2=CH), 

5.38 (1H, dt, J = 17.0, 1.3 Hz, CHH=CH), 5.25 (1H, dt, J = 10.4, 1.3 

Hz, CHH=CH), 4.31 (1H, m, CHOH), 3.08 (1H, td, J = 4.0, 2.6 Hz, 

CHO), 2.8 (1H, dd, J = 4.8, 2.6 Hz, CHHO), 2.75 (1H, dd, J = 4.8, 4.0 

Hz, CHHO), 2.27 (1H, d, J = 2.9 Hz, OH).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 135.5 (CH2=CH), 117.5 (CH2=CH), 70.2 (CHOH), 

53.9 (CHO), 43.5 (CH2O).  



Chapter 5: Experimental 

 202 

LRMS  (ES
+
) m/z 218 ([2M+NH4]

+
). 

 

 

(S)-1-((R)-Oxiran-2-yl)prop-2-en-1-ol ((15R,16S)-358) 

 

 
 

Following the method described for the preparation of (15S,16R)-358 from 

divinylcarbinol 357: To a solution of Ti(
i
PrO)4 (1.75 mL, 5.91 mmol), preactivated 

crushed 4 Å molecular sieves (4.00 g) and L-(+)-DIPT (1.50 mL, 7.18 mmol) was added 

dropwise divinylcarbinol 357 (11.5 mL, 119 mmol). The reaction mixture was treated 

with anhydrous CHP (43.9 mL of 20% hydrate, 238 mmol). Purification by column 

chromatography (silica gel, 50% Et2O/Pentane) gave the title erythro epoxyalcohol 

(15R,16S)-358 (10.3 g, 103 mmol, 87%) as a colourless oil
 

contaminated with 

approximately 5% of L-(+)-DIPT. Spectroscopic and physical data are consistent with 

reported values,
237,238

 and with those reported above for the enantiomer (15S,16R)-358. 

[α]
29

D +52.2 (c 0.76, CHCl3); [Lit.
237

 [α]
20

D +54.3 (c 1.80, CHCl3)]. 

 

  

(S)-1-((S)-Oxiran-2-yl)allyl 4-nitrobenzoate ((15S,16S)-359)  

 

 
To a solution of erythro epoxyalcohol (15R,16S)-358 (7.53 g, 75.2 mmol), PPh3 (39.4 

g, 150 mmol) and p-nitrobenzoic acid (25.1 g, 150 mmol) in anhydrous THF (250 mL) 

at 0 ºC under nitrogen atmosphere was slowly added DIAD (31.2 mL of 95%, 150 

mmol) at 0 ºC. The reaction was stirred for 15 min while warming to rt, then stirred for 

3 h at rt. The reaction mixture was diluted with Et2O (250 mL), washed with sat. 

aqueous NaHCO3 (300 mL) and brine (300 mL), dried (Na2SO4), and concentrated in 

vacuo to give the crude product as a yellow oil. Purification by column chromatography 

(silica gel, 20%→40% Et2O/hexane) gave ester (15S,16S)-359 as a white solid (10.4 g, 

41.6 mmol, 55%).  

HPLC (e.e. 99%) Chiral HPLC: Chiralcel OBH column, eluent 1% IPA : 
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hexane 10 min, 1%→10% IPA : hexane 40 min, 10% IPA : hexane 20 

min, UV 254 nm, flowrate: 1.0 mL min
–1 

(peak 1 43.94 min, 0.56%; 

peak 2 48.31 min, 99.44%). 

M.p. 54–57 ºC.  

[α]
26

D –30.0 (c 1.28, CHCl3).  

FT-IR max (neat) 3076 (w), 2998 (w), 2921 (w), 1726 (s), 1642 (w), 1526 

(s), 1320 (m), 1268 (s), 942 (m) cm
–1

. 

1
H-NMR 

 

(400 MHz, CDCl3) δ 8.31 (2H, m, 2 × CHAr), 8.25 (2H, m, 2 × CHAr), 

5.96 (1H, ddd, J = 17.1, 10.7, 6.2 Hz, CH2=CH), 5.47 (1H, dt, J = 

17.0, 1.0 Hz , CHH=CH), 5.38 (1H, dt, J = 10.7, 1.0 Hz , CHH=CH), 

5.33 (1H, tt, J = 6.2, 1.1 Hz, CHOPhNO2), 3.30 (1H, ddd, J = 6.2, 

4.5, 2.5 Hz, CHO), 2.93 (1H, t, J = 4.5 Hz, CHHO), 2.76 (1H, dd, J = 

4.5, 2.5 Hz, CHHO).  

13
C-NMR 

 

 

(100 MHz, CDCl3) δ 163.5 (COPhNO2), 150.6 (CArNO2), 135.2 

(CH2=CH), 131.3 (CArCO), 130.8 (2 × CHArCO), 123.5 (2 × 

CHArCNO2), 119.6 (CH2=CH), 77.3 (CHOCOPhNO2), 52.2 (CHO), 

44.6 (CH2O).  

LRMS (ES
+
) m/z 313 ([M+Na+CH3CN]

+
), 288 ([M+K]

+
). 

 

(R)-1-((R)-Oxiran-2-yl)allyl 4-nitrobenzoate ((15R,16R)-359)  

 

Following the method described for the preparation of (15S,16S)-359 from (15R,16S)-

358: Erythro epoxyalcohol (15S,16R)-358 (5.87 g, 58.6 mmol), PPh3 (30.8 g, 117 

mmol), 4-nitrobenzoic acid (19.6 g, 117 mmol), and DIAD (24.3 mL of 95%, 117 

mmol) was obtained the title ester (15R,16R)-359 (7.86 g, 31.5 mmol, 54%) as a white 

solid. Spectroscopic and physical data consistent with reported values,
237

 and with those 

reported above for the enantiomer (15S,16S)-359. 



Chapter 5: Experimental 

 204 

HPLC (e.e. > 99%) (Chiral HPLC: Chiralcel OBH column, eluent 1% IPA : 

hexane 10 min, 1%→10% IPA : hexane 40 min, 10% IPA : hexane 20 

min, UV 254 nm, flowrate: 1.0 mL min
–1 

(peak 1 50.36 min, 0.05%; 

peak 2 41.62 min, 99.95%). 

M.p. 53–55 ºC. 

[α]
26.5

D +26.5 (c 1.24, CHCl3); [Lit.
237

 [α]
20

D +31.1 (c 1.50, CHCl3)]. 

 

(S)-1-((S)-Oxiran-2-yl)prop-2-en-1-ol ((15S,16S)-354)  

 

To a solution of ester (15S,16S)-359 (8.15 g, 32.7 mmol) in anhydrous MeOH (100 mL) 

at –7 ºC was added K2CO3 (10.6 g, 78.5 mmol) and the mixture was stirred for 5 min. 

After completion (TLC), the reaction mixture was neutralized by addition of glacial 

acetic acid (4.50 mL, 78.6 mmol). The solvents were removed in vacuo with no heating 

until the last volume of approximately 30%. The resulting white suspension was filtred 

through a short column of silica gel and washed with (80% Et2O/pentane) (500 mL) to 

give the crude product as a yellow suspension. Purification by column chromatography 

(silica gel, 40%→55% Et2O/pentane) gave threo epoxy alcohol (15S,16S)-354 as a 

yellow oil (2.30 g, 23.0 mmol, 70%). 
1
H-NMR, 

13
C-NMR and physical data are 

consistent with those reported.
202

  

[α]
25.5

D –13.4 (c 1.37, CHCl3); [Lit.
202

 [α]
20

D –5.1 (c 0.027, CHCl3)]. 

FT-IR max (neat) 3415 (br), 3081 (w), 2994 (m), 2925 (w), 1642 (w), 933 (m) 

cm
–1

. 

1
H-NMR 

  

(300 MHz, CDCl3) δ 5.92 (1H, ddd, J = 17.2, 10.6, 5.5 Hz, CH2=CH), 

5.38 (1H, d, J = 17.2 Hz, CHH=CH), 5.24 (1H, d, J = 10.6 Hz, 

CHH=CH), 3.98 (1H, m, CHOH), 3.05 (1H, m, CHO), 2.82 (1H, dd, J 

= 5.1, 4.4 Hz, CHHO), 2.74 (1H, dd, J = 5.1, 2.7 Hz, CHHO), 2.60 

(1H, br.s, OH).  

13
C-NMR (75 MHz, CDCl3, ppm) δ 136.1 (CH2=CH), 116.7 (CH2=CH), 72.6 
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 (CHOH), 54.7 (CHO), 44.7 (CH2O).  

LRMS  (ES
+
) m/z 218 ([M+NH4

+
]

+
). 

 

(R)-1-((R)-Oxiran-2-yl)prop-2-en-1-ol ((15R,16R)-354)  

 

Following the method described for the preparation of (15S,16S)-354: Ester (15R,16R)-

359 (7.83 g, 31.4 mmol) gave the threo epoxyalcohol (15R,16R)-354 (1.78 g, 17.8 

mmol, 57%) as a yellow oil. Spectroscopic and physical data are consistent with 

reported values,
237 

and with those reported above for the enantiomer (15S,16S)-354. 

[α]
25

D +13.6 (c 1.25, CHCl3); [Lit.
237

 [α]
20

D +20.7 (c 1.80, CHCl3)]. 

 

Diisopropylbis(((S)-1-((S)-oxiran-2-yl)allyl)oxy)silane (360) 

 

Following the method described for the preparation of dienoxysilane (±)-347 from 

allylic alcohol (±)-305: From epoxide (15S,16S)-354 (90 mg, 0.90 mmol), imidazole 

(306 mg, 4.49 mmol) and 
i
Pr2SiCl2 (81 µL, 0.45 mmol) was obtained diepoxydiene 360 

(81 mg, 0.26 mmol, 58%) as a colourless oil. 

[α]
25.5

D –39.8 (c 0.93, CHCl3).  

FT-IR max (neat) 3047 (w), 2945 (m), 2867 (m), 1646 (w), 1465 (w), 930 (s) 

cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.86 (2H, ddd, J = 17.1, 10.7, 5.5 Hz, 2 × 

CH2=CH), 5.37 (1H, dt, J = 17.1, 1.8 Hz, 2 × CHH=CH), 5.19 (2H, 

dt, J = 10.7, 1.8 Hz, 2 × CHH=CH), 4.21 (2H, tt, J = 5.5, 1.5 Hz, 2 × 

CHOSi), 3.02 (2H, ddd, J = 6.1, 3.8, 2.9 Hz, 2 × CHO), 2.77 (2H, dd, 

J = 4.9, 3.8 Hz, 2 × CHHO), 2.63 (2H, dd, J = 4.9, 2.9 Hz, 2 × 

CHHO), 1.13–1.04 (12H, m, 2 × SiCH(CH3)2), 1.01–0.94 (2H, m, 2 × 
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SiCH(CH3)2).  

13
C-NMR 

  

(75 MHz, CDCl3, ppm) δ 136.4 (2 × CH2=CH), 116.1 (2 × CH2=CH), 

74.6 (2 × CHOSi), 55.4 (2 × CHO), 44.2 (2 × CH2O), 17.2 (2 × 

SiCH(CH3)2), 12.0 (2 × SiCH(CH3)2). 

LRMS  (ES
+
) m/z 335 ([M+Na]

+
).  

 

(4S,7S)-2,2-Diisopropyl-4,7-di((S)-oxiran-2-yl)-4,7-dihydro-1,3,2-dioxasilepine 

(361)  

 

To a solution of diepoxydiene 360 (50 mg, 0.16 mmol) in CH2Cl2 (1 mL) was added 

Grubbs’s 2
nd

 generation catalyst (6.80 mg, 0.0080 mmol, 5 mol %) at rt. The mixture 

was stirred for 19 h, and concentrated in vacuo to give a dark green liquid, which was 

precipitated by addition of hexane (3 mL). The precipitated was filtred through a pad of 

celite and washed with hexane (2 × 15 mL). The filtrate was concentrated in vacuo to 

give starting material diepoxydiene 360 (5.4 mg, 0.017 mmol, 11%) as a colourless oil 

and the crude product as a yellow oil (39 mg). Purification by column chromatography 

(silica gel, 20% EtOAc/hexane) gave diepoxyene 361 (28 mg, 0.098 mmol, 61%, 69% 

brsm) as a yellow oil.  

[α]
26

D –77.0 (c 1.24, CHCl3).  

FT-IR max (neat) 3043 (w), 2944 (s), 2866 (s), 1646 (w), 1465 (m), 1254 (w), 

938 (m) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.72 (2H, d, J = 1.1 Hz, CH=CH), 4.61 (2H, dd, J 

= 4.0, 1.1 Hz, 2 × CHOSi), 3.15 (2H, m, 2 × CHO), 2.80 (2H, dd, J = 

5.1, 4.0 Hz, 2 × CHHO), 2.73 (2H, dd, J = 5.1, 2.6 Hz, 2 × CHHO), 

1.13–1.04 (12H, m, 2 × SiCH(CH3)2), 1.05–0.93 (12H, m, 2 × 

SiCH(CH3)2).  

13
C-NMR (75 MHz, CDCl3, ppm) δ 131.1 (CH=CH), 71.6 (2 × CHOSi), 54.9 (2 × 

CHO), 44.0 (2 × CH2O), 17.4 (SiCH(CH3CH3)), 17.1 (2 × 
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  SiCH(CH3CH3)), 12.2 (2 × SiCH(CH3)2). 

LRMS  (ES
+
) m/z 307 ([M+Na]

+
).  

 

Silicon tethering of epoxide (15S,16S)-354 and allylic alcohol (19S,20S)-302 

 

Following the method described for the preparation of 349: From allylic alcohol 

(19S,20S)-302 (200 mg, 0.67 mmol), imidazole (227 mg, 3.33 mmol), 
i
Pr2SiCl2 (124 

µL, 0.66 mmol) and epoxide (15S,16S)-354 (133 mg, 1.33 mmol) was obtained the title 

epoxydiene 355 as a yellow oil (188 mg, 0.37 mmol, 55%), with silanol (19S,20S)-348 

(14 mg, 0.033 mmol, 5%) as a yellow oil.  

Data for (5S,6S,10S)-5-Dodecyl-8,8-diisopropyl-10-((S)-oxiran-2-yl)-6-vinyl-2,4,7,9-

tetraoxa-8-siladodec-11-ene (355)  

 

[α]
26

D –47.5 (c 1.05, CHCl3).  

FT-IR max (neat) 3088 (w), 2924 (s), 2854 (m), 1650 (w), 1465 (w), 1037 (s), 

923 (m) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.92 (1H, ddd, J = 16.2, 10.6, 6.1 Hz, 

MOMOCHCHOCH=CH2), 5.85 (1H, ddd, J = 16.2, 10.6, 5.6 Hz, 

CH2=CHCHOCHO), 5.36 (1H, dt, J = 16.2, 1.5 Hz, 

CHH=CHCHOCHO), 5.30 (1H, dt, J = 16.2, 1.5 Hz, CH=CHH), 5.20 

(1H, m, CH=CHH), 5.18 (1H, m, CHH=CH), 4.78 (1H, d, J = 6.6 Hz, 
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OCHHO), 4.66 (1H, d, J = 6.6 Hz, OCHHO), 4.57 (1H, tt, J = 5.1, 1.0 

Hz, MOMOCHCHOSi), 4.11 (1H, tt, J = 5.6, 1.5 Hz, CHOSiCHO), 

3.57 (1H, ddd, J = 8.1, 5.6, 3.5 Hz, CHOMOM), 3.39 (3H, s, CH3O), 

3.02 (1H, ddd, J = 6.1, 4.1, 2.5 Hz, CHO), 2.78 (1H, dd, J = 5.1, 4.1 

Hz, CHHO), 2.63 (1H, dd, J = 5.1, 2.5 Hz, CHHO), 1.71–1.57 (2H, m, 

CH2), 1.55–1.26 (20H, m, 10 × CH2), 1.11–1.04 (12H, m, 2 × 

SiCH(CH3)2), 1.03–0.94 (2H, m, 2 × SiCH(CH3)2), 0.89 (3H, t, J = 7.1 

Hz, CH3).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 137.0 (MOMOCHCHOCH=CH2), 136.4 

(CH2=CHCHOCHO), 116.0 (MOMOCHCHOCH=CH2), 115.7 

(CH2=CHCHOCHO), 97.0 (OCH2O), 81.4 (CHOMOM), 74.8 

(MOMCHCHOSi), 73.8 (CHOSiCHO), 55.6 (CH3O), 55.4 (CHO), 

44.2 (CH2O), 31.9 (CH3CH2CH2), 29.7 (CH2), 29.6 (CH2), 29.3 (CH2), 

29.2 (CH2), 26.0 (CH2), 22.7 (CH3CH2), 17.3 (2 × SiCH(CH3)2), 17.3 

(2 × SiCH(CH3)2), 14.0 (CH3), 12.8 (SiCH(CH3)2), 12.7 (SiCH(CH3)2). 

(4 carbon signals are overlapping). 

LRMS  (ES
+
) m/z 535 ([M+Na]

+
). 

HRMS (ES
+
) for C29H56NaO5Si

+
, calculated 535.3795, found 535.3789. 

 

Data for (5S,6S)-5-Dodecyl-8-isopropyl-9-methyl-6-vinyl-2,4,7-trioxa-8-siladecan-

8-ol ((19S,20S)-348)  

 

 

 [α]
25.5

D –32.9 (c 0.50, CHCl3).  

FT-IR max (neat) 3432 (br), 3072 (w), 2923 (s), 2854 (m), 1642 (w), 1464 

(m), 1035 (s) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.92 (1H, ddd, J = 17.1, 10.7, 6.1 Hz, CH2=CH), 
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5.33 (1H, dt, J = 17.1, 1.5 Hz, CHH=CH), 5.20 (1H, dt, J = 10.7, 1.5, 

Hz, CHH=CH), 4.78 (1H, d, J = 6.6 Hz, OCHHO), 4.70 (1H, d, J = 6.6 

Hz, OCHHO), 4.41 (1H, tt, J = 6.1, 1.5 Hz, CHOSi), 3.47 (1H, td, J = 

6.1, 3.5, 1.0 Hz, CHOMOM), 3.40 (3H, s, CH3O), 1.61–1.59 (2H, m, 

CH2CHOMOM), 1.44–1.26 (20H, m, 10 × CH2), 1.08–1.03 (12H, m, 2 

× SiCH(CH3)2), 1.02–0.93 (2H, m, 2 × SiCH(CH3)2), 0.89 (3H, t, J = 

7.1 Hz, CH3).  

13
C-NMR 

 

(100 MHz, CDCl3) δ 137.4 (CH2=CH), 116.0 (CH2=CH), 97.4 

(OCH2O), 82.2 (CHOMOM), 74.8 (CHOSi), 55.8 (CH3O), 31.9 

(CH3CH2CH2), 30.3 (CH2CHOMOM), 30.1 (CH2), 29.8 (CH2), 29.6 

(CH2), 29.6 (CH2), 29.3 (CH2), 25.3 (CH2), 22.7 (CH2CH3), 17.2 

(SiCH(CH3CH3), 17.1 (SiCH(CH3CH3), 14.1 (CH3), 12.7 

(SiCH(CH3)2), 12.6 (SiCH(CH3)2). (4 carbon signals are 

overlapping). 

LRMS  (ES
+
) m/z 453 ([M+Na]

+
).  

HRMS (ES
+
) for C24H50NaO4Si

+
, calculated 453.3376, found 453.3371. 

 

(4S,7S)-2,2-Diisopropyl-4-((S)-1-(methoxymethoxy)tridecyl)-7-((S)-oxiran-2-yl)-

4,7-dihydro-1,3,2-dioxasilepine (362) 

 

To a solution of epoxydiene 355 (100 mg, 0.20 mmol) in CH2Cl2 (2 mL) was added 

Grubbs’s 2
nd

 generation catalyst in one portion (33 mg, 0.039 mmol, 20 mol %) at rt. 

The mixture was stirred for 19 h, and concentrated in vacuo to give a dark green liquid, 

which precipitated with Et2O (2 mL). The precipitate was filtred through a pad of celite 

and washed with Et2O (2 × 30 mL). The filtrate was concentrated in vacuo to give the 

crude product as a dark green oil (111 mg). Purification by column chromatography 

(silica gel, 10% Et2O/hexane) gave epoxyene 362 (62 mg, 0.13 mmol, 67%) as a brown 

oil.  
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[α]
22.5

D –84.6 (c 0.52, CHCl3).  

FT-IR max (neat) 3051 (w), 2923 (s), 2854 (m), 1646 (w), 1463 (w), 1040 (s), 

919 (w) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3, ppm) δ 5.82 (1H, dt, J = 12.1, 2.0 Hz 

MOMOCHCHOCH=CH), 5.68 (1H, dt, J = 12.1, 2.5, 

CH=CHCHOCHO), 4.82 (1H, m, MOMOCHCHOSi), 4.75 (1H, d, J = 

7.1 Hz, OCHHO), 4.68 (1H, d, J = 7.1 Hz, OCHHO), 4.58 (1H, m, 

CHOSiCHO), 3.58 (1H, ddd, J = 8.1, 5.1, 4.1 Hz, CHOMOM), 3.39 

(3H, s, CH3O), 3.15 (1H, m, CHO), 2.80 (1H, dd, J = 5.1, 4.0 Hz, 

CHHO), 2.71 (1H, dd, J = 5.1, 2.5 Hz, CHHO), 1.60–1.64 (2H, m, 

CH2CHOMOM), 1.47–1.27 (20H, m, 10 × CH2), 1.11–1.04 (12H, m, 2 

× SiCH(CH3)2), 1.03–0.94 (2H, m, 2 × SiCH(CH3)2), 0.89 (3H, t, J = 

6.6 Hz, CH3).  

13
C-NMR 

  

(100 MHz, CDCl3, ppm) δ 132.6 (MOMOCHCHOCH=CH), 129.6 

(CH=CHCHOCHO), 96.9 (OCH2O), 81.0 (CHOMOM), 72.6 

(MOMCHCHOSi), 71.7 (CHOSiCHO), 55.7 (CH3O), 55.1 (CHO), 

44.0 (CH2O), 31.9 (CH2CHOMOM), 29.7 (CH2), 29.8 (CH2), 29.7 

(CH2), 29.6 (CH2), 29.6 (CH2), 29.3 (CH2), 26.0 (CH2), 22.7 

(CH3CH2), 17.5 (SiCH(CH3CH3)2), 17.5 ((SiCH(CH3CH3)2), 17.2 

((SiCH(CH3CH3)2), 17.2 ((SiCH(CH3CH3)2), 14.1 (CH3), 12.2 (2 × 

SiCH(CH3)2). (2 carbon signals are overlapping). 

LRMS  (ES
+
) m/z 507 ([M+Na]

+
).  

HRMS (ES
+
) for C27H52NaO5Si

+
, calculated 507.3482, found 507.3476. 
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(S)-1-((4S,7S)-2,2-Diisopropyl-7-((S)-1-(methoxymethoxy)tridecyl)-4,7-dihydro-

1,3,2-dioxasilepin-4-yl)tridec-12-en-1-ol (356) 

 

Mg turnings (59.0 mg, 2.46 g-atom) were flame dried under nitrogen. After cooling to 

rt, THF (4 mL) and one iodine crystal (2 mg) were added turning the solution light 

yellow, 11-bromoundec-1-ene (100 µL, 0.43 mmol) was added dropwise and the 

solution heated at reflux for 5 min until the solution had become colourless. At this 

point the remaining 11-bromoundec-1-ene (450 µL, 1.95 mmol) was added dropwise 

and the solution stirred for 30 min giving undec-10-enylmagnesium bromide, which was 

titrated: 0.35 M.
224

 To a suspension of CuI (8.6 mg, 0.045 mmol) in THF (2 mL) at –

60 °C was added undec-10-enylmagnesium bromide (570 µL of 0.35 M in THF, 0.20 

mmol). The mixture was warmed to –20 °C (grey colour) and after stirring for 20 min, it 

was recooled to –60 °C whereupon a solution of diepoxyene 362 (20 mg, 0.041 mmol) 

in THF (1 mL) was added dropwise. The mixture was allowed to warm to –20 °C over 1 

h. Aqueous NH4Cl/NH3 (9:1, 10 mL) was added to the reaction mixture. The organic 

layer was separated, and the aqueous layer was extracted with EtOAc (2 × 15 mL). The 

combined organic layers were washed with brine (30 mL), dried (MgSO4) and 

concentrated in vacuo to give the crude product as a yellow oil (92 mg). Purification by 

column chromatography (silica gel, 10% Et2O/hexane) gave the title siloxydialkenol 

356 (19 mg, 0.030 mmol, 73%) as a yellow oil.  

[α]
26.5

D –22.6 (c 0.95, CHCl3).  

FT-IR max (neat) 3564 (w), 3080 (w), 2924 (s), 2854 (m), 1640 (w), 1463 (w) 

cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.84 (1H, m, MOMCHCHOCH=CH), 5.77 (1H, 

m, CH2CH=CH2), 5.68 (1H, dt, J = 12.4, 2.2 Hz, CH=CHCHOCHOH), 

5.0 (1H, dt, J = 17.2, 1.5 Hz, CH2CH=CHH), 4.94 (1H, m, 

CH2CH=CHH), 4.79 (1H, m, MOMCHCHOSi), 4.76 (1H, d, J = 7.0 

Hz OCHHO), 4.68 (1H, d, J = 7.0 Hz, OCHHO), 4.52 (1H, m, 
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CHOSiCHOH), 3.57 (1H, ddd, J = 8.1, 4.7, 3.3 Hz, CHOMOM), 3.50 

(1H, m, CHOH), 3.39 (3H, s, CH3O), 2.48 (1H, d, J = 5.5 Hz, OH), 

2.05 (2H, m, Hz, CH2CH=CH2), 1.75–1.60 (2H, m, CH2CHOMOM), 

1.55–1.28 (38H, m, 19 × CH2), 1.06 (12H, J = 2.6 Hz, 2 × 

SiCH(CH3)2), 1.04–0.93 (2H, m, 2 × SiCH(CH3)2), 0.89 (3H, t, J = 7.0 

Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 139.3 (CH2CH=CH2), 132.4 

(MOMCHCHOCH=CH), 131.7 (CH=CHCHOCHOH), 114.1 

(CH2CH=CH2), 97.0 (OCH2O), 81.0 (CHOMOM), 74.9 (CHOH), 73.5 

(MOMOCHCHOSi), 73.2 (CHOSiCHOH), 55.7 (CH3O), 33.8 

(CH2CH=CH2), 33.3 (CH2CHOH), 31.9 (CH3CH2CH2), 30.3 (CH2), 

29.8 (CH2), 29.7 (CH2), 29.6 (CH2), 29.5 (CH2), 29.4 (CH2), 29.1 

(CH2), 28.9 (CH2), 25.9 (CH2), 25.9 (CH2), 22.7 (CH3CH2), 17.5 

(SiCH(CH3CH3), 17.4 (SiCH(CH3CH3), 17.2 (2 × SiCH(CH3)2), 14.1 

(CH3), 12.3 (2 × SiCH(CH3)2). (7 carbon signals are overlapping). 

LRMS  (ES
+
) m/z 662 ([M+Na]

+
).  

HRMS (ES
+
) for C38H74NaO5Si

+
, calculated 661.5203, found 661.5198. 

 

Alder-ene reaction of siloxydialkenol 356  

 

Following the method described for the preparation of butenolide (15S,16S,34S)-338: 

ruthenium-catalyzed Alder–ene reaction of siloxydialkenol 356 (10 mg, 0.016 mmol) 

and alkyne (34S)-337a (2.7 mg, 0.019 mmol) in the presence of [CpRu(CH3CN)3]
+
PF6

– 
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(1.4 mg, 0.0032 mmol, 20 mol %) gave the butenolide 363 (6.2 mg, 0.0084 mmol, 53%) 

as inseparable yellow oil with uncylized β-isomer 364 (5 : 1). 

 

Data for 5.2.11-(S)-3-((S,E)-13-((4S,7S)-2,2-Diisopropyl-7-((S)-1-

(methoxymethoxy)tridecyl)-4,7-dihydro-1,3,2-dioxasilepin-4-yl)-13-hydroxytridec-

2-en-1-yl)-5-methylfuran-2(5H)-one (363) 

 

[α]
27

D –64.8 (c 0.20, CHCl3).  

FT-IR max (neat) 3485 (br), 3023 (w), 2924 (s), 2854 (m), 1759 (m), 1454 

(w), 1041 (m) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 7.00 (1H, d, J = 1.5 Hz, CH=C), 5.79 (1H, dt, J = 

12.1, 2.0 Hz, MOMOCHCHOCH=CH), 5.68 (1H, dt, J = 12.1, 3.0 Hz, 

CH=CHCHOCHOH), 5.58 (1H, dt, J = 15.2, 6.6 Hz, 

CH=CCH2CH=CHCH2), 5.46 (1H, dt, J = 15.2, 6.6 Hz, 

CH=CCH2CH=CHCH2), 5.01 (1H, qd, J = 6.6, 2.0 Hz, CHCH3), 4.79 

(1H, m, MOMOCHCHOSi), 4.76 (1H, d, J = 6.6 Hz, OCHHO), 4.68 

(1H, d, J = 6.6 Hz, OCHHO), 4.52 (1H, m, CHOSiCHOH), 3.59 (1H, 

m, CHOMOM), 3.51 (1H, m, CHOH), 3.39 (3H, s, CH3O), 2.96 (2H, 

d, J = 6.6 Hz, CH=CCH2CH=CH), 2.48 (1H, d, J = 5.6 Hz, OH), 2.01 

(2H, m, CH=CCH2CH=CHCH2), 1.66–1.60 (2H, m, CH2CHOMOM), 

1.54–1.44 (2H, m, CH2CHOH), 1.42 (3H, d, J = 6.6 Hz, CH3CH), 

1.37–1.27 (34 H, m, 17 × CH2), 1.07 (12H, d, J = 3.0, 2 × 

SiCH(CH3)2), 1.05–0.93 (2H, m, 2 × SiCH(CH3)2), 0.89 (3H, t, J = 7.1 

Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 173.8 (CO), 149.3 (CH=C), 134.2 

(MOMOCHCHOCH=CH), 133.6 (CH=CHCHOCHOH) 132.4 

(CH=CCH2CH=CH), 131.7 (CH=CCH2CH=CH), 124.3 (CH=C), 97.0 

(OCH2O), 81.0 (CHOMOM), 77.5 (CHCH3), 74.9 (CHOH), 73.5 
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(MOMOCHCHOSi), 73.2 (CHOSiCHOH), 55.7 (CH3O), 33.3 

CH=CCH2CH=CH), 32.5 (CH2), 31.9 (CH2), 30.3 (CH2), 29.8 (CH2), 

29.7 (CH2), 29.6 (CH2), 29.6 (CH2), 29.5 (CH2), 29.3 (CH2), 29.3 

(CH2), 29.2 (CH2), 28.4 (CH2), 26.0 (CH2), 25.8 (CH2), 22.7 

(CH3CH2), 19.1 (CH2), 17.5 (SiCH(CH3CH3), 17.4 ((SiCH(CH3CH3), 

17.2 (2 × SiCH(CH3)2), 14.1 (CH3), 12.3 (2 × SiCH(CH3)2). (6 carbon 

signals are overlapping).  

LRMS  (ES
+
) m/z 756 ([M+Na]

+
).  

HRMS (ES
+
) for C43H78NaO7Si

+
, calculated 757.5415, found 757.5409. 

 

Data for ethyl (S,Z)-16-((4S,7S)-2,2-diisopropyl-7-((S)-1-

(methoxymethoxy)tridecyl)-4,7-dihydro-1,3,2-dioxasilepin-4-yl)-16-hydroxy-3-((S)-

1-hydroxyethyl)hexadec-2-enoate (364) 

 

FT-IR max (neat) 3485 (br), 3023 (w), 2924 (s), 2854 (m), 1759 (m), 1454 

(w), 1041 (m) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 6.01 (1H, br.s, CH=C), 5.79 (1H, dt, J = 12.1, 2.0 

Hz, MOMOCHCHOCH=CH), 5.68 (1H, dt, J = 12.1, 3.0 Hz, 

CH=CHCHOCHOH), 5.58 (1H, dt, J = 15.2, 6.6 Hz, 

CH=CCH2CH=CHCH2), 5.46 (1H, dt, J = 15.2, 6.6 Hz, 

CH=CCH2CH=CHCH2), 5.01 (1H, qd, J = 6.6, 2.0 Hz, CHCH3), 4.79 

(1H, m, MOMOCHCHOSi), 4.76 (1H, d, J = 6.6 Hz, OCHHO), 4.68 

(1H, d, J = 6.6 Hz, OCHHO), 4.52 (1H, m, CHOSiCHOH), 4.35 (1H, 

m, CH3CHOH), 4.18 (2H, q, J = 7.1 Hz, OCH2CH3), 3.59 (1H, m, 

CHOMOM), 3.51 (1H, m, CH2=CHCHOH), 3.39 (3H, s, CH3O), 2.96 

(2H, d, J = 6.6 Hz, CH=CCH2CH=CH), 2.48 (1H, d, J = 5.6 Hz, 

CH2=CHCHOH), 1.99–1.96 (2H, m, CH=CCH2CH=CHCH2), 1.66–
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1.60 (2H, m, CH2CHOMOM), 1.54–1.44 (2H, m, CH2CHOH), 1.42 

(3H, d, J = 6.6, CHCH3), 1.37–1.27 (14H, m, 7 × CH2), 1.22 (3H, t, J = 

7.1 Hz, OCH2CH3), 1.07 (12H, d, J = 3.0, 2 × SiCH(CH3)2), 1.05–0.93 

(2H, m, 2 × SiCH(CH3)2), 0.89 (3H, t, J = 7.1 Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 166.3 (CO), 163.8 (CH=C), 134.2 

(MOMOCHCHOCH=CH), 133.6 (CH=CHCHOCHOH) 132.4 

(CH=CCH2CH=CH), 131.7 (CH=CCH2CH=CH), 114.1 (CH=C), 97.0 

(OCH2O), 81.0 (CHOMOM), 74.9 (CH2=CHCHOH), 73.5 

(MOMOCHCHOSi), 73.2 (CHOSiCHOH), 70.7 (CH=CCHCH3), 59.8 

(OCH2CH3), 55.7 (CH3O), 33.3 CH=CCH2CH=CH), 32.5 (CH2), 31.9 

(CH2), 30.3 (CH2), 29.8 (CH2), 29.7 (CH2), 29.6 (CH2), 29.6 (CH2), 

29.5 (CH2), 29.3 (CH2), 29.3 (CH2), 29.2 (CH2), 28.4 (CH2), 26.0 

(CH2), 25.8 (CH2), 22.7 (CH3CH2), 22.3 (CH=CCHCH3), 19.1 (CH2), 

17.5 (SiCH(CH3CH3), 17.4 ((SiCH(CH3CH3), 17.2 (2 × SiCH(CH3)2), 

14.1 (CH3), 12.3 (2 × SiCH(CH3)2), 14.3 (OCH2CH3). (4 carbon 

signals are overlapping). 

LRMS  (ES
+
) m/z 806 ([M+Na]

+
).  

 

Cross metathesis of allylic alcohol (19S,20S)-302 and epoxide (15S,16S)-354 

 

To a solution of allylic alcohol (19S,20S)-302 (30 mg, 0.10 mmol) in CH2Cl2 (1 mL) 

was added epoxide (15S,16S)-354 (20 mg, 0.20 mmol) in CH2Cl2 (1 mL), followed by 

Grubbs’s 2
nd

 generation catalyst (8.40 mg, 0.010 mmol, 10 mol %) in one portion at rt. 

The mixture was stirred for 15 h, and concentrated in vacuo to give a dark green liquid, 

which was precipitated with EtOAc (3 mL). The precipitate was filtred through a pad of 

celite and washed with EtOAc (2 × 15 mL). The filtrate was concentrated in vacuo to 
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give a green gummy crude product (48 mg). Purification by column chromatography 

(silica gel, 30%→70% EtOAc/hexane) gave starting material allylic alcohol (19S,20S)- 

302 (12 mg, 0.040 mmol, 40%) as an orange oil, epoxydiol 365 (10 mg, 0.027 mmol, 

27%, 45% brsm) as a yellow oil, and dimmer 366 as a yellow oil (2.0 mg, 0.0035 mmol, 

4%, 12% brsm). 

 

Data for (4S,5S)-5-(methoxymethoxy)-1-((S)-oxiran-2-yl)heptadec-2-ene-1,4-diol 

(365) 

 

 

 

 [α]
27

D –3.6 (c 0.50, CHCl3).  

FT-IR max (neat) 3394 (br), 2923 (s), 2853 (m), 1464 (w), 919 (w) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.93 (1H, m, MOMOCHCHOHCH=CH), 5.86 

(1H, m, MOMOCHCHOHCH=CH), 4.75 (1H, d, J = 6.6 Hz, 

OCHHO), 4.69 (1H, d J = 6.6 Hz, OCHHO), 4.09 (1H, m, 

CHOMOM), 4.04 (1H, m, HOCHCHO), 3.45–3.43 (3H, m, CH3O), 

3.23 (1H, t, J = 3.5 Hz, MOMOCHCHOH), 3.07 (1H, ddd, J = 7.1, 4.6, 

2.5 Hz, CHO), 2.83 (1H, m, CHHO), 2.75 (1H, dd, J = 4.6, 2.5 Hz, 

CHHO), 2.06–2.05 (2H, m, CH2CHOMOM), 1.63–1.61 (2H, d, J = 5.1 

Hz, 2 × OH), 1.58–1.44 (20H, m, 10 × CH2), 0.90–0.89 (3H, m, CH3).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 131.8 (MOMOCHCHOHCH=CH), 130.2 

(MOMOCHCHOHCH=CH), 97.4 (OCH2O), 83.9 (CHOMOM), 73.6 

(MOMOCHCHOH), 71.9 (HOCHCHO), 55.9 (CH3O), 54.6 (CHO), 

44.7 (CH2O), 31.9 (CH2), 31.4 (CH2), 30.3 (CH2), 29.7 (CH2), 29.7 

(CH2), 29.6 (CH2), 29.6 (CH2), 29.3 (CH2), 25.2 (CH2), 22.7 

(CH2CH3), 14.1 (CH3). (one carbon signal are overlapping). 

LRMS  (ES
+
) m/z 411 ([M+K]

+
), 395 ([M+Na]

+
). 

HRMS (ES
+
) for C21H40NaO5

+
, calculated 395.2773, found 395.2768. 
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Data for (5S,6S,10S)-5,10-Didodecyl-2,4,11,13-tetraoxatetradec-7-ene-6,9-diol (366)  

 

 

 [α]
26.5

D –40.5 (c 0.09, CHCl3).  

FT-IR max (neat) 3464 (br), 2923 (s), 2852 (m), 2013 (w), 1642 (w), 1039 (w) 

cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 5.80 (2H, m, CH=CH), 4.75 (2H, d, J = 6.6 Hz, 

OCHHO), 4.68 (2H, d, J = 6.6 Hz, OCHHO), 4.05 (2H, m, 2 × 

CHOH), 3.43 (6H, s, 2 × CH3O), 3.49 (2H, m, 2 × CHOMOM), 3.11 

(2H, d, J = 3.7 Hz, 2 × OH), 1.47–1.27 (44H, m, 22 × CH2), 0.89 (6H, 

t, J = 7.0 Hz, 2 × CH3).  

13
C-NMR 

  

(75 MHz, CDCl3, ppm) δ 131.7 (CH=CH), 97.5 (2 × OCH2O), 84.1 (2 

× CHOMOM), 73.4 (2 × CHOH), 55.9 (2 × CH3O), 31.9 (2 × CH2), 

31.5 (2 × CH2), 29.8 (2 × CH2), 29.7 (2 × CH2), 29.4 (2 × CH2), 25.3 (2 

× CH2), 22.7 (2 × CH2), 14.1 (2 × CH3). (8 carbon signals are 

overlapping). 

LRMS  (ES
+
) m/z 595 ([M+Na]

+
).  

HRMS (ES
+
) for C34H68NaO6

+
, calculated 595.4914, found 595.4908. 

 

Pentadec-2-yn-1-ol (383)  

 

To a solution of propargyl alcohol 382 (6.75 mL, 115 mmol) in THF (230 mL) under 

nitrogen atmosphere at –78 °C was added HMPA (69.0 mL, 397 mmol), followed by 

dropwise addition of a solution of n-BuLi (93.0 mL of 2.50 M in hexane, 233 mmol). 

The temperature was progressively raised to –30 °C and maintained then for 45 min. 

Then 1-bromododecane (22.5 mL, 89.0 mmol) was added dropwise at –30 °C. After this 

the solution was warmed up and stirred at rt for 48 h. The solution was diluted by sat. 

aqueous NH4Cl (250 mL). The organic layer was separated and the aqueous layer was 
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extracted with EtOAc (3 × 230 mL). The combined organic layers were dried (MgSO4), 

and concentrated in vacuo to give the crude product (40.0 g) as an orange liquid 

contaminated with HMPA. Purification by column chromatography (silica gel, 5→15% 

EtOAc/hexane) gave alkynol 383 (17.3 g, 77.1 mmol, 67%) as a white solid with alkyne 

381 as a colourless oil (643 mg, 1.64 mmol, 1%). Spectroscopic and physical data for 

alkynol 383 are consistent with those reported.
127

 

 

Data for alkynol 383 

M.p. 40–43 °C; [Lit.
127

 41–42 °C]. 

FT-IR max (neat) 3315 (br), 3186 (br), 2954 (s), 2914 (s), 2848 (m), 

2221 (w), 1469 (m), 1021 (s) cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 4.25 (2H, dt, J = 5.8, 2.1 Hz, CH2OH), 

2.21 (2H, tt, J = 7.0, 2.1 Hz, HOCH2C≡CCH2), 1.70 (1H, t, J = 

5.8 Hz, OH), 1.58–1.44 (2H, m, HOCH2C≡CCH2CH2CH2), 

1.43–1.27 (20H, m, 10 × CH2), 0.88 (3H, t, J = 7.0 Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3) δ 86.6 (HOCH2C≡CCH2), 78.3 

(HOCH2C≡CCH2), 51.4 (CH2OH), 31.9 (CH2), 29.6 (CH2), 

29.5 (CH2), 29.3 (CH2), 29.1(CH2), 28.8 (CH2), 28.6 (CH2), 

22.7 (CH2), 18.7 (HOCH2C≡CCH2), 14.1 (CH3). (2 carbon 

signals are overlapping). 

LRMS  (ES
+
) m/z 454 ([2M+H]

+
). 

 

Data for alkyne 1-(Dodecyloxy)pentadec-2-yne (381)  

 

FT-IR  2923 (s), 2853 (m), 2148 (w), 1464 (w), 1096 (w). 

1
H-NMR  (300 MHz, CDCl3, ppm) δ 4.11 (2H, t, J = 2.2 Hz, CH2OCH2C≡CCH2), 

3.48 (2H, t, J = 6.8 Hz, CH2OCH2C≡CCH2), 2.22 (3H, tt, J = 7.0, 1.9 

Hz, CH2OCH2C≡CCH2), 1.64–1.57 (2H, m, CH2CH2OCH2C≡CCH2), 
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1.54–1.44 (2H, m, CH2OCH2C≡CCH2CH2), 1.43–1.27 (36 H, m, 18 × 

CH2), 0.88 (6H, t, J = 7.0 Hz, 2 × CH3).  

13
C-NMR 

  

(75 MHz, CDCl3, ppm) δ 86.6 (CH2OC≡CCH2), 78.2 (CH2OC≡CCH2), 

70.0 (CH2OC≡CCH2), 58.5 (CH2OC≡CCH2), 31.9 (CH2), 29.6 (6 × 

CH2), 29.5 (2 × CH2), 29.4 (2 × CH2), 29.1 (2 × CH2), 28.6 (2 × CH2), 

28.5 (2 × CH2), 26.1 (CH2OC≡CCH2), 14.1 (2 × CH3). 

LRMS  (ES
+
) m/z 472 ([M+Na+CH3CN]

+
).  

 

(Z)-Pentadec-2-en-1-ol ((Z)-384)  

 

To a solution of alkynol 383 (5.00 g, 22.3 mmol) in MeOH (42 mL) under an 

atmosphere of nitrogen was added Lindlar catalyst (5% Pd/CaCO3 poisoned with Pb) 

(77 mg, 0.036 mmol). The nitrogen atmosphere was replaced by H2 by repetative 

evacuation and filling with hydrogen (three times) CAUTION: Explosive gas. The 

reaction mixture was then stirred under a balloon of hydrogen gas for 4.5 h (reaction 

completion was determind by TLC and NMR). The reaction mixture was filtered 

through a pad of celite, washed with EtOH (500 mL), and concentrated in vacuo to give 

alkene (Z)-384 as a yellow oil (4.90 g, 21.6 mmol, 97%), which was used in the next 

reaction without further purification. Spectroscopic and physical data are consistent 

with those reported.
127 

FT-IR max (neat) 3309 (br), 3002 (w), 2920 (s), 2852 (m), 1654 (w), 1464 (w) 

cm
–1

. 

1
H-NMR  (300 MHz, CDCl3, ppm) δ 5.60 (1H, m, HOCH2CH=CH), 5.53 (1H, m, 

HOCH2CH=CH), 4.19 (2H, t, J = 5.7 Hz, CH2OH), 2.06 (2H, q, J = 6.8 

Hz, CH=CHCH2CH2), 1.58–1.26 (22 H, m, 11 × CH2), 0.88 (3H, t, J = 

7.3 Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3, ppm) δ 133.2 (HOCH2CH=CH), 128.2 

(HOCH2CH=CH), 58.5 (CH2OH), 31.9 (CH2), 29.6 (CH2), 29.5 (CH2), 

29.3 (CH2), 29.2 (CH2), 29.1 (CH2), 28.8 (CH2), 28.6 (CH2), 27.4 

(CH2), 22.7 (CH2), 18.7 (CH2), 14.0 (CH3). 
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LRMS  (ES
+
) m/z 227 ([M+H]

+
). 

 

(Z)-Pentadec-2-en-1-yl 2,2,2-trichloroacetimidate ((Z)-370) 

 

To a solution of alkene (Z)-384 (4.87 g, 21.5 mmol) in CH2Cl2 (86 mL) was added 

trichloroacetonitrile (2.60 mL, 25.4 mmol) and DBU (657 µL, 4.30 mmol) at 0 °C. The 

resulting pale yellow solution was warmed to rt and stirred for 3 h during which time, 

the colour changed to dark brown. The mixture was concentrated in vacuo to give the 

crude product (13.1 g) as a dark brown oil. Purification by column chromatography 

(silica gel, 1% Et2O/hexane) gave the title acetimidate (Z)-370 (7.45 g, 20.1 mmol, 

94%) as a colourless oil.  

FT-IR max (neat) 3347 (w), 3023 (w), 2924 (s), 2853 (w), 1662 (m), 1290 (m) 

cm
–1

. 

1
H-NMR  (400 MHz, CDCl3, ppm) δ 8.29 (1H, br.s, HN=C), 5.74 (1H, m, 

OCH2CH=CH), 5.67 (1H, m, OCH2CH=CH), 4.85 (2H, d, J = 6.1 Hz, 

CH2O), 2.15 (2H, q, J = 7.1 Hz, CH=CHCH2CH2), 1.44–1.27 (20H, m, 

10 × CH2), 0.89 (3H, t, J = 7.1 Hz, CH3).  

13
C-NMR 

  

(100 MHz, CDCl3, ppm) δ 162.8 (HN=C), 136.4 (OCH2CH=CH), 

122.5 (OCH2CH=CH), 91.5 (CCl3), 65.3 (CH2O), 31.9 (CH2), 29.7 

(CH2), 29.6 (CH2), 29.6 (CH2), 29.5 (CH2), 29.4 (CH2), 29.3 (CH2), 

29.2 (CH2), 27.7 (CH2), 22.7 (CH2), 14.1 (CH3). (one carbon signal is  

overlapping). 

LRMS  (EI) m/z 200 (100%, [M–C12H25]
+•

). 

HRMS (ES
+
) for C17H30Cl3NNaO

+
, calculated 392.1291, found 392.1285. 

 

(E)-Pentadec-2-en-1-yl 2,2,2-trichloroacetimidate (380)  
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Isolated as a rearranged yellow oil product (159 mg, 0.45 mmol, 2%) of acetimidate 

(Z)-370 in silica gel during the optimisation of the purification conditions for 

acetimidate (Z)-370.  

FT-IR max (neat) 3207 (w), 3027 (w), 2923 (s), 2853 (m), 1766 (s), 1654 (w), 

1463 (w), 1225 (s), 967 (w), 829 (m), 681 (m) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.81 (1H, m, OCH2CH=CH), 5.61 (1H, dtt, J = 

10.6, 7.1, 1.5 Hz, OCH2CH=CHCH2), 4.90 (2H, d, J = 7.1 Hz, CH2O), 

2.16 (2H, qd, J = 7.6, 1.5 Hz, CH=CHCH2), 1.41 (2H, quin, J = 7.1Hz 

CH=CHCH2CH2), 1.35–1.27 (20H, m, 10 × CH2), 0.89 (3H, t, J = 7.1 

Hz, CH3). 

13
C-NMR 

  

(100 MHz, CDCl3) δ 161.9 (C=NH), 138.4 (CH=CHCH2CH2), 120.8 

(CH=CHCH2CH2), 89.9 (CCl3), 64.8 (CH2O), 31.9 (CH2), 29.7 (CH2), 

29.6 (CH2), 29.6 (CH2), 29.5 (CH2), 29.3 (CH2), 29.3 (CH2), 29.2 

(CH2), 27.7 (CH2), 22.7 (CH2), 14.1 (CH3). 

LRMS  (ES
+
) m/z 392 ([M+Na]

+
), 370 ([M+H]

+
).  

 

(R)-Pentadec-1-en-3-yl acetate ((20R)-369) 

 

To a solution of acetimidate (Z)-370 (9.67 g, 26.1 mmol) and glacial acetic acid (4.90 

mL, 85.6 mmol) in dry CH2Cl2 (52 mL) was added (S)-(+)-COP-OAc 374 (394 mg, 

0.26 mmol, 1 mol %) in one portion. The dark yellow solution was protected from light 

and maintained at 23 °C under nitrogen. After 20 h, the solution was concentrated in 

vacuo without heating to give the crude product. Purification by column 

chromatography (silica gel, 0.20 : 98.80% Et2O/hexane) gave the title acetate (20R)-369 

as a yellow oil (5.71 g, 21.3 mmol, 82%). 

[α]
27

D +21.8 (c 0.41, CHCl3).  

GC e.e. 94.1% (Column: CP-Cyclodextrin-B-236-M-19 (50 × 0.25 mm) 

with helium as a carrier gas with a flow rate of 50 mL/min. Split 

injection was conducted with a split ratio of 20 : 1. The inlet 



Chapter 5: Experimental 

 222 

temperature were maintained at 220 °C and 250 °C respectively. The 

oven temperature was initially held at 120 °C and then programmed at 

5 °C/min to 150 °C, where it was held constant for 80 min. Elution 

time: t(20R)-69 74.76 min, t(20S)-69 75.88 min.) 

FT-IR max (neat) 3080 (w), 2924 (s), 2854 (m), 1742 (s), 1654 (w), 1464 (w), 

1370 (w), 1237 (s) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.78 (1H, ddd, J = 16.2, 11.1, 6.6 Hz, CH=CH2), 

5.24 (1H, m, CH=CHH), 5.21 (1H, m, CHOAc), 5.16 (1H, dt, J = 10.6, 

1.0 Hz, CH=CHH), 2.06 (3H, s, COCH3), 1.66–1.53 (2H, m, 

CH2CHOAc), 1.38–1.22 (20H, m, 10 × CH2), 0.89 (3H, t, J = 7.1 Hz, 

CH3).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 170.3 (CO), 136.7 (CH=CH2), 116.5 (CH=CH2), 

74.9 (CHOAc), 34.2 (CH2CHOAc), 31.9 (CH2), 29.6 (CH2), 29.6 

(CH2), 29.6 (CH2), 29.5 (CH2), 29.3 (CH2), 29.3 (CH2), 25.0 (CH2), 

22.7 (CH2), 21.2 (CH2), 14.1 (CH3). (one carbon signal is 

overlapping) 

LRMS  (EI) m/z 99 (19%, [M–C12H25]
+
). 

HRMS (ES
+
) for C17H32NaO2

+
, calculated 291.2300, found 291.2295. 

 

Pentadec-1-en-3-yl acetate ((±)-369)  

 

To a stirred solution of alcohol (±)-305 (100 mg, 0.44 mmol) in CH2Cl2 (1 mL) at 0 °C, 

was added acetyl chloride 387 (39 µL, 0.54 mmol) dropwise, followed by DIPEA (93 

µL, 0.54 mmol). The reaction mixture was stirred at 0 °C for 30 min and then the ice 

bath was removed and the reaction mixture was stirred at rt for 6 h. The reaction 

mixture was quenched with sat. aqueous NH4Cl (1 mL). The organic layer was 

separated and the aqueous layer was extracted with EtOAc (3 × 1 mL). The combined 

organic layers were washed with brine (1 mL), dried (MgSO4), and concentrated in 
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vacuo to give the crude product (121 mg) as a brown oil. Purification by column 

chromatography (silica gel, 5% EtOAc/hexane) gave the title ester (±)-369 (75 mg, 0.28 

mmol, 64%). IR, 
1
H-NMR, 

13
C-NMR and MS data are identical with those reported for 

the enantiomer (20R)-369. 

 

(R)-Pentadec-1-en-3-yl 4-nitrobenzoate ((20R)-385) 

 

 
 

To a solution of acetimidate (Z)-370 (100 mg, 0.27 mmol) and 4-nitrobenzoic acid (135 

mg, 0.81 mmol) in CH2Cl2 (2.8 mL) was added (S)-(+)-COP-OAc 374 (4.0 mg, 0.0027 

mmol, 1 mol %) in one portion. The dark yellow solution was protected from light and 

maintained at 23 °C under nitrogen. After 61 h, the solution was concentrated in vacuo 

without heating to give the crude product (293 mg) as a yellow solid. Purification by 

column chromatography (silica gel, 1→6% Et2O/hexane) gave starting material 

acetimidate (Z)-370 (5.6 mg, 0.015 mmol, 6%) as colourless oil and the title ester 

(20R)-385 as a low melting yellow solid (72 mg, 0.19 mmol, 70%, 75% brsm).  

HPLC (e.e. 96.94%): Chiralcel ADH column, eluent 0.05% IPA : hexane, UV 

254 nm, flowrate: 1.5 mL min
–1 

(peak 1 21.44 min, 1.53%; peak 2 

24.77 min, 98.47%). 

M.p. 29–31 °C. 

[α]
32

D –10.0 (c 0.25, CHCl3).  

FT-IR max (neat) 3084 (w), 2924 (s), 2854 (m), 1725 (s), 1607 (w), 1229 (s), 

1271 (s) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 8.22 (2H, m, 2 × CHAr), 8.15 (2H, m, 2 × CHAr), 

5.90 (1H, ddd, J = 17.2, 10.6, 6.6 Hz, CH=CH2), 5.51 (1H, q, J = 6.6, 

Hz, CHOCOPhNO2), 5.35 (1H, dt, J = 17.2, 1.0 Hz, CH=CHH), 5.25 

(1H, dt, J = 10.6, 1.0 Hz, CH=CHH), 1.88–1.70 (2H, m, 

CH2CHOCOPhNO2), 1.44–1.26 (20H, m, 10 × CH2), 0.88 (3H, t, J = 

7.1 Hz, CH3).  
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13
C-NMR 

  

(100 MHz, CDCl3) δ 164.0 (COPhNO2), 150.5 (CArNO2), 136.0 

(CH=CH2), 136.0 (CArCO), 130.7 (2 × CHArCO), 123.5 (2 × 

CHArCNO2), 117.4 (CH=CH2), 76.7 (CHOCOPhNO2), 34.2 

(CH2CHOCOPhNO2), 31.9 (CH2), 29.6 (CH2), 29.5 (CH2), 29.5 (CH2), 

29.3 (CH2), 25.1 (CH2), 22.7 (CH2), 14.1 (CH3). (3 carbon signals are 

overlapping). 

LRMS  (ES
+
) m/z 774 ([2M+Na]

+
).  

 

 

(S)-Pentadec-1-en-3-yl 4-nitrobenzoate ((20S)-385) 

 

 
 

Following the method described for the preparation of ester (15S,16S)-359: From allylic 

alcohol (20R)-305 (10 mg, 0.044 mmol), PPh3 (23 mg, 0.088 mmol), 4-nitrobenzoic 

acid (15 mg, 0.090 mmol) and DIAD (18 µL of 95%, 0.087 mmol) was obtained the 

title ester (20S)-385 as a low melting yellow solid (10.5 mg, 0.028 mmol, 64%). 

Spectroscopic data are identical with those reported above for the enantiomer (20R)-

385. 

M.p. 30–31 °C. 

[α]
31

D +11.9 (c 0.24, CHCl3).  

HPLC (e.e. > 99%) Chiralcel ADH column, eluent 0.05% IPA : hexane, UV 

254 nm, flowrate: 1.5 mL min
–1 

(peak 1 20.29 min, 100%).  

 

(R)-Pentadec-1-en-3-yl benzoate ((20R)-386)  

 

Following the method described for the preparation of (20R)-385: From acetimidate 

(Z)-370 (116 mg, 0.31 mmol), benzoic acid (115 mg, 0.94 mmol) and (S)-(+)-COP-OAc 
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374 (4.7 mg, 0.0031 mmol, 1 mol %) was obtained the title ester as a yellow oil (20R)-

386 (53 mg, 0.16 mmol, 52%). 

[α]
25.5

D –12.9 (c 1.02, CHCl3).  

FT-IR max (neat) 3084 (w), 2923 (s), 2853 (m), 1720 (s), 1607 (w), 1268 (s) 

cm
–1

. 

1
H-NMR  (300 MHz, CDCl3) δ 8.08 (2H, m, 2 × CHAr), 7.57 (1H, m, CHAr), 7.45 

(2H, t, J = 7.3 Hz, 2 × CHAr), 5.91 (1H, ddd, J = 17.1, 10.7, 6.2 Hz, 

CH=CH2), 5.51 (1H, q, J = 6.2 Hz, CHOCOPh), 5.34 (1H, d, J = 17.1 

Hz, CH=CHH), 5.21 (1H, d, J = 10.7 Hz, CH=CHH), 1.90–1.64 (2H, 

m, CH2CHOCOPh), 1.54–1.27 (20H, m, 2 × CH2), 0.88 (3H, t, J = 6.6 

Hz, CH3).  

13
C-NMR 

  

(75 MHz, CDCl3, ppm) δ 165.8 (COPh), 136.6 (CH=CH2), 132.8 

(CHCHArCH), 130.6 (CArCO), 132.6 (CH=CH2), 129.5 (2×CHArCO), 

128.3 (2 × CHArCO), 116.5 (CH=CH2), 75.3 (CHOCOPh), 34.3 

(CH2CHOCOPh), 31.9 (CH2), 29.6 (CH2), 29.6 (CH2), 29.5 (CH2), 

29.5 (CH2), 29.4 (CH2), 29.3 (CH2), 25.1 (CH2), 22.7 (CH2), 14.1 

(CH3).  

LRMS  (ES
+
) m/z 684 ([2M+Na]

+
).  

 

(5S,6S,10R)-5-Dodecyl-8,8-diisopropyl-10-((R)-oxiran-2-yl)-6-vinyl-2,4,7,9-

tetraoxa-8-siladodec-11-ene (367)  

 

Following the method described for the preparation of 349: From allylic alcohol 

(19S,20S)-302 (1.00 g, 3.33 mmol), imidazole (1.13 g, 16.6 mmol), 
i
Pr2SiCl2 (615 µL, 

3.31 mmol) and epoxide (15R,16R)-354 (665 mg, 6.64 mmol) was obtained the title 

epoxydiene 367 as a colourless oil (1.20 g, 2.34 mmol, 70%). 

 [α]
26

D –26 (c 0.70, CHCl3).  
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FT-IR max (neat) 3088 (w), 2924 (s), 2855 (m), 1634 (w), 1465 (w), 1103 (m), 

1038 (s), 944 (m) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.89 (1H, ddd, J = 17.2, 10.6, 5.6 Hz, 

MOMOCHCHOCH=CH2), 5.86 (1H, ddd, J = 17.2, 10.6, 5.6 Hz, 

CH2=CHCHOCHO), 5.37 (1H, d, J = 17.2 Hz, CHH=CHCHOCHO), 

5.31 (1H, d, J = 17.2 Hz, MOMOCHCHOCH=CHH), 5.20 (1H, d, J = 

10.6 Hz, MOMOCHCHOCH=CHH), 5.18 (1H, d, J = 10.6 Hz, 

CHH=CHCHOCHO), 4.77 (1H, d, J = 6.6 Hz, OCHHO), 4.65 (1H, d, J 

= 6.6 Hz, OCHHO), 4.56 (1H, t, J = 5.1 Hz, MOMOCHCHOSi), 4.15 

(1H, t, J = 5.8 Hz, CHOSiCHO), 3.56 (1H, m, CHOMOM), 3.39 (3H, 

s, CH3O), 3.02 (1H, ddd, J = 6.1, 3.0, 2.5 Hz, CHO), 2.77 (1H, dd, J = 

5.1, 3.0 Hz, CHHO), 2.61 (1H, dd, J = 5.1, 2.5 Hz, CHHO), 1.66–1.60 

(2H, m, CH2CHOMOM), 1.50–1.26 (20H, m, 10 × CH2), 1.07 (12H, d, 

J = 11.6 Hz, 2 × SiCH(CH3)2), 1.04–0.97 (2H, m, 2 × SiCH(CH3)2), 

0.89 (3H, t, J = 6.8 Hz, CH3).  

13
C-NMR (100 MHz, CDCl3) δ 137.1 (MOMOCHCHCH=CH2), 136.5 

(CH2=CHCHOCHO), 116.2 (MOMOCHCHCH=CH2), 115.8 

(CH2=CHCHOCHO), 96.9 (OCH2O), 81.4 (CHOMOM), 74.7 

(MOMOCHOCHOSi), 73.9 (CHOSiCHO), 55.6 (CH3O), 55.3 (CHO), 

44.2 (CH2O), 31.9 (CH3CH2CH2), 29.7 (CH2), 29.7 (CH2), 29.6 (CH2), 

29.3 (CH2), 29.3 (CH2), 26.0 (CH2), 22.7 (CH3CH2), 17.3 (2 × 

SiCH(CH3)2), 14.1 (CH3), 12.7 (SiCH(CH3)2), 12.7 (SiOCH(CH3)2). (5 

carbon signals are overlapping). 

LRMS  (ES
+
) m/z 535 ([M+Na]

+
). 

HRMS  (ES
+
) for C29H56O5SiNa

+ 
calculated 535.3795, found 535.3789. 

 

(4S,7R)-2,2-Diisopropyl-4-((S)-1-(methoxymethoxy)tridecyl)-7-((R)-oxiran-2-yl)-

4,7-dihydro-1,3,2-dioxasilepine (391) 
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Following the method described for the preparation of 361: From poxydiene 367 (535 

mg, 1.04 mmol) and Grubbs’s 2
nd

 generation catalyst (177 mg, 0.21 mmol, 20 mol %) 

was obtained epoxyene 391 (352 mg, 0.73 mmol, 70%) as a pale brown oil.  

[α]
26.5

D –21.6 (c 1.03, CHCl3).  

FT-IR max (neat) 2928 (s), 2854 (m), 1464 (w), 1105 (s), 1040 (s), 921 (w) 

cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.84 (1H, ddd, J = 12.6, 4.6, 1.0 Hz, 

MOMOCHCHOCH=CH), 5.71 (1H, ddd, J = 12.6, 7.6, 2.5 Hz, 

CH=CHCHOCHO), 4.76 (1H, d, J = 7.1 Hz, OCHHO), 4.74 (1H, m, 

MOMOCHCHOSi), 4.68 (1H, d, J = 7.1 Hz, OCHHO), 4.29 (1H, m, 

CHOSiCHO), 3.58 (1H, ddd, J = 8.6, 5.4, 3.5 Hz, CHOMOM), 3.39 

(3H, s, CH3O), 3.19 (1H, ddd, J = 6.6, 4.0, 2.5 Hz, CHO), 2.80 (1H, dd, 

J = 5.1, 4.0 Hz, CHHO), 2.66 (1H, dd, J = 5.1, 2.5 Hz, CHHO), 1.60–

1.64 (2H, m, CH2CHOMOM), 1.47–1.27 (20H, m, 10 × CH2), 1.07 

(12H, d, J = 5.6 Hz, 2 × SiCH(CH3)2), 1.03–0.96 (2H, m, 2 × 

SiCH(CH3)2), 0.89 (3H, t, J = 6.6 Hz, CH3).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 133.3 (MOMOCHOCH=CH), 129.5 

(CH=CHCHOCHO), 97.0 (OCH2O), 80.8 (CHOMOM), 74.3 

(MOMOCHCHOSi), 72.9 (CHOSiCHO), 55.7 (CH3O), 55.1 (CHO), 

44.8 (CH2O), 31.9 (CH2CHOMOM), 30.0 (CH2), 29.7 (CH2), 29.6 

(CH2), 29.6 (CH2), 29.3 (CH2), 25.9 (CH2), 22.7 (CH3CH2), 17.5 

(SiCH(CH3CH3), 17.3 ((SiOCH(CH3CH3), 17.2 ((SiCH(CH3CH3), 17.1 

(SiCH(CH3CH3)), 14.1 (CH3), 12.9 (SiCH(CH3)2), 12.7 (SiCH(CH3)2). 

(3 carbon signals are overlapping). 

LRMS  (ES
+
) m/z 507 ([M+Na]

+
).  

HRMS  (ES
+
) for C27H52O5SiNa

+ 
calculated 507.3482, found 507.3476. 
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(R)-1-((4R,7S)-2,2-Diisopropyl-7-((S)-1-(methoxymethoxy)tridecyl)-4,7-dihydro-

1,3,2-dioxasilepin-4-yl)tridec-12-en-1-ol (368) 

 

 

Method A: 

Mg turnings (30.0 mg, 1.25 g-atom) were flame dried under nitrogen. After cooling to 

rt, THF (2 mL) and one iodine crystal (2 mg) were added turning the solution light 

yellow, 11-bromoundec-1-ene (25 µL, 0.12 mmol) was added dropwise and the solution 

heated at reflux for 5 min until the solution had become colourless. At this point the 

remaining 11-bromoundec-1-ene (225 µL, 0.97 mmol) was added dropwise and the 

solution stirred for 30 min giving undec-10-enylmagnesium bromide which was titrated: 

0.50 M.
224

 To a suspension of flame dried CuI (8.20 mg, 0.043 mmol) in THF (1 mL) at 

–30 °C was added dropwise undec-10-enylmagnesium bromide (390 µL of 0.50 M in 

THF, 0.20 mmol). The mixture was warmed to –20 °C (grey colour) and after 20 min 

recoold to –78 °C whereupon a solution of epoxyene 391 (19 mg, 0.039 mmol), in THF 

(200 µL) was added dropwise. The mixture was stirred at –78 °C for 1 h. A mixture of 

aqueous (NH4Cl/NH3) (9:1, 8 mL) was added to the reaction mixture. The organic layer 

was separated, and the aqueous layer was extracted with Et2O (2 × 5 mL). The 

combined organic extracts were washed with brine (5 mL), dried (MgSO4) and 

concentrated in vacuo to give the crude product as a yellow oil (46 mg). Purification by 

column chromatography (silica gel, 5→30% Et2O/hexane) gave the title siloxydialkenol 

368 (14.3 mg, 0.022 mmol, 56%) as a yellow oil. 

 Method B: 

To a solution of epoxyene 391 (19 mg, 0.039 mmol), in THF (300 µL) was added 

CuBr.SMe2 (1.0 mg, 0.0049 mmol). The mixture was cooled to –35 °C. After 5 min, 

undec-10-enylmagnesium bromide (200 µL of 0.40 M in THF, 0.080 mmol) was added. 

The reaction mixture was stirred for 30 min and quenched by addition of sat. aqueous 

NH4Cl (1 mL) at –35 °C. The ice bath was removed and the resulting white ice was 

stirred at rt for 2 h. The organic phase was separated, and the aqueous layer was 

extracted with Et2O (3 × 1 mL). The combined organic layers were dried (MgSO4) and 
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concentrated in vacuo to give the crude product as a yellow oil (51 mg). Purification by 

column chromatography (silica gel, 5→20% Et2O/hexane) gave the title siloxydialkenol 

368 (14 mg, 0.022 mmol, 56%) as a yellow oil. 

[α]
28

D –21.6 (c 0.30, CHCl3).  

FT-IR max (neat) 3476 (w), 3078 (w), 2922 (s), 2852 (m), 1642 (w), 1463 (m), 

1041(m), 795 (s). cm
–1

. 

1
H-NMR  

 

(600 MHz, CDCl3) δ 5.88 (1H, ddd, J = 12.2, 4.4, 1.5 Hz, 

MOMOCHOCH=CH), 5.83 (1H, m, CH2CH=CH2), 5.79 (1H, m, 

CH=CHCHOCHOH), 5.00 (1H, ddt, J = 17.1, 1.8 Hz, CH2CH=CHH), 

4.93 (1H, m, CH2CH=CHH), 4.76 (1H, J = 6.8 Hz, OCHHO), 4.75 

(1H, m, MOMOCHCHOSi), 4.69 (1H, d, J = 6.8 Hz, OCHHO), 4.43 

(1H, t, J = 5.5 Hz, CHOSiCHOH), 3.58 (1H, quin, J = 4.4 Hz 

CHOMOM), 3.51 (1H, m, CHOH), 3.39 (3H, s, CH3O), 2.69 (1H, d, J 

= 3.7 Hz, OH), 2.04 (2H, qt, J = 8.0, 1.2 Hz, CH2CH=CH2), 1.68–1.61 

(2H, m, CH2CHOMOM), 1.55–1.26 (38H, m, 19 × CH2), 1.07 (6H, dd, 

J = 6.1, 3.2 Hz, SiCH(CH3CH3), 1.01 (6H, d, J = 5.9 Hz, 

SiCH(CH3CH3), 0.99–0.94 (2H, m, 2 × SiCH(CH3)2), 0.89 (3H, t, J = 

7.0 Hz, CH3).  

13
C-NMR 

 

 

(100 MHz, CDCl3) δ 139.2 (CH2CH=CH2), 133.9 

(MOMOCHCHOCH=CH), 132.7 (CH=CHCHOCHOH), 114.1 

(CH2CH=CH2), 96.9 (OCH2O), 80.6 (CHOMOM), 74.8 (CHOH), 74.2 

(MOMOCHCHOSi), 72.4 (CHOSiCHOH), 55.7 (CH3O), 33.8 

(CH2CH=CH2), 32.9 (CH2CHOH), 31.9 (CH3CH2CH2), 30.1 

(CH2CHOMOM), 29.7 (CH2), 29.7 (CH2), 29.6 (CH2), 29.5 (CH2), 

29.4 (CH2), 29.1 (CH2), 29.0 (CH2), 25.8 (CH2CH2CHOH), 25.8 

(CH2), 22.7 (CH3CH2), 17.3 (SiCH(CH3CH3)2, 17.1 (SiCH(Me)2), 17.2 

(SiCH(CH3CH3)2), 17.1 (SiCH(CH3CH3)2), 14.1 (CH3), 12.9 

(SiCH(CH3)2, 12.5 (SiCH(CH3)2). (7 carbon signals are overlapping). 

LRMS  (ES
+
) m/z 661 ([M+Na]

+
).  

HRMS (ES
+
) for C38H74NaO5Si

+
, calculated 661.5203, found 661.5198. 
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(S)-3-((R,E)-13-((4R,7S)-2,2-Diisopropyl-7-((S)-1-(methoxymethoxy)tridecyl)-4,7-

dihydro-1,3,2-dioxasilepin-4-yl)-13-hydroxytridec-2-en-1-yl)-5-methylfuran-2(5H)-

one (392) 

 

Following the method described for the preparation of butenolide (15S,16S,34S)-338: 

ruthenium-catalyzed Alder–ene reaction of olefin 368 (68 mg, 0.11 mmol) and alkyne 

(34S)-337a (18 mg, 0.13 mmol) in the presence of [CpRu(CH3CN)3]
+
PF6

– 
(9.0 mg, 

0.021 mmol, 20 mol %) gave the title butenolide 392 (20 mg, 0.027 mmol, 25%) as a 

yellow oil.  

[α]
25

D –9.1 (c 0.59, CHCl3).  

FT-IR max (neat) 3498 (br), 2923 (s), 2853 (m), 1758 (m), 1650 (w), 702 (w). 

1
H-NMR  (400 MHz, CDCl3) δ 6.99 (1H, q, J = 1.5 Hz, CH=C), 5.88 (1H, ddd, J 

= 12.1, 4.0, 1.5 Hz, MOMOCHCHOCH=CH), 5.79 (1H, dd, J = 12.1, 

5.6, 2.0 Hz, CH=CHCHOCHOH), 5.58 (1H, m, 

CH=CCH2CH=CHCH2), 5.46 (1H, m, CH=CCH2CH=CHCH2), 5.01 

(1H, qd, J = 6.8, 2.0 Hz, CHCH3), 4.77 (1H, d, J = 7.0 Hz, OCHHO), 

4.76 (1H, m, MOMOCHCHOSi), 4.68 (1H, d, J = 7.0 Hz, OCHHO), 

4.43 (1H, t, J = 5.3 Hz, CHOSiCHOH), 3.56 (1H, m, CHOMOM), 3.51 

(1H, m, CHOH), 3.39 (3H, s, CH3O), 2.96 (2H, d, J = 6.6 Hz, 

CH=CCH2CH=CH), 2.69 (1H, d, J = 3.5 Hz, OH), 2.03 (2H, q, J = 6.6 

Hz, CH=CCH2CH=CHCH2), 1.70–1.57 (2H, m, CH2CHOMOM), 

1.56–1.40 (2H, m, CH2CHOH), 1.42 (3H, d, J = 7.1, CH3CH), 1.38–

1.26 (34H, m, 17 × CH2), 1.07 (6H, d, J = 3.0, SiCH(CH3)2), 1.01 (6H, 

d, J = 5.1, SiCH(CH3)2), 0.99–0.93 (2H, m, 2 × SiCH(CH3)2), 0.89 (3H, 

t, J = 7.1 Hz, CH3).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 173.5 (CO), 149.3 (CH=C), 134.1 

(MOMOCHCHOCH=CH), 133.9 (CH=CHCHOCHOH) 133.9 

(CH=CCH2CH=CH), 132.7 (CH=CCH2CH=CH), 124.3 (CH=C), 96.9 

(OCH2O), 80.6 (CHOMOM), 77.6 (CHCH3), 74.8 (CHOH), 74.2 
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(MOMOCHCHOSi), 72.4 (CHOSiCHOH), 55.7 (CH3O), 32.9 

CH=CCH2CH=CH), 32.5 (CH2), 31.9 (CH2), 30.3 (CH2), 30.1 (CH2), 

29.8 (CH2), 29.7 (CH2), 29.6 (CH2), 29.6 (CH2), 29.5 (CH2), 29.4 

(CH2), 29.3 (CH2), 29.2 (CH2), 28.4 (CH2), 25.8 (CH2), 25.8 (CH2), 

22.7 (CH3CH2), 19.1 (CH2), 17.3 (SiCH(CH3)2, 17.2 ((SiCH(CH3)2, 

17.1 (SiCH(CH3)2), 17.1 (SiCH(CH3)2), 14.1 (CH3), 12.9 

(SiCH(CH3)2), 12.5 (SiCH(CH3)2). 

LRMS  (ES
+
) m/z 758 ([M+Na]

+
).  

HRMS (ES
+
) for C43H78NaO7Si

+
, calculated 757.5415, found 757.5409. 

 

(13R,14R,17S,18S,Z)-14-((Diisopropyl(undec-10-en-1-yl)silyl)oxy)-18-

(methoxymethoxy)triaconta-1,15-diene-13,17-diol (393) 

 

Mg turnings (177 mg, 7.40 g-atom) were flame dried under nitrogen. After cooling to rt, 

THF (12 mL) and one iodine crystal (40 mg) were added turning the solution light 

yellow, 11-bromoundec-1-ene (125 µL, 0.60 mmol) was added dropwise and the 

solution heated at reflux for 10 min until the solution had become colourless. At this 

point the remaining 11-bromoundec-1-ene (1.35 mL, 5.60 mmol) was added dropwise 

and the solution stirred for 30 min giving undec-10-enylmagnesium bromide which was 

titrated: 0.40 M.
224

 To a suspension of flame dried CuI (62 mg, 0.32 mmol) in THF (15 

mL) at –60 °C was added dropwise undec-10-enylmagnesium bromide (3.70 mL of 0.40 

M in THF, 1.48 mmol). The mixture was warmed to –30 °C (grey colour) and after 1.5 

h was recoold to –60 °C whereupon a solution of epoxyene 391 (144 mg, 0.30 mmol), 

in THF (2 mL) was added dropwise. The mixture was warmed to –30 °C for 1.5 h (grey 

purple colour). A mixture of aqueous NH4Cl/NH3 (9:1, 70 mL) was added to the 

reaction mixture. The organic layer was separated, and the aqueous layer was extracted 

with EtOAc (3 × 60 mL). The combined organic extracts were washed with brine (60 

mL), dried (MgSO4) and concentrated in vacuo to give the crude product as a yellow oil 

(455 mg). Purification by column chromatography (silica gel, 5% EtOAc/CHCl3) gave 
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the title siloxydialkenol 393 (21 mg, 0.026 mmol, 9%) as a yellow oil, with another 

yellow inseparable mixture (127 mg). 

[α]
29

D +1.1 (c 0.70, CHCl3).  

FT-IR max (neat) 3427 (br), 3068 (w), 2922 (s), 2853 (m), 1640 (w), 1463 

(w), 1038 (m) cm
–1

. 

1
H-NMR  (400 MHz, CDCl3) δ 5.82 (2H, ddt, J = 17.1, 10.2, 6.8 Hz, 2 × 

CH=CH2), 5.64 (1H, dd, J = 15.7, 9.1 Hz, HOCHCH=CH), 5.44 (1H, 

dd, J = 15.7, 7.1 Hz, HOCHCH=CH), 5.0 (2H, dd, J = 17.2, 1.5 Hz, 

CH=CH2), 4.93 (2H, dd, J = 10.1, 1.0 Hz, CH=CH2), 4.70 (1H, d, J = 

6.1 Hz, OCHHO), 4.64 (1H, d, J = 6.1 Hz, OCHHO), 4.08 (1H, m, 

CHOSi), 3.83 (1H, dd, J = 7.6, 2.0 Hz, MOMOCHCHOH), 3.66 (1H, 

m, MOMOCHCHOH), 3.49 (1H, dd, J = 14.1, 7.1 Hz, CHOH), 3.43 

(1H, m, OH), 3.40 (3H, s, CH3O), 3.38 (1H, d, J = 2.5 Hz, OH), 2.05 

(4H, m, 2 × CH2CH=CH2), 1.59–1.27 (56H, m, 28 × CH2), 1.10–1.04 

(12H, m, 2 × SiCH(CH3)2), 1.00–0.94 (2H, m, 2 × CH(CH3)2), 0.89 

(3H, t, J = 6.8 Hz, CH3).  

13
C-NMR 

  

(100 MHz, CDCl3) δ 139.2 (2 × CH=CH2), 134.8 (HOCHCH=CH), 

131.5 (HOCHCH=CH), 114.0 (CH=CH2), 97.1 (OCH2O), 81.6 

CHOMOM), 77.2 (MOMOCHOH), 76.0 (CHOHCH2CH2), 72.4 

(CHOSi), 56.1 (CH3O), 33.8 (CH2CHOH), 32.6 (CH2), 31.9 

(CH3CH2CH2), 30.5 (2 × CH2), 30.0 (2 × CH2), 29.7 (2 × CH2), 29.6 (2 

× CH2), 29.5 (2 × CH2), 29.3 (2 × CH2), 29.1 (2 × CH2), 29.1 (2 × 

CH2), 28.9 (2 × CH2), 27.3 (2 × CH2), 25.5 (CH2), 24.1 

(CH3)2CHSiCH2CH2), 22.6 (CH3CH2), 17.7 (SiCH(CH3CH3)2), 17.5 

((SiOCH(CH3CH3), 17.4 ((SiOCH(CH3CH3), 14.1 (CH3), 12.9 

(SiOCH(CH3)2), 12.8 (SiOCH(CH3)2). (5 carbon signals are 

overlapping). 

LRMS  (ES
+
) m/z 815.6 ([M+Na]

+
).  

HRMS (ES
+
) for C49H96NaO5Si

+
, calculated 815.6925, found 815.6919. 
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Appendix 1 

 HPLC analysis for epoxide (±)-287: Chiral HPLC: Chiralcel ODH 

column, eluent 10% IPA : hexane, UV 254 nm, flowrate: 1.0 mL min
–1

(peak 

1 14.84 min, 49.92%; peak 2 15.99 min, 50.08%).    

 

 

 HPLC analysis for epoxide (S)-289: (e.e. 52%) Chiral HPLC: Chiralcel 

ODH column, eluent 10% IPA : hexane, UV 254 nm, flowrate: 1.0 mL min
–

1
(peak 1 14.93 min, 24.16%; peak 2 16.01 min, 75.83%).    
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HPLC analysis for racemic mixture of esters (19S,20S)-319 and 

(19R,20R)-319: Chiral HPLC: Chiralcel ODH column, eluent 2% IPA : 

hexane, UV 254 nm, flowrate: 1.0 mL min
–1 

(peak 1 12.47 min, 

57.23%; peak 2 13.64 min, 42.77%). 

 

 

HPLC analysis for ester (19S,20S)-319: (e.e. > 99%) Chiralcel ODH 

column, eluent 2% IPA : hexane, UV 254 nm, flowrate: 1.0 mL min
–1 

(peak 1 13.47 min
–1

, 100%). 

 

 

HPLC analysis for ester (19R,20R)-319: (e.e. 95.7%) Chiralcel ODH 

column, eluent 2% IPA : hexane, UV 254 nm, flowrate: 1.0 mL min
–1 

(peak 1 12.30 min, 97.87%; peak 2 13.56 min, 2.13%). 
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HPLC analysis for racemic mixture of esters ((15S,16S)-332, and (15R,16R)-

332: Chiral HPLC: Chiralcel ODH column, eluent 1% IPA : hexane, UV 254 nm, 

flowrate: 1.0 mL min
–1 

(peak 1 18.48 min, 43.84%; peak 2 20.43 min, 55.31%). 

 
 

 

HPLC analysis for ester (15S,16S)-332: (e.e. > 99%) Chiralcel ODH column, 

eluent 1% IPA : hexane, UV 254 nm, flowrate: 1.0 mL min
–1 

(peak 1 21.28 min, 

100%). 

 
 

 

HPLC analysis for ester (15R,16R)-332: (e.e. 81.4%) Chiralcel ODH column, 

eluent 1% IPA : hexane, UV 254 nm, flowrate: 1.0 mL min
–1 

(peak 1 19.11 min, 

90.70%; peak 2 21.39 min, 9.30%). 
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HPLC analysis for racemic ester (±)-337b: Chiral HPLC: Chiralcel ODH column, 

eluent 1% IPA : hexane, UV 254 nm, flowrate: 1.0 mL min
–1 

(peak 1 33.05 min, 

49.99%; peak 2 33.75 min, 50.01%).  
 

 

HPLC analysis for ester (34S)-337b: (e.e. 96.4%) Chiral HPLC: Chiralcel ODH 

column, eluent 1% IPA : hexane, UV 254 nm, flowrate: 1.0 mL min
–1 

(peak 1 32.81 

min, 1.81%; peak 2 35.13 min, 98.19%). 
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HPLC analysis for racemic mixture of esters (15S,16S)-359, and (15R,16R)-359: 

Chiral HPLC: Chiralcel OBH column, eluent 1% IPA : hexane 10 min, 1%→10% 

IPA : hexane 40 min, 10% IPA : hexane 20 min, UV 254 nm, flowrate: 1.0 mL min
–

1 
(peak 1 43.33 min, ..%; peak 2 50.12 min, ..%). 

 

HPLC analysis for ester (15S,16S)-359: (e.e. 99%) Chiral HPLC: Chiralcel OBH 

column, eluent 1% IPA : hexane 10 min, 1%→10% IPA : hexane 40 min, 10% IPA : 

hexane 20 min, UV 254 nm, flowrate: 1.0 mL min
–1 

(peak 1 43.94 min, 0.56%; peak 

2 48.31 min, 99.44%). 

 

HPLC analysis for ester (15R,16R)-359: (e.e. > 99%) (Chiral HPLC: Chiralcel 

OBH column, eluent 1% IPA : hexane 10 min, 1%→10% IPA : hexane 40 min, 10% 

IPA : hexane 20 min, UV 254 nm, flowrate: 1.0 mL min
–1 

(peak 1 50.36 min, 

0.05%; peak 2 41.62 min, 99.95%). 
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HPLC analysis for racemic mixture of esters (20R)-385, and (20S)-385: Chiral 

HPLC: Chiralcel ADH column, eluent 0.05% IPA : hexane, UV 254 nm, flowrate: 

1.5 mL min
–1 

(peak 1 20.93 min, 55.06%; peak 2 26.42 min, 44.94%). 

 

 

HPLC analysis for ester (20R)-385: (e.e. 96.94%): Chiralcel ADH column, eluent 

0.05% IPA : hexane, UV 254 nm, flowrate: 1.5 mL min
–1 

(peak 1 21.44 min, 1.53%; 

peak 2 24.77 min, 98.47%). 

 

 

HPLC analysis for ester (20S)-385: (e.e. > 99%) Chiralcel ADH column, eluent 

0.05% IPA : hexane, UV 254 nm, flowrate: 1.5 mL min
–1 

(peak 1 20.29 min, 100%). 
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GC analysis for (±)-369: (Column: CP-Cyclodextrin-B-236-M-19 (50 × 0.25 mm) 

with helium as a carrier gas with a flow rate of 50 mL/min. Split injection was 

conducted with a split ratio of 20 : 1. The inlet temperature were maintained at 220 °C 

and 250 °C respectively. The oven temperature was initially held at 120 °C and then 

programmed at 5 °C/min to 150 °C, where it was held constant for 80 min. Elution 

time: t(20R)-69 74.37 min, t(20S)-69 75.80 min.)  
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GC analysis for (20R)-369: e.e. 94.1% (Column: CP-Cyclodextrin-B-236-M-19 (50 

× 0.25 mm) with helium as a carrier gas with a flow rate of 50 mL/min. Split injection 

was conducted with a split ratio of 20 : 1. The inlet temperature were maintained at 

220 °C and 250 °C respectively. The oven temperature was initially held at 120 °C 

and then programmed at 5 °C/min to 150 °C, where it was held constant for 80 min. 

Elution time: t(20R)-69 74.76 min, t(20S)-69 75.88 min. 
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